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PRODUCT EXCELLENCE WITH
LASTING VALUE

Y our assurance ol lasting value accom-
panies every Hewlett-Packard product.
We intend to conlinue our long-standing
practice of offering yon excellent prod-
ucts, supported by a wide variety of use-
ful services both before and after the sale.

HP design technology

Our responsibility to you begins with
product designs which apply advanced
technologies, often pioncered at HP
through our extensive ongoing research
aclivities. Many of today's commonly-ac-
cepted measurement standards and prac-
tices began with the design ol innovative
HP products.

Important as advanced technology is. it
is not the only design consideration, how-
ever. Among other design contributions to
an HP product's lasting value are its
“munufacturability”™ and (especially im-
portant after you purchase that product)
its “serviceability™,

HP manufacturing

HP product designers are closcly at-
tuned (o the practicul aspecis of producl
manulacture. This emphasis on modern
manufacturing technology. coupled with
superior workmanship and high produc-
tivity, ultimately delivers high-value HP
producls 10 you al competitive prices. [n
addition, HP manufaclunng lacilities con-
tribute to the ultimate serviceability of the
products you purchasc by furnishing you
with clear and well-writien operating and
service instructions,

Today. Hewleti-Packard has 27 prod-
uct-responsible manufacturing facilitses
located in California. Colorado, idaho.
New Jersey. Oregon, Pennsylvania and
Massachuselts in the U.S. — as well as in
Scotland, the German Federal Republic,
France, Japan. Singapore. Malaysia and
Brazil.

Frmted in USA

HP product serviceability

Serviceability can mean many things. In
the broadest sense, it means getting full
utilization and value from your purchase,
and this is one of HP's principle objec-
Lives in serving you.

In other ways, it can mean having a
product that is easy to understand and op-
erate — as well as one that works under a
variety of adverse conditions and can be
depended upon to perform as expected for
years Lo come. As a praclical matter, il
ajso means having a product (ully backed
by a reputable firm so that subsequent
maintenance, repairs and parls are read-
ily available. Hewlew-Packard's world-
wide service organization helps you re-
ceive full and continuing value from your
HP purchase, wherever you are located.

HP SALES AND SERVICE:
NEARBY ... AND WORLDWIDE

The previously mentioned product ex-
cellence and value are only part of the Lo-
tal HP story. Equally important 10 you is
the ready availability of local sales and
service support.

To be responsive Lo your nceds and
those of other cusiomers, Hewlett-Pack-
ard has over 3.000 sales and service
engineers and other technical persannel
located in more than 172 offices in 635
countries. This means that a significantly
high percentage (more than 10%) of our
world-wide tota) number of employees are
specifically and directly available to you
and other HP custonters for pre-and-posi
sale technical suppori.

To locate the HP Sales and Service Of-
fice nearest you, please sce the complele
listing inside the back cover of this cata-
log.



CATALOG CONTENT

This catalog is designed primarily to serve the
needs of engineers, scienlists and technicians whao
are concerned or work with electrical /electronic
phenomena. [t deals with the broad area of mea-
surement (plus generation and recording), as well
as related compusation.
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HP has many additiona} capabilities not de-
tailed in this catalog, which are insiead summa-
rized on the last few pages. In the event your
work is related Lo any of these other HP capabili-
ties, we will be pleased 1o send you specific prod-
uct information on request.
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Contrast Filters .......... ..o ittt 154
275 MHz Delayed Sweep ....o.vveeaeennn.n 98-101
275 MHz Dual-Delayed Sweep with
MiCTOPFOCESSOT  ..vtitiiiiiei i icriiveneanens 98-101
200 MHz Delayed Sweep . .....ooviviiiiiiiiannn 102
200 MHz Dual Delayed Sweep . ...0veevvennnn.. 102
General Information .................. ... .. ... 94-97
High Frequency Plug-Ins .....................0L 116
High Writing Speed Mainframes ............ 123, 142
Large Screen Mainframe ..................oo.ol 122
Light Shields ..........ooo i 154
Low Frequency .............cciiiioiiii 144
Plug-In, (80 series .........cooviviiian, 124
Plug-In, 183 series ... ..o 142
Protective COVELS ..o.oouinisiieaianiviinenaans 154
Portable ...... .. ... ... [10-113
Rack Mount Slides and Adapters ................ 154
Ruggedized Portables, 35 & 50 MHz ............ 114
Sampling ..o 134-138
Spectrum Analyzer Plug-ln .. .......... 141, 450, 452
Testmobiles ...c..vriiiii e 158
100 MHz Third-Channel Trigger View ........ 104-109
Variable Persistence/Storage ............ 112, 119-121
Viewing Hoods ........covviviiiiiiiiiien e [ 54
Outpul Voltage Divider ..............coiiiniinin. 348



P
Pad, Coaxial Attenuator ...........cccooviivinvnan.. 383
Pattern Analyzer ........... ... .. i i 83
Pattern Generator/Error Detector ................. 502
Peak Power Meter, Analog ..............covivnntn 375
Phase Lock Synchronizer .........civviveivnveneens 367
Phase Meters ........coiiiiiiiiiiiiiciivnsan 414-429
Phase Modulation, Signal Generator .............. 328
Phase Sensitive Demodulator Preamplifiers ........ 230
Phase Shifters, Waveguide .............ccccvennnn. 398
PIN Diodes ..ottt 562
PIN Modulators, MiCrowave .........c..civceeennss 347
PIN Photodiodes ........coiiiiiiiiiiiiiinniinnns 563
Plotter, X-Y oo e 527
Plug-In Counters ._...............oiiehae 242, 247, 250
Plug-In Extender .. ... ... . .. . . i 538
Plug-In Oscilloscopes ............coviviiinnnnns 116-143
Plug-In Pulse Generator System  ............... 292-300
Point Plotter Plug-In Modules .............cco.vue. 211
Portable
Caleulators ... ... oo i e e 519
COURNLETS ..ottt ie e e innnnes 256
Instrumentation Tape Recorder ............. 208, 234
OscilloSCOPES +vvvre ettt iieneeeess 110-113
Storage Oscilloseopes .......iiiiieiiiiiiiiin.. 112
Strip Chart Recorder .............cccvveninn. 208, 226
Test SEL . .ooii i e e R 484
Vollmeter ... it aean 29
X-Ray Systems ........o.oiiiiiiiiiaiaiiiiaias 568
Power Meters, RF & Microwave . ............. 368-374
Power SEnsors .......oceeiiiiiiiiiiacneiiiins 372, 375
Power Meter Calibrators .............cciieens 371, 375
Power Splitter .. ... oo i e 404, 419
Power Supplies ..........ooovieiiiii e 171-207
Amplifier/Power Supplies ..................cou0 198
Atomic Cloek ......voirireei 279
Condensed Listing ...........cociviiin .. 172
Constant Current Sources ........ et 200
Digitally Controlled ...............coiiiveiain..t 205
Duoal Tracking ......ccooviomiieiinriniiiiiiieanns 194
Frequency Standards ..............ooiiiiiilt, 279
General Purpose: 25 — 200 W Output ........... 180
General Purpose: 100 — 2000 W Qutput ......... 184
General Purpose: 300 ~ 13,000 W Output ....... 188
General Purpose: 0 — 320V ..ol 194
High Voltage ........c...cooiii e 192
LowCostLab ..............cccovviviiean . 175-179
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Modular, Single Ouiput, Series Regulated ....... 201
Modular, Dual Qutput Series Repulated ......... 201
Modular, 200 — 600 W, Switching ............... 203
Modular, 110 W, Switching .........cooocvvnviin, 202
Modular, Triple-Output Switching ............... 202
Oscilloscope Probe ..........ooiiii oo s 152
Precision Voltage Sources .......................s 195
Programmable ................. .. ... 205, 54t
Specifications Definitions ... 174
Standby Counter ..........cc.cviiiiiniie 245
Power Supply/Amplifier ....................... 198
Preamplifiers ............ .o 21
Precision DC Amplifier ..................coool L
Precision Frequency Source ...........oovvivien..., 268
Precision Oscillator ............ it iiiiiiaiaainns
Precision Voltage Sourees ..............o....... 174
Preseleclor ... .. . i 462
Pressure Gauge .. ..ottt i
Printers ..................... e 236-238
Printer, Line .. ..ooiii i e
Printer, Thermal ................ ... ... .c.oooo... 236
Probes
ACCESSOLIES 1 evn e ieee e iiareees. 152, 471
ACLIVE L 151, 423
@07 £ 1| S, 152, 472
Digital Multimeter ........ ... i, 40
Frequency Doubler ..............ooioiiiiiiiaen. 346
High Frequency ........... e R 9.
Impedance ........... ..o i 423
Logic ..vooee 84, 87
Sloted Line ..ooooioi it 394, 395
Trigger (TTL, MOS, ECL) ..........ccooiiin. .o, 84
Time Interval ............coiiiiiii 246
Voltage Divider ................cooo i, 150, 47]
Process Control Interface .......o......ccivvvenn.. 538
PrOCESSOTS ot e 530
Programmable Counters ........ 242, 250-252, 266, 541
Programming, 1900 System ................c..0e. 300
Pseudorandom Noise Generator ................... 468
Pulse Amplifiers ............ ... 20
Pulse and Word Generators ................... 280-30S
Pulse Generator ..............cooveieii o, 88, 541
Pulse Modulators, Microwave ................. 36, 347
Q
Q-Meter .o o e 72
Quartz Component Oscillator ..................... 277

Quartz Frequency Standard .................c..0.. 276
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R

Random Noise Generator ......................... 468
Range Calibrator (for 435A) ....................... 371
Ratio Meter ... 50
Readers, Card .......... oo i, 537
Reciprocal Counters ................ 242, 250, 262, 541
Recorders
Oscillographic ...........cocoiviinn... 208, 227, 230
Portable Instrumentation Tape ............. 208, 234
Strip Charl ...oo.ooivviiii 208, 220-226
XX 208-217
Refection/Transmission Tesl Sets ........ 402, 419-443
Reflectomeler Bridge .......ooveeyiiiniiinnniins.. 404
Relay Quiput Cards ... ..o, 541
Relay Register ......c.oooieiiiiiiiiiinniennnns 530
Resistance Meter ... i i 63
RMS Voltmeter ...........ooovioi . 31,42, 55
Rotary Air Line, Coaxial .......................... 400
Rotary Joint, Coaxial .............cco e 400
Rotary Machinery Analysis ............000een.. .. 466
Rolary Vane Attenuators, Waveguide ............. 387
Rotating Machinery Analysis ................... ... 466
RTE-B Real Time System ......................... 546
RTE-C Real Time System .................oooet. 546
RTE-[I Real Time System ...........ooceennnnn. 546
RTE-I11 Real Time System ...........ooviien..n.. 546
Rubidium Frequency Standard .................... 275
RX Meter ..o 75
S
S-Parameter Test Sets ..............cooviiian.. 419, 429
Sampling Oscilloscopes ........coooiveiinnns 134-138
Sampling & TDR Accessories ..................... 139
SCANNEr e e 33
Scanner Plug-In Module ...................... 210, 54}
Schottky Diodes o.oovviiiiiin i 562
Scientific & Industrial X-Ray Systems ............. 568
Selective Level Measuring Set .............o........ 300
Selective Level Voltmelers ...........c.covvneen.... 497
Selective Voltmeter .................. 440, 490, 497-499
Self-Test Digital Multimeter ..................... 44, 50
Seasors, Microwave Power ...... ... .. ....... 372, 375
Shorts, Coaxial and Waveguide .................... 396
Signal Analyzers, Digital ...................... 466, 496
Signal Analyzers, General Information ........ 432-437
Signal Analyzers ........... ... 141, 432-465

Signal Coupler Preamplifier ....................... 230

Signal Generators, General Information 306, 311, 326,

432-437
Signal Generators and Accessories ............. 326-348
Signal Generators, HF, VHF, UHF ..., o000 333-342
Signal Source ..., 33, 307, 311, 322
Signature Analysis .......... .o, 448, 466
Sinewave Generators ................. 307, 311, 322-332
Sinewave Oscillator ....................ooui. 307, 311
Single Span Plug-In Module .........,.............. 220
Sliding Load (Coasxial and Waveguide) ............ 396
Software, Compuler . .............ccoieiiiiiii... 530
Saolid State Displays ..........oooiiiiiiii 563
Solid State Lamps ...oovviiiiii i 563
Spectrometers ... 564
Spectrum Analyzers, General [nformation ..... 432437
Specirum Analyzers ........ 141, 445, 448, 452-466, 548
Spectrum Analyzer Preselector ..................... 462
Spectrum Display ... 467
Square Wave Gen ,............oles 313-319, 327-329
Standards: Frequency and Time .,................. 268
Standing Wave Ratio (SWR) Meter ............... 401
Step AHENUAIONS ... 0ieii i ieaenns 384, 386
Step Recovery Diodes ......... ... .o 562
Stepping Molor Control ...............coin.n, 541
Storage Control Unit ... i, 532
Strip Chart Recorder ..................... 208, 220-226
Structural Dynamics ... ..ot e 466
Sweep Oscillators, General Information .......349-35t
Sweep Oscillators ..................0. 307-309, 349-367
Sweeping Slotted Line ..., 394
Switches ... 541, 562
Switches, Coaxial ............... ... 399
Swivel Adapter ... 400
Synchronizer Counter ..........cviieiieieiiiiennnns 339
Synchronizer, Phase Lock .................0.oilll 167
Synchronous Communications interface ...... 530, 550
Synchronous Data Set [nlesface ................... 530
Synthesizer, Automabtic ..................cciinn... 309
Synthesizer, Frequency .........ovviveviiiia.. 307-310
Synthesized Signal Generators ...................., 328
Synthesizers — General Information .............. 326
Synthesizers, Spectrum ........ ...l 466
T
Tape Cassette, Punch, Reader Sub-systems ........ 526
Tape Recorder, Digital Magnetic .................. 234
Telecommunications Test Equipment,
General Information ............... ... ... 480-483



Telepbone Test Oscitlators ......................... 489
Teleprinter Interfaces ... 550
Temperature Plug-1n Module ...................... 220
Terminal, CRT ... i 334
Terminated Output Cable ..................oeeeen 348
Terminations, Coaxial and Waveguide ........ 140,396
Test Leads ..oiiiveve e e e e 469
Testmobiles, Oscitloscope ..........oviiiiininnnn.. 158
Test Oscillatars ... i ii i e 315
Test Set, Voice Band ............ooiiiiiiiiinnnn,. 496
Test Sets, Transmission .......c.veveveeonaininenn.. 496
Thermal Printer ... e 236
Thermistor Mounts, Coaxial and Waveguide ...... 375
Thermocouple Power Sensors ...................... in
Thermomeler ..ovriieieri i es 553-555
Time Base External Module ....................... 212
Time Base Plug-1n Module ........................ 210
Time Domain Refleclometers .................. 137-139
Time Interval Counters ................... 242-262, 541
Time Mark Generalor ..........c.ccooiiiiiiiin. 153
Time Standard ... 270-273
TIMS e e 483
Total Station ... oo e 561
Tracking Generators ......o..oeeiiieennnaean.n. 452-462
Training/Video Tapes ...........cooinvann.., 572-574
Transfer Function Analyzer .................. 466, 496
Transmission Impairment Measuring Set .......... 485
Transmission Line Test Equipment, Coaxial ....... 380
Transmission & Noise Meter Psophmeter ......... 488
Transmission Parameter Analyzer ................. 496
Transmission Test Set ............oooiiiin. 486, 487
Transistor Bias Supply ...l 430
Transistor Test Fixtures ............ccoovviveann. 429
TranSIStOrS L ove o e 562
Transponder ... 496
Triangle Wave Generalor ............ocoiienne 317-319
Trigger Countdown .....iiveeirineininianannnnn s, 134
True RMS Voltmeter ........coovvvvnnneonn... 31, 42, 55
TTY TRlerface ..ot iiv e 58
Tuners, Microwave ..............cciiiiiiiiin.... 398
TWT Amplifiers ... . .. .. 22
Type N Short ... i 396
)

Universal Bridge .........o.ccoiiiinoit, 64, 65
Universal Carriage (Slotted Section) ............... 394
Universal Counters ............ccoviieeiien... 242, 251
Universat Interface ...................ccooiiints. 530
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Vv
Variable Phase Funclion Generator ............... 316
Vector Impedance Meter ..ot 74
Vector Yollmeter ... oo 424
VHF Oscillator ..ot e 346
Vibsation Analyzer ... ... .. e 466
Vibration Controller ... oo 466
Video Tapes ..ottt i 570
Voice Band Analyzer ..., 496
Voltmeters ... i e 23-58
Voltmeter, VeClor .. o. i i e i aisa 424
W
Wave Analyzer ... i 438
Wave Analyzer ... oo 439, 497
Wave And Distortion Analyzers ......... 440, 442, 448
Waveform Analyzer, Fourier ................. 466, 496
Waveguide
AUERUBLOTS o\ttt iet ittt e it e anes 387
Coaxiat Adaptors .......... ... ...l 400
Crystal Detectors ... 393
Directional Couplers ..............cociiiiiennnn 390
Frequency Meters ..., 391
Harmonic MiXer ..o, 308
Holder oo e 400
Instrumentation and Accessories ................. 47l
Instrumentation vs Frequency Bands ........382-47]
Low-Pass Filters ......c..cooviiiiiiniiiinnan... 397
Millimeter CoOUnLer ... ..ot 240
Maovable Shorts ... ... 396
Phase Shifters .. .. ... ... . . . 396
Precision Altenuators ........c.veeeoveinniin.. 73, 387
Shorting Switeh ........... ...l 396
Slide Serew Tuners ............coiiaii ... 398
Sliding Loads ... 396
Sliding Shor ... i 396
Slotted Section ........ ... 395
Stand ... 400
Terminations ... uu.viiveiieirariesienireinnin 396
Thermistor Mounts .............................. 375
Variable A1enuators .....c..vvvivieinneivnnannn, 187
Waveguide-Waveguide Adapters ,.................. 400
Word Generators ..............coiiiiiiiiiinn. 302-305
X
X-Ray Syslems, Scienlific & Industrial ............ 568
X-Y Displays ..........co 160-170
XY Plotters ... 208, 218
X-Y Recorders ..........ooiviiiiiiianininonn- 208-216
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HP-2} Scientific Pocket Caleulator . ... ......... 520 334A Distortion Analyzer . ... ... ... ........ 442
21 MX Minicomputers . . . ..o v i i v e e, 530 340B Noisc Figure Meter . . .. ... .......-.... 376
21 X/2 Memory System . ... ..o 530 342A Noise Figure Meter . .. .. ..ot ... 376
HP-22 Business Management Pocket 343A VHF Noise Source . . ................. 376

Cn]cula.tor """""""""""""" 523 34SBIF NOISE SOURCE . . v v v v v it e e i e 376
HP-25 Scientific Programmable Pocket 347A series Noise Sources 376

Caleulator . ... ... it i, 521 . oo T

J49A Noise Source . .. ... ... L 376
:i‘zgﬁ m;};jlﬁ? . g 350D AUEnuator Set . . .. ... ...\ 73

- & . . .

Pocket :Jar:(c.tdn(oren. .u: . r.o.gr.ﬂTm.a. E .......... 521 ;2(5) serfcs Coax?a: Step Alten:.zlilors """""" ;g‘;
MX/55 DISCOmpUtEr . ..o oeeeeeenn, s3  JO)seres omrinl LowpRss FIlers n o
HP-65 Programmable Pocket Calculator .. ... ... . 522 624 series avcg.mde L,?w-pass Filters ... ;9;
MX/65 DISCOMPULEr .+ « - v v v v e e e e e 530 3;5 series xavcgu,de Van.atl)le /:uc_nua(ors ........ 8
weaeen L e s predon Vaiale

80 Financial Pocker Calewlator .. v 393A Coaxial Variable Attenuator ., .. ... ...... 386
100 394A Coaxial Variable Attenuator .. ........... 386
105A & B Quartz Frequency Standards . . .. ... ... 276
123A Oscilloscope Camera 1ss 400

; P A ARS-400 Automatic Receiver System . .........,.. 548

1408 Oscilloscope Mainframe . .. ., .. ... ... ... 143 400E & EL AC Volimeters . . - . oo o 30

140T Spectrurmn Analyzer Mainfracne .. .. ... ... .. 455 400F & FL AC Vollmeter 10
141B Variable Persistence Storage ~ansent A oyalveae T

Oscilloscope Mainframe ... .. ... .......... 143 400GL AC Volimeter .. ... ... crrrrrrTrrry 30

403B AC Volumeter . ... .. ... ... .. ... ... ... 25

141T system Spectrum Analyzers .. ............ 454 410C Voltmeter 2

41T Spectrum Analyzer Mainframe ... .. ... .. .. 455 415E SWR Meter . . . .o 401

180 serics Plug-in Oscilloscopes . ..o "8 419A DC Nl Voltmeter . .. oooii 25

180C. D & TR High Writing Speed 420A & B Coaxial Crystal Detector 192

Oscilloscope Mainframes .. .. ........ 123,451,453 : 0a -1Y ¢ $ e
I81A. AR, T & TR Variable Persistence/ 42A scncs.Waveguldc Crystal Detectors .. ... .. .. 393

Storage Mainframes . ... ... ........ 119,451,453 423A Coaxial Crystal Detector .. .. ... ........ 392
(82C & T Large Screen Oscilloscope 423B Coexial Crystal Detector . . . .. .......... 492

Mainframe .. ... ....... ... . ..... 122,451,453 424 A series Waveguide Crystal Detectors . ... .. . .. 393
183A, B & D Wideband Oscilloscope d2TA Volumeter . . .. . i i e e 27

Mainframes .. ......... ...l 142 428B Clip-on DC Milliammeter . .. ............. 26
184A & B High Speed Oscilloscope 432 series Power Meters . .. ... ... .. ... ... .. 374

Mamfri.xmm """"""""""""" 120 435A Power Meter . . . .. ... e 371
197A Oscilloscope Camera .. ............. o 155 436A Power Meter . ... .. ... ... v 370
200 440A Detector Mount . . ... oL 395
200CD Wide Range Oscitlator . ... ........... 312 442B Slotted Line RF Probe . . .. ............. 395
201C Andio Oscillator .. ... 32 444A Slotted Line Detector .. .. ...l 395
203A Variable Phase Function Generator . .. ... .. . 316 446B Slotted Line Delector - « . .« .o\ o o\ 205
204C Oscillator .. .. ... 313 447B Slotted Line Detector .. ............... 394
204D Oscillator .. .. ... ... 313 448A & B Sloned Line Sweep Adaptess . . . ... .... 394
209A Oscillator ... ... 313 456A Current Probe for voltmeters . .. .......... 472
214A Pulse Generator . ..., ............. ... 291 46)A Amplifies . .. ... ... 20
226A Time Mark Generator . . ............... k53 4624 Amplifier . . . ... 20
230B Tuned RF Amplifier .. ................ 22 465A Amplifier . .. .. ... 20
236A Telephone Test Oscillator . .. ... .. ..... ... 489 4567A Power Amplifier .. ... .. ... 20
20BRX Meter .. .. ..o 75 478A Coaxial Thermistor Mount . ... .......... 373
281 series Coaxial-Waveguide Adapters . .. ... . ... 400 485B Waveguide Detector . .. ... ..o 393
292 serics Waveguide-Waveguide Adapters . . .. .. .. 400 486A sesics Waveguide Thermistor Mosnts .. . . .. 375

489A TWT Amplifier .. ... ... ... ... .. ...... 22
300 491C TWT Amplifier .. oo ee e 22
310A Wave Analyzer . .. ... ... . 439 493A TWT AMpHRer - oo oot 2
312B & 313A Frequency Selective Voltmeter .

and Tracking Oscillator . .. .. ... .. .. o0, 440 495A TWT Amplifier ... .cvvve 2
312D Selective Voltmeter .. ... Cer e 498 500
33]A Distortion Analyzer .. ..., ... . ... ... 442 532 sertes Waveguide Frequency Meters . ... ... .. 391
332A Distorlion Analyzer ... ... ... ... 442 536A Coaxjal Frequency Meter .. .. .. ......... 39l

333A Distortion Analyzer . .. ..., ... ... 442 537A Coaxial Frequency Meter . ... ........... 39]



800

606B Signal Generalor . . .. ... ... e 340
608F Signal Generalor .. .. ... it e K|
612A Signal Generalor . . ... v 342
618C Signal Generator . . .. .. ... ... 344
620B Signal Generalosr . o . v v e i e e 344
626A Signal Generator .. . ... ... 345
628A Signal Generator . ... ... ... s
G5B Tew Oseillator .. .. oo dfBads Lt 315
G30A Test Oseillator . . o .. . oo d e —p utamdily s
634A Test Oscillator . . 0 v v v wansa v vnin 318
680 Strip Chart Recorder . . .. . ..o iv i v, 223
760

740B DC Siandard /Differentinl Voltmeter . .. ... .. 324
745A AC Calibrator . . .. .. ... .o it 322
T46A Hi Voltage Amplifier .. ... .. v 322
752 series Waveguide Directional Couplers . . .. . . .. 390
774D Coaxial Dual Directional Coupler 348
775D Coaxial Dual Directional Coupler . .. .. .. .., 388
776D Coaxial Dual Directional Coupler . .. ... ... 388
777D Coaxial Dual Directional Coupler . ... .. ... 388
778D Coaxial Dual Directional Couplesr .., ... ... 388
779D Coaxial Directional Coupler .. . ... . ... ... 389
786D Coaxial Directional Detector . . .. .. .. .. ... 389
787D Coaxiat Directional Detector .. .. ......... 389
788C Coaxia! Directional Detector . . .. ......... 389
789C Coaxial Directional Detector . . .. .. .. ..... 389
796D Coaxial Directional Coupler . ... ... ... ... 389
797D Coaxial Directional Coupler ... ... ... .... 389
798C Coaxiusl Directional Coupler , .. .. ... ... .. 389
800

805C Coaxial Slotted Line . ................. 394
809C Universal Carriage . .. ....-........... 394
810B scries Waveguide Slotted Sections .. .. .. .... 19s
814B Slotied Section Carriage .. ... . ... .o 395
815B series Waveguide Slotted Sections . ... . ... .. 195
816A Slotted Couxial Section  , ., ... .. ... ,..... 394
817A & B Coaxial Swept Sloited Line Systems .. . .. 394
870A series Waveguide Slide Screw Tuners .. . ... .. 398
BBSA series Waveguide Phase Shifters . ... ....... 398
89SA DC Power Supply . ... . ..., 184
900

905A Coaxial Slidingboad . ... .............. 196
907A Coaxial SlidingLoad . ................. 396
908A Coaxial 50-Ohm Termination . ........... 396
908A Option 012 50-Ohm Termination .. ... ..... 140
909A Coaxial Termination . ... ............ 140,396
910 series Waveguide Terminations ... .. ....... 396
911A Coaxial Sliding Load .. ................ 396
914 series Waveguide Sliding Loads . . ... ... .... 396
920 series Wavegnide Moving Shorts . ... ... . ... 396
923A Waveguide Sliding Short . . . .. .., .. .. ... 396
930A Waveguide Shorting Switch . . .. .. ........ 396
932A Waveguide Harmonic Mixer . .. .. ... .. ... 398
934A Coaxial Harmonic Mixer .. ... .......... 398
938A Frequency DouvhlerSet ... ... .......... 45
940A Frequency Doubler Set .., .. .. ... .. ... 345
970A Probe Digital Multimeter .. .. ... ... . ... .. 40

MODEL NUMBER INDEX

New product listings are printed in bold face type

1000

1000A Testmobile .. .. .. .. ... 158
1000A Testmobile . ... ... ... ..... . ..... .. 158
1001B Testmobile .. ... . v o v v o 158
1002A Testmobile . .. .. .. ... . . 158
10028 Testmobile . ... ... ... ............. 158
I003A Testmobile ... ... ... ..... ... ...... 158
1004A Testmobile .. .. ................... 158
1010B High Speed Liquid Chromatograph . ... .. .. S64
1026A Microwave Laboratory Kit . ............. 378
1051A & 1052A Combining Cases ... .......... 473
1104A /11068 Op1 001 18 GHz Trigger

COuMAOMR | . v wvnm o s o5 s e ah ms « . . 138
1104A/1108A 10 GHz Trigger Countdows . . .. .. .. 138
1105A/1106B 20 ps Pulse Generator . . . ... ...... 140
L10SA/1108A 60 ps Pulse Generator . . .......... 140
1109B High Pass Filler (type N) . ............. 140
I110A Current Probe . . . ... ............... 152
111NA AC Current Amplifier ... ... .......... 152
1414A Testmobile, Oscilloscope . . .. ........... 158
1117B Testmobile, Oscilloscope . . . ... ......... 158
1120A 500 MHz Active Probe . . . .. .. .. ... ., .. 151
112IAACProbe . ............. .. . ... ..... 423
1122A Probe Power Supply . ... ............. 152
[124A 100 MHz Active Probe . . . .. ......... .. 15)
1125A 250 MHz Impedance Converter Probe . . . . .. 15t
1200A & B Dual Channel Oscilloscopes,

PO AV /Y - e e g v bR . . . 146
1201A & B Dual Channel Storage

Oscilloscopes, 100 uVydiv ... .. ... ... ... 146
1205A & B Dual Channel Oscilloscopes,

SmVjdive L e e 146
1220A Dua) Channel Oscilloscope, IS MHz .. ... .. 144
1221 A Single Channel Oscilloscope, ISMHz . . . . .. 144
1222A Dual Channel, Delay lLine Oscilloscope,

L | - et T e 144
1230A Logle Trigger . .. ... ... v an. . 84
J300A Large-screen Analog System Display .. .. ... 170
1310A 48.3em (19in)Display ... ............ 168
1311A 35.6ecm (14in) Display . ... ........... 168
1317A 43.2em (17 in) Display  ............... 166
1321A $33em (21 in) Display ... ............ 166
1332A High Resolution Display .. .. .......... 162
1335A High Resolution Storage Display . ......... 162
1400 series Plug-ins for 140 series Oscilloscope

Mainframes . .. .. .. .. ... ... ............ 143
1600A 16 Bir Logic State Analyzer ., ............ 78
1601L 12 Bit Logic Stote Analyzer .. ... ......... 82
1607A 16 Bit Logic State Anafyzer . ............. 78
1620A Pattern Analyzer .. ................., 83
1645A Data Error Analyzer . ... ............. 494
16455 Data Transmission Test Set .. ........... 494
1700 series Oscilloscopes . . .. ... ............. 98
1700B Portable Oscilloscope, 35 MHz . .. ... ... .. 110
1700B Option 300, 35 MHz . ................ 114
I702A Portable Storage Oscilloscope .. ... ...... 112
1703A Portable Storage Osciltoscope, Deluyed

Sweep ... ... ... ., esoaTmil g =S 112
1707B Portable Delayed Sweep Oscilloscope,

ISMHz ... L et ekl ik 110

m
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1707B Option 300, S0 MHz . . ... ... ......... 114
1710B Dual Channct Oscilloscope, 200 MHz . .. .. .. 102
1712A Dual-Delayed Sweep Oscilloscope,

200MHz ... .0 e 102
1720A Oscilloscope, 27S MBz .. .. .., . ... .. .... 98
1722A 275 MHz Osciltoscope, Direct Readout

ofvoltsand time .. .. .......... ... ...... 98
1740A 100 MHz Oscilloscope. Trigger View . ... ... 104
1801A Dual Channel Vertica) Amplifier.

SOMHz .. ... 126
1803A Differential DC Offset Amplifier . .. ... .... 130
1804 Four Channel Verucal Amplifier,

SOMHz ... ... 128
1805A Dual Channel Vertical Amplifier,

IOMHz ... 124
IR0O6A 100 xV Dual Channel Differential

Amplifier . .. ... .. L o 126
1807A Dual Channel Vertical Amplifier,

ISMHz .. 126
1808A Dual Channel Vertical Amplifier,

ISMHz ... 125
1809A Four Channel Vertical Amplifier,

IDOMHz .. ... . 128
1810A | GHz Dual Channel Sampler . ... .. ... .. 136
1BI1A 40r 18 GHz Sampler .. .. .. ... ... .... 134
[815SA & B TDR/Samplers . ... ... ... ....... 138
1816A Sampling Head, 4 GHz . . .. .. ... ...... 138
187A Sampler, 124 GHz .. .. .. ... .. ... .. .. 138
1818A Time Domain Refleciometer, 170 pst, .. .. .. 137
1820C Time Base . .. .. ... ... .. .. . unnin 13)
1821 A Time Base/Delay Generator .. .. ........ 13]
1824A Time Base and Sweep Expander . .. .. ... .. 132
1825A Time Base and Delay Generator . .. .. ... .. 132
1830A Dual Channel Venical Amplifier,

BOMHz 142
1834A 200 MHz 4-Cbanpel Amplifier .. ... ...... 142
1835A 200 MHz Dual Channel Amplifier .. ... .. .. 142
1840A Time Base . . .. .. ... ... ... .. ... 142
1841 A Time Base/Delay Generator . ... ........ 142
1900A Pulse Generator Mainframe .. ... .. ... ... 2%9
1901 A Pulse Generator Mainframe ... ...... ..., 299
1905A Rate Generalor . . . . . ... v 268
1906A Rate Generator ... ... ... oo v 298
1908A Delay Generator . . ... ............... 208
1915A Variable Transition Time Output 30}
1916A Variable Transilion Time Ourput 293
1917A Variable Transition Time Qutput . .. ... .. 294
1920A Pulse Output . .. ... ... ... .......... 293
192t A Positive Outpul Plug-in . .. ..., ... ..... 293
1925A Word Generaior . .. ... ......uouuuunnn 296
1930A PR Binary Sequence Generator .. .. ... ... 296
2000
2000 Access System . . . . L. ... i e a 545
2123A DISComputer . .. ... i ii e annan 532
2300B RTE-B Real Time BASIC Softiware . ....... 531
2300C RTE-C Memory Based Real Time

Operating System Software ... ............. 531
2607A Line Printer . . .. . .0 . i i s 533
2640A & 2644A CRT Termlnals . .. .. ... ... ... 534

2801 A Quartz Thermometer
2802A Digital Thermometer
28) 1B Quarwz Pressurc Gauge
2850 Quarlz Temperalure Probes

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

3000

3600CX Mini Datacenters
3040A Nelwork Analyzer .. ... .. ... .........
J042A Network Analyzer
3044A Automatic Spectrum Anzlyzer
3045A Automatic Spectrum Analyzer
3050B Auto Data Acquisition System
3200B VHF Oscillator . . . .. .. .. ... ... ......
J310A Function Generator . . .. ..............
3310B Funetion Generator
3311A Function Generator
3312A Funclion Generator
J320A Frequency Synthesizer
3320B Frequency Synthesizer
3320C Level Generator
3330B Automatic Synthesizer
3352A Laboratory Data System
3373B Electronic Djgital Integrator
3380A Reporting [ntegrator
JM00A RMS Volimeter

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

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

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

3406A Broadband Sampling Voltmeter
3450B Multi-Function Meter
A465A Digital Multimeter
J465B Multimerer . ... L L
3470A Digital Multimeter
3480C Digital Volimeter

3480D Dhgital Volumeter

3484 A Multi-Function Unil for 3480C & D
3490A Multimeter
3495A Scanner
3550B Communications Test Sel
3551A Transmisston Test Sel
3552A Transmission Test Set
35558 Transmission & Noise Measuring Set
3556A Psophometer
3875A Gain/Phase Meter
3580A Spectrum Analyzer
3581 A Wave Analyzer
3581C Selecuve Voltmeter
3590A Wave Analyzer
3591 A Sclective Vollmeter
3594A Sweeping Local Oscillator Plug-in
3702B |F/BB Receiver
3710A [F/BB Transmitter
3720A Spectrum Display

3721A Correlalor
3722A Noise Generator
3730A Down Converler: RF to 1F
3744A BB Sweeper Accessory
3745A Selective Level Measuring Set (CCITT)
3745B Selective Level Measuring Set (BELL)

3750A Attenuator

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

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

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

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

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

554
553
356
554

4]
411
45
445

56
346
319
319
357
318
307
307
498



3760A Data Geperator .. ... ... 303, 504
3761A Error Detector . .. ... ... o S04
3770A Amplitude/Delay Dislortion Analyzer .. .. .. 492
3780A Patiern Generator/Error Detector ... ... ... 502
3790A IE/BB Transmitter (140 MHzIF) .. ....... 506
3792A IF/BB Recelver (140 MHz IE) . .......... 506
I800A Distance Meter . . .. ... ..o 560
3800B Distance Meter . . ... i e e 560
3805A Distance Meter . ... .. ... ... .. ... 560
A810A Total Station ., . . . ... v vt it 561
3960A Portable Instrumentation Tape

RECOTOET . o v v e v it e e e v e e e 234
4000
4204A Oscillator .. . .. .. .. e 314
4260A Universal Bridge . .. ... ... ............ 64
4265B Universal Bridge .. .. .. ............... 65
4270A Automatic Capacitance Bridge . .. ... ...... 70
4271A Digital LCR Meter . .. ... ... . ... .. ... 66
4282A Digital High Capacitance Meter .. . ... ... .. 68
4328A Milliohmmeter .. ... ... ... . .......... 62
4329A High Resistance Meter . . . .. .. ... .. ... .. 63
43ALCR Meter ... ... ... 6)
4333A Distortion Amalyzer .. ................ 444
4342A Q Meter . .. ... e 7
4350A & B High Capacitance Meters . . ., ... ... .. N
4430A ALERBAION . . ... L e e 173
4437A ARENUALOT . v v v o e e e e 73
4440B Decade Capacilor . . .. v . .o i e 73
4800A Veclor Impedance Meter . . .. ... ........ 74
4815A Vector Impedance Meter .. .. ... ... ..... 74
4940A Transmission Impairment Measuring

Sel L e e 485
5000
5000A Logic Analyzer . . .. .................. 85
S0LIT Logic Troubleshooting Kit . ... .. ... ..... 50
SOLST Logic Troubleshooting Kit . ... ... ....... 91
5035A Basic Logic Lab . . .................., 9
S035T Logic Lab . .. ... ... ... .. .. ........ 93
S050B Digital Recorder .. ... ............... 238
S055A Digital Recorder . ... ... ...,......... 237
K02-5060A Standby Power Supply ... .......... 279
5061A Cesium Beam Frequency Standard . .. .. ... 270
5061A with Option 004 Tube . ............... 271
E21-5061A Flying Clock (Cesium) . ............ 27
5062C Cesium Beam Frequency Reference . .. ... .. 272
5065A Rubidium Frequency Standard 273
E21-5065A Porable Rubidium Time Standard . . . .. 273
5085A Standby Power Supply .. ... ... ... ..., 279
5087A Distribution Amplifier .. ... ........... 278
SISOA Thermal Printer . . .. .. ... .......... 236
5210A Frequency Meter . .., . ... .. ... .. ......
5245L Electronic Couvnter . . .. ... ... .. ...... 247
5245M, see 5345A
52461, see S345A
5248M, see S345A
5248L Electronic Counters . . .. ... ... .. ..., .. 247

5252A, see 5345A

5253B Frequency Convertes Plog-in . .. .. e 248

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

5254C Frequency Converter Plug-in .. . ... .. .. .. 248 ﬁ
5255A Frequency Converler Plug-in .. ... .... ... 248 %
5256A Frequency Converter Plug-in . .. .. ... .... 249 -
$257A Transfer Oscillator Plug-in . ... ... ..... . 249 &
5258A, see 5345A m
S261A Video Amplifier Plug-in . ... ........... 249 =
5262A Time Interval Plug-in ...\ o oot 249 -~
5265A Digital Voltmeter Plug-in .. .. .......... 249 a1
5267A Time Interval Plug-in , . . .. .. .......... 249 Lal
3300A Counter Mainframe .. ... ............. 256 8
5300B Counter Mainframe . .. .. ..., ... ...... 256 =
5301A 10 MHz Counter Module . ... .......... 259
5302A 50 MHz Universal Counter Module .. .. .. .. 259
$303B 500 MHz Counter Module ... ....... ..., 260
5304A Timer/Counter Module .. ............. 260
5305A 1100 MHz Counter Module . . ........... 261
5306A Digital Multimeter/Counter .. ... .. ... .. 261
5307A Frequency Counter Module . .. ... ... . ... 262
5308A Timer Counter Module . . ... .. ... ..... 262
S310A Batiery Pack Module .. ... .. ... ... .... 264
5311B Digital-to-Analog Converter .. ....... ... 263
5312A ASCII Converter .. .. . .o oo it 263
5326A Universal Counter .. ..o L. 251
5326B Universal Counter/Digital Voltmeter .. .. ... 251
$326C Multi-Function Counter . . .. ........... 251
5327A Universal Counter . ... .. .... ... ..... 251
5327B Universal Counter/Digital Voltmeter ., . .. .. 25)
5327C Multi-Fusnction Counter . . . ... ... ....., 251
5328A Upiversal Counter . . . ... ... .......... 252
5340A Microwave Frequency Counter . ... .. ... .. 266
$341A Microwave Frequency Counter . ... ....... 266
5345A Electronic Counter .. ... .. .. ... ... ., 242
5353A Channel C: Plug-in for $345A ... .. ... ... 245
5354A 4 GHz Frequency Converter . ... .. ... .. 245
5360A Computing Countter . . . .. ... ..o v. .. 250
5363A Time Interval Probes ... ... ........... 246
5375A Computing Counter Keyboard . . . ... ... .. 250
5379A Time Interval Plug-in . .. . ..., ... ... ... 250
5381A Frequency Counter ... ............... 265
5382A Freguency Counter . .. .. v i e e e 265
5383A Frequency Counter . ... ....v.ooiuu-nan 265
5451B Fourier Analyzer .. ............_.... 466
S453A Transmission Parameler Apalyzer . ... .. ... 496
S468A Transponder . .. ... ... ... .. .. ...0... 496
5501A Laser Transducer . .................. 558
5526A Laser [merferometer ... .. ............ 5%
5700A Laboratory Gas Chromatographs .. .. ... .. 564
5831A-9C Dual Flame Detector . . . .. .. ........ 564
S5950B ESCA Spectrometer . .. .- u v v vvrnrn, . 564
5981 El Mass Spectrometer . .. .. .. ... ... ... 564
6101A DC Power Supply . .. .. .. ... . . ... .. .. 195
6102A DC Power Supply . .. .. ... . ... ....... 195
6104A DC Power Supply . .. ................ 195
610SA DC PawerSupply . .. ................ 195
6106A DC Power Supply . . ... ...... . ....... 195

6110A-6116A DC Power Supplies ., ............ 195



L

6128C-6131B Digitally Cont(rolled Voltage
Sources

6140A Digital Current Source
6145A Digial Current Source
6177C DC Power Supply
6181C DC Power Supply
6186C DC Power Supply
6200B-6209B Power Supplies
62)1A-6218A DC Power Svpplies
6220B DC Power Supply
6224B DC Power Supply
6226B DC Power Supply
6227B DC Power Supply
6228B DC Power Supply
6236A DC Power Supply
6237A DC Power Supply
6253A DC Power Supply
6255A DC Power Supply
62568 DC Powcr Supply
62598 DC Power Supply
6260B DC Power Supply
6261B DC Power Supply
6263B DC Power Supply
6264B DC Power Supply
6265B DC Power Supply
6266B DC Power Supply
6267B DC Power Supply
6268B DC Power Supply
6269B DC Power Supply
6271B DC Power Supply
6274B DC Power Supply . .. ........ ..
6281A DC Power Supply
6282A DC Power Supply
6284A DC Power Supply
6285A DC Power Supply
6286A DC Power Supply
6289A DC Power Supply
6290A DC Power Supply
6291A DC Power Supply
6294A DC Power Supply
6296A DC Power Supply
6299A DC Power Supply
6384A DC Power Supply
6427B DC Power Supply
6428B DC Power Supply
6433B DC Power Supply
6434B DC Power Supply
6438B DC Power Supply
6439B DC Power Supply
6443B DC Power Supply
6448B DC Power Supply
6453A DC Power Supply
64568 DC Power Supply
6439A DC Power Supply
6464C DC Paower Supply
6466C DC Power Supply
6469C DC Power Supply
6472C DC Power Supply

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

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

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

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

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

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

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

......

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

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

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

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

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

6475C DC Power Supply
6477C DC Power Supply
6479C DC Power Supply
6483C DC Power Supply
6515A DC Power Supply
6516A DC Power Supply
6521A DC Power Supply
6522A DC Power Supply
6525A DC Power Supply
6823A DC Power Supply/Amplificr
6824A DC Power Supply/Amplifier
6825A DC Power Supply/Amphifier
6826A DC Power Supply/Amplifier
6827A DC Power Supply/Amplifier
6830A DC Power Supply/Amplifier
6831A DC Power Supply/Amplifier
6832A DC Power Supply/Amplifier
§920B AC/DC Meter Calibration
6940B Mulli-Programmer
6941B Multi-Programmer Extender
70Q0

7004B X-Y Recorder
T010A X-Y Recorder
7015A X-Y Recorder
7034A X-Y Recarder
70358 X-Y Recorder
7040A X-Y Recorder
7041 A X-Y Recorder
T044A X-Y Recorder
7045A X-Y Recorder
7046A X-Y Recorder
7047A X-Y Recorder
7)100B Steip Chart Recorder, 2 Pen
7101B Strip Chart Recorder. 1 Pen

7123A Strip Chart Recorder
7127A Strip Chart Recorder, | Pen

7128A Strip Chant Recorder, 2 Pen
7130A Strip Chart Recorder, 2 Pen
7131A Strip Chart Recosder. | Pen
7132A Strip Chart Recorder, 2 Pen
7133A Strip Chart Recorder, | Pen
7143 A Strip Chast Recorder
7155B Portable Strip Chart Recorder
7202A Graphic Plol(er
7203A Graphic Plotter
7210A Digital Plotter e
7260A Oplical Mark Reader . .

7261A Optical Mark Reader
7402A 2-Channel Oscillographic Recorder
744A 4-Channel Oscillographic Recorder
7414A 4-Channel Oscillographic Recorder
7418A 6 to 8 Channel Oscillographic Recorder
7562A Log Voltmeter/Converter
7563A Log Yaltmeter/Amplificr
7610A High Efficiency Gas Chromatograph
7670A Automatic Sampler
7900A Disc Drlve
7905A Dise Drive

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

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

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

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

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

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

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

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

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

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

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

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

........

