[ cncknro

Measurement/Computation

ELECTRONIC INSTRUMENTS AND SYSTEMS 1981

T (O P ) s ) e 1 WS



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 more than 172 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

H Ew LE T T of commitment enables the company to employ the latest technologies in

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

pAC K A n D supported on a continuing basis.

Many of the page numbers below refer to the beginning of a catalog section.

GENERAL PURPOSE Accessories Circuit Test Systems . .p 120  Distortion Analyzers .p 548
...p75,170,207,678,682 Component Testers . . .p 90  Electronic Counters. . p 292

ELECTRDNIC INSTRUMENTS Amplifiers...........p36 Digital Circuit Function Generators &

& SYSTEMS Calibrator . . .......p678  Testers...........p124 Synthesizers . . . . .. p 359

Accessories. ................... p Microwave Counters. . ...........p300
RF & MICRUWAVE Amplifier. . . ......... .. ... p38 Microwave Link Analyzers. ... .. .. p 601
Electronic Counters. . . .......... p 310 Microwave Semiconductors. . . . . .. p 696
MEASUREMENT Frequency Synthesizers...........pJ372 Microwave Test Equipment . . . . . .. p 438

Accessories. . .. ............ IC Troubleshooters.. . ... ........

LOGIC & PROCESSOR-BASED Circuit Test Systems . . .. ....... .. p 120 Logic Analyzers. ................ p 138

CIRCUIT ANALYSIS Digital Circuit Testers . ... ........ Microprocessor Development
Digital Test Systems. . . ..........p108 System......................

Spectrum Analyzer........ .

DIGITAL SIGNAL

Digital Vibration Control System . . .
Fourier Analyzers...............

ANALYSIS (FOURIER)

Circuit Test Systems . .. .. ...... .. Data Acquisition Systems . . . . . . . . ..
Computers, Peripherals Digital Voltmeters................p49
& Calculators. ................ Electronic Counters. . ...........

DATA ACQUISITION &
CONTROL PRODUCTS

Amplifier. . . ......... .. ... ... Frequency Division
TELECOMMUN":ATIONS Cable Maintenance & Multiplexing (FDM). .. ... .....p 588
TEST EQUIPMENT Construction Testers. ... ... . ... p 585 Frequency Synthesizers...........p372
Data Communications Testers . . . . . Microwave Radio Testing . . . . ... ..

Electronic Counters. . .. ....... ..

HEWLETT-PACKARD

omponent lesters...............p

Compuaters & Peripherals. . . . ... .. 610 Function Generators & Frequenc
'NTERFACE BUS (HP'lB) Circtfi{tlTest Syst‘,erlr)lsh ............. g 120 uSynt(l)wsizers. . 0 o equ n y .
SYSTEM PRDDUCTS Digital Voltmeters............ ... . Hewlett-Packard Interface Bus . . . . .

Business Computers. . ........... Computer Graphics Displays . . . . ..
COMPUTERS' PERIPHERALS Calculators. . ............. ... ... p 612 CRT & Da'tg Entry Terminals . . . . . p 632
& CALCULATDRS Combputers, Peripherals Data Acquisition Systems..........p78

& Calculators. ... ... ... ... .. Desktop Computers .. ...... ..

Analytical Instruments for Calibrator . . ..
Chemistry. . ................. p 698 Civil Engineering/Measuring
Cabinets. . .................... p 682 Equipment
CRT Displays

OTHER PRODUCTS




HP Computer Museum
www.hpmuseum.net

For research and education purposes only.



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 715-720.
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HP-IB is our implementation of the IEEE Standard 488 and the identical ANSI Standard
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For the complete story, see pages 21-35.
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Fuseholder, RF . ... ... ... .. ... ... ... ... ....... 402
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Accuracy Enhancement Program for 8409B ... 487, 490
Automatic ... ... ... 454, 478, 490
Scalar . ... .. 454
Noise
Analyzer, Acoustic .................... 538, 544, 546
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Oscillators
Audio ... .. .. 353
Function ...... ... ... .. .. ... ... . ... ... .. 359-3635
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VHF .. 391
Oscillographic Recorders . ................ 266, 281-287
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Variable Persistence Storage .................. 180
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Self-Test Digital Multimeter .................... ... 72
Semiconductor/Component Test System . ........... 110
Sensor, Fiber Optic Power .......... ... .......... 436
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Signal Coupler Preamplifier ... .................... 286
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Temperature Measurement . .................... 60, 673
Terminal, Data Capture .......................... 644
Termination Panel, Multiprogrammer .. ............. 665
Terminations, Coaxial and Waveguide .......... 214, 449
Testmobiles, Oscilloscope ......................... 219

Test Oscillators .. .......... ... . ... .. ..., 357

Test Sets, Digital Logic . .......................... 130
Test Sets, Transmission . ...................... 574, 582
Thermal Plotter/Printers ......................... 658
Thermal Printers ........................ 291, 649, 659
Thermistor
Sensors, Coaxial and Waveguide ................ 435
Fiber Optic ..... ... ... ... ... ... ... ... ..... 436
Thermocouple Power Meters .................. 430, 431
Thermocouple Power Sensors ...................... 432
Thermocouple Scanning Card, Multiprogrammer . . . .. 665
Thermometer .................................... 68
Thermometer, Quartz ............................ 673
TimeBase ............ . ... . ... ..., 269
Time Standard ..... ... ... ... L 325
Time Synthesizer ................................ 340
Timer/Pacer Card, Multiprogrammer .............. 665
Timing Analyzer, Logic ...................... 148-150
Total Harmonic Distortion Measuring Set ........... 546
Total Station ....... ... ... .. ... ... ... .. .. ..... 676
Touch-Hold Probe ................................ 53
Tracer, Current ....... ... ... ... ... ... .. ... ... 127
Tracking Generators ................ 368-371, 516, 520,
526, 528, 530, 533
Training/Logic ......... .. ... ... ... . ... ... ... 136
Training/Video Tapes ............................ 708
Transceiver Modulation Analyzer .................. 551

Transceiver Test System ......................... 558
Transfer Function Analyzer ....................... 538
Transistors, GaAs FETs ... ....................... 696
Transmission Impairment Measuring Set ............ 580
Transistor Bias Supply ..................... . ..... 488
Transistor Test Fixtures ...................... 487-489
True RMS Voltmeter .................... 46, 58, 62, 72
Tuners, Microwave ........... ... ... ... ....... 450
Two-Channel Real Time
Spectrum Analyzer .................... 538, 531-546
TWT Amplifiers ... ... ... ... .. ... ..... 38
Type N Short ............ ..o ... 449
u
Ultrasonic Leak Detector ......................... 587
Understanding Microprocessors ................ 137, 710
Universal Bridge .................................. 94
Universal Carriage (Slotted Section) ................ 448
Upconverter Simulator for Microwave
Link Analyzer ................................. 607
v
Vector Impedance Meters ......................... 114
Vector Voltmeter ................................ 482
VHF Oscillator .................................. 391
Vibration Analyzer .............................. 538
VideoTapes ..., 708
Voice/Data Testing ............................. 570
Voltmeters
Analog ... . 39-48
Digital ............................ 49-77, 307, 310
Logarithmic .................. ... ... .. . ..... 48
RFE 47
Vector ... e 102, 482
w
Wave Analyzer ................. 492, 531-533, 542, 592
Waveform Analyzer, Fourier .................. 538-550 .
Waveguide
Attenuators . ............... ... 439
Coaxial Adapters .................. ... .. ... .. 452
Crystal Detectors ............................. 447
Directional Couplers ........................... 445
Frequency Meters ............................. 447
Harmonic Mixer ............................... 450
Holder .......... .. ... .. . . . ... . . . ... ... 452
Low-Pass Filters ............................... 450
Movable Shorts ........... .. ... ... ... ... ..., 449
Reflection/Transmission Test Sets ........... 438, 487
Shorting Switch ... .. ... ..... ... ... . ..., 449
Slide Screw Tuners ............................ 450
Sliding Loads ................................. 449
Sliding Shorts ............ .. ... ... ... ... . ... 449
Slotted Section ................................ 448
Stand .. ... 452
Terminations .................................. 449
Thermistor Mounts ............................ 435
Variable Attenuators ........................... 439
Waveguide-Waveguide Adapters ............ ... ... 452
White Noise Test Set ............................. 608
Word Generators  ........................... 348-352

X

X-Ray Systems, Scientific & Industrial

X-Y CRT Displays ...........covvivnnnn... 222-235
X-Y Plotters/Recorders ................... ... 266-275
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HP-32E Scientific Calculator with Statistics ......... 613
HP-33C Programmable Scientific Calculator
with Continuous Memory ...................... 613

HP-34C Advanced Programmable Scientific Calculator
with Continuous Memory (Dec. 1979, Aug. 1980) .. 613

HP-37E Business Calculator ....................... 617
HP-38C Advanced Financial Programmable Calculator
with Continuous Memory ....................... 617

HP-41C Alphanumeric Full Performance Programmable
Calculator with Continuous Memory (Mar. 1980) .. 614

HP-67 Handheld Fully Programmable Calculator .... 616
DTS-70 Digital Test Systems (Mar. 1979) ........... 122
HP-85A Personal Computer (July, Aug. 1980) ... ... .. 620
HP-97 Fully Programmable Printing Calculator ... ... 616
HP-97S I/O Calculator .......................... 623
HFET-1000 series GaAs FETs .................... 696
HFET-2201 GaAs FET .......................... 696
HFET-5001 GaAs FETs .......................... 696
HXMR-5001 Double Balanced Mixer .............. 697
HXTR-2000 series Bipolar Transistors .............. 696
HXTR-5000 series Bipolar Transistors .............. 696
HXTR-6000 series Bipolar Transistors .............. 696
100

140T Spectrum Analyzer Mainframe ............... 525
141T System Spectrum Analyzers .................. 524
141T Spectrum Analyzer Mainframe ............... 525
180 series Plug-in Oscilloscopes  ................... 196

180C, D High Writing Speed

Oscilloscope Mainframes ........................ 197
180TR Rack-mount Display Mainframe .... 518, 520, 522
181A,AR, Variable Persistence Storage Mainframes .. 198
181T, TR Variable Persistence/Storage Display

Mainframes .............. ... .. . ..., 518, 520, 522
182C Large Screen Oscilloscope Mainframe ......... 197
182T Large Screen Display Mainframe .. ... 518, 520, 522
184A High Speed Oscilloscope Mainframe .......... 198
197B Oscilloscope Camera ........................ 216
200
200CD Wide Range Oscillator ..................... 354
201C Audio Oscillator ......................... ... 354
204C Oscillator . ......... . ... 356
204D Oscillator ............... .. ... 356
209A Oscillator .......... ... oo 356
214B Pulse Generator .......................c.c.... 341
236A Telephone Test Oscillator . ................... 577
239A Low Distortion Oscillator .................... 355
HP 250 Business Computer System (Apr. 1979) ...... 631
281 series Coaxial-Waveguide Adapters ............. 452
292 series Waveguide-Waveguide Adapters .......... 452
300
HP 300 Business Computer System (Jun., Jul. 1979) .. 631
331A Distortion Analyzer ......................... 547
333A Distortion Analyzer ......................... 547
334A Distortion Analyzer ......................... 547
339A Distortion Measuring Set ................... 548
340B Noise Figure Meter ......................... 437
342A Noise Figure Meter ......................... 437
343A VHF Noise Source ......................... 437
345BIF Noise Source .............cccoviiiiaan... 437
346B NOiSE SOUrCe .. .....ovnniiiiaaa 437
347A series Noise Sources ................c.ovoiin. 437
340A NOiSE Source .........covvviiiiiiiiiiaan. 437
350D Attenuator Set ........... ... i 36

355 series Coaxial Step Attenuators ................ 442
360 series Coaxial Low-pass Filters ................. 450
362A series Waveguide Low-pass Filters ............ 450
375 series Waveguide Variable Attenuators .......... 439

382 series Waveguide Precision Variable Attenuators .. 439

393A Coaxial Variable Attenuator ................. 439
394A Coaxial Variable Attenuator ................. 439
400

400E & EL AC Voltmeters ........................ 45
400F & FL AC Voltmeter ......................... 45
400 GL AC Voltmeter ............................. 45
403B AC Voltmeter ............................... 44
410C Voltmeter ................... ... ......oouu. 43
41SESWR Meter ................ ... .. ......... 459
419A DC Null Voltmeter .......................... 40
420C Coaxial Crystal Detector . ................... 446
422A Series Waveguide Crystal Detectors ........... 447
423A/B Coaxial Crystal Detectors ................. 446
424 A Series Waveguide Crystal Detectors ........... 447
427A Voltmeter .................... .. ... .. 42
428B Clip-on DC Milliammeter ..................... 41
432 Series Power Meters . ......................... 434
435B Power Meter ............................... 431
436A PowerMeter ......... ..., 430
440A Detector Mount ............................ 448
442B Slotted Line RFProbe ...................... 448
444A Slotted Line Untuned Probe .................. 448
447B Slotted Line Detector Probe .................. 448
448B Slotted Line Sweep Adapter Probes ........... 448
461A Amplifier ........... .. .. ... 36
467A Power Amplifier .............. ... ... .. ..... 36
478A Coaxial Thermistor Mount ................... 435
486A Series Waveguide Thermistor Mounts ......... 435
489A TWT Amplifier ............................. 38
491C TWT Amplifier ......... ... ... ... ......... 38
493A TWT Amplifier ............................. 38
495A TWT Amplifier ............................. 38
500

532 Series Waveguide Frequency Meters ............ 447
536A Coaxial Frequency Meter .................... 447
537A Coaxial Frequency Meter .................... 447
545A LogicProbe .......... ... ... ... . L. 125
546A Logic Pulser ... ....... ... ............... 126
547A Current Tracer ............................. 127
548A LogicClip ........ ... . ... 128
600

606B HF Signal Generator ........................ 394
608E VHF Signal Generator ...................... 395
612A UHF Signal Generator ...................... 396
618C SHF Signal Generator ...................... 398
620B SHF Signal Generator ....................... 398
626A SHF Signal Generator ...................... 399
628A SHF Signal Generator ...................... 399
651B Test Oscillator ............................. 357
652A Test Oscillator ................... ......... 357
654A Test Oscillator .......................... ... 357
680 Strip Chart Recorder ......................... 276
700

752 series Waveguide Directional Couplers .......... 445
774D Coaxial Dual Directional Coupler ............. 444
775D Coaxial Dual Directional Coupler ............. 444
776D Coaxial Dual Directional Coupler ............. 444

*A monthly publication of technical information from the HP Laberatories.



777D Coaxial Dual Directional Coupler ............. 444
778D Coaxial Dual Directional Coupler ............. 444
779D Coaxial Directional Coupler .................. 444
786D Coaxial Directional Detector ................. 445
787D Coaxial Directional Detector ................. 445
788C Coaxial Directional Detector ................. 445
789C Coaxial Directional Detector ................. 445
796D Coaxial Directional Coupler .................. 444
797D Coaxial Directional Coupler .................. 444
798C Coaxial Directional Coupler .................. 444
800

805C Coaxial Slotted Line ........................ 448
809C Slotted Line Carriage ....................... 448
810B series Waveguide Slotted Sections ............. 448
816A Coaxial Slotted Section ...................... 448
817B Coaxial Swept Slotted Line System ............ 448
870A series Waveguide Slide Screw Tuners .......... 450
895A General Purpose Power Supply ............... 248
900

905A Coaxial Sliding Load . .................... ... 449
907A Coaxial Sliding Load . ....................... 449
908A Coaxial 50-Ohm Termination ................ 449
909A Coaxial 50-Ohm Termination ................ 449
910 series Waveguide Terminations ................. 449
911A/C Coaxial Sliding Loads .................... 449
914 series Waveguide Sliding Loads ................ 449
920 series Waveguide Moving Shorts ............... 449
923A Waveguide Sliding Short . ................... 449
930A Waveguide Shorting Switch . ................. 449
932A Waveguide Harmonic Mixer ................. 450
934A Coaxial Harmonic Mixer .................... 450
938A Frequency Doubler Set ...................... 399
940A Frequency Doubler Set ...................... 399
1000

HP 1000 Computers and Systems .................. 626
1006A Testmobile ............................... 219
1007A Testmobile ............................... 219
1008A Testmobile ............................... 219
1051A & 1052A Combining Cases ................. 692
1081B Liquid Chromatograph ..................... 699
1084B Liquid Chromatograph ..................... 699
1110A Current Probe ........ ... ... ............. 212
1111A AC Current Amplifier ..................... 212
1112A Inverter Power Supply ..................... 215
1117B Testmobile, Oscilloscope .................... 219
1120A 500 MHz Active Probe . .................... 213
112IAACProbe ... ... ... .. ... . i 481
1122A Probe Power Supply ....................... 212
1124A 100 MHz Active Probe . .................... 212
1200B Dual Channel Oscilloscope,

100 pV/div ..o 203
1201B Dual Channel Storage Oscilloscope,

100 pV/div ..o 203
1205B Dual Channel Oscilloscope,

SmV/div.. oo 203
1220A Dual Channel Oscilloscope, 15 MHz . ...... .. 205
1222A Dual Channel, Delay Line Oscilloscope,

ISMHz ... .. 205
1304A 32 cm. (13in) Display ................. 224,233
1310B 48.3 cm (19 in.) Display ............... 224, 235
1311B 35.6 cm (14 in.) Display ............... 224, 235

1317A 432 ¢cm (17 in.) Display ................ 224, 235

1321A 533 cm (21 in.) Display ................ 224, 235
1332A Small Screen Display .................. 224, 226
1333A Small Screen Display .................. 224, 226
1335A Small Screen Display .................. 224,226
1336S Small Screen Display .................. 224, 226

1340A Display Module

1350S Computer Graphics Display System ....... 27, 234
1600A 16 Bit Logic State Analyzer ............. 163-165
1600S Logic State Analyzer ................... 163-165
1602A 16 Bit Logic State Analyzer ............. 155-158
1607A 16 Bit Logic State Analyzer ............. 163-165
1610A /B Logic State Analyzer (Oct. 1979,

May 1980) ...t 151-154
1611A Logic State Analyzer ................... 159-162
1615A Logic Analyzer (Oct. 1979) ............. 148-150
1640B Serial Data Analyzer ................... 166-169
1645A Data Error Analyzer ....................... 583
16458 Data Transmission Test Set ................. 584
1700 series Oscilloscopes .......................... 180
1715A 200 MHz ATime Oscilloscope ............... 190
1722B 275 MHz ATime Oscilloscope, with

Microprocessor . ......oviiiiii 190
1725A 275 MHz ATime Oscilloscope ............... 190
1727A 275 MHz Oscilloscope . . .................... 192
1740A 100 MHz Oscilloscope, Third-Channel Trigger

VIeW L 180

1741A 100 MHz Oscilloscope, Variable Persistence

Storage, Third-Channel Trigger View (Sep. 1979) .. 180
1742A 100 MHz AT Oscilloscope, Trigger View .. .. .. 180
1743A 100 MHz Crystal ATime Oscilloscope,

Third Channel Trigger View .................... 180
1744A 100 MHz Oscilloscope, Fast Variable

Persistence Storage, Trigger View ................ 180
1801A Dual Channel Vertical Amplifier, 50 MHz . ... 199

1804A Four Channel Vertical Amplifier, 150 MHz ... 200
1805A Dual Channel Vertical Amplifier,

I00MHz ... ... 199
1809A Four Channel Vertical Amplifier,

I00MHz ... ... 200
1820CTimeBase ................................ 201
1821A Time Base/Delay Generator ................ 201
1825A Time Base and Delay Generator ............. 202
2000 )
2103L Computer ............................. 626-628
2108M Computer ..................ccuvun... 626-628
2109E Computer ..............ccovvenivin.... 626-628
2111F Computer ..................ooiinn... 626-628
2112M Computer . ........................... 626, 628
2113EComputer ........... ... ... ... ..... 626, 628
2117F Computer . ... ... ... ... 626, 628
2240A Measurement & Control Processor ........... 630
2608A Line Printer .............................. 650
2621A Interactive Display Terminal ............. .. 632
2621P Interactive Display Terminal ................ 632
2626A Display Station . ........................... 633
2631BPrinter ........ . ... ... .. 651
2631G Graphics Printer .......................... 651
2635B Printer Terminal .......................... 651
2642A Display Station .......... .. ... ... ........ 635
2645A Display Station ........................... 636
2647A Intelligent Graphics Terminal ............. .. 637
2648A Graphics Terminal ......................... 638
2649A Microprogrammable Terminal ............... 639
26491 Intelligent Alphanumeric Terminal ...... ... ... 640
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2804A Quartz Thermometer ...................... 673
2811B Quartz Pressure Gauge ..................... 674
2813B Quartz Pressure Probe .. .................... 674
2816A Pressure Signal Processor ................... 674
2820A Pressure Recording System ................. 675
3000
HP 3000 Series III, Series 33 & Series 30 Business
Computer Systems (Sep 1979) ................... 631
3040A Network Analyzer ......................... 465
3042A Network Analyzer ......................... 466
3044A/3045A Signal Analyzers ................... 542
3052A Automatic Data Acquisition System ........... 82
3054A Automatic Data Acquisition/Control System .... 79
3060A Circuit Test System (Mar. 1979) ............ 123
3074A Data Link Adapter ........................ 644
3075A Desktop Data Capture Terminal ............. 644
3076A Wall-Mounted Data Capture Terminal ....... 644
3077A Wall-Mounted Time Reporting Terminal ..... 644
3200B VHF Oscillator . ..................... ... ... 394
3310A Function Generator ........................ 361
3310B Function Generator ........................ 361
3311A Function Generator ........................ 362
3312A Function Generator ........................ 363
3320B Frequency Synthesizer ..................... 366
3325A Function Generator/Frequency
Synthesizer/Sweeper (Jan. 1979) ................ 364
3330B Automatic Synthesizer ..................... 367
3335A Frequency Synthesizer ..................... 368
3336A/B/C Synthesizer/Level Generator ...... 370, 598
3350 series Laboratory Automation Systems ........ 698
3380S Reporting Integrator ....................... 698
3388A Reporting Integrator ....................... 698
3400A RMS Voltmeter ............................ 46
3403C True RMS Voltmeter ....................... 62
3406A Broadband Sampling Voltmeter .............. 47
3435A Digital Voltmeter . .......................... 54
3437A High Speed Digital Voltmeter ................ 66
3438A 5-Function DMM;HP-IB .................... 64
3455A 6% Digit DMM . ... 72
3456A Systems DVM . ........ ... ... ... 68
3465A 4% DigitDMM ... ... 56
3465B Digital Multimeter .......................... 56
3466A 4% Digit Autoranging DMM .............. ... 58
3467A Logging DMM ... ... ... . oo 60
3476A/B 3% Digit DMM . ... ... ... 52
3490A Multimeter ............. .. ... il 76
3495A Scanner ........ . 88
3497A Data Acquisition/Control Unit ... ...... .. ... .. 84
3529A Magnetometer Probe ............. ... ... ..... 41
3550B Communications Test Set ................... 579
3551 A Transmission Test Set ...................... 574
3552A Transmission Test Set ...................... 574
3555B Transmission & Noise Measuring Set ......... 576
3556A Psophometer . .............. ... 576
3575A Gain/Phase Meter ......................... 468
3580A Spectrum Analyzer ........................ 536
3581A Wave Analyzer .................. ... ..... 550
3581C Selective Voltmeter ........................ 578
3582A Spectrum Analyzer ........................ 538
3585A Spectrum Analyzer ........................ 500
3586A /B Selective Level Meter (May 1980) ......... 596
3586C Wave Analyzer (May 1980) .................. 504
3702B IF/BB Receiver (7O MHz IF) .............. 602

3707A BB + Sweep Generator ................... .. 604
3710A IF/BB Transmitter (70 MHz IF) ........... 602
3711A IF/BB Transmitter (70/140 MHz IF) .. ...... 602
3712A IF/BB Receiver (70/140 MHz IF) ......... .. 602
3717A 70 MHz Modulator/Demodulator ............ 605
3724A Baseband Analyzer ........ ................. 608
3725A Display ................ 608
3726A Filter Mainframe .. .............. ... . ... . .. 608
3730B Down Converter: RFto IF ... ... ... ... ... ... .. 606
3736B RF Module (1.7t04.2GHz) ................ 606
3737B RF Module 3.7t085GHz) ................ 606
3738B RF Module (5.9t0 11.7GHz) ............... 606
3739B RF Module (10.7t0 145GHz) ............ ... 606
3743A IF Amplifier .................... ... ... ... 602
3744A BB Sweeper AcCessOry ..................... 602

3745A /B Selective Level Measuring Set (25 MHz) .. 590
3747A /B Selective Level Measuring Set (90 MHz) .. 590

3750A Attenuator: 759 . ... ... 602
3754A Access Switch .................. ... .. ..., 592
3755A Switch Controller ......................... 592
3756A 90 MHz Bi-directional Switch . .............. 592
3757A 8.5 MHz Access Switch ............... ... .. 592
3762A Data Generator ........................... 566
3763A Error Detector ............................ 566
3770B Telephone Line Analyzer ................... 572
3771A Data Line Analyzer (CCITT) .............. 573
3771B Data Line Analyzer (BELL) ................ 573
3777A HP-IB-controlled Channel Selector ........... 564
3779A Primary Multiplex Analyzer (CEPT)

May 1980) ... 562
3779B Primary Multiplex Analyzer (BELL)

May 1980) ... 562
3780A Pattern Generator/Error Detector ........... 567
3781B Pattern Generator (BELL Compatible) ........ 568

3782B Error Detector (BELL Compatible) ..... . ... .. 568
3783A Frame Alignment Monitor & Error Detector .. 565

3808A Medium Range Distance Meter . ............ 676
3810A Total Station ............................. 676
3820A Electronic Total Station .................... 676
3850A Industrial Distance Meter (Jun. 1980) ......... 677
3964A Instrumentation Tape Recorder ......... 289, 290
3968 A Instrumentation Tape Recorder ......... 289, 290
4000
4061A Semiconductor/Component Test System . ... ... 110
4140B pA Meter/DC Voltage Source (Dec. 1979) .... 106
4191 A RF Impedance Analyzer (Jan. 1980) ......... 108
4192A LF Impedance Analyzer ..................... 112
4204A Oscillator . ... 358
4260A Universal Bridge ........................... 94
4261A Digital LCR Meter ........................ 96
4262A Digital LCR Meter ........................ 98
4265B Universal Bridge ........................... 94
4271B Component Test 1| MHz

Digital LCR Meter (Apr. 1979) ................. 101
4272A 1 MHz Preset

Capacitance Meter (Apr. 1979) ................... 95
4273A 1 kHz Preset CMeter ....................... 95
4274A LCR Meter (Feb. 1979) .................... 102
4275A LCR Meter (Feb. 1979) .................... 102
4328A Milliohmmeter ....... ... .................. 92
4329A High Resistance Meter ...................... 93
4332ALCR Meter ............. ... i 92
4342A Q Meter ... 100
4436A Attenuator ............... ... ... .. 115

*A monthly publication of technical information from the HP Laboratories.



4437A Attenuator
4440B Decade Capacitor .......................... 115
4800A Vector Impedance Meter
4815A Vector Impedance Meter
4904A Cable Fault Locator ....................... 587

4905A Ultrasonic Leak Detector ................... 587
4910G Open and Split Locator .................... 586
4930A Conductor Fault Locator ................... 586
4935A Transmission Impairment Test Set ........... 582
4940A Transmission Impairment Measuring Set . .. ... 580
4943A Transmission Impairment Measuring Set ... . .. 581
4944 A Transmission Impairment Measuring Set .. .. .. 581
4960/4961 Automatic Pair Identifier ............... 586
5000

5001A Microprocessor Exerciser .. ................ 134
S004A Signature Analyzer ........................ 132
SOI11T Logic Troubleshooting Kit .................. 131
5015T Logic Troubleshooting Kit .................. 131
5021A Logic Troubleshooting Kit .................. 130
5022A Logic Troubleshooting Kit .................. 130
5023A Logic Troubleshooting Kit .................. 130
5024A Logic Troubleshooting Kit .................. 130
S035A Basic LogicLab ........................... 136
S5035T LogicLab ............ ... ... ... .. .. 136
5036A Microprocessor Lab (Oct. 1979) . ............ 137
5045A Digital IC Tester .......................... 116
5046A Digital IC Test System . .................... 118
5060 series Cooling Kits .............. ... . ... ... 693
5060 series Control Panel Covers ................... 693
5060 series Filler Panels .......................... 693
5060 series Rack Adapter Frames ................ .. 693
5060 series Rack Mounting Kits ............... 686, 692
K02-5060A Standby Power Supply ................. 335
5061A Cesium Beam Frequency Standard ........... 328
5061A with Option 004 Tube ...................... 328
E21-5061A Flying Clock (Cesium) ................. 329
5062C Cesium Beam Frequency Reference ........ .. 330
5065A Rubidium Frequency Standard ............ .. 331
E21-5065A Portable Rubidium Time Standard . ...... 331
S085A Standby Power Supply ..................... 335
5087A Distribution Amplifier ...... ... ... ... .. .. 334
5150A Thermal Printer ........................... 291
5245L Electronic Counter ......................... 324
5253B Frequency Converter Plug-in ................ 324
5255A Frequency Converter Plug-in ................ 324
5257A Transfer Oscillator Plug-in .................. 324
5300A Counter Mainframe ..................... .. 319
5300B Counter Mainframe ........................ 319
5301A 10 MHz Counter Module ................... 320
5302A 50 MHz Universal Counter Module ......... 320
5303B 500 MHz Counter Module .................. 320
5304A Timer/Counter Module ..... ... ........ ... 320
5305B 1300 MHz Counter Module ................. 321
5306A Digital Multimeter/Counter ........ ... ... .. 321
5307A Frequency Counter Module .............. .. 321
5308A Timer Counter Module ..................... 321
5310A Battery Pack Module ...................... 322
5311B Digital-to-Analog Converter ............... .. 322
5312A HP-IB Interface Module ................ ... 322
5314A Universal Counter (Jan. 1979) .............. 317
5315A & 5315B Universal Counters (Jan. 1979) ... .. 314
5316A Universal Counter (Sept. 1980) ............ ... 314
5328A Universal Counter ........................ 310
5335A Universal Counter (Sept. 1980) .............. 307

5340A Microwave Frequency Counter .............. 302
5342A Microwave Frequency Counter ............ .. 300
5343A Microwave Frequency Converter

(Mar. 1980) ... ... 300
5345A Electronic Counter ........................ 295
5353A Channel C: Plug-in for 5345A ..... ... ...... 298
5354A 4 GHz Frequency Converter ................ 298

5355A Automatic Frequency Converter (Apr. 1980) .. 299
5356A & 5356B Frequency Converter

Heads (Apr. 1980) ............... . ... . ..., 299
5356C Frequency Converter Head .................. 299
5359A Time Synthesizer .......................... 340
5363B Time Interval Probes ....................... 306
5370A Universal Counter ........................ 304
5381A Frequency Counter ........................ 323
5382A Frequency Counter ........................ 323
5383A Frequency Counter ........................ 323
5390A Frequency Stability Analyzer ............... 556
5391A Frequency and Time Data

Acquisition System ........... ... s 303
5420A Digital Signal Analyzer .................... 544
5423A Structural Dynamics Analyzer .............. 544
5427A Digital Vibration Control System ............ 546
5451C Fourier Analyzer .......................... 546
5501A Laser Transducer .......................... 672
5526A Laser Measurement ........................ 672
5700 series Gas Chromatographs ............... 698-699
5840A Gas Chromatograph ................... 698-699
5880A Gas Chromatograph ................... 698-699
5986A GC/Mass Spectrometer ................ 698-699
5992 series GC/Mass Spectrometers ............ 698-699
5993 series GC/Mass Spectrometers ............ 698-699
5995A GC/Mass Spectrometer ................ 698-699
6000
6002A Autoranging DC Power Supply .............. 253
6111A-6116A Precision DC Power Supplies ......... 256
6012A Autoranging Power Supply .................. 246
6024A Autoranging DC Power Supply .. ............. 246
6129C-6131C Digitally Controlied Voltage

SOUMCES .ottt et 264
6140A Digital Current Source ................... .. 264
6177C Precision DC Current Source ................ 258
6181C Precision DC Current Source ................ 258
6186C Precision DC Current Source ................ 258
6200B-6209B DC Power Supplies .................. 240
6212A-6218A Dual Range DC Power Supplies ....... 240
6224BDCPower Supply ................. .. ..., 244
6226B DC Power Supply ......................... 244
62278 Dual Tracking DC Power Supply .......... .. 254
6228B Dual Tracking DC Power Supply ............ 254
6234A Dual Output Power Supply .............. ... 241

6235A Triple Output Power Supply ................ 242

6236B Triple Output DC Power Supply ............ 242
6237B Triple Output DC Power Supply ............ 242
6253A Dual Output DC Power Supply .............. 244
6255A Dual Output DC Power Supply .............. 244
6259B DC Power Supply ......................... 248
6260B DC Power Supply ......................... 248
6261B DC Power Supply ......................... 248
6263B DC Power Supply ......................... 248
6264B DC Power Supply .......... . ... ... L. 248
6265B DC Power Supply ......................... 248
6266B DC Power Supply ......................... 248

D
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6267B DC Power Supply ......................... 248
6268B DC Power Supply ......................... 248
6269B DC Power Supply ......................... 248
6271B DC Power Supply ......................... 248
6274B DC Power Supply ......................... 248
6281A DC Power Supply ......................... 244
6282A DC Power Supply ......................... 244
6284A DC Power Supply ......................... 244
6286A DC Power Supply ......................... 244
6289A DC Power Supply ......................... 244
6291A DC Power Supply ......................... 244
6294A DC Power Supply ......................... 244
6296A DC Power Supply ............... .. ........ 244
6299A DC Power Supply ......................... 244
6384A DC Power Supply .............. ... ... 241
6428B DC Power Supply ......................... 250
6433B DC Power Supply ......................... 250

6434B DC Power Supply ......................... 250

6438B DC Power Supply ......................... 250
6439B DC Power Supply ......................... 250
6443B DC Power Supply ......................... 250
6448B DC Power Supply .....................o.L. 250
6453A DC Power Supply ......................... 250
6456B DC Power Supply ......................... 250
6459A DC Power Supply ......................... 250
6464C DC Power Supply .............. ..., 250
6466C DC Power Supply .............. .. .. 250
6469C DC Power Supply ......................... 250
6472C DC Power Supply ................cciiinn.. 250
6475C DC Power Supply ......................... 250
6477C DC Power Supply ........ ...t 250
6479C DC Power Supply ............... .. .coiin.. 250
6483C DC Power Supply ...............cciiinn.. 250
6515A High Voltage DC Power Supply ............. 255
6516A High Voltage DC Power Supply ............. 255
6521A High Voltage DC Power Supply ............. 255
6522A High Voltage DC Power Supply ............. 255
6525A High Voltage DC Power Supply ............. 255
6824A DC Power Supply/Amplifier ................ 259
6825A DC Power Supply/Amplifier ................ 259
6826A DC Power Supply/Amplifier ................ 259
6827A DC Power Supply/Amplifier ................ 259
6920B AC/DC Meter Calibrator ................... 678
6940B Multiprogrammer ......................... 665
6941B Multiprogrammer Extender ................. 665
6942A Multiprogrammer ......................... 668
6943A Multiprogrammer Extender ................. 668
7000

7004B X-Y Recorder ................... ... ... 274
7010B X-Y Recorder .............. ... ... ....... 268
7015B X-Y Recorder ............................. 268
7034A X-Y Recorder ......... ... ... . ... ... 274
7035B X-Y Recorder ................. ... 269
7044B X-Y Recorder ......................... 270-273
7045B X-Y Recorder ......................... 270-273
7046B X-Y Recorder ......................... 270-273
7047A X-Y Recorder ............. ... ... .... 270-273
7100B Strip Chart Recorder, 2 Pen ................. 280
7101B Strip Chart Recorder, 1 Pen ................. 280
7130A Strip Chart Recorder,2Pen ................ 278
7131A Strip Chart Recorder, 1 Pen ................ 278
7132A Strip Chart Recorder,2 Pen ................ 279
7133A Strip Chart Recorder, 1 Pen ................ 279
7155B Portable Strip Chart Recorder ............... 2717

7220A 4-Color Graphics Plotter
72208 4-Color Plotter/Paper Advance (Dec. 1979) ... 654

7221B 4-Color Graphics Plotter .................... 654
72218 4-Color Plotter/Paper Advance (Dec. 1979) ... 654
7225A Graphics Plotter (Feb. 1979) ................ 656
7240A Thermal Plotter/Printer .................... 658
72458 Plotter /Printer ............................ 658
7260A Optical Mark Reader ...................... 645
7310A High-speed Graphics Printer ................ 659
7402A 2-Channel Oscillographic Recorder . ... ... 281-283
7404A 4-Channel Oscillographic Recorder . ... ... 281-283
7414A 4-Channel Oscillographic Recorder ........... 284
7418A 6 to 8 Channel Oscillographic Recorder . ... ... 284
7562A Log Voltmeter/Converter .................... 48
7563A Log Voltmeter/Amplifier .................. .. 48
7906 Disc Drive ......... ... .. ... ... . ... .. 662
7910 Fixed Disc Drive ... ......................... 664
7920 Disc Drive .................. ... . ... . ... 662
7925 Disc Drive .. ............ .. e 662
7970 B/E Tape Drive ............................ 652
8000

8005B Pulse Generator ........................... 342
8007B Pulse Generator ........................... 345
8011A Pulse Generator ........................... 342
8012B Pulse Generator ........................... 343
8013B Pulse Generator ........................... 343
8015A Pulse Generator ........................... 344
8016A Word Generator ........................... 352
8018A Serial Data Generator ...................... 349
8080A Mainframe .................. ... . ... 347, 348
8081A Repetition Rate Generator, 300MHz 347, 348

8082A Pulse Generator ........................... 346

8083A Output Amplifier, 300 MHz ............ 347, 348
8084A Word Generator, 300 MHz ............ 347, 348
8091A Repetition Rate Generator, 1 GHz ....... 347, 348
8092A Delay Generator/Freq. Divider .......... 347, 348
8093A Output Amplifier, 1GHz ............... 347, 348
8160A Programmable Pulse Generator (May 1979) ... 338
8165A Programmable Signal Source ................ 372
8170A Logic Pattern Generator (Aug. 1979) ......... 350
8327A Test Set Selector .......................... 490
8350A Sweep Oscillator .......................... 408
8403A Modulator ............. ... ... .., 400
8405A Vector Voltmeter .......................... 482
8406A Comb Generator .......................... 53§
8407A Network Analyzer ......................... 480
8409B Automatic Network Analyzer ................ 490
8410B Network Analyzer Mainframe ............... 486
84108 series Network Analyzers ................... 483
8411A Harmonic Frequency Converter ............. 486
8412A Phase-Magnitude Display ............. 480, 486
8413A Phase Gain Indicator ...................... 486
8414A Polar Display ........................ 480, 486
8418A Auxiliary Power Supply .................... 486
8443A Tracking Generator-Counter ................ 528
8444A Tracking Generator . ....................... 530
8444A Option 059 Tracking Generator ... .. 516, 520, 533
8445B Automatic Preselector . ..................... 532
8447 series Amplifiers ........... ... ... .. ... ... ... 37
8450A UV/VIS Spectrophotometer (Feb. 1980) ... ... 698
8470A, B Coaxial Crystal Detectors ................ 446
8471A Coaxial Crystal Detector ................... 446
8472A Coaxial Crystal Detector ................... 446
8473B/C Coaxial Crystal Detectors ................ 446

*A monthly publication of technical information from the HP Laboratories.
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8477A Power Meter Calibrator .................... 435 8745A S-Parameter Test Set ...................... 487
8478B Coaxial Thermistor Mount .................. 435 8746B S-Parameter Test Set ...................... 488
8481A/H Power Sensors ..................c.o... 432 8747A Waveguide series
8481B Power Sensor ......... ... ... ... 432 Reflection/Transmission Test Units .............. 488
8482A /H Power Sensors . ...................o..L 432 8748A S-Parameter Test Set ...................... 471
8482B Power Sensor .............. ..o 432 8750A Storage-Normalizer ................... 491, 486
8483A Power Sensor .......... ... 432 8754A Network Analyzer (Oct. 1979) .............. 470
8484A Power Sensor . ............... oo 432 8755C Frequency Response Test Set Plug-in . .. .. 454, 458
8485A Power Sensor .. ............. ... ... ... 433 87558 Frequency Response Test Sets . ... .. 454
8491A/B Coaxial Fixed Attenuators ................ 440 8761A & B Coaxial Switches . ..................... 451
8492A Coaxial Fixed Attenuator ................... 440 8801A Low Gain Preamplifier ..................... 285
8493A/B series Coaxial Fixed Attenuators .......... 440 8802A Medium Gain Preamplifier ................. 285
8494A/B/G/H series Coaxial Step Attenuators ... .. 442 8803A High Gain Preamplifier .................... 285
8495A/B/D/G/H/K series Coaxial 880SA Carrier Preamplifier ....................... 285
Step Attenuators ............... . ... 442 8805B Carrier Preamplifier ....................... 285
8496A /B/G/H series Coaxial 8806B Phase Sensitive Demodulator ................ 286
Step Attenuators . ............ ..., 442 8807A AC/DC Converter ............cccoinuunnnn. 286
8498A Coaxial Fixed Attenuator . .................. 440 8808A Lpgarithmic Preamplifier ................... 286
8501 A Storage-Normalizer ........................ 475 8809A Signal Coupler R 286
8502A & B Reflection Transmission Bridges . . . .. 471, 476 8820A DC Bank Amplifier ........................ 286
8503A & B S-Parameter Test Sets .. ............... 476 8821A DC Bank Amplifier ........................ 286
8505A Network Analyzer ...............c..co..... 472 8900B Peak Power Calibrator ..................... 435
8507B/C Automatic Network Analyzers ............ 478 8901 A Modulation Analyzer (Nov. 1979) ........... 551
8552A Spectrum Analyzer—IF Section ............. 525 8903A Audio Analyzer (Aug. 1980) ................. 554
8552B Spectrum Analyzer—IF Section ............. 525 8950B Automatic Transceiver Test System .......... 558
8553B Spectrum Analyzer, Tuning Section .......... 528 9000
8554B Spectrum Analyzer, Tuning Section .......... 530 9030 Measurement and Control System ............. 630
8555A Spectrum Analyzer, Tuning Section .......... 532 9111A Graphics Tablet ................ccccuuiii.. 648
8556A Spectrum Analyzer, Tuning Section .......... 526 9411A Switch Controller ......................... 629
8557A Spectrum Analyzer ... 318 9412A Modular Switch ........................... 629
8558B Spectrum Analyzer ........................ 320 9413A VHF Switch ..o, 629
8559A Spectrum Analyzer (Mar. 1980) ............. 322 9414A Matrix Switch . ........................... 629
8565A Spectrum Analyzer ........................ 516 9815S Desktop COMPULEr ... ......oovererenennn.. 623
8566A Spectrum Analyzer (Aug. 1979) ........ 306, 511 9825B, T Desktop Computer ...................... 623
8568A Spcctrum Analyzer ................... 506, 508 9835A, B Desktop Computer (May 1979) ........... 624
8581A Automatic Spectrum Analyzer .............. 514 9845B, C, T Desktop Computer . ................... 625
8582A Automatic Spectrum Analyzer .............. 514 9866B Thermal Printer .......................... 649
8600A Digital Marker ............................ 427 9871A Character Impact Printer ................... 649
8601A Generator/Sweeper ....................... - 427 9872B 4-Color Graphics Plotter .................... 654
8614A Signal Generator .......................... 397 9872S 4-Color Plotter/Paper Advance (Dec. 1979) ... 654
8616A Signal Generator .......................... 397 9874A DIItIZEr ..o 648
8620 system Sweep Oscillators ............ SERS 417,607 9875A Cartridge Tape Unit ....................... 649
8620C Sweeper Mainframe ............... ... ... 418 9876A Thermal Graphics Printer .................. 649
8640A,B AM/FM Signal Generators .............. 387 9878A I/O Expander ......................... 649
8640B Option 004, Avionics Signal Generator ... ..... 390 9884A Tape Punch Subsystem T 649
322‘1’; Sllgg::ll g;f::rf:ttgrf -------------------------- gg% 9885M/S Flexible Disc Drive . ..................... 647
8655A Synchronizer/Counter ..................... 393 9895 Flexible Disc Memory .......oovvinnnn 647
8656A Signal Generator . . ......................... 376 10000
8660A Synthesized Signal Generator ............... 380 10001A 10:1 Divider Probe 211
8660C Synthesized Slgnal Generator ............... 380 10001B 101 DiVidCr Probe ........................ 21 1
8662A Synthesized Signal Generator .. ............. 378 10002A 50:1 Divider Probe . . ... 211
8671 A Microwave Frequency Synthesizer ........... 386 10002B 50:1 Divider Probe ... ... 211
8672A Synthesizeq Signal Generator ............... 386 10003A 10’,1 Divider Probe . ... 211
8690B Sweep Oscillator .......................... 424 10004D 10:1 Divider Probe . ... ... ..\ 211
8691B-8695B RF Units (PIN leveled BWO) 10005D 10:1 Divider Probe ............ L. 211
for 8690B ....... REEEEE e 425 10006D 10:1 Divider Probe . ....................... 211
8691A-8697A RF Units (Grid Leveled BWO) 10007B 1:1 Probe . ..........oooviii o, 75, 211
for 8690B ... 425 10008B 1:1 Probe . ............................ 75, 211
8698B, 8699B Solid State RF Units for 8690B .. 425, 426 10011B BNC Adapter Tip ........................ 214
8709A Phase-lock Synchronizer .................... 425 10013A 10:1 Divider Probe . .............. . ........ 211
8717B Transistor Bias Supply ..................... 488 10014A 10:1 Divider Probe .. ...................... 211
8721A Coaxial Directional Bridge .................. 481 10016B 10:1 Divider Probe ................... ... .. 211
8731-8735 series PIN Modulators .................. 400 10017A Miniature Divider Probe ... ................ 207

8743A Reflection/Transmission Test Unit ......... .. 487 10018A Miniature Divider Probe ................ ... 207
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10019A Cable Assembly .......................... 210
10020A Resistance Divider ........................ 211
10021A Miniature 1:1 Probe ...................... 207
10022A Miniature 1:1 Probe ...................... 207
10023A Temperature Probe ..................... .. 209

10024A IC Test Clip ... it 210

10026A Miniature 1:1 Probe (50Q) ................ 207
10027A Miniature 1:1 Probe (50Q) ................ 207
10028A Jumper Cable .................... ... .. .. 210
10034A Probe Ground Lead Kit ................... 213
10035A Probe TipKit ............................ 213
10036B Probe TipKit ............................ 213
10037B Probe TipKit ............................ 213
10040A 10:1 Miniature Divider Probe .............. 207
10041 A 10:1 Miniature Divider Probe .............. 207
10042A 10:1 Miniature Divider Probe .............. 207
10050A HP-IB Adapter (1602A) .................. 158
10051A Test Probe (1602A) ...................... 158

10059A HP-IB Interface (1602A) .................. 158

10066A HP-IB Probe Interface .................... 172
10069A HP-IB Interface (1615A) .................. 172
10100C 50 ohm Feedthrough Termination ........... 214
10100B 100 ohm Feedthrough Termination .......... 214
10110B BNC Male to Dual Banana Plug ............ 681
10111A Shielded Banana Plug to BNC Female . .. .. .. 681
10113A Triple Banana Plug to Dual BNC Female . ... 681

10116A Light Shield for 1220 Series

Oscilloscopes .. ............................ 206, 214
10117A Panel Cover for 1220 Series Oscilloscopes . . ..
10119A Rack Mount Kit for 1220 Series

Oscilloscopes ............ ... ... ... L 206
10140A Viewing Hood for 1700 Series Oscilloscopes .. 214
10166A Front Panel Cover (180A, 181A, 184A) ..... 214
10173A RFI Filter and Contrast Screen for 1700 Series

Oscilloscopes . ........... ... .. ... L 214
10176A Viewing Hood for 12.7 cm (5 in.) Rect. CRT . 214
10178 A Metal Mesh Contrast Screen

for 181 and 184 series Oscilloscopes
10183A Light Shield HP for small screen displays .... 228

10229A Retractable Hook Tip Adapter ............. 214
10230C Clock Probe, Logic Analyzer ............... 170
10231C Data Probe, Logic Analyzer ................ 170
10233A Cable, 1645A to 5055A or S150A ........... 584
10235A Interface Cover for 1645A ................ 584
10236A Trigger Bus Cable (1600S) ................ 174
10237A Data Cable (1600S) ...................... 174
10247A Clock Probe . ... ... ... ... . .......... 170

10248C Data Probe ................. . ... ... ..... 170

10250A TTL Trigger Probe ....................... 210
10253A Card Reader for 1600A ................... 165
10254A Serial-to-Parallel Converter ................ 165
10257B Personality Module for 1611A (6800 uP) .. ... 160
10258B Personality Module for 1611A (8080 uP) ... .. 160
10259A Personality Module for 1611A (OF8 uP) ..... 161
10260A Personality Module for 1611A (Z80 uP) .... 161
10261A Personality Module for 1611A (6502 uP) .... 161
10262A Personality Module for 1611A (1802 ¢P) .... 161
10263 A Personality Module for 1611A (8085 uP) .... 162
10264A GP Personality Module (1611A) ............ 160
10275A PDP-11 UNIBUS Interface ................ 172
10276A LSI-11 Interface ......................... 172
10277A,B,C General Purpose Interface ............. 172
10278A HP 1000 series Interface .................. 172
10279A NOVA 3 Interface ....................... 172
10280A microNOVA Interface .................... 172

10285A HP 1000 L-Series Interface ................ 172
10281A HP-IB Interface (1640A) .................. 169
10299A Rack Mount Adapter ..................... 175
10352B Graflok Back .......................... .. 217
10353A Pack FilmBack .......................... 217
10358B Camera Carrying Case .................... 217
10361 A Camera Bezel Adapter ................... 217
10362A Camera Bezel Adapter ................... 217
10363A Camera Bezel Adapter ................... 217
10367A Camera Bezel Adapter ................... 217
10375A Camera Bezel Adapter ................... 217
10376A Camera Bezel Adapter ................. .. 217
10377A Camera Bezel Adapter ................... 217
10378A Camera Adapter ......................... 217
10380A OEM Horizontal Frame for HP Small

Screen Displays ................. ... .. ... ..., 231
10382A Bench Hardware Kit for 10380A ........... 231
10386A OEM Vertical Frame for HP Small

Screen Displays .............. ... ... .. 231
10387A Interface, Type 303 Modems (1645A) ...... 584
10388A Interface, CCITT V35 (1645A) ............ 584
10389A Interface, Breakout Box (RS-232C)

(U645A) .o 584
10407B Plug-in Extender (180 system) .............. 214
10475A 3 in. Drawer for 1117B .................... 220
10476A 8 in. Drawer for 1117B .................... 220
10491B Rack Mount Adapter, 1700 series,

1600A ... 175, 214
10494A HP-IB Interface (1610A) .................. 154
10495A HP-1B Interface (1610A) .................. 154
10496A HP-IB Interface (1610B) .................. 154
10499A Field Retrofit Kit (1610A) ................. 154
10501A Cable Assembly .......................... 680
10502A Cable Assembly .......................... 680
10503A Cable Assembly .......................... 680
10511A Spectrum Generator ...................... 402
10514A Double-balanced Mixer ................... 402
10515A Frequency Doubler ....................... 401
10519A Cable Assembly .......................... 680
10525T & 10525E Logic Probes ................... 125
10526T Logic Pulser ............................. 126
10528A LogicClip .............. ... ... .......... 128
10529A Logic Comparator ........................ 129
10533A BCD Interface Cable (5150A, 5300A) ....... 319
10534A Double-balanced Mixer ................... 402
10541 A Reference Boards ......................... 129
10541B Preprogrammed Reference Boards .......... 129
10548A Service Support Package .................. 319
10631A,B,C,DHP-IBCables ..................... 30
10638A Degausser ...................c.oui.. .. 329
10656A 5035A Texts & Lab Workbooks ........... 136
10657A 5035A Component & Wire Kit . ............ 136
10811A/B Crystal Oscillators ..................... 327
10819A Leather Carrying Case (5300A/B) .......... 319
10833 A/B/C/D HP-IBCables . .................... 30
10844A Programming Interface Kit (S045A) ........ 119
10845A Program Card (S045A) ................... 119
10846A Program Card Coupon Book ............. .. 119
10847A 5045A Service Kit ........................ 119
10851A/52A /53A/54A Rack Mount Kits

(5300A/B) ... 319
10855A Broadband Preamplifier ................... 312
10856A Low Pass Filter Kit ....................... 322
11000
11000A Cable Assembly .......................... 680

*A monthly publication of technical infermation from the HP Laboratories.



11001A Cable Assembly .......................... 680
11002A Test Leads .............................. 680
11003A Test Leads .............................. 680
11035A Cable Assembly .......................... 680
11036A AC Probe for410C ........................ 43
11067A Test Lead Kit ............................. 75
11068A Soft Carrying Case ........................ 75
11075A & 11076A Instrument Cases ............... 693
11096B High Frequency Probe ..................... 75
11143A Cable Assembly . ......................... 680
11170A/B/C Cable Assembly ..................... 680
11310A Card Reader . ..................cooiuunns 649
11473A-11476A Balancing Transformers ............ 679
11500A/B Cable Assembly ....................... 680
11501A Cable Assembly . ......................... 680
11507A Output Termination ...................... 402
11508A Terminated Qutput Cable ................. 402
11509A Fuseholder .............................. 402
11511A Coaxial Short ............................ 449
11512A Coaxial Short ............................ 449
11515A Waveguide Adapter . ...................... 452
11516 A Waveguide Adapter ....................... 452
TISITAMixer ... ... .. i 535
11518A-11520A Waveguide Taper Sections ......... 535
11524A APC-7 to N (female) Adapter .............. 681
11525A APC-7 to N (male) Adapter ............... 681
11533A APC-7 to SMA (male) Adapter ............ 681
11534A APC-7 to SMA (female) Adapter ........... 681
11536A Probe Tee for 8405A ...................... 482
11540A Waveguide Stand .. ....................... 453
11542A-11548A Waveguide Clamps ................ 453
11549A Power Splitter for 8405A ................. 482
11565A Coaxial Short ............................ 449
11566A Air Line Extension ....................... 453
11567A Air Line Extension ....................... 453
11570A Accessory Kit for 8405A .................. 482
11581A Attenuator Set ........................... 440
11582A Attenuator Set ........................... 440
11583A Attenuator Set . .......................... 440
11588A Swivel Adapter . ......................... 453
11589A & 11590A Bias Networks ................. 489
11599A Quick-Connect Adapter for 8745A .......... 489
11600B Transistor Fixture ........................ 487
11602B Transistor Fixture ........................ 487
11604 A Universal Extension for 8745A . ............ 487
11605A Flexible Arm for 8743A ................... 487
11606A Rotary AirLine . ......................... 453
11607A Small Signal Adapter for 8745A .......... .. 489
11608A Transistor Fixture ........................ 488
11609A Cable Kit for 8410S ...................... 489
11610B Test Port Extension Cable ................. 487
11650A Accessory Kit for 8410S ... ... ............ 489
11652A Reflection/Transmission Kit for 8407A ... ... 482
11654A Passive Probe Kit for 8407A ......... .. .... 482
11655A Impedance Probe for 8407A ............... 482
11658A Matching Resistor for 8407A ... ... ... .... 482
11661B Frequency Extension Module ............... 383
11664A Detector for 8755 ........................ 458
11664B Detector for 8755 . ........................ 458
11664C Detector Adapter for 8755 . .......... ... ... 458
11665B Modulator for 8755 ....................... 456
11666A Reflectometer Bridge for 8755 ............. 456
11667A DC-18 GHz Power Splitter ................ 456
11668A 50 MHz High Pass Filter for 8755 .......... 457
11672A Service Accessory Kit for 8660A, C ... ... .. 383

11675B Leveling Cable Assembly for 784B .. ........ 607
11678A Low Pass Filter Kit ....................... 457
11679A/B Extension Cables for 8755 ............... 457
11683A Range Calibrator ......................... 431
11684/5/6/8/9A Low Pass Filters ................. 457
11687A Adapter, 50to 75Q .......... ... .. ... ... 402
11690A Frequency Doubler ....................... 401
11691D Coaxial Directional Coupler ... ............. 444
11692D Coaxial Dual Directional Coupler ........... 444
11693A Limiter ......... ... ... o iiiiia. .. 535
11694A Matching Transformer, 50-75Q ............ 535
11697A, B & C Bandpass Filters .. .............. ... 402
11707A Test Plug-in ............. .. ............. 383
11708A Attenuator (for Calibrating 8484A) ....... .. 432
11710B Down Converter ................ ... ....... 391
11711A Noise Source Adapter ..................... 437
11712A Service Support Kit (for 8671A, 8672A) ... .. 385
11713A Attenuator/Switch Driver .............. ... 442
11714A Service Support Kit (for 8662A) .......... .. 379
11715A AM/FM Test Source (Nov. 1979) .......... 553
11716A, B Interconnection Kits .. ... ........... ... 442
11720A Pulse Modulator ......................... 401
11721A Frequency Doubler . .................... .. 401
11850A & B Power Splitters ...................... 471
11851A RF Cable Kit for 8505A ................... 476
11852A 50-75 Q@ Minimum Loss Pad ........... ... .. 4717
11853A 50 @ Type N Accessory Kit ................ 477
11854A 50 @ BNC Accessory Kit .................. 477
11855A 75 Q Type N Accessory Kit ................ 477
11856A 75 @ BNC Accessory Kit .................. 477
11857A /B Test Port Extension Cables

for 8503A & B . ... 4717
11858A Rigid Interconnect Adapter ............... 477
11863D Accuracy Enhancement Program

forthe 8409B ... ... ... .. ... . ... ...l 490
11866A APC-7 Calibration Kit ............... 477, 489
11867A RF Limiter ........... ... .. ... ........... 535
11869A Adapter for 86200 Series Plug-ins ......... .. 416
11870A Low Pass Filter ... ....... ... ... ... ... .. 522
12000
12030A L-Series 10-slot card cage ................. 628
12032A L-Series S-slot card cage .................. 628
12035A L-Series Computer Power Module .......... 628
12050A Fiber Optic HP-1B Link (Dec. 1979) ........ 311
12897B Dual-Channel Interface .................... 628
12940A 20 Mbyte Disc Cartridge .................. 661
12979B HP 1000 Computer 1/O Extender ......... .. 628
13000
13064A Tape Degausser ...................... 289-290
13222C RS 232 Cable, Female . ................... 634
13222M European Modem Cable .................. 634
13222N U.S. Modem Cable ....................... 634
13222W HP 300 Cable ............ .. ... ...... .. 634
13222Y RS 232 EMP Protect Cable, male, Sm . ... ... 634
13231A Display Enhancements .................... 641
13232R Multipoint Extension Cable,

female, 100" .. ... ... .. ... .. ... ... . ... ... ..., 634
13238A Duplex Register .......................... 641
13242G RS 232 Cable, male/male, 5Sm ............. 634
13242H RS 232 Cable, male/female, 5Sm ....... .. ... 634
13242M European Modem Cable, male, 5m ...... ... 634
13242N US Modem Cable, male, Sm ............... 634

13242Y RS 232 EMP Protect Cable,
male/male, Sm ... ... ... ... ... ... . ... ... .. 634

17

Q]




MODEL NUMBER INDEX

D

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

13245A Character Set Generation Kit .............. 641
13250B Serial Printer Interface .................... 641
13254A Video Qutput Interface .................... 641
13265A 300 Baud Modem, originateonly ........... 641
13266A Current Loop Interface .................... 634
13267A Asynchronous Multipoint Interface Pod ... ... 634
13268A Asynchronous Multipoint

Daisy-chain Interface Pod ....................... 634
13290B Development Terminal .................... 639
13296A Shared Peripheral Interface ................ 641
13356A 120 Mbyte Disc Pack ..................... 661
13394A 50 Mbyte Disc Pack ...................... 661
13515A Frequency Doubler Probe . ................. 391
14000
14513A Rack Kit (for one unit, 3%2"H) ............. 260
14515A Rack Kit (for one unit, SW"H) ............. 260

14521 A Rack Kit (for Bench Series) ................ 260
14523A Rack Kit (for two units, 3%4"H)
14525A Rack Kit (for two units, 5% "H)
14533B Pocket Programmer ................... 265, 665

14534A Pocket Programmer Cable ............ 265, 665
14535A Interface Kit, DCPS-to-21

MX Computer ...ttt 265
14536A DCPS Chaining Cable .................... 265
14539A Cable Assembly, DCPS

to21l MX Computers ..o, 265
14540 Cable Assembly, Multiprogrammer-to

21 MX Computer .................. ... 665
14541 A Chaining Cable, 6940B

or6941Bto6941B ........................ .. 665
14550A Interface Kit, Multiprogrammer-to-

2l MX Computer . ................. ... ..., 6635
14551A Multiprogrammer Service Kit .............. 665
14555A Multiprogrammer Card Connector .......... 665
14558A Termination Panel ........................ 665
14560A Cable Assembly .......................... 665
14561A Cable Assembly .......................... 6635
14562A Cable Assembly . ......................... 665
14700A/14701A Extender Interface Kits ............ 665
14702A Chaining Cable .......................... 665
14703A Spare Card Connector .................... 665
15000
15104A Pulse Adder/Splitter ...................... 679
15115A Pulse Splitter/Inverter .................... 679
15116A Pulse Inverter ............c............... 679
15179A Rack Adapter Frame ................. 342, 343
15263A Card Reader ............................. 349
15452A-15458A 8170A Accessories ................ 351
15507A Isolator ........ ... ... oo, 567
15508B Impedance Converter ..................... 567
15509A Amplifier ... 567
15575A-H Equalizers ............................ 600
15580A 25 MHz High-Impedance Active Probe . ... .. 600
15581B 25 MHz High-Impedance Passive Probe ..... 600
15582A Return Loss Kit .......................... 600
15584A TransitCase ............................. 600
15585A Diagnostic Kit ........................... 600
15587A 25 MHz Low-Noise Amplifier .............. 600
15588A 90 MHz Low-Noise Amplifier .............. 600
15589A Instrument Cart .......................... 600
15600A Isolator (3.7t0 42 GHz) .................. 606
15601A Isolator (5.9t06.5GHz) .................. 606
15602A Isolator (7.1 to 8.1 GHz) ...... e 606
15603A Isolator (10.7t0 11.7GHz) ............... 606

15609A Remote Extender Cable ................... 606
16000
16008A Resistivity Cell ............................ 93
16014A Series Loss Test Adapter .................. 100
16029A Test Fixture .............................. 94
16061A Test Fixture .............................. 91
16062A Test Lead ............. ... ............... 91
16063A Test Lead ................................ 91
16380A Decade Capacitors ........................ 115
16470A/B/C Reference Inductors ................. 100
17000
17012B Point Plotter. . ........................ 274-275
17012C Point Plotter ......................... 274-275
17055A Overhead Transparency Kit ................ 660
17108A Time Base ............................... 269
17170A DC Coupler ......................... 274-275
17171A DC Preamplifier ..................... 274-275
17172A Time Base ........................... 274-275
17173A Null Detector ........................ 274-275
17174BDC Offset . . .......................... 274-275
17175A Filter .. ............. ... ... ... ..... 274-275
17176A Scanner .................ccviuin. .. 274-275
17177A AC/DC Converter DC Preamplifier .. ... 274-275
17178A DC Attenuator ....................... 274-275
17400A High Gain Preamplifier ............... 281-283
17401A Medium Gain Preamplifier ............ 281-283
17402A Low Gain Preamplifier ................ 281-283
17403A AC Carrier Preamplifier ............... 281-283
17404A DC Bridge Amplifier .................. 281-283
17500A Medium Sensitivity ....................... 280
17501A High Sensitivity .......................... 280
17502A Temperature Module ... ... ... ... ... .. 280
17505A Very High Sensitivity ..................... 280
17600A General 1/O Interface for 7225A ....... 656-657
17601 A HP-IB Interface for 7225A ............ 656-657
17602A 8, 12, 16-Bit Interface for 7225A ... .. .. 656-657
17603A RS-232-C Type Interface for 7225A 656-657
17604A RS-232-C Interface for 7225A ......... 656-657
18000
18062B MIL-STD-188C Interface (1645A) ......... 584
18107A External Oscillator (2804A) ............... 673
18108A Line Amplifier (2804A) .................. 673
18109A Diagnostic Kit (2804A) ................... 673
18110A Laboratory Probe and Cal Module,

26 mm (17) (2804A) ............ ... ... 673
18111A Laboratory Probe and Cal Module,

232 mm (9.17) (2804A) ... ... 673
18112A Laboratory Probe and Cal Module,

486 mm (19.1") (2B04A) ... .. ... ... ....... 673
18115A Heavy Duty Probe and Cal Module,

29 mm (1.17) (2804A) ............ ... ... ..., 673
18116A Heavy Duty Probe and Cal Module,

129 mm (5.17) (2804A) ... ... ... 673
18117A Heavy Duty Probe and Cal Module,

179 mm (7.17) (2804A) .. ... . ... 673
20000
22900A series Cards for 2240A .................... 630
30000
33300 series Coaxial Step Attenuators .............. 439
33311B/C Coaxial Switches ....................... 451
33320 series Coaxial Step Attenuators .............. 439
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33330B, C Coaxial Crystal Detectors ............... 446
34110A CarryingCase . ..................covvunn.. 75
34111A High Voltage Probe .. ...................... 75
34112A Touch-Hold Probe ... .. ... ... . ... 75
37013A System Software ......................... 594
37014A System Software ......................... 594
37201A HP-IB Extender (Aug. 1979) ................ 32
37203A HP-IBExtender ........................... RX
37210T 4800 Bits/s Modem ....................... 642
37220T 9600 Bits/s Modem ....................... 642
37264A Band Defining Filter (for 3726A) ............ 608
37265A Band Stop Filter (for 3726A) ............... 608
37266A Band Pass Filter (for 3726A) ............... 608
37267A Adapter Case (for 3726A) .................. 608
37268A Dummy Plug-in (for 3726A) ................ 608
37269A Front Panel Input Connector (for 3726A) . .. .. 608
37230A Short Haul Modem ....................... 643
40000
43804 X-Ray System . ......... ... ... ............ 702
43805 X-Ray System ............................. 702
43807 X-Ray System ............ ... . ... . ....... 702
50000
52126A Intel MULTIBUS Interface ............... 172
59301A ASCII-Parallel Converter .................. 28
59303A Digital-to-Analog Converter ................. 28
59306A HP-IB Relay Actuator ..................... 28
59307A HP-IB VHF Switch ....................... 28
59308A HP-IB Timing Generator ................... 28
59309A HP-IB Digital Ciock ....................... 28
59310B HP-1B Computer Interface .................. 35
59313A HP-IB Analog-to-Digital Converter .......... 28
59401 A Bus System Analyzer ...................... 30
59403A HP-IB Common Carrier Interface ........... 31
59500A Multiprogrammer HP-IB Interface ........... 29
59501 A HP-IB Power Supply Programmer .......... 252
K70-59992 Rack Mount Adapter Kit (5342A) ...... 301
60000
61000 Modular Power Supplies (OEM) ............ 261
61005C DC-to-DC Converter

(singleoutput) .............. ... ... .. ... ..... 261
61315D DC-to-DC Converter

(tripleoutput) ........... ... .. ... ... 261
62000 & 63000 Modular Power Supplies (OEM) .. ... 261
62005A-62048G Modular Power Supplies ........... 261
62212A-62215G Dual Output Modular Supplies .. ... 261
62410A Modular Supply Rack Mounting Tray ....... 261
62411A Rack Tray Blank Front Panel ,............. 261
62412A Rack Tray Blank Rear Panel ............... 261
62413A Rack Tray Cooling Unit (45 cfm) ........... 261
62414A Rack Slide Kit (for standard cabinets) ....... 261
62415A Rack Tray AC Distribution Panel ........... 261
62416A Rack Tray Cooling Unit (160 cfm) .......... 261
62605L, 62605M, 62615M 300-600 W Switching

Power Supplies ........... e 261
63005C 110 W Switching Power Supply ............ 261
63312F Multiple Output DC Power Supply

Jul. 1979) ... 261
63315D Triple Output

Switching Power Supply ........................ 261
64000 Logic Development System .............. 144-147
640018 Logic Development System ............. 144-147
64030A Development Station Cart ................. 175
64100A Development Station ...................... 144
64200A Emulator, 8080/8085 ..................... 144

64210A Emulator, 6800 . ......................... 144
64250A Emulator, Z80 ........................... 144
64300A Logic Analyzer ...................cc..... 144
64500A PROM Programmer ..................... 144
64940A Tape Cartridge Drive ..................... 144
65105A-65612A 50 Watt Modular Switching

Power Supplies ................... ... ... ..., 261
69322A Quad D/A Voltage

Converter Card ........... ... . oo, 665
69330A Relay Output Card  ...................... 665
69331A Digital Qutput Card ...................... 665
69332A Open Collector Qutput Card ............... 665
69335A Stepping Motor Control Card .............. 665
69336A Scanner Card . ........................... 665
69351B Voltage Regulator Card ................... 665
69370A D/A Current Converter Card .............. 665
69380A Breadboard Qutput Card .................. 665
69422A High Speed A/D Converter Card ........... 665
69423A Low Level A/D Converter Card ........... 665
69430A Isolated Digital Input Card ................ 665

69431A Digital Input Card .. ...................... 665
69433A Relay Output With Readback Card
69434A Event Sense Card
69435A Pulse Counter Card ....................... 665

69436A Process Interrupt Card . .................. 665
69480A Breadboard Input Card ................... 665
69500A Unloaded Resistance Output Card .......... 665
69501A-69513A Power Supply Control Cards . . ...... 665
69600B Programmable Timer Card . ................ 665
69601B Frequency Reference Card ................. 665
69700A-69706A Resistance Output Card ............ 668
69720A Digital-to-Analog Voltage

Converter Card . .............ccoiiiiiiiinnnn... 668
69721 A Digital-to-Analog Current

Converter Card . ..........ccoiiuiiiiinnnann... 668
69730A Relay Output Card  ...................... 668
69731A Digital Output Card ...................... 668
69735A Pulse Train Output/Stepping Motor

ControlCard .................................. 668

69736A Timer/Pacer Card ........................ 668

69751A Analog-to-Digital Converter Card ........... 668
69770A Isolated Digital Input Card ................ 668
69771A Digital Input/Analog Comparator Card ..... 668
69775A Counter/Totalizer Card ................... 668
69776A Interrupt Card ........................... 668
69790A Memory Card ............. ..., 668
69793A Breadboard Card ........................ 668
80000

82104A Card Reader (41C) (Mar. 1980) ............ 615
82106A Memory Module (41C) (Mar. 1980) ........ 615

82143A Printer (41C) (Mar. 1980) ................. 615

82153A Optical Wand (41C) ...................... 615
82901M/S Flexible Disc Drive ................ 621, 646
82902M/S Flexible Disc Drive ................ 621, 646
82903A 16 k Memory Module (85A) ............... 620

82937A HP-IB Interface Card
82939A Serial Interface Card
82940A GPIO Interface Card .............. 35, 622, 646
82941A BCD Interface Card .............. 35, 622, 646
83522A 0.01-2.4 GHz RF Plug-In for 8350A ........ 412
83525A 0.01-8.4 GHz RF Plug-In for 8350A
83540A 2-8.4 GHz RF Plug-In for 8350A ........... 414
83545A 5.9-12.4 GHz RF Plug-In for 8350A
83570A 18-26.5 GHz RF Plug-In for 8350A

............. 34, 622, 646
.............. 35, 622, 646
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83592A 0.01-20 GHz RF Plug-In for 8350A ... ..

84801A Fiber Optic Power Sensor
85010B Basic Measurement Program Pac

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

85030B Applications Pac for 8507B-9825T

85031A APC-7 Calibration and Verification

Kitfor8507B ......... ... ... ... ... .. ...

85032A 50 Q Type-N Calibration Kit
for 8507B

85036A 75 @ Type N Calibration Kit
for 8507B

85428B Minimum Loss Pad
85860A Software Pac for

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

85861A Software Pac for

8566A/9825/9866B Opt. 025/98034A ... .. ...

86200 series Sweeper Plug-ins for 8620C
86222A & B Sweeper Plug-ins for 8620C

86290A, 86290B & 86290C Broadband Sweeper

Plug-ins for 8620C .........................

86600 series RF Section Plug-ins

for 8660A & C ....... .. ... ... ... ...l

86630 series Modulation Section Plug-ins

for8660A & C ... ... ...l

90000
90100D Practical Transistor Series (Video Tape)

85030C Applications Pac for 8507C-9845T ... ...

85033A SMA Calibration Kit for 8507B ........

85426A Bias Insertion Network ................

86240A /B/C Sweeper Plug-ins for 8620C .......

90301RD Understanding Microprocessors . ...... o

90420D Digital Troubleshooting (Video Tape) ...

92160A Blue Thermal paper, 8%2"x100’
92904A Wall Mounting Cradle

98032A 16-bit Parallel Interface ...............
98033A BCD Input Interface ..................
98034A HP-IB Interface ......................
98035A Real Time Clock Interface .............

98036A Serial Interface

98137A Tape Duplication Interface

1250-0082 Type N Male to BNC Male

1250-0778 Type N Male to Male

1250-0781 BNC Tee 1 Male, 2 Female
1250-0831 SMC Male to BNC Male

1250-1159 SMA Male to Male

92160B Black Thermal paper, 8%2"x100" .........

98040A Incremental Plotter Interface ...........
98041A Disc Interface ........................
98133A BCD Interface .......................
98134A General Interface .....................
98135A HP-IB Interface ......................
98136A RS-232-C Serial Interface .............
1250-0076 90° BNC Male-Female .............
1250-0077 Type N Female to BNC Male ........
1250-0080 BNC Female to Female .......... ...
1250-0176 Type N Male to Type N Female 90° ..
1250-0216 BNC MaletoMale .................
1250-0559 Type N Tee, 1 Male, 2 Female .......
1250-0777 Type N Female to Female ...........
1250-0780 Type N Male to BNC Female . .. .....

1250-0832 SMC Female to BNC Female ........
1250-0846 Type N Tee, 3 Female ..............
1250-1158 SMA Female to Female .............
1250-1236 SMB Female to BNC Female . . ... . ..
1250-1250 N Male to SMA Female ............

1250-1263 BNC Male to Single Banana Plug ........ 681
1250-1264 BNC Male to Dual Banana Plug ......... 681
1250-1286 Right Angle BNC (female) .............. 681

1250-1287 BNC (female) to (female) ............... 681
1250-1288 BNC (male) to (male) ................. 681
1250-1454 BNC Adapter Tip for HP Miniature Probes 210

1250-1472 N (f) to N (f) Precision (50Q) ........... 681
1250-1473 N (m) to BNC (m) Precision (50Q) ...... 681
1250-1474 N (f) to BNC (f) Precision (50Q) ........ 681
1250-1475 N (m) to N (m) Precision (50Q) ......... 681
1250-1476 N (m) to BNC (f) Precision (50 Q) ....... 681
1250-1477 N (f) to BNC (m) Precision (50 Q) ....... 681
1250-1528 N (male tomale) (75Q) ................ 681
1250-1529N (Hto N (D (75Q) ................... 681
1250-1530 N-Male Short (50Q) ................... 449
1250-1531 N-Female Short (75Q) ................. 449

1250-1533 N (m) to BNC (m) (759Q) ............... 681

1250-1534 N (f) toBNC (m) (75Q) ............... 681
1250-1535 N (m) to BNC (f) (75Q) ............... 681
1250-1536 N (f) to BNC () (759Q) ................ 681

1251-2277 Dual Banana plug to BNC Female ... ... .. 681

1251-2816 Dual Banana plug (for cable) ............ 681
1420-0259 4.2 V Mecuric Battery ................. 634
1490-0714 Fixed Slides (180, 181

rack style oscilloscopes) ..................... 171, 214
1490-0719 Pivoted Slides (180, 181

rack style oscilloscopes) ..................... 171, 214
1490-0768 Slide Adapter for securing slides

(180, 181 rack style oscilloscopes) ................ 214
5020-0530 Amber Filter for 12.7 cm (5”)

rectangular CRT ..... .. ... ... ... ... ... ...... 214
5020-0567 Smoke Gray Filter for 12.7 cm (5”)

rectangular CRT ... .......................... 214
5040-0516 Front Panel Cover (1700 series

oscilloscopes) ........... ... . ... 214
5060-0548 Blue Filter (1700 series

oscilloscopes) ............... 214
5060-0789 Cooling Kit ........................... 693
5060-0796 Cooling Kit ........................... 693
5060-8739 to -8744 Rack Mounting Kits ............ 692
5060-8756 Accessory Drawer ...................... 692
5060-8757 to -8761 Filler Panels ................... 692
5060-8762 Rack Adapter Frame ................... 692

5060-8764 Rack Adapter Frame ................... 692

5060-8766 to -8771 Control Panel Covers ........... 693
5060-0074 to -0087 Rack Mount Kits ............. .. 686
10004-69515 IC Probe Tip Adapter ................ 214
10017-67603 Adapter Cable, HP standard probe to

0.64 mm (0.025 in.) square pin ................... 210
10017-67604 Adapter, converts HP miniature

probes for use with standard probe accessories . . . . . . 210
10024-69501 Interface Pin Kit for 10024A ........ .. 210
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SYSTEMS

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

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

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

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

1) The Hewlett-Packard Interface Bus,
also known as “HP-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-IB from its conception at HP to its pre-

HEWLETT-PACKARD INTERFACE BUS

m Versatile interconnect system for instruments and controllers

® 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

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

In mid-1972, Hewlett-Packard began to
participate in various international standard-
ization bodies. The U.S. Advisory Com-
mittee, composed of diverse interests rep-
resented by both users and manufacturers,
first established initial goals—and then
adopted the interface concept utilized by the
HP Interface Bus as an appropriate starting
point. A 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 IEC TC76, approved the main in-
terface draft document for a formal ballot
among the member nations of the IEC. Bal-
loting took place in 1976, and IEC recom-
mendation 625-1 was adopted. The IEC
recommendation, using a different connec-
tor, is totally compatible with the present
definition of the HP-IB.

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

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

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

Why The HP Interface Bus Name?

As the list of HP products available with
the “new digital interface” grew, our custom-
ers sought a convenient way to identify those
products having the interface capability. In
response, in 1974 we adopted the name
“Hewlett-Packard Interface Bus” or simply
“HP-1B”. We will continue to use the identi-
fying name and this symbol:

DESIGNED FOR

SYSTEMS

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 underscored program codes on the
front panel of the instruments for easy pro-
gramming, convenient data output formats,
designed-in “Learn Mode” capabilities, com-
plete support documentation in the form of
programming and interfacing guides, appli-
cation notes and operation manuals illustrate
the added benefits for users of products with
HP-IB 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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SYSTEMS

® 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-IB 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-IB Training, Page 26). In the area
of HP-IB support documentation, we offer
Operating and Service Manuals with pro-
gramming information, Instrument/Con-
troller Introductory Operating Guides,
Quick Reference Guides and Application
Notes. Technical assistance during system
development is available from resident sys-
tems engineers specialized in desktop com-
puters, computer systems and instruments at
most local sales and service offices.

How The HP Interface Bus Operates

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

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

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

A minimum HP-IB system configuration
consists of one TALKER and LISTENER,
without a CONTROLLER. In this configu-
ration, data transfer is limited to direct trans-
fer between one device manually set to “talk
only” and one or more devices manually set
to “listen only” (e.g., a measuring instrument
talking to a printer, for semi-automatic data
logging).
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The full flexibility and power of the HP-IB
become more apparent, however, when one
device which can serve as CONTROLLER/
TALKER/LISTENER (e.g., calculator or
computer) is interconnected with other de-
vices which may be either TALKERS or
LISTENERS, or both (e.g., frequency syn-
thesizers, counters, power meters, relay actu-
ators, displays, printers, etc.), depending on
the application. An HP-IB controller partici-
pates in the measurement by being pro-
grammed to schedule measurement tasks, set
up individual devices so that they can per-
form these tasks, monitor the progress of the
measurement as it proceeds, and interpret
the results of the measurement. HP offers
controllers which can be programmed in
higher level languages such as BASIC, FOR-
TRAN and HPL.

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

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

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

DEVICE C ONLY ABLE TO
LISTEN le.g. signal generator)

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

Dlog
DATA BYTE TRANSFER CONTROL
DAV

NRFD

NDAC
GEN’L INTERFACE MANAGEMENT
IFC

ATN
SRO

2e])

Interface connections and bus structure.

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

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

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

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

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



Products For “Do-it-Yourself”
Unbundled HP-IB Systems
Hewlett-Packard has an extremely broad
range of HP-IB instruments and controller
capabilities, as indicated on the table be-
low—capabilities you can use to solve a wide
variety of measurement problems via HP-IB

HEWLETT-PACKARD INTERFACE BUS

ﬁ@ﬂ? Versatile interconnect system for instruments and controllers

tailored system solutions.

Each bench instrument is, by itself, an ex-
ceptional performer in terms of providing
signals, making measurements, or recording
results. Each has the additional capability
which allows its use in HP-IB instrumenta-
tion systems—either in “do-it-yourself” sys-

Individual Hewlett-Packard Products Available With HP-IB Capability

tems configured and assembled by users
themselves, or in some of the standard sys-
tems which are designed, preassembled and
supported by HP. While the HP-1B Interface
is optional in many instruments, it is increas-
ingly becoming “standard” in new products.

Most principal functions on the instru-

Products
related to Model Product name/characteristics See page
Design and 50044 Option HO1 Signature analyzer: Order K17-59994A for complete HP-IB 132
Servicing 100504 HP-IB Adaptor for 16024 Logic State Analyzer 158
100514 Test Probe for 1602A Logic State Analyzer 158
10066A Probe Interface for 1610A/B and 1615 A Logic State Analyzers 172
Stimulus 33208 Option 007 Frequency Synthesizer: 0.01 Hz to 13 MHz 366
33254 Synthesizer / Function generator /Sweeper: 1 pHz to 22 MHz 364
33308 Automatic Synthesizer /Sweeper: 0.1 Hz to 13 MHz 367
3335A Synthesizer / Level Generator: 200 Hz to 80 MHz 368
3336A/B/C Synthesizer /Level Generator: 10 Hz to 20.9 MHz 370
41408 PA Meter /DC Voltage Source 106
53594 Time Synthesizer: 1 ns accuracy: 50 ps increments, 100 ps jitter 340
60024 Option 001 DC Power Supply: 200 W autoranging. Listen only 253
6129C Option J99 Digital Voltage Sources: + 50 Vdc at 5 A (requires 59301A Converter) 264
6130C Option J99 Digital Voltage Source: +50 Vdc at 1A (requires 59301A Converter) 264
6131C Option J99 Digital Voltage Source: 100 Vdc at 0.5 A (requires 59301A Converter) 264
6140A Option J99 Digital Current Source: +100 mA at 100 Vdc (requires 59301A Converter) 264
69408 Multiprogrammer (requires 595004 interface) 665
6942A Multiprogrammer 665
8016A Option 001 Word Generator: 9 x 32 bit. Listen only 3652
8018A Option 001 Serial Data Generator: 50 MHz, 2048-bit memory. Listen only 349
8160A Programmable Pulse Generator: 20 ns to 999 ms period 338
8165A Programmable Signal Source: 0.001 Hz to 50 MHz 372
8170A Logic Pattern Generator: 8 x 1024 /16 x 512 bit 350
83504 Sweep Oscillator: 10 MHz to 26.5 GHz 408
8620C Option 011 Sweep Oscillator: 10 MHz 10 22 GHz 406, 607
8656A Signal Generator: 0.1 to 990 MHz 376
8660A Option 005 Synthesized Signal Generator: 10 kHz to 2.6 GHz. Listen only 380
8660C Option 005 Synthesized Signal Generator: 10 kHz to 2.6 GHz. Listen oniy 380
8662A Synthesized Signal Generator: 10 kHz to 1280 MHz. 378
8671A Microwave Frequency Synthesizer: 2 to 6.2 GHz 386
8672A Synthesized Signal Generator: 2 1o 18 GHz 384
Display 13508 Graphics Display System 27,234
51504 Option 001 Alphanumeric Thermal Printer: 20 Columns, Listen only 291
9871A Option 001 Character-Impact Printer: 132 columns 649
7225A Graphic Plotter: 150 A4 and 8% X 11 inch chart size 656
72458 Thermal Plotter /Printer: Vector graphics, matrix printing 658
73104 Graphics Thermal Printer: Text, Graphics, and Forms 659
98728, 98728 Graphics Plotter: multicolor (4 colors) programmable 654
9876A Thermal Graphics printer: 480 lines-per-minute 649
Switching 2240A Measurement and Control Subsystem 630
Scanning 3495A Scanner: to 80 channels, low thermal; (up to 40 relay channels) 88 -
Translation 3497A Data Acquistion Control Unit 84
or Timing 3754A 25 MHz Access Switch (requires 3755A switch controller) 592
3756A 90 MHz Switch (requires 37554) 592
3757A 8.5 MHz Access Switch (requires 37554) 592
37774 Telecommunications Channel Selector: up to 30 channels; dc to 110 kHz 564
69408 Multiprogrammer (requires 595004 interface) 665
69424 Multiprogrammerl! {no interface required) 665
9411A Switch Controller 629
94124 Modular Switch (requires 9411A switch controlier) 629
9413A VHF Switch (requires 9411A) 629
9414A Matrix Switch (requires 94114) 629
11713A Attenuator / Switch Driver (controls coax switches and step attenuators) 442
120504/8 Fiber Optic HP-IB Link 3l
37201A HP-IB Extender Twisted-Pair or Modems 32
37203A HP-1B Extender: Coax and Fiber Optics 33
59301A ASClI-to-Parallel Converter: string to 16 characters 28
59303A Digital-to-Analog Converter 28
593064 Relay Actuator: for programmabie switches, attenuators 28
59307A VHF Switch: two 50 Ohm, bidirectional, dc to 500 MHz 28
593084 Timing Generator 28,29
593094 Digital Clock: month, day, hour, minute, second 28,29
593134 Analog-to-Digital Converter 28,29
594034 HP-1B Common Carrier Interface: R$232C or CCITT V.24 31
595014 Power Supply Programmer: isolated D-to-A converter + 10V dc at 10 mA 29, 252
Control and 85A/F Personal Computer (uses 829374 Interface) 34,620
Computation 9815A/S Desktop Computer (uses 98135A Interface) 623
98258/T Desktop Computer (uses 980344 Interface) 623
9835A/8 Desktop Computer (uses 98034A Interface) 624
98458/T Desktop Computer System 45 (uses 98034A Interface) 625
HP1000 M-series Computers (2108M & 2112M; use 593108 Interface) 628
HP1000 E-series Computers (2109 & 2113E; use 593108 Intertace) 628
HP 1000 F-series High-performance computers (2111F and 2117F use 593108B Interface) 628
HP1000 L-series Low cost computer (2103, uses 12009A Interface) 628
3075A Desktop Data Capture Terminal 644
3076A Wall Mounted Data Capture Terminal 644

23
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ments are HP-IB programmable. New in- ence programming and complete documen- performers. Regardless of the need for reduc-
struments incorporate conveniences for the tation to facilitate integration into a system. ing, analyzing, storing or managing measure-
programmer such as underscored program Just as with electronic instruments, HP ment systems data, HP has a controller that’s
codes on front panels to enable quick refer- controllers for use with HP-IB are all proven right for your application.

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

Products
related to: Model Product name/characteristics See Page

Interface 10631A HP-IB Interconnection Cable: 1 m (3.3 ft) 30

Cabling 106318 HP-1B Interconnection Cable: 2 m (6.6 ft) 30
10631C HP-IB Interconnection Cable: 4 m {13.2 ft) 30
10631D HP-IB Interconnection Cable: 0.5 m (1.6 ft) 30
108334 HP-IB Interconnection Cable: 1 m (3.3 ft) 30
108338 HP-IB Interconnection Cable: 2 m (6.6 ft) 30
10833C HP4B Interconnection Cable: 4 m (13.2 1) 30
10833D HP-IB Interconnection Cable: 0.5 m (1.6 ft} 30
10834A HP-IB Interconnection Cable Adapter: 2.3 cm (.91 in) 30

Measurement 4364 Option 022 Power Meter: -70 dBm to +44 dBm, to 26.5 Ghz 430
16024 Option 001 Logic State Analyzer: 64 x 16 bit memory 155-158
1610A/B Option 003 Logic State Analyzer: 64 x 32 bit memory 151-154
1615A Option 001 Logic Anafyzer: 256 x 24 bit memory 148-150
16408 Option 001 Serial Data Analyzer: 2048 bit memory 166-169
2240A Measurement & Control Subsystem 630
2804A Option 010 Quartz Thermometer: 0.05°C accuracy 673
3437A System Digital Voltmeter: high speed, 3% digits 66
34384 Digital Voltmeter: low-cost, 3% digits 13
3455A Digital Voitmeter: 5% or 6% digits, auto calibration 72
3456A Digital Voltmeter: 3% to 6% digit voltmeter 1 nv. sensitivity 68
34904 Option 030 Digital Voltmeter: 5 digits, self test 76
3582A 2-channel Real Time (FFT) Spectrum Analyzer: 20 mHz to 25.6 kHz 538
35854 Swept Spectrum Analyzer: 20 Hz to 40'MHz, 3 Hz BW, 0.5% amplitude accuracy 500
35864/B/C Selective Level Meter: 50 Hz to 32.5 MHz 504,596
3717A Wideband 70 MHz modem 605
3724/25/26A Baseband Analyzer 608
37454 25 MHz Selective Level Measuring Set: CCITT FOM systems 590
37458 25 MHz Selective Level Measuring Set: Bell FDM systems 590
3747A 90 MHz Selective Level Measuring Set: CCITT FDM systems 590
37478 90 MHz Selective Level Measuring Set: Bell FOM systems 590
3771A Qption 005 Data Line Analyzer: CCITT measurement standards 573
37718 Option 005 Data Line Analyzer: Bell measurement standards 573
3779A Primary Multiplex Analyzer: CEPT 2 Mb /s PCM systems 562
37798 Primary Muttiplex Analyzer: Bell 1.5 Mb/s PCM systems 562
37818 Pattern Generator 568
37828 Error Detector 568
41408 Option 101 PA Meter /DC Voltage Source 106
4191A RF Impedance Analyzer 108
41924 LF Impedance Analyzer 112
4262A Option 101 Automatic LCR Meter 98
42718 Option 101 1 MHz Digital LCR Meter 101
42744 Option 101 Multifrequency LCR Meter: 10 Steps, 100 Hz to 100 KHz 102
4275A Option 101 Multifrequency LCR Meter: 10 steps, 10 kHz to 10 MHz 102
49434 Option 010 Transmission Impairment Measurement System (TIMS) 581
49444 Option 010 Transmission Impairment Measurement System (TIMS) 581
53124 HP-IB interface (Talker) for 5300B Counter System 322
5316A Universal Counter: 0-100 MHz 314
5328A Option 011 Universal Counter: to 512 MHz, 10 ns time interval 310
53354 Automatic Universal Counter: 200 MHz/1.3 GHz, 2ns Time interval 307
53404 Option 011 Automatic Microwave Counter: 10 Hz to 18 GHz 302
53424 Option 011 Automatic Microwave Counter: 10 Hz to 18 GHz 300
5343A Option 011 Microwave Frequency Counter: 10 Hz to 26 5 GHz 300
53454 Option 011,012 General Purpose Plug-in Counter 298
53534 Channel C Plug-in for 53454 298
5354A 4 GHz Frequency Converter for 5345A /53564 298
53554 Automatic Frequency Converter 249
53638 Time Interval Probes 306
5370A Time Interval Counter: =20 ps single-shot resolution 304
5420A Digital Signal Analyzer 544
5423A Structural Dynamics Analyzer 544
54274 Digital Vibration Control Systems 546
5501A Option 251 Laser Transducer: for accurate positioning measurements 672
69408 Multiprogrammer (requires 59500 interface) 665
69424 Multiprogrammer [l (no interface required) 668
8501A Storage Normalizer for 8505A RF network analyzer 475
85034 & 85038 S-Parameter Test Set: 50 or 75 Ohm, for 85054 476
85054 RF Network Analyzer: 500 kHz to 1.3 GHz 472
8566A Spectrum Analyzer: 100 Hz to 22 GHz 506,511
8568A Spectrum Analyzer: 100 Hz to 1.5 GHz 506.508
8901A Modulation Analyzer: 150 kHz to 1,3 GHz 551
8903A Audio Analyzer: 20 Hz to 100 KHz 554

Also see models 22404, 6940B, 69424, and 3497A.

Storage 39644 Option 007 Instrumentation Tape Recorder: 4 channel Listen only 289
39684 Option 007 Instrumentation Tape Recorder: 8 channel Listen only 289
9875A Cartridge Tape Unit 649

HP-18 12050A/B Fiber Optic HP-IB link 31
Extension 37201A HP-IB Extender: Twisted Pair or modems 32
372034 HP-1B Extender: Co-axial or Fiber Optic Cable 33

594034 HP-1B CommonCarrier Interface 3l
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Standard Bundled 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-IB measurement figured systems save you design and setup contracts are available from your local HP
system — already preassembled, tested, and time, and HP guarantees overall specified Sales and Service Office.

Standard HP-IB Measurement Systems [HP Built]

Application Model Controller System name/characteristic See Page
3052A 9825/35/45 Automatic Data Acquisition: fast and precise low-level 82
measurements, powerful computation.
3054A 85/9825 Computer based Automatic Data Acquisition/Control System: 79
9835/9845 fast, flexible, and precise data acquisition system
with a wide choice of controllers
Data Logging, 5391A 9825 Frequency and Time Data Acquisition Systems: 303
Acquisition, over 50,000 four-digit frequency and time interval
and Control measurements per second
9030 9825/35/45 Measurement and Control System: Fully configured, 630
. self-contained, and easy to use portable laboratory or
production system for computational measurement and control
9875A 9825/35/45 Tape Cartridge Unit: Data logging applications 649
3040A 9825 Network Analyzer: complete amplitude and phase 465
characterization, 50 Hz to 13 MHz. Group delay optional.
30424 9825 Automatic Network analyzer: same as 30404, and includes 466
Network the faster 9825A as computing controller.
Analysis 8409A/B 9825/45 Automatic Microwave Network Analyzer: measures trans- 490
mission and reflection parameters, 110 MHz to 18 GHz.
85078/C 9825/45 Automatic RF Network Analyzers: measures complex impedance, 478
transfer functions, group delay; 500 kHz to 1.3 GHz.
30444 9825 Spectrum Analyzer: precise amplitude and frequency 542
measurements, 10 Hz to 13 MHz.
3045A 9825 Automatic Spectrum Analyzer: same as 30444, and includes 542
the faster 9825A as computing controller.
Spectrum 8581A 9825 Automatic Spectrum Analyzer: covers 100 Hz to 1.5 GHz; 514
Analysis exceptional frequency tuning accuracy and resolution.
85824 9825 Automatic Spectrum Analyzer: covers 100 Hz 514
to 22 GHz; exceptional frequency tuning
accuracy and resolution.
Frequency 5350A 9825 Frequency Stability Analyzer: short and long-term char- 556
Stability acterization of precision frequency sources, 500 kHz
Analysis to 18 GHz.
Transceiver 89508 9825 Automatic Transceiver Test System: for AM and FM 558
Testing transceivers, to 1000 MHz, transmitters to 100 W.
DTS-70 1000 Digital Test System: fast, accurate fault location 122
Circuit on loaded printed circuit boards.
Testing 3060A 9825 Analog and Digital Test System: Fast, accurate fault 123
location on loaded printed circuit boards
5046A 9825 Digital IC Test System: Reduces production 118
Digital IC Testing costs through the isolation of faulty components
prior to printed circuit board loading.
370134 1000 Frequency Division Multiplex Network Surveillance System: 594
FDM Network remote capability based on HP 1000 Computer
Surveillance 370144 9835 Frequency Division Muttiplex Network Surveillance System; 594
remote capability based on 9335A Desktop Computer
Semiconductor/ 4061A 9835/45 Semiconductor /Component Test System: evaluation 110
Component 1000 of fundamental characteristics of semiconductor and
Testing electronic components (I-V, HF, C-V, + quasi static C-V)
Pressure 2820A 9825 Pressure recording system: displays, prints, 675
Recording and records pressure test data from oil and gas wells.
System Used with the 2813B Quartz Pressure Probe.
Graphics 13508 9825 Graphics Display System with Digital Interface. 27,234
Display High resolution display system for generation of bright,
sharp vectors and alphanumerics at high writing speeds
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HP-IB Training and Support
Available from Hewlett-Packard

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

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

® Introduction to HP1000 Mini-
computers

Duration
4 days

® Disc-Based RTE System Course 10 days

¢ Memory-Based RTE System 10 days
Course

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

® Instrument Interface 4 days
with HP-1B

Desktop Computer Systems

Course Name Duration

® 9825 Operating and Program- S days
ming

® 9825 1/0O Programming 4 days

® BASIC Language Program- 4 days
ming for Desktop Computers

® 9845 Operating and Program- 5 days
ming

® 9845 BASIC Language 1/O 4 days
Programming

® 9845 Image Data Base 5 days
Management

® 9845 Color Graphics Operating 3 days
and Programming

® 9835 Assembly Language 5 days
Programming

Electronic Instruments

Course Name Duration

® HP-IB Seminar 2 days

Service and Warranty
Considerations

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

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

In all cases, overall operational responsibil-
ity for those HP-1B 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 trans-
mission path length 2 metres times num-
ber of devices or 20 metres, whichever is

*Classes are taught at selected galea offices snd at Desktop Computer Division on a tuition basis.

SYSTEMS

less (See HP-IB Extension Capabilities
for extending operating distance.)

Message Transfer Scheme:
Byte-serial, bit-parallel asynchronous
data transfer using locked 3-wire hand-
shake technique.

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

Address Capability:
Primary addresses, 31 TALK and 31
LISTEN; secondary (2-byte) addresses,
961 TALK and 961 LISTEN. Maximum
of | TALKER and up to 14 LISTEN-
ERS at a time.

Control Shift:
In systems with more than one controller,
only one can be active at a time. A cur-
rently active controller can pass control to
another, but only designated system con-
troller can assume control over others.

Interface Circuits:
Driver and receiver circuits are TTL-
compatible.

Connector Lock Screw
Compatibility

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




® Test frequencies - 10 kHz to 10 MHz
® Test signal level - 1 mV to 1 Vrms
® (.1% basic accuracy

4275A

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 m).
Automatic Semiconductor and Component Measure-
ments With HP-IB

Integrating the 4274A and the 4275A into a system with the HP-1B
option is an excellent method for improving efficiency and cost sav-
ings both in the laboratory and on the production line. These auto-
matic measurement systems are assembled by connecting the HP-IB
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 witha C-V or G-V
measurement with the multi-spot frequencies featured in the 4274A

COMPONENT MEASUREMENT

Muiti-Frequency LCR Meters
Models 4274A & 4275A

* High Resolution - 5% digit; D=0.00001
® MeasureL/C - D/Q/ESR/G; 1ZI - 0,
R-X/B/L/C; ALCRZ, A%

l OESIGNED FOR 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 |
mV) and their continuously variable test signal levels (from |
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 8
o Lo
L
c D/Q/ESR D/Q/G
R X/L B/C
2| 8

range:

Measurement frequencies, test signal levels, and full scale

Displays: Dual S5'2-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: g I Series equivalent circuit and
oGpre  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 < 0.5Q,
G < 5uS.
Self test: Automatic operational verification check indicates pass or
fail condition.

MODEL

42744

42754

Measurement frequencies

100Hz-100kHz, 11 spots (100Hz, 120Hz, 200Hz,
400Hz, 1kHz, 2kHz, 4kHz, 10kHz, 20kHz,
40kHz, 100kHz; +0.01%)

10kHz-10MHz, 10 spots (10kHz, 20kHz, 40kHz, 100kHz,
200kHz, 400kHz, 1MHz, 2MHz, 4MHz, 10MHz; +0.01%)

Test signal levels

4-ranges (1 mVrms-5 Vrms)
continuously variable

3-ranges (1 mVrms-1 Vrms)
continuously variable

Full scale range

L
c

R.1Z|, ESR, & X
D

Q{/D)

G&B
]

100.00nH - 1000.0H
1.0000pF - 1.00F
100.00m@ - 10.000MQ
0.00001 - 9.9999

0.01 - 9900 0.01 - 9900
1.0000.S - 100.00S 1.0000¢S - 10.00S
0 - £180° 0 - +180°

100.00nH - 10.00H
1.0000pF - 100.00uF
1.0000¢ - 10.000Mg
0.00001 - 9.9999

Accuracy (4274A only): Typical C-D, L-D, R-X and | Z [-© measurement accuracy values are given below.
Range: full scale range, accuracy: % of reading + counts (D: accuracy: % of reading + absolute D value + count)

c-D/Q L-D/Q R-X {2]-9
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 (=1/0) Q-range: 0.01-9900 (=1/D) when R: full scale) (]2]& ® accuracies apply
(C & D accuracies apply only (L & D accuracies apply only (X accuracies apply only only when |Z|: full scale)
when C: full scale and D: < 0.1) when L: full scale and D: < 0.1) when R: 1/10 of full scale
and X: full scale)
100Hz C: 1000pF~1000mF, 0.1% + 3 L: 100pH~10kH, 0.1% + 3 R: 100m@-10MQ, 0.1% + 3 12]: 100m@-10M2. 0.1% + 3
120Hz D: 0.33% + 0.0008 + 1 D: 0.33% + 0.0013 + 1 X: 100mg-10M¢, 0.1% + 13 0. +0.1°
200Hz C: 1000pF-1000mF, 0.1% + 2 L: 100gH-10kH, 0.1% + 3 R: 100mQ-10M@, 0.1% + 3- z]: 100mQ-10M. 0.1% + 3
D: 0.32% + 0.0007 + 1 D: 0.32% +0.0012 +1 X 100mQ-10MQ, 0.1% + 13 0. +0.1°
4004z C: 100pF-100mF, 0.14% + 1 L: 100uH-10kH, 0.1% + 3 R: 100mQ-10M2, 0.1% + 3 |Z]: 100mQ-10MQ, 0.1% + 3
D: 0.34% + 0.0013 + 1 D: 0.31% + 0.0011 + 1 X: 100mQ-10MQ2, 0.1% + 13 0. #0.1°
1kHz C: 100pF-100mF, 0.1% + 3 L: 10uH-1000H, 0.1% + 3 R: 100mQ-10MQ, 0.1% + 3 [Z]: 100mQ-10MQ, 0.1% + 3
D; 0.33% + 0.0008 + 1 D: 0.33% + 00013 + 1 X. 100mQ-10MQ, 0.1% + 13 0: £0.1°
2kHz C: 100pF-100mF, 0.1% + 2 L: 10uH-1000H, 0.1% + 3 R: 100mQ-10MQ, 0.1% + 3 12): 100mQ-10M, 0.1% + 3
D: 0.32% + 0.0007 + 1 D:0.32% + 00012+ 1 X: 100mQ-10MQ, 0.1% + 13 9 £01°
4kHz C: 10pF-10mF, 0.14% + 1 L: 10xH-1000H, 0.1% + 3 R: 100m@~-10MQ, 0.1% + 3 [Z1: 100mQ-10MQ, 0.1% + 3
D: 0.34% + 0.0013 +1 D: 0.31% +0.0011 +1 X: 100mQ-10M®, 0.1% + 13 0. +0.1°
10kHz C: 10pF-10mF, 0.1% + 3 L: 1uH-100H,0.1% + 3 R: 100m2-10MQ, 0.1% + 3 |Z]: 100mQ-10M@, 0.1% + 3
D: 0.33% + 0.0008 + 1 D: 0.33% + 0.0013 +1 X: 100mQ-10MQ, 0.1% + 13 0. £0.1°
20kHz C: 10pF-10mF, 0.1% + 2 L: 1uH-100H,0.1% + 3 R: 100mQ-10MQ, 0.1% + 3 |2} 100mQ-10M2, 0.1% + 3
D: 0.32% + 0.0007 + 1 D: 0.32% + 0.0012 + 1 X: 100mQ-10Mg, 0.1% + 13 9: £0.1°
40kHz C: 1pF-1000uF, 0.14% + 1 L: 1zH-100H, 0.1% + 3 R: 100mQ-10MQ, 0.1% + 3 12]: 100mQ-10MQ, 0.1% + 3
D: 0.34% + 0.0013 + 1 D: 0.31% +0.0011 + 1 X: 100mQ-10MQ, 0.1% + 13 0. £0.1°
100kHz C: 1pF-10004F, 0.1% + 3 L: 100nH-10H, 0.1% + 3 R: 100mQ-10MQ, 0.1% + 3 12]: 100mR-10M2, 0.1% + 3
D: 0.33% + 0.0008 + 1 D: 0.33% +0.0013+ 1 X: 100mQ-10MQ, 0.1% + 13 8: £0.1°

{Conditions: Warm-up time = 30 mi

p

: 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.

Computer

Museum

Range: full scale range, accuracy: % of reading + counts (D accura-

cy: % of reading -+ absolute D value + count)

c-0/Q L-D/Q R-X [2]-e
Frequency D-range: 0.00001 - 9.9999 D-range: 0.00001 - 9,9999 {R accuracies apply only 8-range: —180.00° - +180.00°
Range Q-range: 0.01-9900 (= 1 /D) Q-range: 0.01 = 9900 (= 1/0) 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: tull scale)
and X: full scale)
C: 10pF - 100 4F, 0.1% + 3 L: 10 &H - 100H, 0.1% + 3 R: 1000 mR - 10 M@, 0.1% + 3 [z]: 1000 M2 - 10me, 0.1% + 3
10kHz D: 0.33% +0.008 + 1 D: 0.33% + 0.0013 + | X: 1000 mQ - 10 M2, 0.1% + 13 8 +01°
C: 10 pF - 100 4F, 0.1% + 2 L: 10 &H - 100 H, 0.1% + 3 R: 1000 m2 - 10 M2, 0.1% + 3 z]: 1000 M0 - 10 mg, 0.1% + 3
20 kHz D: 0.32% +0.0007 + 1 0: 0.32% +0.0012 + 1 X: 1000 m@ - 10 M@, 0.1% + 13 o % 01°
C: 1pF - 10 4F, 0.14% + 1 L 104H-100H,0.1% + 3 R: 1000 M3 - 10MQ,0.1% + 3 [z]: 1000 Ma - t0me, 0.1% +3
40 kHz D: 0.34% +0.0009 + 1 D: 0.31% +0.0011 + 1 X: 1000 m2 - 10 MQ, 0.1% + 13 6 +01°
C: 1pF-104F,0.1% +3 L 14H-10H,0.1%+3 R: 1000 m@ ~ 10 M9, 0.1% + 3 [2]: 1000 M2~ 10mg, 0.1% + 3
100 ktiz D: 0.33% +0.0008 + 1 D: 0.33% +0.0013 + 1 X: 1000 m - 10 M, 0.1% + 13 6 01°
C: 10 pF - 104F, 0.1% + 2 L: 1 xH - 1000 mH, 0.2% + 3 R: 1000 mQ - 1 MQ, 0.2% + 3 {z]: 1000 M2 - 1m0, 0.2% + 3
200 kHz 0: 0.32% + 0.0007 + 1 D: 0.53% +0.0023 + 1 % 1000 mQ - 1 M2, 0.2% + 13 8 +01°
C: 1 pF — 1000 nF, 0.14% + 1 L: 1 4H - 1000 mH, 0.2% + 3 R: 1000 mQ — 1 Mg, 0.2% + 3 Z[: 1000 M2 - 1 m, 0.2% + 3
400 kHz D: 0.34% + 0.0009 + 1 0: 0.51% +0.0021 + 1 X: 1000 mQ - 1 M2, 0.2% + 13 e +01°
C: 1pF-10000F,0.1% + 3 L: 100 nH - 100 mH, 0.2% + 3 R: 1000 mQ - 1 Mg, 0.2% + 3 z[: 1000 M2 - 1 mg, 0.2% + 3
1 MHz D: 0.33% + 0.0008 + 1 D: 0.55% + 0.0025 + | X: 1000 m@ - 1 M@, 0.2% + 13 & +01°
C: 10 pF - 100 F, 0.3% + 3 L 14H-10mH, 05% +5 R 100-100kR, 0.5% +5 Jz]: 100- 100 k2, 0.5% +5
2MHz D: 0.55% + 0.0025 + 1 D: 1.0% +0.0033 + 1 X: 100~ 100 kg, 0.5% + 15 6 +02°
C: 1 pF - 10 nF, 1% + 20 + 0.002 pF L: 1 gH-10mH, 1% +5 R: 100 - 100 k2, 2% +7 Jz]: 100-100k0, 2% + 7
4 MH: D: 33% 4 0.01 +1 D: 2.0% +0.0063 + | X: 109 - 100 kg, 2% + 105 8 + 0.8°
C: 1pf-100F, 2% + 20 + 0.002 pF L 100 nH — 1 mH, 2% + 7 R 100 - 100k, 2% +7 Jz]: 100100k, 2% +7
10 MRz D: 4% +0.011 + D: 3.1% +0.002+ 1 X: 1092 - 100 k@, 2% + 105 8 +08°

(Conditions: Warm-up time = 30 minutes, environment temperature: 23°C + 5°C) Refer to technical data sheet for accuracy detasila.

General Information
Test signal level monitor:

Model Range Accuracy
Voltage Current
4274A 0.001V 0.001 mA + (3% ot reading + 1 count)
- 500 Vrms - 100 mArms
4275A 0.001V 0.001 mA + (3% of reading + 1 count)
- 1.00 Vrms -10.0 mArms at < 1MHz
1 (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 - © 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 1mv + (0.5% of reading + 1 mV)
+ (1.00-9.99) 10mv 1 (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 101)
Opt 002: 0 — £99.9 V internal dc bias ( for C < 0.1uF)
Range: + (00.0 -99.9) V, 0.1 V steps
Accuracy: = (2% of reading + 40 mV)
Control: Same as Opt 001
External dc bias: +200 V maximum.
Bias monitor: Rear panel BNC connector monitors internal or exter-
nal input bias.
Opt 003: Memory Back-up for storing front panel key settings, refer-
ence data for deviation measurement and offset value of text fixture/
cables. Contents of memory recallable upon command.
Opt 004: Frequency steps in 1-3-5 sequence.
Opt 101: HP-IB data output and remote control.

Special options: Up to two additional test frequencies can be added
in the frequency range of the 4274A (100 Hz to 100 kHz) or 4275A
(10kHz to 10 MHz). The following special test frequencies are avail-

able and others are available on request:

Qption number Frequency Option number Frequency
FOl 15.7 kHz Fl4 25.2 kHz
FO2 32.8 kHz FI5 79.6 kHz
FO3 455 kHz F16 252 kHz
Fo4 3.58 MHz F17 796 kHz
FO5 4.19 MHz F18 2.52 MHz
FO6 10.7 MHz F19 7.96 MHz
F11 15.75 KHz F2l 15.625 kHz
FI3 62.5 kHz F25 63.18 kHz
Accessories Price
16047A: Direct coupled test fixture. Furnished acces- N/C
sory with the 4274A and 4275A.
16023B: DC Bias Controller, for control of dc bias $300
Opt 001 or 002 Internal Bias Supply when HP-IB op-
tion is not installed. Control range 0 to +99.9 V by set-
ting thumbwheel switch.
16034B: Test Fixture for chip components $315
16047B: Test Fixture with Safety Cover $580
16047C: Test Fixture for high frequencies $260
16048A: Test leads, BNC $250
16048B: Test leads, RF miniature $260
16048C: Test leads with Alligator Clips $325
16380A: Standard Air Capacitor Set, includes 1 pF, $2450
10 pF, 100 pF and 1000 pF standard capacitors usable
to 10 MHz.
Options
Opt001: 0 to *+ 35 internal dc bias, max resolution; 1 $745
mV steps
Opt 002: 0 to +99.9 V internal dc bias, resolution: $690
100 mV steps.
Opt 003: Memory backup. $110
Opt 004: Frequency steps in 1-3-5 sequence N/C
Opt 101: HP-IB* $520
Opt FO1-F27: Special test frequencies (each) $460
Ordering Information Price
4274A 100 Hz - 100 kHz Multi-Frequency LCR Meter $7930
4275A 10 kHz - 10 MHz Multi-Frequency LCR Meter $8720

*HP-IB cabia not supplied. See page 30.
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COMPONENT MEASUREMENT

pA Meter/DC Voltage Source
Model 4140B

® 3 basic semiconductor measurements:
I, -V and Quasi-Static C-V measurements
® Two programmable voltage sources

® Basic accuracy: 0.5%
® High resolution: 1.000 x 10-"
® HP-IB Standard

4140B

Description

The 4140B pA Meter/DC Voltage Source is another in Hewlett-
Packard’s new generation of Component Measurement instrumenta-
tion. It consists of an extremely stable picoampere meter and two pro-
grammable dc voltage sources, one of which operates as a ramp and
staircase generator as well as a dc source. These features make the
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

l DESIGNED Fonl
SYSTEMS

measurement) can now be programmed from the front panel of the
4140B or via the HP-IB bus.

Quasi-static C-V Measurements

Automatic quasi-static C-V measurements are easily accomplished
by the ramp voltage capability of the 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 dc voltage ramp rateof 1 mV/sto 1 V/sin 1 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 scparate sources (V, and Vy)
V,: £100 V programmable source/function generator
Ve: £100 V programmable DC voltage source

Measurement Function/Source Selection:

Function Va Vs

e < ™ === (D)
i

S\
A VAN
WAWAN
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Voltage sweep: auto or manual (pause)

Current measurements:

Displays: current, 3% digits with 2 digit annunciator. Voltage, 3%
digits.

Miasurement range: + 1.000 x 10-*2A to 1.000 x 10-%A full scale in
11 ranges.

Overrange capabllity: 99.9% on all ranges.

Range selection: auto (lowest current range is selectable), and
manual

Measurement accuracy/Integration time:

Reference Data

Current Measurement
Current measurement accuracy'

Range Accuracy* integration Time** {ma)
+ (% of rdg. + counts) Short Medium Long
10-2-10"* 05+2 20 80 320
10-» 2+2
107" 5+3 80 320 1280
107 5+8 160 640 2560

* Accuracy for long integration time. 23°C + 5°C. humidity < 70%. For short and medium integra-
tion time, aee reference data section.
** Integration times specitied 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

Capacltance-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.
Oftset range: 0 to 100 pF

High speed ! data output: available with HP-IB interface only.
Outputs current measurement data at 5 ms intervals (max rate).

DC voltage sources
Output modes, Va:

Ve:

Function Va Vs
L/ /L 7 T == o)
AV AR AN Al —
o~ 1/ (bC)

Voltage ranges (Vaand Vs): 0 to +10.00 Vand 0to £100.0Vin2
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 — +1000 V, 0.1 V
steps
Hold time: 0 — 199.9 seconds in 0.1s increments; 0 — 1999 seconds
in 1.0s increments
Step delay time: 0 — 10.00 seconds in 0.01s increments; 0 — 100.0
seconds in 0.1s increments
Ramp rate (dV/dt): 0.001 V/s — 1.000 V/s in 0.001 V/s incre-
ments
Accuracy (at 23°C +5°C):
Output voltage: £ 10V, £(0.07% + 11 mV); £100V, +(0.09%
+ 110 mV)
Ramp rate: typically 0.5%,0—- £ 10 V; <5%, >10V.
Current limit: 100 ¢A, 1 mA and 10 mA, +10% (Va and Vs)
Output terminals: BNC; L-GND

Range Integration Time
Short Medium
10—2- 10— 05+4 05+3
10— 2+4 2+3
10— 5+8 5+4
10-2 5+13 5+10

* % (% of rdg. + counts), 23°C

Current ranging times*: 21 ms to 3.8 sec. (longer ranging time need-
ed for large changes in input signal level, especially on lowest current
ranges).

*When FILTER is on, current ranging time increases 60 ms (50 Hz power line) or 50 ms (60 Hz power
line)

Warm-up time: =1 hour
Common mode rejection ratio: =120 dB (<2 counts)

Analog Output I, C and Va

Accuracy: +(0.5% + 20 mV)

Low pass filter: 3 position: OFF, 0.22s +20% and 1s + 20% applied
to both Va and I/C data outputs

Pon lift output: TTL low level (=<0.8V) during sweep period in I-V
and C-V functions

Recorder output scaling: pushbutton scaling of lower left and up-
per right limits of X-Y recorder

HP-IB Interface’
Remote controlled functions: measurement function, current
range, integration time, I data output trigger, voltage sweep controls,
current limit, Va and Vs voltages, zero (offset), self test and param-
eter settings (voltages, sweep/hold/delay times)
Data output:

Measured data (I, C and Va),

Voltage setting (Va and Vs),

Parameter settings
*HP-IB cables not aupplied; aee page 30.

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: 14.2 kg (31.2 lbs.)

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
electrostatic 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 Price
Accessories

16053A Test Leads (furnished) N/C
16054A Connection Selector $275
16055A Test Fixture (furnished) N/C
16056A Current Divider (10:1) $140
Options

Opt 907 Front Handle Kit (P/N 5061-0090) add $40
Opt 908 Rack Flange Kit (P/N 5061-0078) add $30
Opt 909 Rack & Handle Kit (P/N 5061-0084) add $65
Opt 910 Extra Manual add $40
4140B pA Meter/DC Voltage Source $7360
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COMPONENT MEASUREMENT

RF Impedance Analyzer
Model 4191A

® 1-1000 MHz variable test
capability
® Direct reading of |Z| — 0, |Y| - @, |T'| — ©;
LeC—ReGeDeQ
R—X,G—-B,Tx — Ty

frequency with sweep
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® High resolution—4'% digit max
¢ Wide measuring range—1 mQ — 100 kQ (|Z|)
® Versatile easy-to-use test fixtures

DISPLAY & PARAMETER
SBOT  GIER
9§ ideqi@® . | HREGI L

6 {rid] @

:
¢ . -
MANUAL /@ i

STEP  FAST CSTER
=

OIGIT SHIFT. RANGE
o8l g DSMLB HOLD

TRIGGER. ‘HoLD#
N1 EXT  MANUAL

4191A (Shown with Opt 907A Handles)

Description

The HP Model 4191A 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 4191A permits reliable measurements over a wide measuring
range. Its outstanding repeatability, frequency response and accuracy
are made possible by unique error correction capability and specially
designed test fixtures. These features allow the 4191A to be used in
evaluation of electronic materials, components and circuitry.

The internal synthesizer provides a maximum resolution of 100 Hz
(Opt 002) with an accuracy of 3 ppm, allowing small changes in the
resonant frequency of the device under test to be easily detected. The
swept frequency capability aids in the analysis of frequency charac-
teristics of the device.

Two complete front panel settings (parameter selection and the
sweep control) can be stored in a non-volatile memory and recalled at
any time with a single key operation. This, together with the standard
HP-IB interface, makes the 4191A extremely efficient either as a
stand-alone or systems instrument.

These unique features permit very wide applications in: (1) semi-
conductor testing such as surface state evaluation at high frequencies
(C-V/G-V and conductance (G/w-w) characteristics), and the input/
output impedance evaluation of diodes and transistors, (2) resonator,
filter, and magnetic and dielectric materials testing, (3) evaluation of
LCR components such as high frequency chip and leaded compo-
nents, and (4) testing of communications related components such as
cables, connectors, etc.

I DESIGNED FOR I
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Specifications

Parameter measured: |Z|~ 0,|Y|- 0,|T'|- 6
R-X, G-B, I'x—Ty
L-ReGeDe®Q,C-ReGeD*Q

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: 1| MHz to 1000 MHz
Frequency step: Standard: 100 kHz, 1-500 MHz
200 kHz, 500-1000 MHz
Opt 002: 100 Hz, 1-500 MHz
200 Hz, 500-1000 MHz
Frequency accuracy: +3 ppm
Signal level (into 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 2, 50 Q2,0 S)
Callbration frequency: 51 frequencies between start and stop
frequencies.
Electrical length compensation: automatic compensation for elec-
trical length of test fixtures.



Compensating range: 0 to 99.99 cm.

DC Bias:

Internal DC bias
Voltage range: —40 to +40 V, 10 mV step
Setting accuracy: 0.1% of setting +10 mV
Bias control: spot and swept

External DC bias

Voltage range: —40 to +40 V

Max allowable current: 100 mA
Key Status Memory: 2 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|— ©/rx — T'y Measurement
Measuring range:

[T, I'x, Ty: 0.0001 to 1.0000

9: 0° to +180.00° (0 to £ rad.)
tI", T'x, Ty resolution: 0.0001
T'|, I'x, I'y Accuracy (see graph below):
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General

Temperature coefficient for |T'|, I'x, and Ty: 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: 100,120,220V + 10%,240 V + 10% — 5%, 48 — 66 Hz, 150
VA max.

Size: 425.5 mm (W) X.230 (H) X 574 (D) mm (16.75" x 9" x 22.6")
Weight: Approx. 24 Kg. (52.8 lbs.)

Accessories Furnished: accessory case (with reference termi-
nations included).
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Accessories Available Price
16091A Coaxial Fixture Set $460
16092A Spring Clip Fixture $450
16093A Binding Post Fixture $165
16093B Binding Post Fixture $170
16094A Probe Fixture $145

Options
002: 100 Hz/200 Hz resolution synthesizer $1,650
004: Recorder Outputs $445

4191A RF Impedance Analyzer

$14,260
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COMPONENT MEASUREMENT

Semiconductor/Component Test System
Model 406 1A

® Ready to 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

l DESIGNED FOR l
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 4061 A 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 4061A 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., 1 MHz) and low frequency (Quasi-
static) C-V measurements and data processing are also possible by
making modifications to system software.

The system offers significant improvement in both yield and quality
in production through fast and reliable measurements and evalua-
tions. It is also a valuable evaluation tool for the development of new
materials and devices. The 4061 A 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
98034A HP-IB Card
98035A Real Time Clock
29402B 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 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 | MHz, and current
measurements, down to 0.001 pA are guaranteed.

This switching subsystem includes an 8 bit data I/O function with 2
bit interrupt input for interface versatility. Non-HP-IB 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 measurement.

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/G-V Analysis

The 4061 A measures the C-V characteristics of MIS structures.
Both high frequency C-V (10 kHz to | MHz) and low frequency C-V
(quasi-static) characteristics are easily measured.

LY HP 4B61R
\\
x \
3 !
N\
© C-V CHRRRCTERISTICS
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.5
FREQ=  IMHz T- 3@K
AREA= 1.BBE-@3cm2 Dox- 1008R
Coxe= 44.83pF Vth= -1,252V
Cfb=  31.08pF Véo= -.25V
Nsub= 1.6E+15/cm3  Oss’gq= 1.4E+1@/cm2
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Conductance is simultaneously measured with capacitance so that
the G-V characteristics are available for the Nicollian-Goetzberger
surface state density analysis [(Gp/w) — w].



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.
I-v CHARACTERISTICS HP taein

SAMPLE= NRZ2Q@9-28

226,73

x1E-12
-2

Vb (V)

—— 5
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4061A 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: 42 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—Xs+BeL+C,|Z|-¢
Measurement Ranges:

C: 0.01 fF to 199.99 uF

L: 1 pH to 19.999 H

(2], R, X: 0.01 mQ to 19.999 MQ

G,B: 0.01 nSt019.999 S

D: 0.0001 to 9.9999

Q: 0.01 to 9900
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

These specifications are for the 4140B connected directly to the de-
vice-under-test.
Measurement Functions: [, [-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 Sms to 9s
DC Volitage Sources: V4 and VR

Outputmode: Vp; / /\ " ™ = V5 —
Range: Both sources, 0 to =10V in 10 mV steps; 0 to £ 100V 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 and
switching module with interconnecting cables.
Function: Switches connection from DUT to either Multi-frequency
LCR Meter or the pA Meter/DC Voltage source.

System Measurement Range (Only deviations from individual
instrument specifications are listed.)
Impedance Measurements (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) + S 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) + 5 counts
*After | 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 pFand 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: 64k bytes
Dynamic Range: 10* to 107, 0, =107 to —10%
Internal Calculation Range: 10°" to 107", 0, —107%"! to —10°"
CRT Display: 80 characters per line; 25 lines
Data Cartridge Capacity: 217k bytes

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")

Woeight: Rack Cabinet, approximately 125 kg (275 lbs.); 9835A, ap-
proximately 22.3 kg (49 Ibs.); Standard System, approximately 190
kg (417 lbs.)

Ordering Information Price
Option 001: £ 100 V dc Bias for 4275A N/C
Option 002: 1-3-5 Frequency Steps for 4275A N/C
Option 030: European Date Format N/C
4061A Semiconductor/Component Test $42,500

System
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COMPONENT MEASUREMENT

LF Impedance Analyzer (5 Hz to 13 MH2)
Model 4192A

® 5 Hz to 13 MHz Variable Measuring Frequency
® Gain-Phase Measurement: Amplitude, Phase and Delay
® Floating or Grounded Devices

e Impedance Measurement: |Z|e |[Y|e Qe ReXeG o
BeLeCeDeQeA® A%
® Standard HP-IB
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| DESIGNED FOR l
SYSTEMS

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 L-grnd devices can be tested.

Automatic Frequency Swept Measurement of
All Impedance Parameters

The 4192A can measure 11 impedance parameters (|Z|,]Y{, 0, R,
X,G, B, L, C,D, Q) overa widerange| Z[: 0.1 mQ to 1 MQ; |Y| 1nS
to18)

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 S mV to 1.1 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 oper-
ating conditions.

Speciﬁcations (Complete specifications on data sheet)
Measuring Signal (23 =5°C)
Frequency range: 5 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: 5 mV to 1.1 Vrms variable into 500 (amplitude-phase
measurement) or open circuit (impedance measurement).
OSC level step: | mV (5mV to 100 mV), 5 mV (100mV to 1.1 V)
OCS level accuracy: 5 Hz to 1| MHz: +(5 + 10/f)% of setting
+ 2mV where fisin Hz. | MHz to 13 MHz: (4 + 1.5 X F)% of
setting + 2 mV where Fis 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) as STEP frequency (or dc bias) rate
Sweap: linear or logarithmic (frequency only)
Recorder outputs: output dc voltage proportional to each measured
value, and frequency or dc bias.
Maximum output voltage: +1 V
Output voltage accuracy: +0.5% of voltage +20 mV
Key status memory: 5 sets of measuring conditions can be stored
and recalled at any time.

HP-IB data output and remote control: standard
Self-test: automatic instrument basic functional test
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, 0 dBm = 1 mW (with 50Q
termination)
OSC output resistance: 509
Channels A and B: imput impedance: 1 MQ +2%, shunt capaci-
tance: 30 pF +5 pF
Measuring range and resolution:
B-A: 0to +100dB, 0.001 dB (0 to —20 dB), 0.01 dB (—20 to —100
dB)
0: 0to £180°, 0.01°
Group delay: 0.1 ns to 19 s, max. resolution 4% digits
A or B: +0.8 to —100 dBV, 0.001 dB (>—20dB), 0.01 dB (<-20
dB), +13.8 to —86 dBm, 0.001 dB (>—7 dBm), 0.01 dB (<~7
dBm)
Measuring accuracy (23 +5°C): Specified at BNC unknown ter-
minal after 30 minute warmup (test speed: normal or average)
B-A (Relative Amplitude) and © (Phase) Measurement:
Determined by sum of channel A and B accuracies given below (accu-
racy of each channel changes according to absolute input level)

-80 to -90dBV

-70 10 -80dBYV

-60 to -70dBY

-50 to -60dBV
-40 o -50dBV

-30 lo -400BV
-20 to -30d8Y

0.8 to -20dBV

1M 10M A, 8 ACCURACY (dB)

o:\
0.01

10 100 1€ 10K 100K ™ 10M
MEASURING FREQUENCY (Hz)
FIGURE 1: GAIN MEASUREMENT ACCURACY
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r ';17/""'.
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|

-40 1o -500BY 74
-30 to -40d8Y. /
o /
-20 to -3008Y
01
0.8 to -20d8Y
0.0
510 100 3 10K 100K ™ oM

MEASURING FREQUENCY (H2)
FIGURE 2: PHASE ACCURACY WHER MAKING GAIN MEASUREMERTS

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: 4% digits, max. display 12999 counts

Clrcuit mode: Series equivalent circuit ( ~«—~) and parallel
equivalent circuit ( =i ). 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 connectors after 30 minute warmup when OSC level is more
than 0.1 V and when auto ZERO adjust is performed (test speed:
normal or average). Accuracy given below is only valid when the mea-
sured value is equal to full scale of each range.

|Z| — 8, 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)

1ZI. R. X ACCURACY (%)

102, 1k, 10kQ. 100k

510 100 1K 10K 100K ™M 10M
MEASURING FREQUENCY {Hz)

FIGURE 3: 1 ZI, B, X ACCURACY
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Y} -0, G — B Measurement: Range:{Y|, G, B: 1 nS t0 12.999 S;
0: —180.00° to +180.00°. Accuracy: G accuracy (D = 10); B accu-
racy (D < 0.1).

Y1, G, B AGCURACY (%)

10045, 1mS, 10mS

01
10 100 1K 10K 100K ™ 10M

MEASURING FREQUENCY (Hz)
FIGURE 5: 1Y, G, B ACCURACY
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PHASE ACCURACY (DEGREE)
WHEN MEASURING IY1, G AND B

10048, 1mS, 10mS

0.01°)
510 100 1K 10K 100K M 10

MEASURING FREQUENCY (Hz)
FIGURE 8: PHASE ACCURACY WHEN MEASURIRG 1Y, G, 8

L—-D+Q,C —D + QMeasurement: (automatically calculated from
measured Z/Y values)

Parameter Measuring Range* Basic Accuracy
L 0.0l nHto 199 H 0.41%
C 0.1fF to 1999.9 mF 0.12%
D(1/Q) 0.0001 to 19.999 0.001 (C-measurement)
0.004 (L-measurement)

*Varies with measuring frequency except for D(1/Q)

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, front pannel keys and HP-IB

General
Measuring time (high speed mode):

B-A and 0, A or B: 170 to 190 ms (= 400 Hz)

Impedance parameters: 90 to 170 ms (= 1 kHz)
Test level monitor range (impedance measurement):

Voltage: SmVto 1.1 V

Current: 1 A 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
Size: 425.5mm (W) x 230mm (H) x 574mm (D) (16.75” x 9" x
22.6")
Weight: Approx. 19 kg (41.9 1bs.)
Furnished accessories and parts: 16047A test fixture, S0Q feed
thru terminations (2 ea.), power splitter, BNC cables (2 ea.), BNC
adapter

Accessories available: Price
16095A Probe Fixture $450
16096A 2-port Component Test Fixture $850
16097A Accessory Kit $1550
16047C 2-terminal Test Fixture $260
16048B Test Leads (miniature connector) $260
16048C Test Leads with alligator clip $325

4274A/4275A’s test fixtures/leads are usable with
4192A

4192A LF Impedance Analyzer $11,550

[
B
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Vector impedance meters
Models 4800A, 4815A

4800A

Model 4800A

HP’s 4800A measures the vector impedance of components, com-
plex networks, and other two-terminal devices. Besides measuring
vector impedance, the 4800A measures component values. At fre-
quencies that are decade multiples of Y2« as marked on the frequency
dial, L and 1/C are read directly if the phase is approximately +90°,
respectively. R is equal to the impedance magnitude at frequencies
where the phase is approximately 0°. The vector impedance meter
also yields Q and inductor values by using either fo/A, Rp/wL or the
wL /Rs technique.

The unit is equipped with analog outputs for three parameters: im-
pedance magnitude, impedance phase, and frequency. The rear panel
provision for an external oscillator input makes possible swept fre-
quency characterization of “unknown.” The impedance meter can be
swept over any decade range of frequency and impedance within the
range of the instrument.

Specifications

Frequency Characteristics

Range: 5 Hz to 500 kHz in five bands: 5 to 50 Hz 50 to 500 Hz, 0.5
to 5 kHz, 5 to 50 kHz, 50 to 500 kHz

Accuracy: +2%, 50 Hz to 500 kHz; +4%, 5 to 50 Hz; +1%at 15.92
on frequency dial from 159.2 Hz to 159.2 kHz; +2% at 15.92 Hz.
Impedance measurement characteristics: 1 ohm to 10 megohms
in seven decade ranges from X1 to X10M. Accuracy is * 5% of read-
ing.

Phase angle measurement characteristics: 0° to + 90° in 5°
increments. Accuracy is +6°.

Direct capacitance measurement capabilities: 0.1 pF to 10,000
uF direct reading at decade multiples of 15.92 Hz. Accuracy + 7% of
reading for D less than 0.1 at 159.2 Hz to 159.2 kHz, + 8% of reading
for D less than 0.1 at 15.92 Hz.

Direct inductance measurement capabilities: 1 uH to 100,000 H
direct reading at decade multiples of 15.92 Hz. Accuracy is +7% of
reading for Q greater than 10 from 159.2 Hz to 159.2 kHz: +8% of
reading for Q greater than 10 at 15.92 Hz.

Measuring terminal characteristics: both terminals above ground,
ground terminals provided for shielding convenience; binding posts
space %" at centers.

Waveshape: sinusoidal.

External oscillator requirements: 0.9 V +20% into 20 kQ

Recorder Outputs

Frequency: level: 0 to V nom.; source impedance: 0 to | kQ nom,;
proportional to frequency dial rotation.

Impedance: level: 0 to | V nom.; source impedance: 1 kQ nom.
Phase angle: level: 0 0.9 V nom,; source impedance: 1 kQ nom.
Accessorles turnished: 13525A Calibration Resistor, 00610A Ter-
minal Shield, Vector Impedance Calculator.

Size: 426 mm W x 133 mm H x 467 mm D (16%” x 5%" x 18%").
Waeight: net, 10.8 kg (24 1b); shipping, 13.5 kg (30 Ib).

Power: 115 0or 230 V = 10%, 48 to 440 Hz, 29.7 VA.

Model 4815A

The RF Vector Impedance Meter offers these significant advan-
tages:
® Direct reading of impedance and phase
® Convenient probe for in-circuit measurements
& Self calibration check provides measurement confidence
® Analog outputs for data recording
® [ ow-level test signal minimizes circuit disturbance

The HP 4815A RF Vector Impedance Meter provides all of the
convenience of “probe and read” measurements. In use, the probe is
connected directly into the circuit to be evaluated, frequency is select-
ed, and complex impedance is read. This type measurement allows a
straightforward adaptation to various jigs and fixtures for special
measurements. Where only component values are to be determined, a
quick-mount adapter is provided to allow rapid measurements. For
critical component applications, the unit to be evaluated may be
mounted directly in its working circuit and its value determined in its
actual environment, at the frequency of interest.

Specifications

Frequency

Range: 500 kHz to 108 MHz in five bands: 500 kHz to 1.5 MHz, 1.5
to 4.5 MHz, 4.5 to 14 MHz, 14 to 35 MHz, 35 to 108 MHz.
Accuracy: +2% of reading; +1% of reading at 1.592 and 15.92
MHz.

RF monitor output: 150 mV minimum into 50 ohms.

Impedance Magnitude Measurement

Range: | ohm to 100 kQ; full-scale ranges: 10, 30, 100, 300, 1 K, 3 K,
10 K, 30 K, 100 k.

Accuracy: +4% of full scale + (f/30 MHz + Z/25 kQ)% of read-
ing, where f = frequency in MHz and Z is in ohms.

Calibration: linear meter scale with increments 2% of full scale.

Phase Angle Measurement

Range: 0 to 360° in two ranges: 0 £90°, 180° +90°.

Accuracy: +(3 + /30 MHz + Z/50 kQ) degrees where f = fre-
quency in MHz and Z is in ohms.

Calibration: increments of 2°,

Adjustments: screwdriver adj. for Magnitude and Phase Zero.

Recorder Outputs

Frequency: 0 to 1 V from 0 to 1 k® source, proportional to setting.
Impedance magnitude: 0 to | volt from 1 k2 source.

Phase angle: 0 +0.9 volt from | kQ source.

Size: 426 mm W, 185 mm H, 476 mm D (16%” x 7%” x 18%").
Weight: 17.6 kg (net 39 Ib), shipping 24.8 kg (55 Ib).

Power: 105 to 125 V or 210 to 250 V, 50 to 400 Hz, 50 W.
Accessories furnished:

00600A Probe Socket Accessory Kit: contains BNC Type “N” adapt-
er. Probe Socket, 00601A Component Mounting Adapter, 2 probe
center pins, probe ground assembly.

Options Price
908: Rack Flange Kit Add $22.50
Model Number and Name

4815A RF vector impedance meter $5500
4800A Vector impedance meter $3300
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4440B Description

The Hewlett-Packard 4440B Decade Capacitor is a high accuracy
instrument providing usable capacitances from 40 pF to 1.2 uF. Its
0.25% accuracy makes it an ideal aid for circuit design or as a work-
ing standard.

The use of silvered-mica capacitors in all four decades provides
higher accuracy, lower dissipation factor and good temperature coef-
ficient. An air capacitor vernier provides 100 pF (from 40 pF to 140
pF) with resolution of 1 pF. Capacitors are housed in a double shield
in such a way that increased capacitance from two terminals to three
terminals is held to 1 pF.

44408 Specifications

Capacitance: 40 pF to 1.2 uF in steps of 100 pF with a 40 pF to 140
pF variable air capacitor providing continuous adjustment to better
than 2 pF between steps.
Direct reading accuracy: +(0.25% +3 pF) at 1 kHz for three-ter-
minal connection.
Resonant frequency: typical values of the resonant frequency are
450 kHz at 1 uF, 4 MHz at 0.01 pF 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.
Ingulation registance: 5 GQ! minimum, after 5 minutes at 500 V dc.
Maximum voltage: 500 V peak.
Woelght: net 2.5 kg (5 1b); shipping 3.6 kg (8 1b).
Size: 76 mm H x 264 mm W x 152 mm D (3" x 11" x 6”).

COMPONENT MEASUREMENT

Decade capacitors and attenuators
Models 44408, 4436A, 4437A, 16380A

4436A/4437A Description
The Hewlett-Packard Models 4436A/4437A Attenuators provide
accurate steps of attenuation with 0.1 dB resolution.

4436A Specifications

Maximum attenuation: 119.9 dB.

Attenuation increments: 0.1 dB.

Input/output impedance: 6002, balanced.

Frequency range: dc to 1.0 MHz, useable to 1.5 MHz; dc to 1.5
MHz (0 to 110 dB); dc to | MHz (0 to 119.9 dB).

Accuracy:
Attenuation 100 kHz 1 MHz 1.5MHz*
0 to 60 dB +0.1 dB +0.2dB +0.2d8
60 to 90 dB +0.1 dB +0.3dB +0.3d8
90 to 110 dB +0.2dB +0.5dB +0.5d8
110t0 119.948 +0.3dB +1.0dB

*Typical value

Maximum input power: +30 dBm (24.5 V max).

4437 A Specifications

The Model 4437A is a 600 ohms unbalanced type, and its specifica-
tions are identical to the 4436A.
DC isolation: signal ground may be =300 V dc from external
chassis.
Size: 76 mmHx 198 mm Wx 177mm D (3" x 7%" x 6 %").
Weight: net, 1.7 kg (3% Ib). Shipping, 2.9 kg (6 % 1bs).
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 picofar-
ads.

16380A Specifications (a1 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
Insulation Resistance]
(500V) >101Q >5X107Q
Max. Allowable DC 700V peak
Dimensions 112 mm (H) 142 mm (W) x 88 mm (D)
Weight 1.4 kg each, Case: 8.6 kg

General

Frequency Characteristics
1.0

0.7
05

0.3

.07

0.05 g
3

0.03

AC/Cpupe (%)

% Capacltance Change

0.01
0.1 03 0507 1.0
Frequency (MHz)

Temperature coefficient (typ.): +40 ppm/°C (1pF), +30 ppm/°C
(10p, 100p, 1000pF)

Calibratlon accuracy: +0.01% (certification at 1 kHz supplied).
Stabllity: 300 ppm/YR (at 1 kHz and 23 £5°C)

Ordering Information Price
4440B Decade Capacitor $810
4436A Attenuator $1165
4437A Attenuator $785
16380A Standard Air Capacitor Set $2450
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COMPONENT MEASUREMENT

Digital IC Tester
Models 5045A, 5046A

® Tests CMOS, ECL, TTL, DTL
® Printed record of IC failures

® Magnetic card programmable
® Tests IC’'s to 16 pins-24 pins optional

5045A Digital IC Tester

The HP Model 5045A is a processor controlled, microprogrammed
digital IC Tester. Well suited for high volume incoming inspection as
well as engineering evaluation and failure analysis, it’s simple enough
to be used by an unskilled operator yet it includes capabilities usually
found only in large, computer-based test systems. To test a device, all
that’s required is a preprogrammed magnetic card. Insert the card
into the front panel slot, and the tester is ready to provide complete
DC parametric and functional verification of one of the many devices
listed in our comprehensive program catalog.

To provide a permanent record of individual IC failures as the test
is being made, the quiet HP thermal printer has been included in the
5045A to record detailed failure information for every bad IC. Your
operator just keeps on testing—the record is automatically kept and
can be reviewed later or returned with the bad IC’s to the manufac-
turer.

Tests All These Families

ECL, CMOS, TTL, HTL, DTL

The universal pin electronics in the 5045A let each pin act as power
supply, input, output, or open circuit. This provides the great flexibil-
ity and capability needed to test circuits all the way from basic gates
to arithmetic logic units, and ROM’s. Devices with power supply vol-
tages up to 15 volts or both positive and negative voltages up to 7.5
volts may be tested. As your testing requirements expand to new de-
vices, your 5045A can be easily and inexpensively updated by adding

new program cards. The nominal cost of these cards means that you
don’t have to be satisfied with testing a small fraction of your circuit

types. You can keep your program library complete — and still stay
within your budget.

DC Parametric and Functional Tests

The 5045A thoroughly tests devices both functionally and parame-
trically to ensure that those expensive failures don’t get loaded into
your PC boards. Functional tests check the ability of the device to
correctly operate according to its truth table as the appropriate input
stimulus is applied. DC parametric tests check the voltages and cur-
rents on device inputs and outputs under various conditions specified
by the manufacturer. These tests eliminate almost all defective de-
vices and avoid the expense of finding and replacing bad circuits once
they have been soldered into PC boards and perhaps become part of a
complex system.

Unique Test Technique

To provide the accuracy of direct comparison testing without ex-
pensive performance or reference boards, the 5045A uses a unique IC
simulation technique. The correct functional operation of the device
under test is simulated and this simulation is used as a reference. As
both the device under test and simulator are driven with the same
inputs, their outputs are compared on a step-by-step basis. If a failure
occurs, the 5045A can indicate exactly where it happened by printed
message or can stop on the failure so the fault can be investigated in
more detail.



Economical ROM Testing

To test the many different truth tables which may be programmed
in ROM’s of the same generic type, it is not necessary to buy a card
for each one. A single card containing stimulus information for the
generic ROM type is loaded into the 5045A and the unique truth
table of a known good ROM is “memorized” by the 5045A. The com-
plete program is then recorded on a blank card for future use. Dupli-
cates of any card may be made from the original by programming the
5045A, pressing “write”, and then inserting a blank card.

Automatic IC Handlers

The 5045A was designed to work with automatic IC handlers need-
ed for high volume testing. The special circuits which generate the
fast rise and fall times for testing digital circuits are in a removable
test deck which can be placed within inches of the IC being tested.
Problems caused by long cables between handler and tester—ringing,
oscillation, slow rise/fall times—are eliminated.

HP in cooperation with major automatic handler manufacturers,
has designed custom interface kits for popular handlers. So, interfac-
ing the 5045A and a handler requires nothing more than plugging the
two together.

Printer Gives Permanent Copy of Test Results

A built-in thermal printer provides useful test information: a) it
tells whether a program is loaded correctly and what program it is, b)
it records the number of failed and passed 1C’s, and ¢) it provides
failure analysis information for each failed IC.

In its failure analysis modes, the printer can provide very detailed
information; a special voltage/current printout, for example. This
makes the printer a digital multimeter PLUS!

Self Test Feature

In an incoming inspection or production environment it is impor-
tant to know your equipment is operating as it should. The tester has
self-test cards to automatically exercise all major circuitry (the driv-
ers and receivers for all pins, the central processor, the memory, and
associated circuits). This way, you know every day that the tester is
functioning correctly and that none of those bad IC’s are getting into
your production run, and cutting into your company’s profits. Also
included are diagnostic cards.

Ordering the Pre-programmed Magnetic Cards

The 5045A is programmed by pre-recorded magnetic cards avail-
able from HP. These cards, covering most common device types, are
listed in our IC PROGRAM CATALOG. This catalog contains a
wide variety of logic families and includes the majority of common
device types. When additional programs are needed after the original
purchase, they may be ordered through your local HP sales office or
by mail with a prepaid coupon.

Each IC program ordered comes complete with both PASS/FAIL
and DIAGNOSTIC test cards and includes duplicates of each. The
PASS/FAIL test is used for the majority of testing since it is com-
plete and fast (typical test time for MS1 sequential devices is 300 ms).
The DIAGNOSTIC test provides extra information by supplement-
ing the PASS/FAIL card. Data sheets containing test descriptions
and all parameters are included for both PASS/FAIL and DIAG-
NOSTIC cards.

Condensed Specifications

Test Set-up Method
Test conditions including parametric information, input stimuli and

output data contained on magnetic card; program verified when
loaded.

Test Structure

Functional test: truth table verified by comparing device under test
to software-generated IC simulator (or, stored truth table for some
circuits).

Parametric test: DC parameters tested to IC device manufacturers
data sheet specs, except where limited by 5045A capabilities. Test
limits indicated on sheet sent with each program card.

Continuity test: verifies pin contact by checking current flow in or
out of active pins; test failure shown by front panel indicator.

Test Pattern Generation
Test patterns derived using algorithmic techniques or from stored
truth tables; tests individually tailored to each IC.

Universal Pin Drivers

Same circuit drives or monitors each pin whether an input, output,
power supply, clock or open. Voltages and currents individually pro-
grammable for each pin. No external test fixtures required.
Voltage applied to the device under test (Supply Voltage, Input
Voltage, and Output Voltage)

Range {15 Volts) Accuracy
-75V=<to<-1.875V +25mv
-1.875V <to< +1.875V +15mv
+1.875V<to<+7 5V +25mv

Current applied to the device under test (Supply Current, Input
Current, and Output Current)

Range Accuracy*

-200 mA <to<-2.5mA +0.4 mA or +6%

~2.5 mA <to<2.5mA +10pA or 6%

2.5 mA <to<200 mA +0.4mA or +6%
*whichever is greater
Slew rate: 30 ns/volt.
Rear panel outputs
Automatic handler intertace: 14 pin Amphenol connector pro-
vides +5V @ <100 mA, “End of Test”, “Pass”, “Fail”, and “Fail
Continuity” signals, accepts “Start Test”. All signals are negative
true TTL levels.

General

Power: 100/120/200/240 V (+5%, —~10%), 48-66 Hz, 240 VA,
Size: 19 Hx 425 W x58cm D (7.5" x 16.7" x 22.8").
Shipping weight: 27.7 kg (61 1b.)

Operating temperature: 0°C to 50°C.

Relative humidity: 80%.

Prices
See page 119.
5046A Digital IC Test System
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COMPONENT MEASUREMENT

Digital IC Test System
Models 5045A, 5046A (cont)

® Modify existing device programs
s Generate one-of-a-kind device programs

Description

The HP 5046A Digital IC Test System gives you capability pre-
viously available only at the factory: the ability to write or change IC
test programs to meet your special needs. Also, the 5046A consists of
the same equipment used at the factory to generate all of the standard
device programs listed in our IC Program Catalog.

Built around the 5045A IC Tester, 9825B Desktop Computer and
9876A Printer, the system allows you to program proprietary devices,
change parameters, write your own special programs, or modify exist-
ing device programs to meet special testing needs. This helps you to
keep information about proprietary devices confidential, it saves time
by allowing in-house programming capability, and it allows you to
evaluate devices, all by use of an HP-IB based, fully programmable
system.

In incoming QA inspection departments, quality control is a key
concern. New IC’s need to be tested to assure conformance to design
requirements—bad or marginal IC’s can generate great costs if in-
stalled in production equipment, and sometimes IC specifications can
change overnight.

The 5046A provides flexibility in these areas because device pro-
grams can be changed quickly and simply by a few keystrokes. The
user simply loads in the device program, using either a magnetic card
or a tape cassette, lists the program, keys in the changes and gener-
ates a new program,

The 5046A system is a complete system consisting of hardware and
software—it is fully integrated, specified, documented and tested as a

® Change test parameters quickly, simply
® In-house programming-on your own schedule

system prior to shipment. For easy on-site installation and verifica-
tion, full hardware and software manuals are provided. The operating
and programming manual, for example, is written to three different
levels, each progessively deeper, to enable easy start-up and oper-
ation, quick comprehension of the operating system and its hardware,
and complete self-instruction on the system software.

Each system requires a printer for operation; the 5046A includes a
Model 9876 A Thermal Printer as standard equipment, and the Mod-
¢l 9871A Impact Printer is also available as an option (Opt 001). Oth-
er RS-232 compatible printers, supplied by the user, can be interfaced
to the system in lieu of the 9876A by ordering the HP-IB to RS-232
interface (opt 002).

Software

The 5046A system software is stored on one standard 9825S tape
cassette. The programs are accessible using the special function keys
on the desktop computer. The software package consists of the follow-
ing programs:

The Editor provides the capability to:
. Enter IC test programs from the 9825B keyboard.
. Read in source program from the 9825B cartridges.
. Modify source programs.
. Store source programs on 9825B cartridges.
. Provide on-line editing.
. Print-out listing of source programs.
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The Compiler provides the capability to:

1. Do syntax checking on source program statement.

2. Convert the source program into an object (machine code) pro-
gram.

3. Output the object program to the 5045A IC Tester.

The Decompiler provides the capability to:
1. Read an object program from the 5045A IC Tester.
2. Generate the corresponding source program.

The Program Analyzer is used for error checking and debugging
source program. It interrogates the 5045A processor as it is run
through a completed test program, then prints the following:

1. Listing of actual test sequence.

2. Programmed test parameters for each pin in each test.

3. The “1” and “0” logic state for each pin in each test.

The Failure Statistics program provides the following:

1. Printout of failure by pin for each specific test failed.

2. Summary of failure and failure percentage for each test in the pro-
gram.

The Failure State Monitor program interacts with the 5045A while
an IC is being tested. When a failure is encountered, it displays the
state in which the IC failed.

The Operating and Programming Manual provides detailed infor-
mation and modular program examples that enable the user to quick-
ly and easily learn the 5046A programming language (it isn’t nec-
essary to learn the 9825B HPL language in order to generate IC test
programs).

To generate an original IC test program, the user need only under-
stand the IC technology of the device under test (DUT) and be able to
design simple logic circuits using Boolean techniques.

The manual provides step-by-step instruction for programming. In
addition, individual chapters in the manual cover the HP test philos-
ophy and testing techniques used with the TTL, ECL, CMOS and
DTL technologies,

Ordering Information Price
5045A Digital IC Tester: standard 16-pin version; in- $10,250
cludes self-check and diagnostic cards, 16 and 24 pin

dummy IC’s and socket adapter.

5046A Digital IC Tester System: basic system includes $24,950

5045A IC Tester, 9825B Desk Top computer, 98034A
HP-IB Interface Model 9876A, Option 025 Thermal
Printer, 10833B HP-IB Cable, a Programming Manual
and 40 blank magnetic program cards.

Options and Accessories, 5045A/5046A
Opt 024: expands 5045A capability to 24 pins
Opt 025: Flat-Pack adapter for 14, 16 and 24 pin IC
05045-90003: Card Holder, One Each
05045-90027: Card Holder 50 ea of 05045-90003
5952-7546: Program Catalog
9164-0071: blank magnetic PASS/FAIL program
card
9164-0072: blank magnetic DIAGNOSTIC program
card
9281-0401: 250 foot roll of thermal printer paper for
5045A (minimum order, six rolls)
10845A: preprogrammed magnetic card for any de-
vice listed in the Program Catalog (HP Publication
Number 5952-7546)
10846A: book containing ten coupons, each redeem-
able for one IC program listed in the IC Program Cata-
log (HP Publication Number 5952-7546). Coupons are
mailed to factory, programs sent by return mail. Cou-
pons expire after two years
10847A Service Kit: allows fault isolation and rapid
repair of the 5045A through board replacement thereby
reducing downtime. The kit includes: ail CPU boards,
two pin-drivers, card reader and interface, printer inter-
face and solenoid, front panel control, diagnostic pro-
gram card kit and accessories, and carrying case.
Service agreements for the S045A and 5046A as well
as HP’s rebuilt board exchange program are available.
Contact your nearest HP office for details.

Automatic Handler Options, 5045A/5046A
Opt 004%: interface package for IPT Model 806 auto-
matic 1C handler

Opt 005%: interface package for Sym-Tek model
7191IND automatic IC handler and other related
models

Opt 0061%: interface package for Daymarc 952/3 auto-
matic IC handler

Opt 007%: interface package for Micro Component
Technology Model 2604/8 automatic IC handler

Opt 008%: interface package for Delta Model 8040
ambient naked DIP handler

Opt 009%: interface package for Contrel Model H310
automatic IC handler

Opt 010%: interface package for PAE Model 3033LP
naked DIP handler

Opt 013%: interface package for TRIGON Model
T2000 multi-size Ambient Test Handler

$: All interface packages include a test head extender cable, an interface board

unique to the particular handler, and a cable to aupply control signals to the
handler.

Options and Accessories, 5045A Only
10844A: programming interface retrofit kit; contains
all necessary parts, cables, interface board, and instruc-
tions to modify the 5045A for use in the 5046A Digital
IC Test System. Programming manual and 40 blank
magnetic program cards included.

Options and Accessories, 5046A Only

Opt 001: Substitute Model 9871 impact printer for
9876A and 10833B

Opt 002: Substitute 98036 HP-IB to RS-232 interface
for 9876A and 10833B

Opt 003: Substitute 9866B with Option 025 Thermal
Printer and 98226A Cradle for 9876A with Option 025
Thermal Printer and 10833B HP-IP Cable

Opt 125#: Delete Model 9825 desk top computer,
98034A

Opt 145#: Delete Model 5045A IC Tester from
system

Opt 176: Delete Model 9876A, Option 025, and
10833B HP-IB Cable

# Only one of these options can be on any one order.

Price
$2,000
$225
$0.70
$33
N/C
$2.10

$2.10

$2.50 ea.

1-9 $40 ea.
10-500 $35 ea.

$350

$3,500

$1,100

$1,100
$1,100
$1,100
$1,100
$1,100

$1,100

Price
$2,475

+3875
—$3,325
+81,400

—58,200
—-$10,250

—8$4,025
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E’J CIRCUIT TEST SYSTEMS

Production Testing of Electronic Printed Circuit Board Assemblies

Is automatic testing a panacea? With to-
day’s PC volume and complexity, it’s not so
much a panacea as it is a necessity. But to
implement a test solution requires a thorough
understanding of the available test systems
and your production environment.

When to Test?

That’s as important as how. The cost of
fault identification increases dramatically
with each production step. Thus, you want to
catch faults as early in the production proc-
ess as possible, but it doesn’t necessarily fol-
low that extensive incoming parts inspection
is the answer. Your real goal is high turn-on
rates in final test. That demands high-yield
PC boards. And as the diagram below shows,
several factors other than good parts go into
high-yield PC boards.

l Good Parts

Good Boards High

Yield

[ Good Workmanship Boards

Proper Handling

A

A new set of problems must be dealt with
at the board assembly level and cannot be
eliminated by 100% incoming inspection.
Some of these typical problems are handling
breakage, misloaded parts, incorrect parts
loaded, soldering problems, PC board prob-
lems such as shorted traces, and heat damage
to the parts as they are being assembled. It is
mainly this factor that determines the
amount of cost and manpower that should be
devoted to incoming parts inspection.

The objective of these activities is to maxi-
mize the probability of system turn-on. Good
parts and PC test reduce the problem level at
final product test.

A PC board assembly process will produce
anywhere from 20% to 80% good boards. A
typical number is 60%. Of the faulty boards,
a fault spectrum might look like this:

Operational
Good Components
B:’-“d-‘ 2 Misloaded Parts
rom
Assembly Fault
Pr Spectrum Wrong Parts
[' Faulty Shorts

With a good board yield of 60% and no PC
board testing, even a simple product with five
boards would overload final test. Nine out of

ten units would fail. This makes board level a
good place for thorough testing, for this is the
first opportunity to locate faults across the
entire fault spectrum. But which tester is for
you?

Choosing a Circuit Board Tester

There are no simple answers to selecting an
automatic circuit test system. But, from our
experience, we know that these are some of
the factors involved: Production yield, test
yield, fault spectrum, PC volume, board
type, and anticipated new products.

Will the system test for the spectrum of
faults that you will encounter? Will it gener-
ate component level diagnostic information?
Will it test present and future board types
and do it fast? Is it easy to expand and adapt
to changing requirements?

What are the true costs? How much time
and effort is involved in programming, de-
bugging, fixturing and training? And will
you get prompt, competent service if you
need it?

Over Two Million Boards Worth of
Experience

HP’s new Automatic Circuit Test Systems
are the result of our extensive in-house exper-
ience with automatic circuit testing.

In fact, we were spending such large sums
on dedicated equipment and manual test sta-
tions that back in 1970 we developed an auto-
matic circuit test system called Optest 1. This
system, along with its more recent compan-
ion, Optest II, is still in operation today.



Optest I and Optest Il are now testing over
100,000 printed circuit boards annually. Our
new circuit test system is, in reality, a third-
generation product, which originated from
over eight years’ experience in actual in-use
operation. Today, HP is using 75 of these
new automatic test systems within our own
plants.

Balanced Testing

One hundred percent testing at all stages in
the production process is expensive and inef-
ficient. A balanced test strategy must be
tailored to individual problems and re-
quirements.

Thoughtful consideration of testing re-
quirements will improve product yield and at
the same time reduce costs. Other benefits
are a smoother production line and lower test
and troubleshooting times.

HP’s electronic manufacturing experience
has led to the development of two major
automatic board test products, the HP
3060A and the DTS-70. Each system ap-
proaches the problem of PCB testing differ-
ently, focusing upon the different types of
boards being manufactured. The HP 3060A
is a combined in-circuit and functional ana-
log/digital board test system, and the DTS-
70 is a simulator based digital board test
system.

The Case for In-Circuit Pius
Functional Testing

The marketplace has many potential test
solutions. You can choose from simple shorts
testers to completely automated systems.
From testers that measure components in-
circuit to functional test systems that verify
dynamic performance of complete circuits.

HP’s new 3060A Board Test System is an
advanced system that combines the latest in-
circuit technology with functional testing. It
includes a comprehensive software package
for fast program development. It is a proven
package, which combines ease of use with
flexibility to handle tough test problems.

Leverage Product Yield

In-circuit testing is a powerful test ap-
proach. But today’s complex products re-
quire more than in-circuit testing. Higher
and higher PC board yields are required to
maintain an acceptable product yield in final
testing.

The addition of advanced in-circuit test
techniques adds that extra increment to your
PC board yield as shown below.

Boards in Product

LEVERAGE PRODUCT YIELD
—~ = 27} Functional Testing
b i - . "} Advance In-Circuit
o esting
]
w
5=
@ In Circuit
6 N = Number of PC Testing
@
Q
o

25 50 75 100
PRODUCT YIELD (%)

For example, in a five PC board product,
increasing the PC board yield from 75% to
98% will leverage product yield from 23% to
90%. This can result in substantial savings,

since the cost of fault detection increases dra-
matically with each production step.

What Is Advanced In-Circuit
Testing?

In-circuit testers contact each PC board
node through a bed-of-nails fixture. The sys-
tem switches from component to component
and “inspects” for value, placement, etc. To-
day, the wide diversity of component values,
tolerances, components, and interconnec-
tions, means that conventional in-circuit
techniques often leave some parameters un-
tested.

The 3060A utilizes advanced techniques
that allow component isolation in commonly
found but difficult circuit configurations.
For example, a .01 uF capacitor can be mea-
sured to an accuracy of 4% even when it is
shunted by a 1000 Ohm resistor. The key to
this measurement is a phase synchronous de-
tector. This is a valuable tool for measuring
components and circuits with significant real
and reactive characteristics.

HP's ADVANCED IN-CIRCUIT TESTING

AD

Functional Testing Makes the
Difference

The standard HP 3060A also has a useful
set of analog and digital testing tools. It in-
corporates board level stimulus/response
testing in order that components such as
operational amplifiers, DAC’s and optoelec-
tric devices can be tested. This functional
testing permits circuit parameters, such as
frequency and period, to be measured and
circuit adjustments made. The 3060A’s func-
tional testing capability extends to digital
pattern, analog and combined circuits. For
example, the 3060A, can be used to test a
D/A converter by applying digital patterns
and then monitoring the analog output
voltage.

SIGNATURE ANALYSIS

Stop Start

v v
0100110............... 01001 Signature
Data Stream  ws————dp Analyzer

Node
Signature

At-Speed Testing of
Microprocessor Boards

The big news in PC board testing is the mi-
croprocessor. Conventional digital testers do
not have the massive data storage required to
test microprocessors. But the HP 3060A uses
an HP-developed technique called Signature
Analysis to test these microprocessor boards
at operating speed. The 3060A collects
length bit streams at circuit nodes and con-
verts them to short, four-character hexadeci-

mal signatures. Under test, the bit stream
signature at each circuit node is compared to
the expected value, making it easy to locate
nodes with faulty signatures. This data com-
pression technique makes microprocessor-
board testing manageable. HP’s signature
analysis technique is the right solution to
testing microprocessor boards.

Digital Test Effectiveness

Some boards, such as large complex logic
boards, will benefit from the use of HP’s
DTS-70 Digital PC Board Test System. This
simulator-based tester tells you how effective
your test programs are and identifies the por-
tion of the circuit not completely tested. This
is important feed-back permitting better pro-
gram development. A useful tool in R&D,
the DTS-70 can model your designs and help
you produce better products. Your test engi-
neer will appreciate its ability to model feed-
back loops, find open traces and identify
intermittent faults.

Just as important, the DTS-70’s power and
flexibility comes from its controller, the HP
1000 Computer System. Using a Real-Time
Executive operating system, you can simulta-
neously test PC boards and develop new pro-
grams. As your testing needs expand, two
more test stations and several programming
terminals can be added without the expense
of additional computer power. The operating
system is compatible with data-base manage-
ment software to keep track of your test data
and help you better manage your production.
The DTS-70 will easily fit into your long
range computer network plans providing dis-
tributed processing and communication to
your data processing center.

3060A DTS-70
In-Circuit X
Bed-of-Nails X
Edge Connector X
Functional % X
Analog
Functional
Digital X X
Signature %
Analysis
Board X
Simulator
HP-IB X X
Controller HP 9825T System
1000

The Bottom Line

Can automated PC board test equipment
save you money? Again, there are no simple
answers. But it has saved us money and
chances are it will save you money, too, if any
of these conditions exist in your plant: high
PC volume, complex boards, production test-
ing backlog, low turn-on rates of complete
systems, high in-process inventory costs and
high warranty costs.

Your production operation is unique, but
we can help you characterize it by comparing
the cost of testing, or not testing, at each level
to arrive at your best test resource allocation.
Let us help you answer these key test
questions.

21
B



=

vl

CIRCUIT TEST SYSTEMS

DIGITAL PC BOARD TEST SYSTEM
Model DTS-70

® High Speed, High Volume Digital Testing
® |solate Fauits Quickly and Easily
® Eliminate Production Bottlenecks

Description

The DTS-70 Digital Printed Circuit Board Test System can solve
your digital board testing needs. The DTS-70 can test your boards
and isolate faulty components in seconds. Typical tests take only a
few seconds and isolation of the failed component typically takes less
than a minute. All this testing is performed to a known level of test
effectiveness. The TESTAID board simulation software, provided
with the system, enables you to model and test the largest and most
complex of your digital printed circuit boards and to determine the
overall effectiveness of your testing process, a benefit not possible on
hardware comparison testers. The FASTRACE fault isolation soft-
ware guides your test operator to probe for the faulty component
quickly and easily, all but eliminating costly manual troubleshooting.

The DTS-70 System is a complete system consisting of the 9571A
Test Station, the HP System 1000 computer and a complete software
package. The 9571 A Test Station comes complete with digital test
unit, programmable power for your board under test, and fault isola-
tion probe. The test station is expandable to do added analog testing
that may be required. The field proven HP System 1000 includes the
21MX Series E computer and 7906A disc. The HP System 1000 pro-
vides both testing and software test generation expandability through
the Real Time Executive operating system. The TESTAID simulator
software and FASTRACE fault isolation software provide powerful
test generation capability and advanced fault isolation which even en-
ables you to isolate intermittent faults.

The DTS-70 is a test system with the capability, expandability, and
reliability you expect from HP.

No More Production Down-Time to Develop Test Pro-
grams

The multi-terminal capability of the DTS-70 allows you to generate
test programs without shutting down testing on your production line.
No longer do you have to choose between production shut downs and
spending tens of thousands of dollars for off-line test generation capa-
bility. All you need is a relatively inexpensive terminal. Need more
programming capability to keep up with new boards? Add up to six
terminals to the DTS-70 for use as programming stations.