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

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

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



7970 serlex Digital Magnetic Tape Subsystem . ...... 533
8000

8002A Pulse Generator . ... ...... ... 289
8004A Pulsc Generator . ... .. .............. 289
8005B Pulse Generator . ... .. ... 0. 288
8006A Pulse Generatos . ... .. ... 0. 304
80078 Pulse Generutor . v v v v v v v e e 287
8008A, sce BOB2A

8010A Pulse Generator , ... ... ... ow .. .. 290
80LIA Pulse Generator . .. . ... ... ... ov v 282
8012B Pulse Generator .. . .. ... . ........... 283
8013B Pulse Generator . . ... v v v v s 281
B015A Pulse Generator .. .. .. .. .. ... ..., 284
8016A Pulse Generator . . . . .. ... 302
8082A Pulse Generator . . .. .- v oo i e 286
8403A Modulator . .. .. .. ... .. e 3147
84D4A Leveling Amplifier .. ... ...... ....... 367
B40SA Vector Voltmeter . .. ... ... ......,... 424
8406A Comb Generator . . . . .. .. ... ....... 465
B407A Newwork Analyzer . ... .. ... ... ....... 422
8410B Network Analyzer Mainframe .. . ... .. ... 428
84108 series Network Analyzess ... .. ... ... ... 425
8411 A Harmonic Frequency Converter . .. .. .. ... 428
8412A Phase-Magnilude Display . .......... 422,428
8413A Phase Gain Indicator .. .. ... . ... ... .. 428
84L4A Polar Disptay .. ................ 422,428
8418A Auvxiliary Power Supply .. .. .. ... ...... 428
8430A series Bandpass Filters . .. .. ........... 197
8443A Trucking Genesator ... ..... ... ....... 458
8444A Tracking Generator .. . v v i n L 460, 463
8444A Option 058 Tracking Generator .. . . ... ... 452
8445B Automatic Preselector . ... .. ... ... ... 462
8447 serics Amplifiers . .. L. Lo oL 21,465
8470A Coaxial Crystal Detector .. .. .......... 392
84708 Corxfal Crystal Detector . . ... ... ..o 192
8471 A Coaxiul Crystal Detector .. .. .. .. .. ..., 392
8472A Coaxial Crystal Detector .. .. .. .. .. .. .. 192
8472B Coaxlal Crystal Detector . . . ..o v v v e v us 392
8477A Power Meler Calibrator . .. ... ... .. .. .. 378
8478B Couxial Thermistor Mount . .. ... .. ... .. 375
84B1A Power Sensor . ... ..o Kyp)
B481H Power Sensor . . . .. .. ... 372
84B2A Power Sensor . .. ... i e 372
B4A82H Power Sensor . . . .o . v i s i 372
84B3A Power Sensor .. .. ... .. .. 0. e 372
8484A Power Sensor . . . ..., ... ...t e 372
8491 series Coaxial Fixed Attenuators ... .. ...... 383
8492A Coaxial Fixed Altenuator .. .. .. ... ..... 383
8493 series Coaxial Fixed Attenuators . .. .. ... ... 383
8494 series Coaxial Step Attenuators . .. ......... 84
8495 series Coaxial Step Attenuators ., ..., . ... ., 384
8496 series Coaxial Step Altenuators . ... ... ..... 384
8502A & B Reflection/Transmission Bridges . . . . . ... 419
8503A & B S-Parameter Test Sets .. ........... 419
8505A Nerwork Amalyzer . .................. 416
8307A Aatomatic Network Amalyzer . ........... 420
8542B 18 GHz Automatic Network Analyzer .. .. .. 548
8552A Spectrum Analyzer—IF Section ., . ... .... 455

MODEL NUMBER INDEXW

New product listings are printed in bold face type

8552B Spectrum Analyzec—IF Sectson . . . .. ... .. 455 o
8553B Spectrum Analyzer, Tuning Seclion . .. .. ... 458 11
8554B Spectrum Analyzer, Tuning Section . .. .. ... 460 %
8555A Spectrum Analyzer, Tuning Seclion . .. .. ... 462 -
8556A Spectrum Analyzer, Tuning Section . .. .. .. . 456 E
8557A Spectrum Analyzer . .. ....... .. ... 141, 450 m
8558B Spectrum Analyzer ... ... ..o 141,452 =
8580B Automatic Speclrum Amulyzer ... .. .. .. .- 548 g
8600A Digilal Marker . .. .. ... ... ..., 352,423 "3
8601 A Generator/Sweeper .. .. .. ... ... .. 352,423 1T}
8614A Signal Generator ... ................ 343 g
8616A Signal Generator . .. .. ... 343 =
8620 system Sweep Oscillators . . ... .. .. ..., ... 353
8620C Sweepey Malnframe .. .. ..... ... ... 354
8621 B Multiband Sweeper Drawer . . .. .. ... ... 362
8640A AM/FM Signal Generator .. .. .. ... .. .. 333
8640B AM/FM Signal Generator .. .. .. ... .... 313
8640A & B Opiion 002, AM/FM Signal
Genmerators .. o i i e e RXX)
8640B Option 004, Avionics Signal Generator . .. . . . 336
8640M Signal Generalor . . .. .. ... oL 337
8654A Signal Generator . .. .. ... L 138
8654B Slgnal Generstor , , . ... ... 0o 338
8655A Synchronizer/Countef .. .. .. cov v runn- 339
8660A Synlhesized Signal Generator ... .. .. .. ... 328
8660C Synthesized Signsl Generator . .. ... ...... 328
86908 Sweep Oscillator .. . ... ... ... ... ..... 364
8691B-8695B RY Units (PIN leveled BWO)
for8690B . .. . . ... ... 365
8691A-8697A RF Units (Grid Leveled BWO)
for8690B .. . . .. .. ... .. 365
8698B. 8699B Solid State RF Units for 86%0B . . .. .. 365
8700A RF Drawer for 8690B . .. ... .......... 365
8705A Signal Multiplexer for 86%0B ... . .. ... ... 367
8706A Control Unil for 8690B .., . .. ......... 367
8707A RF Unil Hoides for 8690B .. . .......... 367
8709A Phase-tock Synchromizer .. .. .. ... ...... 367
8717B Tramsistor Bias Supply . ... .. .. .. ...... 430
8721A Coaxial Directional Bridge .. ........... 423
8731-8735 series PIN Modulalors . . .. .. .. .. .. .. 47
8740A Transmission Test Unit . .. .. ..., ..., ., 430
8741A Reflection Test Unit . .. .............. 430
8742A Reflection Test Unit . .. .............. 430
8743A Reflection/Transmission Test Unit . .. .. ... 429
8745A S-Parameter Test Set . . . ... ........... 429
8746B S-Parameter Test Set . . .. .. .....,...... 410
K & R B747A Waveguide
Reflection/Transmission Test Units . . .. ... .. .. 431
X & P 8747A Waveguide
Reflection /Transmission Test Units . . .. .. .. ... 43}
8755 Frequency Response Test Sets . .. .. .. ... .. 402
8761 A & B Coaxial Switches ... .. ......., ... 399
8801 A Low Gain Preamplifier . .. ............. 231
8802A Medium Gain Preamplifier ... .......... 23)
8803A High Gain Preamplifier ... ............ 231
880SA Carrier Preamplifier ... ..., ... ....... 231
880SB Carrier Preamplificr .. .. .............. 231
8806B Phasc Sensitive Demodulator . .. .« .. ... .. pR]|

8807A AC/DC Converter . .. . . oo i 231t



y

8308A Logarithmic Preamplifier .. .. ... .. .. ... 231
8809A Signal Coupler ... ... .... ... .. .... 231
8820A DC Bank Amplifier . ... ... ........... 23t
8821A DC Bank Amplifier .. . ... ... ... ... .. 23)
8900B Peak Power Calibrator . .. .. .. ... ...... 375
8925A DME/ATC Testsel .. .............. . 344
8000
9500 sesies Aulomatic Test Systems .. . ......... 548
9510D Automatic Test System . . .. ... ........ 548
9540D Transceiver Test System .. .. ........... 549
9551D Instrument Calibration System . .. .. ... ... 549
9600 Measurement and Control Systems . ... .... .. 5§46
9602A Automatic Measurement & Control

SYRIEM . i it i e e e 546
9603A Aulomalic Measurement & Conuol

System . .. e 346
9603R Remote Measurement & Control

Systems . . .o e e e e 546
9604A Automalic Measurement & Control

System .. ... Lo 546
9611 A Industrial Measurement & Contro}

SYSIEmM . ... e 346
9611R Remote Measurement & Control

Systems . . . ... e e e 546
9640 Automatic Measurement & Control

System . ... ... ... e i e 546
9700A Distributed Systems Central .. ........... §S0
9810A Programmable Calcwlator . .. .. ... . ... .. 524
9815A Programmable Calculator ... ........... 528
9820A Programmable Calevlator . ... .. ..., .... 524
9821A Programmable Cateutator . ... .......... 524
9830A Programmable Calculator .. .. .. ... ... .. 525
9862A X-Y Plotter .. .. ... ... ... 527
9863A Tape Reader .. .. .. ... ... ........... 526
O9BG4A Digitizer .. . .. .. .. e 526
0865A Tape Casselle . .. .. .. .. ... uwnr... 526
9866A Thermal Printer . .. . . .. .. .. ... ... 527
9868A [/O Expander . . ... ................ 526
9869A Hopper Card Reader . .. ... .. ... ... .. 526
9870A Card Reader 526
9871A Page-width Prioter . . ... ... ... ....... .. 528
69880B Mass Memory . 52§
9881 A Line Printer Subsyslem 527
9882A CRT Subsystem .. .. ................ 527
9883A High Speed Tape Reader Subsystem . . .. ... 526
9884A Tape Punch Subsystem . .. .., .. ... ..... 526
10000
10001A 10:) Divider Probe .. . .. .. ........... 150
10001B 10:1 Divider Probe . . . . .. .. ... ... .... 150
10002A 50:1 Divider Probe . . . . . ... ... ....... 130
10002B 50:) Divider Probe .. . ... ... .. .. ... .. 150
10003A 10:) Divider Probe .. .. ... ... ....... 150
10004D 10:1 Divider Probe .. ... .. ......... . 150
10005D 10:1 Divider Probe . ... ... ... ....... 150
10006D 10:1 Divider Probe . .. .. .. ... ....... 130
100078 I:1 Divider Probe . ... .. ... ... ... 150, 471
10008B Il Probe . .. ... .. ... .. .. ... 150, 471
100118 BNC Adapter Tip .. .. ... ... ... .. 153

100134 ]10:1 Divider Probe . . ... .............
10014A 10:1 Divider Probe . .. .. ... ... ... .....
10016A 10:1 Divider Prabe .. . ... ... .........
10020A Resistance Divider |, . . .., . ..., ... ... .
10034A Probe Ground Lead Kt .. . .. ... ......
0035A Probe Tip Kit . .., . . .. oo v v i
10036A Probe Tip Kit . .. .. ... ... ... .....
10037A Probe Top Kit .. .. . .. . ...
10100B 100 ohm Feedthrough Termination ... .. ..
10100C 50 ohm Feedihrough Termination . .. ... ..
10102A RF]) Screen, 1700-1707B .. . ... .. .. ..,
10104A Viewing Hood. 1700-)722A .. ... ..... ..
10106A Camera Bezel Adapter . . . .. .. .. ......
JO110A BNC Male to Dual Ranana Post ., , .. .. ..
10111 A Shielded Banana Plug 1o BNC Female ... ..
10113A Tripte Banana Plug to Dual BNC
Female

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

10115A Blue Contrast Filter (1700-1722A)
10116A Light Shicld (1220A/1221A 1222A)
10140A Viewing Hood (1740A) . . ... ... ......
10166A Panet Cover (180C. 181A. IR3A.

184A)
1016%A Panel Cover (1200 series cabinet)
10176A Viewing Hood
10178A Mesh Contrasl/RFI Filter
10190A Light Shield (182)
10233A Cable, 1645A to 5055A or 5150A
10235A Intecface Cover for 1645A
10250A TTL Trigger Probe
10251A MOS Trigger Probe
10252A ECL Trgger Probe
10352B Graflok Back
10353A Pack Film Back
10355A Camera Bezel Adapter
10356A Camera Bezel Adapter
10158B Camera Carrying Casc
10360A Camera Bezel Adapter
10361 A Camera Bezel Adapter
10362A Camera Bezel Adapter
10363A Camera Bezel Adapter
10366B Camera Bezel Adapler
10367A Camera Bezel Adapter
10369A Camera Bezel Adapter
10370A Camcra Bezel Adapter
10371 A Camera Bezel Adapter

10372A Cameca Bezel Adapter
10374A Camera Carrying Case

10375A Camera Bezel Adapter
10376 A Camcra Bezel Adapter
10387A Interface, Tvpe 303 Modems (1645A)
(0388A Interface, CCITT V35 (1645A)

10389A Interface. Breakout Box (R5-232C)
(1645A)

10407D Plug-in Extender (180 systcm)
10475A 3 in. Drawer for (117B

10476A 8 in, Drawer for 11178
10491 A Rack Mount Adapter, |710B-1722A

10501 A Cable
L0502A Cable

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

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

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

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



10503A Cable
10511 A Spectrum Generator
10514A Double Balanced Mixer
10SI9A Accessory
10525-60012 Tip Kils
L0525T, 10525H & 10525E Logic Probes
10526T Logic Pulser
10528A Logic Clip

10529A Logic Comparator
10533A Printer Interface

10534A Double Balanced Mixer

10536A Plug-in Adapter for S360A
1054 | A Reference Boards

KOI-10541A Preprogrammed Reference
Boards

10544A Component Oscillator
10548A Service Kil for 5300 series
10890A Plug-in Adapter for 534SA
10631A, B & C HP-[B Cables
10638A Degausser (Cesium Std.)
10653A, B & C Rerrofit Kits
10810A & B LED Clock Kits

11000

L1000A Cable
13001A Cable
11002A Tesl Lead
11003A Test Lead
L1021 A Probe Acocessories
11035A Cable
11036A AC Probe for 410C
11040A Probe Accessory
(1042A Probe Accessory
11044A Probe Accessory
L1045A DC Voltage Divider for 410C
11047A Probe Accessory
11086A Cable
11096A High Frequency Probe
)1 1434 BNC to Clip Lzads
11202A 8-bit Parallel 1/O Interface Card
11203A BCD Input Interface Card
11205A Serial Interface Card

11285A Data Communication [nterface and
ROM . L

112978 Binary Synchronous ROM
L1298B Interactive ROM . .., . .. .. ..........
11456A Test Card lor 3470 series
11457A Rack Kit for 3470 series
[ 1458A Strap for 3470 series

11473A-11476A Cucrent Prgbe Balancing
Transformers

11500A Cable
IIS0ACable .. ... ... ... ... ... ... . ....
[1507A Outpul Termination . .. ..............
[1508A Terminated Output Cable
[1509A Fuseholder

11511A Type N Short
11512A Type N Short
11517A Mixer

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

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

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

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

...........

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

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

......................
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11518A-11520A Waveguide Taper Sections . .. ... .. 465
11524A APC7to N Adapter . . ... ... o0 400
L1525SA APC7 1o N Adapter . .. .............. 400
I1531A Test Plug-infor 8690B . . . ... ......... 367
11533A APC710 SMA Adapter . . ... ........., 470
11534A APC? 1o SMA Adapter .. ............. 470
11536A Probe Tec for 840SA .. . .. .. ... ... ... 424
11540A Waveguide Stand .. .. ... ... .. ... .. 400
L1542A-11548A Waveguide Clamps . . ... .. .. ... 400
11549A Power Splitter for 8405A . ., .., . ... ... 424
I1565A APC-7Shost . .. .... ... ........... 396
LIS66A Air Line Extension . .. .............. 400
11567A Air Line Exlension . .. ... ........... 400
11570A Accessory Kit for 8405A . .. ......... .. 424
I1581A Attenuator Set . . ... 0 i e 183
11582A AtlenvatorSet ... .. .. .. ........... 383
11583A Altenuator Set . .. ..., .. ... ... .. 383
11587A Accessory Kit for 8410 series .. .. ... .... 431
11588A Swivel Adapter . . .. ... ... ... ....... 400
11589A & 11S90A Bias Networks ... .......... 431
11599A Quick-Connect Adapler for 8745A . . .. .. .. 431
116008 Transistor Fixture ... ......_ .. ...... 429
116028 Transistor Fixlure . .. . ... ... ........ 429
11604A Universal Exiension for 87454 .. ... ... .. 429
11605A Flexible Arm for 8743A .. .. ... ... .... 429
11606A Rotary AirLine .. ................. 400
11607A Small Signal Adapter for 8745A . . .. ... .. 431
t1608A Transistor Fixtuvre . .. .. ... ... ..... 430
L1609A Cable Kit for 8410S . .. . ... .......... 431
[1650A Accessory Kit for 84108 ... . ... ....... 431
11652A Reflection/Transmission Kil for

840TA .. .. e 423
11654 A Passive Probe Kit for 8407A . .. .. .. .. ... 423
11655A Impedance Probe for B407A ., . .. ... .. .. 423
11658A Matching Resistor for B407TA .. . ... .. ... 423
11661B Exlension Module for 8660A & C . . . ..., . 329
11664A Detector for 8755 .. ... .. ... ... .... 405
11665B Moduator for 8788 .. .. ... .. ........ 405
11666A Reflectometer Bridge for 8755 . ... ... ..., 404
11667A DC-18 GHz Power Spliter . . .. .. ...... 404
11668A 50 MHz High Pass Filter for 8755 .. .. .. .. 404
11671 A Interface Kit for 8660A & C . .. .. ... ... 332
11672A Service Accessory Kil for 8660A & C ... ... 332
L1678A Low Puss Filter Kit . .. .............. 404
11683A Range Calibrator .. .. ... ...... . .... a7t
[1687A Adapter, 50107500 . .. ... .. .. ... .... 348
11690A Frequency Doubler . ... .. ... ... .... 348
11691D Coaxial Directional Coupler . ., . ... ... .. 389
11692D Coaxial Dual Directional Coupler . ... .. .. 188
11693A Limiter .. .. .. ... .. ... ... ........ 465
11694A Maiching Transformer, 50-750 .. ........ 465
11697A, B & C Band-pass Fillers .. ... ......... 348
11707A Test Plug InforB660A & C .. .. ........ 132
1{850A & B Power Splitters .. .. ............. 419
11851A RF Cablc Kitfor 8505A .. ... .......... 419
11857A Test Port Extension Cables for 8503A ... ... 419
12000
12531C Teleprinter Interface . .. .. v oo v vvan ot 550
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12531D Terminal Interface . . .. . ... . v e v -v ..
12551B 16-Bit Relay Register
12554A 16-Bit Duplex Register . ... ... .. ......
12555B Digital 1o Analog Converler
12565B Microcircult Interface

12587B Asynchronous Communications
Interface . . . . .. e

12589A Aulomatic Dater {ntcrface
12597A 8-Bit Duplex Register
126048 Data Source [nterface

12618A Synchronous Communications
Interface

12859A Direct Memory Access
12880A Display Terminal Interface
12889A Hardwired Serial Interface
12920B Asynchronous Multiplexer
12930A Universsl Interface
12960A § Megabyte Disc

12962A 15 Megabyte Disc

12966A Buffered Asynchronous Interface

12967A Synchronous Communications
Interface

12968A Asynchronous Communications

Interface
12970A Magnetic Tape Subsystem
12971A Magnetic Tape Subsystem
12972A Magnetic Tape Subsystem
12977A Fast FORTRAN Processor
12978A Writable Control Store

130600

13037A Storage Control Unit
13215 A Power Supply
133904 DISCU/15
13515A Frequency Doubler Probe

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

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

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

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

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

14000
14550A-14534A Accessorics for 6940B &
69418

16000
16008A Recsistivity Cell

17000

17012B Point Plotter
17012C Point Plotter
17108A Time Base
17170A DC Coupler
17171A DC Aampiifier
17172A Time Base
17173A Null Detector
17174B DC OfTset
17175A Filter
17176A Scanner
17177A AC/DC Convetler DC Preamplifier
17178A DC Attenuator
17400A High Gain Preamplifier
1740t A Medium Gain Preamplilier
17402A Low Gain Preamplifier
17403A AC Carrier Prcamplifier

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

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

211
211
212
210
210
210
210
210
210
210
210
210
227
227
227
227

17404A DC Bridge Amplifier ... .......... .. 227
L7500A Multiple Span . ... .............. 220
}7501A Multiple Span . . .. ... Lo 220
17502A Temperature Modole .. ... ......... 220
17503A Single Span .. . . ... . ... L. 220
17504A Single Span . . . .. ... ... ... ... ... 220
1750SA High Sensitivity . ... ..., . ... ..., 220
17506A Single Span . . . .. .. ... 220
18000
IB8019A Carrying Case . ... .............. 533
18641A PRT Temperature Probes .. ... ... .. . 533
18642A PRT Temperature Probes ... ... .. ... 533
18643A PRT Temperature Probes .. .. ....... 533
18644A PRT Temperature Probes .. .. ... .. .. 533
20000
20854A Timeshare BASIC “F" Software . ... ... .. 531
20855A BASIC Contro! System Software 53
20856A Timeshare Basic “E" Software . ... ... ... 531
243078 DOS-II1 Sofltware . . .. ., . ..., .. ..... 531
24337A Basic Analysis and Mapping Program

Software _ . . . . .. L i 531
24342B Terminal Controt System Software . . .. .. .. 53)
24376B Emage/2100 Software . .. ... .. .. ...... 531
24380A HP Remate Job Entry Software

Package for BCS . ....... ... . v, 531
24383A Course Writing Facility .. ........ .. ... 531
243838 Course Writing Curriculum Conversion ... ... 531
30000
301308 2780/3780 Emulation Subsystem for

J000CX .. u e e e e 550
33300 series Step ALENVAIONS . o v v o v v v v v e 386
333118 Coaxial Switch . ... .. ... ..o 399
33320 series Coaxial Step Attenuators . .. ..., .. .. 386
3332) serles Coaxial Step Attenuators .. ... .. V. 386
33322 series Coaxial Step Attenuators .. ......... 386
34701A DC Voltmeter . . . ..o\ o it i 45
34702A Multimeter ... ... . 46
34703A DC/DCI/Obm Meter . . ... ........ ... .. 47
34720A Battery Module . ... ... oo 46
34721BBCD Module ... ... .. .. 47
34740A Display - .. o oo e 44
34750A Display . . . . ... e e 44
40000
43501 A X-Ray System . .. . ..o 568
43804 X-Ray System . . .. ... ..o 568
43805 X-Ray System . . . .. .. .. 568
43807 X-Ray System . . ... .. ... ... oo 568
50000
$9301 A ASCJ]—Parallel Converter . .., ... ... .. 517
59303A Dijgital-to-Anzlog Convester . . ... ..., .., 517
$9304A Numeric Display . ... ........... .., 317
59306A Relay Actuator . .. . .. .. oo, 517
59307A VHF Switeh . . ... ... ... e 517
59308A Timing Generalof ... .... . ... .. ... .. 517
59309A ASCIt Digital Clock . . . .. ... ... ... 517



£9310A HP-1B Computer Interface . ............ 542
59400A HP-IB TTY Interface . .. ... .. ... . ... 58
59403A HP-1B Common Carrier Interface . . . .. ... 58
£940SA HP-1B Caiculator Interface . ...... ... 447,511
5§9500A Multiprogrammer Interface . ... .. ... 000 .. 541
K 15-59992A Standby Power Unit for 5345A ., .. .. .. 244
60000
60063RB-60246B Modular Power Supplies . ... ... .. 201
62005A-62048G Modular Power Supplies . . .. ... .. 201
62212A-62215G Duaal Quiput Modular

L2115 1 |- A e S T, 4 T PR ICALY R 201
62605M-62628) 200-600W Switching Powes

SPPASY .. . ok b e s e e 3T g LT 203
63005C 110 W Switching Power Supply . ......... 202
63315D Triple—output Switching Power Supply . ..... 202
69321B Multiprogrammer D/A Voltage

(8171771 1 - R LT, A R s Lok
69325A-69328A° Amplifier Contsol Cards .. .. ... .. 541
69330A Relay Output Card . . ... ... ... .ot 541
69331 A Digital Output Card . . . . ... ... ... ... 541
69332A Open Collector Output Card . . .. .. .. ... 541
69335A Stepping Motor Conteol Card . . .. .. ... .. 54}
69351A Voltage RegudatorCard .. .. ... ... ...« 541
69370A D/A Current Converter Card . .. .. ... ... 541
69380A Breadboard Qutput Card ... ........... 541
69421A Voltage Monitor Card ., .. ... ... ... 541
69430A Isolated Digital Input Card .. .. ........ 541
69431A Digital Input Card . ., .. .. ... . . 541
69433A Relay Output With Readback Card . . . . . .. 541
69434A Event Sense Card . . . ... .0 54}
69435A Pulsc CounterCard . .. . ... .......... 541
69436A Process Interrupt Card . .. ., .. o 541
69480A Breadboard Inpu1 Casrd . .. .. ... ... ... 541
69500A Unloaded Resistance Output Card . ... .... 541
69501 A-69513A Power Supply Caontrol Cards . . . . . . 541
69600A Programmable Times Card .. ... ... ... 541
69601A Frequency Refercnce Card . . . .. .. ... ... 541
80000
85031A APC-7 Calibration and Verification Kit

Tor BT A s AT s e i ek e’ i B T w e 421
B5032A Type-N Calibration Kit for 835074 ... ...... 42}
85033A SMA Calibradon Kit for 85074 . ......... 421
85034A GR-900 Calibration Kit for 8507A ... .. cen 421
85426A Bias Imsertion Network . . .. ........... 423
85428B Minimum LossPad . ................ 423
86200 series Sweeper Plug-ins for 8620C . .. .. . ... 360
86222A & B Sweep Oscillator Plug-ins for

BO20C . 1. .. et e e e A 358
86290A Broadband Sweeper Plug-in for 8620C . . ... 356
86300 serics Sweeper Modules for 8620C . . . . .. 362, 365
86601 A RF Section for 8660A.C . .. ........... 329
86602B RF Section for 8660A,C ,...... SRR L 329
86603A RF Sectionfor8660A.C . .............. 329
86631B Auxiliary Section for 8660A,C ., ......... n
86632B AM/FM Section for 8660A,C . .......... 33
86633B AM/FM Section for 8660A,C . .......... 33
86634A Phase Modulation Section for 8660A,C ... .. 33
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86635A $M, FM Section for 8660A,C ... ... ... .. 331
80000
91007A Distributed System Kit for 8505B

Systems . ...cienassvor b arroera v o 550
91008A Distributed Systems Kit for 8542B

SYSIEMS . u Sals o T Py s s mm o g AR A 4 s E e 550
912)14A Remote Data Base Access Package . ....... 550
91703A-91705A Distributed Systems Kits for

OG0 SySteImS .+ v v v v v v s s e n e 550
91707A-91708A Distributed Systems Kits for

9500 SyStems 4+ v v = b v uu v Py E e s e 550
91780A Remote Data Transmission Subsystem ...... 550
92001A RTE-]JI Disc Based Real Time

Operating System Software .. .............. 531
92002A Batch Spool Monitor Software . .......... 53]
92060A RTE-LII Real Time Operating System

Software & so v s vomemis asaas s vpve v bimas 531
97001 A Rechargeable Battery Pack for 970A .. .. ... 4]
97002A AC/DC Current Shunt/Bench Cradle

for 9T0A | itp il g sy gl A el Wy 5 g6 B 4]
97003A RF Adapter for970A .. .. .. ........... 41
97004A Accessory Kit for 970A , . .. .. ... ... . ... 4]
97010A Batlery Charger for 970A .. .. .. .. ... ... 41
0950-0090 GR-874 to 502 Termination .......... 470
1250-0076 90° BNC Male-Female .. ........... 470
1250-0077 Type N Female to BNC Male .. .. .. ... 470
1250-0080 BNC Femaleto Female . ............ 470
1250-0082 Type N Male to BNC Male . ......... 470'
1250-0176 Type N Male 10 Type N Female 90° .. . .. 470!
§250-02)6 BNC MaletoMale ... ............. d70J|
1250-0239 GR-87490° Elbow . .. ............. 470
§250-0240 GR-874 to Type N Female . .......... 470i
1250-0559 Type N Tee, 1 Male, 2 Female .. ... .. .. 470|
1250-0777 Type N Female to Type N Female . ... .. 470
1250-0778 Type N MaletoMale . ............. 470|
1250-0780 Type N Male to BNC Female . ........ 470
1250-078) BNC Tee | Male, 2 Female . . ... ...... 470
1250-0846 Type N Tee, 3 Female . ............. 470
1250-0847 GR-87410 Type NMale ... ......... 470
1250-0849 GR-874 to BNC Male .............. 470
1250-0850 GR-874 to BNC Female . ............ 470
1250-1158 SMA Female to Female , . .. ......... 470
1250-1159 SMA MaletoMale .. ............. 470
1250-1206 GR-8714 to Type C Mate ............ 470
1250-1207 GR-874 10 Type HN Female . ......... 470
1250-1208 GR-874 to Type C Female . .......... 470
1250-1209 GR-874 to TNC Female .. ........... 470
1250-1210 GR-874 to TNC'Male . ............. 470
1250-1211 GR-874 to Type HN Male . ... ....... 470
1250-1263 BNC Male to Single Banana Post .. ..... 470
1250-1264 BNC Male to Dual Banana Post . ... ... 470
1251-2277 Dual Banana plug to BNC Female ... ... 470

1251-2816 Dual Banana plug (forcable) ... ..., ... 470
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AMPLIFIERS

General purpose amplifiers
Model 461A, 462A, 465A, 48TA
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4614, 462A Description

These general purpose amplifiers can be used as preamplilicrs (o
raise the level of a signal or as a bulfer.

Seolid-state HP amplificrs, Modecls 461 A and 462A. pravide slable
20 and 40 dB gain over a wide frequency range with las( rise time.

4681 A Specifications

Frequency response: +! dB, | kHz to 150 MHz when opuraving
into a 501! resistive load (500 kHz reference).

Galn Bt 500 kHX: 40 dB £0.5 dB or 20 dB 11.0 dB. selectcd by front-
panel swirch (inveriing).

Input Impedance: nominal 50Q.

Maximum Inputl: | V rms or 2 V p-p pulsc.

Maximum d¢ input: +2 V.

Maximum outpul: 0.5 V rms into S0N resislive load.

Equivalent wide-band input noise level: <40 V¥ in 40 dB posivon
when loaded with 500.

Distortlon;: <3% 2t maximum oulpul and rated Joad.

Overnload recovery: <1 gs for 10 limes overload.

Dimensiona: 130 mm widc X 76 mm high % 279 mm dcep (5%” X 3"
X 117,
Weight: net, 1.8 kg (4 Jb). Shipping. 2.7 kg (6 Ib).

462A Specifications

Pulge response: leading c¢dge and trailing edge: rise time. <4 ns:
overshool, <5%.

Pulge averload recovery: <) us for 1D times overload.

Pulse duralion for 10% droop: 30 us,

Pulse delay; nominally 12 to 14 ns.

Equivalent Input noise level: <40 pV in 40 dB position (50 load).
Input impedance: nominal 50Q.

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

Maxlmum dc Inpul: +2 V.

Gain: 20 or 40 dB selected by Iront panel swilch (inverting).
Outpul: | V p-p into 508 resistive lead.

Dimensions (30 mm wide X 76 mm high X 279 mm deep (§'A”

X 3" X 1]7).

Welght: net, 1.8 kg (4 Ib). Shipping. 2.7 kg (6 Ib).

465A Description

HP's 465A amplificr provides 20 dB or 40 dB gain (X10 or X100)
wilh Mla1 lrequency responze from 5 Hz 10 1 MHz with floatng inputs.

465A Specifications

Voftage gain: 20 dB (X10) or 40 dB (X 100), open ciscuit.

Galn asccuracy: +0.1 dB (+!%) at ) kHz.

Frequency response: 0.1 dB, 100 Hz 10 50 kHz: <2 dB down aL 5
Hz and | MHz,

Outpuf: >0 V rms open circoit; >5 V rms into 500 (0.5 W),
Dlstortlon: <%, I0Hz 10 I00kHz: <2%. 5 Hz1o 10 Hz and 100 kHz
to | MHz.

Input Impedance: {0 M shunted by <20 pF.

Output Impedance: 501.

Nolse: <2$ gV rms referred 10 inpul (with | MQ source resistance).
Dimensions: 130 mm wide X 76 mm bigh X 279 mm deep (34" X 3¥
X 1M

Welght: net, 1.8 kg (4 1b). Shipping, 3.2 kg (7 lb).

467A Description

HPs 467A Power Amplilicr/Supply is a {D wact peak power ampli-
ficr and =20 V (10 420 V) d¢ poswer supply. The wide band widih of-
fers law dc drifi [rom dec o | MHz and 0.3 gain. Wilh ¢ontinuously
variable gain and Moating inputs, HP's 467A cun ulso be used as a
power supply.

467A Specifications

Power amplifier

Voltage galn (non-inverting): fixed steps: X1, X2. X5, X10.
Variable: 0-10, resolution is betier than 0.1% of full oulput.
Accuracy: +0.3% from de 10 10 kHz: £1.0% from 10 kHz (0 100
kHz; £10% from 100 kHz to | MHz with load of >40%.

Outpuf: 20V pat 0.5 A p.

Distortion: <0.01% at 1 kHz: <1% at 100 kHz: <3% at | MHz.
Input impedance: 50 k{! shunted by 100 pF.

DC power supply

Vollage range: >+20 V, 210V, 4 V_ 22 V, +1 V wilh adjustable
vernier. Resolution: bettee than 0.1% of full outpul.

Current: +0.5 A p.

Load regulation: (from pancl) <10 mV, no load 10 full load.

Line regulation: <10 mV for a £10% change in linc vollage.

Genersl

Oulput Impsadance: (front panel): 5 m§? in series with | uH.
Current limil: <800 mA.

Dimensions 130 mm wide X 159 mm bigh X 279 mm deep (5%4” X
6V X 117),

Welgh): nel. 4.5 ke (10 Ib). Shipping. 6.8 kg (15 Ib).

Model number and name Price
HP 461A Amplifier 465
HP 462A Amplifier 5465
HP 465A Amplifier $340

HP 467A Power Amplifier/Supply 5860



* Wide Band
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The HP 8447 geries of general purpose amplifiers combines high re-
liability and convenience.

High performance
The performance of \hese amplifiers qualifies them for a number of

L
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AMPLIFIERS

Wide band ampilifiers
Models 8447A/B/C/D/E/F

uses: to improve the sensitivily of counlers, spectrum analyzers, RF
voltmeters, EM1 meters, power meters and other devices without dis-
tortion or degradation of amplitude accuracy; to increase the maxi-
mum power available from a signal generator or sweeper.
Broadband frequency coverage

The 8447 series offers an amplilier for nearly every application in
the 100 kHz to 1.3 GHz Irequency range. The wide bandwidths are
compalible with olber wideband instruments and accommodale wide-
band spectra.

Options

A variety of aplions are avatlable: a 75{) impedance model (Option
002) lor applications such as television/FM broadcasting and CATV;
two dual channel versions (Option 001-BNC connectlors and Option
0)I1-Type N connectors) which operate with dual channel systems
such as oscilloscopes or network anatyzers (or the channels may be
cascaded for increased gain), Type N connectors rather than the stan-
dard BNC connectors {(Option 010).

General

Welght: net, 1.56 kg (3 pounds, 7 ounces). Shipping, 2.30 kg (5
pounds, ! ounce).

Dimensglonsg: 130 mm wide, 85.8 mm high, 216 mm deep (54" X 3%~
X 8IA").

Power requirements: 110 or 230 V ac 3 10%. 48-440 Hz, 13 watls.

Model number and name Price
8447A Preamp $395
84478 Preamp 8675
8447C Power Amp $525
8447D Preamp S695
8447E Power Amp $750
8447F Preamp-Power Amp §1235

Specifications
8447F
8447A 84478 8447C 84470 8447€ Preamp-
Peeamp Preamp Powee Amp Preamp Powear Amp Power Amp
fFrequency Range 0.1 ~ 400 MH: 0.4 — 1.3GHz 30 — 300 MH:z 100 kHz — 1.3 GHz 100 kHr — 1L.3GHz 00 kHz — 1.3 GHz
Typical 3 dB 50 kHr — 700 MHz 0.35 — 1.35GHrx 10 — 400 MH: 50 kHz ~ 1 4 GHz 50 kHz — 1.4 GHz 50 kHz — 1.4 CHz
Bandwidth
Gain (Mean) 20dB +0.5dB >20d8 30d6 X d8 26de £158 224B £1.5d8
al 10 MH2 22 dB typlea! (20° = 30°0) (20° = 30°C)
Gain Flatness +0.5dB +1.54dB +1d8 £1.5d8 +1.5dB T
Across Full b
Frequency Range g
Nuise Figure <5dB <5d804 - 1.0GHz | <Il1dB <8.5dB <11 dB fyp:cal o
<6d810 - 1.3GH: g’
Outpul Power > +6 gBm >-3dBm >+17 dBm >+7 dBm > +15dBm “
for 1 d8 Gain typreal =
Compression é
Harmonic —32 dB for 0 dBm =30 dB o —15 —35dB for +10 ~304dB lor 0 —30d8 or +10 £
Dislorlion oolpud dBm oulpol d8m oulpul dBm oulpal d8m oulpul g
(lypicaly "
Typical Outpol —254Bm —45 ¢Bm ~15 dBm —30 dBn —20 48m 3
for <—60 68 =
Harmonic 2
Distortion e
VSWR <17 <2.0inpul <20 <2.0input <22 3
<22 ovlpot <2.2 output 1 — 1300 MH2 l
1 — 1300 MH:
tmpedance 500 50Q 5091 5042 5002
Reverse Isolalion >3048 >40 d8 >35dB >40dB >4048
Maximum DC +10V =0V 10V 10V *i0V
Vollage Inpul
Optiong 001 00L. 010,01t 002 001, 010.011 010 010
Available

W



W AMPLIFIERS
Microwave and RF power amplifiers

Models 2308, 4894, 491C, 493A & 495A

Tuned RF power amplifier

The HP 230B is a tuned RF power umpliticr covering 10 to 500
MHy in six continuous ranges. Il provides up (0 30 dB of gain and has
2 maximum rated power output of 4.5 walls. With a 1ypical notse fig-
ure of ¢ 10 9 dB, il is ulsa suilable for low-level applications as de-
scribed in Application Notwe 76,

230B Specifications
Frequency range: 10 1o 500 MHz in six bands: 10 (0 18.5 MBz, 18.3
to IS MHz. 351065 MHz, 65t 123 MBz2. 12510 250 MHz, 250 1o 500
MHz.
RF gain: 30 dB (10 ta 125 MHz), 27 9B (125 to 250 MHz), 24 dB (250
to SG0 M Hz), with 10 volis outpul into 50 ohms.
RF bandwldth: >700 kHz (10 10 150 MHz), > 1.4 MHz {150 10 500
MHz), with 10 volts output into 30 ohms.
RF output:
Level: up 1o |5 volts across external 50-ohm load (4.5 walts).
Leve) monltor: {ull scate ranges of 3, 10, and 20 volis, accurate Lo
10% rom 10 to 500 MRz.
AM range; reproduces 0 (o 100% modulation of driving source.
Conneclors: type N female.
Dimensions: 425 mm widc. 183 mm high, 459 mm deep (16%" X
e X 18 Yie").
Welght: nel, 15.8 kg (35 Ib). Shipping. 23.4 kg (52 Ib).

Microwave TWT amplifiers

Amplificalion of frequencics from | to 12.4 GHz is secomplished in
four ranges by the Hewleti-Packard medium-power, microwave am-
plifiers. Each delivers aver 1 watl for an input of | mW or kss —a
gain of al least 30 dB. These TWT amplifiers feature amplitude mod-
ulation capabilities, front panel meter readout of cathode current, and
fail-safe protective circuits. Combined with the 8620 or 369¢ sweep os-
cillator they miake an cxeclient high power swepl source.

Advantages

DC coupled modulation cireuitry allows power leveling and yemote
programming.

Penodic-permanent-magnel focusing means fewer alignment prob-
lems.

Appllealions
Antenna cfficiency and paltcrn measuremenis.
Extends attenuation measuring systems capability by at least 30 dB.
RFI suseeptability tests.

489A-495A Specifications

Output power: | warl for an inpul of S| mW,
Galn: 30 dB at rated outpul,
input/outpul: impedance, S0§}; eonnectors, type N femalc,
Nolse flgure: <30 dB.
Amplitude modulation:
Sensitivity: modulation input of >—20 V pcak reduces RF output
by 220 dB from dc 10 50 kHz.
Frequency response: dc to 500 kHx (3 dB).
Pulse response: <1 us rise and fall 1imes.
Dimenslons: 426 mm wide. 140 mm high, 467 mm dcep (16%." X 5A”
X 18%).
Welght: net, 14.9 kg (33 Ib). Shipping. 18.0 kg (40 1b),

4897 9}¢ 4934 435A
frequency
range (GHz) 1.2 24 4.8 71214
Gain varialion wilh
freq.
at rated oulput <648 <8d8 <6 d8 <6d8
smiall signat
31085 Any
10% of bard <548 <3dB <5¢8 <5d8
for 300 MHz
across Nl
band <12dB | <12dB | <1248 <1048
Options Price
80B: Rack Flange Kit add $10

Model number and name

230B. RF tuned power amplificr 51900
489A. 1 10 2 GHz TWT amplifier £2900
491C, 2 10 4 GHz TWT amplifier 52900
493A. 4 (0 8 GHz TWT amplificr £3300
495A. 710 12.4 GHz TWT amphficr $3300

Information on 12.4 1o 18 GHz TWT on request



Meter movermnents

Voluge, current and resistance measure-
ments can be casy, fast, and accurale with
electronic instruments using meter move-
ments,

The meler movement readout continues Lo
be popular since it is economical and suit-
able for many jobs. It also tends itsell well to
special, nonlinear scales such as dB scales.

DECIBELS i

ANALOG VOLTMETERS

dB scalc and, thercfore. a nonlinear vollage
scale. Several different types of meter laces
are illustroted in Figure V.

Analog meters (Figure 2) usually have non-
lincarities and/or offsets present in the atlen-
uators and ampliliers. The meter movement
itself can have nonfinearities — even with in-
dividually calibraled metes seales. Nonlin-
caritics cause percenl of reading erross, and

DECIBELS

DECIBELS

iy -0 -LuL
" \;‘&uwulu@mm % -
: -t"""‘_‘m ™ 4,
%,
FN
RM.S. VOLTS %

Figure 1. Four different types of meter scales available. (a) Linear 0—3V and 0~ 10V scales
pius a dB scale. (b) Linear dB scale plus non-linear (logarilhmic) voltage scales. (¢) dB
scale placed on larger arc for grealer resolution. {(d) Linear —20 to 0 dB scale useful for

acoustical and communications applications.

Voltmeter considevations

Accuracy -— Beflore we can discuss meter
accuracy, we must have a familiarity with the
various meler scales available. Many instru-
ments have meter scales marked in both volts
and decibel (dB) units. It should be noted (hat
dB and voltage are complements of each
other. That is, if a voltage scale is made fin-
ear, the dB scale on the same meter face will
be loganthmic or nonlinear. Likewise, if the
dB scale is made linear, the voltage scale be-
comes nonlincar. The term "lincar-log scale”
is applicd to an instrument that has a linear

offsets cause percent of (ull scale exrors. Per-
cent of reading ¢rrors are constant no matter
where the meter pointer is. Percent of {ull-
scale error increases as the pointer goes fur-
ther down scale.

Looking at instrument specification sheets,
accuracy specifications are usually expressed
in one of three ways: I. percent of the full-
scale value, 2. percent of the reading, 3. (per-
cent of reading + percent of lull-scale). The
first is probably the most commonly used ac-
curacy specification. The second (percent of
reading) is more commonly applied 10 meters

General information

Nan-linearities Non-
Otfsets Linearity
Attenuator |—| Amplifies || Anslog
Mater

Figure 2. Non-linesrities cause % of read-
ing errors. Offsets cause % of tull scale
errors.

having a logarithmic scale. The last method
has been used more recently to obtain a
tighter accuracy specification on a linear-
scale instrument.

Hewlett-Packard uses the two-part accu-
racy specification lo lake advantage of the
upper-scale accuracy and yel maintain 8 rea-
sonable specification for the lower portion of
the scale.

For a thorough evaluation of accuracy, the
following should be considered: Doeés il apply
at all input-voltage levels up to maximum
overrange point? {Linearity specifications
may be added 10 qualify this poim.) Does it
apply to all frequencies throughout ils speci-
fied bandwidth? Does it 2pply on all ranges?
Does il apply over a useful temperatute range
for the application? If not, is lemperature co-
efficient specified?

Selecting an anglog voltmeter

Basic specs for Hewlett-Packard analog
meters are in Table 1. Guidelines are reslated
below.

1. For measurements involving de applica-
tions, select the instrument with the broadest
capability meeting your requirements. Refer
1o HP Application Note 69. 2. For ac mea-
suremenls involving sine waves with only
modest amoums of distortion (<10%), the
average-responding voltmeter can perform
over 1 bandwidth extending to several mega-
hertz. Refer to HP Application Note 60,
3. For high-frequency measurements (>10
MHzz), the peak-responding voltmeter with
the diode-probe input is the most econom-
ical choice. Peak-responding circuits are ac-
ceptable if inaccuracies caused by distortion
in the input waveform can be toleraled. 4.
For measuremenls where il is important to
determine the elfective power of waveforms
that depart from a3 true sinusoidal form, the
true rms-responding voltmeter is the appro-
priulc choice. In general, lruec-rms mélers re-
veal only the rms value of an ac signal. Be
cause they are uc coupled, most voltmeters
have a frequency cut-off around 20 Hz. This
restriction keeps the true-rms voltmeter from
accounting for any low [requencies or d¢
compornents in a signal.

The 3403C RMS Digital Valimeter mea-
sures de plus «¢ from 2 Hz to 100 MHz. See
page 42.

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

.
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Table 1. HP znaleg instruments

Frequency Range Ses
DC VOLTMETERS Yoitage Range Accuracy al F$* Inpui Impedance Model | Page

0C NULL YOLTMETER 3 uV = 21 kVend de 100 k ~ 100 M2 de- 4194 7
scale +2% 41 pV pending en range (in-
0.1 2V resololion (18 finite when nulled)
ranges)

DG YOLT-AMMETER 0C £} mV, £300V +3% de 10 M{2 aMl ranges 43048 | See
(1Z canges) 0ala
+1 A, %300 pA (12 Sheel
ranges)

DC OIF FERENTIAL VOLTMETER 1mV — 1 kY (7 ranges) | dc >1o'e 7408 K2

£(0.005% teading
+0.0004% range)
Frequancy Range Response See
AG YOLTMETERS Vol{age Range Typical Accuracy fnput tmpadance Model | Page

RECHARGEABLE BATTERY AC VOLTMEIER 1 m¥ =300V ()2 5K~ 2 MHz Average 4038 29
ranges) +2% — +5% 2 M2/ <30 — <60 pF

FAST-RESPONSE AC YOLTMETER 100 k2 fow-pass filler ac 1004V~ 300Y —90 | 20Ht — 4 MHz — £1% | Averzge 400F 10

amplities dB — -+52 d8 —~ £4% WOMR/10 — 259F 400 FL

KIGH ACCURACY 6B VOLTMETER 20 dB log scale (B dB = 1 V) —100dB - +60 dB 20Hr — 4 MHz — 202 | Average 4006L 30
(B ranges) i8 — 0448 10M0/<15 = <30 pf

HIGH ACCURACY AC VOLTMETER thas dc oolput {£0.5%) for ImVy —300V—70d8 | 10K~ IDOMHs £1% | Average 400E 30

driving recorder - +524d8 *+5% 10 MO/ <12 — <25 pf | 400EL )

RMS VOLTMETER grovides rms readings of complex signals, Has d¢ I mv ~ 300V (12 10K — 10 MH2 £1% {OMQ/15 — 40 pF 34004 3t

output for driving DVM's ar recor ders ranges) — +5%

SAMPLING RF VOLTMETER provides (vue rms measuremenls when IlmV—3V(8mnges) | 10kHzlo>1.2 GHr Stalistical Average: 34068 | 32

osed with 3400A. Many accessories £3% — £13% lnpol Z depends on

prahie lip osed

RE MILLIVOLTMETER 10my — 10V 500 kHz — 1 GHz Average 411A Sep
{7 ranges) +3% - 148 Inpul Z depends Dala

on probe lip used Sheet

VECTOR VOLTMETER phase and amplitode measurements W00V —10V I MHz — ] GH2 0.5 Average 84054 | 424
(9 ranges) d8 — =1 dB 0.1 M@2/2.5 oF

MILLIOHMMETER; two probes used when making 4 lermunal measure- | 0,001 to 100Q FS (11 ) kHI (lixed) £2% Max. oulpet Vollage: 4328A | 42

menls ranges} S 20 mV

RIGH RESISTANCE METER and picoammeter 0.5 Mi2 to 2 X 1052 Vohage; £10% Max. aulput Yollage: 432948 | 63
FS (7 ranges) 0.05 pA Carrent £5% 1 kY
— 20 pA

Yoliage Range Cutrent Range Resistance Range See
MULTIFUNCTION METERS {Accuraty) {Accuracy) (Acturacy) Madel | Page

BATTERY-OPERATED MULTIFUNCTION METER has 10 MQ dc inpat DC: 100 mV to 10Q) — 10 M2 mid- 4274 27

impedance and 10 MQ /20 pf ac inpul impedance 1000V {£2%) 8 scale £5%; (rom D 3
ranges AC; [0 mV — Lo 3 o0 Ie meter
300V I0HL — ) MHz seale (2 ranges)

(£2%) 10 ranges

VERSATILE YOLTMETER has 100 M{X dc iapoi impedance and DC: £15mVio DC: 15 pAto 109 — 10 M$2 (center | 410C 28

10 MQ2/1.5 of ac impedance +£1500V (£2%)11 +150mA (£3%) 11 scale) 0 lo midseale:
tanges AC: 0.5V — tangas +5% 0r £2% ol
309V 20 He — >700 midscale {(whichever
MHz (£3% al 400 is preater) 7 (3nges
Hz) 7 ranges

See
CURRENT MET£RS Curren? Range Accuracy Frequency Range Model | Page

OC MILLIAMMETER wilh clip-on probe eliminates direcl cornection TmA—10AFS =3% dc — 400 ¥z 4288 | 26
(9 ranges)

AC CLIP-ON CURRENT PROBE makes measuremenls withoul break- lmA— LAms (o +2% 10 34d8 25 Hr — 20 MHz 4564 472

ing circuil 25 A with divider)

"For mact accuracy refer 10 page designated
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Description

Eighteen vollage runges with G.1 ¢V resolution on the lowest range
sel this HP solid-state dc null voltmeter apart from previous de null
meters. Accuracy of this rechargeable baltery-operated instrument is
+ 2% of end scale +£0,1 ¢V on all ranges. Noise is less than 0.3 4V p-p.
and drift is less than 0.5 2V /day.