High Speed, High Volume Digital Testing

Test complex boards in only seconds compared to the minutes or
even hours necessary for manual test and fault isolation. The DTS-70
is capable of testing tens of thousands of PC assemblies a month for
high through-put requirements.

Isolate Faults Quickly and Easily

Troubleshooting and isolation of faulty components is done auto-
matically. The computer instructs your test operator to isolate the
fault in seconds using the guided probe. Avoid time-consuming man-
ual fault diagnosis and reduce the need for highly skilled technicians.

Eliminate Production Bottlenecks

The DTS-70 can test those complex boards that are so hard to
troubleshoot at your final product test station and which hold up your
shipments. The DTS-70 is capable of testing complex boards with
over 200 MSI components.

How Effective Is Your Test?

Only a simulator-based tester such as the DTS-70 can tell you how
effective your tests are. Testing of complex digital assemblies is diffi-
cult and ordinarily does not provide this kind of feedback to the test
programmer. As a result, the test programmer does not know when to
stop test development. The DTS-70 not only tells you how effective
your test is, but also which nodes on the board need further attention.
This has improved test quality over manual test generation methods
by factors of two or more.

Worldwide Service

The DTS-70 Digital Test System is designed and manufactured by
Hewlett-Packard and is backed up by HP worldwide support. HP rec-
ognizes that in a high volume production environment, each hour of
operation affects a large portion of your profit dollars. When you take
delivery of a DTS-70 system, the following support is available to you,
worldwide, to keep your system working for you.

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.

Installation

Installation services will be provided with each purchase of a DTS-
70 Test System. These services consist of site preparation data in ad-
vance of system delivery and installation when your system arrives.

Warranty

A complete warranty program covers the complete DTS-70 system
for 90 days beyond the system installation date. This warranty pro-
vides complete repair service during the warranty period.

Customer Assistance Agreements

For system support beyond the warranty period, Customer Assis-
tance Agreements are offered for hardware support and software sup-
port. You may select these services together or you may tailor a
service program to match your individual needs. With the exception
of extremely remote areas, these support programs are available
throughout HP’s worldwide service organization.

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 Price
DTS-70 Complete

System
(Depends Upon Test Configuration) Starts At

$90,000



* Tests Microprocessor Based Boards
® Increase PCB yields
® Advanced in-circuit testing

3060A

Description

The 3060A Board Best System combines powerful in-circuit fault
isolation with wide range analog and digital functional test capability
to maximize P.C. board yields. This system incorporates state-of-the-
art measurement processing and interface technology combined with
years of internal experience in board testing.

The 3060A combines advanced in-circuit component tests and
board level functional stimulus/response tests. This new dimension in
testing efficiency allows the testing of Printed Circuit Boards to a
higher level of confidence than previously possible in a single oper-
ation. Not only is the board handling minimized, but the added ex-
pense of two test systems is eliminated. The 3060A provides broad
functional testing in its standard configuration. For example, the
3060A can perform functional tests on a digital-to-analog converter
using the standard analog and digital functions.

Testing Power .

Components and component configurations, which were previously
not testable, can now be tested with HP’s 3060A. The addition of
extended guarding, phase-synchronous detection, and accuracy en-
hancement make this level of testing possible.

Functional testing is accomplished on the same fixture used to per-
form in-circuit component measurements. Increased productivity re-
sults since boards are handled only once for all tests. Flexibility in
analog testing allows the use of standard sources and detectors in the
HP 3060A or the addition of external instrumentation for special test
requirements. A “bed-of-nails” interface provides direct hardware
connection to each node of the board under test. This approach not
only provides the necessary visibility for component in-circuit mea-
surements, but simplifies digital testing as well. The response of the
circuit to digital stimuli is available at these nodes.

Board Test Sequence.

The HP 3060A follows a logical testing sequence which minimizes
both stress on the board and testing time. Since the majority of board
problems may be detected by shorts testing and in-circuit testing,
these tests are performed first. By terminating the test sequence when

CIRCUIT TEST SYSTEMS

In-circuit/functional test system
Model 3060A

® Board level analog/digital functional testing
® Reduce production costs

shorts or faulty components are found, redundant functional testing is
avoided. This also eliminates catastrophic failures caused by applying
power to a defective board.

Digital Test & Signature Analysis

Two separate digital test capabilities are available on the 3060A:
static pattern testing and an optional dynamic signature analysis
(SA). Static pattern testing is ideally suited for testing combined
digital and analog circuits, such as A to D and D to A converters.
Signature analysis adds the capability to test LSI circuits, including
microprocessor based boards at operating speeds. SA is a test method
used to measure lengthy digital data streams at high speeds using
data compression technique. This not only checks the data stream,
but the timing as well. Each device will have a unique signature for a
specific time interval. A fault can be traced to a particular device by
checking the signature from point to point and comparing it with the
correct signature stored in memory.

Fast Programming

HP’s 3060A reduces overall production test costs and programming
time through a powerful, high level software called Board Test Lan-
guage (BTL). As a further aid, the 3060A provides an In-Circuit Pro-
gram Generator (IPG). IPG automatically generates the in-circuit
portion of the program, prints out the finished program in BTL, and
generates a fixturing map.

System programming and control is provided by the HP 9825T
Desktop Computer for system programming and control. The 9825T
provides easy programming with minimal training through its High
Level Programming Language (HPL).

HPL is a highly versatile, easy to use language. Its programming
statements consist of combinations of several common languages op-
timized for power and efficiency in controlling instruments, perform-
ing data manipulation, controlling input/output operations, and
storing information. A set of over 40 high level PC board testing pro-
gram statements (BTL) specifically designed for efficient 3060A ap-
plication programming, complements the power of HPL.

3060A Board Test System
Standard system including 384 analog pins, 32 digital
driver pins, and 32 digital receiver pins

$85,000
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DIGITAL CIRCUIT TESTERS

[éa Signature Analysis, IC Troubleshooters, Digital Education

Serviceability / Testability—A
Growing Problem

Microprocessors have revolutionized many
product lines. Products are now smarter, fas-
ter, friendlier and more competitive because
they take advantage of microprocessor-based
control and computation. They are also hard-
er to build, test and troubleshoot. Complex
bus structures and timing relationships have
practically obsoleted the scope/voltmeter
signal tracing techniques so effective on ana-
log products. The need to enhance the testa-
bility and serviceability of digital products is
acute.

Addressing this need, Hewlett-Packard
has developed a line of digital circuit test in-
struments and training tools. Each product
complements the other for complete trouble-
shooting, testing and training solutions. For
example, by using Signature Analysis, sim-
plified production test and field service pro-
cedures can be provided to isolate digital
failures to the exact node. Then the IC
Troubleshooters are used to pinpoint the
component or process fault causing the prob-
lem, making repairs faster and easier. Final-
ly, the Logic Lab and Microprocessor Lab
are used to bring production and service
personnel up to speed on the latest digital
technologies.

Signature Analysis—Finds the
Faulty Node

Signature Analysis (SA) is a technique for
component-level troubleshooting. A Signa-
ture Analyzer detects and displays the
unique digital signatures associated with the
data at nodes in a circuit under test. By com-
paring these actual signatures to the correct
ones, a troubleshooter can quickly back-trace
to a faulty node.

By adding SA capability to the digital por-
tion of a product, a service support program
can be set up for component-level repair,
without an investment in board exchange or
in special-purpose test equipment. Signature
Analysis also speeds production line trouble-

shooting of individual PC boards, or assem-
bled products containing many boards. Ex-
perience shows that Signature Analysis
reduces the time spent in troubleshooting the
digital portion of a product by at least 2:1.
With this reduction in time comes a signifi-
cant reduction in production and service la-
bor costs. These savings usually far outweigh
any time spent in setting up the product for
SA troubleshooting.

Signature Analysis Stimulus

There are two ways to provide Signature
Analysis stimulus for a product. One way is
to add some test features to the product so
that it exercises itself. The other way is to
provide some source of stimulus that is exter-
nal to the product.

HP’s 5001 series of Microprocessor Exer-
cisers allow products not designed with SA
self-stimulus in mind to economically take
advantage of the SA technique. The 5001 se-
ries of Microprocessor Exercisers provide a
source of external test stimuli for micro-
processor-based products. To use them, the
operator removes the microprocessor from its
socket in the product under test, places it into
the 5001, and plugs the 5001 into the vacant
socket. The 5001 then runs pre-defined test
programs from its own ROM.

Signature Analysis Response

The 5004A Signature Analyzer is a com-
pact instrument for troubleshooting micro-
processor-based TTL logic systems with
Signature Analysis, at speeds up to 10 MHz.
Hundreds of companies have used the S004A
to reduce the costs of troubleshooting com-
plex digital products.

The IC Troubleshooters—Find
the Fauity Component

The IC Troubleshooters have become the
“digital screwdrivers” of today’s laborato-
ries, production lines, service facilities and
electronic classrooms. They are low-cost,
hand-held “instruments-on-a-chip”, and
have proven very effective in the functional
testing and troubleshooting of digital cir-

cuits. HP Application Note 163-2, Tech-
niques of Digital Troubleshooting, can help
put the IC Troubleshooters to work for you.

Logic comparator: the Model 10529A Log-
ic Comparator utilizes comparison tech-
niques to identify faulty nodes in a digital
circuit. It tests an IC dynamically, in-circuit,
by comparing output responses to those of a
known-good IC which is plugged into the
Comparator. Having located bad nodes, use
other IC Troubleshooters to isolate the de-
fective component causing the fault.

Logic probes: detect logic levels at any cir-
cuit point and display them via a light at the
probe tip. A logic high is indicated by a
bright light. A logic low extinguishes the
light. A bad level causes a dim light. Pulse
activity is shown by a 10 Hz flashing light.

Logic clips: are multi-pin state indicators
which clip directly onto ICs. The logic state
of each pin is displayed by an individual
LED, enabling the user to check the device’s
truth table.

Logic pulser: pulse stimulation is essential
in checking digital logic circuits. Logic
pulsers inject digital pulses between gates,
without requiring unsoldering of compo-
nents. They automatically drive low nodes
high, or high nodes low, with substantial
override current.

Current tracer: often a bad node is identi-
fied, but the specific device causing the fault
can only be isolated by cutting traces, or re-
placing circuit elements. The 547A Current
Tracer eliminates just such “shotgun” tech-
niques by showing exactly where digital cur-
rent pulses are flowing in the circuit. Use of
current tracing techniques solves the most
vexing troubleshooting problems: stuck data
buses, solder-bridges, stuck nodes containing
many circuit elements, and the wired-AND
gate.

Stimulus-response testing: the Pulser/
Probe or Pulser/Clip combination helps the
user to identify the faulty circuits causing a
system malfunction. These instruments per-
mit signal injection and readout between
gates.

Troubleshooting kits: a variety of kits is
available, combining 1C Troubleshooters for
stimulus-response testing. Each kit includes
a carrying case, and offers a price saving over
the individual instruments.

Education: HP’s 5035AT Logic Lab and
5036A Microprocessor Lab meet the need
for thorough training in digital electronics.
Both models are comprehensive hardware,
software and hands-on troubleshooting
courses. The 5035T deals with digital elec-
tronics and logic and the 5036A with micro-
processor systems. Both are ideal for either
self-study or use in industrial training, and
include extensive use of HP’s IC Trouble-
shooters.



¢ Dynamic multi-family logic indicators
* Pulse stretching for narrow pulses
¢ Bad level/open circuit detection
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Logic Probes

Logic Probes greatly simplify tracing logic levels and pulses in IC
circuits to find nodes stuck HIGH or LOW, intermittent pulse activ-
ity, and normal pulse activity. That’s because they instantly show
whether the node probed is high, low, bad level, open circuited, or
pulsing.

Logic probes require a simple connection to the circuit under test’s
power supply, and they’re ready to use. The strain-relieved power
cord, and line-voltage protected tip insure long life and durability.
High input impedance protects against circuit loading, not just in the
HIGH state, but for logic LOWs as well.

545A TTL/CMOS Logic Probe

The HP Model 545A Logic Probe contains all the features built
into other HP probes, plus switch-selectable, multi-family operation
and built-in pulse memory. Employing the same straightforward one-
lamp display as our other probes, the 545A operates from 3 to 18 volts
in CMOS applications or from 4.5 to 15 V dc supplies in the TTL
mode while maintaining standard TTL thresholds.

The probe’s independent, built-in pulse memory and LED display
help you capture hard to see, intermittent pulses. Just connect the
probe tip to a circuit point, reset the memory, and wait for the probe
to catch those hard to find glitches. The memory captures and retains
a pulse until reset.

The hand-held 545A is light, rugged, overload protected, and very
fast: 80 MHz in TTL, 40 MHz in CMOS. It also employs handy
power supply connectors that enable you to easily hook up to supply
voltage almost anywhere in the unit under test.

545A Specifications

input current: <15 pA (source or sink).
Input capacitance: <15 pF.
Logic thresholds
*TTL: Logic one 2.0 + 0.4, —0.2 V dc. Logic zero 0.8 + 0.2, =04 V
dc.
CMOS: 3—-10 V dc supply
Logic one: 0.7 x V,,;, £0.5 V dc.
Logic zero: 0.3 x V,,p, 0.5 V de.
CMOS: =10-18 V dc supply.
Logic ONE: 0.7 X V,,, 1.0 V dc.
Logic ZERO: 0.3 x V,,, = 1.0V dec.
Input minimum puise width: 10 ns using ground lead (typically 20

ns without ground lead).
*+5+ 10% V dc power supply; usable to +15 V dc with slightly increased logic low threshold.

DIGITAL CIRCUIT TESTERS

Logic probes
Models 545A, 10525T, & 10525E

® One lamp, finger-tip display
* Pylse memory capability
® QOverload protected

Input maximum pulse repetition frequency:

TTL, 80 MHz. CMOS, 40 MHz.
Input overload protection: +120 V continuous (dc to 1 KHz);
+250 for 15 seconds (dc to 1 kHz).
Pulse memory: indicates first entry into valid logic level: also indi-
cates return to initial valid level from bad level for pulse =1 us wide.
Power requirements

TTL: 4.5t0 15V dc*.

CMOS: 3to 18 V dc.

Maximum current: 70 mA.

Overload protection: +25 V dc for one minute.
Accessory included: Ground Clip (HP Part No. 00545-60105).

10525T Logic Probe

The Model 10525T Logic Probe provides TTL/DTL trouble-shoot-
ing at low cost. Ideally suited to 5 volt logic applications, the 10525T
has high input impedance, overload protection, and 50 MHz data rate
capability.

10525T Specifications

input impedance: =25 kQ in both the high and low state (<1 low
power TTL load).

Logic one threshold: 2.0 V +0.4, —0.2 V.

Logic zero threshoid: 0.8 V +0.2V, —04V

Input minimum puise width: 10 ns.

input maximum pulse repetition frequency: >50 MHz.

Input overload protection: + 70 volts continuous, 200 volts in-
termittent, 120 V ac for 30 seconds, 240 V ac for 10 seconds.
Power requirements: 5 V +10% at 60 mA, internal overload pro-
tection for voltages from +7 to —15 volts. Includes power lead rever-
sal protection.

Accessories included: BNC to alligator clips; ground clip.

ECL Loglc Probe

The HP Model 10525E Logic Probe extends time-proven, cost-sav-
ing logic probe troubleshooting techniques to high-speed ECL logic.

Operation of the ECL probe is analogous to that of the 10525T
except the 10525E’s high speed circuitry stretches single shot phe-
nomena so that single pulses as narrow as 5 nanoseconds may be ob-
served.

The 10525E may be powered directly from any —5.2 volt source
and its high input impedance minimizes circuit loading.

10525E Specifications

Input impedance: 12 k{2 in both the high and low state.

Logic one threshold: —1.1 V 0.1 V.

Logic zero threshold: —1.5V +0.1 V.

Input minimum pulse width: 5 ns.

Input maximum pulse repetition frequency: 50 MHz (typically
100 MHz at 50% duty cycle).

Input overioad protection: + 70 volts continuous, 200 volts inter-
mittent, 120 V ac for 30 seconds.

Power requirements: —5.2V +10%at 80 mA; supply overload pro-
tection for voltages from =7 to +400 volts.

Accessorles included: BNC to alligator clips, ground clip.

Accessories Available ~ Price
00545-60104 Tip Kit for 545A Probe $33
10525-60012 Tip Kit for 10525T Probe, 10526T Pulser $47
10525-60015 Pulse Memory for 10525T Probe $100

Ordering Information

545A Logic Probe $125
10525T Logic Probe $90
10525E Logic Probe $200
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Logic pulsers
Models 546A & 10526T

® |n-circuit stimulation without unsoldering
® Greatly simplifies digital troubleshooting
® High current, low duty cycle output

Logic Pulser

The Logic Pulser solves the problem of how to pulse ICs in digital
circuits for designers and troubleshooters. Merely touch the Pulser to
the circuit under test, press the pulse button and all circuits connected
to the node (outputs as well as inputs) are briefly driven to their oppo-
site state. No unsoldering of 1C outputs is required. Pulse injection is
automatic so the user need not concern himself whether the test node
is in the high or low state; high nodes are pulsed low and low nodes,
high, each time the button is pressed.

The Pulser is essentially a pulse generator with high output current
capability packed in a convenient, easy-to-use probe. Ability to source
or sink up to 0.65 Amperes insures sufficient current to override IC
outputs in either the high or low state. Output pulse width is limited
so the amount of energy delivered to the device under test is never
excessive. Additionally, the Pulser output is three-state so that the
circuit under test is unaffected until the Pulser is activated.

Combining in-circuit pulse injection with the unique detection ca-
pabilities of Logic Probes, Logic Clips, and the 547A Current Tracer
helps to focus new power on solving the problems of fault isolation.
Pulser /Probe, Pulser/Clip, and Pulser/Tracer combinations enable
the digital designer or troubleshooter to hold complete stimulus-re-
sponse capability at his finger tips.

Gate operation is tested using the Pulser todrive the input while the
probe monitors transmitted pulses at the output. When pulses are not
received, place the Pulser and Probe on the same pin to detect if the
failure is due to a short to ground or V...

Testing sequential circuits is the domain of the Logic Clip and Log-
ic Pulser. The Clip simultaneously monitors all output states while
the Pulser applies clock and reset pulses to the device. Improper oper-
ation, if present is immediately obvious since the 1C will not go
through its prescribed truth table.

Finally, when Pulsers are used with the 547A Current Tracer, the
Pulser acts as a current pulse source to find the exact location of
faulty gates on a node, solder bridges, or stuck devices on bus struc-
tures.

§46A Logic Pulser

Automatic polarity pulse output, pulse width, and amplitude make
for easy multi-family operation when you use the 546A Logic Pulser.
But, the real surprise comes when you code in one of its six ROM-
programmable output patterns (single pulses; pulse streams of either
1, 10, or 100 Hz; or bursts of 10 or 100 pulses). This feature allows
you to continually pulse a circuit when necessary, or it also provides
an easy means to put an exact number of pulses into counters and
shift registers. Used with our multi-family 1C Troubleshooters, the
546A acts as both a voltage and current source in digital trouble-
shooting applications.

® Automatic pulse width
® Automatic pulse amplitude
® Automatic pulse polarity

546A Specifications
Output

Typical Output Voltage
Family Output Current | Pulse Width HIGH LOW
TTL/DTL <650 mA 205 us >3Vdc <08Vdc
CMOS =100 mA 25.0 us V{supply) =1 Vdc =<0.5Vdc

Power supply requirements: TTL; 4.5 to 5.5 V dc at 35 mA,
CMOS; 3 to 18 V dc at 35 mA, protected to 25 V dc.

10526T Logic pulser

The economical 10526 T provides dependable single-shot operation
in TTL/DTL applications. Just press the pulse button, and the pulser
delivers a single powerful pulse of the correct pulse width, polarity
and amplitude.

10526T Specifications

Output high pulse voltage: >>2 V at 0.65 A (1 A typical at V ps =
5V, 25°C).

Output low pulse voltage: <0.8 V at 0.65 A (1 A typical at V ps =
5V, 25°C).

Output impedance, active state: <2 ohms.

Output impedance, off state: >1 Megohm.

Pulse width: 0.3 us nominal.

Input overload protection: + 50 volts continuous.

Power supply input protection: + 7 volts (includes power lead re-
versal protection).

Power requirements: 5V +10% at 25 mA.

Accessories included: BNC to alligator clips, ground clip.

Accessories Available Price
00545-60104: Tip Kit for 546A Pulser $33
10525-60012: Tip Kit for 10526T Pulser $47
10526-60002: Multi-Pin Stimulus Kit $30
Ordering Information

546A Logic Pulser $195
10526T Logic Pulser $115



® Troubleshoots three-state busses
® Solves the “Wired-AND” problem
¢ Displays in-circuit digital current flow

DIGITAL CIRCUIT TESTERS

Digital current tracer
Model 547A

s Pinpoints supply-to-ground shorts
e All family: 1 mA to 1A
s Finger-tip indicator

The 547A Current Tracer precisely locates low-impedance faults in
digital circuits by locating current sources or sinks. On a shorted
node, all points are stuck in one state by the short. Many similar
troubleshooting problems such as shorted wired-AND/OR configu-
rations, result in wasted time and excessive costs: several ICs have to
be removed before finding the bad one, and in the process the circuit
board may be damaged. Now, the 547A exactly pinpoints the one
faulty point on a node, even on multilayer boards. In addition, the
Tracer locates hairline solder bridges that manage to pass unnoticed
until a circuit is operated for the first time.

Constructed as a hand-held probe, the Tracer is a sophisticated in-
strument designed to troubleshoot circuits carrying fast rise-time cur-
rent pulses. The Tracer senses the magnetic field generated by these
signals in the circuit (or, provided by a Logic Pulser), and displays
transitions, single pulses, and pulse trains using a simple one-light
indicator. Because it is not voltage sensitive, the Tracer operates on
all logic families having current pulses exceeding 1 mA, and repeti-
tion rates less than 10 MHz, including CMOS, where even lightly
loaded outputs can have up to 2 to 3 mA of instantaneous charging
current.

Prior to introduction of the 547A, logic state indicators were limit-
ed to displaying voltage information. A node was HIGH, LOW, open,
or pulsing. When a node is stuck, however, it may be trying to change
state but isn’t able to cross threshold levels. Use of the Current Tracer
adds the final bit of information necessary to pinpoint just such logic
faults on bad nodes. For example, on a bad node the Tracer can verify
that the driver is functioning and also show where the problem is by

tracing current flow to the source or sink causing the node to be stuck.

To use the Tracer, simply align the dot on its tip at a reference
point, usually the output of a node driver. Set the sensitivity control to
indicate the presence of AC current activity. Then, trace the circuit to
see where current is flowing. As you probe from point to point or fol-
low traces, the lamp will change intensity, and when you find the fault
the Tracer will indicate the same brightness found at the reference
point.

547A Specifications
Input
Sensitivity:  mAto 1 A.
Frequency response: light indicates single-step current transi-
tions; single pulses =50 ns in width; pulse trains to 10 MHz (typi-
cally 20 MHz for current pulses =10 mA).
Rlsetime: light indicates current transitions with risetime <200 ns
at 1 mA.
Power supply requirements
Voltage: 4.5 to 18 V dc.
Input current: <75 mA.
Maximum ripple : =500 mV above 5 V dc.
Overvoltage protection: * 25 Vdc for one minute.

547A Digital Current Tracer $375
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Logic clips
Models 548A & 10528A

¢ Displays IC logic states at a glance
e Self-powered, self-contained

Logic Clips

The Logic Clip is an extremely handy service and design tool which
clips onto dual-in-line-package (DIP) ICs, instantly displaying the
states of up to 16 pins. Each of the clip’s 16 LEDs independently fol-
lows level changes at its associated pin. Lit diodes are logic High,
extinguished diodes are Low.

The Logic Clip’s real value is in its ease of use. It has no controls to
set, needs no power connections, and requires practically no explana-
tion as to how it is used. The clip has its own gating logic for locating
ground and V. pins and its buffered inputs reduce circuit loading.

The Logic Clip is much easier to use than either an oscilloscope or a
voltmeter when you are interested in whether a circuit is in the high or
low state, rather than its actual voltage. The Clip, in effect, is 16 bina-
ry voltmeters, and the user does not have to shift his eyes away from
his circuit to make the readings.

The intuitive relationship of the input to the output—Ilighted diodes
corresponding to high logic states—greatly simplifies the trouble-
shooting procedure. The user is free to concentrate his attention on
his circuits, rather than on measurement techniques. Also, timing re-
lationships become especially apparent when clock rates can be
slowed to about | pulse per second.

When used in conjunction with the Logic Pulser, the Logic Clip
offers unparalleled analysis capability for troubleshooting sequential
circuits. The Clip attaches to the IC to be tested: the Pulser is then
used to inject pulses between gates allowing it to supply signals to the
IC under test absolutely independent of gates connected to the IC. All
outputs may then be observed simultaneously on the Logic Clip. De-
viations from expected results are immediately apparent as the Pulser
steps the IC through its truth table.

548 Multi-family Logic Clip
Fully automatic, protected to 30 V dc, and employing bright indi-
vidual LED:s in its display, the 548A brings multi-family operation to

® Sees up to 16 pins at a glance
® Easily verifies device truth table

the HP line of IC Troubleshooters. The Clip can be externally
powered, if desired, using a simple power connector.

548A Specifications

Input threshold: (=0.4 x Supply Voltage) = Logic High.

Input impedance: 1 CMOS load per input.

Input protection: 30 V dc for 1 minute.

Supply voltage: 4-18 V dc across any two pins.

Auxiliary supply input: 4.5 to 18 V dc applied via connector. Supply
must be =1.5 V dc more positive than any pin of IC under test.
Supply current: <50 mA.

10528A Logic Clip

Protection to +7 V dc, automatic operation, and low circuit loading
in TTL/DTL applications helps make the 10528 A a valuable replace-
ment for more expensive test equipment like scopes and voltmeters.
The clip is, in effect, like 16 binary voltmeters, allowing the user to
look at the circuit rather than having to shift his attention toward test
equipment.

10528A Specifications

Input threshold: 1.4 £0.6 V; TTL or DTL compatible (except gates
with expander inputs).

Input impedance: one TTL load (—1.2 mA typical) per input.
Input protection: voltages <—1 V or >7 V must be current limited
to 10 mA.

Supply voltage: 5 V +10% across any two or more inputs.
Maximum current consumption: 120 mA.

Ordering Information
548A Logic Clip
10528A Logic Clip

Price
$165
$130



* Finds faulty nodes
® Dramatically cuts troubleshooting time
I Performs in-circuit IC testing with no unsoldering

The Model 10529A Logic Comparator checks the operation of doz-
ens of ICs in less than a minute per IC. The Comparator clips onto
powered TTL or DTL ICs and detects functional failures by compar-
ing the in-circuit test IC with a known good reference IC inserted in
the Comparator. Any logic state difference between the test IC and
reference IC is identified to the specific pin(s) on 14- or 16-pin dual
in-line packages on the Comparator’s display. A lighted LED corre-
sponds to a logic difference. The Logic Comparator can save consid-
erable time in locating a faulty IC. There are no controls to be set and
no power connections.

The procedure is very simple. First the IC to be tested is identified.
An IC of the same type is placed in the Comparator’s IC socket, or a
reference board with an IC of the same type is inserted in the Compa-
rator. The Comparator is clipped onto the test IC, and an immediate
indication is given if the test IC operates differently from the refer-
ence IC. Even very brief dynamic errors are detected, stretched, and
displayed.

The 10529A operates by connecting the test and reference IC in-
puts in parallel; thus the reference IC is exercised by input signals
identical to those of the test IC. The outputs of the two IC’s are com-
pared; any differences in outputs are detected, and LEDs correspond-
ing to the particular pin are lit on the Comparator’s display.
Intermittent errors as short as 300 nanoseconds (using the socket
board) are detected, and the error indication on the Comparator’s
display is stretched for a visual indication. A failure on an input pin,
such as an internal short, will appear as a failure on the IC driving the
failed IC; thus a failure indication actually pinpoints a malfunction-
ing node.

Programming for the specific IC is easily accomplished by two dif-
ferent methods. First, the socket board included with the Comparator
is inserted in the Comparator drawer. Outputs of the particular IC to
be tested are selected via 16 miniature switches which tell the Compa-
rator which pins of the reference IC are inputs and which are outputs.
The reference IC is then inserted into the socket and locked into
place. An IC may be set up in seconds. Alternatively, if specific IC
types are to be tested repeatedly, the reference IC may be soldered
into one of the 10 reference boards provided with the Comparator.
The reference board is programmed by opening the connections be-
tween the tests and reference ICs outputs and solder-bridging V.. and
ground.

DIGITAL CIRCUIT TESTERS

Logic comparator
Model 10529A

® Easy-to-use comparison technique
® Versatile “socket board” included for seldom-tested
IC's

When troubleshooting you want to know that the tester is operating
properly. A test board is supplied with the Logic Comparator for this
purpose. When inserted in the comparator the test board exercises all
of the circuitry, test leads, and display elements to verify proper oper-
ation.

The Logic Comparator’s ease of use and small size make it an in-
valuable addition to the troubleshooter’s test gear either in the field or
in the factory. With TTL and DTL failures that are functionally re-
lated, the Comparator can find bad nodes many times faster than
conventional signal tracing techniques. At its low price, the Logic
Comparator can pay for itself in days.

1054 1A; twenty additional blank reference boards; identical to the
10 boards provided with the Logic Comparator, they allow additional
ICs to be programmed for Comparator testing.

1054 1B: twenty preprogrammed reference boards; 20 of the most
common TTL ICs already programmed and ready for use with the
Logic Comparator. The 10541B includes the following ICs: 7400
Quad 2-input NAND; 7402 Quad 2-input NOR; 7404 Hex inverter;
7408 Quad 2-input AND; 7410 Triple 3-input NAND; 7420 Dual 4-
input NAND; 7430 8-input NAND; 7440 Dual 4-input NAND buff-
er; 7451 Dual 2-wide, 2-input AND-OR-INVERT; 7454 4-wide, 2-
input AND-OR-INVERT; 7473 Dual J-K master-slave flip-flop;
7474 Dual D flip-flop; 7475 Quad bistable D latch; 7476 Dual J-K
flip-flop with preset and clear; 7483 4-bit binary full adder; 7486
Quad 2-input exclusive-OR; 7490 Decade counter; 7493 4-bit binary
counter; 74121 Monostable multivibrator; 9601 Monostable multi-
vibrator, retriggerable.

10529A Specifications

Input threshold: 1.4 V nominal (1.8 V nominal with socket board),
TTL or DTL compatible.
Test IC loading: outputs driving Test IC inputs are loaded by 5 low-
power TTL loads plus input of Reference IC. Test IC outputs are
loaded by 2 low-power TTL loads.
Input protection: voltages <<—1 V or >7 V must be current limited
to 10 mA. '
Supply voltage: 5 V +10%, at 300 mA.
Supply protection: supply voltage must be limited to 7 V.
Maximum current consumption: 300 mA.
Sensitivity
Error sensitivity: 200 ns with reference board or 300 ns with socket
board. Errors greater than this are detected and stretched to at least
0.1 seconds.
Delayed variation immunity: 50 ns. Errors shorter than this value
are considered spurious and ignored.
Frequency range: maximum operational frequency varies with duty
cycle. An error existing for a full clock cycle will be detected if the
cycle rate is less than 3 MHz.
Accessories included: 1 test board; 10 blank reference boards; 1
programmable socket board; | carrying case.

Accessories Available Price
10541A; Twenty Blank Reference Boards for the Logic $95
Comparator
10541B: Twenty Pre-programmed Boards for the Logic $195
Comparator

$525

10529A Logic Comparator
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Logic Troubleshooting Kits
Models 5011T, 5015T, 5021A, 5022A, 5023A & 5024A

* Complete multi-family kits
* Stimulus-Response capability
® [n-circuit fault finding

547A/546A

548A/546A

® In-circuit analysis
* Dynamic and static testing
* Multi-pin testing

Used individually, each of HP’s IC Troubleshooters provide their
own unique and important troubleshooting function. Together they
become invaluable stimulus-response testing partners that help pin-
point faults and ensure fast non-destructive repair of digital circuits.

To help you take advantage of the usefulness of the IC Trouble-
shooters, HP has packaged them into kits which offer both ordering
convenience, and cost savings. Also, handy applications information
is available, such as AN-163-1, “Techniques of Digital Troubleshoot-
ing”, to help users derive maximum benefit from these instruments.

The table below shows a series of typical node and gate faults and
the combination of tools used to troubleshoot the circuit. As with all
sophisticated measuring instruments, operator skill and circuit
knowledge are key factors once the various clues, or “bits” of informa-
tion are obtained using the IC Troubleshooters.

To accomplish troubleshooting at the node and gate level, both
stimulus (Pulser) and response (Probe, Tracer, Clip and Compara-
tor) instruments are needed. Moreover, instruments with both voltage
and current troubleshooting capability help isolate electrical faults
where the precise physical location is hard to identify.

The S47A Current Tracer, the latest and most sophisticated of
these troubleshooters, lets you “see” current flow on nodes and buses
that otherwise appear stuck at one voltage level. Used with the 546A
Pulser, stimulus-response testing is now also possible in the current
domain.

FAULT STIMULUS RESPONSE TEST METHOD

@ Pulse shorted node
@ Foltow current pulses to
short

@ Puise bus line(s)

@ Trace current to device
holding the busin a
stuck condition

@ Pulse and probe test point
simultaneously

® Short to Vec or Ground
cannot be overridden by
pulsing

@ Pulse test point, and
follow current pulses to
the short

@ Remove power from circuit
under test

o Disconnect electrolytic

Supply to Ground Pulser Current Tracer bypass capacitors

Short o Pulse across Ve and ground
using accessory connectors
provided

@ Trace current to fault

@ Pulse device input(s)
@ Probe output for response

@ Puise suspect line(s)

@ Trace current pulses to
the fault

@ Light goes out when solder
bridge passed

o Circuit clock de-activated

@ Use Pulser to enter desired
number of pulses

@ Place Clip on counter or
shift register and verify
device truth table

Shorted Node' Pulser? Current Tracer

Stuck Data Bus Pulser? Current Tracer

Signal Line Short Pulser Probe,
to Vee or Ground Current Tracer

Internally Pulser? Probe

OpenIC

Solder Bridge Pulser? Current Tracer

Sequential Logic
Fault in Counter Pulser Clip
or Shift Register

1. A node is an interconnection between two or more IC's.
2. Use the Pulser to provide stimuius or uge normal circuit signals, whichever is most convenient.
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5022A

5011T

=,

10525-60012
IC Troubleshooter Kits Selection Guide

105626-60002

5454 546A 547A 5488 | 10525T | 10526T | 10528A | 10529A
10541B 10541A TTL/CMOS | TTL/CMOS | TTL/CMOS | TTL/CMOS|  TTL m m m
Probe Pulser | Current Clip Probe | Pulser Clip | Comparator
Tracer
Ordering Information Price prepe " " X "
5021A TTL/CMOS Troubleshooting Kit $485 -
Includes: 5015T Kit X X X
545A Logic Probe 5021A Kit X X X
546A Logic Pulser 5022A Kit X X X X
548A Logic Clip 5023AKit | X X X X X
Size: 64 Hx 146 W x 298 mm D(2.5"X5.75”X 1 1.75”). 5024A Kit X X X
Weight: net, 0.6 kg (13 oz). Shipping, 0.72 kg (16 o0z).

5022A TTL/CMOS Troubleshooting Kit

Includes:

545A Logic Probe

546A Logic Pulser

547A Current Tracer

548A Logic Clip

Size:64 Hx 146 W x 298 mm D (2.5 x 5.75" x 11.75").
Weight: net, 0.43 kg (15 oz). Shipping 0.51 kg (11b 2
0z).

5023A TTL/CMOS Troubleshooting Kit

Includes:

545A Logic Probe

546A Logic Pulser

547A Current Tracer

548A Logic Clip

10529A Logic Comparator

Size: 225 H x 200 W x 337 mm D (8.875" x 7.875" x
13.25").

Weight: net, 1.64 kg (3 Ib 10 oz). Shipping, 2.12 kg (4
b 12 oz).

5024A TTL/CMOS Troubleshooting Kit

Includes:

545A Logic Probe

546A Logic Pulser

547A Current Tracer

Size:64 Hx 146 W x 298 mm D (2.5” x 5.75" x 11.75").
Weight: net, 0.54 kg (12 oz). Shipping, 0.43 kg (15 oz).

$830

$1330

$670

5011T TTL Troubleshooting Kit

Includes:

10525T Logic Probe

10526T Logic Pulser

10528A Logic Clip

10529A Logic Comparator

Size: 82.6 H x 203 W x 311.2 mm D (3.25" x 8” x
12.25").

Weight: net, 1.36 kg (3 Ib). Shipping, 2.27 kg (5 Ib).
5015T TTL Troubleshooting Kit

Includes:

Model 10525T Logic Probe

Model 10526T Logic Pulser

Model 10528A Logic Clip

Size:64 Hx 133 W x 286 mm D (2.5” x 5.25" x 11.25").
Weight: net, 0.63 kg (1 1b 6 0z). Shipping, 0.74 kg (1 1b
10 oz).

Accessories Available

00545-60104: Tip Kit for 545A Probe, and 546A
Pulser

10525-60012: Tip Kit for 10525T Probe, 10526T
Pulser

10525-60015: Pulse Memory for 10525T Probe
10526-60002: Multi-pin Stimulus Kit for Logic Pulsers
10529-60006: External Reference Kit for 10529A
Comparator

10541A: Twenty blank reference boards for 10529A
Comparator

10541B: Twenty pre-programmed reference boards for
10529A Comparator

$790

$315

Price
$33

$47
3100
$30
$200
$95

$195
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Signature Analyzer, a uP service solution
Model 5004A

® Field troubleshoot microprocessor-based products to
the component level
* Improve the confidence level of field service

5004A

The Product

The HP 5004A Signature Analyzer is a tool for field troubleshoot-
ing of complex logic circuits. It recognizes and displays unique digital
signatures associated with data nodes in a circuit under test. By com-
paring these actual signatures to the correct ones, a service technician
can back-trace to a faulty node. The technique is especially useful in
checking operation of microprocessor-based products and high-speed
state machines, where data streams are long and complex and where
there are no conventional means to troubleshoot to the component
level.

By designing or retrofitting the digital portion of a product with the
Signature Analyzer in mind, a manufacturer can provide field troub-
leshooting procedures for component level repair, without having to
invest in a board exchange program, or in expensive special-purpose
equipment.

Signature Analysis is also attractive for production line trouble-
shooting. The 5004A can detect speed-related failures in assembled
systems, which may not have been caught by subassembly testers.

The Technique

HP’s patented Signature Analysis technique enables the S004A to
display a compressed, four-digit “fingerprint” of the data stream pre-
sent at a node. This signature is generated from a linear feedback
shift register in the 5004A, and is unique for a specific good node.
Any fault associated with a device on that node will force a change in
the data stream and, therefore, result in an erroneous signature.

The 5004A utilizes a 16-bit shift register, with maximal-length
feedback taps. The data stream being measured is summed, modulo

* Reduce warranty and service support costs
¢ Reduce the end-user’'s cost of ownership

y

2, with the register feedback. The resulting probability of detecting
an erroneous data stream is 99.998%. More importantly, the prob-
ability of detecting a single-bit error in a data stream is 100%. Signa-
ture Analysis detects time-related faults, such as mid-cycle displaced
bits, which are not detectable by traditional transition and ones
counting techniques.

The 5004A does not require programming, since the test stimulus is
stored in the product under test. Gating and clock signals are also
derived from the product under test.

The Application
For a product which has been designed and documented for Signa-
ture Analysis, troubleshooting typically consists of:
® Switching the product to be tested into a test mode of operation.
® Attaching the 5004A’s START, STOP, CLOCK, and GND
leads to the test points of the product to be tested (no board or
component removal required).
® Probing circuit nodes and observing the signatures displayed on
the S004A.
® Comparing them to correct signatures preprinted on a schematic
or troubleshooting procedure in the service manual of the product
under test.
® [solating a faulty node by observing an erroneous signature.
® Tracing signatures back through gates and memory elements, un-
til an element with correct inputs and faulty outputs is isolated.
® Replacing only the faulty component.
These steps can be performed quickly on-site, at a field service fa-
cility, or on a production line.



Designing for Signature Analysis

Use of the 5004A Signature Analyzer requires that some test fea-
tures be designed or retrofitted into the product to be tested.

First, a short repetitive test stimulus should be stored in the pro-
duct’s ROM. The routine simulates circuit nodes, generating signa-
tures detectable by the S004A. It needs only to force a state change on
each node, and does not have to create meaningful data. This stimulus
can be merged with the product’s self-check program, and enabled by
a switch or jumper.

Second, data feedback paths should be opened, during part of the
troubleshooting procedure, by switches, connectors, or disabling soft-
ware. This prevents a fault from feeding back around, perturbing all
data nodes.

Third, gating signals (START, STOP, CLOCK) should be brought
out to test points for Signature Analyzer hookup.

HP Application Note 222, A Designer’s Guide to Signature Analy-
sis, provides examples and advice on designing products to be serviced
by the S004A.

Operational Features

The active DATA PROBE isalsoa TTL Logic Probe, similar to the
HP 545A, indicating high, low, bad-level, and pulsing states, for addi-
tional troubleshooting information.

The gating inputs (START, STOP, and CLOCK) are brought out
to an active pod, for fast response and low circuit loading.

Front-panel controls allow selection of either rising or falling edges
of start, stop, and clock waveforms.

The GATE light indicates proper start/stop gating operation.

The UNSTABLE SIGNATURE light indicates a difference be-
tween successive signatures, alerting the user to intermittent faults,
which may not be observed from the display.

The HOLD/RESET controls allow observation of signatures asso-
ciated with one-shot operations, such as power-on routines.

The front-panel SELF-TEST feature allows go/no-go checkout of
the entire Signature Analyzer, including probe, pod, and cables, in-
creasing confidence in on-site service.

5004A Specifications

Display
Signature: four-digit hexadecimal.
Characters: 0,1,2,3.4,5,6,7,8,9,A,C,F.H,P,U.
GATE, UNSTABLE SIGNATURE indicators:
Panel lights
Stretching: 100 ms.
Probe-tip indicator: light indicates high, low, bad-level and pulsing
states.
Minimum pulse width: 10 ns.
Stretching: 50 ms.
Probability of classifying correct data stream as correct: 100%.’
Probability of classifying faulty data stream as faulty: 99.998%.
Minimum gate length: | clock cycle.
Minimum timing between gates (from last STOP to next
START): | clock cycle.
Data Probe
Input impedance: 50 kQ to 1.4 V, nominal. Shunted by 7 pF, nomi-
nal.
Threshold
Logic one: 2.0 V +0.1 —0.4
Logic zero: 0.8V 4+0.4 —0
Setup Time: 15 ns, with 0.2 V over-drive. (Data to be valid at least
15 ns before selected clock edge).
Hold Time: 0 ns (Data to be held until occurrence of selected clock
edge).

MEASUREMENT GATING EXAMPLE, POSITIVE -EDGE START, STOP. AND CLOCK

CLOCK _J_mm

|
I
START, Jl l

|
|
|
T

i
STOP. |
|

|

.

Gating Input Lines
START, STOP, CLOCK inputs
Input impedance: 50 2 to 1.4 V, nominal. Shunted by 7 pF, nomi-
nal.
Threshold: 1.4 V £0.6 (0.1 V hysteresis, typical).
START, STOP Inputs
Setup time: 25 ns. (START, STOP to be valid at least 25 ns before
seleeted clock edge).
CLOCK Input
Maximum clock frequency: 10 MHz
Minimum clock time in high or low state: 50 ns.
Overload protection (all inputs): =150 V continuous. =250V in-
termittent. 250 V ac for 1 minute.
Operating Environment
Temperature: 0°C—55°C.
Humidity: 95% RH at 40°C.
Altitude: 4,600 m.
Power Requirements: 25 VA max. See Options below for power
line voltage and frequency.
Weight: net, 2.5 kg (5.5 1b.) Shipping 5 kg (11 Ib.)
Size: 90 H x 215 W x 300 mm D (3.5” x 8.5” x 12”). Dimensions
exclude bale, probe and pouch.

5004A Signature Analyzer

Opt 910. Extra manual

Orders must specify one of these power line options.
Opt 100. 100 V ac line, +5%, —10%, 48-440 Hz
Opt 120: 120 V ac line, +5%, —10%, 48-440 Hz
Opt 220: 220 V ac line, +5%, —10%, 48-66 Hz
Opt 240: 240 V ac line, +5%, —10%, 48-66 Hz

$1100
add $11.50
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Microprocessor Exerciser, for S.A. Retrofit
Model S001A

® External Stimulus for Troubleshooting with Signature
Analysis
® 51 Preprogrammed test stimuli

IR . N R T

MR i R e

5001A with 5004A

Description

The 5001 Microprocessor Exerciser series provides a source of ex-
ternal test stimulus for microprocessor-based products. The 5001A
enables 6800-based products to be retrofitted for Signature Analysis,
in both the free-run and stimulus modes. To use it, the operator re-
moves the 6800 from its socket in the product under test, places it into
the 5001A, and plugs the 5001A into the vacant socket. The 5001A
then runs test stimulus programs from its own ROM after taking con-
trol of the buses of the product under test. The operator uses a Signa-
ture Analyzer to take signatures at designated circuit points for each
selected stimulus.

Preprogrammed Test Stimuli

Front panel switches on the 5001A allow selection of any of 51 pre-
programmed tests which are stored in its ROM. These test stimuli
include:
® A test of the 6800 instruction set and interrupts.
® A free-run test for address and data bus integrity.
® ROM read tests.
® RAM read-write tests.
s Output port pattern tests.
® Input port pattern tests.
Upon selection of a preprogrammed test stimulus, the 5001A uses the
6800 to execute the instructions on the product under test, repeti-
tively. These tests have been designed to cover most of the stimuli
required to test a microprocessor-based product with Signature
Analysis.



—
NUMBER | TEST RANGE LB IE R
a0 MPU  6RO0 INSTRUCTION SET INTERRURTS

o BUSES" FREE-RUN

o2 RAM R/W H5800 DIRECT ADDRESSING RANGE

03 RAM R/W MULTIPLE PATTERNS

04 (CHECKERBOARD HNVERSE.

05 ADDRESS-AS~DATA RANGE

08 SELECTED BY TESY

or RAM R/W ADDRES: S-DATA

08 RAM. R/W ALTERNATING CHECKERBOARD

09 RAM. WRITE CHECKERBOARD THEN FRH ~RL ”«

10714 /0 WRITE PATTERAS TO QUALIFIED

12713 ] 140 READ STIMULUS FROM QUALIFE
14715 | ROM. READ QUALIFIED DATA

16717 ] ROM: BUS SIGNATURE (PIN X0
18.19 | S00'A° SELF EXERCISE

20-51 ROM ™ READ ANY 2K ADDRESS RANGE
*H TEST NUMBESR |NDIL,A7! 5 /\UDRi 58 RANGE
20=0000 07 FROO FFFF

SIGNATURE ANALYZER SETUP FOR ALL TESTS
START =RISING EDGE ./
STQP = FALLING EDGE 1\
CLOCK = RISING EDGE

Front panel menu for the 5001A outlines the 51 preprogrammed
test stimuli available for Signature Analysis testing on 6800-
based systems.

Custom Test Stimuli
For those portions of the product under test which require stimulus
beyond that provided by the preprogrammed routines, the 5001A can
be used to run custom programs. It has a socket which allows instruc-
tions to be executed from a custom programmed ROM. The user
writes stimulus programs, generates a PROM containing 6800 code,
and places it into the 5001 A to execute up to 2K bytes of external
stimulus. Typical custom tests would be:
e Configuration and stimulus for PIA’s.
® Pattern stimuli for sequential logic which is outboard of output
ports.
® Go/no go functional tests.
A unique address overlay scheme makes both internal and external
ROM programs independent of the memory map of the product un-
der test.

Single-Signature Tests

Some preprogrammed stimuli are designed to provide pass/fail in-
formation on a particular part by means of a single signature. For
example, RAM test number 02 requires taking only one signature to
verify the RAM being tested. It does not require taking signatures on
any RAM pins. Custom programs can also take advantage of this
feature.

Qualified Stimuli

Some stimuli utilize a “qualify” line to recognize the address of a
particular part to be tested. For example, the output port tests call for
the qualify line to be connected to the chip-enable pin of the port to be
tested. The microprocessor searches its address field until that chip is
enabled (and the qualify line asserted) then writes all possible pat-
terns to that port, repetitively.

Bus Signatures

The 5001A can read data from the product under test, as well as
write patterns into it. Some stimuli utilize this feature to read bus
data, serialize it, and output a single bit stream. The signature of this
signal is a “bus signature”, which saves taking eight separate data bus
signatures. For example, one of the ROM tests causes the 6800 to
read all data from a particular ROM chip, convert it to a serial bit
stream, and present that signal to one of the 5001A output pins. The
signature on that pin indicates whether the ROM chip is good or bad.

Input Port Stimuli

The 5001A has eight output lines under microprocessor control.
These can be used to stimulate input ports on the product under test.
For example, the input port tests cause the 6800 to read from a quali-
fied port, while externally stimulating that port with all possible 8-bit
patterns. Data bus signatures then verify operation or failure of the
port.
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5001A Specifications

Main Interface to Product Under Test (Ribbon Cable)
Clock Input Frequency with ROM select switch set to:
INT (internal preprogrammed ROM): 1.5 MHz maximum
EXT (external custom ROM): Up to 2.0 MHz, depending upon
type of ROM.
Output drive capability
Ag-A,s, Dg-D,, R/W, VMA: Drive 1 TTL load
BA: Direct from microprocessor
Input ioading
Dy-D;, DBE: 0.25 TTL load NOMINAL
TSC: Direct to microprocessor
HALT, IRQ, NMI, RES: No load

External Stimulus:
Xo-X; outputs: Drive 3 TTL loads

Qualifier Input:
0,: 0.5 TTL load NOMINAL

Signature Analyzer Interface:
Start, Stop: Drive 3 TTL loads
Clock: Drives 5 TTL loads

Q.- Unbuffered Q,,

General:

Operating temperature: 0-55°C

Power requirements: +5Vdc +5%, 550 mA NOMINAL exclud-
ing the microprocessor and external (custom) ROM

Shipping weight: 1.36kg (3 Ibs)

_ Size: 235 mm long x 140 mm wide x 26 mm high (9.25" x 9.5" x 1")

Furnished Accessories

Ribbon cable to interface with the microprocessor socket of the
product under test.

Connector clips and leads for the external stimulus port, qualify
input, and external power input.

Plastic storage/carrying case.

5001A Microprocessor Exerciser $900
Option 910: Additional Manual $15
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Digital Education Courses
Models 5035A, 5035T Logic Labs

5035T Complete Logic Lab

Learn logic . . . the practical way. HP’s Model 5035T Logic Lab com-
bines theory and lab so you’ll learn digital logic quickly, enjoyably,
and memorably. Start by building simple circuits and work up to
complete numerical readout clocks. Adopted by schools, industrial
firms and individuals who want to keep up with the changing world of
electronics, and enjoy doing it.

5035T Logic Lab Ordering Information
Includes
5035A Mainframe with removable breadboard (see below)
“Practical Digital Electronics” —An Introductory Course
® Complete textbook
® 26 Experiment Workbook
TTL/DTL Test Instruments
® 10525T Logic Probe
® 10526T Logic Pulser
® 10528A Logic Clip
Wire and Component Kit

® 32 TTL, MSI, LSI ICs

® 285 Pre-stripped Wires

® 4 Large LED numerical displays

® [C Remover
Accessories Available Price
1258-0121: Additional Breadboard Assembly $67.50
10656A: Set of 10 “Practical Digital Electronics” An $150
Introductory Course—Texts and Lab Workbooks
10657A: Additional Component and Wire Kit $150
5035T Logic Lab $900

5035A Logic Lab Mainframe

The 5035A Logic Lab Mainframe brings convenience and flexibil-
ity to breadboarding by allowing solderless connection of new circuit
ideas. Fully self-contained, the mainframe has a 5-volt 1-amp power
supply, two clocks, four LED indicators, six data switches, two 5-volt
BNC connectors, and a handy removable breadboard. To use it, just
connect up circuits using standard 24-gauge wire, then power up ei-
ther one or several breadboards to quickly and easily verify new cir-
cuits ideas before incurring expensive PC board layout and rework
charges.

5035A Mainframe Ordering Information

Power supply: 5 volts = 5%, over 0-1 Amp range; 10 mV rms ripple
maximum. Continuous short circuit protection.

Data switches: 6 bounceless slide switches for TTL high/low out-
puts.

LED indicators: 4 high/low indicators.

Clocks: 2 independent; 1 Hz and 100 kHz.

Breadboard assembly (HP part number 1258-0121): removable.
Interconnections: all power supply, data switch, LED indicator,
and component contact points may be interconnected by standard 24-
gauge hook-up wire.

Power requirements: 100/120/220/240 V ac +5, —10% 50 or 60
Hz line frequency; 30 watts max; 0°C-55°C.

Size: mainframe, 311 H x 89 W x 267 mm D (3" x 12%” x 10%").
Breadboard assembly: 165 H x 114 W x 13 mm D (6'," x 4%" x %}").
Weight: net, 5.9 kg (13 Ib). Shipping, 6.9 kg (15.13 1b).

Accessories Available Price
1258-0121: Additional breadboard assembly $67.50
1540-0258: Heavy duty, padded vinyl carrying case $57.50
05035-60006: Wire interconnect kit (258 prestripped, $15

assorted length and color, 24 gauge hook-up wires)
5035A Logic Lab $475



® Covers hardware, scitware and troubleshooting in one
course.

® A practical, hands-on course for the general technical
community.

DIGITAL CIRCUIT TESTERS

Microprocessor Lab
Model 5036A

Computer

Museum

Staying Current with Technology

The microprocessor represents an extension of electronics technol-
ogy into areas previously dominated by mechanical devices, older
electronic or electrical means, or even hydraulics. This means more
versatile, less expensive electronic tools are rapidly replacing older
less efficient equipment. However, repair of microprocessor-based
systems by engineers, scientists and technicians trained on older
equipment is a problem area ignored until now.

The microprocessor presents a repair problem due to its complexity,
and because it is used in so many diverse products. Repair of these
microprocessor products is currently a challenge to manufacturers.
Little imagination is required to anticipate ficld repair problems with
great quantities of microprocessor-based products like the following:
- Traffic Controller - Pipeline Control System
- Typesetter - Medical Instrumentation
- POS Terminal - Telephone Exchange
- Tire Balancer - Taxi Meter
- Photo Finisher - Oceanographic Telemeter
- Test Instruments - Elevator Control System

There are great numbers of scientists and engineers who can con-
tribute to solving this problem by learning about both the hardware
and software in microprocessor systems, and there is a virtual army of
technicians who need to learn to troubleshoot them. The 5036A Mi-
croprocessor Lab provides both the hardware and software basics and
vital troubleshooting information needed to solve the microprocessor
puzzle.

To help fully understand how to repair faulty microcomputer sys-
tems, a user should understand both software and hardware. The
5036A course book, Practical Microprocessors, covers both areas in
detail in separate chapters containing summaries, hands-on experi-
ments and quizzes. Once these chapters are completed, the course
builds up to a series of troubleshooting experiments employing recom-
mended accessory troubleshooting instruments that challenge the
user and reinforce major microprocessor operating concepts.

In addition to microcomputer basics, the book contains information
on the use of oscilloscopes, signature analyzers, logic analyzers, logic
probes and many other topics.

A practical hands-on course, Practical Microprocessors, removes
the mystery from this exciting area and helps the user become current
in a subject bound to be required knowledge in most engineering, sci-
entific and technical disciplines for years to come.

5036A Major Features

® Multi-colored block diagram PC board graphics illustrate system
organization to enhance learning.

® Multiple-experiment troubleshooting chapter highlights 1C Troub-
leshooters such as 545A Probe, 546A Pulser, 547A Current Tracer
and 5004A Signature Analyzer.

® Plug-in jumpers create real hardware faults that allow realistic
troubleshooting practice.

® Complete resident software.
- Easy program entry and modification.
— Program debugging aids.
— Interesting demonstration programs.
— Built-in signature analysis and self-test routines.
— 1K-Byte of user program space.

® Large, easy-to-read displays.

® Dual 5-Volt power supplies, plus edge connectors for expanda-
bility.

® Software-controlled speaker.

® LED monitors on all data, address, status and output lines.

Ordering Information

5036A Microprocessor Lab and Power Supply mount-
ed in briefcase, plus Practical Microprocessors text and
lab book.

Price
$900

Recommended Accessories for
Troubleshooting Experiments:

5024A Logic Troubleshooting Kit; includes 545A
Probe, 546A Pulser, 547A Current Tracer and vinyl
case.

5004A Signature Analyzer

$670

$1,100
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Introduction

Continuing Evolution
in the Data Domain

In a seemingly overnight conversion, elec-
tronics of the 70’s switched primary alle-
giance from analog to digital design. Now
there is an equally rapid adoption of proces-
sor-based designs for the majority of these
digital implementations. New disciplines are
appearing, which in turn require new tools.
By necessity, the new tools lag behind the
need, but the frequency of appearances of
“the latest answer to your measurement
needs” is so great that the task of “keeping
up” is becoming a formidable task for elec-
tronics engineers and digital designers.

The evolutionary pressure which created
the need for new answers is felt by the instru-
ment designers as well as the users. Hewlett-
Packard continues to be one of the leaders in
developing new tools to meet the ever-chang-
ing needs of the electronics industry. In 1973,
HP introduced a Logic State Analyzer to
provide a growing population of digital de-
signers with a window on the parallel flow of
binary data. Today, HP has a family of logic
analyzers and a universal logic development
system which cover a wide spectrum of mea-
surement capabilities to serve users engaged
in design, production, and service of digital
products.

The Electronic Bench

The many people who design, manufac-
ture, and service HP products also use these
same instruments in their day-to-day work.
This situation creates a loop of constant and
immediate feedbacks which results in inno-
vative answers to measurement problems.
Frequently, new measurement features are
the end result of a designer at one work bench
providing a solution for a problem of a de-
signer at the next bench.

A basic understanding of measurements
needed for logic systems is reflected in such
functional analysis concepts as cross-bus
analysis and glitch triggers. An awareness of
how instruments are actually used led to the
development of operator interfaces that meet
the needs of the experts while still serving the
novices. Menu-driven instrument control
simplified the operation of second-generation
logic analyzers in 1976.

Syntax-driven soft keys were introduced in
1979 with the logic development system,
greatly simplifying both learning and use of a
powerful operating system for software de-
velopment. Major steps have been taken to-
wards the “electronic bench” of the future,
which will accommodate a wide variety of
design, development, and troubleshooting
tasks on a multistation configuration sharing
a common data base with other electronic
benches.

Analysis Tools for

Logic Systems

Logic systems are built from two basic ele-
ments: hardware and software. If you were to
design and build a logic-based unit “from the
ground up”, the sequence of steps you would
take are likely to be those shown in figure 1.
Ideally, you would complete each step in
turn, but practically, you will have to return
to an earlier process and retrace your steps
many times. For instance, a malfunction at
the point of integrating hardware and soft-
ware could send you back to check the con-
trol lines or to verify that the data lines, the
controlled circuits, are transmitting the state
flow properly. Different analysis instruments
are optimal for different phases in develop-
ment of a logic system. Digital volt meters
(DVMs) and oscilloscopes are useful in the
initial steps of creating the hardware base, to
assure that the circuits do indeed work, and
within the limits you prescribe for timing and
other electrical parameters.

As the system becomes more fully defined,
you need analysis tools that give you a great-
er overview of system performance. You have
verified that each separate line functions, but
now you must concern yourself with many
lines operating together. A logic timing ana-
lyzer is now the optimal tool, to view activity
on circuits operating concurrently, asynchro-
nously and synchronously.
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Figure 1. There are eight major functions in constructing a logic system. Different measurement instruments are appropriate for various
stages, and no single instrument meets all measurement needs. Each function must be accomplished once, but, in most cases, it is
necessary to return to an earlier step several times.

You now must generate code to be used
with your hardware. The logic development
system is the tool for software design; and, if
your logic system employs a microprocessor,
you can emulate your final logic system even
when no hardware exists. With the initial
software completed, the logic state analyzer
is the optimal instrument for checking the
state flow, the sequence of states on parallel,
synchronous data and address lines. The log-
ic state analyzer serves as a diagnostic tool,
as any functional problem in a digital system
is eventually reflected in an error in the state
flow.

The job is not yet completed. Once hard-
ware and software function adequately as a
single unit, it is time to check out the high-
level software performance, and to fine tune
the system. Either the logic development
system or a performance analysis system
consisting of a logic analyzer with a Hewlett-
Packard Interface Bus (HP-IB) capability, a
computer or controller and a printer/plotter,
enable you to make complex measurements
on efficiency and effectiveness of your logic
system. '

As a final step, if your system is to be part
of a larger logic system and the tie to that
system is a serial transmission interface, such
as the RS-232-C (V24) interface, then the
serial data analyzer is the proper analysis
instrument.

Team Approach

The one designer-one system approach to
development of logic products is becoming
less common. Competitive time pressures,
complexity of the product, and the magni-
tude of the development process make it nec-
essary to use teams of designers and
developers.

Ordinarily, two teams are used, a hardware
team and a software team. As shown in fig-
ure 2, logic analyzers and the logic develop-
ment system have overlapping applications,
but there are applications that are unique to

each of the two tools. Logic analyzers have
an advantage of greater portability and a
more sophisticated feature set focused on a
specific measurement and analysis sphere:
timing, state, or serial analysis. The logic de-
velopment system becomes economically ad-
vantageous for larger scale logic system
development projects, and greatly facilitates
the team approach through a multistation
configuration sharing a common data base.

Choosing the best analysis and develop-
ment instruments for your needs is a function
of your applications. Before selecting instru-
ments, first determine what measurements
and capabilities you need to accomplish your
major functions. Then familiarize yourself
with the measurements and capabilities
available with each class of instrument.
Compare the relative value of each to your
applications, both today and tomorrow.

FUNCTIONAL
DESCRIPTION

PRODUCTION
TEST
FIELD
SUPPORT

0K

LOGIC
ANALYZERS

Figure 2. In the typical development cycle for digital systems, the Logic Development
System is the proper tool for earlier design phases of creating and debugging software,
while logic analyzers contribute sophisticated analysis capabiity to all phases of the
development cycle beyond initial code generation and circuit building.
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Figure 3. Timing display of a logic timing analyzer shows the
state, high or low, of each of the eight lines monitored at each
occurrence of an internal clock. Reference point for data collec-
tion, the trigger event, is indicated by the small tick mark.

Timing Analysis

The logic timing analyzer is often called
the hardware designer’s tool. A primary
function of the timing analyzer is providing a
display of the functional timing relations be-
tween signals on the logic circuits.
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Figure 5. Two common forms of capturing
glitches result in very different displays.
The latch, or stretcher, circuit shows the
same display whether the glitch occurs
two clock periods ahead, one clock period
ahead, or one clock period after the data
transition. A glitch in the same clock peri-
od as the data transition is not registered
by the latch circuit.

Timing analyzers do not replace DVMs
and oscilloscopes; they provide a different
measure. DVMs are used early in the design
cycle (see figure 1) to check continuity and
voltage levels, to assure that there will be no
catastrophic failure when the system is
turned on initially. Oscilloscopes are then
used to check static and dynamic conditions
of the control lines; e.g., is the reset in the
correct state? Is the clock phasing proper?
Once the initial design restraints are met, the
hardware designer turns to the logic timing
analyzer to check the control lines that are
active, and subsequently, the controlled
lines—the data and address lines.

Uniqueness of the measurement set of a
logic timing analyzer is due to several fea-
tures. A timing analyzer can trace the
activity on multiple channels simultaneously.
Unlike the logic state analyzer, the timing
analyzer can collect information asynchro-
nously as well as synchronously. A time filter
distinguishes valid data from random
activity. Unlike the oscilloscope, the timing
analyzer can collect data in negative time;
i.e., the analyzer will display the -timing
traces of line activity that occurred prior to
the selected reference point, the trigger.
Time interval measurements can be made,
and data collection can be delayed beyond
the trigger point by time or event counts. Per-
haps the most valued feature to the hardware
designer is the glitch detection circuit of the
Hewlett-Packard Logic Analzyer, which
captures a glitch, stores it separately, and
displays it uniquely. Glitches can be used in
trigger conditions.

Functional Timing Measurements
Displays of timing information are in the
idealized form which describes two states,
high or low (figure 3). The search for
glitches, inappropriate timing intervals, and
signals occurring in the wrong sequence is a
large part of the hardware engineer’s work,
in design, production, or maintenance.
Triggers are the reference points from
which data is collected, either as an end point
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Figure 4. This timing analyzer display shows glitches as bright-
ened vertical bars. Triggering data collection at the occurrence of
a glitch on selected control lines and a Boolean pattern is a con-
venient feature for many troubleshooting applications.

or an initial point. Using a time filter,
which uses the same identifying time interval
as the system being observed, makes the trig-
ger truly asynchronous. The timing analyzer
will not trigger on events that are transient
and would not cause a response in the target
system, nor will the analyzer miss any set of
signals that would be accepted as valid.
Glitch Detection

Two forms of glitch detection are common.
The latch method captures glitches and dis-
plays each glitch as a data bit, one sample-
period wide. Glitch detection for Hewlett-
Packard logic analyzers defines a glitch as
more than one transition across the voltage
threshold within a single clock period.
Glitches are stored in a separate memory,
and displayed uniquely on the timing dia-
gram (figure 4).

The disadvantages of the glitch-latch ap-
proach can be seen in figure 5. Using a latch
method to capture glitches results in the
same display whether the glitch occurred two
sample periods or one sample period before
the data transition, or one sample period fol-
lowing the data transition. Glitches that oc-
cur in the same sample period as a data
transition are not detected at all with the
latch method; unfortunately, these can be
some of the most troublesome of all glitches.

The Hewelett-Packard glitch-detection
method uses twin, overlapping continuous
monitors to identify glitches, and stores this
information in a separate memory. Glitches
on specified control lines can be used as part
of trigger conditions, separately, or logically
ANDed with synchronous or asynchronous
triggers.

Simultaneous State and Timing
Analysis

Module integration and verification of the
hardware/software interface are tasks usual-
ly best accomplished through state analysis.
The hardware is operational and the se-
quence of states are defined, and errors or
problems with either hardware or software
will show up as disruptions in the state flow.



However, this is the phase at which the de-
signer frequently finds it necessary to return
to earlier work to find one more overlooked
glitch or alter a timing relation that was rea-
sonable when it was built into the hardware,
but simply doesn’t execute well with the soft-
ware. A convenient tool at this time is a logic
analyzer which will monitor state flow and
timing conditions simultaneously. For exam-
ple, a sequence of events on asynchronous
logic circuits can be investigated at a particu-
lar point in program execution. By triggering
on a glitch and collecting state flow in nega-
tive time, an analysis can be made of system
performance preceding the glitch.

State Analysis

Logic state analyzers capture and display
the flow of events occurring synchronously in
a logic system. They present a real-time win-
dow on the operating system by transparent-
ly monitoring activity on address, data, and
control buses. State flow is clocked (strobed)
into the analyzer with the clock signal(s) that
indicate data on the lines are valid. To collect
accurate information, the logic state analyz-
er must meet the same criteria for selecting
valid signals as the logic system observed.
Set-up times for the analyzer must be mini-
mal and a zero hold time is essential to avoid
interpreting transitional states as valid status
(figure 6).

The operator’s view of system activity is
the state list shown on the analyzer’s display.
Display formats vary. Simpler logic state
analyzers offer 16 lines, sufficient to monitor
only addresses, without the accompanying
data. More sophisticated analyzers offer 24
to 36 parallel inputs (figure 7), which accom-
modate state flow from 16-bit microproces-
sors or additional control-line information.
Format for the display also varies. The sim-
plest logic state analyzer lists 1's and 0’s
grouped in three- or four-bit sets. Second-
generation analyzers, which are themselves
microprocessor-driven, offer more complex
displays. Inputs can be selectively grouped
under labels (e.g., A for address, D for data,
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Figure 7. A state list as displayed on a logic state analyzer is the
sequence of events occurring at the clock signals of the system
under test. Modern logic analyzers allow grouping 24-36 inputs
under labels, with appropriate numerical bases for each group.

E for control lines) and translated to conve-
nient numerical bases: binary, decimal, octal,
hexadecimal. Analyzers dedicated to use
with specific microprocessors can reassemble
the machine language to the mnemonics used
by programmers (figure 8), a convenience for
comparing what did happen to what should
have happened. Another specialized analyz-
er, the serial data analyzer, monitors serially
transmitted data, translates the data into the
code in use, and displays both transmitted
and received data.

Logic state analyzers are an example of a
“next-bench” solution. Less than a decade
ago, the engineers working with electronic
instruments found themselves increasingly
involved in the data domain, and software de-
signers began to appear. The oscilloscope, an
analog tool, did not meet the needs of design-
ers and troubleshooters who needed to see a
number of timing lines simultaneously. In
fact, it soon became apparent that even the
timing lines were an inefficient form of infor-
mation when the pertinent data was the state
of each line at each successive clock signal.
Consequently, the first logic state analyzers,
and all subsequent logic analyzers, are opti-
mized for the functions of troubleshooting
logic systems. Triggering and selective trac-
ing are key features for effective analysis of
state flow.

Triggering and Selective Tracing

In most logic systems, many algorithmic
tasks are performed repetitively, and much
of the system actively is devoted to scanning
routines. Collecting all of the state flow
would be cumbersome and impractical, and
would bury those key areas relating to a sus-
pected problem under a mass of detail. Logic
state analyzers allow the user to pinpoint the
area to be observed with methods to define a
starting point for data collection (triggers)
and to select (qualify) the particular kind of
data to be strobed into the analyzer memory.

The simplest trigger is a single state which
is set to define the initial or final point of data
collection. On more complex analyzers, two

or more points can be specified to occur in
sequence before “making a trace” (data col-
lection). If a count of trigger events is avail-
able, each sequence term can be specified to
occur a given number of times. In systems
with frequent use of nested loops, a conve-
nient trigger feature is a sequence restart
term. If the prescribed sequence is not found
by the time the sequence restart term ap-
pears, the search for the entire sequence is
begun again from the first term, avoiding a
situation in which sequence terms are found
in different passes through a loop. One ana-
lyzer permits a trace to be taken of states
within a stated range of addresses. The serial
data analyzer offers triggers suitable for ser-
ial transmission: pattern, protocol, parity, or
time intervals. All logic state analyzers per-
mit data collection in “negative time”, i.e.,
before the trigger event; and permit a delay
beyond the trigger point to allow a trace far
removed from a convenient “landmark.”
Logic state analyzers also have an output sig-
nal which will trigger other instruments, such
as an oscilloscope.

Triggers determine where to collect data;
qualification determines what data is collect-
ed (figure 9). The result of qualification is a
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Figure 6. Data captured by a logic state
analyzer may be ambiguous if the hold
time is greater than zero. With a positive
hold time, the analyzer may read the state
of the lines in a transitional period.
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Figure 8. Logic state analyzers dedicated to specific micro-
processors can reassemble machine language into the program-
ming mnemonics for easier comparison of the program as written
to the program in execution on the user’s system.
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Figure 9. A Trace Specification menu for a modern logic state ana-
lyzer allows a user to set very complex conditions for initiating a
state list trace and selecting specific classes of events for inclu-

sion in the state list.

selective trace, a trace which contains only
specified categories of states. There are four
general ways to achieve the end of an “edit-
ed” trace: (1) tracing only trigger events; (2)
tracing events independent of trigger events;
(3) using clock qualifiers to collect data on
the buses only when a combination of signals
indicates the buses are carrying the target
data type; or (4) using a dedicated or general
purpose interface which is programmed to
select data types. Triggering and qualifica-
tion greatly reduce the amount of memory
space required, and, more importantly, they
save analysis time by eliminating extraneous
information.

Performance Measures and
Displays

Simple measures, such as counting elapsed
time or number of events between two criti-
cal points in program execution, are excellent
diagnostic techniques for evaluating system
performance. One or both measures are
available on the second-generation logic ana-
lyzers, for use in fine-tuning and optimizing a
logic system.

For a quick overview, a map or a graph de-
scribe system activity pictorially. A map
plots the most significant half of each word
against the least significant half, and opera-
tors learn quickly to distinguish atypical sys-
tem behavior patterns. The graph plots word
magnitude against sequence, and it offers the
additional convenience of presenting a more
global view by sampling every nth state rath-
er than all states in the system operation.

Connection to Target System
Connecting the logic analyzer to the sys-
tem under test may be done directly with
small pincer-type probes which come from
each multinodal probe assembly. For repeat-
ed measurements, circuit-mounted ribbon
cables simplify the connection. A general
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Figure 10. The eight syntax keys of the Logic Development Sta-
tion are directly below the display, and the function of each key is
shown on the display immediately above the key. These “soft”

keys are syntax-driven. The choices shown are those on-screen

at power up.

purpose probe interface is available for easier
connections and preprocessing of data flow
on a wire-wrap board in the interface pod.

For some of the popular minicomputers,
dedicated interfaces are available which fur-
ther simplify connections, as well as provid-
ing access to the minicomputer buses. Each
interface also provides further preprocessing
and qualifiers.

Serial Data Analysis

The serial data analyzer is a special type of
logic state analyzer. While the information is
passed one bit at a time, typically across an
RS-232-C (V24) interface, many inputs are
required for the control signals. The serial
data analyzer is a transparent monitor in
synchronous or asynchronous networks and
decodes data in common character sets used
with link-level protocols. As an aid to locat-
ing faulty network components, this analyzer
can also simulate a CPU, a terminal,
or a modem.

Logic Development System

Hewlett-Packard Model 64000 Logic De-
velopment System is a universal system for
designing and developing microprocessor-
based logic systems. A multistation system
which shares a common data base on hard
disc, the 64000 meets the needs of today’s de-
sign teams without compromising its adequa-
cy for tomorrow’s innovations. Software
engineers compose, edit, assemble, and link
their routines, and may use the optional Pas-
cal compilers and logic analysis units for ef-
fective programming and debugging.
Syntax-driven soft keys make the system
easy to learn and use (figure 10). Simulta-
neously, for selected popular microproces-
sors, hardware engineers can use one of the
emulator options to exercise their modules
even when only part of the software and
hardware exist.

Minicomputer Performance

The host operating system has the process-
ing power of a minicomputer. Each 64000
cluster has up to six development stations
used with a single hard disc and printer. A
16-bit HP host processor with an indepen-
dent 64k memory resides in each develop-
ment station. Development stations may be
configured to serve the purposes of the exist-
ing design program with a variety of options
today, and reconfigured or upgraded tomor-
row to match a new program in logic devel-
opment. Options presently available include
emulators for common microprocessors, log-
ic analysis, PROM programmers, linkers and
assemblers, and Pascal compilers.

Architecture of the Logic Development
System reflects Hewlett-Packard’s commit-
ment to the concept of the “electronic
bench.” An open-ended design, the Logic De-
velopment System architecture provides a
solid base for future compatible innovations.

HP-IB Expanded

Measurements

The sophisticated feature sets of stand-
alone logic analyzers can be enhanced with
an optional HP-IB Interface to provide auto-
mated operation, hard-copy records, or a per-
formance analysis system. Refer to pages 21
to 35 for a complete list of HP-1B compatible
instruments produced by Hewlett-Packard.

Combined with a printer or plotter/
printer, permanent documentation and rec-
ords can be made of logic analyzer traces,
timing diagrams, and setups. Detailed analy-
sis work can be done off-line in production
and long-term evaluations. Field personnel
can take the logic analyzer to remote sites
and send hard copy back to a central facility
for detailed statistical studies and trend
analyses.



Adding a controller to a logic analyzer
through the HP-IB creates a powerful test
system for many settings. In production, op-
erator prompts and automatic setups for
analysis reduce training costs while assuring
uniform test procedures. Repetitive tests,
complicated measurement routines, and con-
tinuous system monitoring can be accom-
plished with little operator involvement.
Preventative maintenance can be improved
by using the automated logic analyzer to flag
borderline system performance, before the
entire system comes down. In the laboratory,
the “intelligent” logic analyzer is an excellent
instrument for performance analysis.

Performance Analysis

The logic analyzer, controller, printer/
plotter combination possible with HP-IB is
an economical, effective system for a perfor-
mance evaluation of a logic system. Data ac-
quired by the logic analyzer can be processed
by the controller to produce histograms, soft-
ware execution profiles, matrices of branch-
ing probabilities, and other user-designed
statistical tests and displays (figure 11). Per-
formance analysis with the “intelligent” logic
analyzer is valuable for optimizing software
and dynamic monitoring to fine-tune logic
systems.

Focus on Quality

Hewlett-Packard takes the time and effort
required to build in the extras that often
make the difference in finding efficient solu-
tions to logic design and development prob-
lems. The care and concern in building
quality instruments is, in part, due to a com-
pany-wide charter to serve customers well,
but it also follows naturally because HP peo-
ple build instruments they themselves use by
choice, in design, development, production,
and service.
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Figure 11. A logic analysis system composed of a logic analyzer,
controller, and printer/plotter on HP-IB can be programmed for
performance analysis. Histograms such as this are useful in eval-

uating program efficiency.

Dependable Performance

Because HP engineers use the instruments
they design and build, you are assured that
the HP instrument you use has the depend-
ability and careful design you need, too.

Consider the zero hold time feature of the
logic state analyzers. This one feature re-
quires additional design effort and accommo-
dation, but it is included because HP
engineers recognized the importance of ob-
taining a reliable signal from the system un-
der test every time, not just “most of the
time” or “with most systems.” Since you use
a logic analyzer with a variety of digital sys-
tems with varying specifications, the zero
hold time feature completely eliminates a po-
tential problem of acquiring transitional
states which have the appearance of valid
data.

A second example of the care taken to pro-
vide effective solutions is the emulator func-
tion of the Logic Development System. The
designers chose to optimize “functional
transparency” by constructing an emulator
that makes a minimum intrusion into the tar-
get system. This decision was implemented
by separating the host memory and buses
from the emulator memory and buses. When
you run your system with the emulator, you
don’t have to use processor memory space for
emulation activity, and no interrupts are
needed for the operating system activity.
This results in fewer surprises when you re-
place the emulator with your processor.

Reliability and Service

All Hewlett-Packard logic analyzers and
logic development systems are thoroughly
tested before shipment. Performance verifi-
cation is imbedded in each instrument so you
can check to make sure your instrument is
performing properly each time you use it

TRIGGER

(figure 12). Because serviceability is part of
an HP instrument from the very first design
concepts, downtime for servicing is held to a
minimum.

Friendly Interface

An instrument that is easy to use reduces
training time and allows the user to focus on
the design task rather than the intricacies of
the design-aid tool. Logic analyzers were
made simpler to operate by using an interac-
tive menu for entering test parameters and
setting up measurements. The Logic Devel-
opment System introduced a new human in-
terface concept: guided syntax and “soft”
keys. Eight keys for operating the varied and
complex functions of the 64000 are on the de-
velopment station directly below the display.
The function for each key is software-driven,
and the function in current use is named on
the display above the key. As a function is
changed, the key functions change and new
labels are shown on the display. Operators
are able to begin using the Logic Develop-
ment System immediately, not after ex-
tended study and repeated reference to a
manual.

Summary

Your first step in selecting measurement
tools is a thorough understanding of your
measurement applications and environ-
ments. There is a large variety of products
available, but if you know what features and
measures best suit your needs, the choice is
narrowed quickly. Then apply the other rules
and considerations for making a wise pur-
chase.

SELF TEST COMPLETED

Figure 12. One form of performance verification is built into each
analyzer, the self-test. At power-on, or with a rear-panel pushbut-
ton, a series of self tests are performed by the logic analyzer to

verify that the analyzer is operating correctly.
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Model 64000 Logic Development System

Introduction

The introduction of the microprocessor has created a revolution in
the design lab. Hewlett-Packard Model 64000 Logic Development
System meets the needs growing out of a new design philosophy. In
today’s design lab, most projects are developed by teams, and most of
these teams divide the task into a hardware unit and a software unit,
developed in parallel. The Logic Development System provides both
hardware and software teams with effective design aid features, and
fosters efficient teamwork and integration.

Model 64000 Logic Development System is a multistation, hard-
disc based system which combines the hardware and software design
aids necessary for developing microprocessor-based products. The op-
erating system uses an HP-proprietary 16-bit microprocessor for
minicomputer-like power. Emulators are available for the most com-
monly used microprocessors. An open-ended architecture provides
maximal flexibility for configuration today and for future expansion.
Directed syntax and soft keys give the 64000 a “friendly” system, easy
to learn and comfortable to use.

A basic system consists of a Model 64100A Development Station
with a Model 64940A tape cartridge drive installed and a compatible
disc and printer. Expansion from this configuration can be made in
several dimensions. Hard-disc memory can be altered by using a dif-
ferent compatible disc, with 12M, 20M, 50M or 120M byte capaci-
ties. One of two printers may be used, with speeds of 180 cps or 400
Ipm. Development stations can be added, to a maximum of six devel-
opment stations sharing a disc and printer. Each development station
may have a tape cartridge drive and a full complement of optional
functions: emulator, emulator memory, logic analysis, and PROM
programmer.

The system bus connecting up to six development stations, disc, and
printer has a maximum interconnection distance of 20 metres. Using
a Model 37203A Extender, this distance can be as long as 250 metres.
An RS-232-C (V24) or current loop interface in each development
station provides asynchronous serial communication to serial-trans-

mission devices, such as a teletype for tape and punch operations.
These serial interfaces are convenient means for downloading soft-
ware from another system, transmitting ROM masters, and creating
or reading a paper tape.

It is the unique combination of features and architecture that sets
the Model 64000 apart. The Logic Development Station combines all
of the components needed to support a product design from definition
to production.

Supports wide range of microprocessors
Real-time emulation and analysis
Exceptionally friendly user interface
Integral universal PROM programmer
Tape cartridge for file transfer and backup
Multiuser

Wide range of disc and printer options

System Overview

Designing with microprocessors, expecially for those systems using
ROM, is best accomplished if the development team has available
three key capabilities: software development tools, target system
emulation, and logic analysis. Due to the favorable economics and
competitive pressures, many new companies are entering into proces-
sor-based design. More software specialists are graduating from col-
leges today, but for many designers, software design represents a new
discipline. These factors, together with inherent complexities of pro-
cessor-based design, have sent the cost of software development spi-
raling up towards $40 per line of code. Common sense dictates that
these design teams have available the tools and performance aids that
allow them to apply their efforts and skills effectively and efficiently.
Model 64000 Logic Development System provides the tools these
teams need for software development, emulation, and logic analysis
(figure 1).
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Figure 1. Model 64 100A Development Station card cage reserves the first three slots for the host system, and the remaining ten slots are
available for system options. If an emulation function is added, a separate, high-speed bus is used for the emulator control, emulator

memory, and logic analyzer.