An internal nulling voltage allows input voltages up lo 300 mV to be
nulled giving an infinite input impedance. Inpul impedance above 300
maV range is }00 megohms.

Seven pushbuttons allow rapid function selection. This de null volt-
meter operates from ac line or from intemal rechargeable batleries.
During operation from ac line, batteries are trickle-charged. A Tast-
charge pushbutton is provided to increase the charging rate, recharg-
ing batleries in approximately 16 hours. Battery voltage may be easily
checked with the baltery-test pushbutton. The zero pushbutton al-
lows compensalion for any internal offsels before measurement. When
this pushbuilon is depressed. the positive leg of the voltmeter is dis-
connected from the positive input terminal.

When the volimeter pushbutton is depressed, HP 419A functions as
a zero-center scale 3 pV 1o 1000 V de volitmeter.

When the AM pushbulton is depressed, HP 419A functions as a
zero-center scale 20 pA 1o 30 nA ammeler,

Specifications
DC null voltmeter

Renges: +£3 uV to £1000 V dc in 18 zero-center runges.
Accurecy: (2% of range £0.1 uV).

ANALOG VOLTMETERS

DC null volt-ammeter
Model 418A

Zero control range: >£1S uV.

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

Zero tamperature cosefficient: <0.05 pV,/°C.

Response llme: 3 s to within 95%: of final reading on 3 Y range; | s
to within 95% of final reading on 10 pV 1o 1000 V runges.

Noigse: <0.3 yV p-p, input shorted. Noise amplitude approximales
Gaunssian disteibution. RMS value (standard deviation) is <0.075 uV,
p-p poise valug is <0.3 gV 95% of the time.

loput characteristics

At null: infinite resistance on 3 4V through 300 mV ranges in set null
mode. Negative tnpul ferminal can be floated 1o £500 V dc from
power line ground.

o

Off null:
Yollage range Inpul resisiance
3V~ 3mV 100 kQ
10mV — 30mv 1 M@
100 mV — 300 mV 10 M@}
Iv—1000V 100 M2
Negalive inpul terminal can be Moated up to 2500 V dc (rom power-
line ground.

AC normal mode rejection: ac voliages 50 Hz and above and 80 dB
greater than end scale affecl reading <2%. Peak ac voliage not Lo ex-
ceed maximum overload vollage.

DC ammster

Ranges: +30 pA 10 £30 nA in 7 zero-cunier ranges.
Accuracy: =(3% of range + | pA).

Zero control range: >+ 150 pA.

Zoro drifi: <5 pA/day afier 30 min warm-up.

Zero temperalure costficient: <0.5 pA/°C.
Noise: <3 pA p-p. input shorted.

Input reglstance: 100 k2 on all ranges.

Amplitier

Gain: 110 8B on 3 pV range, decreases 10 dB per range.

Outpul: 010 £1 V at } mA maximum for end-scale reading. Oulput
level adjustable Jor convenience when used with recorders.

Output reslstance: depends on setling of ou(put level contral. <3542
when output control is set 10 maximum.

Noige: 0.01 Hz 10 § Hz: sume as voltmeter (referred Lo input). >$ H:
<10 mV rms (referred 1o output).

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

1 Vto 1000 V range: 1200 V dc.

10 mV to 300 mV range: S00 V dc.

3 uV to 300 mV range: 50 V dc.
Operaling temperature: instrument will opcrale within specifica-
lions from 0°C to 50°C.
Operating humidlty: <70% R.H.
Storage temperature: —20°C to +50°C.
Power: 115 V or 230 V £10%, 48 Hz 16 440 Hz, 2 VA max. or 4 in-
ternal rechargeable batteries (furnished). 30-hr operation per re-
charge. Operation from ac line permissible during recharge.
Dimenslone: 197 mm wide, 156 mm high (without removablc fecl).
203 mm deep (74" X 6'4" X 8™).
Welght: net, 3.7 kg (8.3 1b). Shipping, 5.4 kg (12 Ib).

419A DT Null Volt-Ammater %815
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1 mA to 10 A clip-on dc milliammeter
Model 4288

s No circult interruption
o No circult loading

Description

Direct current from | milliampere te 10 amperes full scale can be
mcasured without interrupting your measured circuil or progducing
loading crrors. With the HP Model 428B Clip-on Milliammeter, cut-
ling wires for insertion of current meters and calculating current from
votlage and resistance readings are eliminated. Alf that is required for
fast, accurate readings is 1o ¢lip around the wire and select the proper
curfent range.

The 4288 measures current by ulilizing a clip-on transducer that
converts the magnetic field around the conductor (o an ac vollage pro-
portional Lo g¢ current. This vollage is deiected and displayed as di-
rect current on the 428B's meler. Since there is no direct contactl with
Lhe circuit being measured, complete de isolation is assured.

The meter responds 1o de currenl only and is therefore not suscepti-
ble to¢ common mode currents. However, low frequency currents up 1o
400 Hz can be measured by connecting an oscilloscope or volimeter (o
the convenient front panel output; or this output can be used to drive 1
strip chart recorder for permanenit long 1erm records.

For cven greater sensilivily, several loops of the measured condue-
Lor can be put through the probe. increasing sensitivity by the same
factor as the number of lurns used. Sum or difference measurements
of currents in separate wites can also be made. By placing the wires
through the probe with currents Mowing in the same direction, their
sum i5 indicaled; currents flowing in opposite directions will give & dif-
lerence indication. In this way, balancing currenty is easily accom-
plished by making any difference equal to zero.

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

Specifications

DC current range: | mA Lo 10 A full scale, nine ranges.

Accuracy: 3% of full scale £0.15 mA, from 0°C 10 $5°C (when in-
strument is calibrated to prabe).

Probe inductence: <0.5 uH.

Probe Inducted voltage: <15 mV p (worst case at 20 kHz and has-
monics).

Outpul: variable lincar output level with switch position for cali-
brated ) V into open circuil (corresponds Lo full scale deflection). 1.3
V max. inte open circuil in uncalibrated position. 0.73 £.01 Vinto |
kD in calibraled position.

Nolse: | mA range, <I5 mV rms across | k@; 3 mA ringe, <5 mY
rms across | k2; {0 mA through 10 A ranges, <2 mV rms icross { k(.
Frequency range: dc to 400 Hz (3 dB point).

AC rejection: signals above S Hz with p value <[luoll scale affect meler
agcuracy <2% (excepl a1 40 kHz carvier frequency and its harmonics).
On the 10 A range, ac p value is limited 10 4 A.

Power: 115 or 230 V 110%, 5010 60 Hz. approx. 78 VA max.

Operating temperature range: —20°C to +55°C.

Storage temperature: —40°C (o +65°C.

Probe Insulstlon: 300 V maxjmum.

Probe tlp slze: approximately '5* by 74, aperture diameter ¥.,".
Dimenslons: cabinet: 191 mm wide, 292 mm high, 368 mm deep (714"
X 114" X 14Y%:"); rack mount: 483 mm wide, 177 mm high. 330 mm
deep (197 X &1, X 13").

Welght: ne1, 8.6 kg (19 1b). Shipping. 10.9 kg (24 1b) (cabinet); net,
10.8 kg (24 Ib). Shipping, 14.4 kg (32 Ib) (rack mount).

428B Analog Milliammeter (cablnet) $520
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Description

Hewlew-Packard's Model 427A is a portable, versalile, low cost
multi-function meter which is valuable in any laboratory, production
line, service department, or in the (ield. 1t is capable of measuring dc
voliages from 100 mV 1o | kV full scale; ac voltage from 10 mV to 300
V full scale at frequencies up to | MHz (>500 MHz with the 11096A
High Frequency Probe); and resistance from 102 ta 10 MQ center
scale.

The 427A will operate continuously for more than 300 hours on its
internal 22.5 V dry cclt battery. AC line and battery operation is avail-
able with option 001,

Specifications

DC voltmeter

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

Input resistance: 10 M2.

AC normal mode rejection (ACNMR): ACNMR is the ratio of the
normal mode signal 10 the resultant error in readout. 50 Hz and
above: >80 dB.

ANALOG VOLTMETERS

Model 427A

Low-cost multi-function meter ‘

Overload protection: 1200 V dc.

AC voltmeter

Ranges: 10 mV 10 300 V in 10 ranges in 10 dB steps.
Frequency range: 10 Hz 10 | MHz2.

Response: responds 1o average value, calibrated in rms,
Accuracy:

Frequency Range
0.01Vio 30V 100 V1o 300V
10 Hz to 100 kHz 2% of range
2% of range
100 kB2 1o 1 MHz

input impedance: 10 mV to | V range, 10 M{! shunted by <40 pl: 3
V (o 300 V range, 10 M{l shunted by <20 pF.

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

Ohmmeter

Ranges: 10 io 10 M@ cenler scale in 7 decade ranges. Accuracy
(from 0.3 to 3 on scale): +5% of rcading.

Source current (ohms terminal positive).

Open circuit Shvorl clrcult
Range Voltage Current
X10 o1V 10 mA
%100 0.1v 1 mA
X1k 1v 1 mA
X10k 1V 100 A
X100 k iv 10 uA
XiM )V 1uA
X10M 1R 0.1 uA

General

Input: may be floaled up 10 £500 V de above chassis ground. Ohms
input open in gny funclion except chms. Volts input open when in-
strument is off.

Operating temperature: 0°C tg 50°C,

Power: >300 hr operation per battery.

HP 427A: 22.5 V dry cell battery, Evercady No. 762 or RCA VS102.
HP 427A Option 001: battery operation or ac line operation. select-
able on rear panel. 115V or 230 V £20%, 48 Hz to 440 Hz, 2 VA mux.
Dimensions: (standard '3 module): 130 mm wide. 159 mm high
(without removable feet), 203 mm deep (S%" X 64" X 8%).

Welght: net, 2.4 kg (5.1 Ib). Shipping. 3.6 kg (8 Ib).

Accessories available

HP 11096A High Frequeney AC Probe extends range to > 500 MHz,
With the [[096A, you can measure 0.25 10 20 V rms signals out to 300
MHz with better than £ | dB accuracy. Usable relative measure-
ments can be made up Lo 1 GHz (3 dB point at 700 MHz). The 1 1096A
is a peak-responding detector calibrated 10 produce a de oulpul pro-
portiontul to the rms value of 2 sine wave input. [nput impedance is 4
MQ shunted by 2 pF.

Options and accesaories Price

1107SA High Impact Case. A rugged case for carrying.

storing and operating the 427A 396

11096A High Frequency AC probe $87

11001 A 45" test lead, dual banana plug 1o male BNC £17

) 1002A 60” test lead, dusl banana plug to alligator clips $11

11003A 60~ 1est lead, dual banana plug to pencil probe

and alligator clip §11

10111A BNC female to dual banana adapter 517

Model number and name

477A Mulli-function Meter (includes batteries) 8445
Add 329

427A Oplion 001 AC power supply & battery
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General purpose multi-function voltmeter
Model 410C

410C with 11D36A

Description

HP's Madel 410C is a versalile general purposc instrumem for vse
anywhere clectrical measurements are made. This inslcament mea-
sures de voltages from 15V to 1500 V, direel current from 1.5 uA 1o
130 mA full scale, and resistance from 0.22 to 500 M{). With a stan-
dord plug-in probe, uc voltages al 20 Hz 10 700 MHz (rom 50 mV lo
300 V and comparalive indications 1o 3 GHz are attainable.

Specifications

DC voltmeter

Voltage ranges: (5 mV to £ 1500 V lull scale in 15, 50 sequence (11
ranges).

Accuracy: +2% of (ull scale on any range.

Input reskstance: 100 MI! £1% on 300 mV range and ubove, 10 M@
+3% on 150 mV range and below.

AC volimeter

Voltage ranges: 0.5 V 1o 300 V (ull seale 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 (rom
0.5 V10200 V rms. The ac probe respounds Lo the posilive peak-above-
average value ol (he applied signal. The meter s calibrated in rms.
Frequency reaponsa: +2% from 100 Hz to 50 MMz (400 Hz rel.): 0
10 ~4% from 50 MHz 10 100 MHz £10% from 20 Hz to 100 Hz and
£1.5 ¢B Irom 100 MHz 10 700 MRz.

Input Impedance: inpul capacitance 1.5 pF, input fesistance > 10
M at low frequencies. A high frequencies, impedanee drops off due
(o dielecltric loss.

Salety: the probe body is grounded 10 chussis at all times for safety.
All ac measurcraents are referenced to chassis ground.

DC ammeter

Current ranges: 1.5 gA 10 X150 mA (ull sealcin 1.3, 5 sequence
(11 ranges).

Accuracy: +1% of full scale on any range.

Inpul resistance: dccreasiag from 9 kQ on 1.5 uA range to approxi-
malely 0.3 on the 150 mA range.

Speclal current ranges: 1.5, £5 und £15 nA may be measured on
the 15. 50 and 150 mV ranges using the de¢ vollmeter probe, with &£ 5%
accuracy and 10 MQ input resistance.

Ohmmeter

Reslstance range: resistance from 192 10 10 M} center scale (7
ranges).

Accuracy: zero to midscale: +5% of veading or £2% of midscale,
whichever is greater; £7% from midscale o scale valuc of 2; 8%
from scale value of 2 1o 3; £9% from scale value of 310 5: £10% from
scale value of 510 10,

Amplifier

Vaoltage galn: 100 maximum.

AC rejaction: 3 dB a1 0.5 Hz: approximately €6 dB at 50 Hz and
higher frequencies for signals <1600 V p or 30 times (ull scale,
whichever is smaller,

Isolation: impedance between common and chassis iz > 10 MQ in
paraliel with 0.1 uF, Common may be floated up o 400 V dc above
chassis [or dc und resisiance measurements.

Outpul: proportional to meter indication: 1.5 V de at [ul] scale, max-
imum current, | mA.

Qutpul impedance: <31} al dc.

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

DC dritt: <0.5% of full scale/yr al constant (empcerature, <0.02% of
full scale/°C.

Overload recovery: recovers (rom 100:| overload in <3s.

General

Maximum input: (sce overload recovery). DC: 100 V on 15, 50 and
150 mV ranges, 500 V on 0.5 10 |5 V ranges, 1600 V on higher ranges.
AC, 100 1imes full scale ar 450 V p whichever is Jess.

Powar: 115 V or 230 V £10%, 48 Hz 10 440 Hz, 13 VA (20 VA with
11036A AC Probu).

Dimensions: 130.2 mm wide, 165 mm high (without removable fect).
320.7 mm deep (5%” X 64" X 117) behind panel.

Waelght: net. 4 kg (8 1b). Shipping. 5.44 kg (12 Ib).

Accessgories lurnighed: delachable power cord. NEMA plug,
11036A AC Probe.

Accessorles avallable: sce Pages 469-474,

Model number and name Price
410C Option 002 (Jess AC probe) less §45
HP 410C with HP 11036A Detachablc AC Probe S80S
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5 Hz to 2 MHz AC solid-state voltmeters ‘

Modal 4028

Description
The Hewlett-Packard 403B AC Yoltmeter is @ versatite, gencral pur-
pos¢ instrument for laboralory and production work yet is ideal for
use in the field since it is solid-slale, battery-operalcd, and portable.
It meusures from 100 microvolts to 300 valts, covering S Hz 10 2
MHz. 11 operates from internal batterics and thus may be completely
isolated from lhe power line and external grounds, permilting accu-
rate measurements af power line frequency and i1s harmonics without
concern for beat effects. [solation from external ground also permits
use where ground loops &re troublesome. Turnover effect and wave-
form errors ar¢ minimized because the meler responds to the average
ey : value of the input signal.
1 The 403B operales from an ac line as well as from the inlernal bat-
vy srmntnn fprasains e, i lery pack, and balteries recharge during ac operation. Battery churge
— may be easily checked with a front-panel switch to assure reliable
NI 0] measurements. Normally, about 60 hours of ac operation recharges
the batteries; bul an internal adjustment is provided which nearly
doubles the charging rate. The Model 403B ean be used while its bat-
leries charge. A sturdy taut-band meter e¢liminates friction and pro-
vides greater precision and repeatability.
For improved rexolution in dB measurements. the 403B Opiion 001
is available. This version spreads out Lhe dB scale by making it the top
scale of the meter.

i

Specifications
HP Model 4038 | 4038 Oplion D0}
Range 0.001 1o 300 V rms full scale, 12 1anges, ina 1,3, 10 sequence. —60 8 to +350 dB In 12 ranges wilh 10 dB steps.
Meter Responds (o0 average value of input wavelorm, calibrated in the rms value ol a sine wave,
Frequency
Range S Hzto2 MH: 5 Hz2 to 2 MHz
Accuracy wilhin £2% of full scale from 10 Hx to | MHZ within £5% wilhsn +0.20 dB of full scale from 10 Hz to 1 MHz; within
ol Jull scale from 5 to 10 Hz 2nd 1 Lo 2 MHz, excepl £10% +0.4 dB of full scale from 510 10 Hz and 1 lo 2 MH2,
110 2 MHz oo the 300 ¥ range (0 10 50° G).¢ except £0.8 dB 1 to 2 MHz on the 3000 Y range (G 1o 50° C).*
Input 2 MQ; shunted by <60 pf: 0.001 (0 0.03 V ranges; <30 pf, same as 4038
)mpedance 0.1 {0 300 V ranges.
Maximum Fuse protecled (signal ground can e £500 V dc from chassis). same as 4038
tapul
Power A rechargeable balleries, 40 hr. operation per racharge. same as 4038
up lo 500 recharging cycles: seli-von{aned recharging
circuit lunctions doring oparalson from ac line.
Dimensions 130 mm wide, 159 mim high (withoul removable teet), 203 mm same 85 4038
deep (5% k6% x 8™,
Weighl nel, 2.9 kg (6% Ib). Shipping, 3.6 kg (B Ib). same as 4038
Price $475 3dd $29

"Usz 100GIA 3@ 1 Divid=r 4né 101114 Adagler 1o refair £8% (04 dB) accurmey while measuting up to 425 V ron al | (o 2 MKz
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ANALOG VOLTMETERS

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

Specifications
400€/EL 400F/FL® 40061
Voliage range: 1 mVio 300 VF.S. 12 ranges 100 uV 10 300V £.S. 14 ranges —80dB 1o +60 dB FS. 8 ranges
frequency range: 10 Hz to 10 MMz 20 H1—4 MH2 20 Hz—4 MKz
{npul impedance: 10 M£2 on all 1anges 10 MQ on all tanges 10 M2 on all ranges
<25 pF to <12 pF depending <25 pf o <10 pf depending <300 pF lo <13 pf depending
on ranges on ranges on ranges
Accuracy.* £(% reading + % range) +£(% reading + % range)
3mv—300V ranges 300 xV—300 V ranges +60 dB range
10 Hz— 40 Hz: £(2.5+2.5) 20 Hr—40 Hr £(2+42) 20 Hz—A0 kHz +£0.4d8
40 Hz—2 MRz £(140) 40 Hr =100 Hz. £(1+1) 40 Hz—100 kHz: £02 d8
2 MH1—4 MH: (1 54 1.5) 100 He =} MKz £(%+%)
4 MHI—10 MHZ £(2.5+2.5) 1 MH2=2 MHE £(141) —60 dB thru +40 dB ranges
2 MH1—4 MHz: £(2-+2) 20Hr~40 Hy: £04 dB
40 Hz—500 kHz. 0.2 d8
500 kHz—2 MHZ 0.4 4B
2 MHz—4 MHz; +0.2 -0.8 dB
1 MV range 100 uV range —80 dB range
10 Hr—40 He £(2.54-2.5) 30 Hz - 60 Ky £(2+2) 30 Hz—60 Hr 204 dB
40 Hz—500 kHZ £(1+0) 80 Hz— 00 kHr: £(1 +1) 60 Hz—100 kHz: 0.2 dB
500 kHz—A MHZ £(2.5+2.5) 100 kB2 —500 kHz: £ 1(+0-7) 100 kHz—500 ¥Hz +0.2 —0.8 d6
Recovery. <2 s lor 80 4B overload
Overload: *500V rms ac, 300 Vde 1200 V rms mas. input;
1000 ¥ dc max. inpul
Calibralion: Scale —10 lo +Z 48, 10 dB betwzen ranges, 100 dwvisions on Linear dB sca’e, 100 divisians
0lo 1 scale. The dB scale reads —10 to +2 dB; from —20 to 0 dB. Log voltage
10 4B between ranges. scale0dB = 1V.
Weighl: Net, 2.7 kg (6 Ib). Shipping, 4.1 %g (9 Ib)
Dimensions; 130 mm widg, 159 mm high (withoal removable (eel), 279 om deep (3%” X 6%" X 117)
Power: AC- 11501 230 V £ 10%, 48 to 440 Hz, 6 VA max,
DC: Exlernal balteries. + and — voltages between 35V and 553 V
Price: 4006, 8440 ; 400EL,$460 400F 5440 ; 400FL, 5460 4006L.$ 460

=NOTE: 400EL same 25 400E, and 400FL same as 400F, excepl for calibration. Linear dB szale —{0 4B 1v +2
dB, 10 dB belwesn ranges. Log vollage <caies 0.3 10 | and 0.8 to 3, 120 divisions from —1010 +2dB 46DFL
accuracy s T of reading i g8 only,

*A¢ overload voltage increasss with increasing frequency.




® 10 MHz bandwidth
® High crest factor for accurate pulse measuremenits
e Stable, linear dc output
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Description

The Hewleu-Packard Model 3400A §s 3 truc rool-mean-square
(rms) volumeter, providing & meter indieation proportional 10 the de
heating power of the input waveform.

Six-decade frequency coverage makes (he 3400A extremely flexible
for all avdio and most rl measureinents and permils the measurement
of broadband noise and [ast-rise puisc.

Pulses or other non-sinusoids with crest factors (ratio of peak lo
rms) up to 10:1 can be measured full scale. Crest factor is inverscly
proportional to meter deflection, permitting up t6 100:1 crest factor at
107 of full scale.

Permanent plots of measured data and higher resolution measure-
menis cun be ablained by conneching an X-Y plotter, sirip chart re~
corder or digital voltmeter to the convenient rear-panel de outpul. The
dc outpul provides a hincar 0 10 [ volt drive proportional to meler de-
Mection.

ANALOG VOLTMETERS

10 Hz to 10 MHz true RMS voltmeter
Model 3400A

8 | mV full-scale sensitivity
® 10 M input impedance
® Taut-band individually calibrated metier

RMS current

True rms current measurcraents can be made convenicnlly by using
the HP Model 456A Current Probe with the Modcl 3400A. Sex page
476.

Specifications

Voltage range: | mV to 300 V full scale, )2 ranges.

DB range: —72 10 +52 dBm (0 dBm = | mW inlo 600Q).
Frequency range: 10 Ha to 10 MHz.

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

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

10Hz 50H: IMSr 2MH 3MHz 10MH1
[ 258 | «13 | 222 | 32 [ s5% |
Ac-to-de converter accuracy: % of full scale (20°C to 30°C)*
104z 50Hz IMHr Mz 3WH 10MHz
| 5% | =073 | #8 | #3% | 158 |

Crest faclor: (ratio of peak to rms amplitude of input signal): 10101
8t Tult scale (except where limited by maximum input) inversely pro-
portianal 1o meter deflection, (€.g.. 20 10 1 a1 half-scule, 100 (0 ) 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 10 0.3 V range: 10 M shunted by
<50 pF. From 1.0 V 10 300 V range: 10 M shunted by <20 pF ac-
coupled input.

Response time: (or a step function, <35 s 1o final value,

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

Output: negative | V dc into open circuit at full-scale deflection, pro-
portionsl to meter deflection from 10-100% of full scale. | mA maxi-
mum,; nominal source impedance is 10002. Outpul noise <1 mV rms.
Power: 1}50r 230V £10%, 48 Lo 66 Hz 135 VA max.
Dimensions: 130 mm wide, (59 mm high (without removable feel),
279 mm decp (54" X 64" X 117). Y module.

Welght: nct, 3.3 kg (7Y 1b). Shipping. 4.5 kg (10 Ib).

Accessgorles furnigshed: 10110A Adapier, BNC 1o dua) banana jack.

Accessories available: Price
11001 A Cable, 45 in. long, male BNC 10 dual banana

plug $17
10503A Cable, 4 1. long, male BNC conncciors 518
11002A Test Lead, dual banana plug to slligator clips Sl
11003A Test Leads, dual banana plug 1o probe and alli-

gator clip §11
11076A Carrying Case $99
456A AC Currenl Probe, | mV/1 mA $415

Model number and name
3400A option 001 spreads out the dB scale by making it

the (op scale of the meter add $29
Rear terminals in parailel with front panel terminals and

linear log scale uppermost on the melcr lace arc avail-

able on special order.

3400A RMS volimeter $785

T £0.1% from 0°C 10 20°C and 30°C 1o 35°C.

P
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ANALOG VOLTMETER

10 kHz to 1.2 GHz RF voltmeter
Model 3406A

LLARLLL
&

[LH
e

sinicindp anan

Description

High frequency voltages can be measured exsily with HP's 3406A
Sampling Voltmcler. Employing incoherent sampling lechnigues, the
HP 3406A has cxtremely wide bandwidih (10 kHz 10 1.2 GHz) wilth
high input impedance. Signals as small as 50 2V can be resolved an the
sampling voltmeter's linear scale. Full scale sensitivity from | mV 1o 3
V is selected in cight 10 dB sieps and may be read directly from —62
dBm (0 423 dBm for power measuremcnis. Accessory probe Lips
make the HP 3406A suitable for voliage measurements in many ap-
plications such as reccivers, amplifiers and coasial transmission lines.

Measurerent indicalions can be retained on the 3406A meter by de-
pressing a pushbutton localed on Lhe pen-type probe. This feature is
uselu) when measurements are made in awkward positions where the
operator cannol observe the meicr indication and probe placements ot
the same time. Other fealures include a de recorder outpul and sumple
holg output for conneclion Lo oscilloscopes, and peak or true rms voll-
meters i other thuan absolute average measuremenls are required.

Specifications

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

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

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

10 2 25 100 100 700 ) 12
kHz kHz2 kH: kK2 MHz MH: GHz GHz
[ | 8 [ 5 [ 23 [ o5 [ =8 | 213 |
Input Impedance: input capacity and resistance will depend upon ac-

cessory lip used. 100,000Q shunted by <2.1 pF at 100 kHz with bare
probe: <10 pF with 11072A isalator tip supplied.

Sample hold output
Provides ac signal whose unclamped portion has statislics (hat arc

@

CALTRAATE

narrowly distributed about the statistics of (he input. inverted in sign
(operating into > 200 k2 load with <1000 pF). Outpul is 0.118 V u( [.s.
on any riunge.

Nolse: <175 yV rms referred to inpul.

Accuracy (after probe is properly calibrated): 0.01 V range and
above: same as full scale accuracy of instrument. 0.001 V 10 0.003 V
range: value of inpul signal can be computed by 1aking into uccount
the residual noise of the instrument. Jitter: meler indicates within
+2% p of reading 95% of time (as measured with HP 3400A True
RMS Volimeler).

RMS cresl taclor: 0.001 Vio 0.3V, 20dB: | V, 134d8; 3V, 3dB.

Metler

Meter scales: linear voliage, 010 | and 010 3; decibel, =12 o +3. In-
dividually calibrated tau-band meter.

Responsa lime: indicales withwn specified accuracy in <3 s, Jiuter:
+ 1% peak {of reading).

General

DC recorder outpul: adjustable from 0 10 1.2 mA into 1000 chms al
full scale, proportional 1o meler defleclion.

Overload recovery time: mcler indicates within specificd accuracy
in <55 (30 V p-p max.).

Maximum Input: £100 V dc. 30 V p-p.

RFI: conducted and radialed leakage limits arc below 1hosc spegified
in MIL-6181D und MIL-1-16910C cxcept for polses cmitled from
probe. Spectral intenssty of these pulses are nominally 50 nV/ /Hz:
spectrum exiends beyond 2 GHe.

Temparajure range: instrumenl, 0°C lo +55°C; probe, +10°C 10
+40°C.

Power: 115 ar 230 V £10%, 48 Hz 10 66 Hz, 25 VA max.
Dimensions: 197 mm wide, 159 mm high (without removable feel).
279 mm deep (7%" X 6% X (11¥); ¥, module.

Weight: net, 5.4 kg (12 Ib). Shipping. 6.8 kg (13 Ib).

Accessories: reler to data sheel.

3406A RF voltmeter $1300
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Description

Hewlet-Packard Model 7562A is a wide range (80 db), single chan-
nel logarithmic voltmeter/converter designed 1o produce dec output
voltages in a logarithmic relationship to dc input voltages or the lrue
RMS value of an ac¢ input voltage. It contains a true RMS detector
which is nol dependent on pure sinusoidal signals to achieve measure-
menl accuracy. A self-contained meter calibrated in volts and dB re-
sults in an accurate voltmeter. A constant amplitude oscilloscope oul-
put 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, de logarithmic amplifier with a very bigh dynamic
range (110 dB) designed 1o produce a logarithmic-telated d¢ output
vollage for a very wide range of de input voliages. A single inpul range
of 316 uV (0 100 V is coupled with an inpul polarity swilch for ease
und versalilily of operalion. A high inpul impedance (100 k) and a
low output impedance (less than 5§) allows the 7563A 1o be used in
systems or on the bench. A Tront panel meter calibrated in dB and mV
provides instan(aneous visual indicalian of opcriting levels, Applica-
tions include Jog sealing of recorder axes, pulse height anulyzers, scope
displuys, und almost any ciscumstances where log compression of de
voltage ranges is required. Dual or ¢ingle rack mounting capability is
afforded by a ficld installable rack mounting adapter, ulilizing a mini-
mum of rack space.

7562A Specifications
Perlormance specifications
AC and dc modes
Input:
Dynami¢ range: 80 4B.
Voltage renge: | mV 10 10 V or 10 mV 10 (00 V selectable by front
panel switch. Accepts cither ac or positive signals.
Output:
Voltage: 010 §00 mV dc corresponding (o 10 mV/dB.
Output impedance: 100 chms.
DC mode
Accuracy: =0.25dB a1 25°C.
Input Impedance: 100 k(}, shuniled by less than 100 pF: single ended.
Temperature coefficient: +0.02 dB/°C maximum.
Zero slability: +£0.25 dB.
AC mode
Input impedance: 1 M{Q, shunted by less than (00 pF: single ended.
Accuracy and frequency response: (at 25°C).

ANALOG VOLTMETERS

Logarithmic voltmeters, ac or dc log scaling ‘

Models 7562A and 7563A

50 kl‘(ll 100 kHz

Range <10 | (>10
SeMing 05Hr 2 ? 2|0 5'0 ZO:J t2 | ¥ N
05H; |£)db +0.5db x1db| +I

—3db
54z +1db +05db *x1db| +1

—3db
50 Hz +1db +0.5 db +ldb| +1

=3db

Temperature coefficlent: +0.04 dB/°C maximum.
Slewling speed:

Range setting Minimum slewing speed

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

Oscllloscope output: approx. 0.5 V rms regardless of input.

Crest factor: 5:1 unless limited by max. inpul voltage.

Maximum peak input voltage: +25 Von | mV 10 )0V runge; £230
Von 10 mY to 100 V range.

General specifications

Operating tamperaiure: [0°C 1o 40°C.

Warm-up time: 20 minutes nominal.

Connectors: (ront and rear snput and output BNC connectors.
Power requirements: 115,230 Vac, 50 to 400 Hz, 40 VA
Dimensions: 88 mm high, 197 mm wide, 292 mm deep (%" X %"
X ElY).

Welght: Net, 3.6 kg (8 Ib). Shipping 5.4 kg (12 |b).

7563A Specifications

Performance specifications

input

Dynamic range: |10 dB.

Voltage range: 316 uV t0 100 V. Accepis either positive or negalive
signals, selectable by [ront panel switch.

Ouiput

Voltage: 010 1.1 V dc corresponding 10 10 mV/dB. Rcar (crminals;
adjustable ) 10 10 mV /dB.

Output impedance: lcss than 5@ front pancl, 300Q rear.

Meter accuracy: reading accurate 1o £1.5 dB, referred to output.
Input impedance: 100 k{1, shunted by less than 100 pF; single ended.
Accuracy: (at 25°C).

36 ¥ 1 m¥ 10V 36V 100V
| 0508 +02598 | +10e8 [ x1548 |

Tempersiure coefficlent: +0.02 dB/*C maximum and 3 uV/°C
referred 1o input.
Zaro stability: +0.25 dB at constanl temperature.

Rlss Time:
Maximum Rise Nime

Signal Level 1 m¥-10 ¥ Range
3164V — 1 mV 2000 us
1mV - 0mV 400 us
10 mV — )00 mY 40 ps
100mv =1V 4us
lVy-100v 2 p8

General specifications

Operating lamperature: 10°C to 40°C.

Warm-up time: 20 minutes nominat,

Connectors: fronl and rear input and oulpul BNC connectors.
Power requirements: 115/230 V ac, 50 to 400 Hz, 40 VA.
Dimenslons: 88 mm high. 197 mm wide, 292 mm deep (3%," X 7%
X 1A

Weight Ncl. 3.6 kg (8 Ib). Shipping, 5.4 kg (12 Ib).

Model number and name Price

7562A Logarithmic Voltmerer/Converter 81415
7563A Loganthmic Volumeter/Amplificr $1085



HDIGITAL VOLTMETERS

General information

Digital voltmeters

Digital voltmeiers {DVM ') oftfer many ad-
vantages over olher Lypes of voluneters.
Among the advantages of DVM's arc greater
specd. increascd accuracy and resolution, re-
duclion of operator crrors and ihe ability 1o
provide zulomalic measurements in sysiems
applications.

Digital volimetess display measurement re-
sults as discrete numerals rather 1han as a
pointer dcflection on a confinuous seale,
which s commonly used in analog devices.
Human error and 1edium are reduced by di-
reet numerical readout, and operilor train-
ing is minimized by a2utomaltic polarity and
range-changing features of some DVM*s.

Digital vollmeters arc available 1o mea-
sure ac and dc voliages, current, resistance
and ralio. Appropnriatc Iransduccrs can be
used Lo measure other parameters such as
strain of (¢mperalure. An increasingly popu-
lar use of DVM's is in automatic measure-
ment systems. Such a system can be as sim-
ple as conoecting the DVM digital output to
a digital printer or as powerful as a calcula-
1or or computer controlled DV M system that
provides automatic data reduction and unal-
tended opcration.

S

PEED

Building blocks

Digital velimeters convert an analog sig-
nal (0 un cquivalent digital value. To do this,
the input syenal (ag/de vollage or eurrent, or
resistor value) must pass through the basic
buslding blocks shown in Figure 1.

INPUT

INPUT SIGNAL
CUNDITIONER

frm— m = mm————
'

[ e—

OIGITAL
QuTPUY

DISPLAY

Figure 1 — Baslc building blocks ot a DVM

Digital volimeters that have current mea-
suring capability use internal shunt resistors
to convert unknown current 1o an &c or dc
voltage. This voliage is then digitized and

seuled (by shunt value) 1o provide & rcading
of the current.

The signal to be mcusured first passes
through an input signal conditioner. This
converls ac signals, de signals, or resistances
to o proportional dc vollage that is within the
range of operation of the analog-to-digital
(A-to-D) converter.

The A-1u-D converter generates numerical
values (hat correspond 1o the de vollage out
of the signal conditioner. The logic block
controls the order of internal information
Mow and manages the communicatinn of dig-
ital information with externul devices. A vis-
ual resull of measurement is provided by the
display block.

Signal conditioners

O all the parts of 2 DVM, the signal con-
ditioning and conversion pari has \he great-
est infllucnce on 1he instrument's characleris-
tics.

A dc input often must be amplified or at-
tenuated Lo be within the range of the A-10-D
converter. For example, if full scale inpul of
the A-10-D unit is 10 V, the dc input ampli-
fier/attenuator would amplify the signal on
the 100 mV and | V ranges and attenuale the
signal on 100 V and 1000 V ranges.



There are two lypes of ac converters in
common use today: average responding and
true rms responding. The average respond-
ing converter is relatively inexpensive and is
intended primarily for measurement of sine
waves having liltle or no distortion. This type
of converter measures average value of the
rectified sme wave which is then multiplied by
a scale faclor (rms = 1.11 ave.) to provide the
rms value. Errors result from this lechnigque
when the input signa) is not a distortionless
sine wave.

The true rms responding converter i 1he
mosl socurate ac signal conversion tech-
nique. [l has wider bandwidth, ability to mea-
sure nonsinusoids and is insensitive 1o dis-
torlion. True rmis converlers measure equiv-
alcnl heating power of the waveform usging a
thermocouple or thermopile. The resulting de
vollage is equivalent to heating power, or true
rms, of the ac signal. Some Hewlett-Packard
true rms converters measure not only ac sig-
nal, but also dc ¢omponents which, in 1urn,
impraves low frequency performance. The
composite equals J/{dc) + (ac rms)L.

Ohms converlers measure value of resis-
tors by supplying a known constant d¢ cur-
renl e the unknown resistor and then meas-
suring the resuling voltage drop ucross il
There arc three popular technigues lor sup-
plying dc current to the unknown resistor:
{wa-wire, 1hree-wire, and four-wire.

The wo-wirc lechnique is most common
and mosl economical for applications where
lest leads are short. Since the same input tler-
minals are used to supply dc current and mea-
suse voltage drops, this technique is affected
by lead resistance,

LEAD
RESISTANCE
Ry

¢ UNKNOWN

Figure 2 — Simple two-wire ghms
convarter

A de current source that is totally isolated
from the measuring circuils (Figure 3) is used
by the four-wire technique Lo overcome sen-
sitivities to lead resistance. This scheme of-
fers the vlimate in performance for ohms
measurernents, paricularly for remote mea-
surements, while the two-wire method is
morc suited (o bench use where leads are
short.

Ry NEINPUT 10
: ARA o o DCINPUT
AMPLIFIER

[
Ry
> o
‘(ur\.xwl'mﬂ ! QG CORSTANT

p: CURRENT SOURCE
Ay LOW

4

R LDW INPUT
Ry - LEAD RESISTANCE

Figure 3 — Simplified 4-wire ohms
converier

Like the Iwo-wire converter, the three-wire
converter is sensitive to lead resistance. espe-
cially on the low side of the input, but it may
be possible to null atil crror caused by lead
resislance with un intema) adjustmem.

A-10-D converters

Analog-to-digitul converters change de sig-
nal from signal condilioners and converlers
to discrele numerical values, The conversion
technique used determines speed, resolution
and noise rejection characleristics of the
DVM. Fos a detailed discussion refer to
Hewlett-Packiird Application Note 158.
Noise rejection

Source and type of naise are important in
determining the type of noise rejection
needed. There are (wo [ypes of noise which
may affect accuracy and sénsitivity of a
DVM: normal mode and common mode.

Normal mode noise enters the DVYM with
the signal and i saperimposed on it. Filler-
ing is the simplest way to cut down on noise
but it slows measurement speed. Integration
“calculates” noise out af the measurement by
looking at the input signal over a period of

time equal to the period of expected noise.
Fillering is advantageous {or rejecting broud-
band noise. while integration is better for re-
Jeeting line related noise, Figure 4 shows typ-
ical noise rejection for filtering and inlegrat-
ing methods,

T TTTI
NON-INTEGRATING , “lf
(with fijter) I
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NORMAL MQOE REJECTION (uB)

1 0 100
FREQUENCY (1)

Figure 4 — Normal mode nolse rejection
for two DVM's, ona using flllering and the
other using Integration

Common mode nois¢ appears between the
DVM's inpu terminals und ground. I is
usually caused by grounding differences be-
tween the DVM and the device being mea-
sured.

Errors caused by common modc noise may
be reduced by a passive technique called
“guarding.” Guarding shunts the noise to
ground and away [rom inpul terminals. By
proper connection of the guard (Figure 5), a
remarkable improvemem can be seen in a
DVM’s ability to reject common mode noise.

“Effective” common mode rejection is the
specification that usuaily appears in data
sheets. Effective refers to the final reading.
Efiective CMR is the combined result of
“pure™ CMR due 1o guarding plus normal
mode rejection of the instrument.
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Specifications

Resolutian and sensitivity

DVM's are classified according (o lhe
number of Tull digits. An overrange digil is an
extra digit added to allow 1he vser to read be-
yond full scale. This overrange digit is olten
called a “one-hal™ or a “partial” digit since
it cannot display all numbers through 9.
Ovciranging greatly extends a DVM's usc-
fulncss by maintaining resolution up 1o, and
beyond, full scale. For example, il 2 signal
changes from 9.999 V to 10.012 V. a flour-
digit DVM without overranging could mea-
surc the first voltage us "9.999 V.” bul would
require 2 range chanpe lo make the second
measurement with 4 resulling reading of
*“10.01 V. The 0.002 V change would not be
seen. With overranging, the second measure-
ment could be made as "10.012 V" with no
loss of resolution.

Ovcrranging is given as a percentoge. A
four-digit DVM with 100% overranging
would have a maximium display of *'19999 *
A spee of 204 overranging would provide a
maximum reiuding of 1199,

Resolulion is the ralio of the maximum
number eof counts that can be displayed to the
lcast number of counts. Full-scale resolution
of a five-dignt. DVM is 100,000 to I, or
0.00}%. Overranging is generally ignored in
resolulion.

Sensilivity refers vo (he smallest inmcremen-
Lal vollage change (hat the DVM is able (o
detect. Mathematicaily, 4 is the lowest foll-
scale range multiplied by the resolution of the
DVM. Sensilivity of a five-digit DVM with
resolution of 0.001% and 1 100 mV lowcsl
fufl-scale range is 0.001% X 100 mV = | 4V,
Accuracy

Accuracy is 1he exactness (o which z volt-
age can be determined, relative 1o the Legal

Valt maintzined by the U.S. National Bu-
reau of Standards. Accuracy specification
cquals errors involved in traceability 1o
N.B.S. as well as crrors made by the instru-
ment.

To be meaningful, accuracy must be stared
along with the conditions under which it will
hold. These conditions should include time.
tempcrature, line varialions and humidity.
Condilions specified should be realistic rela-
tive 1o intended use. For example, a DYM
specified with a wemperature range of 25°C
+[°C would rcquire a mghly conirolled en-
viconmenl, whereas £3°C would cover the
majority of environments.

The period of time over which accuracy
holds is especially important since it indi-
cales the DVYM's stability and how often it
will have 10 be calibraied.

Accuracy is usually expressed as a percent
ol the reading plus a pereent of the range (or
full scale). Figure 6 shows Lho( accuracy is
always betwer at or above full scale,

eC —f
SHORT TEAM STABILITY
267 - % /
2 ACCURACY®
_\snc,Eg; ?2};% % —_————
a0 /.,z’{r / /Iff’f’f.-’ TRELATIVE TOTHE LEGAL ¥OLI
MHA — -I
e A

I 1 DAYS ~|
Figure § — Typical Jour-digit DVM
accuracy

Reading rate
Most DYM's have their own internal trig-
ger source which may bc adjustable or fixed.

OVM SELECTION GUIDE

Quite often. trigger rate is independent of re-
sponse time of the analog circuits. For exam-
ple. a DYM may have a fixed sample rate of
five readings per second. which is fine for de
measurements, bul the ac converter may take
two seconds Lo respond. This means that the
usor must wail for several samples before ob-
taining a steady reading. Thus, as Figurc 7
shows, the DVM's speed is determined by set-
ting time of its input ciccuitry, plus time re-
quired o digilize the signal.
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Figure 7 — OVM spesd depends upon
rasponsa {ima and reading period

When a DVM is used in an automatic sys-
(cm, i(s lernal Ingger is scldom uscd. Ex-
ternal triggers ure issued by (he system incor-
porating the appropnate delay to allow for
scllling.

Additional Information

For more informalion on DVM operation
and sclection, refer to Hewleu-Packard Ap-
plication Note 158,

DLGITS de ac Ohms Curvent Special Fealures HP Madel No. Page
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Description
Twenty-six different range and funclion combinations ol 4 volis,
de volts, ohms and de current.

Specifications
AC vollmeter
Ranges: | mV, 10 mVY. (00 mVY, | V.10V, 100 V, 1000 V (500 V max
input).
Accuracy above 1% of range: (% reading -+ % range), 20°C to
30°C.
1 mV range (0.3 mV and above):
20 K2 100 kHz 4 MH:z

1+075 25425

DIGITAL VOLTMETERS

3, Digit, high sensitivity, multimeter
Mode! 34698

10 mV to 1V ranges:
20 Hx 100 Hr 100 kHz t MHz 6 MHz

[o5+05 [ 03+03 | 1+t | 25+25 |
10V, 100 ¥, 1000 Vranges:
20 Hy 100 Hzx 100 iz 1 MRz 4 MY
[ veas | oas03 | v+ | 25425 |

Input impedance: 10 MQ shunted by <25 pF. Inpul comman ¢on-
nected to chassis.
Overload protection: 500 V at frequencies <60 Hz.

DC voltmeter
Ranges: 100mV, 1 V, 10V, 100 V, 1000 V.
Accuracy (20°C to 30°C)
100 mV range: +£(0.2% reading + 0.1% range).
1V 1o 1000 V ranges: %(0.1% reading +0.1% rangc).
Inpul impedance: 10 M{},
Overload protection: [000 V.
Normal mode rejection
60 Hx: 40 dB.
Common mode rejeclion
DC: 60 dB.
Floating voliage: 500 V max.

Ohmmeter
Ranges: 10Q°, 109, 1001, | k2. 10 k2, 100 ki, | MQ, 10 M9,
Accuracy (20°C to 30°C)

19 range: *£(0.25% reading + 0.5% range).

10Q range: =(0.3% reading + 0.2% range).

10082 to 10 M2 range: +(0.2% reading + 0.2% range).
Souree characterlslics
8hort circult current; 0.1 pA to 10 mA depending upon range.
Open clrcuil voltage: 10 V negative with respect to common (com-
mon connceled Lo chassis),
DC input protection: 100 V muax.
AC Input prolection: 130 V rms max.

DC ammeler

Ranges: | pA, 10 uA, 100 uA, | mA, 10 mA, )00 mA,
Accuracy (20°C o 30°C): +(0.2% reading + 0.2% range).
Full scale voltage drop: 100 mV.

Overload protection: $1imes full scale.

Flosting voltage: +£500 V max.

General

Sample cale: 8/s.

Overrange: 100%.

Ou! of range and iltegal range indication: 3 least significant digits
blank.

Polarlty: automalic.

Oparaling temperature range: 0°C 10 55°C.

Warmup: !0 min.

Power: |15V or 230 V =10%, 48 Hz 10 440 Hz, 10 VA,
Dlmensions: 130 mm wide, 159 mm high (without removable feel),
279 mm deep (5'4" X 164" X 11*),

Waelght: nel, 3.15 kg (? Ib). Shipping. 4 kg (9 1b).

3469B Multimeter 8925

*llasble (esctance <LOC uH serres, <2 ul parslled

P



FHDIGITAL VOLTMETERS

Portable, five function dmm with 1 4V dc & 10 uV ac sensitivities

Model 3485A

Description

The HP medel 3365A is a 4/:-digit multimeter that provides up to
100% overranging. Five multimeter functions span a wide range of ap-
plication measurements of AC voltage, DC voliage, AC current, DC
current, and ohms which are conveniently made using the HP 3465A.

The DC voltage capability provides measurements from 1 gV 1o
J.000 V with a midrange accuracy of £(0.02% of reading 4+0.01% of
range). Input protection permits up to 1,000 volts on any range with-
oul damage.

The AC voltage function provides measurements from 10 4V 10 500
volts with midband accuracy of £(0.15% of reading +0.05% of range).
The bandwidth spans 40 Hz 10 20 kHz, with input protection up 10
500 ¥V RMS on any range without damage.

Ohms measurements are made for values from 10 milliohms to 20
Mil's using 6 ranges. The input is protected for up to 350 V peak. An
accuracy of £(0.02% of reading 4+0.01% of range) is obtained for the
nominal ranges. Maximum open circuil vollage is less than 5 volts.

AC and DC current capability is provided as a standard feature. A
10 nA sensitivity results in a wide dynamic range of performance, DC
current accuracy for the 10 mA range is £(0.11% of reading +0.01% of
range). AC current measurements are made over a frequency band of
40 Hz to 20 kHz with a mid-band accuracy of *(0.25% of reading
+0.05% of range). Should an accidental overload occur, the fuse is
front-panel mounted for easy replacement.

3465A

AC line operation with rechargeable Nickel Cadmium batteries is
provided in the basic unit. The batterles are 2 of the battery packs
found in most HP hand-held calculators. Five hours of continuous use
is provided by the batteries which recharge fully overnight.

3465A Option 001

AC only operation is provided and you save 820, the price of the re-
chargeable batteries. Should you decide later to use batieries simply
purchase 2 sets of the 82001 A batteries.

3465A Option 002

Saves you $75 by removing the internal power supply, recharger,
and adding 4 D cell *primary balteries. This configuration is well suit-
ed (o field or bench operation. The D cells operate for 60 hours and
the bauteries can be purchased at your local store — while you're in the
field. The HP model 82002A bautery charger for most of HP’s hand-
held calculators can be used as a battery eliminator to provide DC
power 10 operale the instrument on the bench from normal AC line.
*U-Z batieres in Evrope.

Specifications

0C voltage

Voltage range: +10.000 mV, £100.00 mV, £1.0000 V, £10.000 V,
£100.00 V, £1000.0 V.

Overrange: 100% on all except 1000 V range.

Sensitivity: 1 microvolt on 10 mV range,

Polarlty: automatically sensed and displayed.

Accuracy: 90 days, (+23°C £5°C):

Ranps Specifications
16 mV +0.03% of Reading, £0.02% of Range
100 m¥ through +0.02% of Reading, £0.01% of Range
100V
1000V £0.025% of Reading. £0.01% of Range

Temperature coefiiclent: (0°C 10 50°C): £0.003% ol Reading/°C
Input characleristics: input resistance:

Range Specifications
10 m¥ through | ¥ 210100
10 V through 1000 Y 10 Mi2 1%

Normal mode rejection: >60 dB (a1 50/60 Hz +0.1%)

Effectlive Common Mode Rejection (1 kil unbalance)
AC: > 120 dB (a1 50/60 Hz £0.1%)

Overload protection: 1000 V Max DC and Peak AC.

DC Current

Current range: £100.00 gA, £1.0000 mA, +£10.000 mA, £100.00
mA, £1000.0 mA,

Overrange: 100%.

Bensilivity: 10 nA.

Accuracy: %0 days, (+23°C £5°C):

Range $pecifications
100 wA, 1 mA +0.07% of Reading, £0.01% of Range
10 mA +0.11% of Reading, £0.01% of Range
100 mA, 1000 mA +0.6% of Reading, £0.01% of Range




Tempsrature coefficient (0°C o 50°C}):

fange Specifieations
100 ph +0.008% of Reading/“C
1mA, 10 mA +0.004% of Reading/"C
100 mA, 1000 mA +0.01% of Reading/“C

Voltage burden: lull scale <250 mV on 1 A range; <125 mV on all
other ranges.
Protection: 2 amp [use. Separate terminals

AC Voltage

Voltage range: 100.00 mV, 1.0000 Vv, 10.000 V, 100,00 V, 1000.0 V
(500 V max.)

Overrange: 100% except 300 V rms max on 1000 V range (100% to 10
kHz decreasing linearly to 0% at 20 kHz).

Sensitivity: 10 uV on 100 mV range.

Accuracy: 90 days, (+23°C 10 5°C) converler is average responding
calibrated 10 RMS.

20%WH:
= 5% Reading
> 15% Range
10 kiHz
2 iz
}T;:ﬁ“. £ 15% Reading, ~ 5% Reading
Frequancy =05% Range +.05% Range
1 kHz
S0 Hz
100mY 100V (50OV max)

Voltage range

Temperature coefilcient (0°C to 50°C): £0.005% of Reading,
+0.002% of Range/°C.
Inpul impedance

Resistance: | MQ.

Shunt C: <100 pfl.

Overload protection: 600 V DC Maix., 500 ¥ AC RMS, and 800 V

peak.

AC Current

Current range: ]00.00 A, 1.0000 mA. 10.000 mA, 100.00 mA,
1000.0 mA.

Overrange: [00% to 10 kHz decreasing linearly to 0% ot 20 kHz.
Sensltlvity: 10 nA,

Accuracy: £(0.05% of range +0.4% of reading) (0 £(0.15% of range
+0.6% of reading) from 40 Hz to 20 kHz on the 100 uA and 10 mA
ranges; £(0.05% of range +0.65% to +0.8% of reading) from 40 Hz 1o
| kHz on the | A range and from 40 Hz Lo 2 klHz on the 100 mA range.

20 kHz
=0 6% Reading,
=0 16 Range
1 wHz
= ks
- AEae : ’
2 kHz 2{.‘»? Hfaclmg,
Current = 05% Range .
(npul = B5% Reading
Frequency = (5% Range
1 kHz
+ 4% Reading = 8% Reading
= (5% Range = (5% Range
40 Mz
100 ph 10mA 100mA 1000mA

Curnreni renge

Temperaiure coefficient (0°C to 50°C): £0.01% of Reading/°C.
Voltage burden: full scale <250 mV on | A range: <125 mV on all
otlher ranges.

Reslstance

Ohms rangas: 100.00Q, §.0000 k2. 10,000 kQ. 100.00 k0. 1000.0 k2,
10.000 M.

Overrange: 100%.

Sensltivity: 10 millichm on 100 shm range.
Accuracy: 90 days, (+23°C £3°C):

Range Specifications
1009 +0.02% ol Reading, +0.02% of Range
1 k€2 through 1 M £0.02% of Reading, £0.01% of Range
10 MQ +0.1% of Reading, 2£0.01% of Range
Temperature coefficlent: (0°C 1o 50°C):
Range Specifications ]
600} through 1 M12 £0,0015% of Reading/“C
10 M2 +0.004% of Reading/°C
Configuration: 2 wire
Open circult vollage: <35 V max.
Protection: 350 V (DC + peak AC)
Current through unknown:
Range |
1009 I mA
1 kQ2 I mA
10 k§2 10 A
100 k< 10 pA
1000 k£ 1 uA
10 Mf£) 0.1 pA

General

Integration time: 100 msec.

Reading rale: 2} readings per second.

Display: light-emitting diodes.

Overload indication: display blanks.

Operating temperature: 0°C to $5°C; NiCad Baltery: 0°C to 40°C.

Slorage lemperature: —40°C 10 75°C; NiCad Battery: =40°C 10

+40°C.

Humidity range: 935% at 40°C.

Dimensions: {0.16 ¢cm X 2).27 em X 27.94 ¢ro (4 in. X 8% in. X 11

in.)

Woelghts: 2.04 kg (4 1bs, § ozs)

Power
3465A Acline: 86—127 V 4810 440 Hz. 176—254 V; 38 10 440 Hz.
Betterles: 2-rechargeable Nickel Cadmium packs common to HP
hand-held calculalors, 5 hours continuous use. Battery charger
built-in. <3W.

3465A Option 001 AC line: 86— 127 V; 48 to 440 Hz; 176—254 V; 48

to 440 Hz. Bauery charger built-in. <250 mW.

3465A Optlon 002: 4 type D alkaline dry cells (U-2 cells Europe). 60

hours continuous use. Receplacle to use Model 82002A hand-held cai-

culator battery charger (82002A not included). <250 mW,

Instrument operales on 50 Hz, 60 Hz and 400 Hz power lines.

Options Price
Option 001 AC linc only less §20.00
Option 002 includes 03465-80002 less §75.00

03465-R0000 — replaceable AC/Nickel Cadmium
Power Module — includes batteries 375,00
03463-80002 — replaceable D cell power module with
connector (or using HP hand-held calculator charger
(charger not included) $25.00
82002A — HP hand-held caleulator charger $18.00
#2001A — Nickel Cadmium Battery Pack (2 required)  ench $10.00
1420-0224 — alkaline D cell USA; U-2 Europe (4

required) each 51.00
11026B RF probe 10 kHz to 700 MHz. Use only on 10,

100 V dc ranges. $87.00
11003A: Test leads, Dual banana to probe and alligator $11.00
11002A: Test leads. Dual bananu to dual alligator SI11.00
5061-2001: Sub-module front handle $7.50
5061-0088: Front Handle Kit $15.00
3061-0054: Rack adapter kit (includes % module filter) $15.00

3485A includes 03465-8000 $500
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Digital multimeter
Model 970A

® Puts a complete DMM in the palm of your hand
e Autoranging, autozero, aulopolarity

, P
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L..“ "

Description

Hewlelt-Packard’s 970A Probe Dignal Multimeler is completely
sell-conlained and autoranges through five ranges of ac and dc volis
and ohms.

The pocket-sized multimeter is ideal (or field, lab, or beneh appli-
cation. All electronics, including display and batterics, are in one small
seven-ounce hand-held package with only one function control 1o sel.

HP's Modct 970A automatically selects the right runge, making i
easy Lo use by lechnicians, repairmen, telephone craftsmen and engi-
ncers, This ballery-operaled probe is the first known hand-held DMM
incorporating solid-statec autoranging icchnology. Al solid-slate
switching is in 115 one MOS integrated cireuit.

A five-digit light emitting diodc cluster is used in thig 35 digit
DMM. All probe volage readings are in volts, and resisiance read-
ngs in kilohms so there are no scales (6 misinterpret. Decimal place-
ment is automalic.

Automatic decimal placernent and automatic polanity indication
save lime. Aflzr sctling the function selector (acV, deV or k), simply
connect the ground clip, 1ouch the probe tip to a test poinl, press the
Push-10-Read bar, and (he sohd-state LED readout automatically dis-
plays the correct reading and polarity. When measuring ohms or dc
voles, it 1akes (ypically less than two seconds (o range and settle to a
proper reading.

Since display is close to point of measurement, in closely packed cir-
cuits. the probe can be held in one hand and cireuil and readout can be
seen al a glance. The display can be electronically inverted (o avoid er-
rors.



97004A Accessory Kit

HP's 970A Proge Digital Multimeter can be converted inlo a five-
function bench instrument with oplionul 97002A Current Shunt/
Bench Cradle. A six-position manual switch selects five ranges of ac
and dc current plus a straight through position to measure ac and de
volls and ohms,

Two general purpose binding posts accept wrap-around, screw-
down, clsp-on or banana plug terminations.

AC voltage messurements can be made over a [requency range of
100 kHz to 500 MHz {rom 0.25 V 10 10 V wilh optional RF adapter,
HP 97003A. A broad line ol tips, adaplers and tecs are also availuble.

970A Specifications

DC voltmeter

Ranges: 0.1 V, ) V, 10V, 100 V, 1000 V (500 V max input).
Accuracy {(20°C to 30°C): +(0.7% of reading +0.2% of range).
Input resistance: 10 M), +5%.

input protection: <750 V peak.

Temperalure coefflclent: £(0.05% of rcading +0.2% of range)/°C.

AC voltmeter
Ranges: 0.1 V. I V, 10V, 100 V_ 1600 V (500 V rms sine wave max

input).
Accuracy (20°C to 36°C):
fange 45 Hzlo § kHz 1 kHz10 3.5 kHz
1Vio 1000V +(2% of reading £(3% of reading
+0.5% of range) +0.5% ol range)
01V(>3my) +(2% of reading (5% of reading
+0.5% ol range) +0.5% of range)

Input resistance: 10 MQ, +5%

Input capacitance: <30 pF.

Input protecilon: <750 V peak.

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

Ohmmeter

Ranges: | kQ. 10kQ, 100 k2, 1000 kO, 10,000 k0.

Accuracy (20°C 10 30°C): £(1.5% of reading +0.2% of range).

input voltage proteclion (reslistor fused — clip mountad): <)15V
rms for up to | minute. <230 V rms for up to 10 seconds.
Tempearature coefflelent: +({0.05% of reading +0.02% of range)/°C.

General

Ranging: aulomatic.

Sample rale: 3/sccond.

Overrange: 10%.

Calibralion cycle: 1 ycar.

Calibration ad|usimants: onc.

Operating environmental condilions:

Temtperature range: 0°C 1040°C.

Humldity: €95 R,

Power: rechargeable baltcries,

Typlcsal operating time using fully charged battery: 2 hours con-
tinuous a1 25°C.

Typloal battery charging fime: 14 hours at 25°C. (Indefinite charg-
ing will nol damege batiery).

Welght (with battery pack): net, 200 g (7 oz). Shipping, | .8 kg (4 1b).
Dimensions; 185 mm long X 45 mm wide X 30 mm deep (614" X 13"
X AT,

-

97010A UL Approved Battery Charger

97002A Specifications

DG ammeter
Ranges: 0.1 mA, 1 mA, IOmA,0.1 A1 AF.S.
Accuracy (20°C 1o 30°C): £(2.5% of reading +0.2% of range).

AC ammeter

Ranges: 0.1 mA, Ll mA, I0mA, 0.1 A, 1AF.S.

Accuracy (20°C to 30°C, > 3% ofrenge): 45 Hz (o | kHz; £(4% of
reading +0.5% of range). 1 kHz (0 3.5 kHz: £(7% of reading +0.5%
of range).

DC V, ac V, ohms: same as 970A specifications.

General

Full range Insertlon voltage: <0.25V.

Input protection: 2 amp fast acting luse.

Walght: net. 170 g (6 02). Shipping, 1.8 kg (4 Ib),

Dimenslons: 95 mm long, 95 mm wide, 51 mm decp (3% X 3%" X

).
97003A Specifications

Response: Thec 97003A is a peak responding detector and is cali-
brated to read mms value of a sine wave.

Voltagarange: 0.25 V1030V rms.

Max Input: 30V yms ac; 200 V dc.

AC to dc transfer accuracy when operating into HP 970A:

30 7 /
g 40548 % /
2 {463 2
g wl / / Z
7
Y I 7% 77
a + 1248
1+ 15%)
0.2b 2 1
100 kHy 1 MM 10 MH 160 MHx 500 MHr

*HP's 97003A is usable from 10 MHz to 500 MBz and 7.5 V rms
to 30 V rms. [t is not Lraceable 1o the United Stales National Burcau
of Standards over that range.

Input Impedance: input resisiance: > 25 k.

Shunl capacitance: <3 pF for plastic tips. <4 pF for metal high fre-
quency adapler Up.

Genersl

Accessoriea suppfled: ground lead, stroight tip, baltery charger,
sofl carrying casc.

Accessorlea avallable: 11063A, 50-ohm tee; 11536A. S0-ohm tee:

10218A, BNC Adapter; 10219A. Type B74 Adapter; 102204, Micro-
do1 Adapter.

Model number and name Price
97001 A uxtra rechurgeuble battery pack $27
97002A ac/dc currenl shunt /bench cradle 549
97003A R) adapter S88
97004 A uccessory kit 536
97010A battery charger $13

970A Digital Muliimeter (includes sol carrying casc.
battery and charger) £310



DIGITAL VOLTMETERS

Model 3403C

'ﬁ
. True RMS voltmeter

e DC and 2 Hz To 100 MHz

s 3Y, digit
3403C TRUE AMS VOLTMETER
II?&EII HEWLETTYT o PACKARD
FUNCTYIOM dB REFERENCE
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Description

The Model 3403C is usable for dc. low frequency, audio, RF and IF
measurements. True rms is copecially valuable Tor mecasurements of
noise, multiplexed signals, modulited waves and other complex sig-
nals with high harmonic content.

Optional dB dieplay

The dB display optlion provides readings direcily in dB. a major
convenience 1o ac users. The dB reference Lo which (he measurement is
made is convenicntly adjusiable from the front panel to provide refer-
enced ¢B measurements, or 1o provide a convenicnl means Lo olfset
the reuding by as much as 13 dB for unreferenced measurements.

Sysiems optlons
A systems oplion is avaitable, allowing the 3403C 1o be used with
Hewlcll-Packard printers or inlegrated into morc complex systems,

Specificatiohs

Ranges

Full renge displey: 10.00 mV {ac only): 100.0 mV; 1.000 V: 10.00 V;
100.0 V; 1000 V,

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

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

Performance

AC Ireguency range
Slow reaponse: 2 Hz (o 100 MHz.
Fost response: 25 Hz to 100 MHz.

RESPONSE TIME

\ 4

——

Response time
Fast response: | s.
Slow response: 10s.
[nstrument reads final rcading £0.1% of inpul change in stated
response time.
Display rale
Fasl response: 4 readings per s.
Slow response: 2 readings per s.

READING _ . o
ACCURACY +%OF RANGE + & % OF READING

FREQUENCY (Hr)
AANGE

1000V

100V

% CAUTION: (requencias and ranges in this 3rea may resullin
invalid readings without ranging indication.

¥ DG + AC function and slow response time only

*%& & of rending specification Is reprosgntative of typiesl flatness.



Functions
DG: responds Lo de component of input signal.
AC: responds to true rms value of ac coupled input signal.

AC + DGC: responds to Lruc rms value of de and ac input signal;
reading is /iacg T {ac rms)L.

dB recorder output; outpu( voltage: 200 mV for 20 dB. Outpul re-
sistance: 1 kit +£500 2.
Accuracy: 90 days (25°C +5°C, <95% RF).

READING *
=(+ dB) + {+dB)*
Temperatura coefficlent: 0.1 X reading accuracy*/°C oulside the ACCURACY
25°C +5°C temperalure range. S LW FREQUENCY (Hz)
Accuracy: 90 days (25°C + 3°C, <95% RH, 17% of range 10 190% of A E[ AC [acwc oc 2 ooy wou
range). — p
1
Input characteristica _ D mm m
Input Impedance: <10 MHz.
1V to 1000 V range: 10 MQ £10% shunted by 19 pF £10%, 100V A5
10 mV and 100 mV range: 20 MQ % 10% shunted by 16 pF £10%.
10 MHz to 100 MHX: the followiing table gives maximum loading due 10V mn m
to inpul shunt impedance across 4 lerminated source.
System Impedance Freguency v mm m
M
(source and load) 10 MHz 100 MKz _— EE H
501 1% 10% P
D
750 2 2% 1omY m eI

Crast {actor:

2 Hz lo 25 Hx 2:1 al Tull range input.
>25 W 10:1 al Tull range inpul.

Maximum Input voltage

RHigh to low:

1000 V rms, 1500 peak or 10" V-Hz on any range. Maximum dc volt-
age in ac mode: 500 V de.

Low to chassis:

+500 V dc. when floated with special banana (o BNC adapter.

Options
Auloranging (3403C option 001)
Automatic ranging: uprange at approximately 190% of Tull range;,
downranges at approximately 17% of full range.
Aulorange Hme: fast response: | 8 per range change. Slow re-
sponse: 10 s per range change.
Remote control + digital output + auloranging (3403C oplion
003)
Provides remote control of all front panel funclions, ranges. digital
output and autoranging.
dB display (3403C optlon 008)
Measurement range: 108 dB (—48 dBV 10 +60 dBV).
Calibrated dB reference: 0 dB = 1,000 V: reference level may be set
for 0 dBm (6000) by adjusting (ront panel dB calibration adjustment.
Variable dB reference: recference level may be shifled downwurd
from calibrated position > 13 dB.

“data trom accaracy charls

% CAUTION: frequencies and ranges in this area may result in
invalld readings without ranging indicatian.

¥ DC + AC function and slow response time only

& X gpacification is representative of typical flatness.

General
Operating condhions

Temperalure range: 0°C 1o 50°C.

Humigdity: <95% RH.
Recorder output

Output voltage: | V dc open circuit for full range snput.

Oulput resistiance: ) k1 +10%.
Power: 115V or230V +10%, 48 Bz 10 440 Hz, 35 VA max. (includ-
ing all aptions).
Input terminals: BNC front panel connector standard for low to high
lerminals: rear panel connector available by internally reversing po-
sition of ac converter module.
Welght: iacluding alf oplions: Net, 5 kg (11 Ib). Shipping. including
all options: Nel, 7.2 kg (16 |b).
Dimensions: 234.9 mm wide X 127 mm high X 196.8 mm deep (94
X 5" X 7).
Accessorifes furnished: foating adapler-banana (o BNC.

Moadel number and name Price

Option 001 autoranging add $147
*Option 003 remote control + digital oulput +

autoranging add $335
*Option 006 dB display add $305

3403C True RMS voltmeter £2240

*Options 003 and 006 are availakiz anly a3 Msctory inctalled options.




DIGITAL VOLTMETERS

‘hﬁl
" DVM Interchangeable modules and displays

Model 3470 system

Description

Hewlett-Packard’s 3470 is a low cost line of DVM's using a flexible
snap-1ogether package. Two displsy seclions provide a choice of 4 or 5
digits, both with 100% overranging and LED display. These displays
lock on 1o a choice of 2 DC Volimeter, an AC/DC/Q Mullimeter or a
high sensitivity DCV/DCA /£ meter. [n addition, a (emperature mod-
uleis nvailable (or use with the four-digit display section. Battery pack
and BCD modulc are optional. Functions and ranges are clearly la-
beled. All maximum voltages are indicated at the input terminals.
Vohage proiection is 1200 V on ac V and dc V. Prolection on shms ex-
tends (o 350 V peak. This excellent protection prevents accidemal
damage, Hewlell-Packard’s 3470 uses rugged metal castings held 1o-
gether by shock resistant shides. Modular construction makes the 3470
versatile and capability may be expanded as nesded. Modules may be
shared belween displays. This system deters obsolescence.

Snap-out PC boards make servicing easy. Once the display PC
board and voltmeler board have been removed from the case. Lhey
may be recombined. Components and Lest points may be reached
withoul exiender boards or special connectors. A self-1est jumper in
the display farces a full seale reading to acl as a quick check.

J34740A Display

This 4lA-digit display locks on (o any ccmier section or volimeler
module 1o form a complete DVM using a clear, LED display with 4
full digits plus 1007 overranging.
34750A Display

This 5':-digit display offers five-digil resolution with any volimcler
modules shown on the opposite page. As with the 34740A, it uses a
LED display with 100% overranging.
34701A DC voltmeter

This plog-on provides 4 ranges of de from 1 V (6 1000 V at an eco-
nomical price.
347024 Multimeter

This plug-on provides four ranges of both ac and dc plus six ranges
of ohms. AC function covers 45 Hz 10 100 kHz. Ohms ranges are 1000

1o 10 MQ full scale.

34703A DCV/DCA/OHM meter

This plug-op provides six ranges of de volts from 10 mV full scale (o
1000 V full scale, six ranges of dc current from 1 A full scale 1o 100
rA full scale, and eight ranges of ohms from 12 (ull scale 10 10 MR
full scale. Autoranging and sclf-test (urther expand the 34703's capa-
bilities.
34720A Battery module

This cenler section makes HP's 3470 into a portable DVM with up
1o six hours of continuous operation. Batteries are rechargeable. Mod-
ule has side handles and front panel batlery charge ingicator.

34721B BCD madule
This ¢enles section provides nonisolated BCD oulput for operation
wilh printers,

2802A Thermometer

This umt in¢cludes & thermomodule (lower unit) which contains tem-
peralure measuring circuits, probe conneclions and operating con-
trols; BP's 3J4740A 4'4 digis display ss included. Option 001 deleles the
display for those that want to use their own 44 or 5'4 digit display.

34701A Specifications

DC voltage

Range: x| Vo £1000 V full scale in four decade ranges.
Dlsplay: 4-digil (34740A) or 5-digil (347504).

Full range display:

fange 4-digit display 5-digit display
+1V 41.0000 V +1.00000 v
10V £10.000V +10.0000V
+100V +100.00V +100.000 v
100V +1000.0 v +1000.00V

Overrange: 1007. except 20% on 1000 V range.



Range selection: meanual pushbuilons.

Accuracy (30 days, +23°C +5°C, <95% R.H.):
4-diglt display: +(0.03% rdg +0.01% tng),
5-digit display:® +(0.025% rdg + 0.005% rng).

Temperature coefficlent (0°C lo +50°C):
4-diglt display: +(0.0035% rdg +0.001% rng)/°C.
5-digit display: +(0.0025% rdg +0.0002% rng)/°C.

Stebllily (24 hours, +23°C =1°C):
4-gigit display: £(0.01% rdpg +0.005% rng).
5-digit diaplay: =(0.008% rdg +0.004% rng).

Reading rate:

+0.2% on 100 V range: 10 MQ £0.2% on 1 kV range.

AC Voltage

Voltage range: | V ac 1o 1000 V ac full scale in four decade ranges.
Full range dleplay:

Range 4-dight display S-digit dlsplay
Ly 1.0000 V 1.00000V
v 10.000 v 10.0000V
100 v 100.00 v 100.000 v
1000 V 1000.0 v 1000.00 v

1. Because the internal temperature difhers on line and bshery operation, references must be adjustad 1016
tain khis specificabion when type of power soarce 1§ thanged

Detector: average-responding.

Scale: rms (or 2 sinewave.

Frequency range: 45 Hz to 100 kHz

Accuracy (30 days, 23°C +5°C, <95% RH):

Display 45 iz to 20 kHz 20 &Hz to 100 kHz
adigit +(0.25% rdg + 0.05% rnp) £(0.75% 1dg + 0.05% mg)
5-digit +(0.25% vdg + 0.05% rng) +(0.75% 1dg + 0.05% rg)

Temperature coeliclenl {(0°C to +50°C): +(0.03% rdg + 0.00!%
mg)/°C.
Stability (24 hours, +23°C +1°C):

45 Hz to 20 kHz: +(0.15% rdg + 0.05% rng).

20 kHz to 100 kHz: (0.4% rdg + 0.05% rng).
Response tlme: <2 s 1o within +0.3% of final value or 20 counts,
whichever is greates.
Input impedance: [l.]| MQ £0.2%, 80 pF shunton | Vand 10 V
ranges; 10,1 MQ +0.2%. 80 pF shunt on 100 V range; 10 MQ £0.2%.
80 pF shunt on 1000 V range.
(aput terminale: Nouating pair.
Maximum input voltage: 1200 V rms high to low, except 2.5 X 103 V
Hz limit on | V range with minimum prolection of 100 V mms und
maximum of 1200 V p: =500 V, p. dc 10 440 Hz low 10 chassis.

Resistance

Range: 10002 (o 10 M1 full scale in § decade ranges.
Full range display:

Rarge 4-dipit display S-dlgi display
1000 100.002 100.00082
1 Kk 1.0000 k2 1.00000 kt
k2 10.000 k0 10.6000 k2
100 k2 100.00 k2 100.000 k€
1M 1.0000 MQ 1.00000 02
10 M2 10.000 M2 10.0000 M{?

Overrange: 100% on all ranges.
Accuracy (30 days, +23°C +£5°C, <95% RH):

Display aption A-digit display 5.digit display Range A-dlght disptay 5-digit display
0pt 060 (60 Hz rejection) 4/ S/ 16 MQ £(0.25% t0g + 0.02% mg) +{0.25% cdg + 0.015% mg)
0Opl 050 (50 Hz rejection) 8/s /s Others +(0.05% tdg + 0.02 rng) +(0.045% rdg + 0.015% rng)

Input terminagla: foating pair.

Input resistance: 10 Mt +0.1%.

Effective CMR: | kQ unbalance: >80 dB ar de.

Normal mode rejection: >60 dB at 50 Hz £0.1% (Op1 050) or al 60
Hz £0.1% (Op1 060).

Maximum Input voltage: £1200 V, bigh o low: 500 V low (o chas-

sis.
34702A Specifications (same as 34701 A exceps):

DC Voltage
Input reslstance: J1.11 M? £0.2% on 1 ¥V and 10 V ranges: 10.1 M

Taemperalure coefficlent (0° lo +50°C):
10 MQ range: £(0.035% rdg + 0.001% mg)/°C.
Other ranges: *(0.006% rdg + 0.001% rng)/“C.
Stabillty (24 hours, +23°C):
10 Mfl renge: £(0.J% rdg + 0.01% mg).
Olher ranges: +(0.02% rdg + 0.02% rng).
Input termingls: (loating pair (different (rom vollage inpu( lermi-
nals).
Current through unknown: (0 mA on 1000 range decreasing one de-
cade per successively higher range.
Overload protection: £350 Vp (248 V sine wave).
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Model 3470 system (cont.)

FUNCTION RANGE

A
L T

L] ST |

34703A Specifications (same as 14701A cxcepl)
Range selectlon: auto or manual.

DC vollage

Range: 10 mV te £1000 V full seale in six decade ranges.
Fullt range dleptay:

Stabllity (24 hours, 23°C £1°C):

Range 4-digit display 5.digit display
10 mv £(0.01% «dg + 0.03% my) +(0.008% rdg + 0.025% ng)
Altothers | £(0.01% 1dg + 0.01% rag) +(0.008% rdg + 0.009% rng}

Inpul terminals: floating pair.
Maximum input vollage: £1200 V, high to low; £500 V. low lo

chassis.

Input resistance; =100 on 10mV - | Vranges; I0MQ £1%, 10V -

1000 V ranges.

Eflective CMR (1 k{2 unbalance): >80 dB ac dc.
Normal mode rejeclion: >60 dB at 50 Hz £0.01% (Opt 050) or 60
Hz £0.1% (Op1 060).

Ohms: (our-termina! measurement
Range: 1 1o 10 MQ [ull scule sn six decade ranges.
Full range digplay:

Rangs A-digil display S.digit display
10 mv 410.000 mV +10.000 mV

100 my 2100.00 mv +100.000 mv
1y +1.0000V +1.00000 ¢
10V +10.000 v +10.0000 Y
100 V +100.00V +£100.000V
1000 v £1000.0V +:1000.00 V

Range A-digit display S5-digit display
1Q 1.00001) 1.00000
100 10.00009 10.00000
10002 100.0009 100.0000
1k 1.60000 k2 1.00000 kR
10 xi2 10.0000 kQ 10,0000 k2
100 kQ 100.000 k2 100.000 kQ
1M 1.00000 MQ 1.00000 M$?
10 MO 10.0000 MO 10.0000 MO
Overrange: 100%.
Accuracy: 30 days, 23°C x5°C,
Range A-dight display S-digi oisplay
10— 1000 +(0.07% rdg +0.03% rg) +(0.06% rdg +0.03% rng)
1 % ~
1 MQ +(0.06% rdg +0.01% rng} 2(0.06% tdg +0.01% 1ng)
10 MY +(0.12% 16g +0.01% rng) +(0.12% rdg +9.01% rng)
Stabllity (24 hours, 23°C +1°C);
Range 4-digit dlsplay 5-dIgh display
10 +(0.01% rdg + 6.03% rng) | £(0.008% rdg + 0.03% rng)
1042 teu | MS?| £(0.01% r1dg + 0.01% rng) | +=(0.008% rdg -+ 0.009% rng)
(O] +(0.05% rdg + 0.01% rog) | *(0.05% rdg + 0.009% rng)

Overrange: 100% except 20% on 1000 V range.
Accuracy (30 days, 23°C £5°C):

Temperaiure coéfficlent (0°C to 50°C):

d.digh display S-digh disptay
Range (% rdg + % mg) per °C (% rdg + % rng) per °C
10 £(0.0095% + 0.004%) 2(00095% + 0.0032%)
108 —
1 M0 +(0.0095% + 0.001%) +(0.0035% + 0.0005%)
10 MR +(0.0685% + 0.001%) £(0.0685% + 0.0002%)

flange A-digit display S-digit display

10 mv +(0.05% rdg +0.03% rng) +(0.04% tdp +0.025% mp)
100 mV

L1V £(0.04% rdg +0.01% mg) +(0.08% rdg +0.01% @)
Others 4(0.05% rdg +0.02% 1ig) +(0.05% rog +0.02% rap)

Temperature coeffictent (0° to 50°C):

A.digit display 5-digil dlsplay
Rangs {% tdg + % mg) per °C (% rdg + % tng) per °C
10 mv +£(0.003% + 0.0035%) +(0.003% + 0.0035%)
100 mY

IR +(0.003% + 0.001%) +(0.003% + 0.001%)
Olhers +£(0.004% + 0001%) =(0.004% + 0.0005%)

Input terminal: Moating pairs (4 1erminals).

Maximumn voltage across unknown: 8§ V.

Maximum current thru unknown: 10 mA on 1} range decreasing 1o
0.1 zA on 10 MQ range.
Overload protection: £350 V peak (248 V sine wave).
Eifective CMR (1 k{l unbalance): >80 dB al dc.
Normal mode rejection: >60 dB at 50 Hz +0.1% (Opt 050) or 60 Hz
+0.01% {Op1 060).

DC current

Range: | pA 10 100 mA (ull scale in six decade sanges.
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Full acale dlisplay:

Renge 4-digh display 5.digit display
1 1k #1.0000 zA +1.0000 pA
10 A +10.000 pA +10.000 yA
100 A £100.00 A £100.00 uA
I mA +1.0000 mA +1.0000 mA
10 mA +10.000 mA +10.000 mA
100 mA £100.00 mA +100.00 mA
Overrange: [00%.
Accurscy (30 days, 23°C £5°C):
Range 4-digit ditplay 9-digil display
| A —1mA +(0.10% rdg +0.03% rng) +(0.09% rdg +0.03% mp)
10 mA ~
100 mA 3(0.30% rdg +0.03% trp) +(0.30% rdg +0.03% rng)
Stability (23 hours, 23°C £1°C);
Range 4-digit display 5-digit display
Al 1anges +(0.02% rdg + 0.03% rng) | +(0.018% rdg + 0.025% rng)

Temperature coeffictent: +{0.004% rdg £0.004'> rng)/°C.
Maximum Input curren): 300 mA pk.

Input registance: 10 k{2 on | nA range decreasing 1o 1Q on )00 mA
range.

Effective CMR (1 kfl unbalance): >80 dD at de.

Normal mode rejection: >60 dB at 50 Hz £0.1% (Opt 050) or 60 Hz
+0.1% (Op1 060).

2802A Specifications

2802A Digita) Thermometer is complete with 414 digit AP 34740A
display, less probe. Option 050 for 50 Hz or Oion 060 for 60 Hz op-
eration must be specitied.
These specifications ure “total system specificalions™ meaning they
apply Lo bolh the instrument and the probe working together (not just
the best elecironic specifications for the instrument by itself). HP
2802A Thermometer specifications relale directly to svstem perfor-
mance under actua) working conditions.
Ranges: —-200° {0 +600°C and —100° 10 +200°C.
Resolution: 0.1°C on —200° to +600°C renge. 0.01°C on —100° to
+200°C runge.
Accuracy: £(0.3°C £0.25% of reading) on both ranges.
Display: 4! digits LED on HP 314740A Module.
Stablilty: £0.2°C (or scven days (23°C £3°C ambient).
Linear analeg outpul: | mV/°C on —200° 10 +600°C range (—0.2V
lo +0.6 V FS). 10 mV/°C on —100 10 +200°C range (— 1.0V 1o +2.0
V FS). Voltage accuracy cqual 1o 1hal of digital display. Oulpul im-
pedance | k1 on both ranges.
Environmental standard: HP 2802A Thermometer operates within
these spexifications in cnvironments of 0° 1o 50°C and up 16 95% rcla-
tve husnidity over most of thig temperature range. After calibration in
some arbitrary ambicnt temperalure, instrimenl caltbration remains
vulid with amyhicnt ternperature ¢hanges up to 10°C.

For the following probes, lime constant is determined using water
ftowing at )} m per second. Sensor ranges specificd below are nominal.
Consideration must be given 10 heat deterioration of lead insulation at
elevated temperatures.

I8641A Probe contains the sensor in the tipofa [3cm (5 in.) stain-
less steel sheath, 6.4 mm (Y% in.) diameler, with armored cable 1.8 m (6
M.y long. It operates from —200 to +500°C, to +600°C short lerm.
Cable movement must be prevented above 250°C. Time constant is
five sgconds.

18642A Probe is the same as the 1864 1A except that it has a Tef-
lon-insulated cable 1.8 m long. This cable must be kept below 250°C.

18643A Probe contains the sensor in the tip of a 13 em stainless
steel sheath. For fast response, the last 5.1 em (2 in.) of the sheath tip is
reduced to 0.32 ¢m (0.13 in) diameter, This probe operates from
=200° to +500°C, 1o +600°C short term. 1t has a 1.8 m Teflon-insu-
lated cable. This cable must be kept below 250°C. Time constant is 1.8
scconds.

For all models

Operating temperature: 0°C to S0°C.

Storage temperature: —40°C 1o 74°C.

Power: <87 VA al 100V, 120V, 220 V, 240 V +3%, — (0% switch-
able: 48 Hz (o 440 Hz.

Waeight: Net
34701A DC VM, 34702A or
34703A Multimeter

34740A 4-digit display or

Shipping

0.9 kp(21b) 1.47 kg (3 1b 4 07)

34750A S-digit display 1.36 kg (3 1b) 1.92 kg (41b 4 o%)
347350A Batiery module 2.27kg (51b) 295kg(61b402)
34721A BCD module 0.68 kg (11boz) 1.25kg (21b202)

2802A Thermomodule +
display
Dimenslons:
Blsplay + meter: 247.7 mm deep X 158.8 mm wide X 98.4 mm
high (9% X 6%4" X 3%™).
With battery module: 247.7 mm decp X 171.5 mm wide X 136.5
mm high (9%" X 634" X 5%7).
With 8CD module: 247 mm deep X 171.5 mm wide X 127 mm
ligh (94" X 6%* X S").
Accessories avsllable: 11096A High Frequency Prabe, measures to
500 MHz. Accepts 0.25 V 10 30 V signals with input impedance of 4
MQ shunted by 2 pF; 11456A Read Out Test Card for testing and
troubleshooting either display: 1 1457A Rack Mount Kit for either dis-
play; 34721A BCD Module and one boltom section 114358 Carrying
Strap; 18019A Carrying Cuse accommodates cither display, a center
section and a boltom section plus power cord and input cables; 56A-
16C Cable for operating 5055A Digital Recorder: 18641A Probe;
18642A Probe: 18643A Probe: 18644 A Probe Kit.

2.27 kg (5 1b) 3.39 kg (7Ib 8 0%)

Options and accessories Price
Oplion 050, 50 Hz rejection N/C
Oplion 060, 60 Hz rejection N/C
2802A Digital Thermometer (includes 4%-digit display)

Option 050 (30 Hz rejeetion) Option 060 (60 Hz rej.) N/C
Option 001 — (botiom module only). §750
11096A High Frequency Probe $87
11456A Read Qut Test Card 362
11457A Rack Mount Kit (for either display) 845
11458 Carrying Strap 55
56A-16C Cable for operating 5055A Digital Recorder $60
18019A Carrying Case $35
1B641A Probe 8165
18642A Probe £150
18643A Probe S180
18644A Probe Kit 3105
Model number and neme

34701 A DC Voltmeter $184
34702A Multimeter €315
34703A DCV/DCA/Q Mcier $725
34720A Batiery Module $245
347218 BCD Module §210
34740A 4-digit display 5405
34750A S-digit display $665
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Multi-function DVM for bench and system use
Models 3480C & 3480D

3480D
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3480 C/D Description

HP's 3480C/D Digital Volumeter covers a variely of sysicms and
beneh applications. The four-digit mainframe has 50% overranging
which is available In (wo sizes, one-hall module 3480C, or ful) rack
width, 3480D. These mainframies accommodate the J484A. The
3484A has live dc ranges, five true rms ac ranges and six obms ranges.

Mainframe options further enhance the flexibility of HPs 3480. To
digitize changing voltages al rates up to 1000 readings/s. Option 001
Sample-and-Hold is available. Oplion 004 Isolated BCD is available
o provide digital outlput snformation.

Options

The isolated BCD (Option 004) digilal oulput option is designed (o
transmil digilal information from the DVM (o external devices such as
printers, tape punches, couplers, computers, etc. Jnformation trans-
mitled consisis of the reading, polarity, range, funclion, and over~
load.

The Somple-and-Hold (Option 001) allows HP's 3480 1o be used (0
cconomically digilize low requency wave forms. Preeision four-digit
measurements are possible on a changing input voltage at reading
rates up to 1000/s.

Sample-and-Hold is physically localed i Lhe 3480°s mainframe,
Input voltage is iracked until a trigger is given, then Sample-and-Hold
freezes the input voltage and holds it for (he | ms digitizing pertod of
the 3480. A(er digitization, (racking resumes automatically.
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Sample-and-hold specifications

Plug-in responsc times, to a step input to scttle 1o within 0.01% of final
value are 100 s on 100 mVY & 70 yson | V1o 1 kV ranges
Maximum plug-in slew rale: any plug-in, 8% ol rangc/u.
Aperture time: (ime between the command (o hold and the point in
time when the signal is actually held.

I. 1f Sample/Hold is triggered normally, aperture imc is 110 ns.

2. 1f Sample/Hold ss inggered (hrough (he bslt-in delay, add 105 us
to the normal aperture ime. (Used when input amplifier must be al-
lowed to settle).

General
Operating temparalure; 0°C (o 55°C.
Power: 115V or 230 V £10%. 40 Hz 1o 440 He, 60 VA max, in¢lud-
ing any plug-ins or options.
Dimensions:
3480C: 203.2 mm wide X 134.8 mm high X 406.4 mm dcep (8" X
6%5" X 16"). (Half-rack width module).
34800: 422.8 mm wide X 85.7 mm high X 466.7 mm deep (16%~ X
%” X 18%”). (Rack width module).
Weights:
3480C: nct. 5.7 kg (12 Ib 8 oz). Shipping, 7.65 kg (17 Ib).
3480D: net, 6.15 kg (13 1b & oz). Shipping & | kg (18 Ib).

3484 A Description

HP's 3484 A has five de vollage ranges selectable either manually or
aulomatically. Options offer five true rms ac ranges and six ohms
ranges. The Irue rms ac converter eliminates crror caused by small
amounts of dislortion on the input signal, and also extends measure-
ment capability 1o measurement of non-sinusoids. Frequency range
extends from | Hzw 10 MHz The ohms converter covers from 100.00
ohms 10 10.000 megohm full scale. Remote selection of range, func-
tion and fi}ier position is possible with Isolated Remole Control, Op-
tion 041.

3484 A Multitunction unit specifications

DC voltages

Renges:
Full range display: 2100.00 mV, +1000.0 mV, *10.000 V,
+100.00 V and =1000.0V.
Ovarrange: 50% on all but 1000 V range. 1200 V max input.
Range selectlon: manual, automatic or remote.
Automalic ranging: upranges at 140% of range: downranges al
10% of rangc.

Perfarmance
Accuracy: (90 days, 25°C £5°C, <95% RH).

100 mV range: *(0.01% of reading 4+0.02'% of range).

All other ranges: +(0.01% of reading +0.01% of runge).
Measuring speed: (the following apply only il no programming
changes ol any kind occur cither during or between readings).
Reaponse time to a step input

Filter out: | ms to within | count of final reading.

Filter A: 200 ms Lo within 1 count of final reading.

Fllter 8: 1 s (o within } count of final reading.



Reading rate (without range change):
Manual: initiated with fronl panc) pushbuiton.
Internal: 1 1o 25 per s with front panel control.
External: 0 (o 1000 per s with external Lrigger.

input characteristics
Input resistance:
100 mV, 1000 mV, 10 V ranges: > 10002,
100 V, 1000 V ranges: 10 M{ +0.1%,
Common mode rejection: >80 dB, dc (6 60 Hz (1 kQ unbalanced).
Normal mode rejection:
Fliter oul: () dB.
Filter A: >27 dB &L S0 Hz and above.
Filtar B: >77 dB a1 50 Hz xnd above,
Filter selection: manual or remote.
Nolse (100 mV range): 4 counls or less of rack will be observed 93%
of the ime duc 10 paussian distribution of the noise.
Maximum lnput voltage:
Guard to ghassis: 43500 V peak.
Querd 1o low: +200 V peak.
High to low: 1200 V pcak.

General
Woelght: net 1.9 kg (4 Ib 4 o2). Shipping, 3.15 kg (7 Ib).

Ohms, option 042

Ranges:
Full range display: 100.000. 1000.09, 10.000 k2. 100.00 k.
1000.0 k{1, and 10.000 MQ.
Overrange: 50% on all ranges.
Renge setectlon: manusl, automatic, or remole.
Automatic ranging: upranges al 140% of range: downranges at
10% of range.

Pertormance
Accuraoy: (90 days, 25°C £5°C, <95% RH). 10000 thru 1000 k{2
ranges: +(0.01% of reading +0.01% of range).
1000 range: +{0.02% of reading +0.05% of range).
10 M range: +(0.1% of recading +0.01% of range).
Messuring apeed: (the following apply only if no programming
changes of any kind occur either during or berween readings).
Respones time to & atep input:
Filter out: (000 thru 100 kf} ranges | ms (o within | count of final
reading.
Filter A: (00D kf? range. 200 ms to within one count of final read-
ing. 10 MQ range, 2 s to within 1 count of final reading.
Fiker B: nol recommended because of long response lime.
Reading rale (without range change):
Manual: rcading may be manvally initialed with front panel push-
butten.
{nternal: | to 23 s with lront panel control.
External: ¢ 10 1000/s with external (rigges.

Input characteristics

Voltage ncross unknown: | V at full scale. all ranges.

Current thru unknown: 10 mA on 1009 range, decrcasing onc de-
cadc on each successively highee range,

Overioad protection: £75 V peak on all ranges,

True AMS AC voltage, oplion 043

Ranges:
Full range display: 100.00 mV, 1000.0 mV. (0.000 ¥, 100.00 V, and
1000.0 V.
Overrange: S0% on all ranges. 1500 V peak max input.
Range selection: manual, auvtomatic or remote.
Automatlc ranglng: upranges al 140% of range; downranges at
10% of range.

Performance

Accurscy: (90 days, 25°C £5°C, 95% RH).
DC: £{.0% of reading. 60% to 150% of range.
AC: as spexified by graphs,

Response

VAC (AC) function: responds Lo true rms valuc of ac coupled input
signal.

VAC (DC) tunction: responds la truc sms value of d¢ and a¢ input
signal. Reading is /Tdc)’ + (ac rms).

Funolion selection: manual or remolec.

Input Impedance: 2 MQ parallel 45 pF.

Creet factor: 7:1 at [ul) scale, derated linearly from 35 Hz 1o 2.2:1 at 5
He

Maximum input voltage

VAC (DC): 1500 V peak ac, 100 V de, (10 V dc max on 100 mV
range), dc + ac = 1500 V max.

VAC (DC): 1000 Y rms; de + ac = 1500 V max.

Measuring speed

Response lime (without range change):
VAC (AC): | s to within 10 counts of final reading (input change
from 10%: (o 100" of range) or 20 counts of final reading (inpul
change from 100% 1o 10% of range).
VAC (DC): 13 510 within 10 counts of fina! reading,

Reading rate:
Manual: reading may be manually inidated with Iront panel push-
button.
Internak | 10 25 per s with franl pancl control.
Extarnal: 0 (o 1000/s with cxternal trigger.

Accuracy
VAC (AC) AC coupled (these specifications are for 805% of full-
scale and above):

FREQUENCY
10 Hr lo 20 Hz 200 kHr to 1 mHzto
Range 20 Hx 10 200 kHe 1 mH: 10 mHz
100 mV £0.25% ol *2% ot
and reading 1eading
1000 mv +0.2% of +0.1% of
reading reading
10V, 100V £0.4% ol
and 1000 V reading

VAC (DC) DC Couplad, AC componenl (theae speciiications are
for 60% of tullacaie and above):

FREQUENCY
1 Bxio | 20Hxio | 100 kHzto 200 kfiz to { mHz to
RANGE 20 Hr | 100 kH: 200 kH: 1 mHz 10 mH2
100 mV £0.25% ol +2% of
and ceading 1eading,
1000mY | 1% ol *0.1% of reading
reading
10V, 100V £04%of
and 1000V reading
DC component = 1% of reading
Woelght: net, 2.75 kg (6 1b 2 o). Shipping, 3.6 kp (8 1b).
General
Welght: nct, 3.2 kg (7 1b, 3 oz). Shipping. 4 kg (8 Ib, 14 oz).
Options available: Price
3480C. Option 001, Sample-and-Held $580
3480C, Option 004, [solated BCD Digital Output 5440
3480D, Option 00}, Sample-and-Hold $580
34800, Option 004, 1solaled BCD Digiral Output $440
3484A, Option 041, Isolated Remole Control $245
3484A, Opuon 042, Ohms Converter 5280
3484A. Option 043. True RMS AT Converler $1280
Moedel number and name
3480C Digital Volumeter $1160
3480D Digital Volimeter $1195
3484A Muli-function Unil $1420
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Five-digit digital multimeter with seif-test
Model 3430A
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Description

Hewlet-Packard's Model 3490A Multimeter iz a five-digit inte-
grating digital voltmeter. The basic instrument measures dc voltages,
ac vollages, and resistances. Addittonal measurement capability is
achieved by the addilion of low cost oplions.