Development Station
Model 64100A Development Station is the fundamental element of
the Logic Development System (figure 1). It provides the interface
between the user and the powerful operating system. Each develop-
ment station contains:
® Host processor with 16 bytes of ROM, 64 bytes of RAM, and con-
trol for display and I/O
Modular power supply
Console with integral 12” CRT
Full ASCII keyboard and cursor control field
Eight “soft” keys that are labeled by the software
Optional tape cartridge drive
Card cage with ten slots available for option cards
Optional PROM programmer
RS-232-C (V24) interface

The development station is easy to use. The interactive display with
“soft” keys and directed syntax lead the user through complex and
powerful procedures without the need for memorizing long lists of
commands and syntax or making frequent references to a manual. At
each decision point, the “soft” key labels list all the choices available
for the next step in creating a command structure. A flashing cursor
identifies data entry or editing position, and it is moved with the cur-
sor keys to change entry or control areas.

Each development station can be fully configured, or more general-
ly, selected development stations in a cluster are optimized for specif-
ic design tasks. For example, a software designer may choose a basic
station with an emulator function while a hardware designer is more
likely to add logic analysis and PROM programming functions.

Hard-Disc Drives

Hard discs give the 64000 System depth and speed. The depth al-
lows a complex, powerful operating system while still keeping an
abundance of memory space free for work space. The speed makes
possible a smooth coordination of all active development stations in
the cluster. Together with the host processor and host memory, the

fast mass storage of a hard disc facilitates good design discipline. A
common, and troublesome, programming error occurs when a troub-
leshooter patches or fixes software in the object code, but fails to alter
the source code to reflect the revision. But the 64000 system permits
any keyboard command or entry to be automated directly into the
command files. A change in a 2000-line program can be processed
through edit, assembler, link as well as emulation, configuration and
logic analysis in less than three minutes; and, the change is document-
ed at the source code level.

Four compatible HP hard-disk drives are available: Model 7910H
(12M byte), Model 7906M 20M byte Cartridge Disc, Model 7920M
50M byte Disc, and Model 7925M 120M byte Disc. Selecting the
appropriate hard disc is a function of the project load planned for the
cluster.

Software Development

Software designers compose, revise and test code for the processor
product. They need tools for language translation, source text revi-
sion, and a medium to check program execution (figure 2). Standard
software for the Logic Development System includes a display-opti-
mized editor, an “intelligent” file manager, and a linker to link reloca-
table code generated with optional assemblers and compilers.
Command files can be created to reduce complex operations to a sim-
ple call. Test and analysis can be conducted with the addition of the
emulation subsystem or logic analyzer.

Relocating macroassemblers and linkers are available for each
emulator subsystem. Assemblers and linkers are also available for
more than ten other common microprocessors, as well as an assembler
which accommodates user-generated assembly programs. The relo-
cating macroassembler is table-driven and accommodates new assem-
blers quickly and reliably.

Pascal/64000 is an implementation of the block-structured pro-
gramming language, Pascal, for use with Model 64000 Logic Devel-
opment System. There are Pascal compilers for the 8080, 8085, Z80,
and 6809 microprocessors. Other Pascal compilers are in preparation;
an HP Field Engineer or Logic Development System Specialist will
have a current list of available compilers.

145

Q)




146

O

LOGIC ANALYZERS

Logic Development System
Model 64000 (cont.)

+ INTEGER;

Figure 2. The 64000 Logic Development System has a powerful
editor function for ease in preparing software for processor-
based products. Labels for the eight “soft” syntax keys are
shown at the bottom of the display.

Emulation

Emulation is an effective means to check how the software modules
work with the target microprocessor and hardware. The emulation
environment is valuable for debugging hardware and software at in-
terim states, and provides download function, a RAM environment,
and run controls with easy set-up.

Emulation in the Logic Development System is controlled by the
host processor across a medium speed bus. The target microprocessor
in the emulation pod and emulation control cards and emulation
memory in the development stations card cage use a separate, high-
frequency bus (figure 3). The high-speed emulation memory uses 8k,
16k, 32k, or 64k of static RAM.

Ideally, emulation would be functionally and electrically transpar-
ent to the target system. With functional transparency, the emulator
would impose no demands on the target system, such as reserved ad-
dress space, interrupt inputs, or direct memory access. An emulator
with electrical transparency would not alter the electrical specifica-
tions of the target system, such as drive capability, capacitance, tim-
ing, clock speeds, and thresholds. Practically, one form of
transparency is achieved at the expense of the other form, and trade-
offs must be made. In Model 64000, functional transparency has been
given primacy. The target system is isolated from the host system,
and background operations, e.g., single-stepping, initialization, regis-
ter interrogation, are transparent to the target system. However,
placing the prototype target processor in the emulation pod intro-
duces some electrical changes in the target system; processor drive,
logic levels and loading are altered by the buffers, and the bus cables
introduce some capacitance. Some electrical transparency was sacri-
ficed to gain a better functional transparency.

A necessary condition to achieve functional transparency is the iso-
lation of emulation buses and memory from the operating system
buses and memory. A major benefit gained by functional transpar-
ency is real-time emulation. This means the target system and micro-
processor will run at operational speeds without the insertion of wait
states.

There are three possible modes of emulation. When all program
memory is assigned to the target system, only the microprocessor ac-
tivity is emulated. All execution may be performed from the emula-
tion memory of the development system. A third mode combines
these two modes, and program memory is mapped to both memories,
and program execution is switched between host and emulation mem-
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Figure 3. The emulation function in Model 64000 uses a separate
bus for emulation control and memory, logic analysis and inter-
face to the target system. This enhances the tunctional transpar-
ency of the emulator.

ory as specified by the memory assignment map. Real-time operation
is possible in all three modes. Fast-access memory chips are used to
minimize memory board access time. Model 64000 Logic Develop-
ment System allows the user to interleave host and target memories in
noncontiguous lk byte blocks.

The emulator is an important link between the development phase
and the final product. As a rule, most of the program for a micro-
processor-based product is stored in ROM. In the absence of any
other tools, EROMs are used during development, but even simple
changes can involve a long process. Downloading to the RAM of the
emulator is automatic in the 64000 system, and a great time-saver in
developing software which will finally reside on the processor ROM.
Address space can be allocated to emulation RAM, emulation ROM,
target RAM, target ROM, and an illegal address space. Error mes-
sages are displayed any time the target processor executes an illegal
operation, such as a write to ROM or a reference to an illegal address.
The emulator allows mapping in 1k byte segments, up to 64k bytes for
8-bit processors, and 128k bytes for 16-bit processors. Any disjoint
grouping of 1k bytes can be mapped from target address space into
available emulation memory. Even if all the program is transferred to
the target ROM, and one more bug is found, the suspected area can
be mapped back to the emulator, revised, and checked without remov-
ing the target ROM from the circuit.

Programming Aids
Logic Analyzer

The optional logic analyzer transparently monitors the emulator
bus for a real-time view of activity on address, data, status and control
lines of the target microprocessor. Logic analysis is a valuable tool for
debugging and sorting out answers to the questions: “What hap-
pened?” “Why did that happen?” The logic analyzer occupies a slot
in the development station card cage and requires no separate
connections,

A major asset of a logic analyzer is a feature which allows the user
to “window” a particular piece of system activity or a particular kind
of information status. Triggers are used to locate the window. The
logic analyzer of the 64000 system can be commanded to trigger (be-
gin or end gathering data) upon the occurrence of one of two condi-
tions, a range of addresses, the sequential occurrence of two
conditions, or after the multiple occurrence of a given state. Once
trigger conditions are met, the data can be qualified further by
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Figure 4. The logic analyzer function of Model 64000 transparent-
ly monitors the lines of the emulator bus. When state flow on the
target system matches the trigger conditions, a trace is made of
the system activity, which may be translated into programming
mnemonics. The time elapsed after the trigger point is shown with
each state in the right-hand column.

collecting only states that satisfy specified criteria, e.g., writes only,
writes to a specified address range, etc. The same trigger parameters
can be used to trigger external instruments, most commonly an oscil-
loscope, using the trigger output port.

As an aid to initial performance analysis, each state can be time-
stamped by time measured from the trigger event or between traced
states. This provides a bench-mark measure for comparing relative
efficiency of alternate routines, checking execution time, or identify-
ing a problem by finding anomalies in interevent time intervals.

A useful trigger condition is a sequential trigger with the “sequence
restart” state specified. If the two sequential triggers are not found
before the “sequence restart” term occurs, the search for the first trig-
ger is begun again. This prevents ghost triggering in complex branch-
ing programs or in nested loops, where the first sequence term is
found in one pass, and the second term occurs in a later pass, but
dissociated from the first term.

Even more complex triggers are possible by programming a series
of trigger conditions which are reset automatically by the operating
system. Since the trigger conditions are “recognized” in hardware,
execution speeds remain near real time. Displays may be translated
into the microprocessor mnemonics for convenience in interpreting
the state flow (figure 4).

PROM Programmer

The PROM programming system combines hardware and software
to provide simple and efficient programming for most PROMs in use
today. The universal PROM programming control card is installed in
the card cage of the development station, and the appropriate person-
ality module is mounted in the front panel. Then, programming of the
PROMs is automatic, and all conventions for the selected PROM
family are observed.

Model 64502A (Model 64001S Option 502) PROM Programmer
contains the personality module for 2716 PROMs and the perfor-
mance verification routines for the control card. This module is in-
cluded with all PROM programmer options to provide the self-test
module.

System Software
The appropriate software is included with system options. Operat-
ing system software is included with disc options; it must be ordered
separately if no disc is ordered. Additional software packages can be
ordered by model number or as an option to a system order.
Relocating macro assemblers and linkers are included with the ap-

Figure 5. Model 64 100A Development Station is the basic unit of
the 64000 System. The development station houses all the sys-
tem options, and is the interface between the user and the Logic
Development System. Up to six development stations can be
used with a printer and one or more hard discs.

propriate emulator option. Assembler/linkers are also available for
microprocessors not presently supported by an emulator option.

Pascal compilers are available currently for a limited number of
microprocessors. These compilers use Pascal/64000, a modification
of the “standard” Pascal language developed by Nicklaus Wirth, with
extensions to facilitate separate compilation by modules and to better
serve typical byte-oriented microprocessors. In two passes, source
files are first translated into an intermediate data structure, and then
to relocatable files which are, in turn, linked to form absolute files.
The compilers give software designers the advantages of this modern,
block-structured language.

Reliability and Maintainability

Extensive performance verification software and signature analysis
documentation provide component-level troubleshooting for the
Logic Development System. Service contracts are available and sup-
ported by the worldwide HP service staff. All major units of the
64000 System are manufactured by Hewlett-Packard and adhere to a
uniform set of quality standards (figure 5).

Selecting a Logic Development System

Model 64000 Logic Development System is a complex system and,
further, in most situations, it represents a major investment. It is rec-
ommended that you contact an HP Field Engineer or Logic Develop-
ment System Specialist for suggested configuration for your design
and development applications. Either one can give you a copy of the
64000 Configuration Guide (Publication Number 5953-2714) which
gives you a more detailed description of the Logic Development sys-
tem. Prices for some typical options are listed below.

Ordering Information Price
640018 Logic Development System for configuration $22 865
to $127 000

Opt 010 7910H Disc Drive $8375
Opt 031 2631 Printer $4090
Opt 040 Cartridge Tape Drive $1800
Opt 100 Development Station $8600
Opt 153 16k Byte Emulation Memory $2300
Opt 2XX Emulation System $2800
Opt 300 Logic Analyzer $1600
Opt 502 PROM Programmer, 2716 $700
Opt 81X Pascal Compiler $2000
Opt 8XX Assembler/Linker $550
64100A Development Station $8600
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Simultaneous time, state & glitch information

Model 1615A
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16 15A Description

Hewlett-Packard’s Model 1615A Logic Analyzer is two instru-
ments in one, a timing analyzer and a state analyzer, for design and
troubleshooting of digital systems. With Model 1615A, you can make
timing measurements, state measurements, or both simultaneously.
Using simple keyboard entries, the 1615A can be configured as an
8-bit timing analyzer, a combined 8-bit timing and 16-bit state ana-
lyzer, or 24-bit state analyzer, each with a memory 256 words deep.
Powerful triggering capability, synchronous and asynchronous data
capture modes, six clock qualifiers, and sophisticated delay functions
assure that the timing and data information you need is collected.

The menu system simplifies measurement setups and eliminates the
need for a complex, crowded keyboard. Mode of operation, state,
time, or dual, is set with the Format Specification menu, and the test
parameters are set with the Trace Specification menu. Each menu is
an interactive display and parameters are either selected from a de-
fined set or entered directly from the keyboard.

Asynchronous Measurements

The 1615A makes asynchronous measurements in the time mode of
operation, the 8-bit mode. This mode is selected on the Format Speci-
fication menu, and clock source, clock slope, labels, logic polarity, and
numerical base are also defined on the same menu. Then the Trace
Specification menu is used to enter trace parameters. The trace point
(trigger) may be placed at the beginning or end of the trace list, so
you can view activity either preceding or following the point you
specify. Either an external or internal clock may be selected. Up to
three ORed trigger states can be entered, or using ON NOT as a
trigger condition, any condition other than the one named will act as a
trace point. NOT triggering is convenient for monitoring a status
word for change, or, with a “don’t care” trigger state in end mode, and
an external clock, a system crash results in capture of the 256 events
preceding the crash. A time or clock delay can be added to trigger
conditions.

The 8-bit mode is truly asynchronous in pattern recognition. The
pattern duration may be set from 15 to 2000 ns, and when a specified
pattern exists for the duration selected, it will be registered by the
analyzer even if it was not true when the clock occurred. This feature
always produces positive triggering, even with narrow patterns or

TRaCE CIFICATION TRACE~COMPLETE

RN TRACE R CLOCK  108MS/CLK

i TIME i
pELAY

EENEINIES]
SYHOH

F

TRIGGER
DURATION
SRR

The Trace Specifications menu shows the label assigned to the
timing lines (E) and the numerical base in which to enter data. This
Trace Specification causes the 1615A to use a 100 ns internal
clock and begin data collection when any one of the three ORed
8-bit patterns occurs AND a glitch appears on channel 4.

very slow clocks. Glitches are treated as separate parameters, stored
in a separate memory, and displayed uniquely, even when they occur
at data transitions. Glitches can be added to trigger conditions.

Tracing in the 8-bit mode produces an eight-line timing diagram.
Short, vertical bars between the timing lines indicate the location of
the trace point. A few quick keystrokes arrange the channels in any
order you wish and channels not needed can be turned off. Glitches
are recognized by the 1615A any time multiple transitions across
threshold occur more than 5 ns apart between sampling pulses. When
the glitch display is turned on, glitches are shown as bright vertical
bars or as brightened edges if they occur at a data transition. Any part
of the display may be selected to be magnified by a factor of ten for a
better display resolution. The expand indicator serves a dual purpose
as it is also used to display readout of the time between any two select-
ed points of the display.
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The 1615A displays timing information for up to eight lines and
glitches which are displayed as vertical bars or brightened edges
when they occur at a transition. A trigger point is indicated by a
short vertical bar on each timing line, and is shown at the far left of
this display. In addition, the sampling clock period and time per
division are displayed.

Simultaneocus Timing and State Measurements

Model 1615A captures asynchronous and synchronous activity si-
multaneously. Consequently, timing information can be traced rela-
tive to the occurrence of a specific state, or state flow can be
monitored relative to a specific timing condition. Now you can moni-
tor those critical “ripple through” paths and relate activity directly to
program execution, or watch activity on both sides of an asynchro-
nous I/O port. The 1615A dual mode of operation is the
16-bit and 8-bit mode, selected on the Format menu. Four interactive
modes are offered on the Trace Specifications menu: 8-Bit
Triggers/Arms 16-Bit and 16-Bit Triggers/Arms 8-Bit.

Timing Analyzer Registers Synchronous Data Collection

To observe state flow related to a timing event, either 8-Bit Triggers
16-Bit mode or 8-Bit Arms 16-Bit mode may be used. In trigger
mode, the 1615A collects synchronous data as soon as the asynchro-
nous trigger condition is met. Now you can observe state flow directly
related to time events, such as activity on a data bus when an inter-
rupt or glitch occurs. If you choose the arms mode, the 1615A will
first find the asynchronous trigger, and only then search for specified
point in the data flow. In this way you can view program activity, e.g.,
an output routine, only after a particular timing event occurs, such as
a service request.

State Analyzer Registers Asynchronous Data Collection

Frequently it is necessary to check timing conditions preceding or
following a specific point in program execution. In these situations,
the 16-bit state analyzer portion of the 1615A sets conditions for dis-
playing a timing diagram, using either the 16-Bit Triggers 8-Bit mode
or 16-Bit Arms 8-Bit mode. A typical application is viewing activity
on status or data lines to an input port shortly before reading data at
that port. This is accomplished simply by monitoring state flow until
the address of that port appears; then in End trace, 16-Bit Triggers 8-
Bit, the display would be a timing diagram of activity on the control
lines for the period just prior to addressing the port.

Synchronous Measurements

The quickest way to find faults in a state machine is monitoring
program execution, because any malfunction in the machine is re-
flected by a corresponding deviation in program sequence. Model
1615A is a powerful state analyzer in the 24-bit mode of operation.
The 24 lines may be grouped by up to three labels, and each label
group is then treated as a separate variable. Logic polarity and nu-
merical base (hexadecimal, decimal, octal, or binary) is assigned to
each label set. The 24-bit trigger may be placed at the beginning or
end of the 256-word trace list; any bits not required for the trigger
word may be set to X for “don’t care.” Six clock qualifiers may be
used and are set to 1, 0, or X from the keyboard in one or two ORed
fields. Delays to 999 999 may be entered for number of states or num-
ber of trigger occurrences. The display is either a sequential list of

monitored states or only trigger words. Fifteen lines are visible on the
display at any time, and the left column is the location of each line in
the analyzer’s memory. Other portions of the trace list are viewed by
using the roll keys or entering the memory location number. The trig-
ger word is shown in inverse video.

HP-IB Interface Bus for Measurement Systems Applica-
tions (Opt 001)

Hewlett-Packard Interface Bus (HP-IB) is HP’s implementation of
IEEE Standard 488-1975. An HP-IB configuration is available for
Model 1615A on initial order as Option 001, or can be installed at a
later date with Model 10069A HP-IB Interface Field Kit. With
HP-IB, the 1615A can be configured for automatic functional testing
of digital systems. Combined with a controller, such as HP Model
9825A, data captured by the logic analyzer can be transferred to the
controller for automatic analysis. Hard copy of menus, data lists and
timing diagrams can be produced by a variety of HP-IB compatible
printers and plotters. In the laboratory, the speed and ease with which
data is accumulated, summarized, and documented in hard copy lets
you spend more time on analysis and design and less time in data
collection. In production, automated testing reduces time and cost for
making extensive tests on systems and subassemblies. Test programs
with built-in operator instructions decrease testing costs even further
by cutting training costs and providing uniform test procedures.

The primary advantage of computer control is the execution of
complex, time-consuming measurement routines with minimal opera-
tor involvement. Trace parameters can be set and the data can be
read, stored and compared. Branching decisions can be programmed
which are based on the data collected by the 1615A. Data can be
translated from assembler code to mnemonic code, or used for statis-
tical computations. Operator prompts and computational results can
be displayed on the 1615A CRT. Documentation can be collected di-
rectly with hard copy from a printer or plotter.

Many measurements not possible with stand-alone instruments be-
come practical with the HP-IB interface. In the laboratory, a control-
ler operated system can present statistical results graphically, as with
a bar graph or cumulative curve of the number of calls to a subroutine
or interrupt hits. Continuous monitoring routines can compare data
acquired by the 1615A to stored data and then branch to restart a
sequence or to collect other data. For better maintenance, particular
control lines or subroutines can be monitored automatically and sig-
nals output when marginal operating conditions indicate a need for
service (e.g., service a tape drive as a function of rewrite activity or
parity check errors). In production, automated measurements are
made more consistently and can be performed more quickly for better
quality control and greater throughput.

TRACE LIST TRACE~COMPLETE

LINE A
NO . HEX

834
Aa3E1l
83E2
a3E3
B83E4
a3l
a3E2
azE3
a3e4
A3E1
a3E2
a3E3
O3E4
93E1

A trace list of synchronous activity in the 24-bit mode of operation
can be grouped under any of four labels, with a separate numeri-
cal base for each label group. In this trace two labels are used,
both in hexadecimal base, and only addresses of the form
03EX 1¢ are captured for display.
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(A/”] Model 1615A (cont.)
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Model 16 15A Option 001, the HP-IB option, can be used to link the
16815A to a printer or plotter, and in a Talk Only mode, the analyzer
will output hard copy of menus, state trace lists, or timing dia-
grams without using a controller.

Probes

Input data are sensed through 24 high impedance probes at rates to
20 MHz. The data probes are in three 8-bit pods for easier connection
to the system under test. The fourth pod contains the clock probe, six
qualifiers, and an external trigger. Threshold level is set on the front
panel for TTL level, or adjusted in a range from —10V to +10V. It is
possible to set one threshold for 16 data lines, a second threshold for
the other eight data lines, and a third threshold for the clock pod,
allowing you to make simultaneous measurements on systems com-
prised of several logic families, ECL, TTL, MOS, etc.

The front section of each probe may be disconnected from its pod,
permitting individual leads to be wired into connectors for particular
systems. Additional probe lead kits, probe tips, and interface kits are
available to simplify set up and connection. Refer to the Logic Ana-
lyzer Accessories, page 170.

Trigger Outputs

Once you have delineated a problem area with the 1615A Logic
Analyzer you may want to use other measurement instruments for
further investigation, e.g., an oscilloscope for more detailed timing
analysis. The logic analyzer’s state trigger output is stable with re-
spect to the system clock, and provides a reliable reference point for
triggering other instruments. The timing trigger output is based on
the pattern recognition trigger at the probe, and can be used in the
same manner as a state trigger point. A trace point output is also
available to generate interrupt signals or “clock stopper” circuits in
other parts of the system under test.

Self Test

Self-test capability confirms the proper operation of the 1615A.
During turn-on, a self-test to check ROM/RAM is performed auto-
matically and a message on the analyzer display indicates completion
of this test. Keyboard, data acquisition and two data stream analysis
self-tests can be initiated from the keyboard if desired.

1615A Specifications
Operating Modes
24 Bit (State): for asynchronous monitoring of one or more buses
with combined width up to 24 bits.
8 Bit (Time): for asynchronous monitoring of control line activity or
any asynchronous data lines.
16 Bit & 8 Bit (simultaneous State and Time)
16 Bit Triggers 8 Bit: 16-bit state trigger point is reference point
for acquisition of 8-bit timing data.
16 Bit Arms 8 Bit: sequential trigger, 16-bit state trigger point ini-
tiates search for 8-bit timing trigger.

8 Bit Triggers 16 Bit: 8-bit timing trigger is reference point for
acquisition of 16-bit state data.
8 Bit Arms 16 Bit: sequential trigger, 8-bit timing trigger point
initiates search for 16-bit state trigger.
Clock, Qualifier, and Data Inputs
Repetition rate: to 20 MHz.
Input RC: 100 kQ shunted by <5 pF at probe body.
Input threshold: TTL, fixed, ~ +1.4 V; variable +10 Vdc.
Maximum input: —40 V to +40 V.
Dynamic range: —15 Vto +15 V.
Minimum input
Swing: 0.6 V
Clock pulgse width: 20 ns at threshold level.
Setup time: time data must be present prior to clock transition,
20 ns.
Hold time: time data must be present after clock transition, zero.

Synchronous Operation
Trigger delay: to 999 999 clocks.
Trigger occurrence: to 999 999.

Asynchronous Operation

Sample rate: 2 Hz to 20 MHz.

Data skew: 9 ns max.

Minimum detectable glitch: 5 ns with 30% peak overdrive or 250
mV, whichever is greater.

Glitch trigger: on any selected channel(s), if a glitch is captured, the
glitch is ANDed with the asynchronous pattern trigger.

External trigger pulse width: 5 ns min with 30% peak overdrive or
250 mV, whichever is greater.

Pattern trigger: any 8-bit pattern. Trigger duration required is se-
lectable 15, 50, 100, 200, 500, 1000, or 2000 ns *15 ns or 15%,
whichever is greater.

Delay time: to 1 048 575 x sample period.

Trigger Outputs (Rear Panel)
16/24 Bit trigger output
Level: high, =2 V into 509; low, <0.4 V into 50Q.
Pulse duration: =25 ns.
Delay from input clock: =85 ns.
16/24 Bit trace point output
Level: high, =2 V into 50Q; low, <0.4 V into 509Q.
Pulse duration: starts at beginning of trace and ends at trigger
point (pattern trigger plus delay).
Delay from input clock: ~85 ns.
8 Bit pattern output
Level: high =2 V into 509; low =<0.4 V into 50Q.
Pulse duration: pattern duration minus asynchronous trigger du-
ration width.
Delay from pattern at probe: =75 ns plus synchronous trigger
duration width.

General
Memory depth: 256 data transactions (in timing display mode, 249
samples are displayed).
Power: 100, 120, 220, 240 Vac; —10% to +5%; 48 to 66 Hz; 230 VA
max.
Size: 189 H x 426 W x 664 cm D (7 " x 16 %" x 26 ").
Operating environment

Temperature: 0°C to +55°C.

Humidity: up to 95% relative humidity at +40°C.

Altitude: to 4600 m (15 000 ft).

Vibration: vibrated in three planes for 15 min. each with 0.3 mm

(0.015 in.) excursions, 10 to 55 Hz.
Weight: net, 19.1 kg (42 1b); shipping, 23.6 kg (52 Ib).
Accessories supplied: three 8-bit Model 10248C data probes and
one Model 10248C clock probe with probe leads and tips (three
probes for data and one probe for clock, qualifiers, and external trig-
ger), one 2.3 m (7.5 ft) power cord, and one Operating and Service
Manual.

Ordering Information Price
1615A Logic Analyzer $6800
Opt 001: HP-IB Interface add $400



LOGIC ANALYZERS

Analysis of mini-microcomputer and random logic systems

Models 1610A and 1610B

1610B

1610A and 1610B Description

Hewlett-Packard Models 1610A and 1610B Logic State Analyzers
offer general purpose measurements in microprocessor-based sys-
tems, minicomputers, or virtually any digital circuits. Model 1610B
includes the feature set of Model 1610A, and other features, most
notably the addition of multiple clocks and clock qualifiers for direct
monitoring of multiplexed data flows. The 1610 performs synchro-
nous real-time traces at speeds to 10 MHz with an extensive trigger-
ing capability on as many as seven sequential words, each as wide as
32 bits. A simple, functionally organized keyboard together with the
interactive display are combined in the menu concept, allowing you to
focus your analysis work, capturing only pertinent data.

Measurements of system activity are displayed on the analyzer’s
CRT screen in selectable hexadecimal, octal, binary, or decimal
codes. Setup for a measurement is aided with the Format and Trace
specification menus which indicate the test parameters you are to
enter. Data is strobed into Model 1610A with the selected edge of the
analyzer clock, while Model 1610B uses a combination of edges and
qualifiers of three clocks. The events and activity that are captured
and displayed from the system are gathered at clock transitions after
the 1610 locates the specified trace position and then captures 64
words of data. The displayed trace may be a simple breakpoint with
the trace position at the beginning, end, or center of the captured
data; or, in a state sequence where one to seven words must be found
in a specified order before data is captured. This state sequence per-
mits you to directly locate sections of branched, looped, or nested
loops of state flow. A selective trace of from one to seven words may
be OR specified which allows only the words of interest to be captured
and eliminates data that is not necessary for your measurement.

A count measurement capability allows you to perform a time or
state count on all 64 traced states in either absolute or relative modes.
With the count measurement you can determine how much time a
program spends in loops, servicing interrupts, as well as the time be-
tween program steps. This measurement is performed simultaneously
with the trace and all 64 words traced are assigned a count record
which is displayed as positive or negative time in relation to the loca-

SYSTEMS

tion of the trace position (absolute mode), or in relation to the pre-
viously acquired state (relative mode).

One complete measurement, including Format and Trace Specifi-
cations, may be internally stored to be recalled at a later time or for
use in a trace compare mode. When a trace compare mode is called,
the display presents an exclusive OR tabular listing of the differences
between the current and stored measurements. The trace compare
mode may be also used to direct the Analyzer to continuously rerun a
measurement until the current and stored measurements are equal, or
not equal, and the 1610 automatically halts and retains the current
measurement.

The 1610 includes a Trace Graph to provide a display of data mag-
nitude versus time sequence for all 64 words in memory. Each dot
representing a word is given a vertical displacement corresponding to
its magnitude and is positioned horizontally in the order of its occur-
rence. The result is a graph that offers a quick overview of program
operation.

For increased confidence of the instrument’s operation, there are
self-tests for the keyboard, ROM/RAM, display, a trace test which
includes all probe pods, an interrupt test, and a printer test.

Hard copy of both the Format and Trace specifications as well as
the Trace List and Trace Compare can be obtained by adding a Hew-
lett-Packard printer (Model 9866B or 9876A). Rear panel printer
outputs are included in the 1610 for direct interfacing.

With Option 003 or a field installation kit, both models can be used
with any of the family of HP-IB instruments. HP-IB is Hewlett-Pack-
ard’s implementation of IEEE Standard 488-1978 interface bus.
With the HP-IB capability, a controller such as HP Model 9825A
Desktop Computer can be added for automated analysis, data reduc-
tion, and test procedures.

Data Entry

Entries are made in inverse video fields with the entry location indi-
cated by a blinking cursor. Entry fields (enclosed with brackets) are
multiple choice with the desired test parameter selected by using the
Field Select key (e.g. positive or negative edge of clock transition).

O
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Models 1610A and 1610B (cont.)

Trace specifications are entered through the keyboard directly in oc-
tal, hexadecimal, binary, or decimal notation which permits working
in a familiar format without worrying about base conversions.

Menu

The displays which are called up by keyboard commands are re-
ferred to as menus because they include the selections for setting up
test parameters and labeling of test results. These menus include For-
mat Specification, Trace Specification, Trace List, Trace Compare,
and Trace Graph.
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Format specification menu of Model 1610A lets you define which
group of bits will act as a unit by assigning labels which may be
separately defined as to numerical base and polarity. The allowed
selections are defined on-screen to minimize front panel controls.

Format Specification

The formatting capabilities allow you to separate the 32 input data
channels into the desired test parameters. This allows those data bits
which act as a unit to be assigned to one of six labels (e.g. 16 bits of
address bus assigned as “A” and 8 bits of data bus assigned as “D”).
This labeling capability then permits all trace specifications to be as-
signed as a unit rather than on individual lines. Each assigned label
may be independently defined in positive or negative logic as well as
different bases of binary, octal, decimal, or hexadecimal. Another
feature of this menu is that active channels are shown as exclamation
marks (!) for a quick overview of system activity.

Model 1610B offers multiphased, qualified clocking. The three
clocks can be set in three modes: 32-bit, 16-16 bit or 16-8-8 bit. In the
32-bit mode, all data present on the four data pods are clocked into
the fogic analyzer simultaneously on all selected active edges of the
ORed combination of clocks J, K, and L. For each clock there are
four choices for the active edge: positive edge (+), negative edge (—),
both edges (+/—), or off. For each clock used, there are up to four
qualifier minterms. A minterm bit may be set to 1, 0, or X (don’t
care). In the 16-16 bit mode, data from pods 4 and 3 are strobed into
the logic analyzer with clock J, and data from pods 2 and 1 are
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Model 1610B offers up to three clocks, used independently or in
ORed combinations. For active clocks, either or both edges can
be used to strobe data into holding registers on the current list,
and each clock can be qualified with up to four minterms.

strobed in with the ORed combination of clocks K and L. The master
clock, J or K+L, is set on the menu, and is the last to occur in the
sequence of events monitored. Data from the other clock(s) are put in
a holding register and transferred to the trace list with the edge of the
master clock. In the 16-8-8 bit mode, all three clocks are used inde-
pendently with data on pods 4 and 3 strobed in by clock J, data from
pod 2 strobed in by clock K, and data on pod 1 strobed in by clock L.

Trace Specification

After the Format Specifications have been defined, the Trace
Specification menu is called up and the measurement parameters are
entered. The Trace measurement may be defined as a single word or
may be in a sequence of from one to seven words which must be found
in the specified order. The ability to select a sequence of words allows
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Typical trace specification for defining a test sequence that will
capture a nested loop as well as only selected states in the loop.

you to locate sections of branched, looped, or nested loops during
machine operation. To further qualify the sequence, each word in a
sequence may be specified to occur from 1 to 65 536 times so you can
capture the nth pass of a loop beginning at a given word.

A Sequence Protect function is included with Model 1610B. When
Sequence Protect function is ON, data acquisition is accomplished in
the same manner as with Model 1610A. No data but the sequence
terms are stored until after the last sequence term is found. When the
Sequence Protect function is OFF, data is stored immediately after
the beginning of the trace and is displayed relative to the trace point
position. Rather than listing the sequence terms, the display shows
only SEQUENCE FOUND. When the trace is centered or placed in
end trace mode, the sequence terms which are a part of the trace are
not labeled as sequence terms

When the Sequence Protect function of Model 1610B is off, the
logic analyzer begins data storage immediately at the beginning
of the trace. Rather than showing the sequence words separate-
ly, the remarks SEQUENCE FOUND is displayed. Sequence terms
are not labeled.

Trace List

When the Trace key is pressed, the 1610 searches for the word se-
quence defined in the Trace Specification. As the data is captured it is
displayed on the CRT along with a line number and alphabetically
formatted into the assigned labels and in their numerical base. The
display contains 20 words, and Roll keys permit you to view the entire
64 word listing. To make it easier to locate the Trace position, which
may be selected to start, be in the center, or end a trace, Start is
spelled out on the display. Any count information is also presented
adjacent to each word.

The count measurement may be specified to be either Time or State
(word) count for all 64 words in memory and may be in either ab-
solute mode or relative mode. The absolute mode gives you the time
or count between the trace position and a selected word, while the
relative mode presents the time or count between each consecutively
acquired state. This allows you to directly determine the time spent in
loops, interrupts, or program time between steps.
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Trace list displays the label and numerical bases, as well as the
sequence requirements and resulting state flow. This example
also shows time in the relative mode which is the elapsed real
time between each state and the previously acquired state.

Model 1610B offers two additional features for ease of operation.
Pressing the Default key after rolling the display returns the listing to
the initial trace point. A memory retrieval function has been added
and is entered by holding down the Stop key for two or three seconds.
This is useful when a clock has failed or trigger conditions were not
met. The trace is aborted and up to 63 states of the most recent trans-
action in memory are displayed with a remark, either HISTORY AT
STOP or NO HISTORY AVAILABLE.

Trace Graph

Trace Graph is a presentation of data magnitude versus time se-
quence which provides a display of all 64 words in memory. This
graph allows you to see at a glance in which part of a program the
machine under test is operating. Each word is displaced vertically ac-
cording to its magnitude and positioned horizontally in order of its
occurrence. The data to be graphed is selected by label with its base
displayed on screen.

The trace graph mode is the same for both models with the excep-
tion that the graph display of Model 1610B indicates whether the
graph is generated from current trace or a stored trace.
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A trace graph may be selected to give you a view of all 64 states
in the analyzer's memory. Each dot’s vertical position is deter-
mined by its numerical value and its horizontal position is deter-
mined by its time sequence of occurrence.

Trace Compare

One complete trace measurement including format and specifica-
tion may be stored internally which allows comparison between a cur-
rent and stored measurement. The current and stored measurement
may also be interchanged which allows you to quickly review the
stored measurement as well as its specifications.

Trace Compare presents an exclusive OR tabular listing of the dif-
ferences between the current and stored measurements. The listing is
formatted and rolled as a trace list with identical bits displayed as
zeros and different bits displayed as nonzeros. For example, in the
octal base, 03 is equivalent to a binary 000 011 which means that the
least significant bits are different in the two measurements. A com-
pared Trace mode is also available which directs the 1610 to continu-
ously rerun a measurement until the current and stored
measurements are either equal or not equal which makes it much
easier to capture intermittent problems.

HP-IB Interface

HP-IB Interface may be added initially with Model 1610A or
1610B as Option 003 or installed later with a field kit. With the
HP-IB interface, you can combine the 1610 with any instrument that
is HP-IB compatible, such as printers, plotters, external memories,
and computing controllers.

The most common configuration is the addition of a computing con-
troller, such as 9825A Desktop Computer, and a printer and/or plot-
ter for automatic operating modes. In the laboratory, data can be
accumulated, summarized, and documented quickly. Statistical com-
putations can be completed automatically, with results displayed on
the logic analyzer and hard copy. Making your analyzer “program-
mable” drastically reduces time and cost of making production tests
by reducing, and sometimes eliminating, the need for constant sur-
veillance by highly skilled operators. Testing becomes standardized,
and operator prompts can be built-in, simplifying training and de-
creasing the number of operator errors. Babysitting (continuous,
long-term monitoring) can be done unattended, with branching
instructions and resetting done by the controller. Maintenance of a
digital system is streamlined and focused on prevention rather than
repair by using the analyzer/controller combination to flag marginal
operation in subunits of software and hardware.
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When the HP-IB Interface is used with a controller, data collected
by the analyzer and user-defined menus are transferred to the
controller. In this example, the controller counts the events occur-
ring in each address range, and displays the results, with percent-
ages, as a histogram on the 1610 CRT.

Probes

Input data is sensed through 32 high impedance probes at rates to
10 MHz. Data probes are separated into four 8-bit pods for easier
connection to a system, with a fifth probe pod for connecting to a
clock source. To make it easier for connecting to different systems,
the front section of each probe may be disconnected from its pod. This
allows the individual probe leads for each probe pod to be wired to
connectors for specific systems. Additional probe lead kits as well as
probe tips are available separately as accessories.
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The trace compare mode offers an exclusive OR comparison of
stored versus active data. In this example, the 1610 stopped data
acquisition when the active data was not equal to the stored data
at state +06.
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LOGIC ANALYZERS

Models 1610A and 1610B (cont.)

Trigger Outputs

Once a fault is found, another type of analysis instrument, usually
an oscilloscope, is often required to pinpoint the problem. The analyz-
er’s Trigger Output is stable with respect to the system clock so an
oscilloscope can be used for critical timing measurements. The Mea-
surement Enable output is useful for gating clocks or interrupting the
device under test or for added “clock stopper” circuits in other parts
of the system.

1610A and 1610B Specifications

Clock and Data Inputs
Repetition rate: to 10 MHz.
Input RC: 100 kQ shunted by approx 5 pF at probe body.
input threshold: TTL, fixed at =~ +1.5 V; variable, +10 Vdc.
Max input: —40 Vto +40 V.
Dynamic range: —15 V to +15 V.
Min input
Swing: 0.6 V.
Clock pulse width: 20 ns at threshold level.
Edge-to-edge timing: (1610B) master active edge to master active
edge, 100 ns; master active edge to next slave active edge, 20 ns;
slave active edge to slave active edge, zero.
Data setup time: time data must be present prior to clock transi-
tion, 20 ns.
Hold time: time data must be present after clock transition, zero.
Trigger and Meas Enable Qutputs
Trigger output (rear panel): a 50 ns + 10 ns positive TTL level trig-
ger pulse is generated each time the trace position is recognized. If the
trace position includes a word sequence, the pulse occurs when the

looking for a trace position and goes low when a trace position is rec-
ognized or Stop key is pressed. Other BNC goes low and remains low
when the analyzer is looking for a trace position and goes high when a
trace position is recognized or Stop key is pressed.

Delay from input clock: <150 ns.

General
Memory depth: 64 data transactions; 20 transactions are displayed
on screen, roll keys permit viewing all 64 data transactions.
Time interval: resolution, 100 ns; accuracy, 0.01%. Maximum time,
429.4 seconds.
Events count: 0 to 2% —1 events.
Power: 100, 120, 220, 240 Vac; —10% to +5%; 48 to 63 Hz; 260 VA
max.
Rear panel BNC output: 5 V, 100 mA output for logic probe or other
accessories.
Size: 230 H x 425 W x 752 mm D (9',” x 16%" x 29%").
Operating environment
Temperature: 0°C to +55°C (+32°F to +132°F).
Humidity: up to 95% relative humidity at +40°C (+104°F)
Altitude: to 4600 m (15 000 ft).
Vibration: vibrated in three planes for 15 min. each with 0.25 mm
(0.010 in.) excursions for 1610A and 0.38 mm (0.015 in.) excur-
sions for 1610B, 10 to 55 Hz.
Weight: (1610A) net, 26.5 kg (58.5 1b) shipping, 32.2 kg (71 1b).
(1610B) net, 23.8 kg (52.5 1b); shipping, 29.4 kg (65 Ib).
Accessories supplied: four 10248C data probes and one 10247A
clock probe for 1610A; five 10248C data probes for 1610B; one 2.3 m
(7.5 ft) power cord, one Operating manual, and one Service manual.

last word is found. Trigger outputs continue until a new specification Ordering Information Price
is traced or the Stop key is pressed. Pulse rep-rate is 0 to 10 MHz 1610A Logic State Analyzer $11000
depending on input data rates. In continuous or compared trace 1610B Logic State Analyzer $12500
modes, the internal display process blanks out pulses for 100 us at Opt 002: adds 9866B Thermal Printer add $4100
rep-rates of <20 Hz. Opt 003: (1610A) HP-1B Interface (factory installed) add $800
Measurement enable output (rear panel): (1610A, serial number Opt 003: (1610B) HP-IB Interface (factory installed) add $700
prefix 1812 or below) the positive TTL level measurement enable out- Opt 004: adds 9876A Thermal Printer add $3950
put goes high and remains high when the 1610A is looking for a trace 10494A HP-1B Interface Kit for 1610A Serial Num- $1200
position and goes low when a trace position is recognized or if the ber Prefix 1812A and below
Stop key is pressed. In continuous or compared trace modes the tran- 10495A HP-1B Interface Kit for 1610A Serial Number $900
sitions repeat each time the 1610A makes a new measurement. Prefix 1822A and above
(1610A, serial number prefix 1822 or above, and 1610B) two BNC 10496A HP-1B lnter.face‘ Kit for 1610B $800
rear panel outputs for TTL-level measurement enable. One BNC out- 10499A Field Retrofit Kit to upgrade 1610A $1800
puts a signal which goes high and remains high when the analyzer is (Serial Number Prefix 1940A and above) to 1610B
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Logically arranged Logic State Analyzer keyboard, divided into functional blocks, and an interactive display, allow entry of complex

measurements with a minimum of controls.



LOGIC ANALYZERS

General purpose logic analysis, automated testing, HP-IB debugging

Model 1602A
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1602A

1602A Description

Hewlett-Packard’s easy-to-use low-cost Model 1602A keyboard
controlled Logic State Analyzer is for use in the design and trouble-
shooting of digital systems. The 16-bit wide and 64-word deep mem-
ory operates at clock speeds to 10 MHz allowing the instrument to
capture virtually any 64-word sequence in a system. The data may be
registered with versatile pattern recognition trigger and digital delay.
Measurements of system activity are displayed on the Analyzer’s
LED readout in hexadecimal, octal, or binary format, which elimi-
nates the need for base conversions by the operator. Keyboard entry
of the desired trigger is in the same base as selected for the display.

A Hewlett-Packard Interface Bus option (HP’s implementation of
IEEE Standard 488) allows you to make automated functional tests
of digital systems. This means more consistent and repeatable mea-
surements as well as more thorough testing because the test speed of
the automated system allows more measurements in a shorter time in
both production and service environments.

BT Al e e dckas
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Ease of Use

The 1602’s keyboard with its key-per-function layout is basically
self-teaching. Entry of triggering and display conditions is a series of
self-explanatory keystrokes with all entries displayed as they are en-
tered enabling you to check their accuracy every step of the way.

Data Probe

The simplicity of the Analyzer starts with the probe which is a sin-
gle pod containing all 16 data lines, clock, qualifier, and ground. At
the front of the pod is a standard edge connector which allows you to
quickly move the test connection from an address bus to the data bus,
control lines, or I/O structures. You need only incorporate a few sim-
ple mating printed circuit board connectors in your system.

Tracing Data Flow

Capturing data flow is also easy and only requires a logical se-
quence of key strokes. The first item to define is the Logic Polarity of
your system by pressing the Logic Polarity key. The panel LED’s in-
dicate your selection, positive for high true and negative for low true.
Next select the clock edge on which you want to gather data which is
also indicated by panel LED’s.

Now select the display format that you want to use for the test. If
you are running tests on an address or data bus, you would most likely
select either hexadecimal or octal display format. However, if the test
is on an 1/O bus with numerical data, decimal may be preferred. For
activity on control lines, binary is a meaningful base. In all cases the
display indicates the selected format with a base (b) notation on the
right. Many times all of the input lines are not used and if you want to
blank the more significant bits, just press the Word Width key and
enter the number of bits to be displayed from 2 to 16.

(O



LOGIC ANALYZERS

|

Model 1602A (cont.)

The desired data window is entered from the Trace Specification
section of the keyboard. If you want to view data after the desired
trigger point, press Trigger Plus Delay Starts Trace which directs the
1602A to start collecting data as soon as the Trace Specification is
satisfied. If you are more interested in data preceding the trigger
point, select Trigger Plus Delay Ends Trace. For either mode, Start or
End, an LED indicates the selected mode.

To define a trigger point, press the Trigger = key and enter the
desired trigger point, e.g. 2805, in the same format previously select-
ed for the display. The trigger word is displayed for verification.

To enter a delay that will position the start or stop of data collection
a specific number of clock pulses from the trigger word, press the
Delay = key and enter the number of desired clock pulses. The delay
count is entered and displayed in decimal format. Delays of up to 65
535 clock pulses after the trigger point may be entered and used to
either start or end data collection.

The trace specification is now complete and the 1602A is ready to
capture data. Pressing the Trace key instructs the Analyzer to start
looking for the trigger word. Once the trigger word is recognized, the
Analyzer captures and stores 64 words in memory as defined by the
preset trace specifications.

Two words are normally displayed in the viewing window. The num-
ber at the far left (0 in this example) is the memory location of the
word 2805,,. The word on the far right is in the next higher location of
the Analyzer’s memory.

The data in the Analyzer’s memory may be viewed on the display
using the four keys in the display block. The Prior Word and Next
Word keys permit you to view the memory contents one word at a
time, or if you hold a key, the memory contents will sequence rapidly
through the display. The Word Number = key allows you to quickly
address any memory location and the At Trigger Word key automati-
cally restores the display to the trigger point.

Measurement Flexibility

This Analyzer, with all its operating simplicity, has the power re-
quired to capture more than basic data lists. For example, to deter-
mine if a data line is stuck in one state, a Trace Continuous mode
permits the suspected line to be monitored for activity. The mode is
entered by pressing TRACE followed by C and may be used with any
number base.

To capture data on the nth pass of a loop, a Delay By Events mode is
available. Delay By Events is entered by pressing in sequence Delay
=, E, and then entering in decimal format the desired number of
events to 65 535. The display then shows that the Analyzer is set to
Delay By Events with an E, and also the selected number of events,
352. When Trace is pressed the 1602A will count the selected number
of Events (trigger points) before capturing data.

For viewing consecutive occurrences at specific points, such as data
being sent to a peripheral, a Trace Events Mode is provided. This
mode is entered by pressing Trace followed by E which directs the
1602A to capture only the data that is described by the current trace
specification trigger word plus delay.

When additional qualification is needed for data collection, such as
restricting the data to only reads, writes, or outputs, the rear panel
trigger and clock qualifiers are available. These inputs are compatible
with the HP Model 10250A TTL trigger probe allowing expansion to
four qualifier inputs.

Once a functional fault is located in execution of the program, an-
other form of analysis instrument, usually an oscilloscope, is fre-
quently desired to pinpoint the problem. The Analyzer’s trigger
output is stable with the system clock which allows an oscilloscope to
be used for critical timing measurements.

A Trace Point Output is available for generating interrupt signals
or for added “clock stopper” circuits in other parts of the system un-

der test. The rear panel outputs can also be used to cascade 1602A’s
or other analyzers.

And, for those occasions where the data being gathered are mix-
tures of information from buses and control lines, a mixed mode of
binary and either hex, decimal, or octal bases can be easily entered
with a few keystrokes. Pressing Word Width = 16 and Hex 8 gives
the display shown.
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The resulting trace then displays the captured data in the format
most convenient for analysis.

The Analyzer also interacts with message codes which assist the
operator in gathering and sorting data. The definitions of these mes-
sage codes are included inside the storage compartment top cover for
easy reference.

For increased confidence of the Analyzer’s operation, it performs a
self-test during turn-on and indicates the results on the display. In
addition, there is a multilevel diagnostic software which allows the
Analyzer to identify virtually any internal fault.

Automatic Testing

In addition to stand-alone operation the Analyzer can be confi-
gured for use with the Hewlett-Packard Interface Bus (IEEE 488)
family of interactive instruments. An optional HP-IB interface is
available which when combined with a computing controller and suit-
able stimulus allows the data captured by the programmable 1602A
to be transferred to the controlier for analysis, providing fast, easily
repeatable checkout and troubleshooting in production and service
environments. Now, the engineer who designs a system can establish
proper vs improper operating characteristics and provide an automat-
ic test sequence which will functionally check the system. By develop-
ing the tests in an HP-1B configuration, he can print out a complete
data record for each test, greatly simplifying documentation of test
procedures.

The greatest benefit of automated testing is that each instrument is
tested identically; a QA inspector can functionally test the system
with the same parameters used in final test. System failures that oc-
cur during testing can be readily defined and documented, and since
they are stored in an automated test routine, the failure test condi-
tions can be duplicated at will. Libraries of faults can be rapidly gen-
erated using these automated test procedures, with each fault
documented and stored in a data cartridge file for use in automated
debugging in production or field service.

Programming

A learn mode feature provides an easy way for a designer to pro-
gram the Analyzer with an HP Model 9825A Computing Controller
without using the formal HPL language. A few special function keys
are all that is needed for most test programs, and the procedure for
using them is also easy. Just make the measurement once manually
using the 1602A and then press LEARN on the Computing Control-
ler. The system will then become conversational and ask for the test
number, number of words of 1602A memory to be compared, desired
measurement time limit, and which test to go to if the present test
passes or fails. The Computing Controller then automatically reads
the Analyzer’s keyboard and memory and transfers this data to its
cassette. The first test of the “test procedure” is now cormnpleted and
documented. A complete test procedure can be rapidly generated and
documented by using this method. To use the test procedure, simply
connect to the system or device under test and press the special func-
tion “Run” key on the Computing Controller. Your “Automated” test
system then sets up the first test in the procedure, compares the data
collected to the reference data stored on the cassette, and automati-
cally branches (based on the data comparison) to either a new test or
a comment. This means that all your devices can be functionally test-
ed in minutes, automatically, with identical procedures eliminating
variations due to differences between operators.



Debugging HP-IB (IEEE 488) Systems

Hewlett-Packard’s Models 10050A and 100S1A HP-1B Adapter
and Test Probe offer a convenient method of Monitoring HP-IB
(IEEE 488) lines with a 1602A Logic State Analyzer. These accesso-
ries connect directly to the interface bus, do not interfere with normal
system operation, and are capable of monitoring activity at full oper-
ating speeds. The 1602A’s mixed display mode allows decoding of bus
information to match the bus format of eight data, and eight control
and handshake lines. With a few keystrokes, the display may be
configured with eight lines in binary and the remaining eight in either
hexadecimal, octal, or decimal format.

=

HP-IB Adapter

For basic monitoring of an HP-IB system, the Model 10050A
Adapter is quickly connected to the 1602A probe and HP-IB piggy-
back connector. There are no time consuming problems of connecting
individual probe leads to an HP-IB connector.
HP-IB Test Probe

More complete tests of an HP-IB system can be performed using
Maodel 10051 A Test Probe in conjunction with the 100S0A Adapter.
Connection to the system under test is accomplished by plugging in
the test probe, adapter, and connecting to the HP-IB connector.

With the 10051A, you automatically check for protocol violations
on three handshake wires. If any of the six legal states occur out of
sequence or one of the two illegal states is accessed, the LED on the
probe flashes to indicate a possible problem and also supplies a pulse
for triggering the 1602A or external instrumentation so that a prob-
lem can be quickly located. The timing diagram shows the normal
sequence on the three handshake lines.

SEQUENTIAL REQUIREMENTS OF THE THREE WIRE TRANSFER
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A Clock Qualifier switch allows selection of Commands, Data, or
Both to control the type of bus activity that is loaded into the 1602A’s
memory. A Clock Source switch allows you to strobe data into the
1602A on the positive edge of NDAC, negative edge of DAV, com-
pletion of a parallel poll, or with a manual pushbutton. By selecting
Parallel Poll as a clock the 1602A monitors DIO lines to check device
status when a parallel poll is conducted. If there are no handshake
operations being conducted, the Manual pushbutton allows you to
clock the current bus state into the 1602A.

O

1602A Specifications

Probe Inputs
Repetition rates: to 10 MHz.
Input load: one low power Schottky gate (<400 uA source).
Input threshold: TTL, fixed at ~1.5 V.
Max input: <<+5.5 V.
Min input
Level: >—0.5V.
Swing: from <+0.4 V (low) to =+2.4 V (high).
Clock pulse width: =25 ns at threshold.
Data setup time: time data must be present prior to a clock transi-
tion, 35 ns at threshold.
Hold time: time data must be present after a clock transition, zero.

Trigger and Clock Qualifier Inputs (Rear Panel)

Input load: 8 mA max source.

Max input: <+5.5 V.

Min input
Level: >—0.5V.
Swing: from <+0.4 V (low) to =+2.5 V (high).
Setup time: time data must be present prior to a clock transition,
40 ns with 10250A probe, 10 ns without probe.
Hold time: time data must be present after a clock transition, 15 ns
with 10250A probe, 30 ns without probe.

Trigger and Trace Point Outputs
High: =2 V into 509.
Low: <0.4 V into 50Q.
Pulse duration (width)
Trigger: high for ~ one clock period.
Trace point: sets low when Trace key is pressed, returns high when
the Trace Specification is met.
Delay from input clock: <150 ns.
General
Power: 100, 120, 220, and 240 Vac; —10% +5%; 48 to 66 Hz; 50 VA
max.
Size: 107 H x 275 W x 421 mm D (4%," x 10'%," x 16%").
Operating environment
Temperature: 0°C to +55°C (+32°F to +132°F ).
Humidity: up to 95% relative humidity at +40°C (+104°F).
Altitude: to 4600 m (15 000 ft).
Vibration: vibrated in three planes for 15 min. each with 0.38 mm
(0.015 in.) excursions, 10 to 55 Hz.
Weight: net, 4.5 kg (10 Ib); shipping, 5.9 kg (13 Ib).
Accessories supplied: one external probe pod, one connector with
individual clock, ground, and data probe leads with tips, three display
labels (HP P/N 01602-94302), one 2.3 m (7.5 ft) power cord, one
Operating and Service Manual.
Probe interface: the probe interface is a standard, two row, edge
connector which may be easily added to instruments during develop-
ment, providing easily accessed test points for production and field
service requirements.

Options
001: HP-1B Interface
Operating instruction labels are available in five additional lan-
guages. On initial order of a 1602A, one special language label may
be ordered as an option. Additional labels must be ordered by part
number.
400: French (HP P/N 7120-6467)
401: Spanish (HP P/N 7120-6468)
402: Italian (HP P/N 7120-6469)
403: German (HP P/N 7120-6960)
404: Japanese (HP P/N 7120-6697)

Accessories

10250A TTL trigger probe: Model 10250A Trigger Probe offers a
convenient method of expanding the qualification capabilities of the
1602A. With the 10250A connected to the 1602A rear panel Trigger
or Clock Qualifier inputs, you have an additional four bits of qualifi-
cation. The four inputs may be switched to HI, LO, or OFF (don’t
care) for selection of the desired qualification pattern. Power for the
trigger probe is obtained from the circuit under test.
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The keyboard of the Model 1602A Logic State Analyzer is easy to use with its key-per-function layout. Entry of triggering and display
conditions is a series of self-explanatory keystrokes with entries displayed as they are entered, for a quick check of input accuracy.

Probe Interfacing
01602-68701: connector with leads (without slip-on probe tips).
01602-68702: connector kit (without leads).
10230-68702: package of ten slip-on probe tips.

The probe interface is a standard two row, edge connector which
may be easily added to instruments during development, for easily
accessed test points in production and field service requirements.
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Notes
imensions In milimetres end (Inches)
1.57 (0.062) Thick PC Board
Dimension Tolersnce =0.13 (9.005)

HP-IB Controllers and Accessories

The following computing controller and accessories combined with
a 1602A Option 001 provide a complete HP-IB Test System.
Model 9825A Computing Controller: Opt 002 with a 23 000 byte
memory is recommended for maximum flexibility. Accessories re-
quired are Model 98210A String and Advanced Program ROM,
Model 98213A General and Extended 1/O ROM, and a Model
98034A HP-IB Interface Card.
Software: the Model 10060A Automatic Logic State Analysis Ap-
plication Program for the 9825A controller is available and virtually
eliminates the need to learn controller or HP-1B language.

10050A/10051A Specifications
Specifications apply with the 10050A/10051A connected to the
1602A.
Adapter, 10050A: when used as passive connection to the 1602A,
loads each HP-IB signal line with one Schottky TTL gate (<400 uA
source) except DAV which is loaded with two low power Schottky
TTL gates (<800 uA source).
Test probe, 10051A
Input Load: one low power Schottky TTL gate (<400 pA source)
on each HP-IB signal line.
Input threshold: TTL fixed at =~ 1.5 V except DAV, NRFD,
NDAC, ATN, EOI which are buffered with low power Schottky
TTL hysteresis gates (positive going threshold ~ 1.7 V, negative
going threshold =~ 0.9 V).
Max input: << +55V.
Min input: > —0.5 V.
Differential signal delay: signals on the ATN and EOI lines are
delayed approx 30 ns more than DIO 1-8, SRQ, IFC, REN which
are applied to the 1602A data inputs without buffering.
Setup time: data must be present 35 ns prior to a clock transition.
Hold time: data must remain stable 50 ns after a clock transition.

Ordering Information Price
1602A Logic State Analyzer $1800
Opt 001: HP-IB Interface add $300
10250A TTL Trigger Probe $125
10050A HP-1B Adapter $35
10051A HP-IB Test Probe (includes 10050A) $185
10060A Automatic Logic State Analysis Applications $58
Program for 9825A
01602-68701 Connector with leads (without slip-on $80
probe tips)
01602-68702 Connector Kit (without leads) $25
10230-68702 Slip-on probe tips (10) $22.50
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Analysis of microprocessor based systems
Model 1611A
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161 1A Description

Hewlett-Packard’s Model 161 1A Logic State Analyzer quickly lo-
cates those elusive software and hardware problems in microproces-
sor systems. This stand-alone logic state analyzer saves time in design
and troubleshooting for earlier operation, shorter down time for
maintenance, and lower development and production costs. There are
now eight personality modules available for the 1611A; seven of the
personality modules can perform a complete inverse assembly of code
from buses of seven major processor families, while the eighth person-
ality module is a general purpose module. Programs are debugged on
operating hardware with real-time viewing of the system’s actual op-
eration for analysis. Extensive triggering capability allows you to cap-
ture 64 pertinent transactions on data and address buses as well as
external lines. Model 1611A is passive to the system under test, add-
ing small capacitance and drawing only a small amont of current.
Data entry may be hexadecimal or octal base, with binary base for
control lines.

The keyboard is divided into four functional areas, data registra-
tion, entry, execute, and display. Specific events in program execution
can be pinpointed with the ability to trigger on address, data, external
signals, or any combination of the three. A direct readout of elapsed
time or number of events between specified states, as well as mini-
mum and maximum times or counts, can be obtained. Selective trig-
gering is further refined by range triggering, selective store,
sequential triggering and trace triggers. In effect, you “edit” the data,
collecting only the transactions needed for analysis. Model 1611A
performs a self-test during turn-on and displays the results.

Dedicated Personality Modules

The seven dedicated personality modules reduce setup time as input
parameters are already matched to proper trigger levels and clock
slopes of the microprocessor. Connection to the system is quick and
easy with a “clothespin” clip, or the 40-pin connectors for address and
data and eight auxiliary leads with individual miniature probes for
related control lines. You can view microprocessor transactions in
mnemonic language or absolute code on the 32-bit wide display. Halt-
ing or single-stepping the microprocessor is possible with any of the
dedicated personality modules.

General Purpose Personality Module

Using the general purpose personality module makes the 1611A a
conventional logic state analyzer for microprocessors. All but the de-
vice-specific capabilities of the dedicated modules are retained, and
you can monitor virtually any microprocessor which has accessible
test points. With a display up to 36 bits wide you can observe activity
on several buses simultaneously on 8-bit or 16-bit microprocessors.
Seven clocks allow multiplexed information to be latched into the
1611A at the appropriate time for display. The listing is displayed in
absolute code in hexadecimal or octal for address and data buses, and
in same base or binary for the external and auxiliary lines. Connec-
tion to the system under test is universal, with two pods, individual
leads, and miniature probes for all inputs.
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Inverse assembly of the data on the data buses is possible with

the seven dedicated personality modules. This mnemonic display
is in the familiar assembler format for easy interpretation.
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The time interval mode and the ability to select enable and dis-
able trigger conditions allows direct measurements of execution
time in loops, subroutines, and responses to interrupts. The
1611A can record the time for one measurement or provide the
minimum and maximum values along with the last measurement
from repeated measurements.

WLETT « PACKARD

8080
HOROPROCESSOR
PRI2BE

Connection with dedicated personality probes is with a 40-pin
dual in-line package clip or the microprocessor may be relocated
to the probe body and the probe connected to the system with a
40-pin connector.

Configuration

The flexibility and convenience of Model 1611A are a function of
the eight personality modules. On initial order, the 1611A is fitted
with the module of your choice. Subsequently, to change the configu-
ration, a new personality module can be installed on site in about 15
minutes. Each module consists of two or three printed circuit boards,
an insert for the front panel, and the accompanying microprocessor
probe. Dedicated personality modules are available for seven micro-
processor types: 6800, 8080, F8, Z80, 6502, 1802, and 8085. The gen-
eral purpose personality module features flexibility, and can be used
to troubleshoot most microprocessors manufactured now or in the
foreseeable future.

Option 001 (General Purpose
Personality Module)

Note: Model 10264A personality module may be ordered separately
for installation in a 1611A to provide Option 001 capability.
Inputs

Input current: 200 uA, logic 0 (low); =20 uA logic 1 (high).
Threshold: 2 V min, logic 1 (high); 0.7 V max, logic 0 (low). All
inputs have hysteresis.

Input capacitance: ~ 20 pf.

Clock

Clock rate: dc to 2.8 MHz max (2.2 MHz max if installed in a
1611A with serial number prefix of 1723A or below). Min pulse
width is 30 ns. No clock should occur until at least 100 ns after the
master clock. The NO CLOCK indicator lights if the period between
clocks exceeds 4 ms.

External probes used with the general purpose personality mod-
ule can obtain signals from up to 36 test points, whether the lines
are dedicated or multiplexed.

Setup and Hold Times
Setup time: 80 ns relative to specified clock edge.
Hold time: zero.

Option A68 (6800 Microprocessors)

Note: Model 10257B personality module may be ordered separately
for installation in a 1611A to provide Opt A68 capability.

Microprocessor Compatibility

Motorola: 6800, 68 A00, 68B00,6802.

AMI: 6800.

Note: The 1611A Opt A68 is compatible with any microprocessor
that meets specifications of the Motorola 6800.

Clock and Data Inputs
Clock rate: 70 kHz to 2.0 MHz; (70 kHz to 1.66 MHz with 10257B
installed in 1611 A with serial number prefix below 1723A).
Input loading
AgA,, R/W, VMA: = | MQshunted by == 40 pF, including capaci-
tance of 30.4 cm (12") cable; ~ 30 pF with 7.6 cm (3”) cable.
Dy-D,, BA: 20 pA max with V;; = 2.7 V; —0.2 mA max with V;;
=0.4 V.
HALT: 120 A max with V;; =2.7 V; —0.2 mA max with V;, =
04V. .
$2: 0.2 mA max with V;; = 5 V; —0.4 mA max with V;; = 0.4 V,
Threshold: 2.4 V to 5.5 V, logic 1 (high); —0.8 V t0 0.8 V, logic 0
(low).
Halt output: TTL open-collector compatible output capable of sink-
ing at least 8 mA when active.

Option A80 (8080 Microprocessors)

Note: Model 10258B personality module may be ordered separately
for installation in a 1611A to provide Opt A80 capability.

Microprocessor Compatibility

Intel: 8080, 8080A, 8080A-1, 8080A-2.

AMD: 9080A, 9080A-1, 9080A-2, 9080A-4,

NEC. uPD8080, xPD8080A-E.

TI: TMS8080, TMSS080A.

National: INS8080A.

Note: The 1611A Opt A80 is compatible with any microprocessor
that meets specifications of the Intel 8080A.



Clock ($2 only)

Repetition rate: 300 kHz to 4 MHz.

Width: 75 ns min for either high or low state.

Input resistance: ~ 12 kQ.

Input capacitance: ~ 25 pF, includes capacitance of 30.5 cm (12")
cable, =~ 15 pF with 7.6 cm (3”) cable.

Threshold: 9 to 13 V, logic | (high); —1 to 0.8 V, logic 0 (low).

Data, Address, Wait, Ready, HLDA, INTE, SYNC

Input resistance: ~ | MQ

Input capacntance ~ 25 pF, includes capacitance of 30.5 ¢cm (12")
cable, =~ 15 pF with 7.6 cm (3”) cable.

Threshold: 3 V to 6 V, logic 1 (high); —1 to 0.8 V, logic 0 (low).
Ready output: TTL open-collector compatible output capable of
sinking at least 8 mA when active.

Option OF8 (F8 Microprocessors)

Note: Model 10259A personality module may be ordered separately
for installation in a 1611 A to provide Option OF8 capability.

Microprocessor Compatibility

Fairchild: F8 (3850).

Mostek: F8 (3850).

Note: The 1611A Opt OF8 is compatible with any microprocessor
that meets specifications of the Fairchild F8.

Clock and Write

Clock rate: 100 kHz to 2 MHz.

WIdth: 180 ns min for either high or low state.

Input current: ~ 50 uA, logic 0 (low) and logic 1 (high).

Input capacitance: ~ 25 pF, includes capacitance of 30.4 cm (12”)
cable; ~ 15 pF with 7.6 cm (3”) cable.

Threshold: 2.4 Vto 5.5 V,logic | (high); —0.8 t0 0.8 V, logic 0 (low).
Write period: either 4 or 6 times the clock period.

Write pulse width: max = clock period, min = clock period ~100 ns.

ROMC

Input current: ~ 22 uA, logic 0 (low); =~ 40 uA, logic 1 (high).
Input capacitance: = 25 pF, includes capacitance of 30.4 cm (12”)
cable; =~ 15 pF with 7.6 cm (3") cable.

Threshold: 2 V min, logic 1 (high); 0.7 V max, logic 0 (low).

Data, 1/00, 1701, EXT RES

Input current: ~ 200 uA, logic 0 (low); =~ 20 uA, logic 1 (high).
Input capacitance: = 25 pF, includes capacitance of 30.4 cm (12")
cable; = 15 pF with 7.6 cm (3") cable.

Threshold: 2 V min, logic 1 (high); 0.7 V max, logic 0 (low).

Halting
The F8 CPU must be placed in the 1611A Probe socket to halt or
single-step the F8 microprocessor.

Option Z80 (Z80 Microprocessors)

Note: Model 10260A personality module may be ordered separately
for installation in a 1611A to provide Option Z80 capability.

Microprocessor Compatibility
Zilog: Z80, Z80A.

Mostek: 3880 (Z80), 3880N-4 (Z80A).

Note: The 1611A Opt Z80 is compatible with any microprocessor
that meets specifications of the Zilog Z80.

Clock, Data, Address, and Control Inputs

Clock rate: 500 kHz to 4 MHz.

Input current: =~ 200 uA, logic 0 (low); ~ 20 uA, logic 1 (high).
Input capacitance: ~ 25 pF, includes capacitance of 30.4 cm (12")
cable; =~ 15 pF with 7.6 cm (3") cable.

Threshold: 2 V min, logic 1 (high); 0.7 V max, logic 0 (low).

Wait output: TTL open-collector compatible output capable of sink-
ing at least 8 mA when active.
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Opt 001
Option A65 (6502 Microprocessors)

Note: Model 10261 A personality module may be ordered separately
for installation in a 161 1A to provide Option A65 capability.

Microprocessor Compatibility

MOS Technology: MCS6502, MCS6502A.

Rockwell: R6502, R6502A, R6512, R6512A.

Synertek: SY6502.

Note: The 1611A Opt A65 is compatible with any microprocessor
that meets specifications of the MOS Technology MCS6502.

Clock and Data inputs
Clock rate: 70 kHz to 2 MHz.
Input loading
AO-A15, R/W, Sync: =~ | MQ shunted by = 40 pF, including ca-
pacitance of 30.4 cm (12”) connecting cable, ~ 30 pF with 2.6 cm
(3”) cable.
DO - D7: 20 uA max with Vip = 2.7 V; —0.2 mA max with Vi, =
04V.
Rdy: 120 uA max with Vi = 2.7 V; =0.2 mA max with Vi, =
—04V.
$2: 0.2 mA max with Vi, = 5 V; —0.4 mA max with Vi = 0.4 V.
Threshold: 2.4 to 5.5 V, logic 1 (high); —0.8 V to 0.8 V logic 0 (low).
RDY output: TTL compatible open collector output capable of sink-
ing at least 8 mA when active.

Option A18 (1802 Microprocessors)
Note: Model 10262A personality module may be ordered separately
for installation in a 1611A to provide Option A18 capability.

Microprocessor Compatibility
RCA®: CDP1802D, CDP1802CD. Example of RCA acceptable oper-
ating conditions at +25°C with a shunt capacitance of 50 pF are:

Voo Vad CLOCK SPEED
5 5 2MHz
5 10 4 Mz

10 10 5 Mz

Note: The 1611A Opt A18 is compatible with any microprocessor
that is functionally identical to the RCA 1802. Microprocessor oper-
ating conditions (clock rate, supply voltages and signal timing) must
be compatible with the 10262A setup and hold specifications.
®Registered Trade Mark RCA Corp.

Clock and Data Inputs

Input loading, MA 0—MA 7, Bus 0—Bus 7, TPA, TPB, XTAL,
SCO, SC1, MRD, MWR, NO, N1, N2, WAIT, CLEAR: ~ 32 kQ shunt-
ed by ~ 25 pF including the capacitance of a 30.5 cm (12") cable or
=~ 15 pF with a 7.6 cm (3") cable.

Threshold: automatically adjusted internally to =~ Vpp/2.

Wait output: series current limit. Open collector output series with
current limited to 10 mA.
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Model 1611A (cont.)

18HA OPT ABO {EOR 8080 wP SYSTEMS)
FORMAT

ADDRESS - DATA BUS TRIGGER QUALIFIER @ on

READ

DCTAL GP CODE QF CODE WRITE iis)
& o @@e.e
HEXADECIMAL OFF OFF G GFF

USER SYSTEM MICROPROCESSOR

o o INYERBGPY
NI CLGOK HOWD WAIT WATHOLD ENABLE HALT

BY 18114

TEST MOCE

Opt A80

Waiting: with the Test Mode Switch in TRACE THEN WAIT or
TRACE SINGLE STEP with the CPU in the 1611A probe socket,
the 1611A will cause the CPU to wait. If the CPU is not in the probe
socket, waiting cannot be guaranteed.

Option A85 (8085 Microprocessors)

Note: Model 10263 A personality module may be ordered separately
for installation in a 1611A to provide Option A85 capability.

Microprocessor Compatibility

Intel: 8085, 8085A, 8085A-2.

AMD: AMS085.

Slemens: 8085.

NEC: «PD8085.

Note: The 1611A Opt A85 is compatible with any microprocessor
that meets specifications of the Intel 8085.

Clock, Data, Address, Status, and Control Inputs
Clock rate: 300 kHz to 5 MHz.
Threshold: 2 V to 5.5 V. logic 1 (high); —0.5 Vt0 0.8 V logic 0 (low).
Input current
Clock and Control: =~ 50 uA max with Vi, =2.7 V; —0.4 mA max
with Vipb = 0.5 V.
Data, Address, and Status: ~ 20 A max with Vi, =2.7V,; -0.2
mA max with Vi, = 0.4V,
Input capacitance: ~ 25 pF including capacitance of 30.5 cm (12")
cable; =~ 15 pF with 7.6 cm (3”) cable.
Ready output: TTL compatible open-collector output capable of
sinking at least 8 mA when active.

1611A Specifications

General

External probe inputs
Current: = 50 pA logic 0 or logic 1
Capacltance: ~ 25 pF at probe tip.
Threshold: 2.4 V to 5.5 V logic 1 (high); —0.8 to 0.8 V logic 0
(low).
Hold time: zero, relative to appropriate strobe edge.

Outputs
Low: < 0.4 V into 50€.
High: > 2.0 V into 500 (nominally 3.9 V into an open circuit).
Trigger: duration =~ 75 ns in RZ format; delay ~ 350 to 400 ns
after the appropriate strobe edge during the cycle that defines a
valid trigger.
Trace Point( ): provides a positive edge =~ 350 to 400 ns after the
appropriate strobe edge during the cycle that defines the specific

PROBE TEST

FORMAT
ADRSSDATA EXT TRIGGER QUALIFIER @ oN
BUS
SESAL 10 READ
ocTAL CBE OP COOE SFERTE  wAiTE o

® @ & 8 e &

HEXADECIMAL PROBE OFF CFF OFF OFF

USER SYSTEM MICROPROCESSOR

NG CLOTK HaLT HOLD WAIT  WAIT/HOLD »«’ “

BY 114

TEST MODE
R BN

Opt A85

valid trigger to be displayed on the 1611A. If the 1611A Delay is set
so that the trigger word is not displayed, Trace Point output occurs
for the cycle that defines the valid word immediately preceeding the
first displayed word.
Trace Point ( ): complement of Trace Point ( ).
Memory depth: 64 data transactions; 16 transactions are displayed
at one time, roll keys permit viewing of all 64 transacuons
Time interval: accuracy, 0. 1% *1 ps. Max time, (2—1) us (16.7 5).
Events count: 2~ 1 events (16.7 million) max.
Logic probe output power: 5 V dc at 0.1 A max.
Power: 100, 120, 220, 240 V ac; —10% +5%; 48 to 440 Hz; 120 VA
max.
Size: 189 Hx426 Wx572mm D (77" x 16 %" x 22 %").
Operating environment: temperature, 0°C to +55°C (+32°F to
132°F); humidity, to 95% relative humidity at +40°C (+104°F); al-
titude to 4600 m (15 000 ft); vibrated in three planes for 15 min. each
with 0.38 mm (0.015 in.) excursions, 10 to 55 Hz.
Woeight: net, 15 kg (33 Ib); shipping, 19.5 kg (43 1b).

Accessories Supplied

With 1611A: external 8-bit probe; one 2.3 m (7.5 ft) power cord; and
one Operating and Service Manual.

With Dedicated Module: one 40-pin clip with 30.5 cm (12”) cable;
one 40-pin male socket with 30.5 cm (12”) cable; and one 40-pin male
socket with 7.6 cm (3") cable.

With General Purpose Module: two universal probes with individ-
ual leads, and miniature probe tips for each input.

Ordering Information Price
1611A Opt 001 Logic State Analyzer, General Purpose $6000
1611A Opt A68 Logic State Analyzer for 6800 uP $5200
1611A Opt A80 Logic State Analyzer for 8080 uP $5200
1611A Opt OF8 Logic State Analyzer for F§ uP $5200
1611A Opt Z80 Logic State Analyzer for Z80 uP 35200
1611A Opt A65 Logic State Analyzer for 6502 uP $5200
1611A Opt A18 Logic State Analyzer for 1802 uP $5200
1611A Opt A85 Logic State Analyzer for 8085 uP $5200
Personality Modules for Field Installation

10257B for 6800 uP $1250
10258B for 8080 uP 31250
10259A for F8 uP $1250
10260A for Z80 uP $1250
10261A for 6502 uP $1250
10262A for 1802 uP $1250
10263A for 8085 uP $1250
10264A General Purpose $2000
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LOGIC ANALYZERS

Parallel or serial analysis of digital systems
Models 1600S, 10253A and 10254A
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1600S

16008 Description

The 1600S Logic State Analyzer is a versatile, general purpose data
domain instrument for use in design and troubleshooting of minicom-
puter and microprocessor based systems as well as other digital sys-
tems. Parallel data is captured at clock speeds to 20 MHz and
presented in an easy-to-read one’s and zero’s display format for fast
functional analysis of digital data flow. The ability to capture and
display words up to 32-bits wide lets you observe, in real time, micro-
codes or addresses with resulting data, saving time in system design
and development, hardware troubleshooting, software evaluation,
and service and maintenance. Convenient and flexible functional
analysis is provided by features such as sequential triggering, dual
clock, separately configured data tables, display qualification, exclu-
sive OR comparison of Tables A and B, dynamic mapping, and halt
when A is not equal to B.

The 1600S consists of a 1600A Logic State Analyzer, a 1607A
Logic State Analyzer, a 10236A Trigger Bus Cable, and a 10237A
Data Cable. The Trigger Bus Cable logically AND’s the trigger reg-
isters of both the 1600A and 1607A for a trigger word up to 36 bits
wide (four qualifiers not displayed). The Data Cable connects the
1600A Table B memory to the 1607A to enable the display of words
up to 32 bits wide, to display two 16-bit data sequences at the same
time—such as addresses and instructions, to display 32 consecutive

16-bit words, or for dual clock application. When the full system ca-
pabilities are not needed, the 1600A or 1607A may be used separate-
ly. The 1600A by itself is a complete logic state analyzer with 16-bit
triggering plus two qualifiers, and a 32-bit wide table display as well
as dynamic mapping. The 1607A needs only the proper oscilloscope
or X-Y display for another complete analyzer, also with 16-bit trig-
gering plus two qualifiers. Both the 1600A and 1607A have a pattern
trigger output to trigger an oscilloscope for electrical analysis.

Display Modes

The Map display provides a dynamic overview of a system’s oper-
ation—a pattern of dots interconnected with vectors that are unique
for each area of program implementation. Each dot represents a spe-
cific word; its location indicates binary magnitude and its brightness
indicates relative frequency of occurrence. The vectors between each
dot allow you to observe the sequence of data transactions. The vector
gets brighter as it moves toward a new point to show the direction of
data flow. With the map you can identify program loops, improper
data flow, as well as lost portions of a program. You can also map
single-shot events such as those in turn-on sequences.

In the Table display mode you can display up to sixteen 32-bit
words which allow you to view address and resultant data flow at the
same time. You can look at events leading up to, surrounding, or fol-
lowing the trigger word; and delay up to 99 999 clock cycles beyond
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LOGIC ANALYZERS

Models 1600S, 10253A & 10254A (cont.)

The map display offers an overall view of machine operation, with
each dot representing one input word. The real time display al-
lows you to identify program loops, improper data flow, as well as
lost portions of a program.

the trigger point to view events anywhere in a program. Two 16-bit by
16-bit table displays, A and B, can be used separately or in various
combinations to satisfy a wide variety of applications.

An Exclusive OR mode, A & (A & B), makes comparison of Table
A and Table B data easy by displaying any differences as intensified
one’s on Table B. This display mode allows you to quickly compare
active data to known stored data, or to compare data from two active
systems simultaneously. Comparison data for Table B can be entered
from an HP Model 10253A Card Reader. Model 10253A plugs di-
rectly into the 1600A Logic State Analyzer and provides a convenient
method for performing repetitive tests for incoming inspection, pro-
duction testing, or any situation requiring frequent comparisons to
predetermined data sets.

Another useful mode is the halt when A does not equal B mode (A
# B), which automatically halts and stores the data in the A memory
when it does not equal the data in the B memory. Used in conjunction
with the A & (A @ B) mode, this mode frees you from the tedious
waiting and watching for intermittent malfunctions.

Display Qualification and Triggering .

The 1600S has a total of four qualifier channels which allow only
selected data to be captured, greatly expanding the effectiveness of
the memory since irrelevant or extraneous data is not strobed into
memory. The 1607A pattern trigger output (PTO) can be used as a
qualifier input to the 1600A for analysis of multiplexed buses.

You can define two events which must occur in sequence to trigger
a data acquisition cycle. The trigger output of the 1607A can be used
to arm the 1600A on a selected event, enabling it to look for the sec-
ond event. Sequential triggering is useful for analyzing branch
operations.

Both the 1607A and the 1600A may be operated in the Start Dis-
play or End Display modes. In Start Display, the Analyzer triggers on
a unique word established by the trigger word switches and displays
that trigger word and the fifteen following words as they are clocked
in. This is a valuable mode for paging through a system while follow-
ing an algorithm to trace data flow. End Display triggering captures
events leading up to and including the trigger word, providing a “neg-
ative time” display. This is extremely helpful for troubleshooting,
since you can trigger on an unallowed state or a fault and see where
the machine malfunctioned rather than the end results of the error. In
addition, delay may be combined with the End Display trigger to cap-
ture both positive and negative time data, allowing you to see events
before and after the trigger event and reduce analysis time.

When the data you want to see does not immediately follow the de-

In the Exclusive OR mode, A & (A & B), A memory data is dis-
played on the left while the table on the right displays logic differ-
ences between A and B memories. This provides very fast “at-a-
glance” comparisons.

sired trigger word, delay can be used to position the sixteen word
“window” an exact number of clock pulses from the trigger word. The
1600A and the 1607A each permit selection of up to 99 999 clock
cycles of delay.

The 1600A and 1607A have trigger outputs that extend trouble-
shooting capabilities in digital curcuit analysis by windowing oscillo-
scopes to the proper digital point in time for electrical analysis of
circuit operation.

Dual Clock

The 1600A and 1607A may be clocked at different rates which per-
mits you to examine simultaneously up to 16 bits on both sides of an
I/0 port even though state flow is from two different sources running
at different speeds. You can also easily relate bus activity to events
occurring elsewhere at different clock rates, such as system peripher-
als. Dual clock capability can be particularly useful in determining
design incompatibilities between hardware and software in micro-
computer-controlled systems.

Serial Data Analysis

Model 10254A Serial-to-parallel Converter extends the analytical
capabilities of the 16008 to include monitoring serially transmitted
data. Data is collected serially at rates to 10 MHz into bidirectional
registers and transmitted in parallel to the 1600S by bytes up to 16
bits wide. Sync mode may be a Pattern sync, initiating data collection
with the pattern triggers of the analyzer, or Edge sync, using the ap-
propriate edge of the clock for the system under test. You can use the
Converter with either Model 1600A or Model 1607A and a display,
or two Converters for a display of serial data 32 bits wide. Operating
parameters are matched to those of the 1600S, including a zero hold
time and adjustable threshold levels. With the 1600S and 10254A in
combination, you can observe data transfers at /O ports, and moni-
tor communication networks, serial processors, and digital filters.