HP’s 3490A uses a dual slope integrating 1ochnique and s Tully
guarded. providing excellent noise immunity 4l five readings per sec-
ond an all d¢ ranges, Ranging 18 automatic over all ranges on all fune-
tions. DC measurements ¢an be made with 1 ¢V resolution on the 100
mV range. AC voltage measuremenis can be made from 20 Hz (o 250
kHz in (our ranges. The 1 V range provides 10 aV of ac voltage reso-
lution. Ohmis measurements can be made, utilizing the four-wire con-
version technigue which eliminates crrors due 10 test lead resistances.
Six ranges of ohms, including a 1002 range, ure provided. All func-
tions and ranges include 20% overranging except the 1000 V range.

Display

The 3490A uses Hewlett-Packard's fight emitting diodes (LED's).
These display digits arc the seven segmeni 1ype. The extremely high re-
liability of this LLED display assures maximum life.
Selt-test

Al the Nip of a switch, Hewlen-Packard's 3490A Digital Mulii-
meler sequences itsell through 10 tests that check timing signals and
auloridnging circuits, validate (he performance of most logic-circuit
IC's and check the six-digil LED display. These lests, and six others
provided by six ndditional front-puncl swilches, cul calibration custs
and ensure the DMM is ready 1o make accurate measurements.

FUNCTION

OC functions

The standard 34%0A includes five ranges ol dc measuremcenl copa-
Bility fram 100 mV Lo 1000 V. Measurements are made (rom the fronl
pancl al a precise five readings/s, and at slower rates, vsing digitally
controlled sample rate selector. Righ inpul resistance, >10'9Q on 100
mVY, | V, and 10 V range, assures accurale measurcrnenl of high im-
pedance sources.

AG tunctions

Four ranges of ac measurements are provided. The average ac value
is accurately deteeted. and the rms value is displayed with five digits of
resodulion. Full autoranging, wide frequency tesponse, and 20% over-
ranging are designed-in features 1o permit casy opération.

FUNCTION

Ohms

Six ohms ranges are standard. and all ranges provide Irue lour-wire
chms measurement capability. Maximom curyent hrough the un-
known is approximately ) mA. Over-voltage protection for ohms scns-
ing lerminals insures maximum protection against inadvertent appli-
cation of a high voltage to ohms terminals, Over-vollage prolection is
provided to 250 V and (usc protection to 1000 V.,



Serviceability

HP's 3490A has been “designed for serviceability.” Inside. the
3490°s low parls density provides easy access for scrvicing. Tesl points
and jumpers are keyed to detailed diagnostics.

Severa) diagnostic aids are available 10 (urther minimize 3490A re-
pair time. A service video tape, Ac¢eussory No. [1128A, will demon-
strate wse of self-test and front pancl symploms Lo isolate failures, The
11126A acecssory provides a set of 1C reference boards with most of
the 3490A logic 1C's lor use with HP 10529A Logic Comparator.
Using these boards with the Logie Comparator, d faulty IC can be iso-
lated in seconds without removing il $rom 1he cireuil. Also, a spare

parls set, Accessory No. I1127A, containing most critical compo-
nents of the 3490A, will be available.
Options

Systems applicatlons

Meodel J490A offers buill-in flexibility for sysiems applications.
HP's 3490A offers both HP-1B inlerface and a bit parallet (BCD
coded) inlerface. This combination provides the necessary versatidity
Lo configure the fowest cost instrument sysiem.

Ratlo, opt 080

DC/DC and AC/DC three-wire ratio measurcmenis can be conve-
niently added to the 3490A, This cupabiliyy offers both aulo-polarity
and : selection of (we reference ranges. The 1 V and 10 V ranges are
specified trom 10% to 120% of selected range. Ratio funcuon is not
programmable.

50 Hz opersation, opt 050

60 Hz operalion, opt 060

Maximum nojse immunity is achieved when power line frequency 1s
harmonically related (0 1he sample period of the integrating DMM.
Oplion 050 will maximize normal and common mode rejeclion for 50
Hz power lin¢ (requency. and Option 060 will psovide this rejection
lor 60 Hz.

Sample/hold, optlon 040 and 045

Sample/Hold provides HP's 34%0A with extra and unigue mea-
surement capability.

The Sample/Hold option has 1wo modes of operation to solve dif-
ficull measurement problems.

Track and hold: in this mode, input vollage is held insiantly upon
receiving an cxlernal command. This mode is useful in digiization of
repelitive or transienl waveforms.

Acquire and hotd: in shis mode, 2 known delay is inserted to permit
the input amplificr to seltle (o a specified accuracy. This is uscful in
measuring pulse height or any simiflar step fnpul.

Digital outpul, opt 021 and remote control, apt 022

These options provide digital contro! and data oatput in the parat
lel BCD code of 84-2-1, cither negative or positive true logic. Selec-
lion is accomplished by positioning an internal switch. The remote
control oplion provides complcte contral of all funclions, ranges, and
external trigger commands. The digital output option provides nine
columns of information which includes function, polarity, data, and
range. These oplions may be purchased separately to mect specilic ap-
plication requirements, Either of these options reguirc Oplion 020
Systems Expand.

DIGITAL VOLTMETERSW

Model 34904 (cont.)

BCD/remote

Both Oplion 021 and 022 require Option 020, BCD/Remote Ex-
pand. This option provides the required infernal and external connee-
tors to permit uscr instailation of Digital Quiput, Opt 021 and/or Re-
mote Control, Op1 022 and should be ordered as an initial oplion on
HP's 390A. This oplion includes ccar lerminals in parallel (switch-
able fronl/rear terminals are avaifable as 4 special - H19).
HP-1B (character serial bit paraliel} date input/output, opt 030

The data control and dala oulput option permits HP Model 3490A
1o operale on a single duld/control bus with up to 14 other instru-
ments. This seriul code is an eight-bit by(e typically using an ASCII-
type coding. A unigue “‘talker/listener” address strueture makes the
system's hardware more economical and associaled sofiware much
simpler. The HP-1B is compatible with Hewleit-Packard Model $800
Series calculalors us well ag Hewielt-Packard computers.

Specifications

DC voltage ranges

Full range display: £.100000 V. £1.00000 V, £10.0000 V, £ 100.000
V, £1000.00 V.

Overrange: 20% on all ranges cxcept 1000 V range.

Range salectlon: manual, automane, or remote (oplional).

DC voltege perlormance
Accuracy: (% ol reading + % of range).

0.1 ¥ Range 1¥ 1261000 ¥ Range

Brdg.  %Srng %rdg.  %rng

28 hrs (23°C £1°C) | =(0.005 + 0.001) £(0.004 + 0.001)
30 days (23°C £5°C) | £(0.01 ~+10.005) +(0.008 + 0.002)
90 days (23°C £5°C) | £(0.01 <+ 0.005) £(0.01 +0.002)
Bmonths | (23°C £5°C) | £(0.013 + 0.005) +(0.013 + 0.002)
1 year (23°C £5°C) | =(0.015 + 0.005) +(0.015 + 0.002)

DC voltage input cheracterlstica: fully guarded with 140 dB
ECMR &t dc and 60 Hz 20.1% witk | k1 imbalance belween guard

and low.

MaxImum input vollage:

0.1V to 1000 ¥ ranges: x)500 V peak.
Guard 10 chaasls: +500 V peak.
Guard lo low: £200 V pezk.

Input resistance:
0.1 Vto10 V ranges: >2 X 1019, (<70% R.H.).

100 V and 1000 V renges; 10 MQ +£0.15%.

Maximum reading rate: 5 readings/s.

Normal mods rejection ratio: 50 Mz +0.1%: 60 Hz £0.1%: >304dB.

Noles:

1. Ob the 1000 V range, add 0.04 ppm/volt 10 the % of reading speci-

fication.

2. Thermal EMF's generated external to the DVM may be compen-
sated to achieve the % of range accuracy specified by utitizing the rear

panel zero adjust provided in Lhe 3490A.

AC voltage ranges
Full range display: 1.00000 V. 10.0000 V, 100.000 V., 1000.00 V.
Overrange: 20% on all ranges cxcepl 1000 V range.

Renge selection: manusl, automstic, ar remote (optional).




W DIGITAL VOLTMETERS

Model 3490A (cont.)

AC voltage parformance
Accuracy: *(% of rcading + % of range).

20 He — S0 Hx 50 Hz — 100 kHz 00 kB2 — 250 kHr
24 hrs (23°C £1°0) £(0.32 +0.09) +(0.09 +0.025) +(0.7 +0.06)
30 days {23°C £5°C) +(0.35 +0.05) +(0.1 +0.029) +(0.75 +0.06)
90 days (23°C x£5°() (0,35 +0.05) +(0.1 +0.025) £(0.75 +0.06)
6 manlhs (23°C =5°C) +(0.40 +0.06) +(0.Y +0.03) *(0.75 +0.07)
) year (23°C £5°0) =(0.45 +0.07) +(012 +0.035) £(0.75 +0.08)

AC voitage input impedance

Wilhout rear terminale: 2 M} +1% shunted by <63 pF.

With rear terminals: 2 MQ? 1% shunted by <90 pF.

AC voltage maximum reading rate: | reading/s.

AC voltage response time: <1 s Lo wilhin rated accucacy for a Slep
input applied coincident with encode trigger.

AC maximum input voltage: 1000 V rms: 41500 V peak.
Noles;

1. Guard must be connected to low.

2. On the 1000 V range, add 0.0) ppm/(voli-kHz).

Y. Frequencies > 100 kHz specified on 1 V and 10 V ranges only.
4. Specificatians are for input levels above (/100th of Tull scalc.

Ohrag ranges

Full range display: . 100000 k02, 1.00000 k2, 10.0000 kf2, 100.000 k{1,
1000.00 k11, 10000.0 k(}.

Overrange: 0% on all ranges.

Range selectlon: manual, aulomalic, or remoltc (oplional).

Ohms performarce

Accuracy: +(% of reading + % of range).

Notc: Thermal EMF's generated external to the DVM may be com-
pensated lo achieve the % of range aceuracy specified by utilizing the
rcar panel zero adjust provided (n HP's 34904

Remote control, option 022

The remote control option uses a low true logic (BCD 1ype) code.
Required vollage levels Tor input signal and output signa) levels arc
listed below.
BCD and remote terminals:

High Lavel Low Level
DYM (npuls +19V £L5Y, +03Y 203V
100 wA max 2 mA max
DVM Dutpuls +33V LSy, +03vV 203V,
400 4A max 15 mA max

Opersting temperature: 0°C 10 50°C.

Warm-up time: onc hour warm-up required (0 meel all specificu-
tions on the 8.) V range and the 0.1 k{2 range. Thirly minulcs warm-up
required (o meet all other specifications.

Humidlty range: <95% R.H., 0°C to 40°C.

0.1 k02

150 — 100 k{2

1000 &

10.000 k2

24 hrs
30 days
90 days
6 monlhs
1 year

(23°C 2)°C)
(23°C £5°C)
(23°C £5°C)
(23°C £5°T)
(23°C £5°C)

%tdg.  %ing

£(0.006 + 0.001)
+(0.012 + 0.005)
+(0.012 + 0.005)
+(0.015 + 0.005)
£(0.018 + 0.005)

% rde. % ng.
+(0.005 4+ 0 001)
£(0.010 + 0.002)
+(0.012 + 0.602)
=(0.015 + 0.002)
+(0.018 + 0.002)

%dg.  %ing

+(0.007 + 0.001)
+(0.012 + 0.002)
£(0.015 + 0.002)
£(0.020 + 0.002)
£(0.025 + 0.002)

%i6g.  %ing

+(0.025 + 0.00))
+(0.035 + 0.002)
+(0.035 + 0.002)
{0 040 4 0.002)
+(0.050 + 0.002)

Ohms termlinal charactertstics
Maximum voltage generaled across unknown: 20 V for overload:
13 V for valid reading.
Ohms current thrt unknown:
0.1 kft to 10 k(1 range: ) mA.
100 k2 to 1000 k{} range: 10 uA.
10,000 k{2 range: | uA.
Ohma overload protection:
Nondesiruclive: 250 V rms.
Fuse destruclive: + 1000 V peak.
Ohma maximum reading rate:
0.1 k2 1o 100 kf2 range: 5 readings/s.
1000 kQ range: 4 rcadings/s.
10,000 k{2 range: 2 readings/s.

General

Dats output (BCD), optian 021

Data outpul is 1-2-4-8 TTL outpul which is compatible with HP 5624,
5050B, and 5055A Digital Recorders. Either high true or low truc
logic code can bg selected with an internal switch.

Storage temperature: —40°C o +75°C.

Power: 100V, 120V.220V. 240V +5%. = 10%, 48 Hz 1o 400 Hz linc
operation <60 VA with all options.

Dlmensions: 425.4 mm wide, 85.7 mm high, 466.7 mm decp (16%" X
3% X 18%").

Woelght: net. 9.38 kg (20 Ib 11 oz). Shipping, 11.79 kg (26 1b).

Options Price
020 BCD/remole expand, includes reat lerminals in

parullel 8236
021: BCD* — (ull parallel, {-2-4-8 code $295
022: Remole® — [ull parallel, 1-2-4-8 code 5202
Q30 HP-IB remots contsol and data oulput £1045
040: Sample-and-holgd® $3525
045: Sample-and-hold (withoul Opi, 020 or 030) $550
050 or 060: 50 Hz or 60 Hz operalion N/C
080: Three-wire ratio $236

Rack mounting kit furnished.
Modef number and name

3490A Digital Multimeter (includes ac, de, & ohms) 51985
Op1 050 Noise Rejection for 50 Hz f\ :‘(__’_
Opt 060 Noise Rejection for 60 Hz N/(

" Tnese options require BCD/Remote Expand Option 020 or HP-1B Ot 030.
Note: Rack mounting requives support in rezr of instrument
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SCANNER
Model 3495A

-
=3

¢ Switched guard
e Relay actuation

Description

General

The 3495A Scanner is a versalile instrument programmable via the
Hewlen-Packard Interface Bus (HP-1B) which will scan or provide
contacl closure conirgl (or up to 40 channels. Two vypes of relay as-
semblies are available: a Low Thermal Scanner for connection to low
level sources such as thermocouples and strain gauges, and a2 Relay
Aclualor assembly for conlrolling higher current relays and distribut-
ing Jow current dc or ac voltages. Each assembly contains 10 channels
and the 3495A ¢an hold up 10 four of these assemblies for a maximum
of 40 channels. Multiple 3495's may be used on the HP-IB 1o provide
maote than 40 channels,

Low thermal assembly

The Low Thermal Assembly is a three-wire 10 to } multiplexes for
conneclion 10 low level sources such as (hermacouples snd strain
gauges. The signal switching retays for cach channel are low thermal
dry reed relays constructed in such a way as to minimize temperature
gradients between high and Jow inputs. An uncertainty of <2 gV ther-
mal EMF 1s msinained through 1the Low Thermal Assembly. Each
channel has a separate guard relay 1o minimize the effect ol common
modc vollage on low level measurements,

The Low Thermal Assembly has a break-before-make feature which
assures thal only one channel is closed at a time 10 prevent the possi-
bility of connecting two inputs. However, the J49SA has a Nexible ad-
dressing scheme belween relay assemblies which permits multiple wire
scanning for applications such as four-wire ohms measurements.
Applications: low level de measurements; de volts, ac volis, and re~
sistance scanning.

Transducer sensing: thermocouples, thermistors, sirain gauges, pH
meters,

Relay actualor sssembly

The relay actuator assembly provides 10 independently program-
mable two-wire closures for contyolling higher current relays, distri-
buting low corrent de or ac voltages. or exernal control functions.
Each channel contains 8 1wo-pole armature 1ype relay capable of
switching up to two amps rms. This rclay is more suited 1o higher cur-
ren(, lower voltage applications (han the low thermal assembly,

Two normally open contacts lor each rolay are available on the
channel 1erminal connector. Any combination of channcls on this as-
sembly may be ¢loscd ar apened simullancously.

Applications: process control, actuale visual or andio indicators,
control higher current relays, 8 X 10 Mairix switching.

Specifications, 3495A scanner

Low-thermal channels, option 001

Number: 10 o 40 fully guarded, multiplexed channels available in
each scanner. Additional scanners ean be vsed for more channels.*
Type: (hrce-pole, low-thermal dry reed relays. Third pole switches
guard and Is not low-thermal.

Acluator channelg, option 002

CAUTION: for asc in circuits fused at 1wo amperes or less.
Number: 10 1o 40 noncommon chunncls available in each scanner.
Additional scanners can be used for more channels.”

Type: 1wo-pole armalure relay; four terminals per channel. Single un-
swilched guard for 10 channels, Ten independently controlled relays
permil any number of channels 10 be closed simultaneously.

*Up to 18 HP IR programmablc devsces may be zannected Xl one fimé snztuding an HP-tB conlrolr. 34354
SCANAErS, MEasuring wsiruments, and ofhet peripherals.

Optlon 001 002

Maximum contact ralings

Vollage 200 V peak 100 V rms

Current 200 ma 2 A rms
{non-induclive)

Power 2VA 200 VA

[solation >10%Q (no spec)

Maximum input voltage

Between any two terminals 230 V pesk 230V peak
Guard 16 chassis 200 V peak 200 V peak
Guard o low 200 V peak 200 V peak
Uricertsinty (dlitferentlal EMF) < 2uV <30 uv
Switching lime <10ms <40 ms

General

Operating temperatwre: 0°C 10 +55°C

Humldity rangs: <95% R.H., 0°C 10 +40°C

Dimenalons
Helghti 190.5 mm (7.5 inches), including fect; 177.8 (7 ingches),
wilthout feel. Width: 428.6 (16.875 inches). Depth: $20.7 mm (20.5
inches).
Woelght: 3495A (max): net, 7.5 kg (38.5 Ib). Shipping. 21.1 kg {46.5
1b).

Optlons Price

Order onc or more Option 001 or 002 10 obtain desired

number of low thermal or acluater channels. Option

001 und 002 may be used in any combnation up lo 4
total of four relay asscmblies for cach 3495A.

001; 1cn channel low 1hermal relay assembly add $600
602: 1en channl rclay acluator assembly add $400
907: Front Handle Kit add §15
808: Rack Flange Kit add §10
909: Rack Flange & Fronmt Handle Combination Kit add §20
3495A Scanner 81250
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Multi-function meter
Model 3450B

Description

Hewlclt-Packard's Model 3450B Muldi- Function Meter is a five-
digit integrating digital volimeter. The basic instrument measures dc
vollage and de vollage ratios. Added measurement capability is
achieved by addition of plug-isi aptions, all of which can be easily in-
siglled in the field.

HP’s 3450B uses o dual-slope integration technique and is fully
guarded, providing excellent noise immunily a1 15 readings per sec-
ond on al) de runges. Ranging is automalic over all ranges on all fune-
lions. Adding the ac option allows a¢ measurements from 45 Hz (o |
MHz with true rms response. Six ohms ranges including a 1000 range
are provided with the ohms option.

Ratio capubility is integral in the basic instrument. When ac and
ohms oplions are installed, ac and ohms ralios can be measured. Ratio
mcasurements are made in a Lruly isolaled lashion, allowing measure-
ments never before possible.

A limit test option allows digital comparisons against (wo prese-
lected limits. This capability is applicable to all functions with no deg-
radation in function performance. Digital oulput, remote control and
rear inpul oplions are also available, allowing you 1o tailor osder a
3450B to meel your precise measurement needs.

Specifications

DC voltage ranges

Full range display: +100.000 mV, £1.00000 V, £10.0000 V,
+100.000 V, and x1000.00 V.

Ovarranging: 20% on sl ranges.

Range selectlon: munual or aulomalic. Remotc optional.

DC voltege performance
Accuraey: 30 day (25°C £5°C).

100 ¥ cange: | £(0.008% of reading, +0.01% of range)
1V thru 1000 V ranges: | (0.008% of reading, +0.002% of range)
90 day: I (25°C £5°C) add 0.002% of range to 30 day speciicatigns.

DC voltage measuring speed
1/10 s inlepralion period: 380 ms reading period.®

1/80 s nlegration peried: 65 ms reading penod.®

Aulorange lime:  same as readlng period per range change

" Withapl aange change

DC voltage Input characteristics
Input resisiance:

100 mV, 1 V and 10 V ranges: >101°12,
100 V and 1000 V ranges: 10 M +0.1%.
Maximum input voltage (peak value):

K-inpul Y-inpol
High to low: £1500V High 1o low: £:200V
Low lo guard: £200 Y Low to guard: £200 V
Guard to chassis: £500V Guard to chassis: £500V

Xlowto Y low: £200V

Normal mode rejection (NMR):
60 Hz +0.1%: >80 dB (Opt HO)); >60 B (1/10 s integration pe-
riod); >30 dB (1/60 s integration period).
Etective common mode rejection (ECMR):
DC: 160 dB.
1/10 s integration period: min of 145 dB.
1/60 8 Integration perlod: min of 130 dB.

AC voltage — optlon 001: true rms-responding (45 Hz 10 1
MHz).

Ranges

Full range display: 1.00000 V, 10.0000 V, 100.000 V. 2nd 1000.00 V.
Overranging: 20% on all ranges. (1500 V peak on | kV))

Range seleclion: manual or automatic. Remote optianal,

Performance
Accuracy: 90 day (25°C +5°C),
*Nots 3800 V peak = (060 V fgr & sine wave

1200V RMS
IMAXIMUM 1500v PEAK)"
100y -F =
Dra% loirt ai% 0.25% ip,
S OF READING ’Lr,
ooV -
g_ 10w~
Lw
: z 012 % 08 % B04% o8
o= OF READING
LIS I O + ¢
E=
g2 .03 % 0.0r% o0i% 0or%
T iopev OF AANGE
B0mY -
1O v = —
™SI 160 860 IF 2K st DX T0K 0K 100X 200K L00M M

INPUT FREQUENCY N HERTZ

Input characteristics
Input impedance:

Front terminals: 2 M shunted by 90 £10 pF.

Rear terminals: 2 M shunted by 133 £15 pF.
Crest factor: 7:1 (f > | kHz bandwidth = | MHz).
Maximum inpul voltage: same as dc volluge except <1000 V de
offset on X terminals (£1500 V peak maximum including de offsel).
Messuring speed:

fntegration Reading period Autorange time
period (withoul range change) (per range change)
1/10s 2.1s 2%

Instrument reads within 0.1% of final valuc in one reading from 10%
of range (o 100% of range.

DC ratio

Valid ratio measurements can be made (or Y inputs between 0.1 V and
120 V and X inpuis between 0 and 1200 V.,

Overranging: 20% on all ranges.

Renge selection: manual or avtomatic for X input. Remole op-
tional for X input. Automatic for Y inpul.



Performance
Accuracy:
90 gay (25°C £5°C).
+(0.01% of reading® +0.002% of ratio range
+ ot LADEE_ 5 0,003%).
Y voltage
“Add 0.005% af reading for X input >100 ¥

Input charecterlstica

Input resistance, effective common mode rejection, normal mode re-
jection and maux. inpul voltage: same as dc voliage specifications,
AC ratio — option 001: True rms-responding.

Valid ratio measvrements can be made for Y inputs between 0.1 V and
120 V and X inputs between 0.1 V and 500 V.

Overranging: 20% on all ranges.

Range selection: manual or aulomatic for X inpul. Remote op-
tional for X input. Aulomati¢ for Y input.

Performance

Accuracy: 90 day (25°C 25°C).

£(0.2% of reading +0.01% of ratio range + sum of aceuracies of X
and Y inputs determined from ac acouracy graph).

Input characteristics

Input configuration: isolated four-tesminal, guarded.

Input impedance: same as ac voltage for X and Y.

Crest factor: 7:1 (f > | kHz, bandwidth = 1 MHz).

Maximum Input voltage: same as dc voliage, except <£1000 V dc
offset volltage on X terminals.

Ohms, option 002
Ranges:
Full range display: 100.000Q, 1.00000 k{2, 10.0000 k{1, 100.000 k12,
1000.00 k2, and (0000.0 k(2.
Overranging: 20% on all ranges.
Range selections: manual or automatic. Remote optional.

Performance
Accuracy: 30 day (25°C x5°C).

10012 1ange: %(0.01% of reading +0.01% of range).

1 k1) thru 100 k{2 ranges: £(0.01% of reading +(.002% ol range).

1000 ki range:  £(0.02% of reading +0.092% of range).

10000 &% range: (01T of reading +0.002% of range).

90 day (25°C £5°C): add 0.002% of range fo 30 day speciticalions.

Measuring speed
Same as dc voliape except 165 ms reading period and autorange lime
on 10 MU range with ) /60 s integration period.

Input characteristics
Inpul conflguration; four-wire, guarded.
Current through resislance:
10002 thru 10 k{2 ranges: | mA.
100 k(2 and 1000 k{} ranges: 10 uA.
10000 k12 range: | xA.
Elieclive common mode rejection (ECMR): same 2as dc vollage.
Normal mode rejectlon: same 13 de valtage.
Overload protection: =200 V peak for X or Y inpul.

Ohma ratio, aption 002

Valid ratio measurements ¢an he made from Y inputs between (00Q 10
12 M1 and X inputs between 0 and 12 M1,

Overranging: 20% on all ranges.

Range selectlon: manual or automutie for X input. Remole op-
tonal for X inpul. Automatic for Y input.

Performance
Accuracy: 30 day (25°C £5°C al lerminals) #(% ol rafio range + %
of ratio reading error).

Where:

% of ratio range crror = +(0.004% + Y range

Y resistance X 0.002%).

% of ralio reading error is the greater percentage given below for ci-
ther X or Y resistance.

5% | 055% | 01% | oos | poaxs | 0052 [ 02% |
00 1000 1kQ 2k 9Kkq  500KQ  SMD  12M0
*0.01% for ratios belween 0.85 and 1.05 X and ¥ are belween 10 & and 500 &

Y ranges: 1 k[, 10 k&, 100kQ, | M4, and 10 M. 90 days (25°C

+5°C at terminals).
Same as 30 day specification except % of ratio range error =
+(0.004% + —TANEE 5 6 003%).

Y resistance

Input characteristics
Input configuration: isolated four-terminal, guarded. Two wires per
resistor.
Current through X and Y resistance: same as ohms function.
Effective common mode rejection (ECMR): samc as dec volage for
X input,
Normal mode rejection: same ag dc voltage for X input.
Overload protection: +200 V peak for X or Y input,

Limit test, option 003
Capability:
Applicable to: dc, de ratio, ac, ac ratio, ohms and ohms ratio. No
degradation in performance of above six functions.
Limit selection: wwo four-digit limits (with 20% overranging), in-
cluding polarity, are selectable in 1-2-4-8 BCD form with external clo-
sure to ground through <3 k@ (2.8 mA max) or application of —0.5 V
to +2.5 V.

Output signals

Limit indicationa: High, Go, Low from panel lights defined as fol-
lows: High limit <High; Lower limit SGo <High limit; Low <Lower
Timit.

Digital output, option 004

Outpul lines: print command; (rigger or print command hold off;
BCD output of function; polarily; range or ratio range; and digital
data. Levels are O V and 12 V or § V selectable.

Remote conlrol, option 005

Program lines: Yo s integration period;® 100 ms delay;® [0 MQ inpul
resistance:® ex{. trigger;* integration delay; r¢mole program; func
tion; nonralio range; ratio range decimal point.

" These remole capabilities are included i 1he basic 24508 and do nol require Ihe sdditicn of Qplian 005

General
Oparaling temperature: 0°C 10 50°C, unless otherwise specified.
Storage lempereture; —40°C 10 +75°C.,
Power; |15V or230V £105%, 50 Hz (0 400 Hz, <75 W (including all
optons, normal environmental eonditions).
Dimensions: 425 mm widc, 88 mm high, $42 mm deep (16%° X 3'Yw*
X 21%").
Waelght:

Basle Insirumant: net, 14.} kg (31 Ib).

{ncluding all options: net, 16.3 kg (36 Ib).

Shipping: 22.7 kg (50 lb).

Model number and name Price
Option 001 AC Converter (adds ac, ac ratio) add $1510
Option 002 Ohms Converter (2dds ohms and ohms

ratiQ) add $510

Option 003 Limit Test add $460
Option 004 Digital Qutpul add 8275
Option 005 Remols Control add $315

Option 006 Rear Input Terminals (add (ront/rcar sclec-

lor swilch and rear terminals) add $88

H50-3450B, Optimum Noise Rejection (or 50 Hz line add §76
HO01-3450B, Oplimum Noise Rejeclion for 60 Hz line
with prograinmabile filter add $365
H13-3450B. Optimum Notse Rejection for SO Hz line
with programmable filter add $430

3450B (includes dc and de¢ ratio) $4445
For more complete wchnical information, eontact your local HP of-
ficc fos a duta sheel.



DIGITAL VOLTMETERS

Automatic data acquisition system
Model 30508

ﬁ

® Powerful on-line data analysis
e DG, AC, and ohms measurements
® Easy to learn programming

Description

Adding a scanner to a multimeter and controtling them with a cal-
culator yields a low-cost solution to dala acquisition and analysis
problems.

Scanning random channels under calculator control, measuring dc,
ac and ohms at up 10 3 readings per second, and calculaling results on-
linc or off-linc arc eccormnplished by HP's 3050B Data Acquisition Sys-
tem. With a 3495A Scanncer ¢coupled (o 1he front epd of en HP Model
1490A Digital Mullimeter, the system measures dc in 5 ranges from
100 mV 1o 200 V with | uV resolution. AC is measured in 4 ranges
from | V10 200 V with 10 gV resolution over the frequency range 20
Hz 10 100 kHz, ang resistance is measured from 100 obms 10 10 meg-
ohms with 1 milliohm resolution.

Two switching nssemblies are available with the 3050B: a low ther-
mal assembly and a relay aclvalor assembly. The low (hermal assem-
bly has 10 fully guarded channels Tor swilching Jow level, guarded in-
puts to thc DVM, Two low thermal assemblies can be used (o provide
lour-wire ohms measurement capability with jusl one seanner.

The relay actuator provides 10 two polc relay closures for control of
exlernal swilches, low current power supply distribution, or activat-
ing low power devices, Multiple channe) closure can be programmed
on this assembly for 1C or circuit board testing.

Data logging is under control of an HP Model 9820A, 9821 A or
9830A Programmablc Calculatee. At the same time, the caleulator can
be programmed 10 do any mathemadtcal calculalions required, (rom
transducer lincarization 1o statistical analysis. Parameters soch as
pressure, icmperature, torque, velocity, acceleration and weight can be
measurcd with appropriate transducers.

In low level daia aequisilion measurements, certain system specifi-
cations arc particularly important because many parameters ure ordi-
narily converted into low level elec(rical signals by (ransducers. Full
scale outpul an some of these transducers can be as small as 20 mVY and

a change in output voltage due to parameler change is also quite small,
For example, a (ypical thermocouple gencrates s polenijal of 22
uV/°F. For signals of this level, the 3050B sensitivity of ) uV is man-
datory. In addition, the 3050B has an uncertainty of fess than 3 zV dif-
ferential thermal emf noise from the scanner input 10 minimize the el
fects of (emperature gradienls across the switching recds.

Measurement eapability is sometimes limited by common-mode
noise signals that may be converted 10 normal-mode noise and thus
added to the signal being measured. HP's Model 3050B Systemn
achieves 2 120 dB cffective common-mode ratio by making lully Noat-
ing mcasurements with a awitched guard conneclion for each channel.

In the ficld of dawa acquisition, 1wo general measurement solutions
have been available, The timplesc altcrnative is basic data logger (volt-
meter/scanner combipalion with printer or punched tape output)
which has no on-sitc compulational capability for analyzing daia,
When simuliancous daa analysis or closed loop eantrol based on
mcasurcment resulls are required, an on-line computerized voltmeter/
SCANNET system is used.

Now HP's 30508 cnables you 1o move up to on-line dala analysis
for reliable real-time resulis withou( committing the money and sup-
port required for a highly capable and complex computer data acqui-
sition system. In application, HP’s 30508 will: (1) control system in-
siruments, (2) acquirc and converl analog data from physicdl sensors
to digital form, (3) distribute low current power supply voltages or ae-
tivate low powgr devices, (4) correel data Tor nonlinearity and offsel
and convert it to meaningful scientific units, (5) store data on mag-
netic cards or tape. (6) deiermine test results, {7) perform high level
statistical and historjcal analysis, and (8) print. plol, or display re-
sults.

The most significant effect is an increase in accuracy and dependa-
bility. whilc at the same time releasing skilled people [vom the costly
routine of meter reading and performing tedious test procedures.
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3050B Specifications

DC voltage: S ranges. (00 mV to 200 V maximum, 5 digits provide |
V¥ resolution on 100 mV cange.

Accuracy: *(% of reading + % of range) (23°C £5°C).

8. 3486A Scanner switching time! low thermal assembly: (0 ms; ac-
tuator asscmbly: 40 ms.

b. Optional calcuistor delay: 9820A: program delay can be added if
additional delay is required for settling, ele.

c. Yoltmeter sample period with fixed range (In milliseconds):

0.1V Range 1V to 1000 V range
0.1k02 1000 10,000
30 days £(0.01 +0.005) %=(0.008 +0.002) 34908 —100 %0 ) )
90 days 2(0.01 +0.005) +(0.01 +0.002) D¢ AC*
Common mode rejecllon ratlo: 120 dB ECMR at de and 60 Hz 50 Kz 200 1000 200 250 450
+0.1% with 1 k@ imbalance between guard and low.
Normal mode relection ratia: 50 Hz £0.1% and 60 Hz £0.1% both 50 240 1200 240 300 660

50 dB.
AC vellage: 20 Hz 1o 100 kHz. 4 ranges, | Vo 200 V.
Accuracy: (% of reading + % of range)

90 days (23°C £5°C).

20 Hz — 50 Hz S0 Hz — 100 kHz

+(0.35 4+0.05) | (0.1 +0.025)

Ohms: |wo-wirc ohmyd standard, four-wire ohms is casily accom-
plished with two low thermal assemblies for each LU four-wire chan-
ncls maximum of 20 four-wire channels per scanner.
6 ranges, 1002 1o 10 M.
I mQ) resolulion on 1004} range.
Accuracy: *(% of reading + % of range)

90 days (23°C x5°C)

0.1 & 1 k@ - 100 k02 1000 k02 10,000 k$?
+(0.012 +0.005) | £(0.012 +0.002) | £(0.015 +0.002) | {£0.035 +0.002)

Current thru unknown: 0.1 ki to 10 k2 range: | mA; 100k 1o 1000
k1 range: 10 wA; 10,000 k€l range: 1 pA.

Low Thermal Input Relay Assembhly

Channels

Number: 10 ~ 40 fully guarded channels. More than 40 channels
available. expandable to 520 channels.

Type: threc pole, low thermal dry reed relays. Third pole is used 10
swilch guard and is nol low thermal.

Voltage: 200 volts peak.

Currenl: 200 mA (noninductive).

Power: 2 VA,

{solatlon: >10'Q.

Maximum Input voltage: 230 V between any two inpul lerminals.
Guard to low: 200 V peak.

Syslem unceriginly: <3 uV diferential emf.

Relay actustor assembly
Caullon: for use only in circuits fused at 2 A or less.

Channels
Number: 10 1o 40 channgls (more (han 40 channels availuble).
Type: two-pole armalare relay. Single unswitched guard for 10 chan-
nels. Any combination of 10 channcls may be closed simultaneously.
Maximum conlact ratings

Voltage: 100 V rms.

Current: 2 A rms.

Power: 200 VA.

System uncertalnty: <30 4V diflerential emf.
General
Calculalor Inlerface inpul/output slots: (our tolal, One is used for
system, leaving three for other peripherals.
Calculator ROM slots 9820A or 9821A: all positions are used.
11221A Math, 11224A PCIl, and 11222A UDF ROM’s arc svpplied
in (he 3030B system.
9830A: option 272 Extended 1/O ROM and 11274B Siring ROM
supplied.

Typleal system speeds

Scaaner m I_a'I

u
=

Calculatol! EI d ——-[ e ] mm

"AC response lime: less than 2 3 to within rafed dccunicy for » step bnpul applid concident with encode
irigges.
d. Calculator data manipulation: 9820A: dats can be manipulated
and stored or output during the 3490A sample period to shorien lest
lime. Since oulpul requires a significant amount of time, the resulls of
a st could be slored 1o be output )aler; thus decreasing actual lesi
time. Add all of the following typical calculation times thal will be
used during each measurenient Joop to obtain the total caleulation
time.
Operation |+, = | x | + |/ | Log | esm [ X ¥ |SIN | TAN
wmecmsy | 4 | 6 [ 15[ 20 [ 60 | ss] 20 [teo | 70

Catsette readings
Ouiput | Prn | Plol ) only 100 sequential

Time(ms) | 200 | 5078 2000 5000

f. Calculalor Instrument control: System: includes setling scanner
channel and acceplng reading from 3490A. 70 ms minimum (this is
slowed down when using the supplicd UDF control routines for pro-
gramming convenience).

Interface and documentation

All interface and assembly 1s done at the factory. The system is de-
livered in an equipment sack ready to turn on and connect the scan-
ner inputs.

Operaling and programming manusals wilh programming instruc-
tions and example progrims (o aid in writing your specific 1es1 rou-
fines and ins(rument conlso) routines are also supplied.

Operating lemperature: 10°C 1o 40°C.
Power: 108 V to 125 V; 210 V 10 250 V. 50 - 60 Hz. 240 VA maxi-
mum typical.

Optlons Price
Order one or more Option 001 or Option 002 Lo obtain

desired number of low thermal or acluator channels.

Option 001 and Option 002 may be uscd in any
combination up to & total of four relay assemblies for

cach scanner.

001: ten channel low thermal relay assembly $600
002: tcn channel relay acluator assembly $400
004: 230 V line N/C
006: large equipment rack (56* panel height) add $155
006: deleic standard 35" rack (instruments comic in 14"

combining ¢asc) less $1400
007: additional scanner (one required (or each addi-

tional 40 channels up to 520 channcls os maximum of 15

HP-I1B devices including DVM and calculalor 1/0) add $1250
008: 3490A Sample and hold 8575
The standard 3050B is supplied with a 1.7 k (16 bul

word) memory 9820A. Other conlrollers and memories

arc aveilable with Lhe following options.

020: 98204, 5.8 ¥ mcmory $2730
021: 9821 A, (.7 X memory and cassetle $1090
022: 9821A. 3.7 k memory and casselte $2460
023: 9821 A, 5.8 k memory and casselle £3320
030: 9830A /9866A. 1.7 k metory & cassette $4390
031; 9830A /98G6A. 3.8 k memory and cassette $6053
032: 9830A /9B66A, 7.9 k memory & casselle $8300
050: 50 Hz inc N/C
080: 60 Hz line N/C

(Option 030 or D60 must be ordered)

30508 (must have at least one Option 001 or
002) $14,300



o

DIGITAL VOLTMETERS

Aulomatic data acquisition system
Models 59400A and 59403A

* Use with HP modified — telatypewriters 27524 and 27548
o Use with HP CRT lerminals 2644A and 2640A for HP-1B
input/output device

¢ Simple HP-IB Controller

® Separate HP-1B Components up to 1000 meters (3,280 ft)
using dedicated 4-wire line.

® HP-1B comrunication over telephone network using
recommended modems.
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59400A HP-IB/RS232-TTY interface

The 59400A HP-TB/RS232-TTY Interface allows an HP CRT Ter-
minal or HP modified 1eletypewriter 10 be a simple Hewleti-Packard
Inicrface Bus (HP-1B) controlles or 1/0 device, The 59400A has three
modes of operation: listener, Lalker, and simple coutroller.

LIsten mode _
In the listen mode parallel HP-1B data is converled Lo sertal format

compatible with HP CRT Terminals and HP miodificd telctlypewriters
(TTY) and outputs at a 110, 300, or 1200 baud rale as sclected on (he
59400A front pancl. Status of HP-IB control lines ATN, REN, and
SRQ is indicated by LED’s on the fronl panel for operator conve-
nience.

Talk mode

As a talker, Lhe 59400A converls serial dala (rom the keybozrd of HP
CRT Terminals and HP modified teletypewriters 1o paralict HP-1B
formal. The HP-1B handshake is not transmitled between the 59400A
and the input device (CRT or TTY) but it is possible 10 address the
554004 as both Lalker and listener. This ¢cnables it 10 retyansmit the re-
ceived codes 1o the input deviee as they arce placed on the HP-1B. Loss
of handshake, or dala overrun, will be indicaled by the fzilure of the
input deviee to display or print the Iransmitted code,

Coatro! mode

As a system controller, the $9400A allows the HP (erminal or tele-
typewriter (0 manually program instruments interfaced 1o the HP-1B.
Threc HP-1B conirof lines — ATN, REN, and SRQ — can be con-
trolled through the S9400A. Status of (hese lines, bowever, is potl
transmitied 1o the termina) or TTY inlerface.

Applications

Print ot punch HP-IB data using HP modified eletypewriters. (The
59400A does not provide automatic punch control for ather teletype-
writers.)

Remole display of HP-IB data using HP CRT Terminals.

Manually program instruments interfaced 1o the HP-18 from HP Ter-
minal or HP modilicd wclelypewriter keyboards.

Genaral

Operating temperatura: 0°C o +55°C

Dimensions: height: 101.6 mm (4 in.) including feet: 88.9 mm (3.5
in.) withoul feel. Width: 212.9 mm (8.38 in.).

Depth: 430 mm (16.9 in.) approximalely,

Welght net, 3.9 kg (8.5 1b). Shipping, 5.7 kg (12.5 Ib).

Accessories supplied
Cable Adaptor — 59400A TTY Conneclor 1o HP modified Leletype-

writer connector,
HP 59400-6 1605

58400A HP-IB TTY Intertace $1500
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59403A HP-IB/Common carrier interface

Hewlctt-Packard's $3403A HP-1B/Common Currier Interface
(CCI extends the operating distance of the Hewleit-Packard Inter-
face Bus (HP-1B) from (he present 20 meters. Wilh just two CCl mod-
ules and a lwo wisted-pair shielded line, HP-IB components can be
separated by up 1o 1000 melers. With the recommended modems, sep-
aration is Bmiled only to the distance covered by the available tele-
phone nciworks,

HP-1B Gommunication up to 1000 melers

The HP 39403A CC1 module converis HP-1B data and control Jines 0
a scrial bit stream of information. The CCl can then (runsmit this se-
rial code over a two Lwistcd pair dedicated line for up to 1000 meters,
to another CCI which converts the information back 1o standard HP-
|B format.

HP-IB Communication Over Telephone Network*

When HP-1B sysiem componens musl be placed more than 1000
meters apart, a (ull duplex modem can be added to each CCl (o per-
mit transmitting and receiving all HP-1B information over telephone
lines. The lelephone Jines can be part of the dial-up Iclephone net-
work, leased lines, or privale lines installed for use with an HP-]1B sys-
temt, When using modems with the telephione network, a Dala Access
Arrangement (DAA)® must be remed from the local (elephonc com-
pany o connecl the modem to lhe phone linc.

*ORA used m LS. anly. In ofher cauntries chack withi loca? telephone aulhonties for data crmimumicalhon regu-
laliony,

General

Recommended dedicaled Jine cable — {wo twisted pair line with
shield. HP Part No. 8120-1]187 (Belden (ype 8723), specify length.
Modems: the CCl 1s designed to operaie with 110 baud, 300 baud.
and 1200 baud asynchronous (ull duplex ot synchronous fuli duplex
modems which are EIA RS232C or CCITT V24 compslible. In the
U.S., Bcll 103A modems with *'soft casricr turn-off™ are recommend-
ed for use on the direct dial (DDD) network.
AC power: 100, 120, 220, or 240 volis (+5%. —10%) 60 VA mux.
48—66 Hz
Operaling temperature: 0°C 10 +55°C, <95% R.H.
Dimensions: height: 101.6 mm (4 in.) including feet: 88.9 mm (34
in.) without feet: width: 2)2.9 mm (8.38 in.); depth: 430 mm (16.9 In.)
approximalely.

Weight: net, 4.5 kg (10 (b). Shipping. 6.1 kg (13.5 |b).

59403A HP-IB Common Carrier Intertace $1300
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General information (cont.)

lmpedance/2/6, C,R,L, D & Q

Hewletr-Packard's family of impedance
measurement instruments combine the fa-
miliar null measurement lechuiques with dig-
ita) logic and feedback clrcuits, 1o achieve
simple and rapid operation without a sacri-
fice in precision. The basic specifications for
Hewlelt-Packard's impedance family is sum.
marnzed on the apposite pige. Frequency, Q,
capacilance, inductance, renistance and basic
accuracy can be (raded off (o select the most
suitable instrumenl. For some jnstruments,
capacitance and inductance are nol the prin-
cipal paramelers bul are secondary (0 the pri-
mary readoul.

Impedance considerations

There are two basic types of impcdunve
measuring instcumenls: bridges and meters.
In general, bridge type instruments have the
best aceuracy specifications, This type of in-
strument has found wide application and js
the basis for the FIP 4260A /42658 Universal
Bridge. 4270A Aulomatic Capacitance
Bridge, and 2508 RX Metur.

In the pasi, bridge instruments have re-
quired considerable operator skill 1o oblain
consistenl fesults. However, the Universal
Bridge was specifically designed 1o achieve
rapid 2nd consistenl audio (requency mea-
surements.

The evolution of bridge measuremcnts has
created (he need for completely automatic in-
struments to rapidly characterize mulli-con-
ductor cables, variable capacitor diodes. and
discrete capacilors. To sausly these customer
requirements, the 4270A Aulomatic Capaci-
lance Bridge was developed. This instrument
is completcly programmable and displays ca-
pacitance nnd dissipalion factor/conduc-
lance in digital form. BCD outputs are avail-
able for remote processing.

Impedance meters, in general. utilize con-
stance current/vollage sources Lo cxeite the
unknown impedance. Amplilude and phasc
sensitive volimelers delecl Lhe real and reac-
tive voliage/current components of the un-
known. The display (or most impedance me-
ters is an analog meter. Although impedance
mclers do not have Lhe accuracy of bridge in-
strument(s, they are less expensive and casy to
use. The 4350A High Capacitance Mecler.
4800A Vector Impedance Meter, and the
4332A LCR Mcler utilize Lhis principal. Im-
pedanee melers have analog outpuls propor-
uonal to the displayed funclion.

The HP 4271A LCR Meter ulilizes a com-
bination of bridgc and digital volimeler teeh-
niques, to enable it to messure microcircuit
paramelers.

Summary

To help you select an impedance meter
suitable to your needs 1be following guide-
lines may be used:

(1) For a desired accuracy and cost range,
select the instrument with the broadest capa-
bility in C, L. R & D or Q. (2) Bridge instru-
ments will provide the best accuracies (0.1%
1o 1%). However, only the higher priced
bridges offcr the speed and convenience in
measurement available in meter lype instru-
ments, (3) To obrain meuningful results, a
parts user should make mcasurements at the
sanie [requency and voltage level specilied by
the manufacturer. For additional informa-
tion_on componenl measurements, Hewlelt-
Packard offers for sale 2 tutorial RCL video
tape. The lape has three parts.

Part | — Resistance (7 min.) — explains
basic resistance measurements dnd identifies
somc of the problems which ciruse erroneous
readings. Measurement theory is graphically
explored, followed by practical examples of
very high, very low, and intermediate resis-
1ance measurements.
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Part 2 — Capacitance (I | min.) — follows
the same general sequence as Part |, a review
of theovetical capacitors, pacamcters other
than capacitanee present In actual capaci-
lors, and the resullant errors. Some methods
are explofed for overcoming erroncous ¢a-
pacitance measurements. General guidclines
for measuring very high, very low, and inter-
mediale value capacitors are given. The how
and why of dissipalion faclor in capacitors is
explained. This pari is concluded with dem-
onstrations of praclical capacitance mea-
surcmcents.

Parl 3 — Inductance (12 min.) — develops
the theory of inductors and their functions in
circuits. Capacitance and resistance inherent
in 8ll inductors, and Lhe cffect they have on
measured values is explained. Qualily factor
is defined and the difference in effective and
indicated quality factor is explained.

You may preview this video tape zt your
riearest HP Sales Office. Please call for an ap-
pointment. The tlapc (ID §90249C/D) is
available in %" ELAJ format {c) or %" video
cassette (D).

Hewlett-Puckard's impedance instruments
have been used 1n pumerous diverse applica-
tons, from 1l measuremen( of Lhe divleciric
constant of liquids. to the wing to {usclage
continuily on aircraft. 1f you have an unusu-
al application or need assistance, contact
your neurest Hewleu-Packard sales olfiee for
application information.
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Touch and read operation
Wlde range

Low tesi voltage

Guarded measurement
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Description

Hewleus- Packard's Model 4332A LCR Meler measures inductance,
capacilance. and resistance with speed and accuracy. The instrument
provides direct-readings of L, C, and R wilh linear meter scales. The
4332A is exlremely uselul for measurcmenis of boih linear and non-
lincar components such as scmiconducior cupacitor values, induc-
tance of coils with fervite core.

Specifications

Inductance meagurement
Measurement aquivalenl circult: serics.
Range: 3 uH (o 1 H full scale, 12 ranges.
Measuring traquency
3 ¢H 1o 1000 uH ranges: (00 kHz +5%.
3 mH to 1000 mH ranges: | kHz £5%.
Voltage across sample: <1.5 mV rms,
Accuracy (al 25°C): x [1% reading +(1.5 +3/Q) % of lull scale +
0.03 uH].

Capacitance measurement
Measurement equlvalent clrcuit; parallcl.
Range: 3 pF (o | pF lull scale, 12 ranges.
Measuring frequency
3 pF to 1000 pF ranges: 100 kklz +5%.
3 nF to 1000 nF ranges: | kHz +5%.
Voftage across sample: approximately 70 mV rns,
Accuracy (at 25°C): & (1% reading +(1.5% +3/Q) of full scale +
0.03 pF).

COMPONENT TEST

LCR meter
Model 4332A

Reslstance mesasurement
Range: 30 10 | MQ (ull scale, 12 ranges.
Measuring frequency: | kHz +35%.
Volilage across sample: <1 mV rms,
Accuracy (at 26°C)
31 to 30 kil ranges: +{0.5% reading + 2% full scale + 0.0312).
100 k{ to 1000 k) ranges: +(1% reading + 2% ful) scale).
Analog outputs: 1.0 V dc full scalc, independcent of range in use and
1.0 V or 0.3 V dc ful) scale, corresponding Lo Lhe range in use.
Oulput Impedance: approximatcly 500Q.
Accuracy: belter Lhan meler reading accuracy by 0.5% full scale.
Overvange: 110% of full seale.

General

Response time: 1ypically 0.25 s for analog outputs. Typically 1.0 ¢
for meter.

Operating temperslure: 0°C 10 S0°C.

Temperature coefficlent: +0.05% of ull scale/°C or £0.05%/°C.
1°C for 0°C 10 50°C.

DC bias: 100 V dc maximum can be applicd from exicrnal source.
Power: |15 V/230V £10%, 48 Hz to 66 Hz, § VA.

Dimenslons: 130 mm X 152 mm X 279 mm (5%" X 6% X 11%),
Welght: nei, 3.5 kp (7 1b 11 oz).

Accessorles furnished: 16138A Tesi Leads, Power Cord 8120-1348.

18018A

Accesgsorles avallable: 16019 Test Fixture.
16019 A Test Fixture

4332A LCR Meler

§55

$1115

-
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COMPONENT TEST

Milliohmmeter
Model 4328A

]

® 20 ufl resolution on 1 mi2 range
® Four terminal measurement
e Low test voltage (20 mV)

EBR s rvennn @) ite miiasiese s
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4328A (with 16005A Probes included)

16007A/B Test leads (1 sach included)

Description

HP's 4328A Millichmmeter is a portable indirument for measure~
ment of low resistances, JU uses & Kelvin Bridge method to obtain its
high sensitivity bul has incorporated both the current and voliage
drives into one probe, so that only Lwo probes are needed in actual
measurcment.

The range of the 4328A c¢xtends (tom 100 ohms to one milliohm (ull
scale. Maximum sensitivity is 20 microhms. making it ideal for mea-
suring contaci resistance of switches, relays, and conneclors.

A untque phase discriminator in the meter circult permits accuraie
resistive measurements on samples with a series reactance up 10 Iwice
full scale resistance.

The milliohmmeter is internally driven by a one kilohertz signal.
With an ac drive signal. dc bias up 10 150 volts can be superimposed
without affecling accuracy of measurement. Hence, HP's 4328A can
make dynamic resistance measurements in forward-biased diodes.

Maximum vollage acrass any sample with proper range selection is
less than 200 microvolts peak. [n case of incorrect range selting, 2
maximum voltage of 20 millivolts peak will never be exceeded, so Lhat
cxplosive devices such as {uses and squibs can be safely checked.

The basic 4328A s linc operated. With Option 001, it can be oper-
ated from four rechargeable batleries for 135 conlinuous hours. A re-
corder oulput provides an outpul proportional to meler deflection.

Specifications

Aange: 0.001 to 100 ohms full scale in a 1. 3, 10 sequence.
Accurscy: +2% of full scale. No additional error is caused by series
reasctance of samples up 1o two lemes full scale.

Measuring frequency: 1000 Hz 100 Hz.

Voltage across sampla: 200 xV peak al full seale.

Maximum voltage acroas eample: 20 mV peak in any case.
Superimposed de: 150 V dc maximvm may be supcrimposed on
samples Srom an external source.

Recorder outpul: 0.1 V dc oultput at (ull scale meter deflection.

Maximum Dissipatien

fange Applied Gurreni in Samples
(ohms) (mA) (1)

0.001 150 23

0.003 50 8

0.01 15 23

0.03 3 08

0.1 1.5 0.23

0.3 0.5 0.08

1 0.15 0.023

3 0.05 0.008
10 0,015 0.0023
30 0.005 0.0008
100 0.0015 0.00023

General

Power requirements: 115/230 V switch £10%, 50 to 60 Hz, 1.5 VA.
Weight: 3.2 kg (7 1b).

Dlmensiona: 130 mm high X 1551 mm wide X 279 mm wide (34" X
6% X 11°).

Accessorles furnished: Model 16005A Probe, 16006A Probe and
16007A /B Test Leads. 16)43A Probe Cable. Detachable Power Cord.

Modal number and name Price
Option 001, Rechargeable batiery operation 548
4328A Milliohmmerer §975
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Description

The HP 4229A is a solid-statc insutalion resistance meter designed
for casy, accurate and direct readings of the very high resistance val-
ues Lypically found in synthetic resins, porcelain, insulating oils and
similar malterials. It s also useful far measurements in electrical com-
ponents like capacitors, transformers, switches and cables. Seven fully
regulated de (est voltages (between 10 and 1000 V) are provided as test
sources.

Selecled scales are identificd by lluminated indicators on the meter
face. Selected resistance or current multiplying factors are also Hlumi-
nated for rapid, error-free measurement. Three resistance scales and
one current scale are provided. The HP 4329A is instantly convertible
from ungrounded-to-grounded-sample operation via & simple reloca-
tion of the front panel ground strap from “guard™ to *+" position.
The instrument cabinet itself is always at ground potential. Test volt-
age shoris or sample breakdown currents will not damage instrument
circuitry.

The HP 4329A also has a current measurement capability. Minate
currenls as low as 0.05 pA can be readily measured. The standard in-
strumem package includes HP 16117A Low Noise Test Leads; these
are ased in most Lypes of measurement.

4329A Specifications

Resglslance measurement
Range: 500 kf} to 2 X 10'¢(1.
Accuracy: tolal accuracy is determined by test voltage and range
used. At low resistance end of cach scale, accuracy is £3%, near center
scale £5%, and near the specified upper limit on the meter scale {see

COMPONENT TEST

High resistance meter
Model 4329A

® Seleclable test voltages: 10 V o 1000 V

Current measurement

Range: 5 X 10102 X 107* A jn 8 ranges.

Meter scale: O Lo 20 in 40 linear divisions.

Input reslislance: 104 (o [0"'Q £ 1%, depending on range.
Accuracy: 5% of lull scale deflection (there can be an addjiional
+3% error at the top decade). Using current source of infinite 2. For
finjie sources, input resistance must be taken into consideration.

Genoral

Recorder output: 0 10 100 mV dc, proportional to meter deflection:
1k output resistance.

Power: |15/230 V £10%, 48-66 Hz, approximately 3 YA,
Dimensions: 166 mm high, 198 mm wide, 223 mm deep (6'4" X 73"
X 8%,

Welght: 3.5 kg (7.7 Ib).

Accessory furnished: HP 16117A Low Noise Test Leads.
Accessory available: Model 16008A Resistivity Cell.

16008A Description

The HP 16008A can safely, rapidly and conveniently measure the
volume and surfuce resistivity of sheet insulation materials. Conver-
sion from volume to surface resistivily measurement requires opera-
vion of one swilch only: no lead interchange or disconnection is neces-
sary. Designed for use with the HP 4329A Resistance Meter (olher
voltage supphies and picoammeters may be wsed), the complete sys-
tem allows direct measurement of volume resistivity up o approxi-
malely 4 X 101} (on samples 0.1 em thick)—and sorface resistivity up
to approximately 4 X 10°’Q, Test voltages up to 1000 V may be used.

16008A Specifications

inner electrode: 50 mm diwm.

Guard electrode: 70 mm diam.

Auxiltary electrode: 100 mm X 120 mm.

Maximum gample size: 125 mm X 125 mm X 7 mm.

Maximum test voltage: 1000 V dc.

Dimensione: 49 mm high, 198 mm wide, |56 mm deep (27 X 7' %" X
6'%").

Weight: 1.4 kg (3 Ib).

-

table below), nocuracy is & 10%. Accuracy is nol specified above these Model number and name Price

limits. On all voltage ranges, if multiplier is set to Rmax., an addi- 16008A Resistivity cell $430

tional 23% is included. 4329A High resistance melter $1335
Test voltage 10V 25Y 0V 100¥ 250 ¥ 500V 1000V
Availahle resislance 5 x 1050 1.25 X 1080 2.5 X 1050 5§ x 105 1.25 x 10’2 25%10°Q S 10Q
readings 02 X 101402 fo 5 X 142 to 1 X 10130} 102 x 10130 to 5 X 10'34) o1 X 10160 102 X 104}
Meter scale St 20 13109 25110 51020 J3105 25t0 10 51020
Upper limit 5 1.25 25 5 1.25 25 5
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COMPONENT TEST

Universal bridge
Model 4260A

® Electronic autobalance — single control null
® Digital readout for C, R, L

e Direclion indicalors for fast range selection and balance

AZEOA UNIVERSAL BRIDGE
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Description

Muasuremenls of C, R, L. D (dissipation laclor of capacitors). and
Q are eusily made with Hewletl-Packard's Modcl 4260A Universal
Impedance Bridge.

Readout for C, R. and L is digital with the decimal point aviomal-
wally positioned. Unils of measurement and equivalent circuit auto-
matically appcar with a (wist of the function switch. There are no mul-
tiplicrs or confusing nonlincar dials which need imerpolation,

Operation is simple. Sct the function knob for the paramcter (0 be
meusured, adjust range switch for an on-scale indication, and oblain a
null with CRL conirol. There ar¢ no inlcracting conlrols (o adjusl and
rcedjusl, nor any false nulls. A unique electronic aulobalance circuit
solves all these problems. Componcenis with low Q or high Q ure as
e4sy 1o measuse as those withoul {oss.

For D or Q measurcments, swilch oul of auto and tutn DQ control
unii} another null is obtained Only one adjustment is needed lor cach
measucement.

Five bridge citcuits arc incorporated in HP's 426DA; each is com-
posed of stable, high-qualilty components lor good aceuracy and lin-
earity. An interngl | kHz drives the bridge.

Nulling is easy. llluminated pointers (XCRL>) automatically tell
whethes a null s up- or down-scale. Both range and CRL controls can
be sel walching these pointers.

Components may be biased by connecting s batiery 16 rear termi-
nals. An externad oscillator and detcctor ean be used for mcasure-
menis in the 20 Hz - 20 kHz range.

Specifications

Capacitance measuremen(

Range: 1000 pF to 1000 1 F, in 7 Jull scale ranges.

Accuracy: (1% 1 digit), from | nF 10 100 uF. £(2% +) digi).
from ( pF 10 1 nF and 100 xF 10 1000 uF.

Dissgipation tactor

Range:
Low D — (of series C): 0.001 10 0.12.
High D ~ (of paraltel €): 0.05 to 50.
Accuracy: for C > {00 pF.
LowD ......... + : Y.
JD of reading
HighD . _....... + (10 D of rcading + 4)%.

= (10 /D of reading + 2)%.

Add 1 digl division for frequencies other than § kHz,

Inductance measurement

Range: 1000 uH to 1000 H, in 7 full scale ranges.

Accuracy: *(1% + | digit). from ) mH o 100 H. £(2% + | digiv).
from ) pH 1o | m¥ and 100 H (0 1000 H.

Quality tactor
Range:
Low Q — (ol series L): 0.02 (o 20.
High Q — (of parallel L): § 1o 1000.
Accuracy: for L > 100 uH.

10
— +4\)%.
J/Q of reading )

A TR O
(,/Q of reading ) -
HighQ......... +2/Q of reading %.

Add £1 dial division for frequencies other than | kHz

Auto-balance

Eliminates need for DQ adjustments in paraliel C and series L mea-
surements at } kHz.

Accuracy: for D <) and Q > add £0.5% (6 C and L accuracy spec-
ificalions.

Resistance measureament

Range: 100 10 10 MR, in 7 full scalc ranges.

Accuracy: 10 mil to 100 £(2% +1 digit). 102 o | M £(1% +1
digit). ) MQ 1o 10 M2 £(2% +1 digit).

To obiain better sensitivity use HP 4304B below 100Q and above 100
ki1

Osclilator and detector
internal oscillator: | kHz £2%, {00 mV rms 220%.

Internal delector: tuned amplifier at | kHz: funclions as a broad-
band amplifier lor measurements with external oscillator.

General

Power: 1135 or 230 volis £106%. 50-60 Hz, approx. 7 VA.
Dimenslons: 190 mm wide X 166 mm high X 279 mm decep (72%," X
67, X 117).

Waelght: nct. 5 kg (11 Ib). Shipping. 6.8 kg (15 Ib).

Optlonal accessaries:

4304B for R mcasurcment <1008 and > 100 k{2.
204C Opt. 001 for measurements 20 Hz-20 kHz.

4260A Universal Bridge 51065



e High accuracy: 0.2%

o Wide range
C:01plio 1111 uF
L: 0.1 uHto 1111 H
R: 1.1 m{l 1o 1 MQ
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Description

Hewleu-Packard's Model 42658 Uaiversal Bridge provides an cco-
nomical way Lo make high precision measurcments of L, C, or R and
D or Q. Components can be measured in ranges of 0.) uHwo 1111 H
In inductanee, 0.1 pF to 111} uF in capucitunce and 0.1 mQ 1o (I 11
M@ in resistance. L and C measurements are performed over a wide
range of loss with either serics or parallel equivalenl circuits selected
by the function switch. Basic measurement accuracy is 0.2% of rcad-
ing for L, C, and R.

Measurement (requency range is $0 Hz (o 10 kHz with an exiernal
oscillator. and | kHz with internal oscillator. A dc measuremen for
resistance is also available with extemmal de power supply and null de-
tector,

The front pancl design provides appropriale space and convenient
positioning of knobs for easy balancing. The rugged hundle is uscd as
the Lt stand at angles of 0, 40, or 60 degrees.

Speclfications

Hesistance meaasurement

Full scale range: [000.0 mQ to 1.0000 M. 7 ranges.

Ovarrsnge: 11.}1%.

Minlmum resolutlon: 0.1 mS2.

“*Accuracy (al 1 kHz): +(0.2% of reading +0.01% of F.S.), £(0.4%
of reading +0.00% F.S.) for 1000.0 m range.

Resldual reaistance: | m{.

COMPONENT TEST

Universal bridge
Model 42658

inductance measurement

Full scale range: 1000.0 uH t0 1000.0 H, 7 ranges.

Overrange: 11.1%.

Minlmum resolution: 0.1 xH.

**Accuracy (at 1 kHz): +(0.2% of reading +0.01% of F.S.), £(0.4%
of reading +0.01% F.S.) for 1000.0 gH range.

Residual Inductance: 0.04 xH (in series with | m$?).

Long faclor range: (at 1 kHz).

Q of aerles L: 0.00} 10 10, accuracy 4(5% of reading +2 minor divi-
gions),

Q of parsllel L; ) 10 1000, accuracy +(5% of rcading +2 minor divi-
sions).

Capacitance measurement
Full scale range: 1000.0 pF to 1000.0 uF, 7 ranges.
Overrange: 11.1%.
Minlmum resolution: 0.1 pF.
**Accuracy {at 1 kHz): £(0.2% of rcading +0.01% of ¥.8.), £(0.4%
of reading +0.01% F.S.) for 1000.0 uF range.
Resldual capacttance: 0.4 pF.
Logs factor range: (at | kHz).
D of geries C: 0.001 to 1, accuracy £(5% of reading +2 minor divi-
sions).
D of parallel C: 0.1 10 1000, accuracy *(5% of reading +2 minor di-
visions),
**for Yempersture of 25°C £10°C
General
Internal osclllator:
Frequency. | kHz 15 Hz.
Outpul: continuously variable with front panel control. Maximum
vollage is 0.4 V rms.
External oscillator:
Frequency range: 50 Hz to 10 kHz or de lor resislance measure-
ment.
Internal detaclor: tuned amplifier at | kHz. In | XHz position, max-
imum sensitivity of 10 gV, sclectivity betier than 26 8B. 1n “'fat,” op-
crales as a broad band detecior from 50 Hz to 10 kHz.
External dc bias: capacitance measurements io Cs mode, maximum
bias vollage of 250 V dc. Inducisnce measurcmenls in Lp mode.
Operating temperature: 0° (o 55°C.
Power: 100/120/200/240 V £ 10%; 48 10 440 Hz, § VA.
Dimensions: 376 mm high, 115 mm deep, 393 mm wide (143" X
417" X 150,
Welght: net, 5.5 kg (12.1 Ib). Shipping, 7.1 kg (15.7 1b).
Acceasorias furnished: power cord, 230 cm (7% N). Crystal car-
phone.
Accessorles aval{able: model 16029A Test Fixture,

Model name and number Price
16029A Test Fixture $55
4265B Universal Bridge <1010

oL
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Maodel 4271A

COMPONENT TEST

1 MHz digital LCR meter

» Precision measurement of low value components
e High spead

+ Convenient oplions for data processing

e C=0001pFto18nF;L=01nHto 1.8 mH; R = 0.001Q
to 19 k

Description
Hewleti-Packsrd's 4271 A features aulomatic high-speed mcasure-
ments of low value components. The four-pair measorement tech-

niguc has the advanlage of reducing errors due 1o residual inductance
and stray capacitance. User benefils are derived from high uccuracy
measuremenis with as many as ten readings per second.

Specifications
Full scale ranges:
Disslpation
Range Capacitance Conductance fnduectance Resistance Factor®
| 10.000 pf 100,00 2 13 1000.0 nRI 10.000 2
Full ? 100.00 pf 10900.0 = U 10.000 gH1 100.00 @2 1.0000
scale 3 1000.0 pf 10000 m B 100.00 xH1 1000.0 0
display 4 10.000 nf 10000 m 8 1000.0 H1 10.000 402
Over-
ranging 1-4 90% 90% 90% 90% 80%
“When reading of L pr C I3 more {han 1500 caunty Conductance:
Tesl sig level-high Test sig leval-low
Range +(% of reading + counis) =+(% of reading + counis)
N¢ 2N
Copscliance: ! 02+ (7 ) 000) 03+ (7 s
Test sig level-high Test sig level-low ( Nc ) ( 2 Nc)
fange £(% of raading + counls) +(% of reading + counts) 2 0243+ ong 03+ (3 1000
1 00 +17 02 +8 3400 l.2+(2+ ZuNc) 12 + (2+)20':3
2 0143 02+4 100
3 0143 0.2+3 Waere Ne is capacitzncs readou! in caunts.
I 04 +3 04 +3 Dlgsipation factor:
Test sig leval-high Tast slg level-low
Range +(% of reading + counts) (% of reading + counts)
Accuracy ( 20.000) . ( + 30.000)
(Whcn conductance reading is less (han 100 counts and resistance l Lo+ {10+ Nc 10 15 Nc
reading is Jess than 1000 counts.) Accusacy listed in the following table L0 (10 + 10.000) L0+ ()5 20,000
applies over a temperature range of 23°C £5°C. (At 0°C to 50°C, ac- 2.3 O+ N¢ ’ o
curacy is doubled.)
y go 10+ (15 + 305‘00“) 10+ (15 + 30&000)
Warm-up Yime: onc hour required to meel all specificalions. c ¢

Accuracy check: use HP model 16021 A Test Fixture.

200 Bangr A, Test sy lavel o luw oatly Ne 5 capaeitance readout w1 ¢aunis,




Inductance measurement accuracy

Inductance:
Test sig level-high Tesi sig lavel-low
Range +(% of reading + counls) +({% of reading + counls)
e 1.0 +15 1.0+ 15
2 06+14 06+6
3.4 02+4 03+6
Reslatance:
Test sig level-high Test sig level.-Low
Range +(% of reading + counts) +(% of reading + counic)
2N 2NL
.
i 12+ (3 + 1000 1.2 + (8 + 1000)
2NL ZNL)
2 l.2-1-(2.+1000 1.2+ (2+10L10
2NL 2NL
3.4 02+ (2+ i) 03+ (2 * moo)

Whese N ig inductance readout In counts.

Disglpation factor:

Tesl sig level-high Test tig level-low
Range +(% af reading + counts) +(% ol reading + counts)
. 30.000) ( 30‘000)
I 1.n+(zu+ N Lo+ (20+
2.3 L0 + (15 + mooo) 10+ (zo 20,000
NL NL
20,000 ( 30,00
s 10+ (15 £ Lo+ {15+ NL“)

“*AL Range 1, lest sig lewel is fow onty where No iy inductance readoul in counts
Conductance, resistance measurement accuracy

Accuracy: when capacilanee or inductance is less (han 1,000 counts.
Gonductance:

Text slg level-high Test sig leve)-low
Range (% of reading + counls) %(% of reading + counts)
)] 0.2+8 03+9
2 0.2+ 4 03+5
3,40 1.2+ 4 1.2+ 4
*e=0pn Range 4, Yesk wig lavel i low only
Renistance:
Tesi sig level-high Teost sig level-low
Range (% of reading + counts) 4(% of reading + counts)
1 1.2+ 10 12+10
2 1.2 +4 1.2+4
33 02+14 03+14
Test signal:
Test Leval mV rms; tolerance (%) 2A mmg; tolerance (%)
capacitance inductance
Range Lev&)-High Level-Low Lovel-High Level-Low
| 500 £10 20 £10 200020 200020
2 500 £10 20 10 500£10 20010
3 500 £10 20 £10 500£10 20£10
4 20 £20 20 £10 50410 2£10

Frequency: | MHz £0.01%.

Otisal sdjustment: offset adj. compensates for (a) stray capacitance
or residuat conduciance of test fixture; variable ranges are | pF and |
w8, or (b) residual inductance or residual resistance of lesl fixlure,
Variable ranges are 100 nH and 100 m0.

DC bias (optional)

Intarnal sourea: DC bias is available as a plug-in board, Option 00},
which has following specifications:

Range: 00.0 V 10 39.9 V., varable in steps of 0.1 V.

Accuracy: *0.2% of sctting %5 mV at 23°C x5°C. Warm-up lime is
>60 min.

Oulput resistance: |.5 kf2 £10%.

Short circuit current: less than 6 mA.

Control; HP Model 16023A DC Bias Controller (available exira) or
HP Model 9810/9820A Calculator when Option 003 is installed.
Contro) Inpul connector: HP P/N 1251-0143, 14-pin receptacle.
(Amphenol 57-30140).

Mating conneclor: HP Part No. 1251-0142. (Amphenol 57-30140).
External source: +200 V maximum Lo BNC connector (ext inpul) on
rear panel. Max bias current 20 mA. Input resistance 10.5 k{2 £10%.
Monltor outpul: bias vollage monitoring BNC conneclor monitor on
rear pancl. Oulput resistance 4800 £10% to H CUR terminal.

General
Measuring speed
Fixed range: 100 ms 10 250 ms in C-G and L-R mcasurements, 160
ms to 400 ms in C-D and L-D nteasurements.
Autorange: 100 ms/range step added to above values.
Power: 00 V, 120 V, 220 V, 240 V +10%,. 48-66 Hz, 80 VA.
Dimenslons: 88.1 mm high X 425.5 mm wide X 496.9 mm deep
(3" X 16%" X 199%,%).
WoelghL: 10 kg (22 Ib).

Accessories avaliable:

16021 A Calibration Connector.

16023A DC Bias Voliage Controller, used with Oplion
001.

16032A Tesl Leads with BNC connectors.

16023A Test Leads with miniature coaxiul connectors.
16038A Test Fixture.

16039A Test Fixture for *'D™ offscl.

OpUons avallable:

Option 001 DC Bias supply. 0.0 V10 19.9 V.

Option 002 C/L BCD output. May be used with Option
003 for simultaneous cutpuls +8421 Code.

Opuon 003 G/R/D BCD Outpul. +8421 Code. (See
Option 002).

Oplion 004 Parameter Serial BCD Oufpul. Allows se-
lection of: ), (C or L) Data only; 2. (D or G or L) Data
only; or 3. (C or L) and (D or G or L) Data — 842}
Code.

Option 005 Caleulator Interface, HP 9810A or 9820A or
9830A. Utlizes HP 11202A [/O Card and Cable. Avail-
able exira.

Option 010 | MAHz Digital LCR Meter. Less 16022A
Test Fixture. Specifly 16021A, 16032A, 16033A.

Model number and name: Price
16021 A Calibration Connector $485
16023A DC Bias Controller £410
16032A Test Leads (BNC) 5156
16033A Tes! Leads 3178
16038A Test Fixlure $165
16039A Test Fixture for D™ offset $190
Option 001 DC Bias Supply add $§235
Option 002 C/L BCD output add $125
Oplion 003 G/R/D BCD output add $125
Oplion 004 Paramerter Serial BCD outpul add 8215
Oplion 005 Caleulator [nterface add $370
Option 010 4721 A Less Test Fixwure less 8350
4721A ) MHz Digital LCR Mecter $4760
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COMPONENT TEST

Digital high capacitance meter
Model 4262A

e Wide range—10 nF to 1 F full scale
® Dissipation facior or ohm-farad measurements

FH2A DICTTAL MIGH CAPACITANCE METLR
mEmigil - PFACEANE

16035A 16036A

Description

Hewleti-Packard's Model 4282A Digital High Capacitance Meter
will makc precision mcasurements on high value tantalom or alumi-
num clectrolviic capacitors. Effective applications are found both in
capacitor design and produclion testing — either in incoming or out-
pong inspeclion.

Two types of leads are supplied willh the HP 4282A. Onc is (he stan-
dard four-wire alligator clip style, and the olher, two specially de-
signed clips that maintain the Kelvin four-wise measurement.

Two unique features of 1he HP 4282A are: allermating mode (dis-
plays esther capacilance and dissipation lactor, C-D, or capacitance
and the product of obms and farads. C-02F slernately and the cupa-
bility 16 double as a three-digit DVM.

Bolh digital and analog outpuls arc available for making perma-
nent recordings.

Four measunng frequencies, 50, 60, 100, 120 Hz come with the stan-
dard model. They represent power line frequeacies and their second
harmonics. Most Jurge value capacitors are used as filters in poswer
supplies and arc operated ac these (requencies. if your application re-
quites tests al other frequencies, please refer 1o Models 4260A, 4265B.
43324, 4270A. 4271 A on the adjoining pages.

Specifications
Measuring functions: capacilance, dissipation factor, “ohm-farad

& |nternal bias supply
® Digital and analog outputs for recording

TUsCTIgN

" -y e

16037A

and d¢ vollage. Selcclabte by function switch.
*Ohm-farad: the producl of capacitance and equivalent series resis-
tance of a capacilor.

Function swilch

setting Funclion snd display
C Capacitance measurement,
D Dissipalion taclor measurement.
nf Ohm-farad measuremenl.
()] Capacitance and dissipation faclor
measerements allernatety,
C-If Capacilance and ohm-(arad
measarements allernalely.
v DC hias voltage or exteraal
vollage measuremenls
Nole

AH measurements are conlinuously
repeated as long as Unknown is
connected.




Measuring ranges:

Qver-1
Function Foll-scale display aanglng
c 10.000 oF to 1.0000 F, dour 18%

full digits, 9 ranges in
decade steps, manual selection.

D 1.000 to 10.000, ihree fult 18%
(dissipation (actor) digns. 2 canges, aula selechion.

(capacilance)

0F 1.0000 mF to 10 00 mf \hree 18%
(ohm-farad) ful digifs, 2 ranges, aulo
selechion.
% 10.00 V16 1.000 &V, three {ull 18%
(de voltage) digits. 3 ranges, in decade steps,

maitual suiection (maximum vollage

15 600 V).

Meaasuring circult: series equivalemt circuit using four-terminal
method.
Measuring frequencies: 50 Hz. 60 Hz. 100 Hz and 120 Hz (50 Hz
and 60 Hz synchronized by line lrequency). Aceuracy. % 1.5%.
Measuring vollages

10 nF to 10 mF cenges: <I V mms.

100 mF range: <0.) V rms.

1 F range: <10 mV rms.
Accuracy: {(+23°C £5°C after half bour warm up): (% of reading
+% of full-scalc).

Capacilance:
C Range ‘ of reading % ot hull-scale
10 nF 1.0 + 0.9 - Didg 0.2
100 nf 05+ 05 Drdp 0.1
1 uf 161 mF 04 +05- Droy 0.05
10 mf 1.0 +05 - Dedg 0.0%
100 mF 1.5+ 05 - Drdg 0.5
1F 2.5+ 05 Dide 1.0
Digsipatlon factor:
C Range % of 1eading % of full-scale
10 nf 1.5+ 05 - Ordg 0.2 - Cls/Crdg + 0.3
100 nf to | mF 1.5+ 0.2 « Dtdy 0.2 - Cts/Crdg + 0.3
10 nf 1.5+ 0.2 - Drdg 0.2 - Cis/Crdg 4- 0.5
[00mf,) f 1.5+ 0.2 - Ordg 02 - Cis/Crdg +3
Ohm-tarad:
C Range % of reading % of full-scale
10 af 10 +05- Qfrdg 0.2 - Cis/Crdg + 0.3
100 aF to ) mF 10 +02- DFidg 0.2 - Cls/Cedg + 0.3
10 mf 1.0 + 0.2 - Qfedg 0.2 - Cls/Crdg + 9.5
WO mF, | F 1.0 + 0.2 - Nfedg 02-Cis/Crdp + 3

Drdg: reading of dissipation factor.
NFrdg: reading of ohm-farad.
Crdg; reuding of capacitance.
Cfs: (ull-seule of C range sctting.
DC voltage measuremant sccuracy
10 V range: x(0.05% of reading + 0.1% of full-scalc).
100 V and 1 kV ranges: £(0.2% of reading + 0.1% of full-scale).
Temperature coefficlent: (referred 10 +23°C, and 1cmperature
range of 0°C 10 50°C):

Function Temperalure coetficlent
¢ +0.02% of reading/°C

D. Of £0.03% ol reading/°C
Y +0.01% of reading/“C

Option 001 leakage curreni measurement adds following
capabilities to slandard modsl:
Leakage current measurement: (1)
Range: 1.000 uA 10 10.000 mA, 5 ranges, three full digis.
Overranglng: |R'%.
Accuracy: | uA range: +£(2% of reading +2.0% of [ull-scale). 10
uA 10 10 mA ranges: £(2% of reading +0.3% of {ull-scalc).
Blas vollages: inlernal source: 0 1o 10 V, 0 to 100 V, 2 ranges, con-
tinuously variable over each range. Maximum current is 100 mA lor
10 V range and 60 mA (for I minule) for 100 V range,
External source: usable up 10 600 V di across ext bias terminals on
rear panel.
Protectlve reslstor: 1 {2 for 100 V range and fos external bias, 1§
for 10 V range.

General

DC bias voitage: 0 to 10 V, continuously adjustable with DC bias
control. Maximum charging current is 100 mA.

Balancing time: normally one scoond (when measuring on C ranges
of 10 nF through 10 mF, capacilance value near full-scale, dissipation
faclor less than one and withoul dc bias).

Reading rate: conlinuously variable from 0.3 seconds to 2 scconds
with rate control.

Resel: initiales one reading by depressing reset int pushbulton or
conlacl ¢losure (6 ground or TTL low level at resct ext line. Mating
plug for reset text jack: HP parl No. 1251-091(8.

Dighal oulput: output signals: BCD + 1-2-4-8, data paralle), deci-
mal point. function and unit, overlozd and unbalance, and polarity,
Level:

State Level Characleristics
Low 0.3V 03V Mayx sink current 15 mA
High 3evaisy Max load current 300 wA

Print command oulput: negative going TTL pulse of approx. | ms.
Printer hold Inpul: TTL low level or contact closure Lo ground.
Connecfor: muting, HP P/N 1251-0084; Amphenol 57-20360-375
(36-pin blue ribbon).

Remote programming: programmable functions, C-range. |, runge
{optior 001) and reset by TTL low level or contact closure Lo ground.

Conneclor: mating, HP P/N 1251-0084; Amphenol 37-30360-375
(36-pin blue ribbon).

Anglog output: DC output of | V full-scate in proportion 10 dis-
played value.

Accuracy: add +£0.5% of scading (0 accuraly specification.
Operaling environment: 0°C 10 +50°C, <90% RH.

Power requirements: 100 V, 120V, 220 V or 240 V £10%, 50 Hz or
60 Hz, approx. 70 VA,

Dimenslons: 425 mm wide X 88 mm high X 467 mm deep (16%~ X
34" X 184%).

Welght: net, 8.8 kg (4 Ib). Shipping. 12.9 kg (5.86 Ib).
Accessories furnished

160354 test leads: four alligator clips.

16036A test leads: wo alligator-jaw clips. Power cord: 230 cm (7'
), HP Part No. 8120-1378,

Rack mount kit: HP Part No. 5060-8739.

Accessories available Price
16037A Teal Fixiure 2195
16037A Test Fixture, Option: 001 (vertical Icad devices) $19s
Opllons

Option 908: Rack Flange Kit add $10

Meodel number and name
4282A with option 001 (leakage current) 83790
4282A Digital High Capacitance Mcter $3500
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COMPONENT TEST

Capacitance bridge
Modal 4270A

® Fully automatic
e 1 kHz to 1 MHz
s Measure from 18.000 pF to 1.2000 uF Full Scale

Description

A vrique instrumeni from Hewlew-Packard, the 4270A Automatic
Capacitance Bridge provides a wide variely ol high speed measure-
ments of both aclive and puassive ¢capacity values. Five-digit readout of
capacilance from full-scale ranges of 18.000 pF (o 1.2000 pF is com-
plemented by .001 pF resolution and measurement speed of 0.3
seconds. In addition, a second m-line 4-digit Nixie® display of capac-
itor lass is given simultancously in terms of paralle) canductance (G)
or dissipation factor (D). In the laboratory, HP's 4270A will be ex-
tremely usefu) for examination of semiconducior junction capacities,
input capacitances of amplificrs and other active devices, as well as an-
alysis of stray capacily valucs, cables and simples capacitors. DC bias-
ing, four frequencies from | kHz 1o | MHz and o fully guarded mea-
surement will add to laboratory flexibilily.

Specifications

Measuring circult

Float: guarded wrminals of unknown are floated from ground. L-
ground: one side of known terminals is grounded. guard is retained.
Parameters measured: capacilance, cquivalent paraliel conduc-
tance and dissipation factor.

Measuring frequency: | kHz, 10 kHz, 100 kHz and | MHz 21%.

Range modes

Auto: range selection and balance performed automatically.

Hold: range is held on fixed position, balance begins with most signi-
ficant digit. Range determined by previous auto or track range se-
Jecied or by manually stepping range step.

Track: range held on fixed position, balance begins wilh last digit.
Balancing time: (ypically 0.5 s.

Measuring rate: mcasurement cycle equals balancc time plus display
time. Balance lime typically 0.5 s; display times selected by meas rate
are 70 ms, 2 secs, § secs, aod munual.

Tes! voltage across URKnawn

Normal: 1 V rms constant in pF or nF at | kHz, 0.1 V rms ¢onstant,
in uF at 1 kHz. 0.5 V rms constant al 10 kHz, 100 kxHz and ) MHz.
Low: Y5 of normal.

Repeatabllity: +2 digils at normal teal voliage, £ 10 digits at low test
vollage.

DC blas: [nternal or external to £200 V., in hold and track mode.

Internal blas at loet measurement

Voltage: 01to 20 V dc: 0to 200 V dc; coplinuously variadle on front
panel, monitored on rear pancl.

Diel acouracy: 5% of full scale,

8Source resistance: 100 k(.

Polarity: low vnknown terminal (=), high unknown terminal (+) in
Noat position of meas ¢kt control.

Remote: programmable by resistor with 250 1)V rate at 20 V range,
25 Q/V rate a1 200 V range.

Remota accuracys +2% of (ull scale.

Internal blas at L-ground: an additional conneclion using 3 block-
ing capacitor and a coaxia) cable is necessary for inlcenal souree.

AVAILABLE FULL SCALE RANGES:

Gapacilance Dissipalion
Tolr | 10k | 100%rz | 1WAz | onductance | or
180.00 pF [18.000 pF 89990 U
T800 B p¥™ [180.00 o7 | 18,000 pF 3998,

18.000 ab [1800.0 pF | 180.00 pt | 18.000 pt
[ T80.00 nT_|18.000 nf | 1800.0 pf | 150.00 pf LR
1.7000 »F [180.00 nf | [8.000 nf [TZ200.0pF | £98m U
NOTE: heavy line encloses available tull-scale ranges in L-GROUND full dispiay of D/G it odtained &t TRACK

MODE, and is limited by AUTO RESET of 1.5 sec at AUTD/HOLD MODE
=Accuracy a1 L-GROUND is not wpecified on this range

Basic accuracy

RIS 8899

Frequency 1kHz & 10 kHx 100 xH: 1 MH2
D<0) | £0.1% X1 digil | £0.3% 1) dight | £1% ) digil
£0.01 of £0.01 pf +0.01 pf
C |Basic Accurady | £0.2% 1 digit | £0.5% 1 dig | £2% &) digil
0.1 <D<0.899 | £0.01 pF +0.01 pf +0.01 pf
G | Basic Acceracy | £1% £ 10 digits +31% +10 digits
D |Basic Accyracy | 1% {10 + Cs/Cx) digits | £3% (10 + Cs/Cx) digtts

Outputs: 4 line BCD.

Inputs
Trigger hold off level: level must be bevween 10 V and 15 V.
Remole programming: eight froni-panel functions can be remotely
controlled by external contact closvre to ground with impedance less
than 40011. Programmable unctions are reset, frequency, range mode.
test vollage. loss meas, range step, de bias, bias vemier.
Operating temperature: 0°C to 50°C.
Power requiremente: 115 or 230 V ac £10%, 50 (0 60 Hz (approxi-
mately 110 W).
Waight: net, 15.5 kg (34 lb). Shipping. 21.6 kg (48 Ib).
[nterface kits 1615QA Control Card and 16]15)A Data Card are avail-
able for interface with Hewlett-Packard computers, Each kit includes
mating cable, BCS HP 4270A driver and diagnostic tape.
Accassories avsliable:
Accessories for HP's 4270A Automatic Capacilance Bridge

The following adapters convert BNC Connectors on HP's 4270A (o
allow dircct insertion of components. 1601 1A converts from BNC lo
binding posts. 16012A converls from BNC to lesl axial lead devices. It
has a centrally locared guard plane to reduce errors due to stray ca-
pacitance. 16013A converts from BNC Lo Lest vertical lead deviess, It
has a guard plane similar to 16012A. [ 1143A converts from BNC (o
clip teads. 447 averal! length with 1hisd lead to preserve guard termi-
nal.

Optlons and accessorles Price
16011 A BNC Connector 538
16012A BNC Conneclor S68
16013A BNC Conneclor 68
11143A BNC Cable 837

4270A Automatic Capacitance Bridge $6625
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4350A

Description

Hewlett-Packard Modcls 4350A /B High Capacitnnce Melers mea-
sure high capacitances rom 0.02 uF (o 300 mF and simulianeously
mecasure dissipation factor. Leakage current ¢in be measured with the
4350A. HP's 4350A /B provides unalog outputs proportional to meter
deflection. Combining the 4350A /B with the 40S0A Analog Compar-
alor increases speed in sorling applications.

4350A/B Specifications

Capacitance measurement
Capacitance
Range: | pF to 300 mF full scale in 12 ranges.

Accuracy (% of tull scafe):

Capacitance Range Full Scale
Tan b range 1 u4f lo 100 mF 300 mf
Oto) +3% +4%
Yla5 +4% +5%
Tan &

Range: 0.5 or 5 full scale in 2 ranges.
Absolule accuracy:
0.5 full scale: | £0.025

S full scale: +0.06 + (reading)’
20

-0.06 + (readinig)!
75

Internal test signal

Frequency: 120 Hz + 5 Hz.
Internal de bias

Vollage range: 0 (o 6 V dc, continuously adjustable.
Response time (C and fan &) 1ypically ) s.
Tan & uncal: indicates the ceading of tan & is uncalibrated when the
deflection of capacitance meler is below 10% or above 130% of full
scale.

Leakage current measurement (4350A only)
Current
Range: | uA 1o 10 mA full scalc in 9 ranges.
Accuracy: +3% of lull scale.
DC blas voltage
Internak: up 1o 100 V d¢ in 2 ranges.
External: 600 V dc max.

COMPONENT TEST

High capacitance meters
Models 4350A/B

Warning lamp: indicales "dunger™ when de vollage across an un-
known is higher than 1.5 V dc.

Analog outputs
Capacitance
1V dc all ranges: for use wilh analog comparator.
1 V dc or 0.8 V de full seale: for use with DVM,
Overrange: 25% of (ull scale.

Accuracy:
Capacitance Range Full Scale
Tan & 1 4F to 100 mF 300 mf
Olo! +(1.5% of reading +3% of full scale
+0.5% of full scale)
1103 £(1.5% of reading +£4% of full scale
+1.5% of full scale)

Loss angle (4):

Tan § vs. analog oulput voltage: 0.1 V/degree.

o

Tan d s Outpul Voltage
00605 0°1026.6° (0to266Yde) +0.13Vdc
05105 26.6° 10 78.7° (2.66107.87 Vde) £03Vdc

Resldual nolge; 40 mV p-p max.

General

Temperature range: 0°C 1o 50°C.

Power: 115V or 230 V £10%, 48 Hz (o0 440 Hz, 38.5 VA max.
Dimenslons: 198 mm wide X 166 mm high X 305 mm decp (77%;" X
6”/31' X IZ").

Welght: net. 4.8 kg (11 Ib). Shipping, 6.8 kg (15 Ib).

Accessorles lurnished: 16035A Test Cable with four alligator clips:
16036 A Test Cable with two alligator clips.

16038A Test cable (furnished)
Description

Hewletl-Packard Model 4050A Analog Comparalor compares un-
known vollage to presel high and low limits. Contacl closures with
corresponding high-go-low lights will operale external devices. HP's
4050A increases speed al which the 43504 /B Hi-C Meter or 4332A
LCR Meter will operale in sorting applications.

Model number and name Price
4350A High Capacitance Meter $1340
4350B High Capacitance Meter 51255
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ﬂ COMPONENT TEST

Q Meter

Model 4342A

® Frequency range. 22 kHz 10 70 MHz
¢ O range: 5 lo 1000

Description

The direct-reading expanded scate of the 4342A permils measuare-
ment of Q from 5 10 1000 and readings of very smal! changes 1n Q re-
sulting lrom variation in test parameters. The 4342A is solid state with
the elimination of specially maiched, fragile thermocouple compo-
nents.

The 4342A will measure dissipation fuctor and dielectric constan( off
insulating materials. The Q meter can measure coefficient of coup-
Jing, mutvat inductance, and frequency response of transformers. RF
resistance, reactance. and Q of resistors and capacitors can also be de-
termined.

Push button operation of frequency range and Q/AQ range selec-
tion provides straightforward measurement. Automatic indication of
meler scales, (requency dials and frequency multipliers are featured.
adding (o simplicity and reading speed.

Specifications

BF characteristics

RF range: 22 kHz to 70 MH2 in 7 bands: 22 to 70 kHz, 70 10 220
kHz, 220 (o 700 kHz, 700 (0 2200 kHz 2.2 10 7 MHz, 710 22 MHz, 22
lo 70 MHz.

4342A Option 001: 10 kHz10 32 MHz in 7 bands: 10 10 32 kHz, 32
1o Y00 kHz 100 to 320 kHz 320 (0 1000 kHz, | to 3.2 MHz, 3.2t0 10
MHz, 10w X} MYz

RF accuracy: x1.5% (rom 22 kHz 10 22 MHz; 3:2% lrom 22 MHz 10
70 MHz, £1% at "L" point on frequency dial.

4342A Opilon 001: +1.5% from 10 kHz 0 10 MHz; £2% from 10
MHz 10 32 MHz; £1% at "*L" point on frequency gdial.

RF Increments: approximately % resolution

Q measurement characteristics

Q range: 5 1o 1000 in 9 ranges: § to 30, 20 10 100, 50 ro 300, 200 10
1000.

Q aceuracy: % of indicated value: (al 25°C).

4342A & 43424 Opt. 001 13024

0 Frea. 22 kHz — 30 MHz 30 MRx — 70 MHz
5 — 300 +7 £10
300 — 600 £10 215
600 — 1000 +15 320

Q increments: upper scale: 1 from 20 Lo 100: lower scale. 0.5 from §
1o 30.

AQ range: 010 (00 in 4 ranges: 0o 3, 010 10, 0to 30, 0 to 100.
AQ eccuracy: +10% of full scale.

AQ Incrementa: upper scale: 0.1 f[rom 0 10 10: lower scale: 0.05 from
0w 3.

Inductance measurement characteristics
L range: 0.09 oH 10 1.2 H, direct reading at 7 specific fiequencies.
L accuracy: +3% after substitution of residuals (upprox. 10 nH).

Resonating capacitor characteristics

Capacitos range: main dial: 2510470 pF: vernier dial ~510 +5 pF.
Capacllor accuracy: main dial: £1% or | pF, whichcver is greater;
vernier dial £0.) pF.

Capacitor Incremants: main dial: | pF from 1510 30 pF; 2 pF Irom
30 to 200 pF, 5 pF from 200 10 470 pF; vernier dial- 0.1 pF.

General
Rear panel oulputs
Frequency monltor: 170 mV rms min. into 5012.
Q analog oulput: 0o | V 50 mV dc after 15 minutes warmup.,
proportional to meter deflection. Oulpul impedance approximalely
1 kil
Over limit slgnal eutputt contact closure at the rear panel. Relay
conlact capacity 0.5 A/15 VA,
Over Iimit display time: scleclable, I s or continuously on, after
limit cxeceded.
Temperalure rgnge: 0°C 1o 50°C.
Powear: 115 or 230 V +10%, 48440 Hz, 27.5 VA max.
Dimensions: 425 mm wide X 138 mm high X 414 mm deep {16%" X
S'ha” X 16%6").
Welght: net, 14 kg (3( [b). Shippmg. 18.45 kg (4) Ib).
Accessories avallable:
HP 16014A: Series Loss Test Adaptor is designed for measvring low
impedance components, low-villue inductors and resistors. and also
high-value capacitors. Using the adaplor adds convenjence in con-
necling componenits in series with the test circuil of the 43424 Q
Meter. This adaptor consists of a teflon printed-circuit base on which
are mounted binding posts, to accepl the Referenee Induciors. and 2
pair of low-induclance series lerminals for the unknown.
HP 16462A: Auxiliary Capacitor is designed Lo extend the Q and L
measurement capability of the 4342A Q Meter. 1t is especially useful
for measuring small inductors at low [requencies
HP 16470A refecence inductors: A range of 20 inductors, any of
which can be supplied separately, is available for use with 1be 4342A Q
Meter for measuring the RF charactleristics of capacilors, resistors,
and insulating materials. These induclors have three terminals. Onc
terminal is connected 1o Lbe case to siabilize measurements.

todel number and name Price
Option 001 Frequency Range add $163
16014A ., Series Loss Test Adaptor 555
16462A . Auxiliary Capacitor $265
16470A. Reference Inductors, for a set ol 20 op S37

each 5790

4342A. Q Mcter $2275
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44408 Description

The Hewlett-Packard 4440B Decade Capacilor is a kigh accurucy
instrumeni providing usable capacitances (rom 40 pF to | 2 uF. Iis
0.25% accuracy makes it an ideal aid Tor circuit design or as a working
standard.