Versatile Miniature Probes

The 1600S acquires data through six, 6-channel high impedance
probes. Two separate clock probes allow connection to the desired
strobe source. The miniature probe tips are small enough to connect
to adjacent pins or can be slipped off the probe wire for direct connec-
tion to 0.6 mm (0.025 in.) square pins, IC test clips, Model 10024A
IC clip, and wire wrap pins.

Individual probes are connected to each data or clock pod through a
quick disconnect ganging-bar which permits hardwired or semiper-
manent connections to system nodes that do not need to be disturbed
when the Logic State Analyzer and its probe pods are removed.



10253A Card Reader

1600S Specifications

Clock and Data Inputs

Repetition rate: 0 to 20 MHz.

Input RC: 40 kQ + 3 kQ shunted by <14 pF (at the probe tip).
Input bias current: <30 uA.

Input threshold: TTL, fixed at ~ +1.5 V, variable +10 Vdc.
Max input: level, —15 to +15 Vdc; swing, 15 V peak from threshold.
Min input: swing, 0.5 V +5% of p-p threshold voltage; clock pulse
width, 20 ns at threshold; data pulse width, 25 ns at threshold; data
setup time, 20 ns; hold time, zero.

Pattern and Delayed Trigger Outputs

High: =2 V into 509 (line driver interface).

Low: <0.4 V into 50Q (line driver interface).

Pulse duration
Delayed trigger: =~ 25 ns (RZ format) at 1 V level.
Pattern trigger: =~ 25 ns in RZ format at 1 V level, delay zero or
off. With delay on and not zero, pattern trigger output starts on
receipt of a pattern trigger signal and ends when delay ends.

Trigger Arm Input
Impedance: 50Q.

Level: low state, 0 V to <0.4 V; high state, 2 Vto <5 V.

Pulse width: 15 ns min at 1.5 V level.

Arming conditions: if the arming pulse positive edge occurs <45 ns
after a clock, triggering occurs on the same clock cycle that it is
armed. If the arming pulse positive edge occurs =75 ns after a clock,
triggering occurs on the next clock cycle.

1607A X-, Y- and Z-axes Outputs
X-axis: <<0.6 Vto >6 V p-p, +8 V max into =100 kQ
Y-axis: <<0.6 V to >6 V p-p, +8 V max into =100 kQ.
2-axis: 0 to 10 V p-p into =1 kQ.
Display interface requirements: the 1607A interfaces with oscillo-
scope or display with the following input parameters (Not recom-
mended for storage oscilloscopes or displays other than HP Model
1741 Opt 001 Storage Oscilloscope).
X and Y inputs: 0.1 to | V/div deflection factors; dc coupled input;
and >500 kHz bandwidth.
2-axis input: dc coupled with positive blanking; full blanking must
occur with 10 V input at 10 mA.

General
Display rate: variable from <200 ms to >5 s (1600A), <50 ms to
>55 (1607A).
Power: 100, 120, 220, 240 Vac; —10%, +5%; 48 to 440 Hz; 120 VA
max.
Logic probe power: rear panel BNC connector, +5V, 100 mA.
Size

1600A: 197 H x 335 W x 540 mm L with handle (7°/,” x 13%/,;" x

21'/,"); 460 mm (18'/,”) L without handle.

1607A: 121 H x 284 W x 460 mm D (4%/," x 11°/,," x 18 '/,").
Operating environment: temperature, 0 to +55°C (+32°F to
+130°F); humidity to 95% relative humidity at +40°C (+104°F);
altitude to 4600 m (15 000 ft); vibrated in three planes for 15 minutes
each with 0.254 mm (0.010 in.) excursion, 10 to 55 Hz.
Weight

1600S: net, 19.1 kg (42 1b); shipping, 22.7 kg (50 Ib).

1600A: net, 12.7 kg (28 Ib); shipping, 15.9 kg (35 1b).

1607A: net, 6.4 kg (14 Ib); shipping, 8.2 kg (18 Ib).

K 192544 SERIALTO PARALLEL CONVENTER
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10254A

Accessories supplied
16008S: six 10231C data probes, two 10230C clock probes, one
10236A Trigger Bus Cable, one 10237A Data Cable, two 2.3. m
(7.5 ft) power cords, one accessory case for each analyzer, one
1600A and one 1607A Operating and Service Manual.
1600A or 1607A: three 10231C data probes, one 10230C clock
probe, one accessory case, one Operating and Service Manual.

10253A Specifications

Cards: printed cards in format required for 1600A Logic State Ana-
lyzer Table B memory; 187 mm (7%") long.

Power: supplied by 1600A.

Weight: net, 1 kg (2.1 1b); shipping, 1.8 kg (4 Ib).

Operating environment: same as 1600A except: temperature,
+10°C to +40°C (+50°F to +104°F); humidity, to 80% relative hu-
midity at +40°C (+104°F).

Accessories supplied: one drum card, HP P/N 10253-90001; one
exerciser card, HP P/N 10253-90002; 100 data cards, HP P/N 9320-
3324; one interface box mounting bracket, HP P/N 01120-64701;
and one Operating Note.

10254A Specifications

Probe Inputs

Rep rate: <10 MHz in Edge Sync, =<7MHz in Pattern Sync.
Input RC: 40 kQ + 3kQ shunted by <14 pF (at the probe tip).
Input threshold: TTL, fixed at 1.5 Vdc; variable + 10 Vdc selected
at the logic state analyzer.

Max Input: level, + 15 Vdc; swing, 15 V peak from threshold.

Min Input: pulse width, 40 ns min at threshold; setup time, 50 ns min;
hold time, zero.

Operating Modes

Display format

Bits/byte: 1 to 16 bits (a byte is one line on the display).

First bit, left/right: displays most significant bit left or right.
Data sync

Pattern: sync on selected unique pattern in the serial data stream.

Edge: sync on input signal on selected edge.

Bytes/sync: select from 1 to 16 bytes of data following each sync.
Delay: 1 to 99 clock pulses after sync signal before data acquisition
begins.

Sync search: Initiate pushbutton or a positive-going input pulse
starts a new search cycle.

General

Weight: net, 3.2 kg (7 Ib.). Shipping, 5 kg (11 1b).

Power: supplied by the 1600A or 1607A.

Size: 12.1 H X 28.4 W X 41.4cm D (4% X 11%/1" X 16 %/ 16"),
Accessories supplied: one Model 10236A Trigger Bus Cable, four
interface cables (HP P/N 10254-61601), and one Operating Note.

Ordering Information Price
1600S 32-channel Logic State Analyzer, $8100
includes a 1600A and 1607A

Opt 910: extra set of manuals add $37
1600A 16-channel Logic State Analyzer $4800

Opt 910: extra Operating and Service Manual add $20
1607A 16-channel Logic State Analyzer $3300

Opt 910: extra Operating and Service Manual add $17
10253A Card Reader $800

10254A Serial-to-parallel Converter $1275
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Troubleshooting computer communications networks

Model 1640B
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1640B Description

Selective transparent monitoring and interactive simulation make
Hewlett-Packard’s 1640B Serial Data Analyzer a valuable tool for
quickly locating faulty components in computer networks and most
RS-232-C (V24) interfaces. Regardless of network size, system
downtime is minimized when the problem source can be isolated rap-
idly. Model 1640B combines the convenience of programmed oper-
ation in real time with the versatility of a variety of triggering modes:
character sequences, time intervals, transmission errors, and external.
Whether in design, systems integration, preventative maintenance, or
on-line debugging, the 1640B aids you in moving efficiently from the
symptom to the cause.

As a passive monitor, the Serial Data Analyzer collects status infor-
mation and serial data on the RS-232-C (V24) interface and records
up to 2048 characters in memory. You can monitor all data flow, or
restrict your data window to specific data types by suppressing the
collection of nonpertinent information. Once connected, the 1640B
does not interrupt the communication links, permitting you to
troubleshoot the system at operating speeds.

In the interactive mode, Model 1640B can simulate the output of a
DTE (data terminal equipment) unit or the output of a modem, effec-
tively exercising the entire system for analysis and troubleshooting.
Configurations for simulation modes of operation is set quickly on the
patch panel matrix which defines the RS-232-C (V24) interface. A
separate 1024-character transmission memory contains messages you
construct from the 1640B keyboard, enter using a ROM or the HP-IB
option with a computer-controller, or “copy” from the 1640B monitor
memory. Messages may be transmitted directly or separated for se-
quential transmission. Branch modes are used to simulate a CPU
polling sequence, with one of two simulated replies sent conditional on
the stimulus message.

Any character displayed on-screen can be selected with the display
cursor for decoding in the code in use, hexadecimal, octal, and binary.
The entire contents of memory are accessible by using the up/down
cursor keys. This feature was added for the convenience of the opera-
tor in entering the code from the 1640B keyboard or checking for
skipped bits.

LARTHE GUICK BROW FOX JUMPS

RiAL DATA ANALYZER

l DESIGNED FOR I
SYSTEMS

Easy-to-Use

Operating Model 1640B Serial Data Analyzer is simple and easy to
learn because the 1640B uses interactive menus to set up the analysis
modes. Each menu presents the appropriate variables, and specific
parameters are chosen from a fixed set with the display cursor and
Field Select key, or set directly from the keyboard. The four menu
keys across the top of the keyboard are FORMAT, MODE (Monitor
or Simulate), TX ENTRY, and LIST. Once the menu is selected and
the parameters set, the actual operation of the 1640B is automatic,
freeing you from learning extensive instruction sets and writing pro-
grams for specific tests and simulations.

When the HP-IB interface is added, Option 001, you can further
simplify set up and operation of the Serial Data Analyzer with Model
10291B PROMs. Each PROM holds two instrument setups for For-
mat, Mode, and TX Entry menus. Up to five PROMs, ten setups, can
be installed in the HP-IB board and loaded into the 1640B by setting
rear panel switches and pushing the Load pushbutton. This reduces
the opportunity for operator error and is particularly convenient for
field applications.
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The matrix of the 16408 Serial Data Analyzer provides a versatile
interface to configure the analyzer for various applications. When
configured as shown here, the analyzer is set for most RS-232-C
(V24) applications.



Computer Network Troubleshooting

As a monitor, Model 1640B Serial Data Analyzer has analysis fea-
tures which facilitate identifying and pinpointing network problems.
Most network problems belong to one of three categories: (1) soft-
ware problems, most commonly protocol violations; (2) data errors;
or (3) interface problems such as incorrect timing relations. Three
internal trigger modes and an external trigger identify these common
problems readily. The character sequence trigger lets you select up to
eight characters in sequence on transmit or receive leads to trigger
data collection; this trigger locates protocol errors. For data errors,
parity or optional LRC/CRC checks can be used as triggers. Time
interval violations can be used as trigger points, and detect interface
problems. Examples of an external trigger are the RS-232-C (V24)
handshake ON conditions and a computer halt flag output.

Monitoring alone is sufficient to identify most network problems.
When you select the Monitor mode on the Mode menu, you will also
select Trigger Source and Suppression conditions. There are three
choices for the Run Mode: Continuous, Trigger Starts Display, or
Trigger Ends Display. In the Continuous mode, the 1640B collects
data until halted manually; then the last 2048 characters are retained
in memory. With the Trigger Starts Display mode, data collection
begins at the trigger event and stops automatically after the next 2048
characters are collected. Trigger Ends Display mode collects data
continuously and stops after 64 characters beyond the trigger event
are collected, giving you an overview of events preceding the trigger
event and an indication of system activity immediately following the
trigger. Following completion of any of the three Run modes, the dis-
play also shows the most recent time interval measurement and the
total count of trigger occurrences during the run.

Network Component Simulation

Because some network problems cannot be located without interac-
tive testing, the 1640B can simulate both Data Terminal Equipment
(DTE) and Data Communications Equipment (DCE) at the RS-
232-C (V24) interface. Simulation allows loop-back testing so that
the precise location of a problem can be found after it is isolated to a
particular link. Also, system components can be checked at the site to
determine if they are operating properly. A simple matrix setup es-
tablishes the proper hardware interface, and the TX ENTRY and
Simulate MODE menus provide the software interface.

The TX ENTRY menu allows up to 1024 characters to be sent in
up to eleven separate blocks. Transmit data can be entered through
the keyboard, a “copy” or “learn” feature, or remote entry.

Messages can be composed directly from the 1640B’s hexadecimal
keyboard with the characters displayed in any code set during compo-
sition. A cursor shows the position of the next character to be entered.
Only information bits have to be entered because parity or optional
CRC characters are automatically added during transmission. Edit
keys allow the composer to insert or delete characters during any
phase of the composition.
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As a monitor, 1640B Serial Data Analyzer captures 2048 bytes on
a real-time basis, with 416 characters displayed. Two lines of old
data are erased to make room for incoming information. Transmit-
ted characters are displayed in video and received characters
are shown in inverse video.
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Most network problems can be isolated using the Monitor mode.
Parameters for the Monitor menu set the trigger type, manner of
data collection, trigger, and specify characters to be suppressed.
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Complicated protocol sequences can be entered in the 1640B
Serial Data Analyzer using the copy capability. This sequence is a
conversation between a CPU (video) and a terminal (inverse vid-
eo). The code for a sync character is shown above the line in
hexadecimal, octal, and binary codes.

Protocol sequences are often too long and complicated for conve-
nient manual entry. If the 1640B’s monitor mode is used to record the
actual network protocol, its “Copy Transmit Monitor” or “Copy Re-
ceive Monitor” feature will automatically transfer appropriate data
to the transmit message buffer. After transfer, the message can be
edited, broken into blocks, syncs added, address changed, idles de-
leted, etc., through the keyboard.

Messages may be entered remotely using a teletype through the
current loop interface (HP Model 10284A) or with the optional HP-
IB interface (IEEE-488-1978) and a controller such as an HP Model
9825A Computing Controller. Model 10292A Application Software
package for a 1640B with HP-IB interface (Option 001) and an HP
Model 9825A Desktop Computer allows you to enter messages in the
TX ENTRY buffer from the 9825A’s alphanumeric keyboard.

PROMSs (10291B) containing user-definable “canned” messages
can be installed on the HP-IB board and automatically loaded into
the TX ENTRY buffer with a rear panel pushbutton. This allows fast
and error-free message entry without an accompanying Computing
Controller—a feature especially useful in field service applications.

The 1640B’s Simulate Mode menu allows selection of HDX/FDX
operation, the choice of Transmit First or Receive First, the Reply
condition and five different preprogrammed RUN (execute) modes.
In addition, you can specify any of the three internal trigger sources
and a suppression condition if desired.
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Simulation RUN Modes: Five run modes for component simulation
by the 1640B allow you to duplicate most common forms of serial
communication in computer networks. Single and Count Trigger
mode directs the 1640B to send an entire message once. After a total
of 2048 TX and RX characters has been captured the run stops auto-
matically. The Repeat and Count Triggers mode causes the message
to be sent each time the reply condition occurs. The run must be man-
ually halted. The Repeat and End on Trigger mode causes the mes-
sage to be sent after each occurrence of the reply condition yntil the
specified trigger condition occurs. This allows repetitive testing with a
permanent display of the data at a suspected fault. Branch and End
on Trigger mode transmits the first of three message blocks repet-
itively until a reply is received. Then Block 2 or Block 3 is used, based
on the response. The run terminates immediately when trigger condi-
tions are met. Branch and Repeat mode functions in the same manner
except that the three block sequence is repeated after transmission of
Block 2 or Block 3. At the end of any test, the number of trigger
events, number of transmit message repetitions, and results of the last
time interval measurement are displayed.

Programmable Operation

The 1640B solves most network problems in a passive sense, or
when necessary, as an interactive simulator. For more complex net-
work interaction the HP-IB option, along with a suitable controller,
adds such capabilities as remote control, sophisticated programming,
mass storage, data manipulation, and hard copy.

1640B Operating Characteristics

Specifications describe Model 1640B’s warranted performance.
The Operating Characteristics provide extra information for instru-
ment use by describing the nonwarranted operating parameters.
Patch Panel Matrix: permits configuration of 1640B for a variety of
configurations. Pin assignments for RS-232-C(V24) pin assignments
are:

TX (transmit data) Pin 2
RX (receive data) Pin 3
RTS (request to send) Pin 4
CTS (clear to send) Pin §
DSR (data set ready) Pin 6
CAR DET (carrier detect) Pin 8
SCT (synchronous clock transmitter) Pin 15 or 24
SCR (synchronous clock receiver) Pin 17
DTR (data terminal ready) Pin 20

For modem simulation applications, the matrix would be reconfi-
gured. Mylar overlays are provided with prepared pin configurations
for common applications to facilitate matrix setup. Any pin, 2
through 25, can be monitored with an auxiliary tristate LED. Other
functions configured on the matrix are time interval counter, external
trigger input, trigger output, clock output, and buffered power sup-
plies (£ 12V, ground).

Test results: after data acquisition any of the run modes (monitor
and simulate) is stopped, the following test results are displayed:

1. Last time interval measured, or time interval trigger event, be-
tween user-defined start and stop events on the patch panel matrix.
2. Number of trigger events counted during the run.

3. Number of messages transmitted by the 1640B (simulate only).
Default: returns the displayed menu to its wakeup condition.
Display hold: pressing and holding the FIELD SELECT key while
the 1640B is collecting data causes the display to “freeze”. Data is
still collected, but the display will not be updated until the key is re-
leased. Full memory contents are displayed when the run is halted.
Suppression: allows capturing only information of interest for effi-
cient use of memory, easier data analysis. Synchronizing characters,
idles (all logic one’s), nulls (all logic zero’s), or everything but trigger
and next n characters (with n from 0 to 99) may be suppressed.

Monitor Mode

Run (execute) modes
Continous: continuously monitors and records data and counts
trigger occurrences; record stopped manually.
Trigger Starts Display: trigger starts a single record of 2048 char-
acters (any combination of transmit and receive data).
Trigger Ends Display: trigger stops a continuous record. Built-in
delay of 64 characters captures 64 characters after trigger event.

Model 1640B Serial Data Analyzer monitors or simulates serial
data transmissions in computer networks which use the RS-232-C
(V24) interface.

Simulate Mode
The 1640B can simulate a CPU, terminal, or modem (digital side).
Output: =3 Vinto 3 kQ load. Output rows on the patch panel matrix
are TX (Transmit Data), RTS (Request To Send), and DTR (Data
Terminal Ready).
Interface control signaling: automatic with additional control
available through the matrix.
State: ON is > +3 V; OFF is << —3 V. Nominal values of driven
leads are +8 Vto 12 V.
HDX: Request To Send is on only during transmission. Data Terminal
Ready is always on.
FDX: Data Terminal Ready is always on; Request To Send is pro-
grammable via the matrix, either always on or on only during trans-
mission. Idle condition between transmissions is a steady mark.
Reply on: similar to, but separate from, trigger. A Reply On se-
quence of from 1 to 8 characters, including DON’T CARE and NOT
characters, immediately followed by an internally generated time de-
lay from 0 to 6553 ms may be entered which enables a message block
to be sent only when these two events occur.
Run (execute) modes
Single and Count Triggers: a message block is transmitted after
each occurrence of the REPLY ON condition until all message
blocks have been sent once. The run automatically stops when a
total of 2048 characters (including the transmitted message) have
been recorded in the monitor buffer,
Report and Count Triggers: a message block is transmitted after
each occurrence of the REPLY ON condition until all message
blocks have been sent. The process repeats until manually stopped
with the last 2048 characters retained in memory.
Repeat and End on Trigger: a message block is transmitted after
each occurrence of the REPLY ON condition until all message
blocks have been sent. The process repeats and automatically stops
when the trigger event occurs with the last 2048 characters prior to
the trigger event retained in memory.
Branch and End on Trigger: a three-block message is loaded in
the TX ENTRY memory. Block 1 is transmitted. If no reply is re-
ceived on the RX lead in the time allotted in the REPLY ON time-
field, Block 1 is retransmitted. When a reply is received, Block 2 is
transmitted if the response satisfies the REPLY ON character se-
quences; otherwise Block 3 is transmitted. The 1640B halts auto-
matically when the trigger condition is found.



Branch and Count Triggers: same as Branch and End on Trigger
mode, except that the sequence is repeated until the 1640B is halted
manually.
Transmit modes
Transmit First: the first message block is sent by pressing RUN.
Succeeding blocks are sent following each occurrence of the RE-
PLY ON condition.
Receive First: a message block is sent after each occurrence of the
REPLY ON condition.
Transmit message entry: a total of 1024 characters including block
delimiter continue symbols (>) and the end symbol (|- ), may be
entered. The transmit memory may be loaded by transferring con-
tents of monitor memory to the transmit memory with a single key-
stroke, or, with Option 001 (HP-IB), through a remote ASCII
keyboard or user-definable PROMs (10291B).
Message Editing Keys
CONTINUE: Places a |> symbol in the message as a block deli-
miter. Up to 10 continue symbols may be entered. The continue
symbol is recognized only by the 1640B and is not sent as part of
data.
END: places a |- symbol as a message terminator. Additional mes-
sages may be added after end symbol as user instructions but will
not be transmitted. The end symbol is not sent as part of data.
INSERT: inserts a space for an additional character at the point
indicated by a moveable cursor by automatically shifting all follow-
ing characters one cell to the right.
DELETE: deletes character immediately above a moveable cursor.
All following characters are automatically shifted one space left.

1640B Specifications

Inputs

Impedance: =30 kQ on all interface connections except ground.
Connector: mates with RS-232-C (V24) interfaces.

Format

Framing: 5, 6, 7, or 8 information bits with or without a parity bit.
Data codes: ASCII, Hex, or EBCDIC. Other optional code sets in
addition to or in lieu of EBCDIC are available.

Data modes
Asynchronous: 1 or 2 stop bits in addition to information and par-
ity bits.
Synchronous: 1 or 2 user-entered synchronizing characters. Sync
search may be initiated on a user-entered character immediately
followed by a user-entered number of idle characters from 0 to 99.
Idle is defined as a steady mark (logic 1’s) in all bit positions.
Speed
(Monitor Modes)

CHARACTER NORMAL OPERATION HIGH SPEED MODE*
SIZE INCLUDING Max Bits Per Second Max Bits Per Second
PARITY (bits) HDX FDX HDX FDX
9 19200 9600 19200 9600
8 14400 7200 19200 9600
7 14400 7200 19200 9600
6 9600 6400 14400 7200
5 9600 4800 9600 7200

“Memory data is not displayed while a run is in progress. High speed switch located on rsar of
Patch Panel Matrix.

Simulate mode: Max 9600 bps in branching run modes.
Internal Clock (Asychronous): 50, 75, 110, 134.5, 150, 200, 300,
400, 600, 900, 1200, 1800, 2400, 4800, and 9600 bps. Also, any
external X1 clock to a maximum of 9600 bps may be used for asyn-
chronous operation.
Note: asychronous operation follows the same speed vs character
specification as synchronous operation.
ERROR CHECK: odd, even, or no parity; optional (003) BCC genera-
tion and checking based on LRC-8, CRC-16, or CRC-CCITT from a
user-entered beginning to a user-entered ending character. Optional
(002) SDLC frame check sum (FCS) generation and error checking
for SDLC frames.

Triggering (Trap) Modes
Character sequence: up to 8 sequential characters including NOT
and DON'T CARE may be used as a trigger and may be specified on
either the send or receive data lead.
Note: DON'T CARE is the set of all possible bit patterns of any
given character framing length. The NOT character is the set of all
characters except the one specified. For example, NOT C (C) is set
of all non-C (A, B, D, etc.).
Time interval: time intervals between two RS-232-C events may be
used as a trigger. Max or min times to 6553 ms with 1 ms resolution
may be specified.
Error: data errors, as defined in the FORMAT menu under ERROR
CHECK, may be used as a trigger.
External: trigger supplied from user hardware or RS-232-C ON con-
ditions (>+3 V).

General

Memory: 2048 characters of monitor buffer and 1024 characters of
transmit message buffer.

Display: 10 cm by 13 cm CRT which displays up to 480 characters.
All characters in memory can be viewed via the 7| Cursor keys.
Power: 100, 120, 220, 240 Vac; —10% to +5%; 48 to 440 Hz; 150 VA
max.

Size: 251 H x 335 W x 546 mm D with handle (9%” x 13%," x 21'4");
445 mm D without handle (17%").

Operating environment: temperature, 0°C to +55°C; humidity, to
95% relative humidity at +40°C; altitude, to 4600 m (15 000 ft);
vibration, vibrated in three planes for 15 min. each with 0.3 mm
(0.015 in.) excursions, 10 to 55 Hz.

Weight: net 11.4 kg (25 Ib); shipping, 15.9 kg (35 1b).
Accessories supplied: one 3 m (10 ft) RS-232-C interface cable;
Model 10289A Mylar overlay kit, shorting pins and Mylar punch;
front panel cover; one 2.3 m (7.5 ft) power cord; one operator’s guide;
and one service manual.

Ordering information Price
Factory Installed Options
001: HP-IB Interface add $475
002: SDLC (Synchronous Data Link Control)/HDLC  add $200
(High Level Data Control) Interface
003: LRC, CRC-16, CRC-CCITT Check/Generation ~ add $150
NOTE: Options 002 and 003 cannot be installed
simultaneously
005: Code ROM, messages in ASCII and EBCDIC add $110
007: Code Set Board with ASCII, EBCDIC, HEX and ~ add $325
space for five other codes
008: Dataspeed 40/4, ten tests for teletype add $1050
105: IPARS Code ROM for Opt 007 add $35
201: Baudot Code ROM for Opt 007 add $35
202: EBCD Code ROM for Opt 007 add 335
203: Selectric Code ROM for Opt 007 add $35
User Installed Kits
10281A HP-IB Field Kits $475
10282A SDLC/HDLC Check Field Kit $200
10283A LRC/CRC Check Field Kit $150
NOTE: Models 10282A and 10283A cannot
be installed simultaneously
10284A 20/60 Current Loop Interface $300
10286A NRZI Interface $325
10287A MIL-STD 188C Interface $325
10288A Code Set Board Field Kit $325
10289A Mylar Overlays, three prepunched, 20 blanks $40
10290A Special Code Set ROM $35
10290B Code ROM (Option 007) $35
102918 Menu PROM (Option 001 required) $110
10292A Firmware Package for 9825A Desktop $150

Computer

16408 Serial Data Analyzer $5800
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Probes and Probe leads

Hewlett-Packard offers a large line of accessories to give you opti-
mal flexibility in integrating the logic analyzers into your digital
design and troubleshooting applications.

Page Page
Data/Clock Probes 170  Interfaces 172
Microprocessor Probes 170  Cables 174
Trigger Probes 170  Connectors 174
Miniature Probes 170  Testmobiles, Accessories 175
Probe Leads 171

Logic Analyzer Probes

Most of the probes in this section are supplied with the appropriate
logic analyzers. Be sure to check the list of accessories supplied with
the logic analyzers you have or will have purchased. The descriptions
of these probes are included for your convenience in selecting replace-
ment parts.

Probe Model Number Logic Analyzer
«f |« - o«f |« {00 | «f | « .< a s g
HHHEEHEEEEEEE
10231C Data Probe 6133 1
10230C Clock Probe 29111 1
10248C Data Probe 4(5 4
10247A Clock Probe 1
10250A (TTL) Trigger
Probe 1

*No longer in production

Models 10231C Data Probe and 10230C Clock Probe

These probes are generally used with Model 1600S Logic Analyzer
system, which is comprised of Models 1600A and 1607A Logic Ana-
lyzers. Each analyzer requires three data probes and one clock probe.
These probes are also used with Model 10254A Serial-to-parallel
Converter, Model 1620A Pattern Analyzer, and Model 1601A Logic
Analyzer. Individual probes are connected to each data or clock pod
through a quick-disconnect ganging bar for flexibility in connecting
to a system.

Models 10248C Data Probe and 10247A Clock Probe

Models 10248C Data Probes are used with Models 1610A /B and
1615A Logic Analyzers. Each data probe is an 8-bit probe, Model
10247A Clock Probe is a one-bit probe used with the 1610A Logic
State Analyzer.

Probe Clip Set (HP P/N 5061-3611)

For convenience in using Model 10248 probes, the Probe Clip Set
(HP P/N 5061-3611) permits you to stack the probes without dam-
age. This set is provided on initial order with Models 1610A /B and
1615A Logic Analyzers. The set includes four holders for probes.

Model 1611A Microprocessor Probes

Use the following chart to order replacement microprocessor
probes for the various personality modules for Model 1611A Logic
State Analyzer; remember that the appropriate microprocessor probe
is provided on initial order of personality modules, whether the mod-
ules are ordered as options or separate modules.

Micro- 1611A Personality | Module
Processor Option Modules: Model Probe Probe
Family Number_ Model No. Price Part No. Price
MOTOROLA 6800 A8 102578 $1250 01611-62106 $330
INTEL 8080A A80 102588 $1250 01611-62107 $330
FAIRCHILD F8 0F8 10259A $1250 01611-62104 $330
21L0G 280 80 102604 $1250 01611-62105 $330
ROCKWELL 6502 A65 10261A $1250 01611-62108 $330
RCA 1802 Al8 102624 $1250 01611-62109 $330
INTEL 8085 ABS 10263A $1250 0161162112 $330
GENERAL 001 10264A $2000 01611-62110 $675
PURPQSE

10247A Clock Probe

10248C Data Probe

Trigger Probes

Eight-bit External Probe (HP P/N 01611-62101)

The 8-bit external probe (HP P/N 01611-62101) permits connec-
tions in a system external to the microprocessor bus for tracing relat-
ed events or for additional trigger qualifications on Model 1611A
Logic Analyzer.

Resistance: 1 MQ.

Capacitance: 25 pF at probe tip.

Threshold: +2.4 V to +5.5 V, logic 1 (high); —0.8 V to +0.8 V at
logic 0 (low).

Setup time: 250 ns prior to falling edge of appropriate strobe.
Hold time: zero (after falling edge of strobe).

Accessories supplied: one ganging bar, eight data leads, one
ground lead, and nine probe tips.

Miniature Probes

The Hewlett-Packard series of miniature probes give you easy ac-
cess to test points in densely populated digital circuits. The basic
probe, a small (2.4 mm diameter, 25 mm long) cylinder with a needle-
like tip, provides access to test points while reducing the possibility of
shorting to adjacent leads. This series of probes consists of 10:1 high
impedance divider probes, 1:1 probes for instruments with high im-
pedance inputs, and 1:1 probes for 50 ohm inputs.

For a more complete description of the miniature easy IC probes
and accessories, refer to page 207, Oscilloscope Probes and Other Ac-
cessories.

Ordering Information Price
10230C Clock Probe $175
10231C Data Probe $250
10247A Clock Probe $175
10248C Data Probe $395
01611-62101 8-bit External Probe £220

5061-3611 Probe Clip Kit $6



Probe Leads and Probe Lead Kits

Probe leads are provided with every logic analyzer probe. For replacement or special applications, available leads are listed in the next

three tables. The last table lists the quick disconnect probe lead kits which are available.

Quick Disconnect Probe Pod Leads PART NUMBER LEAD END LENGTH mm (in.) COLOR PRICE
5061-1215 PIN 305(12) BLACK $3.50
5061-1251 PIN 152 (6) BLACK 7.00
10231-61624 PIN 610 (24) BLACK 7.00
10231-61625 ALLIGATOR 305(12) BLACK 350
5061-1227 PIN 305(12) RED 3.50
5061-1216 PIN 305(12) YELLOW 3.50
5061-1217 PIN 305(12) WHITE /BLACK 350
5061-1218 PIN 305 (12) WHITE /BROWN 3.50
5061-1219 PIN 305(12) WHITE/RED 3.50
5061-1220 PIN 305 (12) WHITE /ORANGE 3.50
5061-1221 PIN 305(12) WHITE/YELLOW 3.50
5061-1222 PIN 305 (12) WHITE /GREEN 3.50
5061-1223 PIN 305(12) WHITE /BLUE 3.50
5061-1224 PIN 305(12) WHITE /VIOLET 350
Threaded Probe Pod Leads PART NUMBER LEAD END LENGTH mm (in.) COLOR PRICE
10231-61606 PIN 305 (12) BLACK $3.50
10231-61611 ALLIGATOR 305(12) BLACK 3.50
10231-61602 PIN 305 (12) RED 350
10231-61605 PIN 305 (12) YELLOW 3.50
10231-61604 PIN 305(12) GREEN 3.50
10231-61608 PIN 305(12) WHITE /BLACK 3.50
10231-61612 PIN 305(12) WHITE /BROWN 3.50
10231-61613 PIN 305(12) WHITE/RED 3.50
10231-61614 PIN 305(12) WHITE /ORANGE 3.50
10231-61615 PIN 305(12) WHITE/YELLOW 3.50
10231-61616 PIN 305 (12) WHITE/GREEN 3.50
“Single-ended” Probe Pod Leads (Pre- PART NUMBER LEAD END LENGTH mm (in.) COLOR PRICE
pared for soldering) 5061-1231 PIN 305(12) BLACK $3.50
5061-1232 PIN 305 (12) YELLOW 350
5061-1233 PIN 305(12) WHITE /BLACK 3.50
5061-1234 PIN 305(12) WHITE/BROWN 3.50
5061-1235 PIN 305(12) WHITE/RED 3.50
5061-1236 PIN 305(12) WHITE /ORANGE 350
5061-1237 PIN 305(12) WHITE /YELLOW 3.50
5061-1238 PIN 305(12) WHITE /GREEN 3.50
5061-1239 PIN 305(12) WHITE /BLUE 3.50
5061-1240 PIN 305(12) WHITE /VIOLET 3.50
5061-1241 PIN 305 (12) GRAY/BLACK 3.50
5061-1242 PIN 305 (12) GRAY/BROWN 3.50
5061-1243 PIN 305 (12) GRAY/RED 350
5061-1244 PIN 305 (12) GRAY /ORANGE 350
5061-1245 PIN 305(12) GRAY/YELLOW 350
5061-1246 PIN 305 (12) GRAY/GREEN 350
5061-1247 PIN 305 (12) GRAY/BLUE 350
5061-1248 PIN 305(12) GRAY/VIOLET 3.50
NUMBER OF KITS REQUIRED BY LOGIC ANALYZER MODELS
ANALYZER MODEL NUMBER KIT
1600A 1607A 1601A* 1602A 1610A/B 16114 1615A 16204* 10254A PRICE
Quick Disconnect Kits
10231-68703 Data 3 3 2 1 3 1 $30
10247-68701 Clock 1 $10
10248-69501 Data 4 3 $37.50
Threaded Probe Leads 10230-68701 Clock 1 1 1 1 $12
Threaded Probe Leads 10231-68702 Data 3 3 2 3 1 $30
Kit of 10 Miniature Probe Tips 10230-68702 3 3 2 2 4 1 4 3 1 $22.50
(Order single tips as HP P/N 10230-62101). $ 250

*No longer in production.
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16 10A with Interfaces
Interfaces

Three categories of interfaces are available for Hewlett-Packard
logic analyzers: (1) general purpose, (2) minicomputer, and (3) HP-
IB. The general purpose interfaces simplify the mechanical connec-
tions between the logic analyzer and the system under test, and pro-
vide some preprocessing capabilities to adapt and qualify signals from
the system. Seven minicomputer interfaces give you access to address,
data, and control line signals from specific minicomputers. Because
these are dedicated interfaces, minicomputer interfaces have even
more flexibility for preprocessing and selecting the signals you want

10277D General Purpose Probe Interface

to monitor of the many active lines in the typical minicomputer. An
HP-IB interface may be a monitor only or an active interface that
adds the logic analyzer to a larger measurement system.

10277A/B/C/D General Purpose Probe Interface

For convenient connections between your analyzer and a digital
system, Model 10277A/B/C/D has dedicated sockets for the analyz-
er probe pods, and cables with 40-pin connectors for the system under
test. Wire-wrap boards in the interface carry active circuits to prepro-
cess the system signals for the logic analyzer. These interchangeable
boards can be set up for a variety of analysis modes, such as serial-to-
parallel conversion, sorting out signals on multiplexed buses, generat-
ing ORed clocks from multiclock systems, etc. Analysis modes can be
changed quickly by simply swapping boards. Option 001 for Models
10277A/B replaces one wire-wrap board with a prewired board that
directly accesses address and data lines. The appropriate 10277 inter-
face can be used with Models 1600S, 1610A /B, 1611A, and 1615A
logic analyzers.

10277A/B/C/D Interface Specifications
Input connectors: two 40-pin connectors to interface with a system.
Two BNC connectors on the wire-wrap boards allow external signals
or power to user-constructed circuits on the board.

Output connectors: four data connectors for HP logic analyzers
with Model 10248 or 10231 data probes. One clock connector for
Models 10247, 10230, or 10248B Opt. 001 clock probes. Model
10277D has two plugs for the two 40-pin connectors of the HP 1611A
Logic State Analyzer.

Weight: net, 0.75 kg (1.7 Ib); shipping, 2 kg (4.4 1b).

Accessories supplied: two removable interconnection wire-wrap
boards (HP P/N 10277-66501 for Models 10277A/B/C, HP P/N
10277-66507 for Model 10277D), two 36 mm (14 in.) ribbon cables
with 40-pin female connectors on each end (HP P/N 10277-61601),
and two 40-pin male connectors (HP P/N 1251-3004).

Ordering Information Price
10277A Interface for 1610A $400
102778 Interface for 1610B or 1615A $400
Opt 001 (10277A/B only) replaces one wire-wrap N/C
board (HP P/N 10277-66501) with a prewired board
for connection to minicomputer interfaces; replaces
35.5 (14 in.) cable (HP P/N 10277-61601) with a
91.5 ¢m (3 ft) cable (HP P/N 10277-61602)
10277C Interface for 1600A or 1607A $400
10277D Interface for 1611A $475
10277-66501 Wire-wrap Board with Connectors (two $100

supplied with Model 10277 Interface)



Minicomputer Interfaces

Interfaces for HP logic analyzers are available for seven minicom-
puter families. Minicomputer interfaces provide a simple, rapid con-
nection between logic analyzers and the system under test, and
preprocess system activity to produce signals suitable for the analyz-
ers. The one or two printed circuit boards of each interface connect
directly to the minicomputer mainframe or system bus to transpar-
ently monitor address and data buses and control lines. Interface
boards have switches to qualify signals so that only particular activi-
ties can be monitored, as, for example, only reads, or only DMA out-
puts. Active circuits on the board assure transparent monitoring with
buffering as required, and also generate a clock signal for the logic
analyzer.

Minicomputer/Logic Analyzers Interfaces

NET SHIPPING
INTERFACE WEIGHT WEIGHT
MODEL COMPUTER kg (1b) kg (1b)
10275A PDP-11 (Digital Corp) 0.28(0.6) 0.60(1.3)
10276A LSI-11 (Digital Corp) 0.2 (04 0.32(0.7)
10278A HP 1000 M/E/F Series 08 (1.8) 140 (3)
10279A NOVA 3 (Data General) 0.23(0.5) 0.45(1)
10280A microNOVA (Data General) 0.23(0.5) 0.45(1)
10285A HP 1000 L-Series 0.23(0.5) 0.45(1)
52126A Intel MULTIBUS 0.23(0.5) 0.45(1)

HP-IB Interface Kits

Logic analyzer HP-IB interfaces allow you to add the measurement
set of the analyzers to a system with other HP-IB compatible instru-
ments for automated monitoring, higher-level analysis, and documen-
tation. Refer to pages 21-35 for an overview of instruments available
with HP-IB capability. HP-IB interfaces may be ordered as options
on initial order for factory installation, or you may buy a field kit and
install the interface at your site.

Logic Analyzers/HP-IB Interfaces

FACTORY- USER-INSTALLED
LOGIC ANALYZER INSTALLED KITS
MODEL NUMBER OPTION NUMBER | MODEL NUMBER
1602A Logic State Analyzer 001 10059A
1610A Logic State Analyzer, serial 003 10494A
number prefix 1812A and below
1610A Logic State Analyzer, serial 003 10495A
number prefix 1822A and above
16108 Logic State Analyzer 003 10496A
1615A Logic Analyzer 001 10069A
16408 Serial Data Analyzer 001 10281A

Performance Analysis

Using the second-generation logic analyzers with HP-IB capability
and a smart controller creates a measurement system for higher-level
evaluations of system performance. Model 1610A/B Logic State
Analyzer or Model 1615A Logic Analyzer may be used to acquire
data and provide front end storage. Data is sent across the HP-IB to
an intelligent controller for post-processing. Model 9825A /35A /45A
Desktop Computers or any HP-IB compatible computer. can be pro-
grammed for user-defined tests and routines. The post processing re-
sults can then be displayed on a graphics terminal, printer/plotter, or
the logic analyzer display. Typical analysis formats include histo-
grams of system activity by frequency or time, software execution
time profiles, or matrices of branching probabilities.

HP-IB Monitors

Two interfaces are available for directly monitoring activity on HP-
IB lines. Model 10050A and 10051 A HP-IB Adapter and Test Probe
are used with Model 1602A Logic State Analyzer; refer to pages 157-
158 for a description and specifications.

Model 10066 A HP-IB Probe Interface is used with the 1610A/B
Logic State Analyzer or 1615A Logic Analyzer to transparently
monitor the 16 HP-IB lines. The interface connects directly to the bus
and has pod sockets for the analyzer probes. Protocol violations in the
handshake sequences set a flag for the analyzer and flash an LED on
the interface. A clock source switch gives you a choice of acquiring

A logic analyzer with HP-IB interface and an intelligent controller
are used for higher-lever performance analysis. This histogram of
occurrence counts is displayed on a 1610 Logic State Analyzer.

talker asserted data (DAV), listener accepted data (NDAC), or par-
allel poll sequences. A pushbutton on the interface displays on the
analyzer the state of quiescent lines on a quiet or stalled HP-IB bus.
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10066A HP-IB Probe Interface

10066A HP-IB Probe Interface Specifications
Input load: <<400 pA source or logic analyzer probe load.
Input Threshold: TTL fixed at approx 1.5V.
Maximum input: <5.5V or logic analyzer spec.
Minimum input

Voltage: =0.5V or logic analyzer spec.

Setup time: time data stable prior to clock edge, 20ns.

Hold time: time data stable following clock edge, 50 ns.
Power: +5V, 100 mA max.

Ordering Information Price
10059A HP-IB Interface Kit for 1602A $ 300
10066A HP-IB Probe Interface, 1610A/B and 1615A $ 300
10069A HP-IB Interface Kit for 1615A $ 400
10275A PDP-11 UNIBUS Interface $ 300
10276A LSI-11 Q-Bus Interface $375
10278A HP 1000 M/E/F Series Interface $ 650
10279A NOVA 3 Interface $ 500
10280A microNOVA Interface $ 500
10281A HP-IB Interface Kit for 1640B $ 475
10285A HP-1000 L-Series Interface $ 350
10494A HP-IB Interface Kit for 1610A with Serial $1200
Number Prefix 1812A and below

10495A HP-IB Interface Kit for 1610A with Serial $ 900
Number Prefix 1822A and above

10496A HP-IB Interface Kit for 1610B $ 800
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Accessories

Analyzer/Converter Cabies
10254-61601

Trigger Bus Cable
10236A

Test Cable, Clip
01611-61609

Test Cable, Plug
01611-61610

Cables

The following cables are supplied with the respective instruments
and options on initial order. They are included for convenience in or-
dering replacement parts.

Models 10236A Trigger Bus Cable
and 10237A Data Cable

These cables connect the 1600A and 1607A Logic Analyzers to
double the 16-bit word capacity to 32-bit word width. Model 10236A
Trigger Bus cable also provides the connection of Model 10254A
Serial-to-parallel Converter to the 1600A or 1607A Analyzers. The
appropriate number of cables are supplied with the 1600S and
10254A.

Models 1600S Logic Analyzer/
10254A Serial-to-paratlel Converter Interconnecting
Cable (HP P/N 10254-61601)

These interconnecting cables transmit the clock and data output of
the 10254A Serial-to-parallel Converter to 1600A or 1607A Logic
Analyzer. Four cables are needed and are supplied with Model
10254A.

Models 1610A/B Logic Analyzers
and 9866A /B Printer Cable

A cable is available to connect the 1610A/B Logic Analyzer to
either Model 9876A or 9866B Thermal Printer. This cable, HP P/N
09866-61630, is provided with Options 002 or 004 for the 1610A/B.
The two end connectors can be ordered alone, vendor Burndy, P/N
BTO 6B () 14-19PAA143.

Model 1611A Logic Analyzer Cables

Three test cables are supplied with Model 1611A Logic Analyzer,
and provide the connections between the Analyzer’s microprocessor
probe and the microprocessor under test. Any of these three cables
can be used to connect the microprocessor to the 1611A input.

Model 1640A Serial Data Analyzer
RS-232C (V24) Interface Cable

A 3m (10 ft) RS-232C (V24) cable is supplied with Model 1640A
Serial Data Analyzer. To replace this cable, order HP P/N 01640-
61604.

Test Cable
01611-61612

RS-232-C Cable
01640-6 1604

Data Cable
10237A

Analyzer/Printer Cable
09866-61630

Connectors

Model 1602A Analyzer Probe Connectors

Several kits and units are available to make more convenient con-
nectors for Model 1602A Logic Analyzer. HP P/N 01602-68701 is
an assembly of quick disconnect pod with a printed circuit board and
30.5 cm (12 in.) leads; no slip-on probe tips are included. HP P/N
01602-68702 includes the quick disconnect plastic pod halves and a
printed circuit board, but no leads are included. An unloaded printed
circuit board, HP P/N 01602-26506, is available for use with the
quick disconnect plastic pods. This probe/system interface is a stan-
dard two row, edge connector which is easily added to your instru-
ment during development.

Model 1640A Connectors

If you wish to custom wire your 1640A Serial Data Analyzer in
your system, a male cannon connector (HP P/N 1251-0063) and a
female cannon connector (HP P/N 1251-0064) are available and are
recommended for RS-232C (V24). An RS-232C (V24) T-connector
cable (HP P/N 8120-2755) is also available,

Ordering Information Price
10236A Trigger Bus Cable $20
10237A Data Cable $60
1251-0063 Cannon Connector, Male $13
1251-0064 Cannon Connector, Female $15.50
8120-2755 T-Connector Cable %43
01602-68701 Probe Connector with Leads $80
01602-68702 Quick Disconnect Kit $25
01602-26506 Unloaded PC Board $4
01611-61609 30.5 cm (12 in.) Test Cable with a 40-pin $95
female connector and 40-pin clip

01611-61610 30.5 cm (12 in.) Test Cable with a 40-pin $30
female connector and 40-pin plug

01611-61612 10.2 cm (4 in.) Test Cable with a 40-pin $29
female connector and a 40-pin plug

01640-61604 RS-232C (V24) Interface Cable $250

09866-61630 Printer Cable $185
10254-61601 Cable, each %75



Probe/System Connector Kit

The Hewlett-Packard probe/system connector kit (HP P/N 5061-
1263) includes five plastic connector bodies (HP P/N 01610-87601)
and fifty connector pins (HP P/N 01610-06101). By incorporating
these connectors into your system during initial design, you have easy
access to signals necessary for testing with an HP Logic Analyzer.
Alternatively, these connectors can be installed on an interface board
which can then be connected to a system with a ribbon cable.

Connectors can be mounted on an exterior surface of an internal
circuit board with only a portion of the body extending through an
external panel. Two notches in the connector body mate with the feet
of the Analyzer probes to assure proper alignment.

If you want to solder wires directly to probe connector pins, order
hollow pins, HP P/N 1251-4305. When soldering pins to the printed
circuit board, a dummy fixture or other probe should be used to keep
the pins parallel. A dummy probe can be fabricated using a pod cover
(HP P/N 5040-8125), four screws (HP P/N 0624-0306), and the
pod housing for a logic probe. For probe models 10230C,10231C, and
10247A use pod housing HP P/N 5040-8010; for probe models
10248A /B/C, 10248B Opt 001, and HP P/N 01611-62101 use pod
housing HP P/N 5040-8011.

\ )

1200-0623 40-pin Socket
5061-36 13 Demultiplexing Adapter

Special Connectors

HP P/N 5061-3613 Demultiplexing Adapter is a 95 mm (3.7 in.) 2-
for-1 adapter which can route a system signal to two monitoring lines.
In combination with clock qualifiers, these leads allow you to monitor
multiplexed pins on microprocessors and display the two signals in
parallel on the logic analyzer display.

HP P/N 1200-0623 is a 40-pin, zero insertion force socket for use
in a circuit board for damage-free insertion and removal of micro-
processors and 40-pin DIPs. HP P/N 1200-0682 is a socket for Model
1611A Logic Analyzer microprocessor probe cable, and prevents
header breakage. This socket also protects the pins for any 40-pin
DIP that is removed or replaced frequently.

Accessories and Testmobiles

Testmobiles

Four styles of testmobiles can be used with your logic analyzer:
Models 1006A, 1007A, 10087, and 1117B. A variety of options are
available for add-on drawers and shelves. Refer to page 219.

For the 64100A Development Station and logic analyzers with
horizontal keyboards, Model 64030A Development Station Cart is a
convenient, 690 mm. (27 in.) high table-level working surface which
rolls easily on ball casters. A large recessed shelf under the table top
provides convenient storage space for manuals and parts. The wheel
base matches the 600 mm x 760 mm. (24 in. x 30 in.) for stability.

Adapter Plate

An adapter plate, HP.P/N 5061-1213, can be used to fasten Model
1740 and 1720 Series Oscilloscopes to the Model 1607A Logic Ana-
lyzer, the 1600A Logic Analyzer to the 1607A Logic Analyzer, or
either of these two analyzers to Model 10254A Serial-to-Parallel
Converter. This part consists of an aluminum plate and a strap for the
top unit.

Rack Mount Slides and Adapter

Hardware is available to install some logic analyzers in standard
483 mm (19 in.) racks. Model 10491B Rack Mount Adapter can be
used with Model 1600A Logic Analyzer. Fixed slides (HP P/N 1490-
0714) and pivot slides (HP P/N 1490-0719) can be used in conjunc-
tion with this rack adapter. Model 1640A can be placed in a standard
rack with Model 10299A Rack Mount Adapter.

64030A Development Station Cart and
1610B Logic State Analyzer

Transit Cases

Transit cases are available for some of the logic analyzers. A stan-
dard transit case (HP P/N 9211-2459) can be used for Model 1600A
Logic Analyzer, and it is also suitable for the 1700 Series Oscillos-
copes. For Model 1602A Logic Analyzer, use Model 10058 A Transit
Case. The transit case for Model 9866A /B Printer is HP P/N 9211-
0839. To add wheels to these cases, order Field Kit HP P/N 1490-
0913.

For all other analyzers, have your Field Engineer contact the HP
Corporate Parts Center where a specialist is available to advise the
best solution for transporting your analyzer.

Pouches

Three pouches are available for use with logic analyzers: HP P/N
1540-0325 is a large pouch which will hold all of the accessories for
Model 1610A, 1611A, or 1615A Logic Analyzer. HP P/N 1540-
0320 is a small pouch for the 10230/10248 probes. HP P/N 1540-
0440 is a medium pouch for Model 1611A Logic Analyzer probe.

Keyboard Covers

A hard, protective keyboard cover (HP P/N 5040-0588) is
available to fit the keyboards of Models 1611A and 1615A Logic
Analyzers.

Ordering Information Price
1006A Testmobile $200
1007A Testmobile $350
1008A Testmobile $390
1117B Testmobile 8575
10058A Transit Case (1602A) $50
10299A Rack Mount Adapter $225
10491B Rack Mount Adapter $150
64030A Development Station Cart $300
0624-0306 Screw, each $0.06
1200-0623 40-Pin Socket $18.50
1200-0682 Socket for 1611A $10.50
1251-4305 Hollow Connector Pin, each $0.05
1490-0714 Fixed Slides $97.50
1490-0719 Pivot Slides $150
1490-0913 Field Kit, Wheels $160
1540-0320 Small Pouch $4.70
1540-0325 Large Pouch $26
1540-0440 Medium Pouch $9.75
5040-0588 Keyboard Cover $27
5040-8010 Pod Housing $1.95
5040-8011 Pod Housing $1.95
5040-8125 Pod Cover $1.50
5061-1213 Adapter Plate $36
5061-1263 Probe-System Connector Kit $20
5061-3613 Demultiplexing Adapter $8.50
9211-2459 Transit Case (1600A) $525
01610-87601 Connector Body $2.90
01610-06101 Connector Pin, each $0.15
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General Information
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T740A DSCILLOSTOPE (100MHR)

The oscilloscope—the most general purpose
and basic tool of the electronic industry—has
evolved into a very accurate and versatile
measurement tool. With the rapid growth, in
the past few years, of technology in inte-
grated circuits, the measuring capabilities
have increased tremendously. New capabili-
ties include the Hewlett-Packard developed
delta time measurements, the crystal refer-
enced time base of the 1743A, and the faster-
writing expansion storage CRTs of the
1727A and 1744A. In general, the most ver-
satile test instrument has become even more
accurate and more flexible.

Hewlett-Packard pioneered many of the
measurement capabilities that are now taken
for granted in oscilloscopes. A few of these
are internal graticule CRT, beam finder, ex-
pansion mesh CRT, trigger holdoff, mixed
sweep, and rugged variable persistence
storage.

Selecting an Oscilloscope

When selecting an oscilloscope you will
need to match your present and future mea-
surement needs with the oscilloscope feature
set. Price is always a consideration and incre-
mental cost must be weighed against incre-
mental measurement capability. In many
cases ease-of-use should be considered along
with measurement accuracy and the overall
feature set. Some of the major feature deci-
sions include:

® Bandwidth

® Number of channels

® Rack or cabinet configuration

® Portability

® Plug-in versatility

® Vertical and horizontal accuracy
® Ease-of-use

® Price

® Time interval capability

® Variable persistence storage

® Various combinations of the above.

Hewlett-Packard manufactures several os-
cilloscope families. Each family optimizes a
different combination of the considerations
previously listed. Refer to the Oscilloscope
Selection Chart on page 179 for feature sets
and page references.

The 180 System for Versatility

The 180 series of oscilloscopes provides up
to 100 MHz real-time bandwidth in seven
different mainframes. Plug-ins for measure-
ment versatility include:

® General purpose dual channel verticals, 50
MHz—100 MHz

® General purpose time base systems

® Four channel verticals (50 MHz—100
MHz)

In addition, the 180 family is available in
cabinet or rack mount (5% in.) versions with
8 x 10 cm CRT display or in a large screen
cabinet version with a 16.5 cm diagonal CRT
(8 x 10 div, 1.29 cm/div).

The 180 family also provides variable per-
sistence storage mainframes for bright flick-
er-free viewing of low duty cycle waveforms
and for capture of single-shot transients and
glitches in digital systems.

The plug-in system, 5% in. rack or cabinet
configuration, plus variable persistence stor-
age versions, permits the 180 system to be
configured to satisfy a broad range of mea-
surement needs for R & D, production, and
general bench applications.

The 1700 Family for
General Purpose Applications

The 1700 family of oscilloscopes provides a
wide selection of dedicated instruments. It is
further divided into the 1740 series (dc to
100 MHz), and the 1715 and 1720 series
which are dc to 200 MHz and dc to 275 MHz
respectively.

The 1740 series

The 1740 100 MHz series offers both gen-
eral purpose and specialized versions. The se-
ries consists of the 1740A (HP Journal,
December 1975) for general purpose work;
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The 275 MHz 1727A provides variable persistence storage and delta time measurements.

the 1742A and 1743A (HP Journal, Decem-
ber 1977) for applications requiring easier,
more consistent and more accurate time in-
terval measurements; and the 1741A (HP
Journal, September 1976) and 1744A for ap-
plications where variable persistence storage
is required.

All of the 1740 series are dual channel 100
MHz oscilloscopes with a third channel trig-
ger view. The trigger-view channel allows si-
multaneous display of the timing relation-
ships between the trigger signal and the two
vertical channels. The series has 5 mV/div
deflection factors and a times 5 vertical mag-
nifier that increases sensitivity to 1 mV on
both channels to 40 MHz* without the need
to cascade channels. Also featured are a
main and delayed sweep time base with a 5
ns/div maximum sweep speed, and vertical
inputs that provide a switchable input imped-
ance of 1 MQ or 509 for convenience and op-
timum matching of oscilloscope input to
source impedance.

“The 1741A and 1744A have 30 MHz bsndwidth in this mode.

Variable persistence storage
in the 1740 family

The 1741A and 1744A provide all of the
oscilloscope features of the 1740A with the
addition of a variable persistence storage
CRT. Automatic storage modes add to the
measurement capabilities and greatly in-
crease operating ease. For general purpose
work with digital circuits the 1741 A provides
an excellent solution. Its 200 cm/us writing
speed permits easy viewing of low repetition
rate signals and with its light integrating ca-
pability can display transitions as fast as 3.5
ns over the full screen height after only 10
occurrences of the sweep. The 200 cm/pus
writing speed of the 1741A also permits sin-
gle-shot capture of 10 MHz events with full

screen amplitude. Proportionately higher
frequency transients may be captured and
displayed at lesser amplitudes. An auto-cam-
era option and a triggered A vs. B option add
even more flexibility to the general purpose
1741A.

The 1744A variable persistence storage os-
cilloscope offers a writing speed of 1800
cm/us which permits the 1744A to capture
and display single-shot events from dc to 100
MHz and display them over a 6 X 8 division
quality area.

The Hewlett-Packard developed system of
expansion storage used in the 1744A has a
writing speed consistent with the 100 MHz
oscilloscope bandwidth while providing sharp
trace quality. This technology provides a
larger display area of the stored 100 MHz
transients than any other 100 MHz storage
oscilloscope available today. State-of-the-art
features and performance make the 1744A
ideal for todays digital design and trouble-
shooting applications.

High speed, high bandwidth
variable persistence storage
with 1727A

The 1727A oscilloscope is the solution for
those difficult measurement applications
that require both high bandwidth signal fi-
delity and fast writing speed to capture sin-
gle-shot or very low duty cycle events. The
1727A’s stored writing speed of 2000 cm/us
allows capture of single-shot rise times as
fastas 1.27 ns, 4 div high with 1 ns /div sweep
speed. This fast writing speed is obtained by
using Hewlett-Packard’s expansion storage
technology. With this technology, the full
2000 cm/us writing speed is available while
in the variable persistence mode—thus pro-
viding the maximum light integrating capa-
bility to produce bright, crisp displays of low

repetition rate signals. Also, with the 1727A,
there is no need to use a reduced scan display
mode in order to obtain fast writing speeds.
Conveniently grouped variable persistence
storage controls, automatic selection of oper-
ating conditions, and front panel color coding
make the 1727A one of the easiest-to-use
high speed storage oscilloscopes available
today.

The 1727A also provides 275 MHz band-
width, dual marker time interval measure-
ment and other 1725A operating features.

Delta time means
ease-of-use and accuracy

Many of the 1700 series oscilloscopes pro-
vide time interval measurement capability
known as DELTA TIME (AT). This capabil-
ity is presently provided on the 1742A,
1743A, 1715A, 1722B, 1725A and 1727A.
The demand for precise and consistent time
interval measurements has expanded with
the growth of digital systems. System timing
is an all important consideration in the de-
sign, manufacture, and troubleshooting of
digital circuits. The Hewlett-Packard DEL-
TA TIME system uses a two marker method
with the markers defining the start and stop
events. The interval contained by the two
markers can be read directly on an LED dis-
play. This technique eliminates the error
prone procedures required when using con-
ventional delayed sweep where careful read-
ings of a 10-turn helidial must be taken for
both the START and STOP events, and the
difference multiplied by the MAIN TIME
base setting. These steps are eliminated using
the Hewlett-Packard introduced DELTA
TIME system. In addition to speed and ease-
of-use, the DELTA TIME system is more ac-
curate since it eliminates the mechanical
non-linearities of a 10-turn potentiometer.
The DELTA TIME system also permits the
operator to view two events which are sepa-
rated in time on alternate sweeps with the
high resolution of the delayed sweep. This al-
lows the operator to measure pulse width and
period jitter, or compare events separated in
time, with higher resolution and accuracy
than is possible without DELTA TIME.

Precision timing

Oscilloscopes which rely on a Miller Inte-
grator ramp for their timing reference can
approach accuracies of +1% using delayed
sweep methods. The 1743A has a crystal re-
ferenced time base with timing accuracy of
+0.002% of reading *+ 1 count. It has a built
in 5-digit LED readout for time interval with
resolution up to 100 ps. The 1743A has the
two marker delta time system and in addition
offers unprecedented time interval accuracy.
Sweep speeds can be continuously calibrated
so that the CRT graticule lines can be cali-
brated to your system’s units. Triggered del-
ta time measurements mean that the time
interval readout automatically tracks
changes in the input signal without operator
intervention; and delay goes all the way to
zero to allow the delayed sweep precision to
be used on low duty cycle and non periodic
events. The 1743 A also provides a precise on-
screen indication of the trigger level at which
the start and stop events are being measured
without any hysteresis error.
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&~ General information (cont.)
2

1740A Opt 034, 100 MHz general purpose.

1741A Opt 034 and 1744A, 100 MHz for measurements requiring variable persistence

storage and transient capture.

1743A and 1742A Opt 034 , 100 MHz delta time measurements.

1222A, 15 MHz for industrial and educa-

tional use.

1205B, a 500 kHz “workhorse” of industry.

The high frequency 1700 series

Hewlett-Packard offers three high speed
delta time oscilloscopes in addition to the
1727A that are ideal for use in the design,
manufacturing, and testing of high speed
computers and peripherals, with fast inter-
face logic, high speed digital communica-
tions, and high frequency RF and analog
applications.

The 275 MHz Model 1722B (“A” version
described in HP Journal, December, 1974)
with its microprocessor and LED display
provides a measurement set which provides
ease-of-use and increased accuracy on both
the voltage and time axes.

The 1722B incorporates the two marker
Delta Time System. In addition, a A V sys-
tem is provided to make voltage measure-
ments between any two points on a displayed
waveform. The 1722B also has a vertical
mode which scales measurements in percent-
ages so that measurements such as percent
overshoot can be easily made. Another verti-
cal mode on the 1722B allows dc voltages to
be measured through the oscilloscope probe.
The microprocessor can provide the recipro-
cal of delta time readings for a direct fre-
quency readout. The vertical and horizontal
measurement capabilities of the 1722B make
it a remarkably versatile test instrument
which economizes on bench space while pro-
viding a high quality 275 MHz laboratory
oscilloscope with a greatly expanded meas-
urement set.

Models 1725A and 1715A offer 275 MHz
and 200 MHz bandwidths respectively and
both have the delta time system advantages.
These oscilloscopes are available with an op-
tional built-in DMM for direct readout of
time interval and the DMM measurement
set. The 1725A and 1715A have a selectable
input impedance on both vertical channels (1
MQ, 11 pF or 50€). The 11 pF shunt capaci-
tance of these units is the lowest input ca-
pacitance presently available on a high
impedance input oscilloscope. The specified
bandwidth of the 1725A in the high imped-
ance input mode is also the highest presently
available.

Low Frequency

500 kHz

Low frequency oscilloscopes which have
500 kHz bandwidth are used in education,
medicine, system monitors, engineering, pro-
duction, and in some cases field service.
These could be classified as the “workhorses”
of the electronics industry since they are
most commonly found in system applica-
tions. The 1200 series oscilloscopes easily fill
these requirements with their 100 uV and 5
mV sensitivity, differential inputs, solid-state
and lightweight construction, and reliable
and stable operation. Also available are stor-
age and variable persistence models which
eliminate annoying flicker from low rep rate
signals and retain single-shot traces that are
common in biomedical or electromechanical
applications.

15 MHz

In the dc to 15 MHz range the 1220A and
1222A dual channel oscilloscopes are de-
signed for industrial and educational appli-
cations, and production line testing. Logical
front panel layout, large 8 X 10 division in-
ternal graticule, and automatic triggering re-
duce familiarization time and assure
maximum efficiency in production and stu-
dent environments. The 1220A and 1222A
have a TV Sync for triggering on video
frames. ’

Model 1222A has all of the features of the
1220A plus a delay line that allows viewing
of the leading edge of the sweep trigger sig-
nal. Applications include design and check-
out of logic systems such as calculators and
appliance controllers.



1715A Opt 034 (200 MHz), 1725A Opt 034 and 1722B (275 MHz) provide high frequency measurements and 1% delta time accuracy.

Additional Measurement Features
Time and state displays

The 1700 series option 101 permits one-
button switching between time domain wave-
forms and data domain state displays. The
State display is obtained from the 1607A, a
16-channel logic analyzer with pattern trig-
ger recognition, digital delay, variable
threshold selection, data qualifier lines, and
pretrigger display. The outputs of the 1607A
are displayed on the 1700 series oscilloscope
via rear panel inputs. The front panel inputs
of the oscilloscope remain free for waveform
inputs. The 1607A triggers the oscilloscope
when a specified word occurs and by switch-
ing from the State to the waveform display it
is possible to vector the oscilloscope with its
high resolution directly to the vicinity of er-
rors located on the State display.
DMM option for delta time oscilloscopes

Hewlett-Packard models 1742A, 1715A,
1725A and 1727A have Delta Time as a
standard feature. The DMM option provides
a 3! digit DMM built into the top cover of
the oscilloscope with an internal connection
which allows the DMM to read out time in-
tervals on its display. The DMM can be used
for time interval readouts or as a DMM with
separate inputs for measuring ac and dc volts
and amps, and ohms. A delta time oscillo-

Oscilloscope Selection Chart

scope with the optional DMM provides a
multi-measurement test station, yet offers
easy portability.

The DMM option, without time interval
readout, is also available on the 1740A and
1741A oscilloscopes.

Oscilloscope Accessories

Cameras and adapters, testmobiles, active
and passive probes, and adapters to meet
most any need are available to help you get
the most out of your oscilloscope investment.
See page 207.

Option 101 to 1740A offers one button switching between Logic State Analysis and volts
vs. time measurements.

1700 Series 180 12204 1200 Series
Characteristics 17154 17228 1725A 1727A 1740 1741A 17424 1743A Series 12224 12008 1201B 12058
Bandwidth 200 MHz | 275MHz | 275MHz | 275MHz | 100MHz | 100 MHz | 100MHz | 100 MHz | 100 MHz ?&MJI}:Z 15MHz | 500kHz | 500 kHz | 500 kHz
S5mVto [ 10mVto | 10mVto | 10mVto [ 1mV*to | ImV¥to { ImV*to | 1mV*to [ 1mV*to 500 uV 2mVto {0.1mVto|[0lmVto| SmVto
Deflection Factors /Div. 5V 5V 5V 5V 20V 20V 20V 20V 20V Min, 10V 20V 20V 20V
Insto Insto Insto 1nsto 5ns to 5nsto 5ns to 5nsto 5ns to 5ns to 10nsto [0dlpusto |O.1usto |01 usto
Sweep Speeds /Div. 05s 05s 055 055 2s 2s 2s 2s 2s Is 05s 5% 5s 5%
Channels 2 2 2 2 2 2 2 2 2 24 2 2 2 2
Time Measurements [} [} [ [} [ [}
Variable Persistence Storage . . . [ [
3rd Channel Trigger View ° [ [ ° [
TV _ync Optional | Optional ]
Differential inputs [ [} [
Optional Logic State Switch (] ] ] (] ° (] ]
LED Readout/DMM Optional ° Optional i Optional | Optional | Optional | Optional °
Page 190 190 190 190 180 180 180 180 180 196 205 203 203 203

*With X5 vertical magnification at reduced bandwidth.
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100 MHz crystal delta time, storage
Models 1740A, 1741A, 1742A, 1743A & 1744A

e Optional built-in DMM for
convenience

expanded measurement

® Dual channel, 5 mV/div to 100 MHz
¢ 3rd Channel trigger view and selectable input impedance

HEwiE 1! « PACKAR
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l{;ﬁm 1740A OSCHLOSCOPE (100MH2)
b ! o

1740A, Opt 034/035

1740A, 1741A, 1742A, 1743A, 1744A
Description

Hewlett-Packard’s 1740 series of 100 MHz, dual-channel oscillo-
scopes offer the high performance necessary to meet the demanding
requirements of both laboratory and field applications. These oscil-
loscopes have the performance and features to make accurate mea-
surements with ease. The front panel includes a large, high-resolution
CRT with color-coded controls which reduce operator learning time
and make repetitious measurements easier. Several features that add
to the versatility of these 100 MHz portable oscilloscopes include a
third channel trigger view for viewing the external signal along with
both vertical channels; a X5 vertical magnifier for | mV /div deflec-
tion factors on both channels; selectable input impedance (I
MQ/50Q) for general purpose probing and precise rise time measure-
ments; a Logic State Display option (except for the 1744A) for conve-
nient switching between logic state and electrical analysis; and for the
1740A, 1741 A, and 1742A, an optional built-in DMM for expanded
measurement convenience.

o

TRIGGER HOLDOFF

8 X 10 cm Display
1740A, 1742A, 1743A Conventional CRT

The CRT has a crisp, bright trace over the fully specified 8 x 10 cm
display area. An accelerating potential of 15 kV makes the display
compatible with the 5 ns/cm sweep speeds for easier viewing of low
rep rate, fast transition time signals. The small spot size of the lab
quality CRT along with the no parallax internal graticule makes criti-
cal and difficult timing measurements easier to perform. An internal
floodgun uniformly illuminates the CRT phosphor for high quality
trace photos with a sharp well defined internal graticule.

3rd Channel Trigger View

In many measurements, especially in digital applications, it is desir-
able to externally trigger the main sweep using a signal synchro-
nous with the displayed waveforms. The third channel trigger view
offers several measurement conveniences in dual channel timing
applications.



Third channel trigger view of external trigger signal adds mea-
surement convenience. Center screen trigger threshold allows
you to see which portion of the signal is triggering the display.
Specified delay of =3.5 ns between external trigger input and ei-
ther vertical channel offers valid timing meaurements.

— The external trigger signal can be displayed without the need to
physically connect it to one of the vertical input channels.

— Trigger threshold can be viewed for either an internal or external
trigger source. Trigger threshold is the center horizontal graticule
line and the trigger point is selected by positioning the trigger wave-
form vertically using the Sweep Trigger Level control.

— With the trigger view mode, the shape of the trigger waveform
can be viewed to verify that the correct signal is used as the trigger
source. Trigger view also allows you to verify that the trigger thresh-
old is not set to portions of a waveform containing irregularities and
reflections.

- With trigger view, three channels of information are displayed so
that timing analysis can be accomplished. The trigger channel is dis-
played with a specified delay of =3.5 ns relative to the two vertical
channels.

Stable Flexible Triggering

Stable internal triggering to greater than 100 MHz requires only |
cm of vertical deflection. The internal trigger sync take-off is immedi-
ately after the attenuator which maintains a stable display regardless
of changes in position, vernier, or polarity controls. The desired trig-
ger signal conditioning for your measurement application is quickly
achieved with easy-to-usé push-button controls. In the external trig-
ger mode, signals of only 100 mV trigger the oscilloscope to 100 MHz
(only 50 mV to 50 MHz).

In the composite trigger mode these oscilloscopes internally trigger
on asynchronous signals without the need to vertically overlap the
traces or use additional trigger conditioning controls. This is useful
when looking at signals across an I/O port where clock rates are asyn-
chronous.

Vertical Amplifiers

To meet many measurement requirements, vertical deflection fac-
tors from 5 mV/div to 20 V /div are provided with 3% accuracy. For
low level, dual channel measurements, a times five vertical magnifier
provides 1 mV/divand 2 mV /div capability which allows you to ana-
lyze both input and output signals such as those on tape and disc
heads or power supply ripple and its influence on other waveforms.

Selectable Input Impedance

For maximum measurement flexibility, switchable 50Q and 1 MQ
inputs are provided. The internal 50Q input with low reflections is
useful for measurements requiring a 50Q termination for accurate
pulse reproduction.

Serviceability

Innovations in circuit design along with custom integrated hybrid
circuits reduce calibration time because of a minimum of adjust-
ments. Wire harnesses and interconnection cables between boards are
reduced with an interface board which connects the main boards to-
gether. This interface board helps to reduce service time and reassem-
bly errors normally encountered with instruments containing many
cables. These oscilloscopes, with the exception of the high writing
speed 1744 A, do not require a fan or ventilating holes for convection
cooling which reduces the amount of dust and dirt that can accumu-
late internally.

Service and calibration time is reduced with the low number of
adjustments (approximately 44) and an interface board reduces
interconnecting cables (1740A shown).

General Purpose 1740A

The Model 1740A contains all of the standard 1740 series features
described, such as third channel trigger view, flexible triggering, 1
mV /div deflection factor in the X 5 mode, large 8 X 10 cm CRT, and
selectable input impedance. The versatility of this 100 MHz oscillo-
scope simplifies both real-time and data domain measurements.
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OSCILLOSCOPES
Models 1740A, 1741A, 1742A, 1743A & 1744A (cont.)

¢ Delta time measurements
® Dual channel, 5 mV/div to 100 MHz

1742A, Opt 034

Delta Time Measurements
1742A Time Interval Measurements

Model 1742A provides two methods for making time interval mea-
surements. One is the familiar single marker delayed sweep using the
helidial delay control for differential time relationship measurements
or for convenient expansion of selected areas of waveforms. The sec-
ond method is the Hewlett-Packard developed system of dual intensi-
fied markers, known as delta time, which greatly simplifies time
interval measurements while improving the accuracy and resolution.
In delta time mode, Start and Stop markers are alternately displayed
on the Main Intensified sweep and the time interval between the
markers are read directly on the optional DMM or on the calibrated
ten turn dial, or available as a rear panel scaled voltage output com-
patible with most DVM’s. When the delayed sweep mode is selected,
the region of the intensified markers is expanded and alternately dis-
played with the increased resolution of the faster delayed sweep.
Now, when the waveforms are overlapped, the maximum precision of
delta time interval measurement is obtained. The delta time measure-
ment system with Option 034 improves the percent of full scale error

¢ 3rd Channel trigger viewand selectable input impedance
® Optional built-in DMM for increased accuracy, flexibility

POSITION: &
o

by a factor of two over the single marker delayed sweep method.

For added convenience, a switch allows the Start marker to be dis-
played on either channel when making dual channel deita time mea-
surements. The ability to switch starting channels allows you to make
dual channel delta time measurements with respect to either channel
without having to switch probe test points.

When operating the 1742A in the three channel trigger view mode,
the start marker is displayed on the trigger channel and time coinci-
dent stop markers on each of the other two channels. This allows you
to directly read time intervals between events on either channel and
the external trigger input signal.

Production environments often require system timing to be set up
by making circuit adjustments. The delta time system with Option
034 or an external DVM permits the desired time interval to be preset
on the LED display and the circuit adjusted until the Start and Stop
events are overlapped on the CRT. The ability to preset time intervals
and adjust the circuit offers speed, and accuracy, with reduced hu-
man error in setting up time intervals.



® Precise delta time measurements with crystal reference
® Dual channel, 5 mV: div to 100 MHz

VLTl
“ PACKARD

¢ 3rd Channel trigger viewand selectable input impedance
® Semiautomatic triggered delta time measurements

HEWLETY

SCALE ILLUN
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1743A

1743A Crystal Accurate Timing

The 1743A incorporates a second generation delta time system
based on a 100 MHz crystal timing reference rather than the tradi-
tional analog ramp reference. This internal crystal reference offers
additional measurement capability and increased accuracy. The time
between the two intensified marks is displayed on a five digit LED
readout with an accuracy of 0.002% plus or minus one count. For
main sweep speeds of five microseconds or less, the one count corre-
sponds to plus or minus 100 ps.

First pulse measurements: The 1743A, by using a crystal refer-
ence, allows you to measure time intervals relative to the leading edge
of the first pulse in the main sweep display. The first pulse measure-
ment capability makes high resolution measurements possible on
asynchronous pulses that are common in digital system interfaces.

Triggered measurements: The triggered delta time mode of the
1743A offers a major improvement in measurement ease, as well as
increased capability. Simply select the proper trigger level and slopes
for the Start and Stop markers and the 1743A will perform the mea-
surement with minimum operator involvement. The oscilloscope will
track changes in the signal, making this mode well suited for produc-
tion test applications.

There is no need to operate the 1743A in the delayed sweep mode
when the triggered delta time mode is used. This mode expands the
measurement window to that of the main sweep.

Sweep vernier: Crystal timing now allows you to use the sweep
vernier out of its detent position to calibrate the CRT divisions for
various measurements without uncalibrating the LED time read-
out. For example, you can set up the graticule lines to represent clock
periods and then make two channel measurements of other signals
related to the pre-calibrated “clock” signal.

The sweep vernier also increases the display resolution by up to
three times. With the vernier in detent, the resolution of a full screen
display is a maximum of one part in 50 000 and with the vernier full
ccw, full screen resolution is a maximum of one part in 150 000.

This increased resolution is obtained by using a faster main sweep
speed. For example, by switching from a 1 us/div range to a 0.5
us/div range the last digit of the five digit display becomes hundreds
of picoseconds instead of nanoseconds. The same display of the 1
us/div sweep can now be obtained on the 0.5 us/div sweep by adjust-
ing the sweep vernier.
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OSCILLOSCOPES

(I"] Models 1740A, 1741A, 1742A, 1743A &1744A (cont.)

® Variable persistence storage, auto-store, auto-erase,
200 cm/ us writing speed; auto-intensity circuit
* Optional built-in DMM

DI TAL MUCTIMETER,

® Dual channel, 5 mV/div to 100 MHz
¢ 3rd Channel trigger view and selectable input impedance

Ll

1741A Opt 034

1741A, 1744A, Variable Persistence Storage

The Hewlett-Packard variabie persistence CRT extends the oscil-
loscope’s usefulness into areas beyond the capabilities of conven-
tional CRT technology. The 1741A and 1744A provide well-
defined, easily viewed traces in applications that otherwise require
a camera or produce annoying flicker. Applications that require
sweep speeds slower than 2 ms/div produce a flickering display on a
conventional CRT and as the sweep speed is reduced further the
display decays to a moving dot. The variable persistence CRT
solves these problems by allowing adjustment of the persistence
control to obtain an easily viewed display.

Low repetition rate signals at fast sweep speeds produce very low
light output from conventional CRT’s, requiring use of a viewing
hood or CRT photography to obtain a viewable display. In these
applications the variable persistence CRT becomes a light amplifier

7414 OSCHLOSCOPE (100MHE)

17418 OSCILLOSOCOPE

by integrating several sweeps to produce bright sharp traces.

The variable persistence storage oscilloscope allows convenient
analysis of single-shot events without use of a camera. The 200
cm/us writing rate of the [ 741 A is somewhat better than that of ASA
3000 film. The 1800 cm/us writing rate of the 1744A is higher than
can be obtained with ASA 10 000 film without special techniques
such as post fogging.

The cathode-ray tube technology used in both the 1741A and
1744A results in full variable persistence performance in all storage
operating modes. Neither of these CRT’s requires reduced scan dis-
play modes or unusually long erase cycle times. With minimum erase
cycle time, these oscilloscopes are not “blind” to transients that might
be present in the system under test.

Model 1741A’s CRT has a writing rate greater than 200 cm/us and
a highly burn resistant storage surface which results in an oscilloscope
that is ideally suited to the majority of applications.



e Variable persistence storage with auto-store, auto-
erase; auto-intensity circuit
¢ Expansion storage CRT for 1800 cm/us writing speed

e Dual channel, 5§ mV/div to 100 MHz
e 3rd Channel trigger view and selectable input im-
pedance

. o—————
17447 STORAGE OSCILLOSCOPE (100MH2)
MEWLETD « PACKARD
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1744A

For high writing rate performance, the 1744A provides a writing
rate of 1800 cm/us. This writing rate allows capture of a 100 MHz
sine wave with an amplitude of 8 divisions. Any signal within the
bandwidth of the 1744A’s 100 MHz vertical amplifier system can be
captured and displayed in one sweep.

Capture of transients at the full bandwidth of the 1744A vertical
deflection system is achieved with a new CRT technology called Ex-
pansion Storage. The waveform to be captured is written on a storage
mesh positioned close to the deflection plates. The storage mesh is
about the size of a postage stamp and is capable of storing very sharp
waveform images. A flood gun electron cloud projects the image
through a lens system onto the CRT phosphor for viewing. This com-
bination of a small storage surface and an expansion lens system pro-
vides a storage CRT capable of capturing transients at or beyond the
slew rate of the 100 MHz deflection systems. Now you can capture
fast voltage and current spikes, high energy X-ray impulses, laser
pulses, and other transients consistent with 100 MHz bandwidths.

TIME/DtY

EXT YRIGGER

{

The Auto-Erase mode provides a rapidly updated display of transient
events such as switch bounce in keyboard systems.

Another capability of the fast variable persistence design is the abil-
ity to repetitively write traces at the rate of either the input signal
repetition rate or the time base duty cycle. This allows you to scan
data streams for random events such as glitches, noise, coupling and
other spurious signals without having to wait for lengthy erase cycles
between sweeps. This fast resetting capability makes the 1744A a
valuable troubleshooting instrument for locating random glitches and
improves the ability to capture aperiodic events.

When noise is on a displayed waveform it is often necessary to de-
termine its frequency so the source can be located. The fast writing
speed and fine spot size of the 1744A allows a single sweep capture of
a pulse which can then be analyzed to determine the period of the
noise component.

Other applications ideally suited to the 1744A include the capture
of glitches generated by switching loads on power supplies, printed
circuit board trace coupling, and race conditions in digital circuits.
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OSCILLOSCOPES

Moadels 1740A, 1741A, 1742A, 1743A &1744A (cont.)

1741A, 1744A Operation

An automatic intensity circuit simplifies operation of these oscillos-
copes. A bloom-free trace is displayed over a wide range of beam in-
tensity and sweep speed settings, greatly reducing the possibility of
accidental storage surface burns. The bright- S
ness control allows the display to be adjusted
for optimum contrast at various writing
speeds and scan rates.

The storage control mode LED indicators
provide positive indication of the oscillo-
scope’s operational condition. Two automat-
ic operating modes further simplify oper-
ation of these oscilloscopes.

The auto-erase mode provides a series of
individual “snapshots” of a waveform auto-
matically, freeing the operator to simply
probe a circuit at desired points and observe
the display. The auto-erase mode also pro-
vides a convenient method of setting the fo-
cus and intensity for single-shot events. If
you are displaying traces on two or more
channels, the 1741A or 1744A will wait for
the required number of sweeps to be dis-
played before automatically erasing the dis-
play.

For maximum convenience in single-shot
applications, an auto-store mode, which op-
erates in single-shot mode, makes it easy to
capture random events. To prevent the possibility of recording the
wrong event, the 1741A and 1744A automatically switch from Write
mode to Store mode at the end of the sweep. This is shown by the

STORE

DIgPLAY

mode indicators. To view the signal, a press of the Store/Display
pushbutton displays the trace. For convenience, a push of the Erase
pushbutton erases the CRT and resets the time base.