Use of silvered-mica capacitors in four decadus of 100 pF provides
higher accuracy, low dissipation factors and good lemperature cocfli-
cienl. An air capacitor veriier provides 100 pF (from 40 pF to 140 pl¥)
with resolution of § pF. Capacitors are housed in a double <hield in
such a way that increased capacitance from 1wo terminals to three ter-
minals is held to § pF.

4440B Specifcations
Gapacitance: 40 pF to 1.2 uF sn sieps of 100 p¥ with a 40 pF 10 140
pF variable air capacitor providing continaous adjustment Lo better
than 2 pF between steps.
Direct reading accuracy: +(0.25% + 3 pF) at | kHz for three-ter-
minal connectioq.
Resonant frequency: Lypical vilues of the resonant frequency are
450 kHz at 1 uF. 4 MHz a1 0.0] ¢F and 40 MHz wt 100 pF.
Digsipation tactor: for C >1040 pf, 0.005 at | kHz.

for C <1040 pf, 0.00) a1 1 kHz.
Temperalura coeflicient: +70 ppm/°C.
Insulatlon reslstance: 5 Gl minimum, afier 3 minutes a1 500 V de.
Maximum voltage: 500 V peak
Woelight: nel, 2.5 kg (5Y Ib); shipping 3.6 kg (8 Ib).
Dimenslons: 264 mm wide X 152 mm deep X 76 mm high (11* X 6*
X 3.

COMPONENT TEST

Decade capacitors and attenuators
Models 44408, 4436A, 44374, 350D

4436A/4437A Description

The Hewlett-Packard Models 4436A /4437A Altenuators provide
accurale steps of attenuation with 8.1 dB resolntion for power-level
measurements, communication system tests, and gain or Joss mes-
surements on filters and amplifiers, and similar equipment.

4436A Specifications

Maxlmum aitenuatlon: 1199 ¢B.

Attenuation increments: 0.) dB.

Inpul/output impedance: 6002, balanced.

Frequency range: dc io 1.5 MHz (0 1o (10 ¢B) dc o i1 MHz (0 1o
119.9 dB).

Accuracy
Mlenvalion 100 kHz 1 MH; 1.5 MHr°
0~ 6048 +0.1 48 +024d8 +0.24dB
60 ~ 90 68 +0.1 4B +0 348 +0.3 dB
90 ~ 110 dB +024B +0.5d8 +0.5dB
110 ~ 1199¢8 +0.3d8 +01d8
"Typieal value

Maximum Input power: +30 dBm.

DC Isolatlon: signal ground may be £300 V dc from cxiernal chas-
sis.

Dimensions: 198 mm wide X 77 mm high X 167 mm decp (7% X 3*
X 63/|(").

Walght: net. 1.5 kg (3.3 Ib). Shipping. 2.7 kg (6 I5).

4437A Specifications

The Moedel 4437A is a 600 ochms unbalanced type, and its specilica-
tions are identical ta the 4436A.
350D Description

Two attenuator sections make up the Hewlett-Packard 350D At-
tenuator. One section is a 100 dB atienuator, adjustable in 10 dB steps.
The other is a 10 dB atlenuator, adjustgble in J dB sieps.

350D Specifications

Attenuation: 0 to 110 dB, | dB and 10 dB sieps.

Powaer capaclty: 6000 unbalanced: 5 W (55 V dc or rms) max, con-
tinuous duly.

DC laolation: signal ground miy be £500 V de lrom chassis.

Accuracy
10 dB section:

048 10 dB
de o 100 kHz < £0.125 9B/step
106 kHz2 to | MHK2 < £0.25 dB/step
100 dB section:
0de 70d8 100 dB
delo 100 kN2 <+0.250¢8B < 0.5 dB/step
100 kHz to 1 MHz <x054d8 <+0.75 dB/step

Dimenslons: standard Hewleti-Packard 'y module 130 mm wide X
159 mm high X 203 mm deep (5%" X 64" X 8%).
Welghl: nct, 1.5 kg (4 Ib). Shipping. 2.7 kg (6 Ib).

Model number and name Price
4440B Decade Capacitor $530
4436A Atlenuator §815
4437A Auenvalor 3530

150D Attenuator £202

e
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COMPONENT TEST

Vector impedance meters
Models 48004, 48154

Model 4800A

HP's 4B00A measuses the veclor impedance of components,
complex networks, and other (wo-terminal devices. Besides measur-
ing vector impadance, the 4500A measures component values, At fre-
quencies that are decade muttiples of 4w, as marked on the (requency
dial. L and 1/C are read directly if the phase is approximately £90°,
respeclively. R 1 equal to the impedance magnitude at frequencies
wherc the phase is approximately 0°. The vector impedance meler also
viclds Q and inductor values by using either fo/Af, Rp/wL or the
wL/Rs technique.

The unit is equipped with analog ouipuls for three paramcters: im-
pedance magnitude, impedance phase, and frequency. The rear panel
provision lor an external oscillator sapul makes possible swept fre-
quency characterization of “unknown”. The impedance meter cun be
swepl over uny decade sange of [requency and impedance within the
range ol the insttument,

Specifications

Freguency characteristics

Range: S Hz 15 500 kHzin five bands: 5 to 0 H2, 50 to S00 Hz, 0.5 10
S kHz, 510 50 kHz. 50 10 500 kHz.

Accuracy: +2%. 50 Hz to 500 kHz +4%, S 1o 50 Hz; 2 1% at 15.92
on (tequency diat from 159.2 Hz to 159.2 kHz: %2% a( 15.92 Hz,
impedance measurement characteristics: } ohm 10 10 megohms
in seven decade ranges from X1 to X10M. Accuracy is 5% of read-
ing.

Phase angle measurement characteristles: 0° 10 :90° in 5° in-
ceements. Accuracy is +6°.

Direct capacilance measureament capabllities: 0.1 pl 10 10,000
uF dircct reading at decade multiples of 15.92 Hz. Accuracy is £7% of
reading for D less than 0.1 3t 159.2 Hz o (592 kHz, 8% of reading
for D less than 0.1 at 1592 Hz.

Dlrect Inductance measurement capabilities: 1 uH 16 100,000 H
direct reading at decade multiples of 15.92 Hz. Accuracy is +7% of
reading for Q greater than 10 from 159.2 Hz 10 159.2 kHz: +8% of
reading {or Q greater than 10 at 1592 Hz.

Measuring terminal characleristice: both termjnats above ground,
ground terminals provided for shiclding convenience: binding posis
spaced %" at centers.

Waveshape: sinusoidal.

Externat osclllator requirements: 0.9 V +20% into 20 kQ.

Hecorder oulputs

Frequency: level: 010 | V nom.; souree impedance: 0 to | k2 nom.;
proportional to frequency dial rotation,

Impadance: lcvel: O Lo | V nom.: source impedance: | k2 nom.
Phase angle: level; 0-%0.9 V nom.: soucce impedance: | k@ nom.
Accessories furnished: 13525A Calibration Resistor, 00610A Ter-
minal Shield, Veclor Impedance Caleulator.

Dimensiona: 426 mm W X 133 mm H X 467 mm D (06%° X 5% X
184",

Welght: net, 10.8 kg (24 1b): shipping. 13.5 kg (30 Ib).

Power: 115 or 230 V £10%, 48 10 440 Hz, 29.7 VA.

e

e . '

Model 4815A

The RF Veclor Impedance Meler offers these significant advan-
lages:
® Dirccl reading of impedance and phase
@& Convenient probe for in-circuit measurements
® Sclf calibratton ¢heck provides measurement confidence
& Analog outpuls for data recording
® Low-level 1est signal minimizes circuit disturbance

The HP 4815A RF Vector Impedance Meter provides all of the con-
venience of *'probe and read” measurements, 1n use, 1the probe is con-
nected directly into the circuit to be evaluated. frequency is sclected,
and complex 1mpedance is read. This type measurement allows a
straightforward adaptation 10 various jigs and fixtures for special
measurements. Where only eamponcnl values arc (6 be determined, a
quick-mouni adapler is provided to allow rapid measurements. For
critical component appliculions, the unit 10 be cvaluated may be
mounted directly in its working circait and jts valee delermined in its
actual environment, al the Irequency of interesl.
Specifications
Frequency
Range: 500 kHz to 108 MHz n five bands: 500 kHz 1o 1.5 MHz, 1.5
10 4.5 MHz. 4.5 10 14 MHz. 14 (0 35 MHz, 35 10 108 MHz.
Accuracy: +2% of reading: £ 1% of reading at 1.592 and 15.92 MHz.
RF monitor output: 150 mV minimum into 30 ohms.
fmpedance magnitude measurement
Range: | ohm 10 100 kQ; full-scale ranges: 10. 30, 100, 300, 1 K, 3 K.
10 K. 30 K, 100 kf2.
Accuracy: +4% of (ull scale £ ({/30 Mz + Z/25 k(Y% of rcading,
where ' = frequency in MHz and Z is in ohms.
Calibralton: linear meler scale with increments 2% of full scale.

Phase angle measurement

Range: O to 360° in 1wo ranges: 0 =50°, 180° £9G°.

Accuracy: (3 + (/30 MHz + Z/50 ki) degrees where { = frequen-
¢y In MHz and Z is in ohms.

Callbration: increments of 2°.

AdJustments: screwdriver adj. for Magnilude and Phase Zero.
HAecorder outpuls

Frequency: (010} V from 0 1o | kQ source, proportional Lo selling.
impedance magnilude: 0 1o | voll from | kT source.

Phase angle: 0 £0.9 volt from | k{2 source,

Dimensglone: 426 mm W, 185 mm H, 476 mm D (18%" X 7%4* X
18:%).

Walght: 17.6 kg (ne1 39 Ib), shipping 24.8 kg (55 Ib).

Power: 10510 125 V or 210 1o 250 V, 50 10 400 Hz, 50 W.
Accessories furnigshed:

00600A Probe Accessory Kit: conlains BNC Type "N adapter.
Probe Sockel, 00601 A Compencent Mounting Adapler, 2 probe cen-
ler pins, probe ground assembly.

Options Price
908: Rack Flange Kit add $10
Model number and name

4815A RF vestor impedance meter $3200
4800A Veclor impedance meler $2000



¢ Self-contained RF bridge
e Adjustable RF level
e 500 kHz to 250 MHz

Description

The 2508 RX Meler measures two-lerminal RF impedance in terms
of equivalent parallel resistance and capacitance. The self-contained
instrument includes a continuously tuned oscillator, high-frequency
bridge. amplifier-detecior, and null indicating meter. Connections
may be conveniently made to the bridge terminals which are arranged
for almosl zcro lead length. Easily adjusied bridge balance controls
are provided, and measurements may be made conlinuously from .5 Lo
250 MHz. A front pancl control permits adjustment of the RF excita-
tion signal {o as low as 20 mV for low level applications. Depression of
a momenlary switch on the [ront panel allows the operator to read rel-
alive signal level on the null meter. A connector on the rear panel pro-
vides an |F oulput which may be connected Lo a sensitive vollmeter
(3406A) for improved resolulion when nulling during reduced signal
level operation.

Specifications

RF charscteristics

RF range: 500 xHz to 250 MHz in eight bands: 0.510) MHz, 1102
MHz, 2104 MHz, 410 9 MHz 910 21 MHz, 21 1048 MHz, 48 (0 110
MHz. 110 o 250 MHz.

RF accurscy: x2%.

RF callbration: increments of approx. 1%.

Resistance measuremeant characteristics
Reslstance range: 135 to 100,000 chms.
Resistance eccuracy:

F R
:EI:Z + m+ m + %]% +0.2 ohm
F = frequency in MHz, R =RX Mecler Rp reading in ohms,
Q = «CR X 10-13, where C = RX Meter Cp resding in pF.
Reslslance calibralion: incremenis of approx. 3% throughout most
of range.

Capacitance measurement characteristics
Capacitance range: 0 to 20 pF (may bec extended through use of
avxiliary coils).

%GR e METLE

COMPONENT TEST

RX meter
Model 2508

Capacltance accuracy: £(0.5+05FC X 1079 % x0.15pF, F =
frequency in MHz, € = RX Meler C reading in pF.
Capacltor calibration: 0.1 pF increments.

Inductance measurement characteristica

Inductance range: 0.001 gH 1o (00 mH (actual range depends on
frequency: auxiliary resisiors employed).

Inductance accuracy: basic accuracy is capacilance accursey given
above.

Measurement voltage level

RF: 0.05 to 0.75 V approx.. depending an frequency. with set rf (evel
control in normal position; adjustable 1o beiow 20 mV when set rf level
swilch is depressed.

DC: OV (External dc up to 50 mA may be passed through RX Meler
terminals).

Dimensiona: 509 mm wide, 263 mm high, 343 mm deep (20%," X
10%" X 134").

Welght: nct. 18 kg (40 1b). Shipping, 22.5 kg (50 Ib).

Power: 105 (o 125 volis or 210 to 250 volts, S0 to 400 Hz, 68 VA,
Accessories available: 00515A Coax Adapter Kit.

The 00515A Coax Adupler Kit permils connection of any coax
transgission line or fixture, (illed with a type *'N*" malc connector, to
the RX Meter bridge eireuit. The kit also includces the 003 16A, 50-0hm
termination.

Adapter

Connector: (ype “'N* female.

Charactorlatle impedance: 350 ghms.

Terminntion: (00516A)

Connector: type "N™ male.

Charsgcteristic Impedance: 50 ohms.

DC resistance: 50 ohms, +1%.

Maximum parallel capacilance: +0.2 pF. (movnted on adapter).
YSWR: less than 1:10 up to 800 MHz,

Power: !, wall maximum.

Model number and name Price
250B RX Meter £3300
00515A Coax Adapter Kit $95
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DIGITAL CIRCUIT TESTERS & ANALYZERS

The IC troubleshooters

fntroduciion

The increasing use of digital circuits in new
products has created a concursent need for
new cquipmem to pinpoint and Iroubleshoot
defects. Because more and more of these new
products manjpulate data, they operate in the
data domain, rather than the time or {re-
quency domains that ase characteristic of
analog circwitry. Insiruments that analyze
circuits in the tme and (requency domains
simply cannol cope with digital data
manipulations.

Data-domain instruments—gencrally clas-
sificd as Logie Stare Analyzers—are useful
for monitoring bits, words, addresses, and in-
structions us a function of time or seguence
rather than voltage as a funclion of lime or
frequency. Whether the instrument is moni-
woring 32 or 16 bit words or a single node, as
with a logic probe, the signal display is in bi-
nary form—either }'s or 0°'s on i cathode-ray
lube or the on and ofT states of a lamp, Anal-
ysis of circuil aperation is dircct becausc you
se¢ logic stales and word flow al a glance.
without interpretation of wavelorms,

Electrical vs. functional analysis

Eleetrical and functional analysis are not
separable but cach is used (o complement the
other. For example, only when word flow iy
incorrect ns detersmined with a functional dis-
play need a lechnician be congerned with the
voltage conditions that created the waords.
Even when word-Mow errors require eleciri-
cal analysis, the number of signal nodes in the
vicinity of the error complicates the use of os-
cilloscopes. Thus, it is helplul 1o define scope
funciions of probing, triggering. and display
in terms of words versus event or sequence, or
wards versus time rather than in volts versus
nme,

Electrical analysis

The traditional analog picture of absolute
voltage versus sweep time allows careful anal-
ysis of clectrical parameters. This is trus
because the important information — ampli-
tude versus lime — is the information that the
waveform carnes. This method can help de-

cipher noise, ringing. spik¢s. constani de lev-
cls, voliuge swings, and so forth. Further, 1iis
the analysis demain in which typical users arc
most expericnced and have the most confi-
dence,

Functional analysis

Digital information is oflen nonrepetitive,
Extremely long (and last) data seyuences are
comimon. Also, parameters which are signifi-
cant for analog analysis are less imporlant in
a digital measurement. ¢.g. amplitude is 03k~
ally important only in that voliage must be
above or below threshold vulues (logic
HIGR, orlogic LOW). Also lime 1s often not
important in an absolule sense, bul becomes
critical when related (o the cloek rate of a sys-
tem in operation. Thus a funclional mea-
surement consists of an observation of digi-
tal information (logic HIGH or LOW) ver-
sus system Uime (CLOCK),

We can use this definitton of functonal
measurement 1o construct a hierarchy of logic
stale troubleshooling levels. Each level sup-
plies only the informalion necessary for that
level of digilal roubleshooting

Logic analyzers

To effectively 1roubleshoot digital circwits
the logic stalc anslyzer must meet several
busic requiremenis:

). Data must be rcad and presented in binary
form for easy reading with no interpretation.
2. There should be enough inputs so that the
entire data word can be monitored al once.
3, A urigger point is required that is related 10
a unigue data woed within a sequence.

4. Digital delay is needed to position the dis-
play window Lo the desired point in tlime {rom
the relcrence (trigger word).

5. Digital storage is needed to relain singlc-
shol events along with negative time (data
leading up to a desired Lrigger point).

Digital signals are almost invariably mu)-
tline und are difficull 10 interpret from a
volts vs. time display when you are only in-
1erested in logic state vs. system lime. The H P
1600A. 1607A. and 160} L solve this prodblem
by displaying digital words 22, 16, ur 12 bus
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flgura 1. Digital troubleshooting is tast and
atticlent using the HP tamily of lrouble-
shooting tools. Each instrument provides a
tunctional indication of logic siate activity,
whether the problem Is at the syslem ievel
or isolated o an individual (C.

wide versus system clock in a table display
which is very easy 1o use when examining
functional rclationships, The 32 bit wide
word is achieved using a 1600A and 1607A in
parallel or these may be used in a dual clock
mode for monitoring data across 1/0 ports,
for instance.

The table disptays are in terms of logic
HIGH’s (ones) and logic LOW's (zecoes) ver-
sus 2 clock signa). Triggering is accom-
plished by using irigger word switches which
allow sclection of a unique trigger point, Fur-
ther, the display may be moved in system
time (rom the \rigger poinl using digital deluy
in either s pusitive or negative direction, Two
additional inputs on the 1600A und 1607A
called quabitwers permit cven morc selectialy
of displayed data.

The 1600A offers a new display called
Mapping which is a display of 2'¢ dots jo-
stead of a (able of I's and 0s. Each dol loca-
tion represents onc possible combination of
the 16 input Bnes so that each input word is
sepresented by a dot. Dols are interconnect-
cd by veclors 50 thal the sequenee of data
(ransactions can be observed. The map modc
is ideal when you are turning-on a digita] sys-
lem because it is a display of data words thal
shows overall machine operation. The upper
left corner of the display represents word
00,00 and thc lower right is FF,FF 1n hexa-
decimal. By knowing where the system
should be in its program, you can quickly de-
termine il the machine js operating properly.
Additionally, the word that is represcoled by
any dot can be deiermined by positioning a
trigger word cursor (circle) over 2 particular
dol with the proper combination of trigger
word swilch scliings.

Negalive digital dclay is possible due (o the
mhereat storage features of logic analyzers
which allow the instrument to display @ num-
ber of events leading up to a selected trigeer
event. The Model 5000A Logic Analyzer. for
example. can display up 10 64 bits (in Serial A
modc). of data 1hat accur before the trigger
point.



Positive delay allows movement of the dis-
play dowastrcam from the trigger. For in-
s1ance, in a disc memary the stact of a sector
may be the only available unique trigger
poinl, yet the dala (o he analyzed may be
thousands of bits downstream from the Irig-
ger, An analyzer with digital delay can posi-
tion the display window precisely at the exact
locauion of (he characler or signal 1o be ex-
amined.

In digital systems very low repetition rate
or single-shol events are encoumtered that re-
quire storage lo permit analysis. For ex-
ample, “gnce per keysiroke™ caleulator se-
quences fall inlo this calepory. Logic Stite
Analyzers conlain sulficienl memory o cap-
lure and store such cvents, thas are highly
useful in single-shol applications,

Digital triggering and delay are necessary
for functional analysis, but are also of great
value when “aiming"' or positioning electri-
cal analysis windows on oscilloscopes. These
capabilities are nceded for both serinl and
parallel data stream analyses, because they
allow a user to "*window™ in on evenis that
oecur as part of very long data sequences.

Triggering
Serial data

In senial data analysis. the problem of dala
paltern recognition can be solved if (he dala
or instruction portions of a serial word are
known. It then becomes possible 10 generate
a unique Irigger fcom a known serial event. If
a patiern set on the Model 1620A Patiern
Analyzer, for example, matches the bils con-
lained in the instruction portion of a sertal
word, 2 trigger is gencrated. Thus, a unique
trigger is defined to gllow analysis of seria)
data streams. Added 1o this is the capability
of digital delay which allows further index-
ing from the user-selected irigger point.

Paralle] data

For parallel data unalysis, it is often neces-
sary to (rigger on the stmultuneous occur-
rence of several events. For example, il one or
more channels of data go high 21 the same
point in time thal the CLOCK signal goes
high, a trigger could be generaled at this
point. Additionally, the selecied trigger
cvents could be cither high or low polarity
signals.

Trigaering need not be clock-related, but
instead can be asynchronous. This allows the
uscr 1o initiale the display sequence on a sig-
nal that might not be present when 1he clock
samples the inputs (0 the anilyrer, Signals
such as spikes. or other rindom events can
therefore be detected or used us (rigger
evenls,

Telgger probes
The FP model 10250 series Trigger Probes
fenture TTL, MOS, und ECL compatibilily, z

4-bit AND gate trigger und selectable bil
levels (HI, LO. OFF)., The circuit-powered
probes provide 4-bit pattern recognition trig-
gering for digital signal anulysis and may be
used for both funclional and electrical analy-
sis.

The HP Model 1230A 1ngger probe offers
8-bit paralle! triggering capability with the
addition of digital delay capability of 9998
clocks and synchronous or asynchronous op-
eration. This provides versalile triggering ca-
pabilitics for oscilloscope windowing 10 digi-
tal problem areas.

The IC troubleshoolers

Once a fault has been isolaled down to a
particular circuit area, a group of hand-held
low-cost instruments are used (0 trouble-
shoot specilic nodes and 1C's. These prod-
ucts are designed to test digital IC's in-cir-
cuil, ang they are extremely valuable in their
ability to isolale logic faults.

Logic comparison

The lime-proven tlechnique of logic com-
parison is used (o locate specific faulty nodes
by testing IC's dynamically within a circuit.
This allows 1C's 1o be tested without remov-
al from boards, or signal sources. Products
such as the Model 10529A Logic Compara-
107 1est the responses of circuit-installed IC's
against known-good 1C's plugged into the
Comparator. This method is not dfiected by
faully signals in the system or by incorrectly
operating feedback loops because the Com-
parator looks for expecied outpuis based on
given inputs to two like devices. The Com-
paralor LED display provides a direcl indi-
cation of which IC pins are operaling incor-
reclly, thus idemtilying 8 bad node.

Nodal analysis

Once a bad circuit node (sce Figure 2) has
been isolated, there is the problem of deter-
mining which [C connecled to the node is
faulty. To help with this, HP manufactures
several logic state stimulus-response, in-cis-
cuit logic testess.

Logic probes

The 10525T Logic Probe detects leveis or
pulses anywhere in a circuit, and displays
them by a band of Jight around the probe lip.
Circuits that are normally low and are then
pulsed high are indicaled by the light tuming
on periodically. Logic highs thal ar¢ pulsed
low arc displayed by having a solidly lit band
thal turns ol momentarity. The probe also
detects crther very fast, or high frequency
pulsc activity, snd “stretches™ them to pro-
vide 4 display at a 10 Hz rale.

While 1he 10525T probe is used (or
TTL/DTL applications, probes lor ECL, C-
MOS, HiINIL, and HTL logic familics are
also available within the 1C iroubleshooler
family.
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Figure 2. A typical IC failure, an open
outpul bond, altows all Inputs normally
driven by that output 10 floal to a “bad"
level. This is usually interpreled as a logic
high by the inputs, thus inputs driven by an
open bond respond as though a static high
signal is apptied.

Logic clip

A mulli-pin logic state indicator, the
Model 10528A Logic Clip indicates the states
of cither 14- or 16-pin DIP packages. Each
pin is displayed by an individual LED, which
allows a user to easily follow input versus
output relationships. When & circuits’ clock
rate is stowed down or slopped. the Clip pro-
vides a very useful in-circuil test of a devices
truth table.

Loglc pulser

The Model 10526T Logic Pulser provides a
unique capability: the ability Lo inject digital
pulses between pates. The Pulser automati-
cally injects the ¢orrect polarity, and the 0.65
ampere, 0.3 microsecond pulse has sufficient
capability 10 drive a low rode high or a high
node low.

Slimulus-response tesling

The Pulser/Probe or Pulser/Clip combi-
nation helps the user (o identify the faulty ¢ir-
cuils causing a system malfunction. The logic
test insiruments mentioned here permit arbi-
trary signal injection and readouts between
gates, Thug, an added capability is provided
the digilal troubleshooter: the ability to stim-
wlatc a circuil and monitar it for an output re-
sponse.

Educalion

The need for education has also grown
siride for siride with the huge growth of IC
usage. Both needs (iroubleshooling and train-
ing) are commonly based, because well
trained logic personnel are by their nature
good 1C troubleshooters. The 5035T Logic
Lab combines these concepis by providing an
HP-guality lcarning cxperience-even (or
those users who already know part of 1he dig-
ital story.

HP also provides additional learning tools
such as Application Notes 163-1, Techniques
of Digital Troubleshooting, and 167 series,
The Logic Anslyzers. These are available
through tocal HP Sales Offices.
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20 MHz, 16 Bit parallel state analyzer
Models 1600A & 1607A

DIGITAL CIRCUIT TESTERS & ANALYZERS
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Start display triggering allows you to page through a system whlle
tollowing an aigorithm to trace dala How or delermine any mal-
functions that may occur.

Introduction

Models 1600A and 1807A Logic State Analyzers offer digital data
measuremenl capabilities in an casy-10 read format that ideatly suits
the Data Domain. Sixteen parallel data inputs in cither analyzer, or 32
parallel bits with (wo analyzers bused together at clock speeds (o 20
MHz furnish (asi [unctional measurcments of digilal datu figw. You
save time in digital design and troubleshooting with the unique mea-
surement thal shows data the same way the components sec il. The
functional display is in word format and is triggercd on data words (o
permit analysis of dala, or s(ate sequences, such gs program address-
es, insiructions, and data.

T
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These Logic Stale Analyzers arc Data Domuain instruments specifi-
cally desipned to debug, test, and troubleshool digital processes by
capluring and displaying program exccution or data ransfer as it oc-
curs in systems operating al elock rates lo 20 MHz. Dala ¢uplurc may
cither be starled or stopped when the incoming data mulches the pat-
tern sct on a 16-bil irigger word switch repister Digilal delay allows
the capluse of dala to be slarled or glopped up 1o 99 999 clock eycles
afler the trigger pattern. Data is displayed as a conventional data 1able
with the first word at 1he top of the sceeen and the last word at the bol-
tom.

Mode) 1600A is u sell-conlained Analyzer with its own display. The
1607A does not have a display, bul provides both analog and digital
outputs. The 1607A analog oulpuls are vsed to convert most oscillo-
scopus with de-coupled X, Y, and Z inputs in(o a logic state analyzer.
The 1607A digital oulpuls asc used to expand the 1600A 10 either a 32-
bit wide machine or dual-clock capability.

Stan display triggering

In the Siart Display mode, the Analyzer triggers on a unique word
cstablished by (he trigger word swilches and displays that trigger word
along with the 1S following words as they are clocked through o« ma-
chine at opoerating speeds up 1o 20 MHz. This mede s valuable Jor
paging through a sysicm while following an algorithm to iruce data
Mow.

End display triggering

The Analyzer's digital memory in this moede caplures events lead-
ing up 10 and including Ihe (rigger word providing a "“regative lime"
display. This negalive lime mode is extremely valuable for trouble-
shooling, since you can trigger on an unallowed state or 4 faull and see
how Lhe machine arrived al the mallunciion ralher than just the re-
sults af the errar. In addition, delay may bc combined with Lthe End
Display trigger to permit caplure of both posilive and negative lime
data. This allows positioning the trigger word s0 you can see events
before and after the trigger word 1o reduce analysis time.

Delay

When the data you wanl 10 see does not immediately follow the de-
sited Irigeer word, dclay can be used 10 posilion the 16 word
“window" un exacl number of clock puises (0 1o 99 999) fcom the Lrig-
ger word. Digital delay is useful for moving the display window past
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The digital memory may be used to capture events (eading up to
and Including the trigger word (digplays negative time). By also
using delay mode, the end dlsplay trigger word may be posi-
tlonad mid screen 1o display both negative and positive time dale.

loops and measuring leagihs of subroutines while maintzining a de-
sired pattern trigger point. A stable display is always maintained be-
cause the delay is determined by the number of clock pulses rather
than an analog tme delay, A “Delay ON-OFF swiich allows quick
reference back to the trigger wozd if it has been moved off-screen by
Ihe delay.

Trigger word off

With the Trigger Word pushbutton in the OFF pasition, the Ana-
lyzer's dixplay is independent of the Trigger Word swilch seltings.
With the Trigger Word Off you ean trigger a display in the Qualifier
Trigger or Trigger Bus modes, or with these modes off the display frec
runs.

The free run mode aids in lroubleshooting by dicplaying active (su-
perimposed ones and zeros) and inactive (either a one or a zero) data
lines. Another use of this mode is delermining in which loop & mu-
chine may be stuck. In this free run application, use the single sample
mode to capture an arbitrary 16 word group. Afler sclecting a trigger
word rom that group. End, Start, or Delay mode can be vsed to page
through the loop 10 determine what is Torcing the machine to remain
in the loop.

Bus Irigger }

The Bus Trigger capability allows the 1600A and 1607A Irigger
words to be bused together to form a 32 bit wide trigger for use in mas-
chines with long words. In this mode. the analyzers can be used in sin-
gle or dual clock modes. In the single clock mode, both analyzer clock
inputs are connected 1o the same clock. Ia the dual clock mode. inde-
pendent clocks can show interaction between two machines at their in-
terface. If the digital interface between the 1600A and 1607A is also
used, the 1600A displays all 32 bits of data.

1800A loglc state analyzer

Model 1600A is capable of displaying 32 channels of information in
standard digital format. That is, Lhe most significant bit on the left and
the least significant bil on the right with the first word at the lop and
each sueceeding word under the previous word. The dala sequence
table is aiso made easier to read with the abilily 10 group the columns
of data into blocks of three for reading in octal code or blocks of four
for reading in hexadécimal or BCD codes.

When used with the [607A, the 1600A can display two independent
lables or one table 32 hits wide for fast analysis of complex machine
operation. When the 1600A is used alone, you can display an active
and a stored Lable of 16 bits euch for comparison. The store “A™ ino
*B" mode (A—=B) duplicates the data in the A memory in the B mem-
ory which then acts as a “save™ register. By storing ihis reference dala,
you can make comparisons between the A and B 1ables for quick trou-
bleshooling.

An exclusive OR (A & B) capability displays the A memory data
and reduces the B memory 10 a display of logic differences on a bit-by-
bil basis between the A and B memaories. This permits fasl, at-a-glance
comparison of complex sequences, even one bil differences are guickly
identified. For casier recognilion, the ones (differences) in the A ® B
leld are intensified.

A Halt when A does not equal B mode (A # B) automatically halts
and stores the data in the A table when the data in the A memory does
not equal the data in the B memory. This frees you fram the tedious
waiting and waiching c¢hore with infeequent or intermittent malfunc-
tions.

Map display

The map display provides an overal} view of machine operation in a
repetitive loop and after familiarization permits identification of ma-
chine aclivily without the need 10 read 1abular listings. This speeds
analysis with a patiern display that 1he eye can easily recognize, In the
map mode, the display is an array of 2!¢ dots where cach dot repre-
sents one possible combination of the 16 bil lines so that every inpul
word is represented by an illuminated dot. The sixleen bil word is di-
vided in hall wilh the cight {east significant bits driving (thru an A 1o
D converter) the horizontal dellection plates and the eight most sig-
nilicant bits driving the vertical deflection plales. The map display pre-
sents three types of information — euch dot represents a specific ad-
dress or state the machine goes to, the relative frequency of occur-
rence of that siate (brighlness), and the line between dots ix a veclor
where the brighter end of the vector is the “"goes (o™ sddress.
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Models 1600A and 1607A (cont.)
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In the exclusive OR mode (AP B), A memory data Is displayed on
tha left while the table on the right displays logic ditferences be-
tween A and B memories. This provides vary fast "at-a-glance”
comparisons.

The map display offers an overall view of machine operation with
each dot representing ona input word. Afler some lamiliarization,
these palterns become easily recognized by the opsratos, offer-
Ing tast overview analysts of a system.

A map cursor, which is positioned with the Lrigger word switches,
shows the Irigger word or address of any desired dot in the map dis-
play. In the map cxpand mode, the cursor identifies the secior of the
map o be expanded 10 fli screen for increased resolution. Rewurn Lo
Lable made is accomplished with the push of a butlen with 1he rigger
word sclecled by the cursor position.

1607 A logic stale analyzer

The 1607A ¢an be systemized with a 1600A o provide a 32 bil wide
logic state analyzer for large machine applications, or a dual 16 bit
analyzer for 1/0 measurements or other dual ¢clock applications, or it
may be used Lo convert an oscilloscope inte a logic state analyzer.
Rear panel X, Y, and Z oulputs will drive aimost all modern displays
or oscilloscopes (nol recommended for storage displays or oscillo-
scopes) with de-couvpled inputs on all three channels. A Z-axis disable
(ON-OFF) swirch climinates the necd to disconnect the Z-axis inpul
cable when conventional scope operalion is desired. Size and posilion
adjustmeants on the 1607A offer sufficicnt range of adjusiment 1o pro-
vide the besi stale display on the CRT display or oscilloscope being
used This reduces the amount of readjusting ol controls nceded 10
switch belween stale iand electrical analysis. All of the functions de-
scribed n the introduction section apply (o the 1607A and ascillo-
scope combination which form a complete Logic State Analyzer test
system fos the digital design engineer.

1600A and 1607A common features

Qualifier inputs

Two additional channels (Qo. Q) increase Nexibility in both trig-
gering and data collection, When used Lo qualily the (rigger word, Lhe
qualifier inputs expand (he trigger word o 18 channels, however 1he
qualifier signals are not displayed.

Seleclive store

In the display {clock) qualification modc, the wo qualifier chan-
nels must be true at 1he time of the clock edge so that the analyzer only
displays “qualified™ dala. This is parlicularly usefnl when moniloring
multi-use buses with time multiplexed addresses, instructions, and
data. With display qualification, only (hc desired jnformation is stored
in memory, ebminating the need 10 display the other data.

Trigger outputs

The trigger ovtpuis exlend troubleshooling cupabilitics in digiral
circuit analysis by windowing oscilloscopes 1o the proper digital point
in time for elecirical analysis of circuit operation. The Patiern Trigger
Output and Delayed Trigger Outpul are independent of the display
both when the word patiern, selected by the trigger switches is met and
when the digital delay counls down. This allows the highest possible
repetition rate of trigger oulputs to synchronize an oscilloscope for the
brightest possible display. The Pattern Trigger Output may also be
used as a “clock stopper™ when desired.

Indicators

When a display is nol present. the NO ARM. NO CLOCK, NO
QUALIFIER and NO TRIGGER indicators quickly pinpoinl the
problem 10 show you what is preventing a display. There is & hierar-
chy 10 1hese indicators which is essentially the most significant diffi-
culty to the teft on the (600A and (rom the 1op on the 1607A. For
example, if clock qualification is selected and the qualifier and trigger
word are not satisfied, then the no qualificr indicutor will light until it
is salisficd, then the no trigger light will tight unlil if is satisited.
Seqguentlat triggering

Bolh Analyzers may be sequentially triggered by using trigger oul-
puts from other instruments as arming inpuls. For cxample, this per-
mits a prior evenl determined with a 1607A to enable a 1600A (o look
for a particulur event afier qualification. This digital arming capabili-
ty can be supplied by a Modcl 1620A Pautern Analyzer, any of the
10250 serics 4-bit dala probes. or other exlernal signals that define the
desired lime frame.

Additlonal features

Ctock threshold can be selected for fixed TTL levels or variable and
adjusted to the desired threshold level. Unused channels may be
pianked to remove unnceded channcls from (he display from lefl to
right. A logic positive or negalive switch permins (he displayed pat-
tern 1o malch either positive or negative true logic systems. This does
not change the data logic, but changes only the display 1o malch the
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Dlgital probes permit direct connection gual in-line packeges
aven on adjgcent heads.

system under test. Since the Analyzer samples 16 words of informa-
tion when lhe trigger word matches the system data, the display may
change oo rapidly for analysis — when this happens a display ume
control allows adjusiments of the time a display is held on screen. A
BYTE pushbutton allows the display to be arranged in biocks of 4 bits
or blocks of 3 bits (or easier rcading of BCD, Hexadecimal or octal
codes.

Clock and data inputs
Repetition rate: 0 10 20 MHz.
Input re: 40 kf? £3 kQ shunted by <14 pF.
Input blas currenl: <30 uA.
Input threshold: TTL. lixed at approx. + 1.5 V. variable, 10 V dc,
Maximum input
Level; —IS10 +15 V dc.
8wing: 15 V pesk (rom threshold.
Minimum input
Swing: 0.5 V +5% of p-p threshald vohage.
Clock pulge widlh: 20 ns at threshold.
Data pulse width: 25 ns at threshold.
Data setup time: time data must be present prioc to clock transi-
tion, 20 ns,
Hold fime: liire data must be present aller clock transition, 0 ns.

Pattern and delayed trigger outputs

High: 22 V inlo 300 (linc driver interface).

Low: <0.4 V into S09 (line driver interface).

Pulse duration
Delayed trigger: approx. 25 ns (RZ format) a( | V level.
Pattern Trigger: appsox. 25 nsin RZ format at 1 V level with de-
lay set to zero or off, With deluy on und not set 10 zero. patiern Lrig-
ger outpul Starts on receipt of 4 pattern (rigger signal and cnds when
the delay ends.

Trigger arm input

Impedance: 50§

Level: low state, O V1o <04 V; highslale, 2 Vo <S V.

Pulge width: 15 ns minimum at 1.5 V tevel.

Arming conditione; if the arming pulsc positive cdge occurs <45 ns

after a clock, triggering occurs on the same clock cycle thal it is armed.

IT tbe arming pulse positive edge occurs > 75 ns afler a clock, trigeer-

ing occurs on the next clock eycle.
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1607A X-, Y-, and Z-axes outputs
X-sxis: <0.6 V1o >6 V p-p, £8 V mux into 2100 k.
Y-axig: <0.6 V10 >6 V p-p, £R V inux into 2100 k.
Z-ayis: 010 10V p-pinto 21 kil
Dispiay Interface requirements: the 1607A interfaces with oscillo-
scope or display with Lhe following input purameters. (Not recom-
mended for storuge oscilloscopes or displays).
X and Y Inputa: 0.1 1o 1 V/div dellection factors: de coupled n-
put; and > 500 kHz bandwidth.
Z-axls Input: dc coupled with positive blanking: full blanking must
occur with 10 V input a1 10 mA.

General

Display rate: variable Irom <200 ms 1o > 5 s (1600A), <50 ms 1o >5
5 (1607A).

Power: 100, 120, 220, 240 V ac; —10%, +5%;: 48 10 430 Hz; (20 VA
max.

Loglc probe power: rear panel BNC connector, +5V, 0.1 A,
Dimensions

1600A: 135 mm (13Y 1n.) wide; 197 mm (7% in.) high; 540 mm

(21% in.) length with handle: 460 mm (18" in.) length without han-

dle.

1807A: 284 mm (1%, in)) wide; 121 mm (4% in.) high: 460 mm

(18% in.) deep.

Operaling environment: (emperature, 0 10 35°C (+32°} 10
+130°F): humidily (o 95% relative humidily at 40°C (104°F). alu-
tude 1o 4600 m (15000 N); vibrated in three planes for 1S minules cach
with 0.254 mm (0.010 in.) excursion, 10 to 55 Hz.

Walght

Model 160DA: nci, 12.7 kg (28 1b). Shipping, 15.9 kg (35 Ib).

Mode) 1807A: net, 6.4 kg (14 1b). Shipping, 8.2 kg (18 Ib).

Model 18008: ner, 19.1 kg (42 Ib). Shipping, 22.7 kg (50 Ib).
Accessgories supplied: 1hree 10321B datu probes and onc 102308
clock probe; one 230 V fusc package. one 2.3 m (7.5 1) power cord:
and one accessory case.

Accessories
Trigger bus cable: Model 10236A Trigger Bus Cable interconnects
the 1600A and 1607A 1o provide 32-bit word capability (supplied with
the Model 1600S).

Welght: nct, 0.2 kg (6 oz). Shipping, 0.5 kg (1 lb).
Dala cable: Modcl 16237A Dawa Cable interconnects the 1607A and
[600A to provide the 32-bil dala display (supplied with the Madel
1 600S).

Weight: net, 0.23 kg (8 o2). Shipping, 0.5 kg (I ib).

Model aumber and name Price
1600A Logic State Annlyzer $4000
1607A Logic State Analyzer §2750
1600S includes a 1600A und 1607A S6800
10236A Trigger Bus Cable (suppiied with 1600S) $20
10237A Data Cable (suppliecd with 1600S) 560



10 MHz, 12 Bit parallel state analyzer
Model 1601L
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The Mode) 1601L Logic State Analyzer provides 2 new measure-
ment capazbility with quick comprehension of complex digital pro-
cesses displayed in an easy-to-read format. Twelve parallel data
slream measurements at clock speeds 1o 10 MMz furnish fast (unc-
tional isolation of digia! problems to basic circuit elements. You save
ume in digital design and troubleshooting with the unique display that
uses Lhe same format as (ruth tables and textboaoks.

Data bits in one and zcro character form are written horizontally
and cortespond (o the data points where the data probes sre con-
ncoled. The 12 channcls (8 bit words with foar qualifiers) are dis-
played vertically in synchronization with 16 consecutive clocks or
strobes, maincaining sysiem liming and dsta rclationships. For easy
interpretation, the displuy can be lormatted in octal groups of three or
groups of four (0 match the system under test. A Yogic scnse switch is
available to match 1he displayed psitern to either positive or negalive
true logic systems,

Digital triggering

Triggering occurs in clock synchronism when data maiches the pre-
set word wilth the 12 parallel wigper switches. Triggering capebilitics
are 50 varied that the analyzer can easily access virtually any desired
16 word sequence in the data stceam. The (rigper word can start the
display, stop it 1o show what oceurred before triggering, or start 3
counler 10 delay 1he display by any presst number of clock cyeles (up
to 99 999) after the trigger word.

f’P DIGITAL CIRCUIT TESTERS & ANALYZERS

Versatile probes

To simplify probing »n compact digital cirews, small. dual purposc
probes were developed for direct conneclion to dual-in-line packagcs.
These probes are small enough (o connect Lo adjacent pins on DIP’s
and the lips can be slipped off the probe wire for direct connection (o
0.6 mm {0.025 in.) square pins, IC test clips, and wire wrap pins.

1601L Specifications

Clock and daia inputs
Repetition rgte: 010 10 MHz.
Input RC: 40 +£3 k12 shunted by S14 pF.
Input bias current: <30 uA.
Inpul threshold: TTL, fixed at approx. +1.5 V dc; variable, 10 V
dc.
Maximum input

Level: +15V dc; =135 V dc.

Swing: 15V peak from threshold.
Minimum input swing: 0.5 V 4 3% of absolule threshold vollage p-p.
Minimum clock pulse width: 25 ns,
Minlmum setup time: timc data must be present prior o clock tran-
sition, 35 ns.
Minlmum hold time: tume dala must be presenl afler clock Leansi-
uon, 2ere.

Display rate
Variable: from <40 msto >3 s.

Pattern Irigger and delayed trigger outputs
High: 22 V into 50 ohms (line driver interface).

Low: <0.4 Vinlo 50 ohms (line driver interface).
Pulge duration: approx. 40 ns (RZ formal).

General

Weight: nct, 14.4 kg (31.75 Ib). Shipping. 19.9 kg (43.75 1b).

Power: 115V or 230 V £10%, 48 10 440 Hz, 200 VA max,

Probe power; supplics power o operatc one HP Model 102304
Clock Probe and two HP Modcl 10231 A Six Bil Dala Probes.
Dimenslons: 201.6 mm wide, 338.1 mum high, 498.5 mm deep overall
(7' %« 13%6. 19% inches).

Operating environment: 1emporature, 0 to S5°C (+32°F o
+130°F) humidily, 10 95% relalive humidity a1 40°C (104°F); alli-
tude, 10 4.6 km (}5 000 {i): vibrotion, vibrated in three planes for 15
min. cach with 0.254 mm ¢0.010 in.) excursion, {0 1o 55 Hz.
Accessories supplled: bluc CRT mask, 2.3 m (7.5 ft) power ¢ord,
Operating and Service Manuals. one Model 10230A Clock Probe and
(wo Mode! 1023)1A Six Bil Data Probes, and a blue Jight filler {P/N
01601-02701) for the 182 display unil.

Model 1601A logic state analyzer

A Logic Stale Analyzer is also available as the Mode} 1601 A and may
use any 180 series mainframe ({81 and 184 nol recommended) as a dis-
play unit. The 1601 A includes two Model 10231 A Six Bit Data Probes,
and two blue light Nlters, one for 182 (P/N 01601-02701) and one¢ (or
180 (P/N 01601-02702) series display units.

Accessories

Probe lead replacement kit: HP Part No. 10231-68702 contains sc(
of rcplaceraent lcads for one Maodel 10231A or gne Mode! 102318
Data Probe and for one Model 10230A or one 10230B Clock Probe.
One 15.2 om (6 in.) ground lead and one 15.2 ¢m (6 in.) ground lead
with alligator clip are supplied lor usec with the 10231B Data Probe
only.

Replacament probe tipa: HP Par( No. 10230-62101 is availablc with
minimum order.

Model number and name Price
Probe Lead Replacement Kit, HP Part No., 10231-68702 820
Probe Tip. HP Part No. 10230-62101 {minimum order

$20) $2.50 ea.
1601L Logic Siate Analyzer (complete) $3375
1601 A Logic Stale Analyzer Plug-in (ingludes probes) $1973
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16 Bit serial/parallel digital triggering
Model 1620A
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1620A Description

Model 1620A Pattern Analyzer gencrales a trigger from serial or
parallel digital pattern recognition and/or digital delay for oscillo-
scopes or other externally triggered instruments. Pattera recognition is
selectable up to 16 bits in cither serial or parallel mode, with digital
delay selection up 1o 999 999 bits.

A separate qualifier line is provided for use in the serial mode, en-
ubling you to look for bit patterns al a discrele tinic or during time in-
fervals. A serial frame delay gives you window selection in The bit
slream, relative 10 the qualifier starting edge.

In the parallel recognition mode the Analyzec is capable of cither
synchronous or asynchronous operation. In (he parallel asynchro-
nous mode a sclectable pulse width filler reduccs the possibility of
lalse riggering caused by plitches resufiing from skew in the data
stream entering the Analyzer.

Digital delay can be started by pattern recognition or by an exter-
nal trigger input (Exl Delay Start). This allows you to move the mea-
surement window a selectable number of clock cycles downstrcam
from a uniquely selected trigger poinl defined by the Analyzer or the
rigger input.