Exceptionally fine trace in the variable persistance mode per-
mits high resolution timing measurements as shown with this
dual trace, alternate sweep display at a sweep speed of
5 ns/div.

FLOOD GUN

~
WRITE GUN ~

COLLECTOR .,
MESH

STORED IMAGE

COLLIMATION LENS

STORAGE MESH

1744A EXPANSION STORAGE CRT

ACCELERATOR
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1741A Auto-camera Option

Model 1741 A Auto-camera Option 003 produces automatic photo-
graphic records of a stored display. This mode is particularly valuable
for applications which require the long term monitoring of circuits.
Setup involves simply mounting a Model 197B Camera on the 1741 A
and sclecting the auto-store mode. When the trigger signal is re-
ceived, the oscilloscope switches automatically to store mode. Camera
control circuits then command a display of the stored trace, and the
camera shutter is actuated. After the first exposure of the waveform,
the 1741 A executes an erase cycle, and the camera takes a second
exposure to superimpose the graticule on the photograph. The combi-
nation of a 1741A and 197B can save hours of “baby-sitting” time.
For example, the 1741 A can be set up to monitor a signal node over a
long weekend to see if plant start-up power transients are the cause of
a problem.

174 1A Optional Parametric Measurements

A new dimension of measurement capability is added to the 1741A
with Option 002, Triggered A vs B mode. This option allows you to
generate many non-time related displays commonly found in engi-
neering problems, such as the familiar Lissajous pattern. Other com-
mon non-time related displays include transducer linearization and
power transistor safe-area testing.

Phase corrected display

Modern, high bandwidth oscilloscopes incorporate a delay line in
the vertical axis to permit viewing of the leading edge of internally
triggered signals. This delay line introduces a significant phase error
in A vs B plots for signals above 20 kHz. Option 002, Triggered A vs
B, adds a variable delay line in the horizontal axis which eliminates
phase error and enables the 1741 A to produce matched phase re-
sponse up to the 5 MHz bandwidth of the horizontal deflection sys-
tem. Additionally, linear phase errors due to differential delay in the
probing system can be corrected. With this option, the 1741A pro-
duces phase corrected displays, even when using probes with unequal
propagation delays, across the full horizontal system bandwidth.

Display windows

Main and delayed sweeps are useful tools to window a waveform of
interest in normal oscilloscope modes. Usually this facility is lost
when the oscilloscope operates in A vs B mode because the CRT beam
is always “on,” which results in a confusing display. In this mode, the
display is not qualified and all cycles of the system under test are
shown. Periods of inactivity produce a bright dot that can mask the
information display.

Model 1741A Option 002 overcomes these problems by allowing
the main and delayed sweeps to window the A vs B display. The A vs
B display mode button becomes a display format control. In the “out”
position, the display is the normal time-related oscilloscope display.
When A vs B is selected, the plot of A channei input is displayed as a
function of B channel input. However, the display is qualified by the
main and/or delayed sweeps. The normal main and delayed sweep
modes are active in the A vs B mode, with the A vs B mode “on” for
the length of the selected sweep. This allows you to use the main
sweep to window several cycles of an event, and then select the de-
layed sweep A vs B mode to examine each cycle. Bright spots can be
eliminated by using the delayed sweep to remove periods of inactivity
from the display. The 1741A Option 002 can switch from normal
time-related displays to a parametric phase corrected display at the
push of a button.

Logic State Display Option

As digital circuits are used more extensively, and become more
complex, there is a corresponding growth in the need for trouble-
shooting and debugging tools in digital systems. The “Gold Button,”
Option 101, combines the real time data analysis of a Model 1607A
Logic Analyzer with the measurement sets of the 1740A, 1741A,
1742A, 1743A, 1715A, 1722B, or 1725A Oscilloscopes. The 1607A
pattern trigger output allows you to window the oscilloscope volts vs
time display to a point in program execution determined by a 16-bit
parallel trigger point. Option 101 for the 1740 series oscilloscopes re-
moves the A vs B mode and replaces it with a state display pushbutton
and associated control circuits.

Long term monitoring of circuits to capture random events is sim-
plified with the 1741A Auto-camera Option 003. You can set up
the oscilloscope/camera, leave them unattended, and automati-
cally capture single-shot events.

without triggered X, Y

SRR

R S

with triggered X, Y

1741A Triggered A vs B Option 002. The display of signals (top
trace) in main sweep, A vs B mode shows total signal parameters.
With delayed sweep A vs B, the display can be qualified (lower
trace) to show only changing parameters which eliminates the
bright dots caused by stationary values and confusion caused by
unnecessary information.
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OSCILLOSCOPES

Models 1740A, 1741A, 1742A, 1743A & 1744A (cont.)

1740A, 1741A, 1742A, 1743A, 1744A
Specifications

Vertical Display Modes

Channel A; channel B; A and B displayed alternately on successive
sweeps (ALT); A and B displayed by switching between channels at
~250 kHz rate with blanking during switching (CHOP); A plus B
(Algebraic addition); and trigger view.

Vertical Amplifiers (2) Bandwidth and Rise Time at all deflec-
tion factors from 0°C to +55°C.
Bandwidth: 3 dB down from 8 div reference signal; 3 dB down from 6
div reference signal for 1741A, 1744A.
DC-coupled: dc to 100 MHz in both 50Q2 and | MQ input modes.
AC-coupled: ~10 Hz to 100 MHz.
Bandwidth limit: limits upper bandwidth to ~20 MHz.
Rise Time: <3.5 ns measured from 10% to 90% points of a 6 div (5
div, 1744A) input step.
Deflection factor
Ranges: 5 mV/div to 20 V/div (12 calibrated positions) in 1,2, 5
sequence, attenuator accuracy + 3%.
Vernier: extends deflection factor to =50 V/div.
Polarity: channel B may be inverted.
Input coupling: selectable AC or DC, 50Q (dc), or ground.
Input RC (selectable): AC or DC, | MQ =+ 2% shunted by ~20pF;
509, 50Q +3%, SWR =<1.4 at 100 MHz.
Maximum input: AC or DC, 250 V (dc + peak ac) or 500 V p-p at
=<1 kHz; 502, 5 V rms.
A + B operation
Amplitier: bandwidth and deflection factors are unchanged; chan-
nel B may be inverted for A-B operation.
Differential (A-B) common mode: CMR is at least 20 dB from dc
to 20 MHz. Common mode signal amplitude equivalent to 8 div (6
div, 1744A) with one vernier adjusted for optimum rejection.
Vertical Magnification (X5)
Bandwidth: 3 dB down from 8 div (6 div, 1744A) reference signal.
DC-coupled: dc to ~40 MHz; dc to =30 MHz for 1741A, 1744A.
AC-coupled: ~10 Hz to 40 MHz; ~10 Hz to 30 MHz for 1741A,
1744A.
Rise time: <9 ns, <12 ns for 1741A, 1744A (measured from 10% to
90% points of 8 div, 5 div 1744A, input step).
Deflection factor: increases sensitivity of 5 and 10 mV settings by a
factor of 5 with max sensitivity of | mV on channels A and B.
Trigger Source
Selectable from channel A, channel B, composite, or line frequency.

Trigger View

Displays internal or external trigger signal. in Alternate or Chop
mode, channel A, channel B, and the trigger signals are displayed. In
channel A or B mode, trigger view overrides that channel. Internal
trigger signal amplitude approximates vertical signal amplitude. Ext
trigger signal deflection factor is 100 mV /div or | V/div in EXT +
10. Triggering point is approx center screen. With identically timed
signals to a vertical input and the EXT trigger input, trigger signal
delay is =<3.5 ns.

Horizontal Display Modes o
Main, Atime with channel A or B start (1742A, 1743A), main in-
tensified, mixed (except 1743A), delayed, mag X 10, and A vs. B.

Main and Delayed Time Bases

Ranges
Main: 50 ns/div to 2 s/div (24 ranges) in 1, 2, 5 sequence.
Delayed: 50 ns/div to 20 ms/div (18 ranges) in 1, 2, 5 sequence.
Accuracy

*Accuracy
Sweep Time,/Div 11 X10 Temp Range
50 ns to 20 ms +3% +4% 0°Cto +15°C
+2% +3% +15°C to +35°C
+3% +4% +35°C 0 +55°C

*Add 1% for 50 ms to 2 g ranges

Main sweep vernier: extends slowest sweep to at least 5 s/div.
Magnifier (X10): extends fastest sweep to 5 ns/div.

Calibrated Sweep Delay (except 1743A)
Delay time range: 0.5 to 10 X Main Time/Div settings of 100 ns to
2 s (min delay 150 ns).

Ditferential time measurement accuracy
(Using one intensified marker and helidial control)

Main Time Base Setting Accuracy* (+15°C to +35°C)
100 ns/div to 20 ms/div 1(0.5% of reading +0.1% of fs)
50 ms/div to 2 s /div +(1% of reading +0.1% of fs)

*Add 1% for temperature from 0°C to +15°C and +35°C to +55°C.

Delay jitter: <<0.002% (1 part in 50 000) of max delay in each step
from +15°C to +35°C; <0.005% (1 part in 20 000) from 0°C to
+15°C and +35°C to +50°C.

Differential Time Measurement Accuracy (1742A)
(Using Atime dual intensified markers)

Main Time Accuracy* (+15°C to +35°C)

Base Setting Opt 034/035 External DUM#** Helidial

100 ns** to +(0.5% of reading £(0.5% of reading £(0.5% of reading
20 ms/div +0.05% of fs) +0.05% of fs) +0.1% of fs)

50 ms to +(1% of reading +(1% of reading 1(1% of reading
2s/div +0.1% of fs) +0.1% of fs) +0.1% of fs)

*Add 1% for temperatures from 0°C to +15°C and +35°C to +55°C.
**On 100 ns/div range, specification applies atter firat cm of main sweep.
***Add DVM accuracy.

Time Interval (ATime) 1742A

Function: measures time interval between two events on channel A
(A display); two events on channel B (B display); or two events start-
ing from an event on either channel A or B and ending with an event
on either channel A or B {(alternate display).

Time interval output voltage: varies from 50 V to 100 mV full
scale. Full scale output voltage can be determined by multiplying the
number on the Time/Div dial by 10 V (e.g. 0.05 s, 0.05 ms, or 0.05 us
per div gives 0.5 V output full-scale).

Stability (0°C to +55°C): short-term 0.005%. Temperature,
+0.03%/°C deviation from calibration temperature range.

Crystal Referenced ATime (1743A)
Delay time range: 0 to 10 X Main Time/Div settings of 100 nsto 2 s.
Differential time measurement accuracy
Accuracy: +0.002% of reading + 1 count from +15°C to +35°C;
+0.005% of reading = 1 count from 0°C to +15°C and +35°C to
+55°C.
Time resolution of =1 count

Sweep Ranges/div +1 Count Averages
0.1 4s, 0.2 45, 0.5 45 +100 ps 10 000
1ps,2ps,5p8 +1lns 1000
10 us, 20 us, 50 us +10ns 100
0.1 ms, 0.2 ms, 0.5 ms +100ns direct

Readout: 5 digit LED plus exponent.
Crystal Aging: 0.0005% per year.
Delay jitter: same as other 1740 series oscilloscopes.

Triggering

Main sweep
Normal: sweep is triggered by internal or external signal.
Automatic: baseline displayed in absence of input signal. Above
=40 Hz, triggering is same as normal.
Single: sweep occurs once with same triggering as Normal. Reset
arms sweep and lights indicator. (1741 A, 1744A) Single sweep is
also initiated with Erase, sweep is armed after the erase cycle.
Internal: dc to 25 MHz on signals =0.3 div vertical deflection, in-
creasing to | div vertical deflection at 100 MHz in all display modes
(required signal level is increased by 2 when in Chop mode and by §
when XS vertical magnifier is used).
External: dc to 50 MHz on signals of 50 mV p-p or more, increas-
ing to 100 mV p-p at 100 MHz (required signal level is increased by
2 when in Chop mode).

Delayed sweep (sweep after delay)
Auto: delayed sweep starts at end of delay period.
Trig: delayed sweep armed and triggerable at end of delay period.
Internal: same as Main Sweep except 1743A is dc to 25 MHz on
signals causing | div or more vertical deflection, increasing to 2 div
of vertical deflection at 100 MHz.
External: same as Main sweep except 1743A is dc to 50 MHz on
signals 100 mV p-p increasing to 200 mV p-p at 100 MHz.



External input RC: ~1 MQ shunted by =20 pF; max external input,
250 V (dc + peak ac) or 500 V p-p at =I kHz.

Level and slope: internal, at any point on positive or negative slope
of displayed waveform; external, continuously variable from +1 V to
—1 V on either slope of trigger signal, +10 V to —10 V in + 10.
Coupling: AC, DC, LF REJ, or HF REJ.

Trigger holdoff (main sweep): increases sweep holdoff, all ranges.

Calibrated Mixed Time Base (except 1743A) )
Dual time base in which the main time base drives the first portion
of sweep and the delayed time base completes the sweep at the faster

delayed sweep. Also operates in single sweep mode. Accuracy, add 2%.

to main time base accuracy.

A vs B Operation (deleted with Opt 101)

Bandwidth: channel A (Y-axis), same as channel A; channel B (X-
axis), dc to 5 MHz.

Defiection factor: 5 mV/div to 20 V/div (12 cal positions) in 1, 2, 5
sequence; phase difference between channels, <<3°, dc to 100 kHz
(75 kHz, 1743A).

Cathode-ray Tube and Controls (1740A, 1742A, 1743A)
Type: 12.7 cm (5 in.) rectangular CRT, post accelerator, =15 kV
accelerating potential, aluminized P31 phosphor.

Graticule: 8 x 10 div (1 div = 1 c¢m) internal non-parallax graticule,
0.2 subdivision markings on major horizontal and vertical axes and
markings for transition time measurements. Internal floodgun grati-
cule illumination.

Beam finder: returns trace to CRT screen.

Z-axis input (intensity modulation): +4 V, =50 ns wide pulse
blanks trace of any intensity, usable to <10 MHz for normal intensi-
ty. Input R, 1 k@ *10%. Max input +20 V (dc + peak ac).

Rear panel controls: astigmatism and trace align.

Cathode-ray Tube and Controls (1741A)

Type: 12.7 cm (5 in.) rectangular CRT, post accelerator, ~7.5 kV
accelerating potential, aluminized P31 phosphor.

Graticule: 8 x 10 div (1 div = 0.85 c¢m) internal, non-parallax grati-
cule, 0.2 subdivision markings on major horizontal and vertical axes,
with markings for transition time measurements. Graticule illumina-
tion is achieved with Persistence control set to min.

Beam finder: returns trace to CRT screen.

Z-axis input (intensity modulation): same as 1740A.

Operating modes: write, store, display, auto-store, auto-erase, and
conventional (rear panel control).

Persistence: variable, ~ 100 ms to | min; conventional, ~40 us.
Storage writing speed: =200 cm/us (235 div/us) over center 7 x 9
div (with viewing hood).

Storage time: display mode, at least 10 s at 22°C; store mode, at
least 30 s at 22°C.

Brightness: ~170 cd/m* (50 fl) increasing to ~~340 cd/m* (100 f1)
depending on brightness control setting.

Erase time: ~300 ms.

Rear panel controls: astigmatism, trace align, conventional push-
button, and view time.

Cathode-ray Tube and Controls (1744A) '

Type: 12.7 cm (5 in.) rectangular CRT, post accelerator, =10 kV
accelerating potential, aluminized P31 phosphor.

Graticule: 8 x 10 div (1 div = 0.72 ¢cm) internal graticule, 0.2 subdivi-
sion markings on major horizontal and vertical axes, with markings
for transition time measurements. Graticule illumination is achieved
with Persistence control set to min.

Beam finder, Z-axis input (intensity modulation): See 1741A.
Operating modes: write, store, display, auto-store, and auto-erase.
Storage writing speed: > 1800 cm/us (2500 div/us) over center 6
x 8 div (with viewing hood).

Storage time: store mode, at least 30 s; view mode, at least 10 s; wait
time, at least 60 s, at 22°C.

Persistence: variable (100 ms min).

Erase time: ~ 300 ms.

Rear panel controls: astigmatism and trace align.

General
Rear Panel outputs: main and delayed gates, 0.8 V to =42.5 V
capable of supplying =5 mA.

Amplitude Calibrator (0°C to +55°C)

Output voltage 1Vp-pinte =1 MQ 1%
0.1 Vp-pinto 50Q

Rise time =015

Frequency ~1.4kHz

Power: 100, 120, 220, 240 V ac + 10%; 48 to 440 Hz; 100 VA max.
Weight: (1740, 1742) net, 13 kg (28.6 1b); shipping 15.7 kg (34.6 1b).
(1741, 1743, 1744) net 13.8 kg (30.5 Ib); shipping 17.7 kg (39 Ib).
Operating environment: temperature 0°C to +55°C; humidity to
95% relative humidity at +40°C; altitude, to 4600 m(15 000 ft); vi-
bration, vibrated in three planes for 15 min. each with 0.254 mm
(0.010 in.) excursion, 10 to 55 Hz.

Size: (1740A) 197 Hx 335 W x 597 mm D(7.8" x 13.2” x 23.5") with
handle, 492 mm D(19.4”) without; (1741A) 616 mm D (24.3") with
handle, 552 mm D(21.7") without; (1742A) 570 mm D(22.4") with
handle, 502 mm D(19.8”) without; (1743A) 613 mm D(24.1") with
handle, 549 mm D(21.6”) without; (1744A) 635 mm D(25") with
handle; 511 mm D (20.1") without.

Accessories furnished: one blue light filter HP P/N 01740-02701,
one front panel cover, one 2.3 m (7.5 ft) power cord, one vinyl acces-
sory storage pouch, one Operators Guide and one Service Manual,
two Model 10041A 10:1 divider probes ~2 m (6.6 ft) long. The
1741A and 1744A also include one Model 10173A RFI filter and
contrast screen, and one Model 10140A viewing hood.

Options and Accessories Price
001: fixed power cord (U.S. only). add $15
002 (1741A): Triggered A vs B Mode; phase shift add $225
=1°, dc to 5 MHz; internal triggering on channel B.

003: Auto Camera (1741A) add $75
005 (1740A or 1741A): TV sync add $215
034 (except 1743A, 1744A): built-in DMM (60 Hz) add $325
035 (except 1743A, 1744A): built-in DMM (50 Hz) add $325
091: two 3 m(9.8 ft) 10042A 10:1 probes in lieu of N/C
10041 A probes

096: two 1.8 m(6 ft) 10006D 10:1 probes in lieu of N/C
10041A probes.

101 (except 1744A): state display (deletes A vs B add $150
mode) single switch interface for use with 1607A Logic

State Analyzer.

112: includes 1112A Inverter Power Supply, a portable add $1000
power source for 1700 series oscilloscopes.

910: extra set of product manuals.

1740A, 17424, or 1743A Opt 910 add $15
1741A Opt 910 add $12
Time interval multimeter kit: HP P/N 01742-69501 $375
(1742A), 01741-69502 (1741A), or 01740-69503

(1740A) adapts standard oscilloscope to an Option

034/035 with built-in LED readout. Kit includes a

multimeter, top oscilloscope cover, vinyl storage pouch,

and mounting hardware.

Opt 101 Field Instl Kit: converts std 1740 series oscil- $200
loscopes (except 1744A) to Opt 101. Order HP P/N
01740-69501 for 1740A, 1742A, 1743A; order HP

P/N 01741-69501 for 1741A.

Logic State Analysis Equipment Required

for Option 101

1607A: 16-Bit Logic State Analyzer including three $3300
data probes and one clock probe.

Four 10121A: 20 cm (8”) cables. Three for X, Y, and Z $20 ea.

and one for pattern trigger connections.
Adapter plate and strap: (HP P/N 5061-1213) for $24
mounting the oscilloscope on top of the 1607A.

Ordering Information

1740A 100 MHz Oscilloscope $2675
1741A 100 MHz Storage Oscilloscope $4750
1742A 100 MHz ATime Oscilloscope $2925
1743A 100 MHz ATime Oscilloscope $3700

1744A 100 MHz Storage Oscilloscope $5500
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OSCILLOSCOPES

200/275 MHz delta time, 275 MHz storage
Models 1715A, 1722B, 1725A, & 1727A

e 200 MHz (1715A) and 275 MHz (1725A) bandwidths
e Delta time and delayed sweep

s Optional DMM
e Easy-to-use color-coded controis

q*
PaSIGR

IR+ 8 17254 OSCILLOSCOPE

1725A Opt 034

1715A, 1725A Description

Hewlett-Packard’s Models 1725A, 275 MHz, and 1715A, 200
MHz oscilloscopes offer delta time measurements with an optional
DMM for direct delta time readout and current, voltage, or resistance
measurements. The large 8 X 10 cm display provides easy viewing of
dual trace signals on which timing measurements can be made con-
veniently and accurately using the Hewlett-Packard developed delta
time technique. For easier percentage measurements, reference lines
of 0% and 100% amplitude are S5 divisions apart and markings for
10% and 90% and 20% and 80% are also provided for easier transition
time measurements. Vertical deflection factors of 10 mV/div to 5
V/div over the full bandwidth (5 mV/div to 150 MHz in the
1715A) and a selectable 50 ohm or 1 megohm input offer the high
performance required for both laboratory and field applications.

Delta Time Measurements

These oscilloscopes offer two methods for making timing measure-
ments; one is the familiar single marker delayed sweep, using the cali-
brated delay control to accurately measure time relationships; the
second is a system of dual intensified markers which significantly im-
proves accuracy while conveniently reducing the time necessary to
make a measurement. The latter, better known as the Delta Time
measurement method, incorporates a system of two intensified mark-
ers which are two delayed sweeps displayed alternately.

The Delta Time measurement technique is to select the Main Inten-
sified mode and position the first marker at t, with the Time Interval
Start control and position the second marker at t, with the Time In-
terval Stop control. The difference between the two selected points is
then read directly on the optional DMM or on the calibrated delay
time control, or is available as a rear panel scaled voltage output com-
patible with most DVM’s. Units of seconds, milliseconds, or micro-
seconds are read on the Main Time/Div control.

For increased precision, Delayed Sweep mode is selected where the
two intensified portions are displayed alternately. Maximum accura-
¢y is achieved by superimposing the start and stop points using the

Time Interval Stop control. Even without an external voltmeter and
using only the Time Interval Stop control, this optical nulling tech-
nique reduces the chance of error in time interval measurements.

The Delta Time technique makes timing measurements such as
transition times, propagation delay, clock phasing, and other high
speed digital timing measurements faster and with more repeatability
than with standard delayed sweep oscilloscopes. Time interval mea-
surements can be made between two events on channel A, two events
on channel B, or between two events on alternate channels.

For added convenience, the Delta Time capability can be selected
with the time interval start marker on channel A or channel B.

1715A Opt 034



¢ 275 MHz bandwidth
* Microprocessor calculated delta time measurements

¢ Direct LED readout with 20 ps resolution

17228 . -4

1722B Description

Model 1722B is a 275 MHz bandwidth, 1 ns/div sweep speed, dual
channel oscilloscope with a built-in microprocessor and five function
LED display for precise real time measurements. In addition to the
conventional volts versus time CRT display, the microprocessor gives
you direct readout of delta time, frequency, dc voltage, instantaneous
waveform voltage, and percent amplitude. The 1722B’s outstanding
repeatability and 20 ps resolution make it ideally suited for making
clock phasing measurements in large computer timing applications.

Delta Time Measurements

Delta time measurement, developed by Hewlett-Packard, is used in
the Time Interval mode for making accurate time interval measure-
ments including transition time, pulse duration (width), period, and
propagation delay. Time interval measurements can be made between
two events on Channel A, two events on Channel B, or between an
event beginning on Channel A and ending on Channel B.

The delta time measurement technique is to select Main Intensified
mode and set the first intensified marker to t,. The second intensified
marker is positioned by using the DEC— INC controls (coarse, medi-
um, or fine) which causes the microprocessor to develop the voltage to
position the second marker. While developing the voltage (t,—t,) to
separate the two markers, the microprocessor drives and updates the
3 Y4 digit LED display. Time interval measurements are automatical-
ly scaled for the proper sweep speed and displayed in units of seconds
(exponent 0), milliseconds (exponent —3); microseconds (exponent
—6); or nanoseconds (exponent —9).

Additional precision is obtained by switching to the Delayed Sweep
mode where the two intensified markers are expanded and displayed
alternately. Maximum accuracy is quickly obtained by overlapping
the two expanded sweeps using the DEC— INC controls. Superim-
posing the start and stop points of the measured time interval provides
a more accurate digital readout by nulling any amplifier or CRT non-
linearities. Separate portions of a sweep can be magnified and exam-
ined simultaneously, enabling you to view two events separated in
time while maintaining their relative time relationship.

1ve28
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The microprocessor not only keeps track of the distance between
the two markers but automatically expands the measurement resolu-
tion by a factor of 10 whenever the two markers are within 1 div of
each other. The microprocessor also interrogates the function switch-
es to help prevent inaccurate measurements.

1/Time (Frequency) Measurements

The 1722B gives an automatic 3 or 4 digit display of the recipro-
cal of time, eliminating the need for calculations when setting up
clock frequencies and measuring the frequency or repetition rate of a
waveform.

DC voltage measurements

The Input (dc volts) mode provides a direct digital display of the
average value of a waveform at the input to channel A. The built-in
DVM measurement is made using a successive approximation algo-
rithm controlled by the microprocessor which allows you to establish
a reference level with respect to any voltage and enables differential
dc measurements.

Instantaneous Voltage Measurements

In the Position mode you can measure the voltage at any point on a
waveform in channel A without the need to count divisions from a
base line and multiply by the attenuator setting. The measurement
mode is useful for measuring peak voltages, crossover, and threshold
points in logic circuits, or any time you need to know a precise voltage
at a particular point on a waveform.

Percentage Measurements

Percentage measurements are made in the Position mode with the
channel A vernier out of the Cal position to establish 5 div separation
between the 0% and 100% points. By positioning the desired 0% point
on a convenient graticule line, zeroing the LED display, and then po-
sitioning the waveform to the 100% point, percent amplitude of any
point on the waveform with respect to the 100% point is measured by
positioning that point at the reference graticule and reading the LED
display. Relative amplitude measurements such as pulse overshoot,
ringing, preshoot, and percent amplitude modulation on an rf carrier
are easily measured using this measurement mode.

[
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OSCILLOSCOPES

Models 1715A, 1722B, 1725A & 1727A (cont‘d.)

s Variable persistence storage with auto-store, auto-
erase, auto-intensity circuits

® Expansion storage CRT for 2000 cm/us writing speed

® 275 MHz bandwidth, 10 mV/div with 1 MQ input Z

® Single-shot rise times as fast as 1.27 ns (4 div)
® Delta time and delayed sweep
® Optional DMM

1727A OSCHLOSCOPE (275MH2)

1727A

{3 17274 OSCILLOSCOPE

1727A Description

Hewlett-Packard’s 275 MHz, Model 1727A Variable Persistence
Storage Oscilloscope, offers 2000 cm/us single-shot writing speed for
the capture and dislay of fast transient signals. The fast writing speed
and large display area make the 1727A ideal for viewing and analysis
of narrow pulses in the physical sciences as well as glitches and noise
pulses in digital environments. Conveniently grouped variable persis-
tence storage controls, front panel color coding, and automatic oper-
ating modes make the 1727A one of the easiest-to-use high speed
storage oscilloscopes available today.

Additional features which provide exceptional versatility and ease-
of-use include dual marker delta time measurements; auto-erase and
auto-store operating modes; auto-intensity circuitry to greatly sim-
plify the setup of a crisp, nonblooming trace; and selectable input im-
pedance (1 m/50 Q) for both general purpose probing and high
fidelity, high frequency signal capture with the built-in 50 @ imped-
ance matching.

Variable Persistence Storage

The Hewlett-Packard variable persistence storage CRT offers a
well defined trace at the high writing speed of 2000 cm/us for capture
of transients to 275 MHz. The fast CRT writing speed is derived from
a field expansion element in the CRT which permits high writing
speeds over the full display quality area. An automatic focus circuit
maintains a crisp display with changes in intensity, and for increased
operator convenience an auto-intensity circuit helps maintain a con-
stant beam current to the storage surface over a wide range of sweep
speeds.

The variable persistence mode permits the display of waveforms
over a broad range of sweep speeds and input repetition rates. In re-

petitive sweep applications, the persistence is continuously variable to
match the sweep or input signal repetition rate. The integrating capa-
bility of the variable persistence mode offers “light amplification™ by
integrating several sweeps to provide bright, sharp traces over the en-
tire quality area. For capturing fast transients with minimum opera-
tor intervention, maximum persistence is automatically selected when
in either auto-store or auto-erase modes.

Another capability of this fast writing rate, variable persistence de-
sign is the ability to repetitively write traces at the rate of either the
input signal repetition rate or the time base duty cycle. This allows
the user to scan data streams for random events such as glitches,
noise, coupling, and other spurious signals without having to wait for
lengthy erase cycles between sweeps. This fast resetting capability
makes the 1727A a valuable troubleshooting instrument for locating
random glitches and improves the ability to capture a periodic event.

Auto-Erase

The short erase cycle time in combination with the auto-erase capa-
bility offers many operating conveniences. In auto-erase, the 1727A
operates in a repetitive single-shot mode. This offers a convenient,
rapid method for setting focus, intensity, and horizontal and vertical
positioning in preparation for single-shot events. The view time con-
trol allows continuous selection of view time between erase cycles for
approximately 1 second to 13 seconds. When in the auto-erase mode,
maximum persistence is automatically selected for maximum trace
retention between erasures and operator convenience. Once the auto-
erase mode is set up, a continuous sequence of updated displays is
captured at a user selectable repetition rate. Because there is no need
to reset the oscilloscope, you can concentrate on adjusting



circuits or check out test procedures. If a dual channel display mode is
selected using alternate sweep, the auto-erase circuits wait until both
sweeps are completed before initiating the erase cycle.

Storage Modes

The 1727A provides two modes of waveform storage: auto-store
and store. The auto-store mode is useful for single shot events. This
mode is selected by pressing both auto-store and single pushbuttons.
Auto-store mode automatically sets the persistence control to maxi-
mum for the fastest viewable writing speed. As a convenience feature,
the normal triggering mode is also automatically selected. After an
event triggers the sweep, and the signal is captured, the 1727A auto-
matically switches to store mode for maximum storage time. A front
panel LED indicates when the transient has occurred and the 1727A
is in the storage mode. The stored waveform is displayed by pressing
the display pushbutton.

Auto-store mode also provides the maximum wait time for a tran-
sient. This is the time between setting up the 1727A in the auto-store
mode and the occurrence of the transient. Wait time is important con-
sideration when complex experiments are being performed, and the
occurrence of the transient cannot be carefully controlled.

Any time an operator would like to store waveforms displayed on
screen, he may press the store pushbuton. This mode provides a con-
venient method for retaining and examining events that are displayed
during repetitive scan or single sweep operation.

Minimum Reset Time

All oscilloscopes have a reset time during sweep retrace with stor-
age oscilloscopes generally requiring additional tme for erase cycles.
When operating in the variable persistence mode, the 1727A reset
time is the same as that for a conventional nonstorage oscilloscope,
such as the 1725A. In auto-erase, reset is held to a minimum because
the erase cycle time is exceptionally short (=300 ms).

Expansion Storage CRT

The ability to capture transients up to 275 MHz or upto 1.27 ns rise
time is achieved with a Hewlett-Packard CRT technology called ex-
pansion storage. With expansion storage, the waveform to be cap-
tured is written on a storage mesh positioned close to the deflection
plates. This storage mesh is about the size of a postage stamp and is
capable of storing very sharp waveform images. A flood gun electron
cloud projects the image through an electronic lens system onto the
CRT phosphor for viewing. This combination of a small storage sur-
face and the expansion lens system provides a storage CRT capable of
capturing transients at a 2000 cm/us stored writing rate.

Writing Speed

Writing speed is a specification defining what maximum CRT
beam velocity can be captured and displayed on a single-shot basis. In
order to simplify comparisons between various oscilloscopes, it is con-
venient to express writing speed in cm/us not div/us, which elimi-
nates the need to know the CRT division size. Also, to avoid
ambiguity, all writing speed measurements are made using a viewing
hood, not in ambient light. Therefore, in order to determine if a stor-
age oscilloscope can capture a specific single-shot waveform, calcu-
late the maximum spot velocity required and compare this with the
writing rate specification. The table identifies the single-shot signals
that can be captured with a 2000 cm/us writing speed.

Amplitude Sine Wave Pulse Sweep Required
(pk=pk) Frequency Rise Time Speed Writing Speed
4 div 1.27 ns 1 ns/div 1952 ¢cm/us
4 div 1.27 ns 10 ns/div 1816 ¢cm/us
3div 275 MHz 1 ns/div 2000 cm/us
3div 275 MHz 10 ns/div 1867 cm/us
4 div 200 MHz 1 ns/div 1948 cm /s
4 div 200 MHz 10 ns/div 1811 cm/ps

Stable Flexible Triggering

Stable internal triggering to 300 MHz requires only 1 div of vertical
deflection. The internal trigger sync takeoff is immediately after the
attenuator which maintains a stable display regardless of changes in
position, vernier, or polarity controls. The desired trigger signal con-
ditioning for your measurement application is quickly achieved with
easy-to-use pushbutton controls. In the external trigger mode, signals
of only 100 mV pk-pk trigger the oscilloscope to 300 MHz (only 50
mV to 100 MHz).

In the internal, composite trigger mode, the oscilloscope solidly
triggers on asynchronous signals without the need to vertically over-
lap the traces. This is useful, for example, when comparing wave-
forms produced by asynchronous clocks.

Delta Time Measurements

The 1727A has a system of two intensified markers to conveniently
and accurately measure time relationships. An optional DMM is
available for direct delta time readout and current, voltage, or resis-
tance measurements. The 1727A delta time system is identical to that
offered on the 1725A.

1715A, 1722B, 1725A, 1727A Specifications

Vertical Display Modes
Channel A; channel B; A and B displayed alternately on successive
sweeps (ALT); A and B displayed by switching between channels at
~ | MHz rate with blanking during switching (CHOP); A plus B
(algebraic addition); X-Y (A vs. B).

Vertical Amplifiers (2)
Bandwidth: (3 dB down from 6 div reference signal).
DC-coupled: (1722B, 1725A, 1727A) dc to 275 MHz, (1715A) dc
to 200 MHz 10 mV/div to 5 V/div (to 150 MHz at 5§ mV /div,
1715A), in both 50 Q and high Z input modes.
AC-coupled: lower limit ~ 10 Hz.
Bandwidth limit: limits upper bandwidth to ~ 20 MHz.
Rise time: (1722B, 1725A, 1727A) <1.3 ns; (1715A) <1.75ns 10
mV/divto 5 V/div, <2.3 ns at 5 mV/div.
Deflection factor
Ranges: 10 mV/div to 5 V/div (9 calibrated positions) in 1, 2, 5
sequence, + 2% attenuator accuracy; 5 mV /div to 5 V/div (10 cali-
brated positions) in 1715A.
Vernier: extends max deflection factor to = 12.5 V/div.
Polarity: channel B may be inverted.
Input coupling: selectable, AC or DC, 50 @ (dc) or ground.
Input RC (selectable): AC and DC, | MQ + 2% shunted by ~11
pF;50Q, 50Q = 2%; SWR (1722B, 1725A, 1727A) <1.3 on 10, 20,
and 50 mV ranges, <<1.15 on all other ranges; SWR (1715A) <1.3
on 5, 10, 20, and 50 mV ranges and <C1.15 on all other ranges.
Max input: AC and DC, £250 V (dc + peak ac) at <1 kHz; 50 Q,
S5V rms.
A+B operation
Ampilifier: bandwidth and deflection factors are unchanged; chan-
nel B may be inverted for A-B operation.
Differential (A—B) Common Mode: CMR is =40 dB from dcto 5
MHz decreasing to 26 dB at 50 MHz. Common mode signal ampli-
tude equivalent to 12 div with one vernier adjusted for optimum
rejection. '

Trigger Source
Selectable from channel A, channel B, Composite, or line frequency.

Channel A Input-dc Volts (1722B)

Display: 3 digits (LED’s).

Display units: 0 exponent, volts; —3 exponent, milivolts.

X1range: 95 mV to 47 V full scale vertical deflection (10 mV /div to
5 V/div).

X10 range: 0.95 V to 470 V full scale vertical deflection (100
mV/div to 50 V/div with X10 probe).
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[AB Models 1715A, 1722B, 1725A & 1727A (cont.)

Accuracy: + 0.5% reading + 0.5% full scale (f.s. = 10 cm), +20°C
to +30°C.

Stability: temperature coefficient, <=+ 0.02%/°C.

Input impedance: X1 range, | MQ shunted by ~11 pF; X 10 range
(with X 10 probe) 10 MQ shunted by ~10 pF.

Sample rate: ~2/s, response time <lI s.

Reference set: meter may be zeroed permitting dc voltage measure-
ments with respect to any voltage within selected range. Drift may be
eliminated by the REF SET control.

Overrange: flashing display indicates overrange condition.

Channael A Position — Volts (1722B)

(Channel A vernier in CAL detent.) With the following exceptions,
specifications are the same as Channel A input — dc Volts.
Measurement: dc substitution method using channel A position con-
trol to determine voltage of any point on displayed waveform using
any graticule line as reference.

Bandwidth: dc to 275 MHz (<3 dB down from 6 div ref signal).
Dynamic range: + 6 cm from ground referenced to center screen.
Reference set: meter may be zeroed, permits instantaneous voltage
measurements with respect to any voltage within selected range.
Accuracy: = 1% reading = 0.5% of full scale (10X the volts/div
range) measured at dc.

Channel A Position - % (1722B)

(Channel A vernier out of CAL detent.)

Measurement: dc substitution method using channel A position con-
trol to determine percent of any waveform point with respect to user
defined 0 and 100% points.

Range: 0 to + 140% (set with vernier so that 100% equals 5 div).
Accuracy: = 1%.

Zero reterence: meter may be zeroed to permit percent measure-
ments with respect to any waveform point.

Vertical Output (Rear Panel)

Amplitude: one div of vertical deflection produces ~100 mV output,
dc to 50 MHz in 1722B, 1725A, 1727A, dc to 25 MHz in 1715A.
Cascaded deflection factor: | mV/div with both vert channels set
to 10 mV/div. Bandwidth, dc to 5 MHz (with bandwidth limit).
Source resistance, ~ 1009; selection, trig source set to A selects chan-
nel A output, to B selects channel B output.

Horizontal Display Modes

Main, main intensified (1715A, 1722B, 1725A), delayed, mixed,
X~-Y, and mag X10. The 1727A main intensified mode is automati-
cally selected whenever the delayed time base is turned on. In main
intensified, mixed, and delayed modes, 1715A, 1725A, and 1727A
have selectable channel A or B start time interval measurements.

Main Time Base

Sweep
Ranges: 10 ns/div to 0.5 s/div (24 ranges) 1, 2, 5 sequence.
Accuracy

Accuracy (0°C to +55°C)
Main Sweep Time,Div X1 X10
10 ns to 50 ns +3% 5%
100 ns to 20 ms 2% +3%
50 ms to 0.5s 3% +3%

Vernier: extends slowest sweep to at least 1.25 s/div.
Magnifier: extends fastest sweep to 1 ns/div.

Sweep mode
Normat: sweep is triggered by internal or external signal.
Automatic: baseline displayed in absence of input signal. Trigger-
ing is same as normal above ~40 Hz.
Single (1715A, 1722B, 1725A): in Normal, sweep occurs once
with same triggering as Normal, reset arms sweep and lights indica-
tors; in Auto, sweep occurs once each time Reset is pressed.
Single (1727A): automatically switches triggering to Normal and
the sweep occurs once with same triggering as Normal, Reset push-
button arms sweep and lights indicator. The Erase pushbutton arms
sweep and lights indicator. The Erase pushbutton also performs the
Reset function immediately following the erase cycle.

Triggering
Internal: dc to 100 MHz on signals causing =>0.5 div vertical de-
flection, increasing to | div of vert deflection at 300 MHz (200
Mtl,{z, 1715A) in all display modes. Line frequency triggering selec-
table.
External: dc to 100 MHz on signals =50 mV p-p increasing to 100
mYV p-p at 300 MHz (200 MHz, 1715A). Max input, £ 250 V (dc
+ peak ac) at <1 kHz. External input RC =~ 1 MQ shunted by ~
15 pF.

Trigger level and slope
Internal: at any point on the vertical waveform displayed.
External: continuously variable from +1.0 Vto —1.0 V (+10V to
—10 V in + 10 mode).

Coupling: AC, DC, LF REJ, or HF REJ.

Trigger holdoff: variable, to > 1 sweep from 10 ns/div to 50 ms/div.

Main Intensified
Delta time intensifies two parts of main time base to be expanded to
full screen in delayed time base mode.

Delayed Sweep except 1722B: intensifies that part of main
time base to be expanded to full screen in delayed time base mode.

Delayed Time Base
Sweep
Ranges: 10 ns/div to 20 ms/div (20 ranges) in 1, 2, 5 sequence.
Accuracy: same as main time base.
Triggering
Internal: same as main time base except there is no Line Frequency
triggering.
Starts after delay: delayed sweep automatically starts at end of
delay period.
Trigger: with delayed trigger level control out of detent (starts after
delay) delayed sweep is triggerable at end of delay period.
Delay time range: 0.5 to 10X Main Time/Div settings of 20 ns to
0.5 s (min delay 50 ns).
External triggering, external input RC, max external input, trigger
level and slope, and coupling are same as main time base.

Differential time measurement accuracy (1715A, 1725A,
17274)

Main Time Base Accuracy
Setting (+15°Cto +35°C)

50 ns/div to £(0.5% of reading
20 ms/div +0.1% of full scale)
20 ns /div £(1% of reading +0.2%

of full scale)

50 ms/div to +3%

0.5s/div

Delay jitter: <<0.005% of max delay in each step.
Stability (0°C to +55°C): short term 0.005%. Temperature,
0.03%/°C deviation from calibration temperature range.

Time Interval (A Time Mode— 1715A, 1725A, 1727A)
Function: measures time interval between two events on channel A
(A display), on channel B (B display), or starting from an event on
either A or B and ending with an event on either A or B (alt display).
Time interval output voltage: from 50 V to 100 mV full scale.
Accuracy: measurement accuracy is the Time Interval Accuracy

plus the external DVM accuracy.

Main Time Base Accuracy
Setting (+20°C to +30°C)
100 ns /div to +0.5% of reading
20 ms/div +0.05% of fs
50 ns/div* +0.5% of reading
+0.1% of fs
20 ns/div* +0.5% of reading
+0.2% of fs
50 ms/div to +3%
05s/div

* Starting after 60 na of sweep

Stability (0°C to +55°C): short term 0.005%. Temperature,

+0.03%/°C deviation from calibration temperature range.




Time Interval Measurements (1722B)
Time interval delay: continuously variable from 10 ns to 5 s.
Delay jitter: refer to Time Interval Measurements, Stability.
Time interval measurement (time)
Function: measures time interval between two events on channel A
(A display), on channel B (B display), or between two events start-
ing from an event on A and ending with an event on channel B (alt
display).
Display units: 0 (s), —3 (ms), —6 (us), or —9 (ns).
Time interval accuracy

Main Time Base Setting Accuracy (+20°C to +30°C)
100 ns/div to 20 ms/div +0.5% of measurement
+0.02% of full scale (for
measurements <1 ¢m).
For measurements
>1¢m, £0.5% of measure-
ment +0.05% of full scale.
50 ns/div* +0.5% of measurement
£0.06% of full scale.
20 ns/div* +0.5% of measurement
+0.15% of ful scale.
50 ms/div to 0.5 s/div. +3%

*Sterting stter 60 ns of sweep.

Resolution: intervals <1 cm, >0.01% of full scale; intervals >1

cm, 0.1% of full scale; max display resolution, 20 ps.

Stability (0 to +55°C): short term, <<0.01%. Temperature,

+0.03%/°C deviation from calibration temperature range.
Reciprocal of time interval measurement (1/time)

Display units: 0 (Hz); 3 (kHz); 6 (MHz).

Accuracy, resolution, stability: same as time interval measure-

ments.

Mixed Time Base

Dual time base in which the main time base drives the first portion
of sweep and the delayed time base completes the sweep at the faster
delayed sweep. Also operates in single sweep made.

X-Y Operation
Bandwidth

Y-axis (channel A): same as channel A.

X-axis (channel B): dc to >1 MHz.
Deflection factor: 10 mV/div to 5 V/div, 9 cal positions (5 mV /div
to 5 V/div, 10 cal positions, 1715A) in 1, 2, 5 sequence.
Phase difference between channels: <<3°,dcto | MHz (3 MHz,
1722B).

Cathode-ray Tube and Controls (17 15A, 1722B, 1725A)
Type: post accelerator, =~ 20.5 kV, aluminized P31 phosphor.
Graticule: 8 x 10 div internal graticule, 0.2 subdiv markings on major
horiz and vert axes, 1 div = 1 cm. Internal floodgun illum.

Beam finder: returns trace to CRT screen.

Intensity modulation (Z-axis): +8 V, =50 ns width pulse blanks
trace of any intensity, usable to 20 MHz for normal intensities. Input
R, 1 k@ + 10%. Max input, +10 V (dc + peak ac).

Auto-focus: maintains beam focus with variations of intensity.
Intensity limit: limits beam current to decrease possibility of CRT
damage. Circuit response time ensures full writing speed for viewing
low duty cycle, fast transition time pulses.

Cathode-ray Tube and Controls (1727A)

Type: post accelerator, =~ 9.5 kV, aluminized P31 phosphor.
Graticule: 8 x 10 div internal graticule, 0.2 subdivision markings on
major horiz and vert axes, 1 div = 0.72 cm.

Beam finder: returns trace to CRT screen.

Intensity modulation (Z-axis): +4V, =50 ns width pulse blanks
trace of any intensity, usable to 20 MHz for normal intensities. Input
R, 1 k@ +10%. Max input, *20V (dc + peak ac).

Operating modes: write, store, display, auto-store, and auto-erase.
Storage writing speed: =2000cm/us (2775 div/us) over center 6 x
8 div (with viewing hood).

Storage time (at 22°C): display mode, at least 10s; store mode, at
least 30s; wait time, at least 60s.

Persistence: variable, =100 ms.

Erase time: =~ 300 ms.

Intensity limit: automatically limits beam current to simplify oper-
ation and decrease possibility of CRT damage. Circuit response time
ensures full writing speed for viewing low duty cycle, fast rise time
pulses.

Auto-focus: automatically maintains beam focus with variations of
intensity.

Rear panel controls: astigmatism and trace align (both X and Y).

General
Rear panel outputs: main and delayed gates, —0.7 V to +1.3 V
capable of supplying ~ 3 mA; and vertical output.
Calibrator: type, | kHz = 15% (2 10%, 1722B) square wave; 3 V
p-p £ 1%, <0.1 us transition time.
Power: 100, 120, 220, and 240 Vac, —10% + 5%; 48 to 440 Hz; 110
VA max.
Weight

1715A, 1725A: net, 12.9 kg (28.5 Ib); shipping, 17.9 kg (39.5 1b).

1722B: net 13.6 kg (30 Ib); shipping, 19.5 kg (43 1b).

1727A: net, 15.9 kg (35 1b); shipping, 20 kg (44 1b).
Operating environment: temp, 0°C to +55°C; humidity, to 95% rel
humidity at +40°C; altitude, to 4600 m (15 000 ft); vibration, in
three planes for 15 min. each with 0.254 mm excursion, 10 to 55 Hz.
Size: (1715A, 1725A, 1722B) 197 H x 335 W 570 mm D (7.75” x
13.8” x 22.4") with handle: (1715A, 1725A) 502 mm D (18.88" with-
out handle; (1722B) 510 mm (20.06”) without handle; (1727A) 197
Hx335Wx652mm D (7.75” x 13.8” x 25.69”) with handle; 595 mm
(23.38”) without handle.
Accessories furnished: one blue light filter; one panel cover; two
10017A 10:1 divider probes with 1722B, 1725A, 1727A; two 10018A
10:1 divider probes with 1715A; one 2.3 m (7.5 ft) power cord; one
vinyl storage pouch; one Operating and Service Manual. The 1727A
includes one Model 10173A RFI filter and contrast screen, and one
Model 10140A viewing hood.

Options and Accessories Price
001: U.S. fixed line cord add $15
003: probe power supply with two rear panel jacks for add $50
use with HP active probes. Provides power to operate

two 1120A, or 1124A active probes.

034 (except 1722B): built-in DMM (60 Hz) add $325
035 (except 1722B): built-in DMM (50 Hz) add $325
091 (except 1715A): two 2 m (6.6 ft) 10018A, 10:1 N/C
probes substituted for two 10017A miniature probes

091 (1715A): two 1 m (3.3 ft) 10017A, 10:1 probes N/C
substituted for two 10018A miniature probes

092: two 1.8 m (6 ft) 10016B, 10:1 probes substituted N/C
for two miniature probes

101 (except 1727A): state display-single switch inter-  add $150
face for operation with 1607A Logic State Analyzer

112: includes 1112A Inverter Power Supply, a portable add $1000
power source for 1700 series oscilloscopes

910 (except 1727A): additional set of manuals add $15
910 (1727A): add $20
Time interval multimeter kit: (HP P/N 01715-69501 $375
for 1715A or 1725A, HP P/N 01727-69501 for 1727A)

adapts a standard Model 1715A, 1725A, or 1727A to

an Opt 034/035, built-in, LED readout, delta time os-

cilloscope. The kit includes a multimeter, a new top os-

cilloscope cover, a vinyl storage pouch, and mounting

hardware.

Logic State Analysis Equip Required for Opt 101
1607A: 16-bit Logic State Analyzer including three $3300
data probes and one clock probe

10121A: 20 cm (8") cable for trigger connection $20 ea
11170A: 3, 60 cm (24") cables for X, Y, Z connection $17 ea

5061-1213: Adapter plate and strap for mounting the $36
oscilloscope on top of the 1607A

Ordering Information

1715A 200 MHz Oscilloscope $3650
1722B 275 MHz Oscilloscope with Microprocessor $5200
1725A 275 MHz Oscilloscope $4000
1727A 275 MHz Storage Oscilloscope $7200
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OSCILLOSCOPES

General purpose plug-in
Model 180 Series

introduction

The 180 plug-in oscilloscopes combine high performance, plug-in
versatility, and operating ease to give you a flexible operating system
with laboratory quality throughout. These versatile plug-in oscillo-
scopes provide two or four channel measurements to 100 MHz in
mainframes that offer a choice of performance characteristics and
screen sizes plus variable persistence and storage.

The focal point for performance is the mainframe with a high qual-
ity CRT for accurate measurements. Four mainframes, including one
with a large screen, and a selection of plug-ins allow you to configure
an oscilloscope for your particular application. You can meet your
present measurement needs, selecting only those plug-ins to meet pre-
sent requirements at minimum cost, yet keep the full capability of the
mainframe for future requirements.
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Models 180C, 180D, and 182C mainframes have bright, easy-to-
see displays for maximum resolution and measurement accuracy.
Models 180C and 180D each have a CRT display with a full 8 x 10
cm internal graticule and a writing speed of 1500 cm/us. For multi-
trace viewing and easy-to-see displays the 182C CRT display has a
large 8 x 10 division (one division equals 1.29 cm) internal graticule.

Variable persistence storage

Variable persistence storage mainframes give you the widest selec-
tion of general purpose and high speed storage applications. Advances
in processing and target material have resulted in a very rugged stor-
age surface as well as extremely high writing speeds. This storage
surface is so burn resistant that special operating procedures are not
required, extending the versatility of storage measurements to gener-
al purpose applications.

Storage writing speeds of 100 cm/us and 400 cm/us are available
in the 184A and 184A Option 005 respectively, which allows you to
capture those elusive transients. With these fast writing speeds you
can easily make pulse timing adjustments, locate noise pulses and
missing bits from low duty-cycle digital signals. Low duty-cycle pulse
trains from disc, tape, or drum peripheral units can also be viewed
through repetitive sweeps by using variable persistence to build up the
intensity of dim traces.

For medium speed storage and variable persistence applications,
Models 181A/AR mainframes are available. Variable persistence
mode, in both models, allows you to adjust display retention time to
match the speed of slowly changing signals for maximum viewing
ease. This allows direct viewing of complete waveforms without clut-
ter in electromechanical, biomedical, chemical, geological, oceano-
graphical, and many other areas with slowly changing signals. The
light amplification capability of the 181A/AR permits easy viewing
of low rep rate, fast pulses.

Real time measurements

A selection of high performance, vertical real time plug-ins assures
the right plug-in for most measurement applications. Real time, dual
channel plug-ins are available in 50 MHz and 100 MHz bandwidths
with a 5 mV/div minimum deflection factor. Additional measure-
ment capability is provided by four channel 100 MHz, and 50 MHz
plug-ins.

A selection of time base plug-ins gives you a choice of single or main
and delayed sweeps with magnified sweep speeds to 5 ns/div in 180
mainframes. Models 1820C and 1825A have triggering capabilities
to 150 MHz and the 1821A triggers in excess of 50 MHz. Models
1821 A and 1825A have calibrated delayed and mixed sweeps for ac-
curate timing measurements and detailed examination of selected
portions of waveforms.



OSCILLOSCOPES

180 Mainframes
Models 180C/D & 182C
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180 C/D, 182C Specifications

Cathode-ray Tube and Controls

Type: post accelerator, 15 kV (180 C/D), 21 kV (182C); aluminized
P31 phosphor.

Graticule: 8 x 10 div internal graticule, 0.2 div subdivisions on major
axes; (180 C/D) I div=1 cm, (182C) 1 div=1.29 c¢m. Scale control
illuminates CRT phosphor for viewing with hood or taking photos.
Beam finder: returns trace to CRT screen.

intensity modulatlon (external Input): input, ~ +2 V, =50 ns
pulse width blanks trace of normal intensity; input R~50 kQ; Max
input, =20 V (dc + peak ac) at <1 kHz.

Horizontal Amplifier
External input
Bandwidth: dc-coupled, dc to 5 MHz; ac-coupled, 5 Hz to 5 MHz.
Deflection factor: 1 V/div, XI; 0.2 V/div, X5 (180C/D); 0.1
V/div, X10; accuracy, +5%.
Dynamic range: =20 V.
Max input: (180C/D) 600 V dc (ac-coupled input); (182 C) + 300
V (dc + peak ac) at <1 kHz.
Input RC: =~ 1 MQ shunted by =~ 30 pF.
Sweep magnifier: X10, X5 (180 C/D); accuracy, * 5% (with 3%
accuracy time base).
Calibrator: =~ 1 kHz square wave, <3gus rise time; 250 mV p-p and
10 V p-pinto 1| MQ, +1%.

Outputs

Four rear panel emitter follower outputs for main and delayed gates,
main and delayed sweeps, or vertical and horizontal outputs when
used with TDR/Sampling plug-ins. Max current available, +3 mA.
Will drive impedances =1000 ohms without distortion.

General
Operating environment: temperature, 0 to 55°C (4+32°F to
+130°F); humidity, to 95% relative humidity at 40°C (104°F); alti-
tude, to 4600 m (15 000 ft); vibration, vibrated in three planes for 15
min. each with 0.254 mm (0.010 in.) excursion, 10 to 55 Hz.
Size
180C (cabinet): 289 H x 200 W x 540 mm D behind panel (11.4” x
7.9" x 21.3").
180D (rack): 133 H x 425 W x 543 mm D overall (5.2" x 16.7" x
21.4”) 493 mm (19.4”) D behind rack mount tabs.
182C (cabinet): 338.1 H x 201.6 W x 498.5 mm D overall (13.3" x
7.9" x 19.6").
Welght (without plug-ins)
180C (cabinet): net, 10.4 kg (23 1b); shipping, 15.4 kg (34 1b).
180D (rack): net, 11.8 kg (26 Ib); shipping, 17.2 kg (38 Ib).
182C (cabinet): net, 12.2 kg (27 1b); shipping, 15.4 kg (34 1b).
Power: 115 or 230 V, +10%, 48 to 440 Hz; normally <110 watts
with plug-ins at normal line. Max mainframe power, 200 VA.
Accessories supplied
180C/D: 2.3 m (7.5 ft) power cord, blue plastic light filter (HP
P/N 5060-0548), one Operating and Service Manual. A rack
mount kit (HP P/N 5060-0552) and 2 clip-on probe holders (HP
P/N 5040-0464) are supplied with the 180D rack model.
182C: 2.3 m (7.5 ft) power cord, blue plastic light filter (HP P/N
5060-0547), one Operating and Service Manual.

Ordering Information Price
180C Cabinet Style Mainframe $2200
Opt 010: deletes rear panel outputs for main and N/C

delayed gates and main and delayed sweeps.

Opt 910: additional Operating and Service add $12
Manual

180D Rack Style Mainframe $2400
Opt 010: (see 180C Option 010) N/C
Opt 910: additional Operating and Service Manual add $12

182C Cabinet Style Mainframe $2500
Opt 010: (sec 180C Opt 010) N/C
Opt 910: additional Operating and Service Manual add $12
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OSCILLOSCOPES

180 Mainframes: storage
Models 181A/AR & 184A

181A

184A

181A/AR, 184A Specifications

Cathode-ray Tube and Controls

Type: post-accelerator storage tube, 8.5 kV (181 A/AR); aluminized
P31 phosphor.

Graticule: 8 x 10 div internal graticule, 0.2 div subdivisions on major
axes; | div = 0.95 cm. (184A) 8 x 10 div internal graticule superim-
posed in center of normal scope graticule (for fast writing speed
mode); 1 div = 0.475 cm.

Beam finder: returns trace to CRT screen.

Intensity modulation (external input)

Input: = 42V, =50 ns pulse width blanks normal intensity trace.
Input R =5 kQ. Max input, £20 V (dc + peak ac).

Persistence, Storage, 181A/AR

Persistence: normal, ~40 us; variable, <0.2 to >1 min.
Storage writing speed: write mode, >20 cm/ms; max write mode,
>5cm/us.

Brightness: >>342.6 cd/m?® (100 fl).

Storage time: from Write to Store, trace may be stored at reduced
intensity for > 1 hr; to View, traces may be viewed at normal intensity
for >1 min. From max Write to Store, traces may be stored at re-
duced intensity for >5 min.; to View, traces may be viewed at normal
intensity for > 15 s.

Erase: manual, pushbutton erasure takes ~300 ms.

Persistence, Storage, 184A

Writing modes: conventional (non-storage), standard, and fast
(variable persistence and storage). Pressing STORE and either STD
or FAST provides max persistence with floodguns off for a ready-to-
write state. CRT will remain primed for the storage time of > 10 min.
in STD/STORE and >30 s in FAST/STORE.

Persistence: conventional, ~40 us; variable, <50 ms to >1 min.
Storage writing speed

Model No. Standard* Fast*s
184A >0.2cm/ps >100 cm/ps
184A Opt 005 >0.2 cm/ps >400 cm/ps

*Adjustable writing speeds to = 10 cm/us are available with rear panel controis.
* *Calibrated 3.8 X 4.75 cm reduced scan area.

Brightness: standard, 342.6 cd/m® (100 fl); fast, >173.3 cd/m?®
(50 f1).
Storage time
Standard writing speed: variable from >1 min. at normal inten-
sity to > 10 min. at reduced brightness.
Fast writing speed: at 22°C variable from > 10 s (8s for Opt 005)
at normal intensity to =30 s at reduced brightness.
Erase: manual, pushbutton erasure takes ~ 300 ms.

Horizontal Amplifier
External input
Bandwidth: dc-coupled, dc to 5 MHz, ac-coupled, ~5 Hz to 5
MHz.
Deflection factor: | V/div in X1; 0.2 V/div in X5; 0.1 V/div in
X10.
Dynamic range: =20 V.
Max input: 600 V dc (ac-coupled input).
Input RC: =~ | M@ shunted by =30 pF.
Sweep magnifier: X5, X10; accuracy, = 5% (with 3% time base).

General
Outputs
Four rear panel emitter follower outputs for main and delayed gates,
main and delayed sweeps, or vertical and horizontal outputs when
used with TDR /Sampling plug-ins. Max current available, £3 mA.
Will drive impedances =1000Q without distortion.
Calibrator: =1 kHz square wave, 3 us rise time; 10 V p-p into =1
MQ; accuracy, + 1%.
Operating environment: same as 180 C/D.
Dimensions
181A, 184A (cabinet): 289 H x 200 W x 540 mm D behind panel
(11.4"x 79" x 21.3").
181AR (rack): 133 H x 425 W x 543 mm D overall (5.2" x 16.7" x
21.4"); 493 mm (19.4”) D behind rack mount tabs.
Weight (without plug-ins)
181A, 184A (cabinet): net, 10.9 kg (24 Ib); shipping, 15.4 kg
(34 1b).
181AR (rack): net, 11.8 kg (26 1b); shipping, 17.2 kg (38 Ib).
Power: 115 0r 230 V +10%, 48 to 440 Hz; 115 watts at normal line
with plug-ins; max mainframe power, 225 VA.
Accessories supplied: 2.3 m (7.5 ft) power cord, Model 10178A
mesh contrast filter, blue plastic light filter (HP P/N 50€0-0548) and
2 clip-on probe holders (HP P/N 5040-0464) are supplied with the
181AR rack model.

Ordering Information Price
181A Storage Mainframe, Cabinet Style $3300
Opt 910: additional Operating and Service Manual add $12
181AR Storage Mainframe, Rack Style $3500
Opt 910: additional Operating and Service Manual add $12
184A Storage Mainframe, Cabinet Style $4000
Opt 005: Fast Storage CRT add $1200
Opt 910: additional Operating and Service Manual add $15
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1805A, 1801A Specifications

Modes of Operation

Channel A; Channel B; A and B displayed alternately on successive
sweeps (ALT); A and B displayed by switching between channels at
approx 400 kHz rate (CHOP) with blanking during switching; A plus
B (algebraic addition).

Each Channel (2)
Bandwidth: (measured with or without 10014A probe (1805A),
10004D probe (1801A), 3 dB down from 8 div ref signal from a termi-
nated 50Q source.)
DC-coupled: (1805A) dc to 100 MHz, (1801A) dc to 50 MHz.
AC-coupled: (1805A) ~10Hzto 100 MHz, (1801A) ~8 Hzto 50
MHz.
Rise time: (1805A) <3.5 ns (measured with or without 10014A
probes, 10% to 90% points of 6 div input step from a terminated 50Q
source); (1801A) <7 ns (measured with or without 10004D probe,
10% to 90% points of 8 div input step from a terminated 50Q source).
Deflection factor
Ranges: (1805A) 5 mV/div to 5 V/div (10 cal positions) in 1, 2, 5
sequence; +2% attenuator accuracy. (1801A) 5 mV/div to 20
V/div (12 positions) in 1, 2, 5 sequence; + 3% attenuator accuracy.
Vernier: extends max deflection factor =12.5 V/div (1805A),
=50 V/div (1801A).
Polarity: + up or — up selectable.
Input coupling: (1805A) AC, DC, 50Q (dc), or ground; (1801A)
AC, DC, or ground.
Input RC: (1805A) AC and DC, 1 MQ + 1% shunted by =13 pF;
509, 50Q +£2%; SWR <1.2 at 100 MHz on all ranges. (1801A) ~1
MQ shunted by ~25 pF.
Max input: (1805A) AC and DC, +£300 V (dc + peak ac) at <I
kHz; £150 V (dc + peak ac) on 5 mV/div range at <1 kHz; 502, 10
V rms, DC-coupled. (1801A) DC-coupled + 350 V (dc + peak ac) at
=10 kHz; £150 V (dc + peak ac) on 5 mV/div range at <1 kHz;
AC-coupled, +600 V dc.
Dynamic range (1805A): 6 div at 100 MHz to 16 div at <15 MHz.
Positioning range (1805A): 16 div.
A + B operation: amplifier bandwidth and deflection factors un-
changed; either channel may be inverted for + A + B operation. Dif-
ferential input (A-B) common mode, (1805A) CMR = 40dBdcto 1
MHz for common mode signals <16 div, =20 dB at 50 MHz for
signals <6 div; (1801A) CMR =40 dB at 5 mV/divand =20 dB on
other ranges, dc to 1 MHz, for common mode signals <24 div.
Offset (1805A): + 200 div of offset.

Triggering (1805A)

Source: sclectable from channel A, channel B, or a composite
(Comp) signal from A and B in any display mode. Composite is A and
B signals switched for Alt and Chop modes and added for A and B
mode. Vernier and position controls do not affect A, B, or composite
trigger signals. A and B signals are independent of polarity selection.

OSCILLOSCOPES
180 Verticals: 100 MHz & 50 MHz
Models 1805A & 1801A
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Frequency
Time Base . Required
Plug-in Trigger Frequency* Vertical Deflection
1820C, 18254 dc-50 MHz Y2 div
dc-100 MHz 1 div
1821A dc-50 MHz 1 div

*all diaplay modes except Chop, dc to 100 kHz in Chop.

Triggering (1801A)

Source: for channel A or B, on signal displayed; Chop selectable
from A or B; Alt selectable from A, B, or Comp (A and B switched).
Frequency: dc to > 50 MHz on signals causing =0.5 div vert deflec-
tion in all display modes except Chop which is dc to 100 kHz.

Vertical Signal Output (1805A)

Bandwidth: > 50 MHz into 50Q.

Amplitude: > 50 mV for each div of display into 50Q with useable
amplitudes up to 500 mV p-p.

Source impedance: ~50 ohms.

General
Operating environment: same as 180 C/D mainframes,
Weight

1805A: net 2.3 kg (5 1b); shipping, 3.6 kg (8 1b).

1801A: net 1.8 kg (4 Ib); shipping, 3.6 kg (8 1b).
Accessorles supplied: (1805A) two 10014A 10:1 divider probes
~1.1 m (3.5 ft), one Operating and Service Manual. (1801A) two
10004D, 10:1 divider probes, =~1.1 m (3.5 ft), one Operating and Ser-
vice Manual.
Recommended probes: (1805A) full performance maintained by
10014A, 10016B passive probes, 10017A, 10018A miniature passive
probes, 10026A, 10027A miniature 50 Q probes, 10020A resistive di-
vider probe kit, and the 1120A active probe; (1801A) full perfor-
mance maintained by 10004D, 10005D, and 10006D passive probes
and 10041A, 10042A miniature passive probes.

Ordering Information Price
1805A 100 MHz Dual Channel Vertical Amplifier $2050
Opt 910: additional Operating and Service Manual add $10
1801A 50 MHz Dual Channel Vertical Amplifier $1450
Opt 001: channel B output and X5 magnifier add $155
Opt 090: 1.8 m (6 ft) 10006D probes in lieu of N/C
10004D
Opt 091: 3 m (10 ft) 10005D probes in lieu of N/C
10004D
Opt 910: additional Operating and Service Manual add $10
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OSCILLOSCOPES

7 180 Verticals: 4 channel, 100 MHz and 50 MHz
[/y Models 1809A & 1804A
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1809A, 100 MHz 4 channel

1809A Specifications

Modes of Operation

Channels A, B, C, or D or any combination displayed alternately on
successive sweeps (ALT) or chopped (CHOP) with blanking during
switching; either A and B or C and D may be algebraically added
(A xB) or (xC =D). Approx chop rate for two channels dis-
played is 1 MHz, 3 channels is 667 kHz, 4 channels is 500 kHz.

Each Channel (4)
Bandwidth: (measured with or without 10014A probe, 3 dB down
from a terminated 50Q source.)
DC-coupled: dc to 100 MHz.
AC-coupled: ~10 Hz to 100 MHz.
Rise time: < 3.5 ns. Measured with or without 10014 A probe, 10% to
90% of 6 div input step from a terminated 50Q source.
Deflection factor
Ranges: from 0.01 V/div to 5 V/div (9 cal positions) in 1, 2, 5
sequence. Attenuator accuracy, *2%.
Vernier: extends max deflection factor to =12.5 V/div.
Input coupling: ac, dc, 50Q (dc), or ground.
Input RC (selectable): AC or DC, 1 MQ, 1% shunted by ~12 pF;
50Q, 50Q +2%. SWR, 1.3 at 100 MHz on all ranges.
Max input: AC and DC, £ 300 V (dc + peak ac) at <1 kHz, 150
V (dc + peak ac) on 10 mV/div range at <1 kHz; 50, 10 V rms (dc-
coupled input).
Polarity: any channel may be inverted (A, £B, +C, +D).

Algebraic Addition (A + B), (C + D)

Amplifier: bandwidth and deflection factors are unchanged, any
channel may be inverted for (= A £ B) or (£ C £ D) operation.
Differential input (A — B) or (C — D) common mode: CMR is =20
dB from dc to 80 MHz on all ranges.

Triggering
Source: sclectable from channel A, B, C, D, or composite (on dis-
played signals) in all display modes.

Frequency
Time Base Required
Plug-in Trigger Frequency* Vertical Deflection
1820C, 18254 dc—50 MHz Y div
dc—100 MHz 1div
1821A dc—50 MHz 1 div

*All display modee except Chop, dc to 100 kHz in Chop.

General

Operating environment: same as 180C/D mainframes.
Weight: net, 3.2 kg (7 1b); shipping, 4.5 kg (10 1b).
Accessories supplied: one Operating and Service Manual.
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Recommended Probes
Models 10014A, 10016B, 10017A, and 10018A will maintain 1809A
bandwidth and rise time in the high impedance (ac or dc) mode. Mod-
els 100204, 10026A, and 10027A will maintain bandwidth and rise
time in the 502 input mode.

1804A Specifications

Modes of operation

Channels A, B, C, or D or any combination displayed alternately on
successive sweeps (ALT) or chopped (CHOP) with blanking during
switching. Approx chop rate for two channels displayed is 500 kHz, 3
channels is 333 kHz, and 4 channels is 250 kHz.

Each channel (4)
Bandwidth (measured with or without 10004D probe, 3 dB down
from 8 div ref signal from a terminated 509 source.)

DC-coupled: dc to 50 MHz.

AC-coupled: ~10 Hz to 50 MHz.
Rise time: <7 ns (measured with or without 10004D probe, 10% to
90% of 8 div input step from a terminated 50% source).
Deflection factor:
Ranges: 0.02 V/div to 10 V/div (9 cal positions) in 1, 2, 5 sequence,
attenuator accuracy, * 3%.
Vernier: extends max deflection factor to =25 V /div.
Input coupling: AC, DC, and Ground.
Input RC: ~! MQ shunted by ~25 pF.
Max input: DC-coupled, +350 V (dc + peak ac), £150 V (d¢ +
peak ac) on 20 mV/div at 10 kHz or less; AC-coupled, £400 V dc.
Trace identification: pushbutton displaces respective trace ~0.5
div.
Triggering
Source: selectable on signal from any channel in Chop or Alt mode,
or successively from displayed signal on each channel in Alt mode.
Frequency: dc to 50 MHz on signals causing =0.5 div vert deflec-
tion in all display modes except Chop, dc to 200 kHz in Chop.

General

Operating environment: same as 180C/D mainframe.

Woeight: net, 2.3 kg (5 1b); shipping, 3.6 kg (8 1b).

Accessories supplied: one Operating and Service Manual.
Recommended Probes

10004D, 10005D, 10006D passive probes and, 10040A, 10041A,
10042A miniature passive probes, maintain full performance of the
1804A.

Ordering Information Price
1809A 100 MHz 4 Channel Vertical Amplifier $3200

Opt 910: additional Operating and Service Manual add $15
1804A 50 MHz 4 Channel Vertical Amplifier $2600

Opt 910: additional Operating and Service Manual add $10
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1820C Specifications

Time Base

Sweep
Ranges: 0.05 us/div to 1 s/div (23 positions) in 1,2,5 sequence;
+3% accuracy with vernier in CAL position.
Vernier: extends slowest sweep to at least 2.5 s/div.
Magnifier: (mainframe) expands fastest sweep to 5 ns/div.

Sweep mode
Normal: triggered by an int, ext, or power line signal.
Automatic: baseline displayed in absence of trigger signal. Trigger-
ing is same as Normal except low frequency limit is 40 Hz.
Single: in Normal, sweep occurs once with the same triggering as
Normal (reset pushbutton arms sweep and lights indicator); in
Auto, sweep occurs once each time reset is pressed.

Triggering

internal: refer to vertical plug-in specifications.

External: dc to 50 MHz on signals 50 mV p-p or more increasing to

100 mV at 100 MHz and 150 mV at 150 MHz.

Line: power line frequency signal.

Level
Internal: at any point on the vertical waveform displayed.
External: continuously variable from +2V to —2V on either slope
of trigger signal, from +20V to —20V in + 10 setting.

Slope: pushbutton selection of + or — slope of trigger signal.

Coupling: AC, DC, HF Reject or LF Reject.

Trigger holdoff: time between sweeps continuously variable, exceed-

ing one full sweep on all ranges.

General
Operating environment: same as 180C/D mainframe.
Weight: net, 1.4 kg (3 1b); shipping, 3.2 kg (7 1b).

1821A Specifications

Main Time Base

Sweep
Ranges: from 0.1 us/div to | s/div (22 positions) in 1, 2, 5 se-
quence; 3% accuracy with vernier in CAL position.
Vernier: extends slowest sweep to at least 2.5 s/div.
Magnifier: (mainframe expands fastest sweep to 10 ns/div (main or
delayed).

Sweep mode
Normal: triggered by an int, ext, or power line signal.
Automatic: baseline displayed in absence of input signal. Trigger-
ing same as normal except low frequency limit is 40 Hz for internal
or external modes.
Single: sweep occurs once with same triggering as normal; reset
pushbutton with indicator light.

OSCILLOSCOPES

180 Time bases: single and delayed
Models 1820C & 1821A

SWEEP MODE

NORM  AUTO  SINGLE

W

1821A

Trace Intensification

In Main sweep mode, intensifies that part of Main time base to be
expanded to full screen on Delayed time base. Rotating Delayed time
base sweep switch from Off position activates intensified mode. Front
panel screwdriver adjustment sets relative intensity of brightened seg-
ment.

Delayed Time Base
Delayed time base sweeps after a time delay set by Main time base
and Delay controls.
Sweep
Ranges: from 0.1 us/div to S0 ms/div (18 positions) in 1, 2, 5 se-
quence: * 3% accuracy with Vernier in CAL position.
Vernier: continuously variable between all ranges; extends slowest
sweep to at least 125 ms/div.

Triggering

(Main and Delayed time base)

Internal: refer to vertical plug-in specifications.

External: dc to 50 MHz on signals 0.5 V p-p or more, increasing to
100 MHz on signals | V p-p or more.

Line: power line frequency signal (main only).

Level and slope: internal, at any point on the vertical waveform dis-
played; external, continuously variable from +3 V to =3 V on either
slope of the sync signal, from +30 V to =30 V in + 10.

Automatic (delayed only): triggered at end of set time delay.
Coupling: AC, DC, ACF (ac-fast), or ACS (ac-slow).

Delay (before start of Delayed sweep)

Time: continuously variable from 0.1 us to 10's.

Accuracy: * 1% of differential delay + 2 minor divisions of delay
dial. Time jitter is 0.005% of max delay of each step.

Trigger output: (at end of Delay time) =~1.5 V with >50 ns rise
time from 10009 source resistance.

Mixed Time Base

Dual time base in which Main time base drives first portion of sweep
and delayed time base completes sweep at up to 1000 times faster.
Also operates in single sweep mode.

General
Operating environment: same as 180 C/D mainframes
Woeight: net, 1.8 kg (4 Ib); shipping, 3.6 kg (8 1b)

Ordering Information Price
1821A Time Base and Delay Generator $1700
Opt 910: additional Operating and Service Manual add $10
1820C Time Base $1000
Opt 910: additional Operating and Service Manual add $10

@A
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180 Time base: delayed
Model 1825A

MAIN ¥ roon o DELAYED
¥OR TRIG LEVEL

TRIG LEVEL

Intensified

Delayed
sweep

Multiple exposure shows four modes of operation for 1825A, with

time relationship maintained in all modes.

1825A Description

Model 1825A time base and delay generator provides sweep speeds
ranging from 0.05 ps/div to 1 s/div in 23 positions. Delay times are
continuously variable from 50 ns to 10 s and are accurate to 0.75%
with extremely low jitter of 1 part in 50 000. Also, a calibrated mixed
sweep mode is provided. A mainframe X10 magnifier increases
sweep-speed capability to 5 ns/div with 5% accuracy.

One knob control makes triggering easy in main, delayed, and
mixed modes. Stable, accurate time displays are provided in main,
delayed, and mixed modes with the highly sensitive 50 mV external
trigger capability at 50 MHz which increases to only 150 mV at 150
MHz. Trigger synchronization is maintained when switching be-
tween main, delayed, and mixed modes, further simplifying use.

Front panel controls are logically arranged for quick familiariza-
tion and easy use. Pushbuttons eliminate front panel clutter and re-
duce the possibility of errors. Easy-to-operate pushbuttons establish
main, delayed, and mixed modes of operation.

Trigger level controls on main and delayed sweeps allow selection of
the triggering point on the desired portion of the signal for almost
every measurement application. Also, the +10 function provides a
wide dynamic range of triggering in both external and internal modes
of operation.

External trigger sensitivity of 50 mV on both main and delayed
sweeps allows a 10:1 divider probe to be used to reduce circuit loading
at trigger pick-off points and reduces the possibility of circuit mal-
function caused by the measuring instrument.

Main Sweep

main sweep

Mixed sweep

1825A Specifications

Main Time Base

Sweep
Ranges: 0.05 us/div to 1 s/div (23 positions) in 1, 2, 5 sequence;
+ 3% accuracy with vernier in CAL position.
Vernier: extends slowest sweep to at least 2.5 s/div.
Magnifler: (on mainframe) expands fastest sweep to 5 ns/div, accu-
racy +5% (main or delayed).

Sweep mode
Normal: sweep is triggered by an internal, external, or power line
signal.
Automatic: baseline displayed in absence of trigger signal. Trigger-
ing is same as normal except low frequency limit is 40 Hz.
Single: in Normal, sweep occurs once with same triggering as Nor-
mal (reset pushbutton arms sweep and lights indicator); in Auto,
sweep occurs once each time reset pushbutton is pressed.

Trace Intensification

In Main sweep mode, intensifies that part of main time base to be
expanded to full screen in delayed time base mode. Rotating time
base switch from OFF position activates intensified mode.

Delayed Time Base

Delayed time base sweeps after a time delay set by Main time base
and Delay controls. Delayed time base is triggered on first trigger
pulse after set delay or automatically triggers after set delay when
delayed level control is in detent position.
Sweep Ranges: 0.05 us/div to 20 ms/div (18 positions) in 1, 2, §
sequence; +3% accuracy.

Triggering
(Main and Delayed time base)
Internal: refer to vertical amplifier plug-in specifications.
External: dc to 50 MHz on signals 50 mV p-p or more increasing to
100 mV p-p at 100 MHz and 150 mV p-p at 150 MHz.
Line: power line frequency signal (Main only).
Level
Internal: at any point on the vertical waveform displayed.
External: continuously variable from +2 V to —2 V on either slope
of trigger signal, from +20 V to —20V in +10 setting.
Slope: pushbutton selects either positive or negative slope of trigger
signal.
Coupling: AC, DC, HF Reject, or LF Reject. AC, attenuates signals
below ~20 Hz; LF reject, attenuates signals below =15 kHz; HF
reject, attenuates signals above 15 kHz.
Trigger holdoff: time between sweeps continuously variable, exceed-
ing one full sweep on all ranges (Main only).
Delay (before start of delayed sweep)
Time: continuously variable from 50 ns to 10 s.
Accuracy: =0.75% of differential delay + 2 minor divisions of de-
lay dial.
Time jitter: +0.002% of max delay on each range.

Calibrated Mixed Sweep

Combines Main and Delayed Sweeps into one display. Sweep is
started by the Main time base and is completed by the faster Delayed
time base.

General

Operating environment: same as 180C/D mainframes.
Weight: net, 1.8 kg (4 Ib); shipping 2.7 kg (6 Ib).
Accessories supplied: one Operating and Service Manual.

Ordering Information Price
1825A Time Base and Delay Generator $1300
Opt 910: additional Operating and Service Manual add $10
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1200A

1200A/B, 1201B, 1205B Specifications

Vertical Amplifiers
Modes of operation: channel A; channel B; channels A and B (ei-
ther Chop or Alternate triggered by channel A), Chop frequency is
~100 kHz; channel A vs B (A-vertical, B-horizontal).
Bandwidth: dc-coupled, dc to 500 kHz; ac-coupled, 2 Hz to 500 kHz.
Bandwidth limit switch (1200 and 1201) selects upper bandwidth to
=~50 kHz or 500 kHz.
Rise time: 0.7 us max.
Deflection factor
Ranges (1200 and 1201): from 0.1 mV /div to 20 V/div (17 posi-
tions) in 1, 2, 5 sequence.
Ranges (1205): from 5 mV /div to 20 V /div (12 positions) in 1,2, 5
sequence.
Attenuator accuracy: +3% with vernier in Cal.

OSCILLOSCOPES

500 kHz General Purpose
Models 1200A/B, 1201B & 1205B

Vernler: extends max deflection factor to at least 50 V /div.
Nolse (1200 and 1201): <20 uV measured tangentially at full
bandwidth.

Input: differential or single-ended on all ranges.
Common mode

Frequency: dc to 10 kHz.

Rejection ratio

1200 and 1201: 100 dB (100 000 to 1) with dc-coupled input on

0.1 mV /div range, decreasing by <20 dB per decade of deflection

factor to at least 40 dB on the 0.2 V/div range; CMR is at least 30

dB on 0.5 V/div to 20 V/div ranges. Max signal is £10 V (dc +

peak ac) on 0.1 mV/div to 0.2 V/div ranges; £400 V (dc + peak

ac) on all other ranges.

1205: 50 dB with dc-coupled input on 5 mV/div to 0.2 V/div

ranges; CMR =30 dB on the 0.5 V/div to 20 V /div ranges. Max

signal is £3 V (dc + peak ac) on 5 mV/div to 0.2 V/div ranges;
+300 V (dc + peak ac) on all other ranges.
Input coupling: selectable AC, DC, or OFF for + and — inputs.
Input RC: ~1 M shunted by ~45 pF.
Max input: refer to Common Mode Rejection Ratio.
Internal trigger source: on channel A signal for A, Chop, and Al-
ternate displays, on channel B signal for B display.
Isolation: >>80 dB between channels at 500 kHz, with shielded input
connectors.
Phase shift: A vs B mode, <1° to 100 kHz with verniers in Cal.

Time Base

Swaeep
Ranges: from 1 us/div to 5 s/div (21 positions) in 1, 2, 5 sequence;
+ 3% accuracy with vernier in Cal.
Vernler: extends slowest sweep to at least 12.5 s/div.
Magnlfier: direct reading X 10 magnifier expands fastest sweep to
100 ns/div with + 5% accuracy.

Automatic triggering

Baseline is displayed in absence of an input signal.
internal: 50 Hz to >500 kHz on most signals causing 0.5 div or
more vert. deflection. Triggering on line frequency also selectable.
External: 50 Hz to above 1 MHz on most signals =0.2 V p-p.
Trigger slope: positive or negative slope on internal, external or
line trigger signals.

Amplitude selection triggering
Internal: dc to 500 kHz on signals causing =0.5 div vert.
deflection.
External: dcto 1 MHz on signals =0.2 V p-p. Input impedance ~1
MQ shunted by =20 pF.
Trigger level and slope: internal, at any point on vertical wave-
form displayed; or continuously variable from +100 V to =100 V on
either slope of the external trigger signal.
Trigger coupling: dc or ac for external, line, or internal triggering.
Lower ac cutoff is 2 Hz for external; 5 Hz for internal.

Single sweep: selectable by front panel switch. Reset switch with

armed indicator light.

Free run: selectable by front panel switch.

Max Input: £350 V (dc + peak ac).

A
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Models 1200A/B, 1201B & 12058B (cont.)
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Horizontal Amplifier

Bandwidth: dc-coupled, dc to 300 kHz; ac-coupled, 2 Hz to 300 kHz.
Deflection factor: ranges, 0.1 V/div, 0.2 V/div, 0.5 V/div, and |
V/div. Vernier, extends max deflection to at least 2.5 V /div.

Max input: +350 V (dc + peak ac).

Input RC: ~1 MQ shunted by ~20 pF.

Input: single-ended on all ranges.

Cathode-ray Tube and Controls

Beam finder: returns trace to CRT screen.

Intensity modulation: +2 V signal blanks trace of normal intensity,
+8V signal blanks any intensity trace. DC-coupled rear panel input;
amplifier rise time, ~200 ns; input R =5 kQ.

Standard CRT, 1200, 1205

Type: mono-accelerator, ~3000 V accelerating potential, P-31 phos-
phor standard.

Graticule: 8 x 10 div internal graticule, 0.2 subdivision markings on
horizontal and vertical major axes; 1 div =1 cm.

Variable Persistence Storage CRT, 1201

Type: post-accelerator, variable persistence storage tube; ~10.5 kV
accelerating potential; aluminized P-31 phosphor.

Graticule: 8 x 10 div internal graticule, 0.2 subdivision markings on
major axes; 1 div = 0.95 cm.

Persistence storage characteristics

(Referenced to a centered 7 x 9 div area in STD mode and to a cen-
tered 6 x 8 div area in FAST mode.)

Persistence: conventional, ~40 us; variable, continuously variable
from 0.2 s to >>1 min., STD mode; from 0.2 s to 15 s, FAST mode.
Storage writing Speed: STD, 20 div/ms; FAST, 0.5 div/us.
Brightness: 343 cd/m2 (100 f1) in write mode.

Storage time: STD writing speed variable from ~1 min. to >1 hr.
FAST writing speed, variable from ~15 s to >15 min.

Erase: pushbutton erasure takes ~1.2 s. Write gun is blanked and
sweep is reset until erasure is completed.

General
Calibrator: | V +1.5% line frequency square wave.
Size: 1200A,298 mm H X 211 mm W X 475 mm D (11.7” X 8.3” X
18.7") 133 H X 483 W X 466 mm D overall, 423 mm D behind front
panel (5.2 X 19”7 X 18.4"; 16.7").
Power: 115/230 V +10%, 48 to 440 Hz, 150 VA max.
Weight
1200A: net, 11.3 kg (25 1b); shipping, 15.6 kg (34.5 1b).
12008, 1205B: net, 10.2 kg (22.5 1b); shipping, 15.9 kg (35 Ib).
1201B: net, 12.5 kg (27.5 Ib); shipping, 18.1 kg (40 1b).

Vertical output signal specifications (Opt 015)

Output: 0.3 V/div £10%, 0 V offset unaffected by position setting.
Bandwidth: dc to 500 kHz.

Dynamic range: £3.5 V.

Max slewing rate: 12 V/us with 300 pF load.

Min load RC: 10 kQ shunted by ~300 pF.

Source impedance: =300 Q.

Options Price
006: rear input terminals wired in parallel with front add $60
panel vertical and horizontal input terminals. Vertical
input shunt capacitance is increased to =100 pF. Hori-
zontal input shunt capacitance is increased to ~75 pF.
009: storage model only, remote erase through rear add 825
panel banana jack, shorting to ground provides erasure
(not compatible with Opt 006).
015: vertical channel signal outputs through rear panel  add $125
connectors.
910: additional Operating and Service Manual
1200A/B or 1201B add $12
1205B add $13
Ordering Information
1200A or 1200B Dual Channel, 100 uV Oscilloscope $1950
1201B Dual Channel, 100 pV Storage Oscilloscope $2990
1205B Dual Channel, 5 mV Oscilloscope $1840
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OSCILLOSCOPES

15 MHz dual channel, general purpose
Models 1220A & 1222A
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1220A, 1222A Description

Hewlett-Packard Models 1220A and 1222A dual channel 15 MHz
oscilloscopes are high quality instruments with the performance nec-
essary for a wide variety of applications. Features include a large 8 x
10 cm internal graticule for no-parallax measurements, 3% vertical
attenuator accuracy, 4% horizontal accuracy, calibrated sweep times
from 0.5 s/div to 0.1 us/div, dc coupling, automatic triggering, a
sweep magnifier to expand the display up to ten times for detailed
analysis, a pushbutton beam finder, X-Y display capability and TV
Sync separator.

The ability to measure and compare input and output signals makes
these oscilloscopes an excellent choice for basic electronic laborato-
ries, service, production, and educational purposes. Both Models
1220A and 1222A provide selection of automatic or normal trigger-
ing. Model 1222A includes a delay line that allows viewing of the
leading edge of the pulse that triggered a sweep. Measurements in the
design and checkout of logic systems such as calculators and appli-
ance controllers are easily made with the 1222A.

Easy Operation

The human engineered front panel with functionally grouped con-
trols and color-coded pushbuttons makes measurements easier and
faster. Inputs are protected to 350 V, reducing chances of accidental
electrical damage. Automatic triggering assures that a base-line is
present even in the absence of a signal or if the trigger level control is
set beyond the range of the trigger signal. And, although the oscillo-
scopes operate in either a chopped or alternate mode, with automatic
triggering the operator need not concern himself with making a
choice since the Time/Div switch automatically selects the best dis-
play mode.

The basic stability of the solid-state circuits and components used
throughout is such that internal adjustments have been reduced to a
minimum. This decreases calibration requirements and provides real
savings over the oscilloscope’s lifetime. Recalibration, when neces-
sary is simple and straightforward.

Triggering

Even though the instruments are easy to operate, these oscilloscopes
have the flexibility for multi-purpose use. The operator can select the
source of sweep trigger (internal, external, ac line, TV) and he can
select the trigger slope, adding to the oscilloscope’s versatility by al-
lowing triggering on either the positive or negative going transitions

of the signal. Further flexibility is added by the ability to preset the
signal amplitude required to trigger the sweep, assuring that pertur-
bations below the desired amplitude will not trigger the oscilloscope.

With automatically triggered sweep, displays are stable because the
observed signal itself determines when a sweep should start. Auto-
matic triggering produces a free running trace in the absence of a
signal for fast setup. It locks onto any input signal of the proper polar-
ity and amplitude.

CRT

The internal 8 x 10 cm CRT graticule eliminates parallax errors
that occur when the graticule is external to the CRT. The 3% vertical
accuracy combined with the no-parallax graticule enables the oscillo-
scope to be used as a voltmeter as well as for waveform display. CRT
beam intensity can be modulated through a rear panel Z-axis input.

X-Y Inputs

Phase shift measurements through the vertical amplifiers in the
1222A permit maximum measurement flexibility with the wide selec-
tion of deflection factors. In the 1220A, external signals can be ap-
plied to the horizontal deflection amplifiers. This X-Y capability
permits X-Y plots for Lissajous figures with a phase shift of less than
3° to 100 kHz.

TV Sync

The built-in TV sync separator assures stable, automatic triggering
on frame or line for convenient TV troubleshooting. With the instru-
ment’s times-ten magnifier, signals can be pulled out easily. The cali-
brated time base makes it easy to identify timing problems in vertical
or horizontal TV circuits. The external horizontal input allows vector
presentations of color CRT drive signals. Dual channels make it easy
to set color demodulator circuits.

Rugged Lightweight Design

These oscilloscopes are, except for the CRT, entirely of solid-state
design, resulting in low power consumption. The consequent low heat
has made possible a rugged, lightweight cabinet with a vinyl-clad alu-
minum cover that is resistant to shock and moisture. A convenient
side-panel handle and stabilizing feet on the opposite side make han-
dling easy. This allows these oscilloscopes to be used in areas where
ruggedness is a necessity. These areas include production lines, nu-
merically controlled machinery, process control equipment, auto-
motive, aircraft and marine electronics, and communications.
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OSCILLOSCOPES

(éI”] Models 1220A & 1222A (cont.)

1220A

Optional Accessories

General purpose probing is provided with the Model 10013A 10:1
divider probe with an input impedance of 10 megohms shunted by
only 13 pF. It extends input range to 100 V /div and multiplies input
impedance without degrading frequency response. An optional front
panel cover, Model 10117A, is available for protection during trans-
portation and to provide storage space for probes and other accesso-
ries. With a rack mount kit, Model 10119A, the oscilloscopes can be
mounted in only 22.2 cm (8.75 in.) of vertical space. Model 10116A
light shield is available for viewing in brightly lighted areas.

1220A, 1222A Specifications

Modes of Operation

Channel A; channel B; channel B inverted (1222A); channel A + B
(1222A); channels A and B displayed alternately on successive
sweeps (Alt); triggering by A channel; channels A and B displayed by
switching between channels at approx 200 kHz rate with blanking
during switching (Chop). Automatic selection of alternate or chop
mode—chop, at speeds from 0.5 s/div to 1 ms/div, alternate, 0.5
ms/div to 0.1 us/div.

Vertical Amplifiers (2)
Bandwidth (3 dB down from 50 kHz, 6 div reference signal from a
terminated 50Q source.)
DC-coupled: dc to 15 MHz.
AC-coupled: lower limit is ~2 Hz.
Rise time: ~23 ns (measured from 10% to 90% points of 6 div input
step from a terminated 50Q source).
Deflection factor
Ranges: from 2 mV/div to 10 V/div (12 calibrated positions) in 1,
2, 5 sequence. +3% Accuracy with vernier in cal position on 20
mV/div to 10 mV /div ranges, + 5% on 2mV /div, S mV /div, and 10
mV /div ranges.
Vernier: extends max deflection factor to at least 25 V/div.
Polarity (1222A): Channel B may be inverted.
Signal delay (1222A): input signals are delayed sufficiently to view
leading edge of input signal without advanced external trigger.
Input RC: AC or DC, =1 MQ shunted by ~30 pF.
Input coupling: AC, DC, or GND.
Maximum input: =350 V (dc + peak ac) at < | kHz.
A + B operation (1222A): bandwidth and deflection factors are un-
changed; channel B may be inverted for A — B operation.
Differential (A — B) common mode (1222A): CMR s at least 30
dB from dc to 1 MHz.

Time Base

Sweep Ranges: from 0.1 us/div to 0.5 s/div (21 ranges) in 1, 2, 5
sequence; + 4% accuracy over full scale with Magnifier/Expander in
calibrated position.

Sweep trigger mode: normal, sweep is triggered by internal or ex-
ternal signal; automatic, bright baseline displayed in absence of input
signal, above ~ 10 Hz, triggering same as normal.

Triggering
Internal: ~2 Hz to 15 MHz on signals with =1 div vertical deflec-
tion.

External: =~2 Hz to 15 MHz on signals of 0.1 V p-p or more.
External input RC: =1 M@ shunted by ~30 pF.
Line: triggers on line frequency.
TV sync: separator for + or — video, requires 1 div of video signal to
trigger, automatic frame (0.5 s/div to 100 us/div) and line select (50
us/div to 0.1 us/div). Usable also as a low pass filter.
Level and Slope
Internal: at any point on the positive or negative slope of the dis-
played waveform.
External: continuously variable from +0.5 V to —0.5 V on either

slope of the trigger waveform; +10 extends trigger range to +5 V to
-5V.

Calibrated X-Y Operation (1222A)

Operation is via channel A (X-axis) and channel B (Y-axis).
Bandwidth: X-axis d¢ to | MHz, otherwise see Vertical Amplifiers
Bandwidth specifications.

Accuracy: see Vertical Amplifiers Deflection Factor specifications.
X-Y phase shift <3° at 100 kHz.

Cathode-ray Tube and Controls

Type: mono-accelerator, ~2 kV accelerating potential, P31 phos-
phor.

Graticule: 8 x 10 cm internal graticule; 0.2 cm subdivisions on major
horizontal and vertical axes.

Beam finder: returns trace to CRT screen.

Intensity modulation: +5 V (TTL compatible) 2 Hz to | MHz
blanks trace of any intensity. Input R ~ 1 kQ. Max input, 7 V rms,
ac-coupled.

External Horizontal Input (1220A)
Bandwidth: dc to | MHz.

Coupling: dc
X MODE DEFLECTION
EXPANDER ATTENUATOR FACTOR
Cal. 111 1V/div
Cal. 1:10 10 V/div
oW 1l 100 mv/div
Conti dj bet ranges by E. d

Input RC: =~ 1 MQ shunted by =30 pF.
X-Y Phase shift: <3° at 100 kHz.

General
Probe adjust: ~0.5 V p-p, 1 kHz square wave for adjusting probe
compensation.
Power: 100, 120, 220, 240 V, +10%, 60 VA max.
Woeight

1220A: net, 7.3 kg (16 1b); shipping 10 kg (22 Ib).

1222A: net, 7.3 kg (16 Ib); shipping 10 kg (22 Ib).
Size: 181 Hx 311.2 W x 412.8 mm D (7.13" x 12.25" x 16.25").
Accessories furnished: one blue light filter, one power cord, one
fuse for 100 V, 120 V, 220 V or 240 V operation, and one Operating
and Service Manual.

Environment

Operating temperature: 0°C to +45°C (+32°F to 113°F).
Non-operating temperature: —40°C to +75°C (—40°F to
+167°F).

Relative humidity: to 95% at +40°C (+104°F).

Altitude: to 4600 m (15 000 ft).

Vibration: vibrated in three planes for 15 minutes each with 0.254
mm (0.01 in.) excursion, 10 to 55 Hz.

Accessories Available Price

10116A: Light Shield. $13

10117A: Front Panel Cover $28

10119A: Rack Mount Kit $100

Note: Probes are not supplied

10013A: 10:1 Divider Probe recommended $50

Ordering Information

1220A Dual Channel Oscilloscope $895
Opt 910: extra Operating and Service Manual add $7

1222A Dual Channel Oscilloscope $975
Opt 910: extra Operating and Service Manual add $7
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Minlature Oscilloscope Probes

10021A, 10022A

10026A, 10027A

*0SCILLOSCOPE/MINIATURE PROBE COMPATIBILITY AND PROBE CHARACTERISTICS
HP Oscllloscope/ Approx Overall Compensates
Plug-in Model No. Probe Length in Division Input Shunt Oscilloscope Max
and Bandwidth Model No. Metres (ft) Ratlo R Capacitance Input DC Volts Price

1725A /275 MHz
17228 /275 WHz 100178 1m@33) 10:1 1M 8pF 9to 14 pF 300 $90
1727A/275 MHz
17154/200 MHz
18094/100 MHz 100184 2m(6.6) 10:1 1M 10 pF 9to 14 pF 300 $90
18054,/100 MHz
1740, 17414, 17424, 10040A 1m(33) 10:1 1M 9pF 20 to 30 pF 300 $90
%83‘& 17444/ 100417 2m (6.6) 100 |. tmM 12pF 20t 26 pF 00 $90

Mhz 100424 3m(9.8) 10:1 1 MQ 15pF 20 to 24 pF 300 $90
All Scopes with 10021A 1m(33) 1 36 pF 300 $95
high Z inputs
(may reduce . .
bandwidth) 100224 2 m (6.6) 11 62 pf 300 $58
éll Scopes with 10026A Im@3.3) 11 500 2 Amps $55

0 Q inputs and ;

with 2 50 § source 10027A 2m(6.6) 11l 509 2 Amps $55
impedance

Accessories supplied with each probe: one retractable hook tip, one IC probe tip adapter, one alligator clip, one 20 cm (8”) ground lead, eight color-coded indicator sleeves, one grounding spring, and one Operating Note.
*These miniature probes may be used with other oscilloscopes and test instruments with the proper input capacitance with no noticeable bandwidth degradation. However, due to variations of input characteristics, the
probes may require recalibration for optimum performance.
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Figure 1. With the slip-on hook tip and flexible ground lead in
place, the miniature probe can be used like a conventional probe
for attachment to test points or component leads.

Figure 2. The slip-on IC probe tip adapter provides convenient
connection to closely spaced leads on DIP’s without shorting.

Figure 3. Miniature probes with insulating sleeves removed are
held in place on an IC lead by the optional IC clip. The circuit inter-
face pin in the right hand corner of the clip can be inserted at any
lead position to ground reference planes that contact the barrel of
the probe(s). Rise times as short as 1.3 ns are preserved by this
arrangement. The hand held probe’s insulating tip has been re-
tracted to allow the spring ground tip to establish a ground-refer-
ence point at the end of the barrei for measurements of high
speed signals.

Figure 4. The 10028A Jumper Cable with the supplied slip-on IC
probe tip adapter provides easy patching of signais from other
IC’s into the 10024A IC Test Clip.

Figure 5. The 10019A cable assembly has many uses such as
applying power to a DIP through the 10024A or interfacing wire
wrap pins with a pulse generator.

Miniature Oscilloscope Probes
Small, Lightweight

Hewlett-Packard’s series of miniature, oscilloscope probes easily
access test points in densely populated circuits. These small,
lightweight probes, which fit in the hand much like a pencil, simplify
previously difficult measurements. The basic probe is a small (2.4
mm diameter, 25 mm long) cylinder with a needle-like tip which is
used with a variety of interfacing/insulating accessories to meet a va-
riety of testing situations. The narrow body provides easier access to
test points in congested areas without worrying about accidental
shorts to adjacent leads.

Conventional Probing

An insulating sleeve added to the basic probe provides a miniature
version of the traditional oscilloscope probe. In this configuration, the
probe looks and handles like a small-scale version of the traditional
oscilloscope probe except that the forward barrel insulator is retracta-
ble which makes the traditional slip-on insulators for protection
against shorts unnecessary. With the barrel insulator retracted, the
ground spring configures the probe with a very short ground lead for
high-frequency point-to-point probing.

With the barrel insulator in the forward position, the probe is used
with the 20 cm flexible ground lead for probing where this type of
grounding allows adequate response fidelity. The probe tip makes
positive metallic contact to narrow conductors and penetrates com-
monly-used protective coatings while the extended insulating sleeve
prevents shorts to closely-spaced adjacent leads.



With the barrel insulator retracted and using the flexible ground
lead, the probe may be used with the slip-on hook tip (figure 1) for
attaching to various component leads. For monitoring signals on dual
in-line packages, a slip-on IC probe tip adapter allows connection to
closely spaced leads without shorting (figure 2).

DIP Probing

By removing the probe’s insulating sleeve and using the accessory
clip (10024A), you can monitor points on 14- and 16-pin DIP’s with
improved pulse fidelity (figure 3) and without worrying about short-
ing adjacent pins.

In this application, the clip is installed on the DIP, a circuit inter-
face pin is inserted into the appropriate position, and one or more
probes are inserted to contact the desired package leads. The circuit
interface pin contacts reference planes in the clip to provide a ground
reference for any probe inserted in the clip. This grounding arrange-
ment is extremely effective; high-speed pulse fidelity achieves a level
previously associated only with probe-to-BNC adapters or high fre-
quency, point-to-point probing. In addition, the clip makes it ex-
tremely easy to monitor two channel signals while using a third probe
to provide an external trigger signal.

The circuit interface pins for the 10024A have a section of insula-
tion which allows them to be inverted from the grounding position for
using other types of probes to couple signals into or out of an IC.
When the circuit interface pins are used in this position they are iso-
lated from the ground bus in the IC clip.

The tips of the circuit interface pins are compatible with slip-on
probes such as those used with HP Logic Analyzers and 0.64 mm
(0.025 in.) back plane adapters.

Stimulus-Response Testing

The 10024A can be expanded to a stimulus-response test system
with the use of 1:1 miniprobes and some accessories. The 10019A
cable assembly can be used for applying power to a circuit under test
with the 10026A or 10027A 50 ohm 1:1 probe used to insert signals.
And, completing the system, the 10028 A Jumper Cable allows signals
from other IC’s to be patched into the 10024A (figure 4).

0.64 mm (0.025 in) Square Pin or Wire Wrap Pins

HP miniature probes are ideal for applications where the signals
are available on 0.64 mm (0.025 in.) square pins or wire wrap pins.
Their small size and light weight reduce the possibility of damage to
these fragile pins. For coaxial measurement, slip-on coaxial cable
adapter HP P/N 10017-67603 provides a coaxial interface between
the pins and a standard probe; or with the addition of adapter 10017-
67604, between the pins and a miniature-probe. The 10019A cable
assembly provides a convenient interface between these pins and oth-
er instruments, e.g., counters, DMM’s, or power supplies (figure 5).

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 any general purpose
digital multimeter (DMM) having an input impedance of =10 meg-
ohms. A pencil-like probe tip easily accesses small components and a
press-to-read switch make measurements easy; just press the button,
touch the surface to be measured, and read its temperture directly on
the DMM.

The probe is a self-contained temperature-to-voltage transducer
with a forward-biased diode chip bonded to a small ceramic substrate
in the probe tip. A calibrated, linear output of 1 mV /°C is assured by
individually characterizing each diode in a precision thermal refer-
ence bath. An integrated circuit resistor network is then laser
trimmed to match each diode to its electronic compensation circuit.

The use of Hewlett-Packard integrated circuits permits the entire
electronics assembly, including the battery, to be packaged in the
probe barrel. A standard dual banana plug output connector provides
universal readout through most digital voltmeters including the built-
in DMMs on Hewlett-Packard’s Option 034/035, 1700 Series oscil-
loscopes.

10023A

Accuracy

Measurement accuracy of the temperature probe is +2°C from
0°C to +100°C decreasing linearly to +2°C, —4°C at —=55°C and to
+4°C, —2°C at +150°C. For applications requiring relative rather
than absolute measurement of similar temperatures, the probe has a
short term repeatability of £0.3°C.
Applications

The small-size, thermal performance, and ease-of-use makes the
probe suitable for a wide range of thermal measurements of both sur-
faces and noncorrosive liquids. Some of the electronic applications
include:
¢ Evaluation of power semiconductor heat-sink performance.
® Isolation of defective IC’s in large PC boards.
® Thermal sensitivity studies
¢ Experimental verification of thermal designs.
o Estimation of transistor junction temperatures.

10023A Specifications

Electrical

Measurement Range: —55°C to +150°C.

Output: 1 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: < 3s to settle within 2°C of final reading (lig-
uid 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).
Low Battery Indication: probe output indicates approx —70°C on
DMM. First indication of a low battery condition is a decreasing indi-
cation of 1° to 2°C/minute with probe tip at a constant temperature.
Accessories Supplied: one replacement battery (1420-0256), one
sliding lock collar (10023-23201), and one probe tip cover (00547-
40005).

Replacement Batteries: batteries may be purchased locally using
the following part numbers, RAY-O-VAC®, RS 312-G or T-312-G;
DURACELL® 10L125; or batteries with similar specifications.
BIRAY-0-VAC is registered trademark of ESB, Inc.
®DURACELL is a registered trademark of P. R. Mallory & Co.

Ordering information Price
10023A Temperature Probe $150
10023-60001 Replacement Tip, includes pre-calibrated $75
tip and matching compensation network

Q)
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BNC to Probe Adapter

10024A IC Test Clip 1260-1454

10028A Jumper Cable is supplied with a slip-on IC probe tip
adapter for easy access to IC leads.

10019A Cable Assembly

R

10017-67603 Coaxial Adapter Cable

10017-67604 Mini to Standard Probe Adapter

Miniature Probe Accessories

10024A IC Test Clip

Model 10024A IC Test Clip provides easy probing of dual in-line
packages and includes four insulated circuit interface pins. Addition-
al circuit interface pins are available (see Ordering Information) in
packages of twelve pins. Each pin has a tip on each end so that probes
such as those on HP Logic Analyzers can be connected for fast, func-
tional checks of circuit operation.

10036B and 10037B Probe Tip Kits

Models 10036B and 10037B probe tip kits increase probing versa-
tility with an assortment of 6/32 screw-on tips. Slip-on to 6/32 adapt-
ers are included for compatibility with the miniature probes.

10028A Jumper Cable

Mode] 10028A 50 ohm 610 mm (24 in.) miniature probe/jumper
cable is designed primarily for bypassing suspected faulty circuits in
densely populated IC circuits. The basic tip on either end of the cable
inserts directly into a 10024A IC Test Clip, allowing easy temporary
connections between IC’s without the danger of shorting between
pins. The cable can also be used as a 50 ohm 1:1 probe to insert signals
from an external source or as an input source to an external measur-
ing device. For the latter uses, Probe Tip to BNC Adapter (HP P/N
1250-1454) is available.

10019A BNC to Square Pin Cable Assembly

Model 10019A cable assembly is designed for connecting test
equipment to 0.64 mm—0.76 mm (0.025 in.—0.030 in.) square pin sig-
nal nodes or to integrated circuits through the 10024A IC Test Clip.
This adaptable cable assembly is primarily used as:

a. A signal pick-off device for applying circuit signals to the input of
test equipment such as oscilloscopes, voltmeters, etc. An application
is the checking of voltages on computer back plane pins.

b. A signal insertion cable for inserting signals into suspected faulty
circuits from power supplies, pulse generators, etc. Used in conjunc-
tion with Model 10024A IC Test Clip, signals are easily inserted into
the proper IC leads.

For applications requiring greater separation between the circuit
nodes and the instrumentation, the 10019A may be extended by using
a BNC to BNC adapter (HP P/N 1250-0080) and a 50 ohm test
cable such as the 122 cm (48 in.) Model 11170C. And when the test
equipment hookup requires a dual banana plug, BNC to Dual Banana
Plug Adapter (HP P/N 1251-2277) is available.

10017-67603 Coaxial Adapter Cable

HP P/N 10017-67603 is a 230 mm (9 in.) 50 ohm slip-on adapter
cable for miniature and standard HP probes that provides a coaxial
interface to 0.64 mm (0.025 in.) square pin circuit nodes. The cable is
ideal for probing computer back planes as well as wire wrap termi-
nals. HP P/N 10017-67604 mini to standard probe adapter allows
the cable to slip directly onto the HP Easy IC Miniature Probe tip
with the insulating barrel removed.

10017-67604 Mini to Standard Probe Adapter

HP P/N 10017-67604 allows standard size slip-on probe tip acces-
sories to be used with HP miniature probes. With the retractable in-
sulating barrel removed from the miniature probe and replaced with
the 10017-67604 adapter, the probe slides directly into the standard
size probe tip accessories.

Digital Trigger Probes

Model 10250A (TTL) 4 bit Trigger Probe is a useful service, pro-
duction, and design troubleshooting tool that offers digital pattern
triggering to enhance the use of oscilloscopes, logic analyzers, and
other test equipment. The four inputs maybe switched to HI, LO, or
OFF (don’t care) for convenient selection of the trigger point. No
separate power supply is needed because probe power is obtained
from the circuit under test.

Ordering Information Price
10024A 1IC Test Clip for easy probing of dual in-line $15
packages; includes 4 insulated circuit interface pins

10024-69501 Interface Pin Kit for 10024A; includes 12 $19.50
interface pins

1250-1454 BNC to probe adapter permits the minia- $9.25

ture probes to be connected to BNC connectors to
maintain fast pulse response.

10036B Probe Tip Kit $50
10037B Probe Tip Kit $50
10028A Jumper Cable $50
10019A Cable Assembly $35
10017-67603 Coaxial Adapter Cable $20
10017-67604 Mini to Standard Probe Adapter $5

10250A Trigger Probe (TTL) $125



Standard probes

For measurements in standard circuits where miniature probes are
not a requirement, Hewlett-Packard offers a wide selection of stan-
dard size probes.

-

10001-10003A

10004D-10006D, 10014A, 10016B

100078, 100088

10020A

211

)

Standard Probe Instrument Compatibility

17154

1725 1740A
Scope/ 1200 1220 17228 thru 1801A 1805A
Plug-in Series Series 1727A 1744A 1804A 1809A
Probe
100014 X X L L
10001B X X L L
100024 X X L L
100028 X X L L
10003A X X L L
100040 X X X
100050 X L X
100060 X X X
100078 X X L L L L
100088 X L L L L L
10013A X X L
100144 X X
100168 X X
10020A X X X
11204 X X X
11244 L L L

Notes:

X Indicates that probe will maintain the bandwidth of tha instrument.
L Indicates that probe may limit the bandwidth of the instrument.

Standard Divider Probe Characteristics

Compen-

Shunt sates Scope | Max Overall

Model | Division | Resistance | Capacitance | InputC o Length
No. Ratio (MQ) (pF) (pF) Volts m(ft) | Price
10001A 10:1 10 10 15-55 600 1.5(5) $90
100018 10:1 10 20 15-45 600 3(10) $90
100024 50:1 9 25 15-55 1000 15(5) | $§105
100028 50:1 9 5 15-55 1000 3(10) | $105
100034 10:1 10 10 15-55 600 13(4) | $90
100040 | 101 10 10 20-30 500 1.1(35)| %80
100050 | 10:1 10 17 20-30 500 3(10) [ $80
100060 10:1 10 14 20-30 500 18(6) | $80
100078 B — 40 — 600 1L1(35)| %45
100088 11 — 60 — 600 1.8(6) $45
100134 10:1 10 13 24-45 500 18(6) | $50
100144 10:1 10 10 9-13 500 1.1(35)] $75
100168 10:1 10 14 9-13 500 18(6) $85

10020A Resistive Dividers

Division Input R* Division Max v*#+ Input C

Ratio (ohms) Accuracy (rms) (pF}
11 50 — 3 —

51 250 +3% 9 <07

10:1 500 +3% 12 <07

201 1000, +3% 15 <0.7

50:1 2500 +3% 25 <0.7

100:1 5000 +3% 35 <07

*When terminated in 50 ohms.
* *Limited by power dissipation of r

Probe length (overall): =~ 1.2 m (4 ft).

Weight: net, 0.45 kg (1 Ib); shipping, 1.4 kg (3 Ib).

Accessories supplied: blocking capacitor, BNC adapter tip, 6-32
adapter tip, alligator tip, probe handle, cable assy’s 5.1 cm (2 in.) &
15.2 cm (6 in.) ground, spanner tip, insulating caps, colored sleeves.

10020A Resistive Divider Probe Kit $210
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1124A

1122A

1111A

1110A

1124A 100 MHz Active Probe

Model 1124A Active Divider Probe provides high voltage, general
purpose probing capabilities for instruments having 50 ohm inputs
without selectable high impedance inputs. This 10 megohm 10 pF
probe allows direct measurements of 100 volts, in the 100:1 division
ratio mode, from dc to 100 MHz. In the 10:1 division ratio mode,
input voltage range is + 10 volts. Power is supplied by instruments
with probe power jacks or the 1122A probe power supply.

1124A Specifications
(Measured when connected to a 50Q load.)
Bandwidth: (measured from a terminated 50Q source) dc-coupled,

dc to 100 MHz; ac-coupled, 2 Hz to 100 MHz.
Pulse response: (measured from a terminated 50Q source) transi-
tion time, <<3.5 ns; perturbations, 5% p-p. Measured with pulse tran-
sition time of >2.5 ns.
Attenuation ratio: 10:1 +5%; 100:1 + 5%.
Dynamic range: X10, =10 V; X100, =100 V.
Input RC: 10 MQ shunted by =~ 10 pF.
Maximum safe input
DC-coupled: X10, 300 V (dc + peak ac) <100 MHz; X100,
+500 V (dc + peak ac) <100 MHz.
AC-coupled: X10, +300 V (dc + peak ac) <100 MHz. DC com-
ponent must not exceed =200 V; X100, £500 V (dc + peak ac)
=100 MHz. DC component must not exceed +200 V.
Accessories supplied: one 20.3 cm (8 in.) ground lead, one retrac-
table hook tip, and two probe tip insulating caps.
Power: supplied by instruments with probe power jacks or Model
1122A probe power supply.
Weight: net, 0.2 kg (5 oz.); shipping, 0.91 kg (2 Ib).
Length: =~ 1.5 m (5 ft) overall.
Available accessory: 10131B91.4 cm (36 in.) extender cable (refer
to 1122A Probe Power Supply). Required for use with 1700 oscillos-
copes with probe power option.

1122A Probe Power Supply

Model 1122A is a regulated power supply that provides all power
requirements for simultaneous operation of up to four active probes.

1122A Specifications

Probe driving capability: up to four HP active probes.

Power output: —12.6 Vand +15 V, +3%.

Power input: 115 Vor 230 V = 10%, 48 to 440 Hz, 40 W (with four
probes).

Weight: net, 2.7 kg (6 1b); shipping, 3.6 kg (8 1b).

Accessories supplied: four Model 10131B 91.4 cm (36 in.) extend-
er cables.

1111A AC Current Amplifier

Deflection factor: (with a 50 mV /div oscilloscope deflection factor)
in X1, 1 mA/div to 50 mA/div; in X100, 100 mA /div to S A/div; 1, 2,
5 sequence in X1 or X100.

Accuracy: in X1, +3%; in X100, +4%.

Rise time: 18 ns.

Noise: <<100 uA p-p, referenced to input signal.

Maximum ac current: above 700 Hz, 50 A p-p; below 700 Hz, de-
creases at 1.4 A/20 Hz.

Output impedance: 50 Q.

Size: 38.1 H X 130.2 W X 152.4 mm D (14" X 54" X 6").
Weight: net, ~ 0.9 kg (2 Ib); shipping, 1.4 kg (3 Ib).

Power: 115 0r 230 V £10%, 50 to 440 Hz, 1.5 watts.

1110A Current Probe
Sensitivity: without 100Q termination, | mV/mA; with 100Q termi-
nation, 0.5 mV/maA.
Accuracy: *3%.
Bandwidth
Lower —3 dB point: without 1009 termination, ~ 1700 Hz; with
100 Q termination, =~ 850 Hz.
Upper —3 dB point: with 4 pF capacitive load, ~ 45 MHz; with 30
pF capacitive load ~ 35 MHz.
Rise time: with 4 pF capacitive load, = 7 ns; with 30 pF capacitive
load, = 9 ns.
Insertion impedance: = 0.01Q shunted by | pH; capacitance to
ground <3 pF.
Maximum dc current: 0.5 A.
Maximum ac current: 15 A p-p above 4 kHz; decreasing below
4 kHz at 3.8 A/kHz rate.
Weight: net, 0.5 kg (1 1b); shipping, 0.9 kg (2 Ib).
Dimensions: probe aperture, 3.9 mm (%,”) diameter; overall length,
1.5 m (5 ft).

Ordering information Price
1122A Probe Power Supply $600
1124A 100 MHz Active Probe $225
1111A Current Amplifier $650

1110A Current Probe $300



1120A 500 MHz Active Probe

For probing high source impedances at high frequencies, the Model
1120A 1:1 active probe provides a probe tip impedance of 100 kQ
shunted by approx 3 pF at 100 MHz. When used with the 10:1 or
100:1 divider tips, the shunt capacitance is << pF at 100 MHz. The
50 ohm output provides the optimum impedance match and measure-
ment accuracy for oscilloscopes, spectrum analyzers, counters, and
network analyzers with 50 ohm inputs. Power is supplied by instru-
ments with probe power jacks or the 1122A probe power supply. A
probe power output jack on the 1120A permits a second active probe
to be powered by instruments with only a single probe power jack.

1120A Specifications

(Measured with output connected to a 50 load.)

Bandwidth: (measured from a terminated 50 source) dc-coupled,
dc to >500 MHz; ac-coupled, <1.5 kHz to >500 MHz.

Pulse response: (measured from a terminated 50Q source) transi-
tion time, <<0.75 ns; perturbations, << +6% measured with | GHz
sampler.

Dynamic range: +0.5 V with +5 V dc offset.

Noise: == 2.5 mV (measured tangentially).

Input RC: 100 kQ, shunt capacitance ~ 3 pF at 100 MHz; with 10:1
or 100:1 dividers, shunt capacitance is <1 pF at 100 MHz.
Maximum input: *80 V.

Weight: net, 1.8 kg (4 1b); shipping, 3.2 kg (7 1b).

Power: supplied by oscilloscopes with probe power jacks or a Model
1122A probe power supply.

Length: 1.2 m (4 ft) overall; with Option 001, 1.8 m (6 ft).

Accessories Furnished

Model 1024 1A 10:1 divider: increases input R to ~ | M@ shunted
by <1 pF at 100 MHz.

Model 10243A 100:1 divider: increases input R to =~ | M shunt-
ed by <1 pF at 100 MHz.

Model 10242A bandwidth limiter: reduces bandwidth to ~ 27
MHz shunted by ~ 6 pF and reduces gain <2%.

Also included: slip-on hook tip, 6.4 cm (2.5 in.) ground lead, spare
probe tips, a slip-on BNC probe adapter, and a probe divider adjust-
ment tool (PN 5020-0570).

Ordering Information Price
1120A 500 MHz Active Probe $750
1120A Opt 001, 1.8 m (6 ft) length add $35
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10034A
1y
10035A
gy
100368

10034A Ground Lead Kit

Model 10034A probe adapter kit consists of an assortment of 6-32
screw-on tips, and two ground lead cables which allow many methods
of connecting the ground leads in a circuit. A 6-32 to slip-on adapter
allows these tips to be used on 10004D-10006D, 10007B, 10008B,
10013A, 10014A, 10016B, and 1124A probes. The kit consists of one
15.2cm (6 in.) and one 30.5 cm (12 in.) ground lead, one hook tip, one
alligator tip, one pin tip, one tip for 0.6 mm (0.025 in.) square pins,
one banana tip, and one slip-on to 6-32 adapter.

10035A Probe Tip Kit

The tips in this kit are designed to be used with probes that accept a
No. 6-32 screw-on tip which include: Models 10001 A /B, 10002A /B,
and 10003A. A slip on to 6-32 adapter allows these tips to be used
with other probes with pin tips. The adapter is supplied with 10004D
through 10006D, 10014A, 10016B, 10020A Probes, and 10034A
Ground Lead Kit. Model 10035A Probe Tip Kit contains a pincer
jaw, banana tip, pin tip, and spring tip.

10036B Probe Tip Kit

The tips in this kit extend the usefulness of standard probes that
accept slip-on tips, and the Easy IC Miniature Probes. Included in the
kit are two slip-on to 6-32 adapters and three bushing adapters that
provide the flexibility to use the supplied tips with both types of
probes. The adapters also allow use of other 6-32 probe tips with the
probes. Model 10036B includes an assortment of tips for the follow-
ing: 2.0 mm (0.08 in.) jack; 0.6 mm (0.025 in.) and 1.14 (0.045 in.)
square pin; 1.0 mm-1.6 mm (0.040-0.062 in.) dia pin.

10037B Probe Tip Kit

Model 10037B Probe Tip Kit contains six 0.64 mm (0.025 in.)
square female (white) tips for standard probes that accept slip-on
tips, and the Easy IC Miniature Probes. Also included are six bush-
ings that adapt HP miniature probes to the supplied tips.

Ordering Information Price
10034A Ground Lead Kit $35
10035A Probe Tip Kit 315
10036B Probe Tip Kit 350

10037B Probe Tip Kit $£50
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10229A

10004-69515

101008

10011B

10100C 10116A

10176A

10491B

Probe Accessories

Terminations .
10100C: 50 © + 1% BNC male to BNC female feedthrough termi-
nation.
10100B: 100 © +2 Q BNC male to BNC femalie feedthrough termi-
nation.

Standard Probe Tip Adapters

10011B slip-on to BNC probe tip adapter: for probes 10004D-
10006D, 10007B, 10008B, 10013A, 10014A, 10016B, and 1124A.
10229A hook tip adapter: retractable pincer tip provides firm con-
nection to circuit nodes. Supplied with 1120A probe. Recommended
accessory for 10020A Resistive Divider Kit.

HP P/N 10004-69515 IC probe tip adapter: retractable pincers
provide convenient connection to dual in-line packages for probes
10004D-10006D, 10007B, 10008B, 10013A, 10014A, 10016B, and
1124A. Supplied with 10004D, 10005D, 10006D, 10014A, and
10016B.

Servicing and Viewing Accessories

Plug-in Extender

Model 10407B: 180 system extender (metal frame extends both
plug-ins). Allows calibration while a unit is operating.

Viewing Hoods

10116A: collapsible light shield for 1220 series oscilloscopes.
10140A: collapsible viewing hood for 1700 series oscilloscopes.
10176A: viewing hood for 12.7 cm (5 in.) rectangular CRT bezels.

Light Filters )
10173A: RFI filter and contrast screen for 1700 series oscillo-
scopes.

10178A: metal mesh contrast screen for 181, 184 oscilloscopes.
Amber plastic filter: HP P/N 5020-0530, for 12.7 ¢cm (5 in.) rectan-
gular CRT (180 style).

Smoke gray plastic filter: HP P/N 5020-0567, for 12.7 ¢cm (5 in.)
rectangular CRT (180 style).

Blue plastic filter: HP P/N 5060-0548, for 12.7 cm (S in.) rectangu-
lar CRT (180 style).

Blue light filter: HP P/N 01740-02701 for 1700 series oscilloscopes.

Rack Mount Slides and Adapters

1700 series oscilloscopes, 1600A Logic State Analyzer
10491B rack mount adapter: adapts 1700 series oscilloscopes
and 1600A Logic State Analyzer to standard 483 mm (19") rack;
222 mm (8%") high, 540 mm (21%") deep. Requires fixed slides
(HP P/N 1490-0714) or pivoted slides (HP P/N 1490-0719) for
slide mounting.

180 and 181 rack style oscilloscopes

A slide adapter is required to secure an oscilloscope to the slides.
Fixed slides: HP P/N 1490-0714, 55.9 cm (22").
Pivot slides: HP P/N 1490-0719, 55.9 cm (22").
Slide adapter: HP P/N 1490-0768 (required for all slides).

Front Panel Covers

10166A: provides front panel protection for 180A, 181A, 184A oscil-
loscopes.

HP P/N 5040-0516: provides front panel protection for 1700 series
oscilloscopes, 1600A Logic State Analyzer.

Ordering Information Price
10229A Retractable Hook Tip Adapter $10
10004-69515 1C Probe Tip Adapter $10
10011B BNC Probe Tip Adapter $12
10100C 50 Q Feedthrough Termination $25
10100B 100 Q (+2 Q) Feedthrough Termination $35
10407B Plug-in Extender $225
10116A Light Shield for 1220 series oscilloscopes $13
10140A Viewing Hood for 1700 series (8 x 10 div. $25
CRT)

10166A Front Panel Cover for 180A, 181A, 184A oscil- $160
loscopes

10176A Viewing Hood for 12.7 cm (5 in.) rect. CRT $25
10173A RF1I Filter and Contrast Screen for 1700 series $20
oscilloscopes (8 x 10 div. CRT)

10178A Metal Mesh Contrast Screen for 181, 184 os- $20
cilloscopes

5020-0530 Amber Plastic Filter for 12.7 cm (5 in.) rec- $10.50
tangular CRT

5020-0567 Smoke Gray Plastic Filter for 12.7 cm (5 $18.50
in.) rectangular CRT.

5060-0548 Blue Plastic Filter for 12.7 cm (5 in.) rec- $8.25
tangular CRT

01740-02701 Blue Light Filter for 1700 series oscillo- $7
scopes (8 x 10 div. CRT)

10491B Rack Adapter for 1700 series oscilloscopes, $150
1600A Logic State Analyzer

1490-0714 Fixed Slides for 180, 181 rack style oscillos- $97.50
copes and 10491B

1490-0719 Pivoted Slides for 180, 181 rack style oscil- $150

loscopes and 10491B

1490-0768 Slide Adapter, required for securing slides $195
to 180, 181 rack style oscilloscopes

5040-0516 Front Panel Cover for 1700 series oscillo-
scopes, 1600A Logic State Analyzer

$10.50
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1112A Inverter Power Supply

Model 1112A Inverter Power Supply provides a portable power
source for HP 1700 series oscilloscopes. The regulated 400 Hz, 120 V
or 240 V power output can be derived from either an internal nickel
cadmium battery pack or from an external 11.5V to 50 V dc source.

No modifications are required to 1700 series oscilloscopes when us-
ing the 1112A; simply set the power supply line voltage to match your
normal line voltage and you are ready to make measurements. A
mounting bracket kit is supplied so that the 1112A can be mounted on
the top or bottom of the oscilloscope for a unified package. With a
fully charged internal battery pack, the 1112A is capable of operating
a Model 1740A oscilloscope for approximately two hours. Operating
time is dependent on battery condition (full or partial charge) and the
oscilloscope power requirements which vary with operating modes.
For example, oscilloscope power requirements increase when using a
high intensity trace, delayed sweep, and /or the verniers which turn on
the Uncal indicators.

The inverter allows the full measurement capabilities of your oscil-
loscope to be used in areas where adequate line power is not available.

Note: The Model 1112A Inverter Power Supply is not intended for

use in floating (non-grounded) measurements. Hewlett-Packard

1700 series oscilloscopes are constructed with their chassis common

to the low side of the BNC input terminals. Therefore, if the oscillo-

scope chassis is not grounded and the probe ground lead is connect-
ed to a potential other than ground, a serious shock hazard could be
present.

Grounding

When operating the Inverter on its internal battery pack or from an
external dc source (with its ac line disconnected), inverter/oscillo-
scope combination grounding is provided by the 2.1 m (7 ft) ground
lead supplied with each inverter. When the inverter ac power cord is
connected to an approved three-contact electrical outlet, both the os-
cilloscope and inverter chassis are automatically grounded.

Battery Operation

The inverter can be powered from either an external dc source, such
as a marine battery®* or from its supplied internal battery pack. When
operating from the internal battery pack, excessive discharging is pre-
vented by a built-in protection circuit which flashes a front panel
LED for about 10 minutes when the battery power is low and then
disables the inverter output. Charging of the internal battery can be
accomplished from either an ac or dc source. When using an ac charg-
ing source, line power is also applied to the inverter output which al-
lows oscilloscope operation while the battery is charging.
Temperature sensors inside the battery pack prevent cell damage dur-
ing a charging cycle. These sensors also prevent battery damage if the
charging source remains connected beyond the full charging time.

* Automobile batteriea, when used as a stand-along power source, will not provide sstisfactory life
due 10 theif poor recovery from deep discharge.

Output Power

The 400 Hz Inverter output waveform is a complex wave shape
with the same ratio of peak to rms values of sine waves (1:0.707) that
matches the oscilloscope input requirements. The use of a complex
waveform output, rather than a square wave output with a peak to
rms value of 1:1, assures that there is no additional stress in your
oscilloscope’s power supply circuits and CRT filament when using the
1112A as a power source.

1112A Specifications

Output
Voltage: 120 or 240 V ac, peak-to-peak output is fixed at 285 V;
rms value changes with load; minimum usable load, 20 W.

Load 120 V Range 240 V Range
400 Hz 60 Hz* 400 Hz 60 Hz*
65 W > 96V rms =99 Vrms 2192V rms =198 Vrms
20W <126 Vrms =126 Vrms <250V rms <250 Vrms
*With Option 060

ov —r—_L—L—J—— 285V
Waveform: duty cycle is 50% for loads of 40 W, increasing to 65 as
the load decreases to 20 W.

Frequency: 400 Hz = 10% (Opt 060, 60Hz = 0.5Hz).
Max power: 65 W nominal, compatible with line voltage and 60 to
70 VA load requirements of HP 1700 series oscilloscopes.
Operating time: ~140 watt hours with a fully charged battery
pack at 25°C.
Input power
External dc source: 11.5 V to 50 V (Opt 060, 12V to 50V), at
least 90 watts.
External ac source: 100 V to 120 V or 220 V to 240 V, +5%,
—10%; 48 to 66 Hz; 250 VA max.
AC feedthrough operation: output voltage and frequency is the
same as the input; output power, 120 VA max.
Battery charging
AC input: full charge in 14 hrs at +25°C with 120 V rms input
(80% in 8 hrs).
DC input: full charge in 24 hrs at +25°C with 18 watts input.
General
Size: 92 H x 273 W x 403 mm D (3%” x 10%" x 15%").
Weight: net, 9.1 kg (20 Ib) with battery pack, 4.5 kg (10 1b) without
battery pack; shipping, 10. kg (22 1b) with battery pack, 5.4 kg (12
1b) without battery pack.
Oscilloscope compatibility: HP Models 1740A, 1741A, 1742A,
1743A, 1744A, 1715A, 1725A, 1727A, 1722B. For compatibility
with other instruments call your Hewlett-Packard Field Engineer.
Operating environment: temperature, 0 to +55°C (+32°F to
+130°F), non-operating —40°C to +55°C (—40°F to +130°F);
humidity, to 95% relative humidity at +40°C (+104°F); altitude,
to 4600 m (15 000 ft); vibration, vibrated in three planes for 15 min.
each with 0.38 mm (0.015 in.) excursion, 10 to 55 Hz.
Accessories supplied: one Model 10421A battery pack, one
mounting bracket kit, one 2.3 m (7.5 ft) power cord, one 2.1 m (7 ft)
grounding cable, and one operating and service manual.
1112A Accessories
1042 1A Battery pack: the battery pack consists of 30 size “D” nick-
el cadmium cells and includes temperature sensors to reduce the pos-
sibility of cell damage during charging (supplied with 1112A).
Weight: net, 4.4 kg (10% Lb); shipping, 5.3 kg (113% 1b).
01112-61605 Grounding cable: grounds inverter and oscilloscope
chassis (supplied with 1112A).
01112-69501 Mounting bracket kit: for mounting the 1112A on
top or bottom of 1700 series oscilloscopes (supplied with 1112A).

Ordering Information Price

1112A Inverter power supply (400 Hz) $1000
Opt 001: without battery pack less $275
Opt 002: without mounting bracket kit less $15
Opt 060: 60 Hz output frequency, internal battery add $50
operation reduced to 120 watt hours

10421A Battery pack $350

01112-61605 Grounding cable $7.75

01112-69501 Mounting bracket kit $65

=g
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Camera for display recording
Model 197B

Introduction

Model 197B is a versatile, general purpose instrument for cathode-
ray tube photographic recording. The standard camera includes the
10376 A Adapter which directly fits HP 1700 Series Oscilloscopes
with 8 x 10div CRTs. 197B Option 002 replaces the standard adapter
with the 10378A which directly fits most HP oscilloscopes with 127
mm (5 in.) round or rectangular CRT’s (e.g., 180C/D, 181A/AR).
Option 006 replaces the standard adapter with the 10375A which di-
rectly fits many HP and Tektronix small screen cathode-ray tube dis-
plays. With all adapters, the camera features lift-off mounting and
swing-away hinging. Interchangeable film backs enable capture of
CRT display information on a complete spectrum of Polaroid® or
conventional sheet, pack, or roll film.

All controls are located outside of the camera for easy reading and
fast adjustment during setup. The camera is hinged to swing away
from the CRT display by pressing a single latch release button. A low
angle viewing port provides a direct view of the display through a
flexible facemask while the camera is in the photographic position.

A combination split-image focusing plate and image reduction ratio
scale is included with the 197B and is stored in a convenient pocket
underneath the camera. The reduction ratio scale provides 1:1, 1:0.9,
and 1:0.7 reference settings for displays with one centimetre graticule
spacing. Corner marks on the focusing plate allow 50U to accurately
identify the usable film area. The optional Graflok™ back is equipped
with a ground glass focusing plate and a snap-out viewing hood.

Another feature is the shutter-open light. By continually indicating
whether the shutter is open or closed, the indicator helps you avoid
actions which might ruin a photograph.

Performance Features

Model 197B camera incorporates an electronically controlled shut-
ter with all solid state circuits for reliable operation. There are eight
exposure times from 1/30 to 4 seconds. Time (T) and bulb (B) control
settings are also provided.

Remote shutter and shutter synchronization features are included
so that the 197B camera can be incorporated into an automatic pho-
tographic recording system, such as the 1741 A Oscilloscope Auto-
Camera Option. In the remote shutter mode, the 197B shutter is
opened by a contact closure or a TTL logic “0” level of at least 12
milliseconds duration. When multiple exposure operation is used,
shutter operation can be initiated once every ten seconds.

The 197B camera lens opening is continuously adjustable from
/1.9 to £/16. The 75 mm, high transmission lens provides high reso-
lution, low distortion photographs for a wide range of CRT display
images.

Ultraviolet lllumination

The standard 197B camera is equipped with both a UV light source

and a UV lens filter to provide graticule illumination. Ultraviolet

*Registered Trademark of Polaroid, Inc.
*Regiaterad Trademark of Graflex, Inc.

light excites the CRT phosphor causing it to fluoresce at the phos-
phor’s characteristic wavelength. The UV filter blocks the ultraviolet
light causing the film to record only the display fluorescence. The UV
illumination performs a function similar to the flood-gun graticule
illumination feature available on most HP oscilloscopes.

Applications

In the laboratory, the 197B couples with an oscilloscope or a signal
analyzer to permanently capture experimental data for later refer-
ence or comparison. When investigating single shot or low repetition
rate phenomena, the 197B camera and a conventional oscilloscope
can be used in applications which would otherwise require a storage
oscilloscope.

In production environments, the 197B camera provides a cost effec-
tive method of documenting product operating parameters for statis-
tical analysis by production and quality engineers.

The 197B camera is performance-matched to the critical photo-
graphic recording requirements in ultrasonic, thermographic, X-ray,
and computerized axial scanner applications. The basic design fea-
tures of the 197B camera have been field-proven in thousands of ap-
plications worldwide.

The 197B camera is safety engineered for medical and dental appli-
cations. Option 007 provides a hospital grade power cord and a label
stating that the instrument meets the requirements of UL 544 for
medical and dental equipment.

197B Characteristics

Reduction ratio: continuously adjustable from 1:1 to 1:0.7. Refer-
ence scale provided on focus plate.

Lens: 75 mm, f/1.9 high transmission lens; aperture, f/1.9 to f/16.
Shutter speeds: 1/30, 1/15, 1/8, 1/4, 1/2, 1, 2, 4 seconds, Time
and Bulb; shutter has a sync contact closure output for triggering ex-
ternal equipment and an input jack for remote operation.

Camera back: 83 mm x 108 mm (3.25" x 4.25") Polaroid pack back
(another back is available, see Options); backs may be interchanged
without refocusing.

Mounting: lift on/off mounting with positive lock, swing-away hing-
ing to left. Standard 10376A adapter mounts directly on HP 1700
Series oscilloscopes with 8 x 10 div CRTs. Adapters are available to
fit other instruments and displays; see Instrument/Camera Adapter
Compatibility Table, page 218. To order the 197B with alternative
adapters, see 197B Options, or Camera Accessories.

Viewing: low-angle, direct viewing through a flexible facemask.
Shutter open indicator: illuminated whenever shutter is open.
Ultraviolet illumination: light source and lens filter provide graticule
illumination and photographic speed enhancement. Controlled by
on/off toggle switch.

Focus: adjustable focusing with lock; split image focusing plate
provided.

Size: 267 H x 194 W x 356 mm D (10.5” x 7.6" x 14").

Weight: net, 4.5 kg (10 Ib); shipping, 7.3 kg (16 Ib).

Powar: switch selectable 115 Vac +10% or 230 Vac +10%, 48 to 66
Hz*, 10 VA max.

*The camera will operate from 48 to 440 Hz, but does not meet the
ac line to chassis leakage requirements of UL 544 (medical and den-
tal) listing above 66 Hz.

Accessories furnished: comb. split image focusing plate reduction
ratio scale, 2.3 m (7.5 ft) power cord, and instruction manual.

197B Options & UV Kit Price
001: deletes ultraviolet illumination feature less $50
002: replaces standard 197B adapter with 10378A N/C
adapter to directly fit most HP oscilloscopes with 127

mm (5 in.) round or rectangular CRT’s

003: Graflok back in place of pack back add $200
006: replaces standard 197B adapter with 10375A N/C
adapter to fit many HP and Tektronix small screen

CRT displays

007: meets UL listing requirements for medical and add $15
dental electronic equipment

Ultraviolet Light Kit (P/N 00197-69507) for field $150
installation of ultraviolet illumination feature on 197B

Opt 001 cameras

197B Camera $1250

Opt 910: additional manual add $6



Film Backs for 197B Camera

Model 197B has the Polaroid Film Back as standard equipment.
The Graflok Back may be ordered initially in place of the Polaroid
pack film back as Option 003.

10353B Pack Film Back: uses
Polaroid Land Film, 83 mm x 108
mm (3.25" x 4.25"), with eight ex-
posures.

10352B Graflok Back: requires
a film holder. For Polaroid 102
mm x 127 mm (4" x 5”) packet
film use Polaroid 545 Land film
holder. Standard cut film holders
are available from Graflex Inc.,
210 Brant Road, Lake Park, Flor-
ida 33403.

Camera Adapters for 1978, 197A, and 195A

The following HP adapters permit the 197B, 197A, and 195A cam-
eras to be mounted on a wide variety of instruments. Refer to the
table on page 218 to cross-reference these adapter/camera/instru-
ment combinations.

10375A: supplied with 197B Op-
tion 006. Provides direct mounting
of 197B, 197B Opt 002, 197A,
195A cameras to most HP small
screen displays, some HP analyz-
ers, Tektronix 600, 5100, & 7000
series oscilloscopes.

10376A: supplied with standard
197B Camera. Provides direct
mounting of 197B Opt 002, 197B
Opt 006, 197A, 195A cameras to
HP 1700 series oscilloscopes with
8 x 10 div CRTs.

10378A: supplied with 197B Op-
tion 002. Provides direct mounting
of 197B, 197B Opt 006, 197A,
195A cameras to HP 127 mm (5")
rectangular CRT (180C style),
HP 127 mm (5”) round CRT, &
some HP analyzers.

OSCILLOSCOPES

Camera Bezel Adapters

Camera accessories

The following HP adapters provide mounting of HP, Tektronix,
and Dumont cameras to HP as well as Tektronix and Dumont oscil-
loscopes. Refer to the table on page 218, to cross-reference these
adapter/camera /instrument combinations.

L(:‘J bnddaairtent]

Ordering Information
10353B Pack Film Back
103528 Graflok Back

10375A Camera Adapter
10376A Camera Adapter
10378A Camera Adapter
10361A Camera Adapter
10362A Camera Adapter
10363A Camera Adapter
10367A Camera Adapter
10377A Camera Adapter

10361A: adapts Tektronix C12
camera to HP 127 mm (5”) rec-
tangular CRT (180C style bezels).

10362A: adapts Tektronix C27
and C50* cameras to HP 127 mm
(5”) rectangular CRT (180C style
bezels); C50, C51, C52, C53 re-
quire Tektronix battery pack.

*C50 cameraa without a flange on the lower front
casting.

10363A: adapts Tektronix C30A,
C31, C32, or C40 cameras to HP
127 mm (5") rectangular CRT
(180C style bezels).

10367A: adapts 197B Option
002, 197A, and 195A to HP 182
oscilloscope.

10377A: adapts Tektronix C30A,
C31, C32, or C40 cameras to HP
1700 series oscilloscopes with 8x10
div CRTs.

Price
$60
$250
$120
$125
$120
$40
$55
$70
$80
$140

e
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[A/:] Camera accessories (cont.)

Supplemental Camera/Adapter Information Camera Carrying Case

The following information will assist you in interfacing various
cameras, both obsolete and current, to a variety of instruments. In-
cluded are obsolete adapters which may be in your inventory. Only
HP adapters presently in production are pictured on the previous
page. Cameras and adapters listed in the table should permit the cam-
eras to physically fit on the listed instruments. Other variables such as
type of phosphor, graticule illumination, focusing and depth of field
must be checked for each instrument and camera combination. Un-
less otherwise noted, the listed cameras are considered in their stan-
dard configuration without options.

Cameras from Dumont Corporation are not listed in the cross refer-
ence table. However, Dumont 450A-1, 453A-1, 450A-7B, and 321A

10358B: Constructed of fiberglass
and aluminum with padding for
protection during transit. The car-
rying case will accomodate the
195A, 197A, 197B, & 198A cam-

cameras directly fit HP instruments with a 5-inch round CRT and eras.

with the addition of an HP Adapter Model 10360A (which is no long-

er in production) will fit HP 5-inch rectangular CRTs (180 style).

10358B Camera Carrying Case $300
CAMERA/BEZEL ADAPTER TABLE
INSTRUMENT CAMERA
HEWLETT-PACKARD HEWLETT-PACKARD TEKTRONIX INC.
1978 1978 €27,C28 and | €30 Series | C5B and
123! 195A1 196A/B! 1974 1978 Opt002 | Opt006 198A! C12 €50 Series and C40 | C5B Opt 01
HP 5-in. Round CRTs: 120, 130, 132, 10369A! Direct Direct Direct 103784 Direct 103784 Direct

1404, 1405, 1414, 1418, 150, 175,
3702A, 84144, 8518, 852A

HP 5in, Rectangular CRT's: 1200 Series | 10369A! | Direct 10360A' | Direct 103784 Direct 103784 Direct 10361A 1036243 1036344
(not 1220 Series), 1408, 140T,
141B, 1417, 1600A, 180, 181,
183,191A, 1934, 35804, 37104,
37204, 3721A, 37904, 84124

182A/C/T 10370A%% | 10367A 103674 [10378Aand | 10367A [10367A and
10367A 10378A
13324, 1333A, 13354, 1336A, 10375A 1037545 | 10375A 103754 Direct Direct

13404, 35824, 3585A, 54204,
5423A, 85054, 85654, 8568A

1700 Series with 6 x 10 div CRT's Direct 10106A!
1700 Series with 8 X 10 div CRT's) 1649141 10376A 10376A Direct 10376A 10376A 10377A
TEKTRONIX INC
TEK 5in. Round 549 10369A and| 103554 103554 10355A1 10378Aand | 10355A' [10378Aand | 10355A!
1035541 103554 103554 Not
- - otes
TEK 5in. Rectangular and 560 Series 10356A! 10356A! 101%7385/:3 de 10356A! 1013107385/:3 z?d 10356A! 1. All HP cameras and adapters with note 1 are no
longer in production and may or may not be in
529 Series 103694 and| 10356A! 10356A1 |10378Aand [ 10356A! |10378A and [ 10356A! your inventory.
10356A1 103564 10356A 2. Requires an HP bezel P/N 5020-0476 and 5040-
T 0444 1o replace the Philips bezel. Call your HP
455,464,465.466.475 103724 Field Engineer for ordering information.
422,453,454 485 103714 3. HP Model 1036_2A Adapter mates with Tektronix
600, 5100, 7000 Series 103754 1037568 | 10375A | 103754 | Direct 052 Cameras without a flange on the lower front
casting.
DUMONT 4. Requires a Tektronix adapter with C40 cameras.
5-in. Round CRT 10369A1and| 10355A Direct 10355A! [10378Aand | 10355A' |10378Aand [ 10355A! 5. A combination of adapters 10369A* and 10367A
1035541 1035541 103554 may be used instead of a 10370A".
PRILIPS 6. A Model 197A' Opt 006 includes a 10375A cam-
era adapter.
PM 3211, 3212, 3214, {10369Aand|  Note 2 103604! Note2 }10378Aand| Note2 [10378Aand{ Note2 7. AModel 197A' Opt 008 includes a 10376A cam-

3240 Series, 3260 Series Note 2 Note 2 Note 2 era adapter.
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Introduction

Hewlett-Packard Testmobiles offer convenient portability for your
oscilloscopes or instrumentation systems. The top tray on these test-
mobiles may be tiited to position your instrument for easy operation.
The selection of testmobiles range from a basic model such as the
1006A, designed to hold a single oscilloscope or other instrument, toa
testmobile such as the 1008A or 1117B that can be adapted to provide
a complete mobile test system. Refer to the testmobile/instrument
compatibility chart for assistance in selecting the testmobile that will
best fit your requirements.

Testmobile/instrument compatibility”

Testmobile Model Number Instrument
1006A All Hewlett-Packard 180, 1200,
1007A 1220, and 1700 Series cabinet style

oscilloscopes, or other instruments
that meet the height and weight
requirements.

1008A All Hewlett-Packard instruments
that are configured to be mounted
in a standard 48.3 cm (19 in.) rack
and meet the testmobile height and
weight requirements.

11178 Allinstruments listed above.

*Rafer to page 175 for Logic Analyzer/Testmobile compatibility.

1006A Description

This is a sturdy general purpose testmobile
for cabinet style oscilloscopes and other in-
struments (see compatibility chart). The tilt
tray adjusts +30° in 10° increments. A base
tray and an accessory rack add space for oth-
er instruments and accessories; and a conve-
nient bracket holds three HP probes. Large
rear wheels allow easy movement and locking
front casters hold the testmobile in position.
A five outlet power strip accessory is avail-
able for mounting under the tilt tray or be-
neath the accessory rack.

OSCILLOSCOPES

Testmobiles: save bench space, easily moved

Models 1006A, 1007A, 1008A & 11178

" 1007A Opt 006

1007A, 1008A Description

These versatile testmobiles provide a sturdy, lightweight, stable
platform for your oscilloscope or instrumentation system (see com-
patibility chart). Large angled wheels with a wide track move quietly
and smoothly over most surfaces. The top trays are table-top height
and can be tilted to a convenient viewing angle between 30° above
and 30° below the horizontal position with a total of seven detent
positions in 10° increments. The caps on each side rail are designed to
conveniently hold three probes to reduce the possibility of damaging
probes not in use.

1007A, 1008A Options

Many options are available so that the 1007A or 1008 A can be easi-
ly tailored to your specific requirements. Refer to the option photo-
graphs with description to select the testmobile best suited to your
requirements. Options apply to either the 1007A or 1008A. Option
008, U.S. only five outlet power strip option, is also available for con-
venient instrument operation.

Opt 001: storage shelf

Basic Testmobile load limit: 18 kg (40 1b).

vl
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[6] Testmobiles: save bench space, easily moved
B Models 1006A, 1007A, 1008A & 1117B (cont.)

1117B Description

Model 1117B provides a mobile test station
for cabinet and rack model instruments, with
tilt tray angles from —15° to +30° in 7%°
increments for easy viewing. In addition, oth-
i er instruments can be mounted in the stan-
. dard EIA racks of the lower compartment.
Rack mounting height is 62.2 cm (24" in.),
depthis 58.4 cm (23 in.), and power distribu-
tion is provided with a built-in four outlet
power strip. Optional accessory drawers 7.6
cm (3 in.) and 20.3 cm (8 in.) deep are avail-
able to provide convenient storage space. The
drawers may be installed in many vertical po-
sitions of the lower compartment, allowing
room for other rack mounted equipment.

)

Opt 002: storage shelf and Opt 003: 15 cm (6 in.) lock-

lower cabinet; load limit 18 kg able drawer with shelf on top; SpeCiﬁcations
(40 1b) ea. load limit Il kg (25 Ib) in draw- (see Testmobile data sheet for complete specifications)
er and 18 kg (40 lb) on shelf.
1006A 1007A 1008A 11178
Height 841mm (33%") | 930mm (36%") | 930mm (36%") 1003mm (3942")
Overall width 502mm (19%") | 584mm (23") 759mm (29%") | 511mm (20%")
Width of tray 322mm (12'%") | 321mm (12%") | 473mm (18%")
Tilt tray angle +30° +30° £30° ~15° to +30°
Weight |net 118kg(26'0) | 11kg(251b) 13 kg (281b) 41.3kg (91 1b)
shipping | 145 kg (321b) | 19 kg (41 Ib) 22 kg (48 Ib) 49.4 kg (109 I)
mtairlgyad on 23kg (501b) 34 kg (751b) 45kg (1001b) | 45kg (100 Ib)
Max load 23kg (501} see Option see Option 56.7 kg (1251b)
below tilt tray descriptions descriptions
Optional Accessories Price
10475A 7.6 cm (3”) drawer for 1117B testmobile $90
Weight: net, 4.1 kg (9 1b); shipping, 5.9 kg (13 1b).
10476A: 20.3 ¢cm (8”) drawer for 1117B testmobile $135
. . . . Weight: net, 5.4 kg (11 1b); shipping, 8.2 kg (18 Ib).

Opt 004: two storage cabi-  Opt 005: storage cabinet and 01008-61201 Probe Pod Holder holds three small Logic $15

nets with shelf on top; com- drawer in upper position with Analyzer probe pods such as 10230 and 10248

bined load limit, cabinets and shelf on top; load limit 18 kg N 1

shelf, 45 kg (100 Ib). (40 Ib) ca on shelf and in cabi- 01008-61202 Probe Pod Holder holds one small and 815

net, 11 kg (25 Ib) in drawer one large Logic Analyzer probe for 1611A

01008-68701 Rack Mount Kit for 1008A, 13.3 ¢m $75
k] (5%") high for mounting under the tilt tray
o » 01008-68702 Rack Mount Kit for I008A, 19 cm (7%2") $82.50
high for mounting under the tilt tray
01007-60008 Power Strip kit adds Opt 008 power strip $75

to all versions of 1006A, 1007A, 1008 A testmobiles

Ordering Information

1006A Testmobile $200
Opt 008 Power Strip add $45
1007A, 1008A Testmobiles (1007A) (1008A)
(see 1007A, 1008 A Options for option descrip- $350 $390
tions)
Opt 001: storage shelf add $40  add $45
Opt 002: storage shelf, lower cabinet add $100 add $115
Opt 003: storage shelf, locking drawer add $175 add $195
Opt 004: two storage cabinets, shelf add $170 add $180
Opt 006: storage cabinet Opt 007: two lockable draw- Opt 0055 upper drawer, lower storage agg §215 agg $260
with shelf on top and drawer in ers with shelf on top; load limit gp: ggs iowclr dlr(gwe(rj, upper storage add $§;g add ggg
lower position; load limit 18 18 kg (40 Ib) on shelf, Il kg (25 P oon g OcKINg Crawers a 2

(40 1b) ea on shelf and in cabi- Ib) ea drawer. Opt 008: power strip (5 outlet) add $45  add $45
net, 11 kg (25 Ib) in drawer. 1117B Testmobile (includes power strip) $575
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CATHODE-RAY TUBE DISPLAYS

Imaging, instrumentation & computer graphics applications

1300 Series

Introduction

Selecting an X-Y display is no longer a
simple choice between an electrostatic or an
electromagnetic cathode-ray tube (CRT).
The trend to microcomputer and minicom-
puter control of instruments and systems is
generating needs to display more complex
pictures. Reduced memory costs are making
it possible to design a greater variety of digi-
tal displays using either electrostatic or elec-
tromagnetic CRTs.

Consequently, the choice of a CRT display
can involve both a complex set of picture
needs and a separate set of requirements for
interfacing the display. Picture needs include
writing speed, data density, brightness, reso-
lution, and CRT size. For example, a spec-
trum analyzer display needs high writing
speed, has low data density, medium bright-
ness, high resolution, and typically uses a 7
in. CRT. A terminal for a computer may re-
quire medium to high data density, low writ-
ing speed, high brightness, low resolution,
and a 12 in. CRT.

Interface needs include the type of digital
interface, amount of memory, data rate, lo-
cal data entry provision, picture manipula-
tion, pan control, and hard copy provisions.
The designer of a measurement instrument
may satisfy all of his interface requirements
either within his instrument or through the
front panel. The display would only have to
satisfy the picture needs. Conversely, the
graphic display or terminal for a computer
controlled measurement system would have
to meet digital interface and memory criteria
as well as other needs for a keyboard, light
pen, digitizer, etc.

Electrostatic CRT

The heart of HP X-Y displays is an electro-
static CRT. Also included are X- and Y-axes
deflection amplifiers, a Z-axis (video) ampli-
fier, and both high and low voltage power

supplies. HP small screen displays are avail-
able with or without cabinets. In addition,
several rack and bench type cabinet configu-
rations are available, giving your designer a
high degree of flexibility in incorporating HP
displays into your instrument or system.

The primary attributes of the electrostatic
CRT are high writing speed and low power
requirements. The deflection plates are volt-
age driven whereas electromagnetic CRTs
are current driven, through a yoke and tuned
circuit in raster-scan displays.Vector writing
speeds of electrostatic CRT displays are typi-
cally ten times faster than high-performance
electromagnetic CRT displays.

Power requirements become a significant
consideration with large screen displays. All
HP large screen displays meet environmental
specifications without a fan. The maximum
power of any HP display is 110 watts. This
can be a benefit in reducing system cooling
requirements.

HP Technology

Recent advances in technology have ex-
panded the range of applications for which
electrostatic CRTs provide the optimum so-
lution for picture drawing needs. Most of
these advances have occurred in small screen
(5 to 7 in, diagonal) CRTs.

® High resolution

® Increased brightness

® Beam-penetration color

® Improved light-output uniformity

The first three listed improvements in HP
CRTs provide viable design alternatives to
electromagnetic CRTs. The high resolution
HP display offers picture drawing perfor-
mance similar to an electromagnetic display,
at a lower cost. Similarly, the tri-color beam
penetration display has a significant price
advantage over comparable electromagnetic

displays. It provides faster writing speed as
an added benefit.

Increased brightness is a very significant
breakthrough in electrostatic CRTs. It virtu-
ally eliminates the primary argument for us-
ing electromagnetic CRTs instead of
electrostatic. With comparable brightness,
the instrument designer is free to focus on
other picture and access criteria.

HP electrostatic CRT displays offer sever-
al benefits in applications where raster scan
picture drawing is required. In real time
medical ultrasound systems the scan rate
may be varied to match transducer deter-
mined scanning frequencies. This presents no
problem with an electrostatic display. Con-
versely, the tuned circuit of an electromag-
netic display has a limited frequency range
for raster operation.

In some instruments or systems it is desir-
able to rotate the picture 90 degrees, to
change its size or aspect ratio, or to offset a
series of reduced size images for multiple im-
age presentations. These operations are easy
to perform with electrostatic CRT displays.

Good light output uniformity is an ex-
tremely important performance attribute for
medical diagnostic applications. For a given
Z-axis drive voltage, the intensity of the dot
or picture element should be the same any-
where in the viewing area. HP Models
1333A and 13368 represent a significant im-
provement in light output uniformity over
previous displays.

Digital Interfaces

Since all HP X-Y displays have analog
X-Y-Z inputs, the Model 1350A Graphics
Translator was developed to provide a digital
interface to computers and controllers. The
standard model has an HP-IB interface, digi-
tal memory that can store up to 2048 vectors
or characters, and an internal refresh con-
troller. The Model 1350A has analog X-Y-Z



and TTL blanking outputs for versatile data
presentations on one or more displays.

The combination of digital memory and
display (Model 13508) provides high writing
speed and 1000 x 1000 addressable picture
resolution. It is an ideal display system for
minicomputers which are used in real-time
measurement systems, radar and sonar sys-
tems, fire control training and simulation
systems, and medical or physiological re-
search systems.

The 1350S digital memory provides the
added benefit of fast picture updating. It is
possible to change a segment of the picture
without rewriting the entire picture.

An optional RS-232-C interface allows the
1350S to operate as a remote display for a
computer. It also provides a convenient
method of using the 1350S with microproces-
sor-controlled systems. Standard baud rates
up to 9600 can be selected. A second mode of
operation permits use of the 13508 clock to
drive the computer RS-232-C interface
board at rates up to 57 000 baud.

A high speed 16-bit parallel interface op-
tion is also available with a data transfer rate
of 500K 16-bit bytes/s and a vector transfer
rate of up to 250K vectors/s.

The Model 1350S Display System is the
combination of a Model 1350A Graphics
Translator and a Model 1311B X-Y Display
(14 in. CRT). Three other large screen X-Y
displays are options to the system: Models
1310B (19 in. CRT), 1317A (17 in. CRT),
and 1321A (21 in. CRT).

Information Displays

The types of pictures produced for infor-
mation displays fall in two major categories:
continuous-tone imaging, and line drawing.
Continuous-tone imaging is best exemplified
by television pictures. Line drawings may be
bar charts, instrument displays, or pictures
from computer-aided drafting or design
systems.

Imaging Applications

HP CRT displays have been used to pre-
sent continuous-tone images both for direct
viewing and photographic recording for
many years. One of the first applications was
to produce high-speed, random dot images
from gamma cameras used in nuclear medi-
cine. HP’s advanced technology now makes
it possible to manufacture CRTs with highly
uniform light output. This is essential in as-
suring the diagnostic accuracy of gamma
camera pictures.

Many imaging pictures are produced in a
raster scan format, for which electromag-
netic CRTs might be assumed to be the logi-
cal choice. An example are those produced
by medical ultrasound diagnostic systems.
However, the performance of real-time
imaging systems can be enhanced by electro-
static CRT displays. One primary benefit is
that the display can be operated at variable
raster frequencies as dictated by system pa-
rameters. Displays using electromagnetic
CRTs which are driven through a tuned-cir-
cuit and deflection yoke are limited to a nar-
row range of raster scan rates.

Model 1332A, 1333A, 1335A and 1336S
displays are widely used in imaging systems.
More detailed information is provided on the
following pages to help you decide which dis-
play is best suited to your imaging system.

Continuous-tone image of a human fetus
produced by a real-time medical ultra-
sound diagnostic system using an HP
1332A display. (Photo courtesy of Ad-
vanced Diagnostic Research, inc.)

Measurement Instruments

Most measurement instruments that pro-
duce line drawing pictures operate in real-
time. Because of the need for high writing
speed they usually include an electrostatic
CRT display. The HP Model 1340A was de-
signed specifically to meet the needs of mea-
surement instrument designers. The modular
package makes the 1340A physically easy to
incorporate into an instrument or system. In-
tegrated circuit amplifiers provide flexibility
when electrically integrating the 1340A with
an instrument. DC voltage levels control X
and Y amplifier gain and position as well
as intensity. Either controls supplied with
the 1340A or circuits in your instrument
can be used to control the display. CRT
performance meets the picture drawing
needs of both analog and digitally controlled
instruments.

Computer Graphics

Large screen displays are used in measure-
ment systems where the operator is more
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Both polar impedance and amplitude re-
sponse of a filter are plotted on a network
analyzer. Models 1332A, 1335A, and
1340A can be used in many types of mea-
surement instruments.

than an “arm’s-length” from the picture.
Again, the benefits of HP displays—picture
writing speed and quality—are essential in
real-time measurement systems.

The capability of the 1350S to update a
portion of the picture without redrawing the
entire display is extremely useful in measure-
ment systems.

Radar and sonar system designers can
benefit from the speed and versatility of HP
graphics display systems. Most of these sys-
tems display continually changing pictures
which the operator uses to make tactical de-
cisions. He cannot afford to wait a significant
length of time for pictures to be updated; the
1350A can draw complex pictures in less
than 80 milliseconds. Again, selective update
of the picture is valuable in reducing the time
required to service the display system. For
radar and sonar systems HP digital display
systems represent an excellent price-perfor-
mance comparison with high resolution elec-
tromagnetic CRT display systems.

Analytical chemistry systems need large
screen, high resolution pictures to display
various spectra. The 13508 1000 x 1000
addressable resolution is a good match to
most analytical instrument specifications. Its
memory versatility enables the system opera-
tor to store several spectra and quickly dis-
play various sequences of data for
comparative analysis. All this can be done at
ambient light levels because of the brightness
of the 1350S Display System.

Some medical research and data acquisi-
tion system applications require simulta-
neous display of several traces. It is possible
to continuously update 1350S displays
(1311B, 1310B, 1317A, and 1321A) to simu-
late a multiple-trace chart recorder. In this
application, the high data transfer rate from
the minicomputer to the 13508 Display Sys-
tem is a benefit.

Simulation systems usually operate in a
real-time mode and require fast picture writ-
ing speeds. The 13508 is being used in sever-
al simulation systems because it can display
changes in the picture at rates faster than op-
erator response times. Other benefits for sim-
ulation systems are the capability to operate
multiple displays and to use a variety of CRT
sizes.

The 1350A may be used to generate dis-
plays for a computer-controlled test sys-
tem. File capability of the 1350A allows
rapid changing of waveforms without eras-
ing and rewriting the entire display.

=
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CATHODE-RAY TUBE DISPLAYS

Performance specifications

1300 Series
CATHODE-RAY TUBE 1332A 1333A 1335A 13365 1340A
Conventional | Storage

Viewing Area ~9.6x119cm ~8x10cm ~71x9cm ~8x10cm ~96x119cm

(3.8x4.7in) (3.1x39in) (2.8x3.6in.) (3.2x39in) (38x4.7in)
Quality Area ~8.4x10.8 cm ~8x10cm ~].1x89cm ~6.4x8cm ~9.6x11.9¢cm

(3.3x4.3in.) (3.1x39in) (28x35in) (25x3.2in.) (3.8x4.7in.)
Graticule 8x10div Opt, 8 x 10 div 8 x 10 div None 8 x 10 div

ldiv=12cm ldiv=1cm 1 div=083cm ldiv=12cm
Spot Size (within quality area) <0.30 mm <0.20 mm <0.25 mm See “Resolution” See “Resolution” <0.46 mm
Resolution 31.5lines/cm 49 lines/cm 39 lines/cm 20 lines/cm 140 lines/cm ~22 lines/cm

(80 lines/in.) (124 lines/in.) (99 lines/in.) (51 lines /in.) (356 lines /in.) (55 lines/in.)

(center screen);
80 lines/cm
(203 lines /in.)
(quality area)
Light Qutput (at 0.25 cm/s, 60 Hz 170 cd /m? 34cd/m? 68 cd/m? 680 cd/m? 2 uW/cm? steradian Not
refresh, unless otherwise noted) (50 1) (10141 (20 11) (200 1) (4 x 4 cm raster) Specified
Light Output Not <16% overall Not Not <16% overall Not
Uniformity Specified <6%/cm Specified Specified <6%/cm Specified
Light Output Stability <10%/hr <10%/hr <10%/hr Not Specified <5%/hr Not Specified
Writing Speed (Storage) N/A N/A N/A =50 cm/ms N/A N/A
Dot Writing Time (Storage) N/A N/A N/A <lus N/A N/A
Storage Time N/A N/A N/A <1 minute N/A N/A
(Write Mode)

X & Y AXES AMPLIFIERS 13324 1333A 1335A 13365 1340A
Deflection Factor 80-200 mV/div 80-200 mV/cm 80-200 mV/div 100~200 mV/cm 80-200 mV/div,
Range 0.5-2.0V/cm 0.4-1.0V/div
Settling Time <300 ns <300 ns <300 ns <500 ns <300ns
Linear Writing >25¢cm/ps >25cm/us >25¢em/us Not >25¢m/us
Speed (101n./us) (10in./ps) (101in./ps) Specified (10in./us)
Linearity <3% <3% <3% <3% <5%
Dynamic Range Up to ¥ screen diameter off screen in any direction.

Drift <1 mm in 24 hours.

Z-AXIS AMPLIFIER 1332A 1333A 1335A 13365 1340A
Blanking Range 1V-25Vpp 1V-25Vpp 1V-25Vpp 1V-25Vpp, 1V-2Vpp
(Internal Adjust.) 5V-25Vpp
Rise Time <25ns <25ns <25ns <2508 <25ns
X, Y, ZINPUTS Single-ended Single-ended Single-ended Ditferential, Single-ended

BNC BNC BNC Separate BNC's BNC
Input RC ~} MQ, <60 pF ~1 M, <60 pF ~1 M2, <60 pF =10k, <70 pF =1 MQ, <40 pF
(50 Q Optional) (50 @ Optional) (50 © Optional) (50 @ selectable) (50 © selectable)

Maximum Input 50V 50V 50V 50V 50V
Line Power at 60 Hz, 120 VRMS ~24W ~40W ~3HW ~100W ~30W
UL Medical & Dental Listing Optional Optional Optional Standard Optional
UL Medical & Dental Component Recog. Standard Standard Standard N/A Optional

Note: These are condensed specifications; refer to applicable data
sheet for complete specifications, including options and accessories.

Common Specifications

Operating environment

Temperature: 0°C to +55°C (+32°F to +131°F), operating;
—40°C to +70°C (—40°F to +158°F), non-operating.

Humidity: to 95% RH at +40°C (+104°F).

Altitude: to 4600 m (15 000 ft), operating; to 6300 m (20 669 ft),
non-operating.

Shock: 30 g peak, % sine wave, 11 ms duration.

Vibration: 15 min. in each plane at 0.38 (0.015 in.) mm p-p excur-
sion, 5-55 Hz, 1 min./octave, 10 min. at each resonant frequency

(except 1332A, 1333A, 1335A: 15 min. in each plane, 0.25 mm
(0.010 in.) p-p excursion, 10-55 Hz).

Primary line volitage: 100, 120, 220, or 240 Vac, +5%, —10%
(1333A, 1336S: +5%, —20%).

Ordering Information Price
1332A Small Screen Display $1875
1333A Small Screen Display $2100
1335A Small Screen Display $2500
1336A Display Module $2950
1336P Power Supply Module $950
1336S Display System (includes 1336A, 1336P) $3900
1340A Display Module (with control panel) $1200

OEM and quantity discounts available.



CATHODE-RAY TUBE 13384 1304A 13108 1311B 1317 1321A
(Color)
Viewing Area ~9.6x119cm ~20x25¢cm ~28x38cm ~20.3x254cm ~26 x 34 cm ~30.5x35cm
(3.8x4.7in.) (7.9x9.8in.) (11x15in.) (8x10in.) (10.2x13.5in.) (12x14in.)
Quality Area ~8x 10 cm ~20x25cm ~28x38cm ~20.3x254cm ~254x254cm ~30.5x30.5¢cm
(3.2x39) (7.9x9.8in) (11x15in.) (8x10in.) (10x10in.) (12x12in.)
Spot Size (center screen) <0.36 mm <0.5mm <0.51 mm <043 mm <0.51 mm <0.51 mm
(0.014in.) 0.02in.) 0.02in.) 0.017in.) (0.02in.) (0.02in.)
(corners) <0.76 <0.51
(0.03in.) (0.02in.)
Resolution 28 lings/cm 20 lines/cm 19.7 lines/cm 24 lines/cm 19.7 lines/cm 19.7 lines/cm
(70 lines/in.) (50 lines /in.) (50 lines /in.) (61 lines/in.) (50 lines/in.) (50 lines/in.)
Light Output (at 0.25 cm/ys, Color 19.2 ¢d/m? 84 cd/m? 84 cd/m? 82.4 cd/m? 82.4 cd/m?
60 Hz refresh) Dependent (5.6 f) (24.51l) (24.51) (24 11) (24 1y
X & Y-AXES AMPLIFIERS 1338A 1304A 13108 13118 1317A 1321A
Deflection Factor Internally 80-120 mV /div, (Vertical) (Vertical) 39-69 mV/cm, 33-58 mV/cm,
Range (approx.) Adjustable, 1 div=20 mm 35.80-60.9 mV/cm, | 46.3-81 mV/cm, 100-175 mV/in. 83-147 mV/in.
~09Vto25V (0.81in.) 90-153 mV/in. 118-207 mV/in.
for full (Horizontal) (Horizontal)
deflection 26.2-459mV/cm, | 35.8-60.9 mV/cm,
67-117 mV/in. 90-153 mV/in.
Settling Time <300 ns <300 ns <500 ns <500 ns <lgs <500 ns
Linear Writing Speed >25cm/us >25cm/us >25 cm/us >25cm/ps 225¢m/ps >25cm/us
(=101in./us) (=101n./ps) (=10in./us) (=10in./ps) (=10in./us) (=101in./ps)
Repeatability error Not Specified <0.15% <0.15% <0.15% <0.15% <0.15%
Linearity <2% =<3% <1% =<1% =<3% <1%
Dynamic Range Up to % screen diameter offscreen in any direction
Drift <2.5mmin 24 hours
Z-AXIS AMPLIFIER 1338A “ 1304A 13108 13118 1317A 1321A
Blanking Range Internally adjustable from 1V to 2.5V p-p.
Rise Time <30ns <25ns <25ns <25ns <20ns <20ns
X, Y, ZINPUTS Differential, Difterential, Single-ended Single-ended Single-ended Single-ended
separate BNC's separate BNC's BNC BNC BNC BNC
input RC ~100Q, ~70 pF >100kQ, <65 pF | (X, Yinputs) 50Qor | (X, Yinputs) 502 or | (X, Yinputs) 50Qor [ (X, Y inputs) 508 or
or50Q (50 @ selectable) ~10 kQ/ ~40 pF ~10kQ/ ~40 pF ~10kQ/ ~40 pF ~10kQ/ ~40pF
(Z input) 502 or (Z input) 50Q or (Z input) 500 or (Z input) 50Q or
~10KQ/ ~60 pF ~10kQ/ ~60 pF ~10kQ/ ~60 pF ~10 kQ/ ~60 pF
Maximum Input (High ) (High2) (High 2) (High2) (High 2) (High 2)
50V 50V 150V +50V 50V +50V
(50 Q) (50Q) (50 Q) (50 9) (50 9) (50 @)
+25V +25V 5V +5V 5V +5V
TTL Blanking Input Standard Optional Standard Standard Standard Standard
(rear panel BNC)
Primary Line Voltage 100, 120, 220, 100, 120, 220 100, 120, 220 100, 120, 220 100, 120, 220 100, 120, 220
or 240 Vac or 240 Vac or 240 Vac or 240 Vac or 240 Vac or 240 Vac
+5%, ~10% +5%, —20% +5%, —=20% +5%, —20% +5%. -10% +5%, ~10%
Maximum Power ~100W ~B5W ~125W ~125W ~100 W ~110W
UL Medical and Dental Listing Not Available Optional Optional Optional Optional Optional

Note: These are condensed specifications; refer to applicable data
sheet for complete specifications, including options and accessories.

Common Specifications

(0.38 mm, 0.015in. for 1304A, 1338A), 5to 55 Hz; 1 min./octave, 10
min. at each resonant frequency.

Operating environment Ordering Information Price
Temperature: 0°C to 55°C (+32°F to +131°F), operating; —40°C 1304A 32 cm (13 in.) Display $2750
to +70°C (—40°F to +158°F), non-operating. 1310B 48 cm (19 in.) Display $5900
Humidity: to 95% RH at +40°C (+104°F). 1311B 36 cm (14 in.) Display $5300
Altitude: to 4600 m (15 000 ft), operating; to 7600 m (25 000 ft), 1317A 43 cm (17 in.) Display $4650
non-operating (15 300 m, 50 197 ft for 1304A). 1321A 53 cm (21 in.) Display $4750

Vibration: 15 min. in each plane, 0.25 mm (0.010 in.) p-p excursions 1338A Tri-color Display $4750
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CATHODE-RAY TUBE DISPLAYS

Imaging
Models 1332A, 1333A, 1335A & 1336S

Introduction

Models 1332A, 1333A, 1335A, and 13368 can best be classified as
continuous tone imaging displays. The other major classification used
in this discussion is line drawing displays which are exemplified by
HP large screen displays. A definition of both types of applications
will help you in deciding whether a continuous tone display will best
meet your requirements.

Continuous Tone, Line Drawing Defined

A continuous tone image has all of the space in the X-Y plane uti-
lized with shades ranging from black to white (see figure 1). This is in
contrast to line drawing displays in which portions of the picture con-
tribute no meaning, i.e., are unused space (see figure 2). Line drawing
displays transmit information by the orientation and relationship of
the lines with respect to one another.

A continuous tone image is also continuous in the third dimension,
the Z-axis, which is usually used to represent some parameter in the
physical world which is translated to brightness (or gray shades) in
the image. The parameter can be radar return, or reflectivity of the
tissues of the body in ultrasound—any parameter that has some vary-
ing magnitude distributed in space. Continuous tone implies that the
brightness can be varied continuously from zero to maximum, in con-
trast to a binary or bistable display which contains only black or
white.

Vector vs. Raster

Either type of image, continuous tone or line drawing, can be gener-
ated using either a raster technique or a vector technique. However, it
is easier to draw continuous tone images with a raster that scans the
entire screen. On the other hand, line drawings are better suited to the
vector technique. Just those lines that are needed can be drawn with-
out sweeping the beam over the entire screen. Of course, continuous
tone images can be drawn in random fashion also.

Figure 1. Ultrasonically generated view of a human liver and kid-
ney is representative of continuous-tone images (photo courtesy
of Rohé Scientific).

Figure 2. A line-drawing presentation of an electronic test system
output.

Applications, General

Many display applications clearly dictate whether a continuous
tone or a line drawing technique should be used. Continuous tone im-
ages contain many orders of magnitude more data than line drawings.
Computerized Axial Tomography (CAT), nuclear medicine, ultra-
sound, or weather radar images can only be continuous tone. Comput-
er graphic drawings of a part, on the other hand, are obviously line
drawings.

Displays Suited to Continuous Tone vs. Line Drawing

All HP displays can be used to generate continuous tone images or
line drawings. The displays designed to be most compatible with con-
tinuous tone imaging are the 1332A, 1333A, 1335A, and 1336A.
However, the 1340A can be and is used for continuous tone images.
HP large screen displays are not recommended for viewing continu-
ous tone images in room light because spreading the beam power over
their relatively large screen area reduces brightness.

Parameters Optimized for Continuous Tone

Some of the parameters that are optimized for continuous tone dis-
plays are deflection defocussing, drive defocussing, Z-axis stability,
and light output uniformity. Deflection defocussing is important in a
continuous tone image because a variation in spot size from center
screen to the screen edge is much more obvious than in a line drawing.
This spot defocussing is significantly reduced in HP continuous tone
imaging displays by electronic correction circuits and/or CRT design
parameters.

Drive defocussing is also important, i.e., how well the electron beam
maintains sharp focus as the Z-axis level changes. Drive defocussing
can become critical in continuous tone applications since the full
range of Z-axis brightness levels are used.

Stability in the Z-axis is important because if the window of
brightness/information shifts up or down, you can lose information.
Z-axis stability is designed into HP’s continuous tone imaging dis-
plays with fully differential, fully power-matched Z-axis amplifiers
for minimum drift.

Light output uniformity is a critical parameter in film recordings of
continuous tone images that are used for diagnostic purposes. This is
because light or dark areas introduced by the phosphor may be inter-
preted as a true representation of the input data and cause incorrect
diagnosis.

Viewing vs. Photography

When selecting a continuous tone imaging display, one of the first
questions to ask is “Am I going to look at the screen or photograph
it?” In viewing, you need more brightness; in photography param-
eters such as stability and resolution become more important. For
viewing at refresh rates down to 15-20 Hz, the 1332A is the best
choice, producing a bright, sharply defined image that can be viewed
in normal ambient light. For a very slow refresh rate, e.g., nuclear
medicine or M-mode ultrasound, the 1335A variable persistence dis-
play retains an image on the screen long enough for the eye to com-
prehend it. In the storage mode the 1335A has a limited number of
gray shades because of the storage mesh transfer function (see figure
3). When the display is for photographing only, either the 1333A or
13368 can be used, depending on the resolution requirements.

“ Stored Brightness

Z-axis Pulse Amplitude
—

Figure 3. Composite storage electron gun and mesh transfer char-
acteristics of the 1335A.



Resolution

Resolution of the display should be matched as closely as possible to
the system resolution. If the display has a much higher resolution
than the system, a raster image will have an obvious, distracting line
structure which might interfere with comprehension. Ideally the ras-
ter line spacing should equal 50% of the beam width (50% of spot
size). If the display and system cannot be matched exactly, you
should select the display with a higher resolution, and defocus until
the resolution of the display matches the resolution of your image.
The display resolution should be as close to system resolution as possi-
ble for several reasons. When the display resolution is higher than
system resolution and the spot is defocussed, brightness decreases.
Another reason for not using a display with higher resolution than
necessary is that you don’t have to be as critical in reducing system
noise.

Resolution and Brightness Requirements for
Photography

When selecting a display with the proper resolution for photogra-
phy, it is important to relate it to film and print size. For Polaroid® 7.4
x 9.4 cm film, the 1333A Display is the logical choice. If the CRT
image is to be photographed for a 20 x 25 cm enlargement the higher
resolution of the 13368 is needed. For film size in between, e.g., 12.7 x
17.8 c¢m, either display can be used, the choice depending on the sys-
tem resolution desired.

The 1333A display resolution matches ultrasound applications,
which use mostly Polaroid film. It is also best suited for single images
in nuclear medicine on small size film for up to 12.7 x 17.8 cm photo-
graphs. For larger photographs and multiple image nuclear medicine
photos on larger film formats, the 1336S should be used.

In photography, brightness isn’t as critical as in viewing, but there
must be sufficient light to expose the film. For raster formats where
the entire screen area is illuminated, the 1333A easily exposes Polar-
oid film, or X-ray film, or most of the currently popular films for
CRT recording with one full raster frame at normal refresh rates. If
four standard TV raster type images are to be photographed fora 20 x
25 cm final print size, it may be necessary to refresh each raster more
than once to obtain sufficient light from the 1336S to expose the film.
Alternately, the raster writing rate may be reduced to obtain an in-
crease in beam current density.

Phosphor Selection

The choice of phosphor is also heavily influenced by whether you
are going to view the picture or photograph it. For viewing, you need
to consider the refresh rate of the image and choose a phosphor whose
persistence matches the refresh rate to eliminate flicker (refer to
Phosphor Selection Guide, page 230).

Orange phosphors, such as P7, P28, and P33 tire the eye easily—
a problem for radar operators who must look at a screen for long per-
iods. A green phosphor is more pleasing to the eye and doesn’t create
as much eye fatigue. The choice of phosphor, providing that you can
choose any color that you want, is almost entirely dictated by the re-
fresh rate of the picture. P31 green phosphor is probably the best
overall choice down to 50 Hz. P4 phosphor allows viewing without
objectionable flicker down to 30 to 40 Hz. Below these refresh rates, a
longer persistence phosphor such as P39 with a green emission, or P7
with a combined yellow and blue emission, is needed. For even lower
refresh rates, you can select a variable persistence display such as the
1335A, however, there may be some smearing.

Smearing

There is a trade off in persistence just as there is in resolution. The
phosphor persistence should be such that the image doesn’t flicker.
You need enough persistence to retain light from one frame to the
next. However, if there is movement within the image such as heart
valve motion in ultrasound, you must be careful that the persistence
isn’t long enough to cause smearing of the image. Refer to the per-
sistence curves in HP Application Note 115 and compare the per-
sistence times with the speed of the moving portions of your image.
P31 is the first choice for imaging requirements with refresh rates of
50 Hz or above. It is the brightest phosphor, i.e., has the greatest
energy conversion efficiency. Its peak emission wavelength corre-
sponds to the eye’s peak spectral response for maximum coupling effi-

ciency between the eye and the phosphor. Also, P31 is the most burn
resistant phosphor known, and is commonly available. In real time
ultrasound systems with refresh rates from 20 to 40 Hz, P4 phosphor
is a good choice with its longer persistence and black and white ap-
pearance. For M-mode ultrasound, P39 phosphor is recommended.
There is no phosphor with long enough persistence to be useful for
direct viewing in nuclear medicine. In this case the 1335A variable
persistence display is required.

Contrast Filters

Contrast filters can be very helpful for obtaining greater picture.

contrast. The choice of a filter depends on the phosphor used and
room lighting conditions and selection is difficult without trying dif-
ferent filters under actual operating conditions. In general, with P31
the blue filter provides a more pleasing color and gives good contrast
enhancement. With P4, the neutral gray filter retains the white color.
With P7, an amber filter is generally used since it matches the yellow
emission from the phosphor for the greatest contrast enhancement,
and filters out the annoying blue flash from the short-persistence blue
component of P7.

For photography, a clear implosion shield should be used. A con-
trast filter provides no contrast enhancement since ambient light does
not reach the phosphor. All filters block ultraviolet light, so it may be
necessary to remove the filter while photographing the display if a
UV-sensitive film and UV-emitting phosphor such as P11 or P16 is
used. A filter must be in place whenever the user is exposed to the
CRT, for implosion protection.

Gamma

Gamma is also an important factor in continuous tone imaging re-
quirements. It’s not only important to get the maximum range of
brightness from minimum to maximum, but the distribution of levels
in between is also important.

Gamma is simply the transfer function that defines the relationship
between the physical variable and the corresponding brightness in the
image. It is not the magnitude or absolute slope of the function, but
the shape of the function (see figure 4).

For visual observation gamma should typically be approximately
exponential, usually with a gamma (or base) of about 2.2. For photo-
graphic recording with X-ray and other negative film, gamma should
typically be approximately linear.

In general, for direct viewing you would use a display that does not
have the gamma correction option. For photographic recording, you
generally want to have the gamma correction option. For Polaroid
recording you may want to design in some special compensating net-
works in the system that will give a non-linear gain characteristic to
compensate for the non-linear response curve of Polaroid (see pub-
lished Polaroid Gamma Curves) in order to realize the maximum
gray shades.
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Figure 4. Typical CRT light output vs. Z-axis input voltage without

Gamma correction (curve A), with Gamma correction (curve B).
®Registered Trademark of Polaroid, Inc.
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CATHODE-RAY TUBE DISPLAYS

Imaging
Models 1332A, 1333A, 1335A & 1336S (cont.)

1332A

1332A, 1333A, 1335A, and 1336S Description

Models 1332A, 1333A, 1335A, and 1336S are high-quality cath-
ode-ray tube displays designed to satisfy a wide range of OEM medi-
cal and electronic instrument display needs. The major differences
between these displays are their CRT’s.

Model 1332A has a large 9.6 X 11.9 cm display area with the reso-
lution and picture quality required for medical diagnosis systems plus
a bright display for differentiating between many gray shades, or for
viewing in brightly lighted areas. Option 530 provides even greater
brightness with up to 500 cd/m? line brightness.

Model 1333A has a high resolution CRT with an 8 X 10 ¢cm viewing
area specifically optimized for photographic applications such as
gamma camera systems. The 1333A’s combination of high resolution,
excellent uniformity, and speed permits crisp easy-to-read, diagnos-
tic-quality photographs to be obtained from state-of-the-art nuclear,
ultrasonic, thermographic, and X-ray scanning systems.

Model 1335A’s high resolution 8 X 10 cm storage display offers
medical and instrumentation OEM users a variable persistance, stor-
age, and non-storage CRT display with excellent performance. Out-
standing picture quality and amplifier performance combine to make
the 1335A a significant advancement in storage displays.

Model 1336S consists of an 8 X 10 cm display module (1336A) and
a separate power supply module (1336P) for mounting flexibility.
With up to 140 lines/cm resolution the 13368 is ideal for all high
resolution imaging requirements.

The 1332A, 1333A, and 1335A have post deflection accelerator
CRT’s to assure a bright, crisp trace. The 1336S display uses a mono-
accelerator CRT design to achieve 140 lines/cm resolution at center
screen with low power consumption. An opaque aluminum layer be-
hind the phosphor (except in model 13368, which is non-aluminized)
enhances trace brightness.

Regulated, low power write gun and flood gun filaments assure a
constant light output under varying line voltage conditions. More im-
portantly, the low power filament operation significantly extends
CRT life and eliminates grid and other stray emissions common to
older, less efficient designs.

Models 1332A, 1333A, 1335A (Opt 330), and 1336S are listed
with Underwriters Laboratories in accordance with the UL 544
Medical Safety Standard which defines detailed patient protection
requirements. Regular inspection of our production facility by UL
assures you that this patient protection is built into the display that
you purchase.

Models 1332A, 1333A, and 1335A are 13.3 cm (5% in.) high, half
rack width, 49.5 cm (19% in.) long packages that can be combined
with identical empty modules to form an attractive full width hori-
zontal or vertically stacked OEM instrument. The 1336A Display
Module has the same dimensions and the 1336P Power Supply Mod-
ule has the same height and width but is 33.5 cm (13 ¥%; in.) deep. If
the 1336A /P are to be mounted together, 1336P Option 018 may be

R R

1335A

ordered to provide the same cabinet depth as the 1336A, with locking
hardware to form a standard ElA rack width unit.

Picture clarity

Model 1332A: spot size is only 0.305 mm (0.012 in.) diameter at
high intensity levels and remains focused over the entire range of in-
tensity levels. This resolution makes the 1332A well suited for appli-
cations requiring sharp focusing on multiple gray shades or varying
writing speeds with frequent video drive level changes. Spot size is
0.3 mm over the entire quality area, making the display especially
useful in applications where sharp focus is required. An example of
this is where alphanumeric characters are mixed with traces, curves,
or graphs.

The large 9.6 cm x 11.9 cm viewing area and bright display make
the 1332A ideal for the OEM with both visual and some photographic
requirements. Display brightness lets you view the display in high am-
bient light conditions while maintaining resolution and gray shades
for photographic work. Whenever uniform photographic recording of
the display becomes critical, the 1333A or 1336S should be used.
Model 1333A: is specifically designed for photographic recording
where display uniformity and high image quality are essential. Spot
size is a crisp 0.20 mm (0.008 in.) diameter everywhere on its 8 x 10
cm display, which allows resolution of 193 354 picture elements. The
spot remains round and sharply focused in all areas of the screen and
at varying intensity levels, eliminating the need to readjust focus or
astigmatism controls. No compromises are needed for optimizing
overall image sharpness in applications where all areas of the screen
contain critical information and the Z-axis drive level varies widely.
For displays that do not require the entire screen, sharply focused
alphanumeric messages such as patient identification or operator
instructions can be inserted along the extreme edges and corners for
maximum use of the display area.

Light output uniformity is fully specified, both overall and for small
increments, which assures you that the information content of the dis-
play is an accurate representation of the input signals. Additionally,
light output drift is specified, including all effects of the Z-axis ampli-
fier, high voltage supply, and CRT. A regulated dc CRT filament
voltage is also used to assure constant light output independent of line
voltage fluctuations. The regulated dc filament voltage also reduces
the possibility of interference patterns resulting from correlation be-
tween input signal frequencies and the high voltage oscillator or pow-
er line frequencies.

Model 1335A: The CRT can be operated in non-storage, storage, or
variable persistence modes. In the non-storage mode (called CON-
VENTIONAL), the CRT operates similar to a mono-accelerator
conventional CRT with an exceptionally small spot that focuses uni-
formly over the entire quality area. Resolution is approximately 40
lines per cm (100 lines per in.). In addition, spot size is relatively inde-
pendent of intensity settings or Z-axis input signals, eliminating the
need to refocus at each intensity setting. This characteristic enhances
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the CRT image in applications requiring the CRT to focus on a wide
range of intensity levels. Applications include those where markers
intensify areas of interest, where characters or vectors are written,
and anywhere that the writing speed or drive levels of the beam vary.
The light output remains stable through use of regulated CRT fila-
ment voltage and stable Z-axis amplifier design.

The same excellent CRT performance is maintained in the Variable
Persistence operating mode. Persistence is continuously adjustable
with a front panel control, from approximately 0.20s to > 1 minute.
This mode allows you to eliminate flicker on some presentations by
increasing the persistence to match the refresh rate. The variable per-
sistence mode is selected by pressing the WRITE pushbutton.

The storage CRT is preset to store dots having a Z-axis width of
1 us or greater for up to 30 minutes. The STORE mode offers the
greatest contrast because the background is completely dark. An in-
ternal adjustment allows an increase of writing speed to capture
faster signals with reduced storage time and trace-to-background
contrast. Another adjustment may be used to enhance either the stor-
age time of the trace or the stored brightness of the stored images.
Stored resolution is over 20 lines per cm (50 lines per in.) and stored
traces retain sharp details for the specified storage time (1 minute in
WRITE mode, 30 minutes in STORE mode).

Model 13368S: offers a choice of 140 lines/cm or 90 lines/cm (Op-
tion 005) resolution for all high-resolution imaging requirements
such as multi-imaging for nuclear or ultrasound medical diagnostic
systems, scanning electron microscopes, and scanning auger micro-
probes. The display uses a mono-accelerator CRT with an accelerat-
ing potential of approximately 5 kV to produce a small, high intensity
spot. HP contributions in electron gun and circuit design make it pos-
sible to provide this high resolution with only 100 watts power con-
sumption.

The CRT is designed to prevent spurious light from reaching photo-
graphic film during long time exposures. Light output uniformity is
tested to assure that the information content of the displayed image is
an accurate representation of the input signals.

Programmability (1335A)

The Model 1335A offers users great flexibility in selecting ERASE,
STORE, WRITE, CONVENTIONAL, and VARIABLE PERSIS-
TENCE modes. These modes can be selected with the manuai front
panel controls, remote program inputs, or a combination of both.

In manual operation, the front panel controls select the operational
mode. In program mode, a single program line inhibits the manual
controls and prevents operator intervention. Additional control lines
can be used to selectively enable the front panel ERASE and VARI-
ABLE PERSISTENCE controls during remote operation to provide
interactive capability. Provisions have been made so that certain pro-
grammable functions can be hard wired to operate through the front
panel controls during remote operation.

Electronics
Models 1332A, 1333A, and 1335A

The X and Y amplifiers have 70 ns rise time (bandwidth is 5 MHz)
and the Z-axis blanking amplifier has a 25 ns rise time. When faster
X and Y amplifier response is required, Model 1332A has an Option
available to obtain 25 ns rise times. All amplifiers are fully differen-
tial and operate at low power levels for stable, drift-free performance
over wide ranges of operating temperatures.

The time required to make any size movement on the CRT, includ-
ing the response time for the amplifiers to settle within one spot diam-
eter of final position, is less than 300 ns. This means that many
thousands of vectors and characters can be written on the display
without flicker or annoying distortions.

Model 1336S (1336A and 1336P)

The 1336A’s deflection amplifiers settle to within one spot diameter
in <500 ns after receiving an input step command. All amplifiers are
fully differential and operate at low power levels for stable operation
and minimum warm-up time. Dynamic focus circuits automatically
correct for spot position to assure optimum resolution over the entire
CRT face. A regulated dc CRT filament supply assures a stable light
output.

Interfacing flexibility is provided by internal switches which allow
selection of X, Y, and Z amplifier input characteristics. An optional
TTL blanking input unconditionally overrides any analog Z-axis in-
put and the intensity control, and can be used to provide CRT protec-
tion in the event of CRT failure.

Options and accessories

A wide range of options is available for tailoring the display to spe-
cific requirements; refer to data sheets for complete listing. Accesso-
ries available include rack mounting kits, OEM half module frames
and rack slides, a light shield (Model 10183A), and BNC shorting
caps for use with certain options. For convenient system interconnec-
tion, Model 10488A 3.6 m (12 ft) Display Cable is available as an ac-
cessory. Model 197B Option 006 camera is adapted for direct record-
ing of 1332A, 1333A, 1335A, and 1336S displays. Refer to individual
display data sheets for complete description of accessories.

Ordering information Price
1332A Small Screen Display $1875
1333A Small Screen Display $2100
1335A Small Screen Display $2500
1336A Display Module $2950
1336P Power Supply Module $950
1336S Display System (includes 1336A, 1336P) $3900
1336A or 1336S Opt 005 less $300
10183A Light Shield for 1332A, 1333A, 1335A, $15
1340A,1338A

OEM and quantity discounts available.
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Phosphor selection guide

Phosphor
Film Type P31 P11 P4
Kodak®
NMB (formerly SO-179) Recommended Usable Usable
NMC (formerly SO-241) Recommended Usable Usable
X-OMAT G Not Usable Recommended Not Recommended
X-OMAT L Not Usable Recommended Not Recommended
X-OMAT M Not Usable Recommended Not Recommended
CFA Recommended Usable Usable
PF Recommended Usable Usable
PFC Recommended Usable Usable
Shellburst 2476 Not Recommended Recommended Not Recommended
Du Pont® MRF 31, MRF 32 Recommended Usable Usable
Polaroid®
611 Recommended Usable Usable
811 Recommended Usable Usable
084 Recommended Usable Usable
667 Recommended Usable Usable
Note: Cameraes with a UV light, e.g., 197B, work well with P31, P11, and P7 phosphors, not as well with P4, and do not work with P39,
*Reglatered Trademark of East, Kodek Comp
*Regiatered Trademark of E. |. Du Pont De Nemours.
Recommended
Recommended Recommended Contrast
Application Model(s) Phosphor Filter
Medical Disgnostic Ultrasound
Real-time Linear Array 1332A P4 Neutral Gray
Real-time Phased Array 1332A P31 Blue
M-Mode 1332A P39 Blue
A-Mode 1340A P31 Blue
Nuclear Medicine
Single-image Photographic Recording 1333A See Film/ Clear
Phosphor table
Multiformat Photographic Recording 13368 ’ ' Clear
Patient Positioning 1335A P31 Blue
Scanning Auger Microprobe, Scanning Electron Microscope 13365 P11 or P31 Clear

Note: Filters snd imploaion shields are mads of a polycarbonste material which does not tranamit UV light. For photographing with UV sensitive film and UV emitting phosphors such as P11 or P18, the implosion

ahield or filter ahould be removed. Provision must be made to insure that the camera is locked in place and provid q P prot to the diaplay operator.

Phosphor P31 P4 P39 P11 P7

Color
Flourescence Green Blue Green Blue-Violet Blue-Violet
Phosphorescence Green Yellow Green Blue-Violet Yellow-Orange
(decay)

Efficlency 100% 50% 50% 100% (note 1) 40%
(relative to P31)

Flicker Frequency 50 Hz 30Hz 20 Hz N/A (note 2) 10 Hz

Smear Velocity * 10"/s 0.1"/s * 001" /s

Burn Resistance Highest Good Good Poor Poor

Recommended Contrast Filter Neutral Gray Neutral Gray Neutral Gray None (note 2) Amber

or Blue or Blue

* Parsistence ia ahort anough thet no amearing ia viaible in rapidly changing pictures.

Note 1: P11 efficiency is given relative to radiometric meaaurement; ell others are es meaaured photometrically.
Note 2: P11 is not recommended for direct viewing epplicationa. Ita primary uae is in photography.



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

Model 13508 ("B

13508 Display System

® High speed CRT display for HP-IB systems

® Operates with HP 85, 9825, 9835 or 9845
System 1000 graphics accessory

Remote display using RS-232-C (Option 001)
16-Bit parallel interface (Option 002)

Model 1350S is a high resolution display system that generates
bright, sharp vectors and alphanumerics at high writing speeds. The
system includes a graphics translator with the high speed HP-IB
(IEEE 488-1975) interface that accepts digital data from desktop
computers and minicomputers or microprocessor controlled systems.
Data is stored in a digital memory which continually refreshes the
display, without placing a load on the controller or computers.

High Speed Graphics

The digital memory of the 1350S can be addressed in random fash-
ion. Thus, any number of vectors or characters can be entered without
erasing or rewriting all 2048 memory locations. For example, one
curve on a graph can be updated while other picture elements remain
unchanged. Random-access memory also increases the speed at
which the graphics portion of a system can be operated. The 1350S is
ideally suited for real time applications.

Versatile Operation

Up to 32 files are available for storing text, graticules, or other seg-
ments of the picture. A file can be repetitively flashed to alert an oper-
ator to abnormal system operation such as an out-of-tolerance
measurement, File Management capability allows the 1350S to dis-
play different information on up to three additiona] CRT’s.

Binary Tape Option

A 10184B Binary Tape option simplifies programming the 1350S
when it is used with the 9825 Desktop Computer. It uses most of the
same program commands as the 9872 or 9862 plotters. Additional
commands are provided to blank and view individual files as well as
flash segments of the picture. The 10184B binary program resides in
9825B memory, occupying 3806 bytes.

RS-232C Interface Option

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

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

The 1350S Digplay System includes a 13118 X-Y Display, a
1350A Graphics Translator, rack mounting parts, a tilt stand with
space below the display for a translator, an interconnecting ca-
ble, and a binder for instruction manuals.

16-Bit Parallel Interface Option

A 16-bit parallel binary interface option (002) is also available in
lieu of the standard HP-IB interface. This option allows the 1350A to
receive data from a 16-bit computer or controller configured to out-
put 16-bit bytes at very high data rate. The data transfer rate is 500k
16-bit bytes/sec, or up to approximately 250k vectors/sec.

NOTES

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

System Options Price
001: RS-232-C interface instead of standard HP-IB add $100
002: 16-Bit parallel interface instead of std HP-IB N/C
184: 10184B binary tape add $150
510: 1310B 19 in. X-Y display instead of 1311B add $600
517: 1317A 17 in. X-Y display (rack mounting con- less $650
figuration) instead of 1311B
521: 1321A 21 in. X-Y display instead of 1311B less $550
A complete, mobile softcopy graphics test station can be assem- 604: P-4 phosphor display, without graticule add $30
bled using HP's Mode! 1008A CO1 Testmobile with the options 639: P-39 phosphor display, without graticule add $30
required to fit your application. With the configuration shown, HP Ordering Information
small screen displays or the 1311B Large Screen Display may be 13508 Display System (includes 1311B display) $9300
used, and a slide-out tray is provided for the 9825 Computing 1350A Graphics Translator (supplied with 1350S) $3850

Controller. 1008A Option CO1 Testmobile $550
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SYSTEMS

69301A

59306A

69307A

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 instruments, signal sources and recording devices capable
of operating directly on the HP-IB. In addition, these modules fre-
quently serve as useful ways to interconnect with devices which are
not themselves capable of direct HP-IB operation.

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

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

59301A ASCII-to-parallel Converter

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

With the 59301 A, instruments with the HP-IB interface can be op-
erated with HP S5050B/5055A Printers (requires two output cables,
HP 562-16C, not furnished). Or, the 59301A can be used with HP
6129C thru 6131C and 6140A (Option J99) digitally-controlled pow-
er supplies for HP-IB programmable voltage and current. The
59301A can additionally be used to control other functions using its
hexadecimal format.

General
Size: 101.6 mm H' x 2129 mm W x 294.6 mm D (4" x 8.38" x 11.6")
Weight: Net 1.70 kg (3.78 Ib), Shipping 2.33 kg (5.16 Ib)
59301A ASCII-To-Parallel Converter
59303A Digital-to-analog Converter

Accepts an ASCII string and converts any three consecutive digits

to a dc voltage accurate to 0.1% in 30 us. Fully programmable via the
Height includes feet. With feet removed height is 88.1 mm (3.45)

$575

59308A
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59303A

HP-IB or operates stand-alone from the front panel. Offers three out-
put modes for conversion: normal, offset, or plus-minus (9.99 volts to
—9.99 volts) to make it convenient for operating strip chart recorders.

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

General
Size: 101.6 mm H'x 1059 mm W x294.6 mm D (4" x 4.17" x 11.6")
Weight: Net 2.61 kg (5.80 Ib), Shipping 3.17 kg (7.04 1b)
59303A Digital-To-Analog Converter $1025
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 switch24 Vdcor 115 Vac @
0.5 A. Use the 59306A with HP 8761A /B SPDT switches for HP-IB
programmable microwave switching dc-18 GHz; use it with HP 8494
thru 8496G/H attenuators for HP-1B programmable attenuation dc-
18 GHz (external power supply required).
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 Ib)
59306A Relay Actuator

59307A Dual VHF Switch

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

$750
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General
Size: 101.6 mm H' x 2129 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 Ib)
59307A VHF Switch

59308A Timing Generator

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

General
Size: 101.6 mmH' x 2129 mm W x 294.6 mm D (4" x 8.38" x 11.6")
Weight: Net 2.10 kg (4.67 1b), Shipping 3.83 kg (8.51 1b)
59308A Timing Generator

59309A Digital Clock

Displays month, day, hour, minute and seconds, and upon com-
mand will output time via the interface bus. Time can be set into the
clock by local control, or by remote commands received from the HP-
IB. The clock accepts a small internal battery which can provide more
than a day’s standby during short power interruptions. Alternately,
an external source such as the K10-59992 can sustain the clock for up
to one year.

General
Size: 101.6 mm H'x 1059 mm W x 294.6 mm D (4" x4.17” x 11.6")
Welight: Net 1.70 kg (3.78 1b), Shipping 2.84 kg (6.31 Ib)
59309A HP-IB Digital Clock

593 13A Analog-to-Digital Converter

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

General

Size: 101.6 mmH'x 2129 mm W x 3454 mm D (4" x 8.38" x 13.6")
Woaight: Net 5.45 kg (12.0 Ib), Shipping 6.36 kg (14.0 1b)
59313A Analog-To-Digital Converter $1900

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—10V 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 252.)
General
Size: 101.6 mmH'x 2129 mm W x 194.6 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

'Height includes feet. With feet removed height is 88.1 mm (3.47").

$750

$1150

$1025

$625

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

l DESIGNED FOR I
SYSTEMS

MULTIPROGRAMMER

Response

* A/D

* Analog Comparators

® Pulse Counting

* Frequency Measurement

® Time Interval Measurement
¢ Event/Alarm Sensing

® Scanning

® Digital input

¢ Memory Input

l YOUR TEST
OR

PROCESS

Stimutus

® Voltage & Current D/A
® Stepping Motor Control
® Power Supply Control
¢ Pulse Output

® Time Base Reference
® Digital Qutput

* Resistance Output

¢ Relay Switching

® Memory Qutput

-

Benefit from the Multiprogrammer
Functional Card System

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

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

Refer to pages 665 and 668 for more details on the HP 6940B and
6942A Multiprogrammers and how they are used with the HP-IB.

Dimensions—max. height x width x depth Net Weight Shipping Weight
Model Description mm (inches) kg (ib) kg (Ib) Price
59301A ASCH-to-parailel Converter 101.6x212.9x294.6 (4x8.38x11.6) 1.70(3.78) 2.32 (5.16) $ 575
59303A Digital-to-analog Converter 101.6x105.9x294.6 (4x4.17 x11.6) 2.61 (5.80) 3.17 (7.04) $ 1025
593064 Relay Actuator 101.6x212.9x294.6 (4x8.38x 11.6) 2.64 (5.87) 3.23(7.18) $ 750
59307A VHF Switch 101.6x212.9x 294.6 (4 x8.38 x 11.6) 2.64 (5.87) 3.23(7.18) $ 750
59308A Timing Generator 101.6x2129x%294.6 (4x8.38x 11.6) 2.10(4.67) 3.83(8.51) $1150 -
59309A HP-IB Digital Clock 101.6x105.9x2946 (4x4.17 x11.6) 1.70(3.78) 2.84(6.31) $1025
59313A Analog-to-digital Converter 101.6x212.9 x 345.4 (4x 8.38 x 13.6) 5.45(12.0) 6.36 (14.0) $1900
59401A Bus System Analyzer 145.5 x 205.1 x 495.3 (5.73 x 8.08 x 19.5) 5.64 (12.44) 9.1 (20) $2900
59403A HP-IB/Common Carrier interface 101.6x212.9x430.0 (4 x8.38x 16.9) 450 (10.0) 6.10(135) $1900
59501A Power Supply Programmer 101.6x212.9x194.6 (4x8.38x 11.6) 2.61 (5.80) 3.17 (7.04) $ 625
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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 59401A can also drive all bus lines, it can completely exercise
another Talker, Listener or Controller—which is especially useful in
verifying compatibility of new or user-designed products with the
HP-IB.

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

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

59401A Specifications

Display: monitors all bus lines. Represents data lines, any memory
location, or DIO front panel switch settings; in octal code and ASCII
character.
Listen modae: 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) DAV driven
high <700 ns after NDAC is false; (4) DAV 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: | standard power TTL gate input; <10 MHz
repetition rate.

N

10833A/B/C/D

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, —40to +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")
Woeight: net, 5.64 kg (12.44 1b).

Options and Accessories Price
506 1-0089 front handle kit $32
10631B 2 m (6.6 ft) bus cable, furnished N/C

59401A Bus System Analyzer $2900

HP-IB interconnection Cabies

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 new 10833 series of cables features an improved shielding de-
sign which can help to improve overall RFI levels in many systems.
These new cables are completely compatible with the 10631 cable
series.

The 10834A adapter was designed to help in cases where rear panel
space has resulted in difficult cabling situations. The adapter provides
clearance by extending the first cable connection 2.3 cm away from
the rear panel of the instrument.

Ordering information Price
10631A HP-1B Cable, | m (3.3 ft) $70
10631B HP-IB Cable, 2 m (6.6 ft) $75
10631C HP-1B Cable, 4 m (13.2 ft) $85
10631D HP-IB Cable, 0.5 m (1.6 ft) $70
10833A HP-IB Cable, Im (3.3 ft) $70
10833B HP-IB Cable, 2m (6.6 ft) $75
10833C HP-IB Cable, 4m (13.2 ft) $85
10833D HP-IB Cable, 0.5m (1.6 ft) $70

10834A Adapter $20
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HP-IB Operating Range

A fundamental limitation which applies to all devices designed to
comply with IEEE Standard 488 is that the maximum cumulative
length of HP-IB cable in any system should not exceed 2 metres of
cable per device, or 20 metres, whichever is less.

However, for many applications, there is a requirement to intercon-
nect HP-IB devices at sites separated by several hundred metres or
even thousands of miles. Hewlett-Packard has developed several pro-
ducts which allow the HP-IB operating range to be extended, using
twisted pair cable, coaxial cable, fiber optics or the telephone net-
work.

Product 59403A Common 37201A HP-1B 12050A Fiber 37203A HP-B
Carrier interface Extender Optic Link Extender
Application General purpose; | General purpose; Fast; Fast;
inter /intra facility | inter/intra facility | intra facility intra facility
Transmission | Dual twisted pair | Dual twisted pair Dual fiber Single coax or dual
Medium or modem fink or modem link optic cable fiber optic cable
Operating Twisted pair: Twisted pair: 100 metres 1000 metres
Range 1000 metres; 1000 metres;
Modem link: Modem link:
unlimited unlimited
Modem Data | Asynchronous: Asynchronous:
Rates 110/300/ 150/300/600/
1200 bits /s 1200 bits /s — -
Synchronous: up to
19200 bits /s
Hardwired 1760 bytes/s 775 bytes/s 20k bytes/s Up to 50k bytes/s
Speed
Error Parity only, no Block check with Checksum Cyclic redundancy
Checking retr issi auto retransmissi byte with auto | check
retransmission
Electrical Balanced coupling | Optical Fiber optic or
Noise — on hardwired links opto-isolated coax
Isolation
Programming No Yes, except Parallel | Yes, except Yes, including
Transparency Poll and Pass Parallel Poll Parallel Poll
Control and Pass and Pass Control
Control

59403A HP-IB/Common Carrier Interface

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

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

59403A HP-IB/Common Carrier Interface $1900

12050A 12050A
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39200 series Fiber Optic Cable

HP 12050A Fiber Optic HP-IB Link With 39200 Series
Cable
e Extends HP-IB length up to 100 metres via Fiber Optic Cable
® 20 kbytes/s data rate
® Excellent electromagnetic noise immunity
® Electrical isolation between distant sites
® Built-in self test and error correction

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

Specifications

HP 12050A Fiber Optic HP-IB Link

Power Requirements: 86 to 127 V ac; 172 to 254 V ac. 48 to 66 Hz.
1I5W.

Operating Temperature /Humidity: 0 to 55°C. 10 t0 95% RH; non-
condensing at 40°C

Size: 9H x 21 Wx44cm D (3.5 x 8.4" x 17.4")

Weight: 2.75 kg (6 1b. 1 o0z.)

39200 Series Fiber Optic Cables

Operating temperature: 0 to 70°C.

Storage temperature: —40 to 85°C.

Relative Humidity: 95% at 70°C.

Max. tensiie force on Cable: 60 kg (132 1bs.).

Max. tensile force on Connector/Cable: 5 kg (11 1bs.).

Min bend radius: 7 mm (0.3 in.)

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

Ordering Information
39200 Series Fiber Optic Cables!

Simplex Price Duplex Price

Length (2 req'd/system) (1 req'd/system)

10m 39201A $110 392018 $225.00

25m 39202A $140 293028 $292.50

50m 39203A $190 392038 $405.00

75m 39204A $240 392048 $517.50
100m 392054 $290 392058 $630.00

12050A Fiber Optic HP-IB Link? $1950 ea

'Quantity diacounts available.
2(Two raquired per system)

[+
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Model 37201A

® Transparent exten

¢ Operation over twin-pair cable or modems

sion of HP-IB systems

® Automatic error detection and correction

SYSTEMS

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

# 37201A HP-IB EXTENDER
AN eii i eaname
TEST cal aATA SET ok
PaweR COMPLETE LOALUIRG COomMPLETE READY OFF
ore ] “ e ° ° ° . ° . . P
EXTENDER Loss or ABANDON CLEAR TO
ADDRESSEL: REMOTE catla SEND
DATA RETRY (RFS)

| DESIGNED FOR l
SYSTEMS

The 37201 A HP-IB 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-IB system can there-
fore be split into two or more discrete parts separated by HP-IB Ex-
tenders and a serial data link. A range of 1000 metres is obtainable if
twin-pair cable is used for the transmission path, and virtually unlim-
ited range is available if a modem link is used. Communication be-
tween Extenders is full duplex, allowing information to flow in both
directions simultaneously.

37201A
HP-IB
EXTENDER

[CONTROLLER

37201A
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-IB 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:
¢ IEEE 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 37201A suitable for use in an electrically hostile environment.

Modem Link Operation

The 37201 A 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 a2 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 37201A protects against errors introduced by poor quality data
circuits. It even provides immunity to major interruptions in the data
link, such as dropouts, line breaks and modem sync loss, and recovers
automatically without loss of data.

The following HP modems are suitable for use with the 37201A:
Models 37210T, 37220T, and 37230A.

37201A HP-IB Extender $2115
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® Transparent HP-IB extension up to 1000 metres

e HP-IB transfer rate up to 50k bytes/s

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

Model 37203A

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

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

37203A HP-IB EXTENDER
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The 37203A HP-IB Extender overcomes the limited range avail-
able with direct HP-IB cable interconnections, providing a high-
speed, low-cost means of extension up to 1000 metres.

37203A’s are used in pairs: each Extender serialises the normally
parallel HP-IB information and transmits it in serial format over a
single coaxial cable, used for both directions of transmission, to an-
other Extender located up to 1000 m distant. This second 37203A
converts the serial data back into normal HP-IB format. In addition
to transmission over a single coaxial cable, Option 001 of the 37203A
allows transmission of the serial data over 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
¢ [EC Standard 625-1

Speed

The maximum HP-IB byte transfer rate between a pair of
37203A’s is determined by several factors including serial transmis-
sion rate, link propagation delay and the source and acceptor hand-
shake rates of the slowest device connected to the bus at either end of
the link.

The serial transmission rate between 37203A’s has been chosen to
give the best compromise between transfer rate and transmission
range that can be achieved over the recommended coaxial cable. This
rate can be reduced to achieve greater range, as explained below.

Nominal HP-IB Transfer Rates (k bytes/s)

Coaxial Cable Optical Fiber (Qpt 001)
Short* 250m 500m 1000m Short* | 250m | 1000m
(At normal | (max range { (max range | (max range
speed) at normal at% at 'y
speed) speed) speed)
50 40 14.2 2.75 50 39 25

DATA LOSS
] ]

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

Range

When using coaxial cable, the operating range of the 37203A is
limited by the signal attenuation of the cable. This increases approxi-
mately with the square root of the signal frequency. Using the recom-
mended cable type (or equivalent), transmission range is up to 250 m
at the normal serial transmission rate. At % of the normal rate, the
range is increased to 500 m. A further increase in range up to 1000 m
can be achieved by reducing the transmission rate to s of the normal
rate.

With the optical fiber option (001) fitted, the 37203 A operates over
distances up to 1000 m at the normal serial transmission rate.

DATA ERRORS
]

DESIGNED FOR
—- e ' SYSTEMS .
Parallel Poll Operation
The 37203A 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 distance devices is returned as rapidly as possible to the polling
controller.

Pass Control

Some HP-IB systems include more than one device which can be
Active Controller. Control of the bus can be passed between capable
devices using the Take Control (TCT) command. With the 37203A,
there is no restriction on the use of Pass Control.

Transmission Over Coaxial Cable

The standard serial link between 37203A’s 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 9248 cable (or equivalent)
is recommended.

Transmission Over Optical Fiber

Option 001 of the 37203A 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 Ex-
tenders 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 250 m than is possible with coaxial cable (see table).

Error Detection and Correction

Data is transmitted across the link in frames. Each frame includes a
cyclic redundancy check code which s 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.

Options Prices
001: Fiber Optic Interface $600
301;: Rack Mount Adaptor $30
302: Dual Rack Mount Adaptor $50

37203A HP-IB Extender $1080
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HEWLETT-PACKARD INTERFACE BUS

Versatile interconnect system for instruments and controller m

HP 9815 Desktop Computer (HP 98135A Interface)

HP 9825 Desktop Computer (HP 98034A Interface)
Role of a Controller

In addition to managing the flow of information over the bus, the
controller in a measurement system schedules measurement tasks,
sets up individual devices so they can perform the tasks, monitors
measurement progress and interprets results.

An HP controller can provide access to display, input/output and
data storage peripherals such as plotters, line printers, floppy discs
and tape cartridges. A controller can also provide the tools for pro-
gram development. These normally include an editor for generating
source programs, debug aids used in analyzing and modifying pro-
gram flow, and a means of storing and recalling programs and/or
results.

Controllers Working Together

Individually, a controller such as either the HP 9825 or the HP
1000 can handle program development and data collection, process-
ing and storage. However, establishing cooperation between two such
computers merges the relative strengths of both machines to form a
system with more efficiency and versatility than is possible using ei-
ther computer alone. For example, passing HPL programs from the
HP 9825 to the HP 1000 and back again avoids wear and tear on the
HP 9825 tape drive, and allows the use of the HP 1000 text-editing
feature to modify or create HPL programs for the HP 9825.

HP Controller and Interface Selection

Hewlett-Packard offers a wide selection of HP-IB (IEEE-488) con-
trollers, For engineering design or other single-user applications, a
desktop unit such as the HP 85, 9815, 9825, System 35 or System 45
may be preferred. But for high-volume production testing at multiple
locations involving multiple users, your choice could be one of the
solutions offered by the HP 1000 Computer.

Using an HP-IB interface allows any of these HP computers to con-
trol as many as 14 HP-IB compatible devices.

HP controllers, their HP-IB and other interfaces are described
briefly below. For detailed information on the controllers, please con-
sult pages 620-628.

HP-85A and 82937A HP-IB Interface

The HP-85A is a complete BASIC language computer with 16K of
read/write memory, expandable to 32K and 32K of read-only mem-
ory, expandable to 80 K; a built-in CRT display that provides 16 lines
(scrolls 64 lines) of 32 alphanumeric characters each, and a quiet,
built-in, bidirectional thermal printer.

SYSTEMS

System 35 Desktop Computer (HP 98034A Intertace)

Configured with the I/O ROM and the 82937A HP-IB Interface,
the HP-85A is an economical HP-IB controller.
9815 and 98135A HP-IB Interface

The 9815 desktop unit, another cost-effective HP controller, is used
to perform the less complex tasks associated with small systems. It
provides a l6-character numeric display, a thermal printer, and a
high-speed tape cartridge system.

The 98135A HP-IB Interface allows the 9815 to function as a con-
troller, but without interrupt capability.

9825, System 35 or System 45
and 98034A HP-IB Interface

The 9825, HP’s fastest desktop controller, uses HPL, a high-level
programming language that provides for subroutine nesting and
flags. It includes a two-level interrupt capability. The 9825 has a 32-
character alphanumeric display, a 16-character printer and a high-
performance data cartridge system.-Three slots are available for
interfaces.

The Series 9800 System 35 (Models 9835A and B) offers user
read/write memory from 64K to 256K bytes, built-in tape cartridge
drive, optional thermal printer and a range of interfacing capabilities,
plus 15 levels of priority interrupt. System 35A has a 12-inch CRT
display, while System 35B has a 32-character single-line display. The
standard programming language is BASIC, with Assembly Lan-
guage available to experienced programmers for speed enhancement
in specialized applications.

The Series 9800 System 45 is an integrated desktop computer that
excels in such applications as mathematical modeling, design analy-
sis, text processing and linear programming. It provides 15 levels of
priority interrupt, and includes a CRT display, an optional 80-char-
acter thermal line printer, enhanced BASIC language and tape car-
tridge drive (one standard, the second optional). The System 45
optionally offers color graphics capability with a CRT capable of dis-
playing up to 4913 distinguishable colors to enhance presentation of
data and interpretation of results.

The HP 98034A Interface is required for operating the 9825, Sys-
tem 35 or System 45 in HP-IB applications. I/O ROMs are built into
the 9825 for complete HP-IB control, whereas the 9835A /B requires
an optional General I/O ROM. System 45 has complete HP-IB capa-
bility when combined with the Opt. 312 I/O ROM. Several interfaces
can be plugged into the 9825, the System 35 or System 45, and addi-
tional interfaces can be connected using the 9878A 1/0 expander.



System 45 Desktop Computer (HP 98034A interface)

HP 1000 and 59310B HP-IB Interface

The HP 1000 computer system is well suited for broad measure-
ment and data management requirements. Combining an E-series or
F-series computer and Real Time Executive Software, the HP 1000
can concurrently control multiple clusters of HP-IB test and measur-
ing equipment, which may be organized into separate physical or
functional groupings. Each grouping may have up to 14 HP-IB de-
vices per cluster.

Each separate bus cluster connected to the HP 1000 requires one
59310B Interface. The 59310B is supported by a driver, utility soft-
ware and a manual supporting operation in HP”s memory-based
RTE-M and disc RTE-11 and RTE-IV Real Time Executive systems.
A diagnostic routine for quickly confirming correct operation is in-
cluded with the interface. Compatibilities between various HP com-
puter systems, computers and operating systems are shown below.
The E-series and F-series computers include the HP 2170A, 2171A,
2172A, 2174A/B, 2175A, 2176A/B and 2177A/B. Note that the
59310B interface may also be used with HP 2100A /S computers.

HP 2176A/B
HP 1000 HP 21054 21774/8 HP 2100A/S
RTE-M: Yes Yes Yes No
RTE-N: Yes No Yes Yes
RTE-IV: Yes No Yes No

Other Interfaces

HP offers all the above HP-1B interface cards, plus others designed
for customers who want to build custom, computer-controlled instru-
mentation systems.

HP-85 Interface Cards

® 82939A Serial Interface — provides RS-232-C compatible /0 for
communication with devices such as printers and terminals.

® 82940A GPIO Interface — general purpose 16-bit interface for
connection to TTL-type signal levels.

® 82941A BCD Interface — 11 digit input or output capability for
binary coded decimal instruments.

9815 Interface Cards
® 98133A BCD Interface — provides 9-digit BCD input with high-
speed mode, 8-bit parallel output.

HP 1000 Computer System (HP 59310B interface)

® 98134A General Interface — bidirectional 8-bit parallel interface.

® 98136A RS-232-C Serial Interface — conforms to EIA RS-232-C
recommended specifications.

® 98137A Tape Duplication Interface — allows duplicating tapes us-
ing two 9815s.

9825 and Systems 35 and 45 Interface Cards

® 98032A 16-bit Parallel Interface — latched 16-bit input/output
for bidirectional transfer of information.

® 98033A BCD Input Interface — connects the 9825 with bit-paral-
lel, digit-parallel BCD devices.

® 98035A Real Time Clock — adds real time reference and time-
related control capabilities to the 9825, 9835 and 9845.

® 98036A Serial Interface — provides bit serial communication be-
tween the desktop computers and asynchronous EIA RS-232-C de-
vices such as data terminals and modems.

® 98040A Incremental Plotter Interface — allows the System 45 to
access large flatbed and drum incremental plotters.

® 98041 A Disc Interface — provides the System 45 access to large
capacity, high-speed disc peripherals.

Ordering Information Price
59310B Interface, RTE-II/IV for HP 1000 $ 600
82937A HP-IB (IEEE-488-1978) Interface 395
82939A Serial Interface 395
82940A GPIO Interface 495
82941A BCD Interface 495
98032A 16-bit Parallel Interface 500
98033A BCD Input Interface 500
98034A HP-1B (IEEE-488-1978) Interface 500
98035A Real Time Clock Interface 600
98036A Serial Interface 700
98040A Incremental Plotter Interface 600
98041A Disc Interface 2100
98133A BCD Interface 600
98134A General 8-bit Parallel Interface 400
98135A HP-IB (IEEE-488-1978) Interface 700
98136A RS-232-C Serial Interface 600

98137A Tape Duplication Interface 600
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AMPLIFIERS

General purpose amplifier & attenuator
Models 461A, 465A, 4674, & 350D

461A

350D

461A Description

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

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

461A Specifications

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

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

Input impedance: nominal 50 Q.

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

Maximum dc input: £2 V.

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

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

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

Overload recovery: <I us for 10 times overload.

Size: 76 mm H x 130 mm W x 279 mm D (3" x 5%" x 117).
Welght: net, 1.8 kg (4 1b). Shipping, 2.7 kg (6 1b).

465A Description

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

465A Specifications

Voitage gain: 20 dB (X10) or 40 dB (X100), open circuit.

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

Frequency responsge: +0.1 dB, 100 Hz to 50 kHz; <2 dB down at
S Hz and 1 MHz.

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

Input impedance: 10 MQ shunted by <20 pF.

Output impedance: 50 (.

Nolge: <25 uV rms referred to input (with 1 MQ source resistance).
Size: 76 mm H x 130 mm W x 279 mm D (3" x 5%4” x 117).
Welght: net, 1.8 kg (4 1b). Shipping, 3.2 kg (7 Ib).

467A Description

HP’s 467A Power Amplifier/Supply is a 10 watt peak power ampli-
fier and —20 V (to +20 V) dc power supply. The wide bandwidth of
dc to 1MHz offers low dc drift and 0.3% gain accuracy. With con-
tinuously variable gain and floating inputs, HP's 467A can also be
used as a power supply.

467A Specifications
Power amplifier
Voltage gain (non-Inverting): fixed steps: X1, X2, X5, X10. Vari-
able: 0-10, resolution is better than 0.1% of full output.
Accuracy: +0.3% from dc to 10 kHz +1.0% from 10 kHz to 100
kHz, +10% from 100 kHz to 1 MHz with load of >40Q.
Output: £20 V p at 0.5 Ap. :
Distortion: <0.01% at 1 kHz; <1% at 100 kHz; <3% at 1 MHz. -
Input Impedance: 50 kQ shunted by 100 pF.
DC Power Supply
Voltage range: > +20V, 10V, £4V, £2V, =1 V with ad-
justable vernier. Resolution: better than 0.1% of full output.
Current: +£0.5 A.
Load regulation: <10 mV, no load to full load.
Line regulation: <10 mV for a = 10% change in line voltage.
General
Output Impedance: 5 mQ in series with 1 uH.
Current limit: <800 mA.
Size: 159 mm H x 130 mm W x 279 mm D (6%” x 5%" x 11).
Weight: net, 4.5 kg (10 1b.). Shipping 6.8 kg (15 1bs.).

350D Description

Two 600 Q unbalanced attenuator sections make up the Hewlett-
Packard 350D Attenuator. One section is a 100 dB attenuator, ad-
justable in 10 dB steps. The other is a 10 dB attenuator, adjustable in
| dB step.

350D Specifications
Attenuation: 0 to 110 dB, 1 dB and 10 dB steps.
Power capacity: 5 W (55 Vdc or rms) max, continuous duty.
DC Isolation: signal ground may be + 500 Vdc from chassis.
Accuracy: dB at any step listed below.

10 dB Section
0dB 10dB

<+0.125
<+025

100 dB Section

70dB 100 dB

dc to 100 kHz
100 kHz to 1 MHz

<+0.25
<05

<t0.5
<+0.75

Size: standard HP !5 module (system I) 159 mm H x 130 mm W x
203 mm D (6%” x 5%" x 8").
Weight: net, 1.8 kg (4 1b.). Shipping, 2.7 kg (6 Ib.).

Ordering Information Price
461A Amplifier $525
465A Amplifier $450
467A Power Amplifier/Supply $1200

350D Attenuator $350
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8447D

The HP 8447 series of general purpose amplifiers combines high reli-
ability and convenience.

AMPLIFIERS

Wide band amplifiers
Models 8447A/C/D/E/F

Broadband Frequency Coverage

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

Options

A variety of options are available: a 75Q impedance model (Option
002) for applications such as television/FM broadcasting and CATYV;
Option 001 and Option 011 dual channel versions with BNC and
Type N connectors respectively for operation with dual channel sys-
tems such as oscilloscopes or network analyzers (or the channels may
be cascaded for increased gain); Type N connectors rather than the
standard BNC connectors (Option 010).

General

Weight: net, 1.56 kg (3.4 1b). Shipping, 2.30 kg (5.1 Ib).
Sizo: 85.8 Hx 130 W x 216 mm D (3.4" x 5.1” x 8.5").
Power requirements: 110 0r 230 V ac + 10%, 48-440 Hz, 15 watts.

High Performance Ordering Information Price
The performance of these amplifiers qualifies them for a number of 8447A Preamp $700
uses: to improve the sensitivity of counters, spectrum analyzers, RF 8447C Power Amp $625
voltmeters, EMI meters, power meters and other devices without dis- 8447D Preamp $765
tortion or degradation of amplitude accuracy; to increase the maxi- 8447E Power Amp $815
mum power available from a signal generator or sweeper. 8447F Preamp-Power Amp $1365
Specifications
8447A Preamp 8447C Power Amp 84470 Preamp 8447E Power Amp 8447F Preamp-Power Amp
Frequency Range 0.1-400 MHz 30~300 MHz 100 kHz-1.3 GHz 100 kHz-1.3 GHz 100 kHz-1.3 GHz
Typical 3 dB 50 kHz~700 MHz 10-400 MHz 50 kHz-1.4 GHz 50 kHz-1.4 GHz 50 kHz-1.4 GHz
Bandwidth ’
Gain (Mean) 20dB +0.5d8 30dB £1dB 26dB +1.5dB 22dB + 1.5dB
at 10 MHz (20°C-30°C) (20°C-30°C)
Gain Flatness +0.5dB +1dB +15dB +15d8
Across Full 1
Frequency Range g
Noise Figure <5dB <11dB <8.5dB <11 dB typical 2
Output Power >+6 dBm >+17 dBm >+7 dBm >+15 dBm w
for 1 dB Gain typical 2
Compression ES
Harmanic ~32 dB for 0 dBm -35dB for +10dBm -30 dB for 0 dBm =30 dB for +10 ;
Distortion output output output (typical) dBm output )
Typical Output ~25 dBm -15 dBm =30 dBm 20 dBm H
for <-60 dB z
Harmonic §
Distortion 5
VSWR <17 <20 <20 nput 222 2
<2.2 output 1-1300 MHz z
1-1300 MHz e
Impedance 500 502 500 500 §
Reverse Isolation >304d8 >35dB >40 48 >40d8 !
Maximum DC 10V 10V +10V 10V
Voltage Input
Options Available 001 002 001,010, 011 010 010
Option Prices add $415 add $10 add $515, $35, $570 add $35 add $70
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AMPLIFIERS

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

STANDEY CATHOOE CURRENT

489A

Microwave TWT Amplifiers

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

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

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

Cathode current in the TWT is monitored by a front panel meter
and can be conveniently controlled by the GAIN adjustment for rated
power output, or for reducing tube current to extend tube life when
full output power is not required. The helix, collector, and anode cur-
rent can be measured at an easily accessible test point board. Com-
bined with the 8350, 8620 or 8690 Sweep Oscillator they make an
excellent high power swept source.

Advantages

DC coupled modulation circuitry allows power leveling and remote
programming.

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

Applications

Antenna efficiency and pattern measurements.

Extends attenuation measuring systems capability by at least 30
dB.

RFI susceptibility tests.

4G5A MCROWAVE AMPLIEIER
1G-70 88

REWLETT @ PACKARD

489A-495A Specifications

Output power: 1 watt for an input of <1 mW,
Galn: 30 dB at rated output.
Input/output: impedance, 50Q; connectors, type N female.
Nolse figure: <30 dB.
Amplitude modulation:
Sensitivity: modulation input of >—20 V peak reduces RF output
by =20 dB from dc to 50 kHz.
Frequency response: dc to 500 kHz (3 dB).
Pulge response: <1 us rise and fall times.
Size: 140 H X 426 W X 467 mm, (5.5" x 16.75" x 18.38").
Waelght: net, 14.9 kg (33 Ib). Shipping, 18.0 kg (40 1b).

489A 91C 493A 495A
Frequency
range (GHz) 1-2 24 48 7-124
Gain variation with freq.
at rated output: <6dB <6dB <6dB <6dB
small signal:
across any 10% of band <5dB <5dB <5dB <5dB
for 300 MHz
across full band <104dB <10dB <10dB <10dB
Ordering Information Price
489A 1 to 2 GHz TWT Amplifier $4650
491C 2 to 4 GHz TWT Amplifier $4650
493A 4 to 8 GHz TWT Amplifier $5050
495A 7 to 12.4 GHz TWT Amplifier $5050

Opt 808: Rack Flange Kit (for all models) add $22



Analog Voltmeter Considerations

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

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

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

Analog Voltmeter Selection Chart

ANALOG VOLTMETERS

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

Selecting an Analog Voltmeter

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

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

General Information

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

Model DC VOLTMETERS Voltage Range Frequency Range; Accuracy at FS* Page
4194 DC NULL VOLTMETER +3 4V to +1kVend scale dc 40
0.1 uV resolution (18 ranges) (2% + 0.1 4V)
Model AC VOLTMETERS Voltage Range Frequency Range; Typical Accuracy Page
4038 RECHARGEABLE BATTERY AC VOLTMETER 1 mV to 300V (12 ranges) 5 Hz to 2MHz, £2% to +5% 44
400F FAST-RESPONSE AC VOLTMETER 100 kHz low-pass filter ac amplifier 100 4V to 300 V; —90 dB to +52 dB 20 Hzto 4 MHz; £1% to +4% 45
400 FL
400GL HIGH ACCURACY dB VOLTMETER 20 dB log scale (0 d8 = 1 V) ~100 dB to +60 dB (8 ranges) 20 Hz to 4 MHz;£0.2 dB to 0.4 dB 45
400E HIGH ACCURACY AC VOLTMETER has dc output ( £0.5%) for 1mVio300V; 10 Hz to 10 MHz
400 EL driving recorder ~70 dB to +52 dB +1% +5% 45
34004 RMS VOLTMETER provides rms readings of complex signals. 1 mVto 300V 10 Hz to 10 MHz
Has dc output for driving DVM's or recorders (12 ranges) +1% to +5% 46
3406A SAMPLING RF VOLTMETER provides true rms measurements 1 mVto 3V (8 ranges) 10 kHz to >1.2 GHz 47
when used with 3400A. Many accessories +3%to £13%
Model MULTI-FUNCTION METERS Voltage Range (Accuracy) Resistance Range (Accuracy) Page
427A BATTERY-OPERATED MULTI-FUNCTION METER has 10 DC: £100 mV to1000 V (+2%) 9 ranges 109 to 10 MQ mid-scale +5%; from 0.3 42
mQ de input impedance and 10M@/20 pF ac input impedance AC: 10 mV 10 300 V 10 Hz to 1 MHz to 3 on the meter scale (7 ranges)
(£2%) 10 ranges
410C VERSATILE VOLTMETER has 100 Mg dc input impedance DC: +15mV to 1500V (£2%) 11 ranges 102 to 10 MR {center scale) O to midscale: 43
and 10 M@/1.5 pF ac impedance AC: 0.5V to 300 V 20 Hz to >700 MHz +5% or +2% of midscale (whichever
(£3% at 400 Hz) 7 ranges is greater) 7 ranges current: DC: +1.5 uh to
+150 mA (£3%)
Model CURRENT METERS Current Range Frequency Range Page
4288 DC MILLIAMMETER with clip-on probe eliminates direct connection I mAto 10 AFS (9 ranges) dc to 400 Hz 4]
Model LOG VOLTMETER Voltage Range Accuracy; Frequency Response Page
75624 LOGARITHMIC VOLTMETER/CONVERTER true RMS responding 80 dB (2 ranges);1 mV to 10V or 0.5 Hz to 100 kHz 48
10mVio 100V +0.5dBto -3, +1 dB
dc= +0.25dB
75634 LOGARITHMIC VOLTMETER / AMPLIFIER 110 dB (1 range);316 ¥ 10 100V de dc = +0.25 dBto +1.5 dB 8

*For exact accuracy rafer to page designated.
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ANALOG VOLTMETERS

DC null volt-ammeter
Model 419A

A410A; DC NULL VOLTMETER

ZERG NULL
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Description

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

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

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

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

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

Specifications

DC Null Voltmeter

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

2ero control range: >+ 15 uV.

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

Zero temperature coefficient: <0.05 uV/°C.

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

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

Input Characteristics

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

Off null
Voltage range Input resistance
3V - 3m¥ 100 k2
10 m¥ - 30 m¥ 1M

100 mV - 300 m¥ JULY
1V-1000¥ 100 MQ

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

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

DC Ammeter

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

Zero control range: > + 150 pA.

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

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

Input resistance: 100 kQ on all ranges.

Amplifier

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

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

Output resistance: depends on setting of output level control. <<35Q
when output control is set to maximum.

Noise: 0.01 Hz to 5 Hz: same as voltmeter (referred to input). >S5
Hz: <10 mV rms (referred to output).

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

1V to 1000 V range: 1200 V dc.

10 mV to 300 mV range: 500 V dc.

3 uV to 300 mV range: 50 V dc.
Operating temperature: instrument will operate within specifica-
tions from 0°C to 50°C.
Operating humidity: <70% R.H.
Storage temperature: —20°C to +50°C.
Power: 115 Vor 230 V +10%, 48 Hz to 440 Hz, 2 VA max. or 4
internal rechargeable batteries (furnished). 30-hr operation per re-
charge. Operation from ac line permissible during recharge.
Size: 156 mm H (without removable feet), 197 mm W, 203 mm D
(6.1” x 7.75" x 8").
Waeight: net, 3.7 kg (8.3 1b). Shipping, 5.4 kg (12 Ib).

419A DC Null Volt-Ammeter $1225
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Description

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

The 428B measures current by utilizing a clip-on transducer that
converts the magnetic field around the conductor to an ac voltage
proportional to 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 1 V into open circuit (corresponds to full scale deflection). 1.5 V

ANALOG VOLTMETERS

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

3529A

max. into open circuit in uncalibrated position. 0.73 +.01 V into 1 kQ
in calibrated position.

Nolse: | mA range, <15 mV rms across 1 kQ2; 3 mA range, <5 mV
rms across 1 kQ; 10 mA through 10 A ranges, <2 mV rms across
1 k.

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.

Storage temperature: —40°C to +65°C.

Probe insulation: 300 V maximum.

Probe tip slze: ~0.5"(12.7mm) by 0.66” (16.67mm) aperture diam-
eter 0.16"(3.97mm).

Size: cabinet: 292 H x 191 W x 368 mm D (11.5” x 7.5" x 14.5").
Welght: net, 8.6 kg (19 Ib). Shipping, 10.9 kg (24 Ib).

Accessories Available

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

Range: 1 mG to 10 G full scale, nine ranges.

1 mG = 1 mA conversion factor.

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

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

Ordering Information Price
3529A Magnetometer Probe $125
4288 Analog Milliammeter (cabinet) $1350
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Low-cost multi-function meter
Model 427A
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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 1 MHz (>500 MHz with the
11096B High Frequency Probe); and resistance from 102 to 10 MQ
center scale.

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

Specifications

DC Voltmeter

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

Input resistance: 10 M(Q.

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

Overload protection: 1200 V dc.

AC Voltmeter

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

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

Frequency Range
001Vto30V 100 Vto 300V
10 Hz to 100 kHz 2% of range
2% of
100 kHz to 1 MHz otrange

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

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

Ohmmeter

Ranges: 10Q to 10 M$Q 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 clrcuit
Range Yoitage Current
X10 01V 10 mA
X100 01V I mA
X1k v 1 mA
X10k v 100 yA
X100 K v 10 uA
X1M 1v 1A
X10M v 0.1 uA

General

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

Operating temperature: 0°C to 50°C.

Power: > 300 hr operation per battery.

HP 427A. 22.5 V dry cell battery, Eveready No. 763 or RCA VS102,
HP 427A Option 001: battery operation or ac line operation, selecta-
ble on rear panel. 115V or 230 V +20%, 48 Hz to 440 Hz, 2 VA max.
Size: (standard 4 module): 159 mm H (without removable feet), 130
mm W, 203 mm D (6.25" x 5.13” x 8”).

Weight: net, 2.4 kg (5.3 Ib). Shipping, 3.6 kg (8 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 dB accuracy. Usable relative measure-
ments can be made up to 1 GHz (3 dB point at 700 MHz). The
11096B is a peak-responding detector calibrated to produce a dc out-
put proportional to the rms value of a sine wave input. Input imped-
ance is 4 MQ shunted by 2 pF.

Options and Accessories Price
11075A High Impact Case. A rugged case for carry- $165
ing, storing and operating the 427A

11096B High Frequency AC probe $100
11001A 45" test lead, dual banana plug to male BNC $17
11002A 60" test lead, dual banana plug to alligator $15
clips

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

10111A BNC female to dual banana adapter $20
11067A Test lead kit $5
Ordering Information

427A Multi-function Meter (includes batteries) $775
427A Option 001 AC power supply & battery add $30



410C with 11036A

Description

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

Specifications

DC Voltmeter

Voltage ranges: = 15mV 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 MQ2
+3% on 150 mV range and below.

AC Voltmeter

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

Frequency range: 20 Hz to 700 MHz.

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

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

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

DC Ammeter

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

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

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

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

General purpose multi-function voltmeter
Model 410C

™ ;

Ohmmeter

Reslistance range: resistance from 10Q 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 galn: 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 at DC.

Nolise: <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.

Generat

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%,48 Hz 10440 Hz, 13 VA (20 VA with
11036A ac probe).

Size: 165 mm H (without removable feet), x 130.2 mm W x 280 mm
D (64" x 5'4” x 11”) behind panel.

Weight: net, 4 kg (8 1b). Shipping, 5.44 kg (12 Ib).

Accessories furnished: detachable power cord, 11036A AC probe.
Accessories available: see page 75.

Ordering Information Price
410C with HP 11036A Detachable AC probe $1375
410C Option 002 (less ac probe) less $44

43
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5 Hz to 2 MHz AC solid-state voltmeters
Model 4038
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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

NOBEL 4834

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 5 Hz to 2 MHz
Accuracy Within £2% (0.2 dB) of full scale from 10 Hz to 1 MHz;

1 to 2 MHz on the 300 V range (0 to 50°C).*

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

Input 2 M@; 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,
up to 500 recharging cycles; self-contained recharging
circuit functions during operation from AC line.
Size 159 mm H (without removable feet) x 130 mm W x 203 mm D (6.25" x 5.13" x 8").
Weight net, 2.9 kg (6.5 Ib). Shipping, 3.6 kg (8 1b).
Price 403B: $675  Opt 001: add $30

*Use 10001A 10:1 Divider and 10111A Adapter lo retain +5% (0.4 dB) accuracy while meaauring up lo 425 V rms from 1 to 2 MHz.
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AC voltmeter, 10 Hz to 10 MHz
Models 400E, EL, F, FL, GL
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Specifications
400E/EL* 400F/FL* 400 GL
Voltage range 1 mVto 300 VF.S. 12 ranges 100 gV to 300 VF.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 MQ on all ranges 10 MQ 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)
3 mV-300 V ranges 300 »V-300 V ranges +60 dB range
10 Hz-40 Hz; £(2.5 + 2.5) 20 Hz-40 Hz; +(2 + 2) 20 Hz-40 kHz; +0.4 dB
40 Hz-2 MHz; £(1 + 0) 40Hz-100 Hz; (1 +1) 40 kHz-100 kHz; +0.2 dB
2 MHz-4 MHz; +(1.5 + 1.5) 100 Hz-1 MHz; £(% + %)
4 MHz2-10 MHz 1 MHz-2 MHz; =(1 + 1) -60 dB thru + 40 dB ranges
3mVrange: £(25+2.5) 2MHz-4 MHz; £(2+2) 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 + 3.75) for 6 MHz to 10 MHz 500 kHz-2 MHz; +0.4 dB
10V-30 V: +(3.5 +3.5) 2 MHz-4 MHz; 0.2, -0.8 dB
1 mV range 100 4V range -80 dB range
10 Hz-40 Hz; +(2.5 + 2.5) 30Hz-60 Hz; +(2+2) 30 Hz-60 Hz: 0.4 dB
40 Hz-500 kHz; +(1 + 0) 60 Hz-100 kHz: +(1 +1) 60 Hz-100 kHz; +0.2 dB
500 kHz-4 MHz: +(2.5 + 2.5) 100 kHz-500 kHz; (1 +(+0,-7) 100 kHz-500 kHz; + 0.2, -0.8 dB
Recovery <2 for 80 dB overload
Overload **500 V rms ac, 300 V dc #1200 V rms max. input;
1000 V dc max. input
Calibration Scale - 10 to +2 dB between ranges, 100 divisions on 0 to 1 scale. Linear dB scale, 100 divisions
The dB scale reads —10 to +2 dB; 10 dB between ranges. from —20 to 0 dB. Long voltage
scale 0dB = 1V.
Weight Net, 2.7 kg (6 Ib). Shipping, 4.1 kg (3 Ib)
Size 153 mm H (without removable feet) x 130 mm W x 279 mm D (6.25" x 5.13" x 11")
Power AC: 115 or 230V +10%, 48 to 440 Hz, 6 VA max.
DC: External batteries: + and - voltages between 35V and 55 V
Price: 400E, $675; 400 EL $700 [ 400F, $675; 400 FL, $600 | 4006L, §725

NOTE: 400 EL same as 400€, and 400FL same a8 400F, except for calibration. Lineer dB scale

—10dB to +2 dB, 10 dB batwaan ranges. Log voltage scales 0.3 to 1and 0.8 to 3, 120 divisions
from =10 dB +2 dB. 400 FL accuracy is % of reading in dB only.
** AC overload voltsge decresass with incrsesing fraquancy
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10 Hz to 10 MHz true RMS voltmeter
Model 3400A

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

The Hewlett-Packard Model 3400A is a true root-mean-square
(rms) voltmeter, providing a meter indication proportional to the 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 1 volt drive proportional to meter
deflection.

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

RMS Current

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

Specifications

Voltage range: 1 mV to 300 V full scale, 12 ranges.

DB range: —72 to +52 dBm (0 dBm = 1 mW into 6009Q).
Frequency range: 10 Hz to 10 MHz.

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

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

10Hz 50Hz 1MHz 2MHz MKz 10MHz
[ asw T 21w ] e [ 23w [ 5% ]

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

10Kz 50z 1MHz 2WHz I 10MHz
[ 5% | s075% 2% | #3% | 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 1
at full scale (except where limited by maximum input) inversely pro-
portional to meter deflection (e.g., 20 to 1 at half-scale, 100 to 1 at
tenth scale).

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

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

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

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

Output: negative 1 V dc into open circuit at full-scale deflection, pro-
portional to meter deflection from 10-100% of full scale. 1 mA maxi-
mum; nominal source impedance is 1000€2. Output noise <<1 mV rms.
Power: 115 or 230 V +£10%, 48 to 66 Hz, 15 VA max.

Size: 159 H (without removable feet) x 130 W x 279 mm D (6.25" x
5.1 x 11*); % module.

Welght: net, 3.3 kg (7.3 Ib). Shipping, 4.5 kg (10 lb).
Accessories furnished: 10110A Adapter, BNC to dual banana
jack.

Accessories Available Price
11001A Cable, 45 in. long, male BNC to dual banana $17
plug

11170A Cable, 12 in., male BNC connectors $17
11170B Cable, 24 in., male BNC connectors $17
11170C Cable, 48 in., male BNC connectors $20
11002A Test lead, dual banana plug to alligator clips $15
11003A Test Leads, dual banana plug to probe and $12
alligator clip

11076A Carrying Case 8155
Ordering Information

3400A Opt 001 spreads out the dB scale by making it add $30

the top scale of the meter.

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

3400A RMS Voltmeter $1125
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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 V can be resolved. Full scale sensi-
tivity from | 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 3406 A 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 = 1 mW into 50Q); average-responding instru-
ment calibrated to rms value of sine wave.

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

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

10 20 25 100 100 700 1 12
kHz kHz kHz kHz MHz MHz GHz GHz
[ 2137 8 [ #5 | +3 [ 5 [ +8 [ 13}

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

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

CALIBRATE

(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.

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

3406A RF Voltmeter $2050

O
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Single channel analog voltmeters
Models 7562A and 7563A

Description

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

The Model 7563A Logarithmic Voltmeter/ Amplifier is a low cost,
single channel, dc logarithmic amplifier with a very high dynamic
range (110 dB) designed to produce a logarithmic-related dc output
voltage for a very wide range of dc input voltages. A single input
range of 316 xV to 100 V is coupled with an input polarity switch for
ease and versatility of operation. A high input impedance (100 k)
and a low output impedance (less than 5@) allows the 7563A to be
used in systems or on the bench. A front panel meter calibrated in dB
and mV provides instantaneous visual indication of operating levels.
Applications include log scaling of recorder axes, pulse height analyz-
ers, scope displays, and almost any circumstances where log compres-
sion of dc voltage ranges is required. Dual or single mounting
capability is afforded by a field installable rack mounting adapter,
utilizing minimum rack space.

7562A Specifications

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