To simplify probing in compaci digital circuits, small dual purpose
20 MHz probes allow direct connection to dual in-line packages and
various pins. These probes are small enough 10 connect to adjacem
pins on DIP's or the probes may be slipped off the probe wires for di-
rect connection to 0.6 mun (0.025 in.) square pins, 1C test clips, or wire
wrap pins.

Serial operation only

Clock, serial data and qualifier inputs are provided on the rear pan-
¢l through BNC connectors for use wilh conventional X10 atienua-
ton probes. For serial applications, the front panel probes are not
required. Option 003 dcleles the probes normilly supplied with 1he
1620A

1620A Specifications

Clock snd dala prohe Inputa

Repetition rate: 20 MYz max.

fnput RC: 40 k! £ 3 kN shanted by <14 pF.
Input bias current (Inpul grounded): <10 xA.

Inpul threshold: TTL, fixed at 1.5 £0.1 V de¢. Variable, 10 £10 V.
Maximum Inpul: level, £15 V dc; swing, 13 V peak Itom (hreshold.
Minimum Input swing: 0.5 V +5% of threshold vollage p-p.

Clock pulee width: 20 ns min.

Setup lime: 20 ns min (normally 10 ns).

Hold time: zero ns (normally —3§ ns).

BNC Inputs: cxternal delay start. Rear panel; serial data, qualificr,
and clock. (Ideal for use with Model S000A Logic Analyzer.)
Exlernal delay start Input RC: | M +53% shunted by <25 pF in X1
or X10.

Pattern and delayed trigger outputs
Levek high, 22 V; low, £0.5 V (both into 30 ohms).
Width: approx. 25 ns in sync modes.

Operating modes

18-bit serlal pattern recognition
Qualifler OFF: Lrigger oul approx. 95 ns after clock edge when pat-
tern is matched,

Qualifler at LEVEL: 1rigger out approx. 100 ns afier clock edge.
paltern match. and qualihier match.

Qualilier at EDGE: trigger out approx. 110 ns after clock edge.
patiern match, and frame delay count complele.

16-bit parallel pattern recognition
Synchronous: Irigger out 2pprox. 80 ns afles clock edge and pat-
tern mateh.

Asynchronous: trigger oul approx. 85 ns after pattern match with
Niter st 10 ns (all pushbutions out).

Digita! delay
Delay start: internal from patlern Lrigger; external (rom front
panel input with positive and negative going edge selection and X
or X 10 range sclection. Exlernal start edge must precede clock edge
by approx. 20 ns.

Delay length: 010 999 999 clock edges.

Pulse width fllter: operates only in paralle! asynchronous mode.
Pulse width: approx. 10 ns with all pushbuttons out; 20 ns, 30 ns,
100 ns, 200 ns (& 15%) are selectable. Filter widths greater than any
onc widih may be oblained by pressing 1wo or more pushbuftons
which provides the approximate sum of the selected widths.

General

Weight: net, 4.5 kg (10 1b). Shipping. 6.4 kg (14 Ib).

Power: 100, 120, 220, or 240 Vac + 5%, — 10%: 48 Hz 10 440 Hz, max
power 58 VA (nominal 43 VA).

Dimenslons: 28.4 cmn (3} Y%, in,) wide; 11.9 cm (4!}, in.) high, 40.6 cm
(16 in.) deep.

Operating environmenl: samc as Mode!l 1601L.

Accessories furnished: one Model J0230B clock prabe, three Mod-
el 10231B data probes, one 2.3 m (7.5 ft) power cord. one Operaling
and Service Manual.

Option 003: |1620A wilhoul praobes for serial use less $650
Indlvidueal probes:

10230B clock probe $130
16231B data probe $190
1620A Pattern Analyzer (Including probes) $17s0

P
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4 & 8 Bit parallel trigger probes
Models 102504, 10251A, 10252A & 1230A

10250A

4 Bit trigger probes

Model 10250A (TTL). 10251A (MOS), and 10252A (ECL) Trigger
Probes are uscful service, production. and design troubleshooting
1o0ls that oiTer digitul pawtern triggering to enhance the use of vscilly-
scopes, logic analyzers. and olher (est equipsnent With the 4 bi trig-
ger probe, you trigger on four parallel events. The four inputs may be
switched 10 HI, LO, or OFF (don'l care) lfor convenient selection of
the trigger point. No separale power supply is necded because prabe
power is oblained from the circuit under test.

10250A soecifications
Input
Low level: 0.8 V (=0.6 V min); —0.8 mA max at 0.4 V (0.5 stan-
dard TTL load).
High level: 2 V (5.0 V max): 100 uA max at 2 V.
Output
Swing: 0.5V (0 4.5V min into | megahm.
Transltion time: 7 ns max from 0.6 Vto ) V; 50 ns min to 4 V with
| megohm, 20 pF load.
Delay
Propagation: 30 ns max (rom aay inpul to trigger oulput.
Dilterence: 10 ns max belween any 1wo inpuls.
Power (supplied by clrcult under test)
Voltage: +5V £3%; —0.4 V1o +7 V max.
Current: 30 mA max; normal operation, 17 mA.
Ovaersll length: approx. 168 cm (66 in.).
Accessories Included: six miniature probe lips, one Operating
Notu, and one vinyl carrying case.

10251A specilications
Input

Threshold: (V+ plus V—) + 2, £20% of {(V+ minus V-),
Output

8Swing: V- plus 20% of (V+ minus V=) to V+ minus 20% of (V+

minus V=) min ino 1 megohm.
Delay (wlth speclfled threshold voltages)
Propagation: 350 ns max at 5 V, 210 ns max at 10 V: [rom any
inpul 10 trigger output,
Ditterance: 70 ns max ut 5V, 35 ns max al {0 V; between any two
npuls,
Power (supplled by clrcult under test)
Voltage: beiween +3 V and +15 V (V+ minus V=),
Current: 5 mA mux.
Overall lenglh and sccessorles: same as 10230A.

10252A specifications
Input
Low level: approx. —1.6 V (Ve = 0; Vee — 5.2 V).
High level: approx. =09 V (Vi = 0: Ve =52 V).
Output
8wing: 0.5V p-p.
Translhion time: 12 ns max with ) megobm, 20 pF load.
Delay
Propagation: 20 ns max [rom any snpul (o (rigger oulput.
Difference: 5 ns max between any two inputs.
Power (supplled by circuil under (est)
Voltage: 5.2V £10%:. £7 V max.
Current: 70 mA max.
Overall length and accessorles;: same as 10250A.

Model 1230A

8 Bit trigger probe with delay (new)

The compact Model 1230A Logic Trigger unit gencrales a triggor
oulput pulse (TTL compatible) from paraliel digital paltern recogni-
tion with digital delay capabibty for oscilloscopes, logic analyzers, or
other externally (riggered iesl cquipment. Pattern recognition is se-
lectable 10 8 bits wilh 1he (rigger word switches and digilal delay s se-
lectable 10 9998 clocks, with a choice of synchronous or asynchro-
nous operalion.

1230A specitications
lnpul
Frequency: |5 MBz max,
Loglc levels: logic*0: 0 V(6 0.8 Vilogic'l= 2V oIS V.
Current: —360 pA lor logic "0" input (=400 pA for GATE input);
100 uA for logic ‘1" inpat.
Mextmum input voltage range: —1 Vo +15V,
Oulput (negative-golng edge true)
Logic '0°: 0.5 V max (60 mA current sinking capability),
Loglc '"1: 2 V min into 509 {40 mA source currenl).

Operating modes
Word recognition
Synchronous pallern recegnition: Irigger word input recogni-
Uon only during posilive or negutive edge (sclectable) of CLOCK
inpul signal,
Minimum set-up time: 20 ns.
Minimum hold-lime: zero ns.
Adynchronous pattern racognition: indcpendent of CLOCK input.
Maximum propagation delay after word recognilion: 45 ns.
Minimum Input pulse width: 2S ns.
GATE input: for strobing or cxpanding word recognizer. GATE
switch scl to LO. GATE input pulse must be 20 ns longer than ‘ward-
Iruc’ time. Set 1o HI, GATE inpul pulse must be 10 ns longer than
‘word-true' time.
Events delay
Delay range: 1-9998 events starl counling on posilive edge or neg-
ative edge (scleclable) of CLOCK input signnl afler word recogni-
lion.

General

Powef requirements: 300 mA a1 5V,

Voltage on Power inputa: +4.75 V to +15 V max dc. Protecled
agajinst reverse polarity.

Model number and name Price

10250A, 10251 A, or 10252A Trigger Probe $95
1230A Logic Trigger §495



DIGITAL CIRCUIT TESTERS & ANALYZERS

e Logic state vs system time display
® Single shot storage
® 15 ns spike detection

m‘
P
Logic analyzer ‘

Model 5000A

= Nggalive time display
e Precision digital delay
® Compatible with all logic families

The 3000A Logic Analyzer provides a unique analysis capability by
allowing the operator la “'see™ dala at 3 circuit node exactly like the
digital circuitry being examined. with the same timing relationships
and format. The analyzer's display is Lotally digital in nature with ara-
plitude being expressed in 2 digital format (logic highs and lows) and
ume as digital time relative to defined clock transitions (clock cycles).

The tolally digital nature of the Logic Analyzer allows the user 1o
approach a digilzl problem in its own domain. The key to this do-
main is the ulilization of the time base of the systemn under examina-
tion as the time buse for the Analyzer,

This abilily to see the data in the same timing diagram format as the
system under examination, allows fast funciional isolation of i circuit
malfunction Lo Lhe basie gate or other circuit element which Is causing
a problem.

Display

The | MQ data inputs (0 the Logic Analyzer will accept data exactly
the way a device such as D flip-Nop or shit register does. The Ana-
lyzer samples the input duta on a defined clock (ransition (edpe) and
displays it in terms of bits referenced (o the clock of the svsterm under
test. These I's (on LED's) and 0's (off LEDs) can be dircctly com-
pared 10 the liming diagram of the circun node.

Data Display
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The data display of the Logic Analyzer consists of two rows of 32
LED indicators with each indicator representing the logic state of the
signal during u parucular clock transition. The Analyzer offers dis-
play flexibibly to the operator by providing two separale display cban-
nels (windows), each with a 32 bit capability, IT a larger display win-
dow 33 needed, a second Analyzer mode may be selected which ex-
tends the A channe) displuy 1o 3 1ull 64 biws.

Digital triggering

In any display of information with respect 1o lime or events, there
must exist some unigue sync or starung poajnt lor the display. Defini-
tion of this poinf in a digital waveiorm requires a deviation from the
traditionul negative or positive stape iriggering lechnique, I'he S000A
Logic Analyzer utilizes a new digatal (riggering Tormat which allows
indexing 1o any position within a data sequenoce by sclecting a signal at

cither the A or B inpul. the External Trigger inpul. or logical AND
combinations of 1wo or three of these inputs or their complements. IT
more than three dala inputs are required Lo define o unique starung
poinl within u seyuence, the paralict triggering capability of the Logic
Analyzer may he greatly expanded by use of the 10250 series of 1rig-
ger probes. Usc of the 10250 provides up 10 six parallel bits of Irigger-
ing and Lwe 32 bit display channels: two 10230°s will allow nine paral-
tel bits of triggering und vne 64 bit display channel,

Another unique mode of display position reference offered exclu-
sively by the Lagic Analyzer is ""asynchronous riggering.” This (ng-
gering lechnique allows a display sequerce 10 be initiated on a signal
Lthat is nol present when the inpuls arc sumpled on the selected clock
transition (nol accessible 1o synchronouws tniggering).

This event could be i spike of a signal (hat oceurs prior 1o Lhe pres-
ent bursl of clock pulses.

Digital delay

IT the desired data display is not present immediately following the
trigger, the variable digital delay of the Analyzer allows repositioning
of 1he display Lo any point within the data sequence. The 32-bit “dis-
play window™ can he moved with digital preciseness an cxact number
of clock pulses relative to the fixed trigger point. Data occuring far
downstream in a bit sequenee becomes conveniently visible just by
diwling (he appropriate defay number into the front-pancl thumb-
wheel delay register.

The Logic Analyzer alzo offcrs a look-ahead or ““negalive delay™
fcawure. The Analyzer always hax access 10 (he last 64-bits of data
prior 1o the occoreence of the tripeer and has the ability 10 display this
dala if desired. Thus,not only can a lailure mode be ubgerved, but the
sequence of events which lead 16 the (ailure can now be displayed lor
analysis.

Sinﬁle shat storage

The digital nature of the Analvzer makes single shol storuge an in-
herent capability. By simply placing the Analyzer inihe “STORE" po-
silion, both input channels will capture the next data sequence and
hold 1his data unul cesei. JUis no longer ncgessary to adjust a myriad
of controls Ul storage 1s required.

Il sclective storage is desired, the "STORE B modc may be se-
lected. In this mode one chunncl of data may be held while the other
conlinuously aceepts ncw dala. This mode may be used lor staning &
referenee of known good data to which succecding dala can be com-
pared.

Spike detection

One of the Logic Anslyzer's special troubleshooting capabilities
consists of being able 10 detect spikes us narrow ax 15 ns between clock
pulscs in a data stream. When pluced in the “SPIKE A’ mode, the



Logic analyzer

Analyzer ignores synchronous data and only indicates the location of
spikes. These spikes may be caused by race conditions, ringing, noise,
or design and are defined as more than one transition of the data on
the A channel between clock cycles.

The “SPIKE A™ mode. used in conjunction with the digital
DELAY, cun be used to look for spikes anywhere in a long serial data
stream ¢ven on a single shol basis.
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Logic family compatability

The Logic Analyzer assures complele compatibility with all logic
families (both present and future) by providing variable (hreshold
input amplifiers. Two rear panel controls allow easy adjustment of the
input threshold level over a continuous range of £1.4 V.

The nearly negligible circuit loading of the | M. 35 pflinputs is fur-
ther reduced with the addition of standard 10:1 divider probes. With
additicn of 1hese probes, inpul impedance is increased to 10 Mi2, 10 pf
and the variable threshold range of the input amplifiers is extended o
+1d V. The combination of high RC and wide trigger level range
nicans you can tesl circuils built from such diverse families as TTL.
ECL, MOS., RTL, HTL, and even CMOS, completely free of any
loading or compatbility problems.

Annunciators

Analyzer operation is always made apparept by its front panel LED
annunciators. An LED for each of the five signa!l inputs functions as a
logic probe to dynamically indicatc logic states and pulse trains. If a
probe isn't making contacl or an input isn't receiving pulses, you
know It immediately. Two other LEDs light 10 indicate the occur-
ence of the arming and 1riggering processes. You never wasle lime try-
ing 1o see signals that aren’t there.

Combining electrical and functional measurement
capabilities

n measurements where analog considerations such as ringing, volt-
age level or asynchronous timing are ol interest, an oscilloscope is an
invaluable instrument. The combinatorial triggering and precision
digital delay available in (he Logic Analyzer can be utilized to (rigger
an oscilloscope and therefore extend the wriggering flexibility of the
Analyzer 1o an oscilloscope.

The TRIG OUT signal, available on the back panel of the Logic
Analyzer is used as the exlernal Irigger inpul to the oscilluscope. The
TRIG OUT signal goes from TTL low to high at a point that carre-
sponds 10 the loading of the Anulyzer display. Thus, the Logic Ana-
lyzer may be used 1o position the oscilloscope display to an exact po-
sitian within a digital data sequence.

5000A Specifications

Inpuis

Input Impedance: 1 M shunied by 35 pf.

Input threshold voltage: continuvusly varigble over £1.4 V,
Meaximum Input voltage: +200 V continuous, £400 V 1ransient.

DIGITAL CIRCUIT TESTERS & ANALYZERS

Data and trigger Inputs {channel A.B. sxlarnal lrigger).
Minimum selup time: 15 ns.
Minimum hold time: 0 ns.
Clock input
Maximum pulse repetilion rate: 10 MHz,
Minimum pulse widih: 13 ns.
Word delay input
Maximum pules repetition rate: ': of Clock inpul repetition ralc.

Input modes
A,B: Iwo-channel operation.
Sarlal A: A and B display registers cascaded into a single 64-hit dis-
play louded from Channel A inpu,
Spike A: detects multple transitions al A input during a clock pe-
riod.

Minimum splke width: 15 ns.

Trigger controls

Minimum sweaep rearming time: 60 ms after last clock pulse of
sweep.

Hold oft contrel: incrcases rearming time to 4 sec.

Triggering modes
Clocked mode: analyzer triggers on first clock pulse after all input
condilions defined by slope control switches are mel. Trigger condi-
Llion must remain until clock pulse occurs.
Asynchronous mode analyzer triggers when trigger conditions are
met. Condilions need not remain until clock pulse occurs.

Minimum pulse widih: 40 ns,

Minimum setup timae: &0 ns.

Digital delay

Pool-trigger delsy range: display begins 0 10 999,999 clock periods
afler trigger evenl

Pre-trigger {negative) delay range: display begins 0 to 32 clock pe-
riods (64 in Serial A mode) before Irigger evenl.

Delay reference

Start: (rigger begins delay countdown. Data input and display begin
N clock periods alter trigger event (N Is number indicated by thumb-
whezls).

End: delay countdown begins 32 clock periods (64 in Serial A mode)
prior (o trigger. Thus, when N = 0, the data displayed is the 32-bils (64
in Serial A mode) occurring before the trigger.

Word delay:

When enabled, permits 2 levels of digital delay.

Delsy range: 0 to $.999 pulses at Word Delay input plus 0 10 9%
pulses at Clock input.

Display
Display modes
Direct: data al A and B inpuis displayed by A and B registers.
A - B: logical AND of A and B inpuls displayed in A register. B reg-
ister blanked.
A + 8: Jogical OR of A and B inputs displayed in A register, B reg-
ister blanked.,
A + B: logical EXCLUSIVE-OR of A and B inputs displayed in A
register, B register blanked.
Dlsplay relationship to clock: display advances horizontally onc
LED per clock pulse.

General

Power: 115 or 230 V £10%. 48 10 440 Hz, approx. 33 walls.
Dimenslons: 213 mm wide X 178 mm high X 366 mm decp (8.4° X 77
X )14.47).

Temperature: 010 $5°C.

Accessories available Price
10013A: 10:1 Valiage Divider Probe §315
10250A: TTL Trigger Probe 895
5061-0090: Frant Handle Kit 515
5061-0078: Rack Flange Kit slo
5051-0084: Rack Flange/Fronl Handlc Kit 520

5000A Logic Anslyzer $2275



DIGITAL CIRCUIT TESTERS & ANALYZERS

e Dynamic indicator of logic activity
e Pulse stretching for narrow pulses
¢ Bad level/open circull detection

TTL/DTL logic probe

Using the HP 10525T Logic Probe greatly simplifics Iracing logic
levels and pulses through 1C circuitry to find nodes stuck
HIGH/LOW, intermittent puises, and normal pulse activity. it in-
stantly tells whether the node probed is high, low, a bad level, open
circuited. or pulsing.

The Logic Probe requires but a simple cannection to your circuit’s
S-volt supply 10 be ready 1o go into action; the rigidly strain-relicved
power cord and the line voltage protected probe tip insure durability
and long life. High input impedance protects against loading your cir-
cuit—not just in the HIGH state but for logic LOW's us well.

The 10525T Probe has presel logic thresholds of 2.0 and 0.8 volis
which correspond (o the high and low states of conventional TTL and
DTL circuils. When touched to a high level, a bright band of light ap-
pears around the entire probe tip; when touched to a low level, the
light poes out. Open circuits or voltages in the bad level region be-
1ween the presel thresholds cause lamp illumination at half brilliance.
Single pulses of 10 ns or greater are easily viewed by stretching 1o one-
twentieth of a second. The lamp flashes on or blinks ofl depending
upon Lhe pulse’s polarnity. Pulse stceams to 50 MHz cause the lamp 10
blink off and on at a 10 Hz rate. A single lammp at your lingertips pro-
vides all this information. Thus, there is never any need for rolating
the Probe Lo sce whal's happening, no matter where you are probing.

Since most IC failures show up as a node stuck either HIGH or
LOW, the Logic Probe provides an in¢xpensive yet remarkably easy
way of detecting the fault. And. with a Logic Probe, those single-shot,
shori pulses that are nearly impossible 1o see with even the fastest of
scopes are readily displaved ut your fingertips.

" Also, combining the Probe with the 10526T Logie Pulser greatly en-

hances the easc of troubleshooting. The Pulser provides a convenient
means of injecting single pulses whose effects are monitored with the
Probe.

With its high input impedance, Model 10525T also functions guite
well with logic families other than TTL and DTL, such as 5-volt
CMOS, as long as the logic levels are TTL compatible.

Logic probes
Models 10525T, 10525H & 10525E

10525T Specifications

Inpul impedance: >25 k(1 in both the high and low state (<1 low
power TTL load).

Logic one fhreshold: 2.0 V £0.2 V.

Logic zero threshold: 0.8 V +0.2V, -04 V,

Inpul minlmum pulse width: 0 ns.

Input maximum pulss repstition frequency: >50 MHz.

Input overfoad protection: +70 valts continuous, 2200 volts inter-
mitlent, 120 V ac for 30 seconds, 240 V ac for 10 seconds.

Power requirements: 5 V ££10% at 60 mA, internal overload pro-
tecuon for voltages from +7 to — 15 volts. Includes power lead rever-
sal protection.

Temperature: 0° to 55° C.

Accessories included: BNC to alligator clips. ground clip.

High level logic prcbe

The Model 10525H brings fingertip convenience Lo the testing of
high level digital circuils such as HTL, HiNIL, MOS, discret¢ cir-
cuils, and relay logic. Operation is entirely anzlagous (o that of the
10525T Probe except that the “"H™ model responds 1o higher input
voliage levels and nocepts a power supply anywhere in the 12 10 25 V
range. Electrical Characteristics have been optimized 1o match the al-
tributes of the lested devices.

10525H Specifications

Inpul Impedancs: >20 kf1.

Loglc ona lhyeshold: 9.5V x| V.

Loglc zero threghold: 2.5V £1 V.

Input minimum pulse width: 100 ns.

Input maximum pulse repelition frequency: >5 MHz.

input overload prolection: £70 V continuous, £200 V intermit-
lenl, 120 Vac for 30 seconds, 240 Vac for (0 seconds.

Power requirements: +1210 +25V at 100 mA. Includes power lead
reversal proteclion.

Tempaeralure: 0° 1o 55°C,

Accassorles Included: BNC (o alligutor ¢lips, ground clip.

ECL logic probe
The HP Model 10525E Logie Probe extends the time-proven, cost-
saving logic probe troubleshooting technigque to high-speed ECL logic.
Operation of the ECL probe 18 analagous to that of the 105257 ex-
cepl Lhe 10325E7s high speed circuitry stretches single shot phenome-
na so Lhal single pulses as narrow as 5 nanoseconds may be observed.
The 10525E may be powercd directly from any —S5.2 volt source and
its high input impedance minimizes eircuil loading.

10525E Specifications

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

Loglc one threshold: —1.1 V £0.1 V.

Logic zero thrashold: —1.5V £0.1 V.

(nput minimum pulse width: § nsec.

Input maximum puisa repetition frequency: 50 MHz (1ypically 100
MHz i 50% duty cycle.)

Input overload protectlon: 70 volls continuous, 200 volts inter-
mittent, 120 Vac for 10 scconds.

Power requirements: —52 ¥ £10% at 80 mA: supply overload pro-
teclion for voliuges from =7 to +400 volts.

Accesnorles Included: BNC to alligator clips, ground clip.

Accessories available: Price
10525-60012: Tip Kit 525
Model number and name

10525T Logic Probe $63
10525H Logic Probe $125
L0525E Logic Probe S150

Pl




F"FHDIGITAL CIRCUIT TESTERS & ANALYZERS

Logic pulser and logic clip
Models 10526T & 10528A

® In-clrcult stimulation without unsoldering
® Automaltic injection of proper polarity pulse
» Greatly simplifies digital troubleshoating

Logic pulser

The Model 10526T Logic Pulser solves the old problen: of pulsing
1¢°s on digital logic boards for designers and iroubleshooters using
TTL/DTL circuils. Merely touch the Pulser to the circuil usder test,
press the pulse bution and all circuits connected to the node (sutpuis
as well as inputs) are briefly driven (o their opposite state. No unsol-
dering of 1C outputs i1s required. Pulse injection is automatic so the
user nced not concern himsell whether the test node is in the high or
low siate: bigh nodes are pulsed low and low nodes, high. cach fime
the bunon is pressed.

The Pulser is essentially a single-shot pulse generator with high out-
put current capability packed in a convenicnt, casy-to-use probe. Abil-
11y 10 source or sink up Lo .65 Amperes insures sufficient current 1o
override 1C oulpuls in cither the high or low state. Quipul pulse widih
of 0.3 ps limits the amount of energy delivered lo the device under test
thereby eliminaling the possibility of destruction. Additionally the
Pulser output is tri-state so (hat circuit operation is vnaflected by
probing until the pulse button is pressed.

Combining 1n-circuit pulse injection with the unique detcclion ca-
pabiliies of the HP 10525T Logic Probe and 10528A Logic Clip fo-
cuses pew power on solving the problems of fault isolation, Puiser/
Probe and Potser/Clip combinations ¢nable the digital designer or
troubleshooter (0 hold complete stimulus-response capability av his
finger Lips.

Gale operation is tested with the Pulser driving the input end the
probe moniloring (ransmilted pulses at the output. When pulses are
nol received, the Pulser and Probe on the same pin can detect if the
lailure is duc to a short to ground or V.

Testing sequential circuits is the domuin of the Logic Clip and Logic
Pulscr. The Clip simultaneously monitors all ouiput siates while the
Pulscr applics clock and reset pulses to the device. Improper opera-
ton, if present. is immediately obvious since the IC will not go
through its prescribed sequence of stales.

Though the Pulser can source large currents, the charge necessary lo
supply this current is stored in the Pulser, and power supply require-
ments are less than 23 mA (rom any § volt supply.

10528T Specifications

Output hlgh pulse voltage: >2V at 0.65 A {1 A typical at Vps = 3
Vv, 25°C)

Output Jow pulse voltage: <0.8 V at0.65 A (1 A typical at Vps = §
V. 25°0)

Output impedance, aclive state: <2 ohms

Output Impedance, off state: >1 Mcgohm

Pulge width: 0.3 us nomsnal

Input overload protectlon: =+350 volts continuous

Power supply inpul profectlon: +? volis (includes power lead fe-
versal protection)

Power requirement: $ V +10% al 25 mA

Temperalurg: 0°C to $5°C

Accessorles included: BNC to alligator clips, ground clip

& Digplays IC logic states at a glance
& Self-powered, self-contained
® No adjustmenis required

Logie clip

The Model 10328A Lagic Clip is an extremely handy scrviec and de-
sign tool. This vnit clips onlo TTL o5 DTL DIP IC's and insitantly dis-
plays the logic states of al) 14 or |6 pins. Each of the Clip's 16 light-
emilting diodes independently Tollows level changes 1 its associated
pin; a lighted diode corresponds 1o u high logic state.

The Logic Clip’s real value is in its case of use. 1 has no controls to
be set, needs no power connections, and requires practically no expla-
nation us to how it is used. The clip has its own gating logic for locat-
ing the ground and +5 volts Ver pins and the buffered inputs reduce
circuil toading. Simply clipping the 105254 onto a TTL or DTL dual
in-line package IC makes all logic stales vigible al a glance.

The Logic Clip is much easier (o use than either an oscitloscope or a
volinxeter when a logic designer or service enginegr is interesied in
whether a lead is in the high or low stale (1 or 0 state), rather ihin jts
actual voltage. The Clip, in effecl, is 16 binary voltmeters, and the user
doces nol have 1o shift his eyes away (rom his circuil 1o make the read-
ings.

The intuitive relwtionship of the mput o the output—Ilighted di-
odes corresponding Lo high logic states—greatly simplifies the trou-
bleshooting procedure, The uscr is free to concentyale his attention on
his circuits. rather than on measurement techniques. Timing relation-
ships become especially appurent when clock rates can be slowed (0
about | pulse per second.

When used in conjunclion with the 10526T Logic Pulser, Lhe Logic
Clip offers unparalleled analysis capubilily for troubleshooting sc-
quential ciccuits. The Clip first attaches (o the IC (o be tested: the Pul-
seris then brought into action. The Pulser's capability (o injeet pulses
berween gates allows it to supply signals to the IC under test abvo-
lutely independent of gates connected to the IC. All ouiputs may then
be observed simultaneously ou the Logic Clip. Deviations {rom cx-
pected results are immcdialely apparent as the Pulser steps the IC
through its oulput slates.

10528A Specifications

Input threshold: 1.4 20.6 V; TTL or DTL compatible {(excepl gales
wilh expander inputs).

input impedance: one TTL load (—1.2 mA 1ypical per input).
Input protection: voltages <~) V o5 > 7V musl be current limited 1o
10 mA.

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

Temparature: 010 55°C.

Dimenslons: §5 X 40 X 25 cm (2.15 in. high, 1.5 1n. wide. | in. deep)
maximom.

Welght: net. 45 gm (1.5 oz). Shipping, 120 gm (4 02).

Accessories Available: Price
10526-60002; Mult-pin Stimulus Knt 525
10525-60012: Tip Kit 525
Model number and name

10526T Logie Pulser 75

10528A Logic Clip 875
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e New capabllilies added
e Dramatically cuts troubleshooling time
@ In-circuit IC testing with no unsoldering

The Model 10529A Logic Comparator is an extremely useful field
service and production in-circuit troubleshooling 1ool. Dozens of iC's
may be cheeked—an entire IC at a lime—to detecl functionel failures
in less than 3 minute per 1C. The Comparatos clips onto powered TTL
or DTL 1C's and dctects {funcliona) failures by comparing the in-cir-
cuit test 1C with a known good reference I1C snserted in (he Compara-
tor. Any logic state differcnce between the test 1C and the reference IC
is 1dentified (o the specilic pin(s) on 14- or 16-pin dual in-line pack-
ages with the Comparator’s display to [6 light emitting diodes
(LED's). A lightied LED corresponds (o logic difference, The Logic
Comparator can save considerable time in locating a faulty §C. Therc
arc no controls (o be set #nd no power connections.

The procedure is very simple. First the IC (o b Lesied is identified.
An IC of the same (ype is placed in the Comparalor's IC sockelL, or a
referenee board with an 1C of the same Lype is inserted in the Com-
paralor. The Comparator is clipped onto the test [C, and an immedi-
ale indicalion is given il the test LC operates differently from the refer-
ence 1C. Even very brel dynamic errors are detected, stretched, and
displayed.

The Compurator will also provide a Logic Clip function when used
with 1he sockel bourd set (o the clip mode. In addition to the display of
the instanlancous states of the 14 or 16 pins of the 1C vnder examina-
tion via the Comparator’s 16 LED's {onc per pin). the Comparalor-
Clip also provides siteiching on each pin. Thus intermiticnt highs and
lows of 300 nunoseconds or longer will bu detected.

As a Comparalar, the 10529A connccts Lhe Lest and reference [C in-
puts in parallel; thus the reference 1C js exercised by input sigmals iden-
tical (o those of the test IC. The outputs of the two 1C’s are com-
pared; any differences in eulputs are detected, and LED's corre-
spanding Lo the parlicular pins are lil on the Comparalor's display. In-
termitient crrors as short as 200 nanoscconds (using a reference board)
or 300 nanoseconds {using (he socket board) arc detected. and the
crror indication on the Comparator's display is stretched for 4 visual
indication. A failure on an inpul pin, such as an internal short, will ap-
pear as u failure on the IC driving the Malled 1C; L1hus a failure indica-
uon actually pinpoints the malfunctioning node,

All operaling power is oblained from the test circuit. Programming
for the specific IC is easily accomplisbed. Two different methods arc
available. First, the socket board included with the Comparator s in-
serled in the Comparalor drawer. Outputs of the parlicular [C to be
tested are selected via 16 miniature switches which tell the Compara-

Logic comparator
Model 10529A

tor which pins of the reference IC arc to be allowed 1o respond freely.
The refcrence I1C is then inserted into the socket and locked into place.
The socket board automatcally secks VYerand ground. Any new IC
may be set up in seconds. Alernatively, if specific 1C Lypes are Lo be
tested repeatedly, 1he relerence [C may be soldered into one of the rel-
erence boards provided with the Comparator. The reference board is
programmed by opening (he connections between the test and refer-
ence [C's outpul and solder bridging Vecand ground. The sockel
board and 1en blank reference boards are included with ¢ach Com-
paralor.

When troubleshooting, il is reassuring to know thai the tester is op-
erating properly. A 1est board is supplied with the Lopc Comparalor
for (his purposc. When inserted in place of a reference board or Lhe
sockel board. the 1¢st bouard exercises all of the Comparator's cit-
cuitry, test leads, and display clements (o venify proper operation.

The Logic Comparalor is an unparalleled aid for helping 10 locate
in-circuil failed 1C's. Ofien only a Comparator is necessary for find-
ing failuces. Since the functional test is made for the circuil’s stimulus
pattern, it is unimportant whether or not the inpul pattern to the 1IC s
correct or not; thus, testing in digital feedback loops is simplified im-
mcasurably. Because the Comparator converts readily (o a Logic Clip.
the nature of the fuilure is readily apparent. Further analysis before
taking the touble to remove the 1C often saves valuable lime,

The Logic Comparator’s ease of use and small size make it an in-
valuable addilion to the troubleshooter's test gear cither in the field or
in the factery. With TTL and DTL failures that ate functionally re-
lated, the Comparator can find the bad 1C up o ten mes faster than
conventional signal tracing techniques. At its low price, the Logic
Comparalor can pay for itself in only days.

10529A Specifications
Input threshold: 1.4 V nominal (1.8 V nominal with socket board).
TTL or DTL compaliblc.
Teost IC Joading: oulputs driving Test IC inpuis are loaded by 5 low-
power TTL loads plus input of Relcrence IC. Test 1C oulpuls are
loaded by 2 low-power TTL loads.
Inpui protection: voltages <—1V or >7 V musl be current limited to
10 mA.
Supply voltage: SV +10%.
Supply protection: supply vollage must be limiled 1o 7 V.,
Maximum current consumption: 300 mA.
Sensliivity
Error senshlivity: 200 ns with refecence board or 300 n& with sockel
board. Errors greater than this arc detecled und stretched 1o at least
0.1 seconds.
Delay varlation immunity: S0 ns. Errors shorter than this valee
are considered spurious and jgnored.
Frequency range: muximum operalionsi [requency varies with duty
cycle. An crror existing for a full ¢clock cycle will be delected il the
cycle rate is tess than 3 MHz
Temperature; 0° to $5°C.
Dimensions: 3.56 X 8.55 X (8.2 ¢m (1.4 in. decp. 3.373 in. wide, 7.15
in. long).
Welght: net, 1.14 kg (2 1b 6 oz). Shipping, 1.62 kg (3 15 6 07).
Accessorles included: | iest board: 10 blank reference boards; |
programmable sockel board; | carrying case.

Accessories available:

10541 A: Twenty Blank Reference Baards for the Logic
Comparalor £05
KOI-1054]1A: Twenly Pre-programmed Boards for the
Lagic Comparator

Price

§175

10529A Logic Comparator $485

e
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Logic troubleshooting kit
Model 5011T

® Complete TTL/DTL troubleshooting kil
® Stimulus-response capability
® |n-circuit fault finding

The HP 5011T Logic Troubleshooling Kil combines all the trou-
bleshooting capabilily of four insiruments, the 10529A Logic Com-
parator, the 10528T Logic Pulser, (be 10525T Logic Probe, and the
10528A Logic Clip. These instruments have been designed to work 1o-
gether 1o detect in-cireuil logic faitures and to analyze failures for (heir
specific causes. The Logic Comparator autuches to 14- and 16-pin dual
in-line TTL and DTL circuits—bolh scquenlial and combinatorial
logic are westable. The 1C under 1est 1s yllowed to operate normally
while iLs outputs arc compared againsl 4 reference 1C of the same Lype
inscrted in the Compuiutor. Should the circuit under rest operate im-
properly. the failurc is deteeled and displayed on the hand held Com-
parator's panel. Sixteen LED's exactly pinpoint the failed node. Spe-
cial stretching ne(works within the Comparalor capture intermitlent
failuscs as shorl as 200 nanoseconds and stretch the vigual indication
to & tenth of a second.

Once a {ailure has been isolated, the other Lest instruments can pro-
vide exacling analysis. For example, the Logic Probe will indicate if
any pulse aclivily is present at Ihe suspect nade; the Prabes ability 10
deteet singio pulses, high or low, us nurrow as 10 nunoseconds can in-
sure the 10lal absence of signals al 1he sode. Placing the Logic Pulser
on the suspect node with the Probe will allow deiection of shorts 1o
ground or the power supply—even the powerlul burst of energy {rom
the Pulser will not cause s pulse on a supply buss or ground. Or should
the node be open-vircusied, the Logic Probe instently indicates it. The
very high input impedances of the Pulser and the Probe guarantce that
they will not affect circuit operation by loading.

Another analysis method employs the Logic Clip and Logic Pulscr.
The Pulser can b used 1o inject resel and clear signals directly into

105257

inclugdes

DIGITAL CIRCUIT TESTERS & ANALYZERS

* [n-circuit analysis
& Dynamic and siatic testing
& Multi-pin testing

105267

105284 10528A

Nip-Nops, eounters, docoders, ele. with the Clip atlached to moniter
the effects. With the system ctock removed or shorted, the Logic Pul-
ser cun inject clock pulses one-at-a-lime, and deviations lrom pre-
scribed seyuenees can be obscrved on the Logic Clip 16-pins-at-a-lime.

Application of the IC Troubleshoolers are endless and Jimited only
by the imaginstion of (he (roubleshooier. Easy 10 usy, they will ca-
pidly create substantial savings of test lime and dollirs. The various
kit components listed below are described in detail on the pages de-
voled to 1he individual instruments.

50117 Specifications

Includes:

105257 Logic Prabe

10526T Logic Pulser

10528A Logic Clip

10529A Logic Comparalor

Dimensions: 13.2cm X 20.3c¢m X 8.25em (12.25in. X 8.03n. X 3.25
in.).

Welght: nct, 1.36 kg (3 Ib). Shipping, 2.27 kg (5 Ib).
Accessories Available:

10541 A: Twenty blank reference boards for Logic Com-
paralor §93
KOI-10541A: Twenty loaded reference boards for Logic

Price

Comparalor (common TTL IC’s) €175
10526-60002: Multi-psn Stimulus Kit for Logic Pulser §25
10525-60012: Tip Kit for Logic Probe aor Logic Pulser $15
5011T Logic Troubleshooting Kit $695
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Bame o

10526-60012 10526-60002

*e

10541A

Ll

KO1-10541A

Logic test instrument accessories

10525-80012 Tip Kik: the 10525-60012 Tip Kit gives
added Nexibility (o users of the Logic Probes, Logic
Pulser and both Logic Troubleshooting Kits. The Tip
Kit facilitales connection of thc parest instrument to
signal lines in digital circuits. Included are: hook tip,
spare straight tip, banana Lip, and two adapters for con-
necting to backplanes and [C pin-¢xtender clips. In ad-
dition a BNC 10 banana adapier is included which wil
interface the BNC power input connector on the Probes
and Pulser to standard binding posts

10526-60002 Multi-pin stimulua kit: the 10526-60002
Multi-pin Stimulus Kit consists of a cable assembly thal
aliaches the Pulser output to up 10 four pins of the test
IC. Thus four pins in the same state may be simulta-
neously pulsed, a useful feature lor testing multi-input
gates and other circuits. The 10526-60002 Mulli-pin
Stimolus Kil may be ordered with the Logic Pulser or ¢i-
ther Logic Troubleshooting Kit.

10541A Twenty additional blank reference boards:
these boards are identical 1o the 10 boards provided
with the Logic Comparator; they allow additional [C's
10 be programmed for Comparalor testing. The handy
package provides easy access lor inserting into the Com-
parator. The 10541 A blank relerence board scl may be
ordered with the Logic Comparator or the S0 I T Logic
Troubleshooting Kit.

K01-10541A Twenty preprogrammed reference
boards: his package provides 20 ol the most common
TTL IC's already programmed and ready fos usc with
the Logic Comparator or S0MT Logic Troubleshoot-
ing Kit. When ordered with KOI-1054]1 A, the Compar-
ator is ready for immediale acltion upon receipt. The
loaded reference boards are packaged in a convenient
slorage container which allows access Lo the individual
boards needed. The KOI-1054) A includes 1he following
IC's: 7400 Quad 2-input NAND; 7402 Quad 2-input
NOR: 7404 Hex inverier; 7408 Quad 2-input AND;
7410 Triple 3-mput NAND; 7420 Dual 4-input NAND;
7430 8-input NAND; 7440 Dual 4-input NAND buf-
fer; 7451 Dual 2-wide, 2-input AND-OR-INVERT;
7454 d-wide, 2-input AND-OR-INVERT:; 7473 Dual J-
K masier-slave flip-flop; 7474 Dual D flip-flop; 7475
Quad bistable D latch: 7476 Dual J-K flip-flop with pre-
set and clear; 7483 4-bit binary full adder; 7486 Quad 2-
input exclusive-OR; 7490 Decade counter; 7493 4-bit bi-
nary counter; 74121 Monostable multivibrator: 9601
Monosiable mullivibrator, retriggerable.

Price

323

495

5175

o
Logic troubleshooting mini kit; accessories ‘

5015T; accessories

e TTL/DTL troubleshooting kit
e Stimulus-response capability
e In-circuit analysis

50157

5015T Loglc troubleshooting mini kit

The HP S015T Logic Troubleshooling Mini Kil combines Lhe
unique logic analysis capability of the 10525T Logic Probe, the
10526T Logic Pulser, and the 10528A Logic Clip into a single. handy
kit. These three instruments provide slimulus/response capability for
dynamic and static testing of tn-circuit integrated circuils. The 10525T
Logic Probe provides an indication of logic state at your fingertips.
Not only are TTL and DTL highs and lows displayed bul also open
circuits and bad levels are clearly shown, Dynamically, pulse (rains to
50 MHz may be monitored and single pulses as narrow as 10 nanosec
onds are detected, Thus the Logic Probe may be used o quickly check
Tor the presence of key signals such as clock, reset, start, shifi, 1rans-
fer, etc.

The 10526T Logic Pulser brings you a new concept in digital rou-
bleshooling: injecling a pulse betwezn logic gates. With high current
sinking and sourcing capability, the Pulser, onee its pulse bulton is
pressed, can drive low nodes high and high nodes low for 300 nano-
seconds before returning to [ts high-impedance off state. The selec-
uon of a high pulse or low pulse is automatic—just press the bution!

The Logic Pulser may be used with the Logic Probe in several ways.
For example, if a node is found with the Probe Lo stay high or low, al-
1empting 10 inject a pulse while monitoring the pin with the Probe will
clearly indicate a shorl to ground of the power supply—even the pow-
erfal burst of energy from the Pulser will not override the supply volt-
ages. Or, the Pulser may be used 1o inject signals into gales while the
oulput is checked by the Logic Probe. The very high input imped-
ances of both Pulser and Probe insure na circuit loading effects.

The 10528A Logic Clip's ability 10 monitor all the pins of TTL and
DTL DIP's make il extremely ugeful for testing Mip-flops, counters,
shift registers, decoders, etc. The Logic Pulser can inject clack und
resel signats while the Clip allows you o see exactly how the device re-
sponds. Improper operation i3 immediately apparent.

This powerful combihation of instruments is useful in the lab, pro-
duction, field service, and in training applications or wherever lols of
capability al 2 low price is desired. The kit componenis listed below
are described in detai) on the pages devaoled 10 the individual insiru-
ments,

5015T Specifications

50157 Includes:

Model 10525T Logic Probe

Model 10526T Logic Pulser

Model 10528A Logje Clip

Dimenslons: 28.6cm X 13.3 em X 64 em (11.25in. X 52510, X 2.5

in).

Welight: net, 0,63 kg {J 1b 6 oz.). Shipping, 0.74 kg () Ib 10 0z).
Acceasorles avallable Price
10526-60002: Multi-pin Stimutus Kit for Logie Pulser $25
10525-60012: Tip Kil for Logic Probe or Logic Pulser 525

50157 Logle troubleshooting mini it $215



Logic lab
Model 5035A

e flexible circuit breadboard aid
e Use standard IC's, componeants, and interconnecting wires

FﬂDIGITAL CIRCUIT TESTERS & ANALYZERS

« Removable breadboard for circuit expansion
& Completely self-contained

The 5035A Logic Lab brings convenience, simplictly, and flexibil-
ily Lo the lask of breadboarding new designs or Lrying out altemaltive
circwit configurations in R&D. production engineering, and product
support. Fully scif-contained, this rugged design partner helps you
check out ideas guickly without chasing after equipment or soldering
components or connections, One of the Logic Lab's key featuresis the
uniquely removable breadboard assembly which acs like a giant
sockel allowing you to plug in components of all varictics and types
and interconnect them with standard 24-gauge hookup wire withoul
soldering. Each component pin for. say, daal-inline 1C packages has
four common tic points for fan in 2nd fan oul. Additional buses allow
for signal rouling o5 junctions. Since the breadboard holds up 10 16
DIPs, a large cireuil under design can be partilioned into subsections
and cach one checked oul individually. Since the breadboard is re-
movable, the circuils do nol need (o be disassembled after check oul.
The 1-amp capabilily of the Logic Lab mainframe could allow several
breadboards to be powered simultaneously and interconnected by sol-
derless hookup wire.

I[n addition to the 3 volt-1 amp laboratory power supply built in the
Logic Lzb mainframe, 6 data swilches can be used lo provide
HIGH/LOW signals to the circuil under test. These switches are com-
pletely “debounced’ so that each transition is « single edge. Thus vari-
ous parls of your circuit may effectively have different “clocks™ by
using (he data switches. Also they may be used as pulse sources since
an up-down of down-up operation provides only a single pulse. Four
LED indicators allow moniloring of varnous circuit points with
HIGH/LOW indications. Two generators in (hc main{rame provide
squarewave | Hz and 100 kHz signals that can be routed to your cir-
cuil,

The Logic Lab mainfrume also has two 5 vell oulput connectors on
its rear panel for powering the 105257 Logic Probe and the 10526T
Logic Pulser, Available scparately, these powerful Lroubleshooting
tools provide a valuable complement to the 3035A Logic Lab For

years the Probe 2nd Pulser have provided circuit designers and digital
troubleshooters the in-circuil stimulus/response capability optimized
for 1C work. The 10528A Logic Clip also is very handy (o monitor all
pins of 14- and 16-pin DIP's simultancously. The 10528A c¢lips di-
rectly 1o 1C's mounted on the Logic Lab breadboard. Each of the
three instrumenis is available individually or they may be oblained (o-
gether as the S015T Logic Kil.

5035A Specifications

Powaer supply: 5 volis £5%, over 0-1 Amp range; 10 mV rms ripple
maximum. Continuous short circuil prowchon.

Data switches: 6 bounceless stide switches for TTL high/low oul-
puis.

LED Indlentors: 4 high/tow indicators,

Clocks: 2 independent. | Hz and 100 kHz (nominal, squarewave).
Breadboard assembly (HP part number 1258-0121): removzhle,
interconnections: all power sapply, data switch, LED indicalor, und
component contact posrls may be imerconnceled by standard 24-
gauge book-up wire.

Power requirementa: [00/120/220/240 V ac +5, —10% 48-400 Hx
line frequency; 30 walts max: 0°—55°C.

Dimenslons: mainfcame: 89 X 313 X 267 mm (12% in wide, 3% n.
high [max), 10 in. deep).

Breadboard assembly: 165 X 114 X I3 mm (6% in. X 4'4in. X 'Ain.
thick).

Welght: net. 5.9 kg (13 1b). Shipping. 6.9 kg (15.13 Ib).

Accessories Available: Price
1258-0121: Additiona! breadboard assembly ¥45
1540-0258: Heavy duly. padded vinyl carrying case $25
05035-60006: Wire inlerconnect kil (285 prestripped. as-

sorted length and color, 24-gauge hk-up wices) SIs
5035A Logic Lab $425
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e Complete digital training program
e Digital text and laboratory workbook

The S03ST Logic Lab is a combination of all the essentizal elements
needed for a successful introductory course in practical digital elec-
tronics. This unique program is structured to aid the digital rrainee in
the rapid understanding of theory and the practical aspects of digital
circuits.

Each 5035T Logic Lab includes: A completely self-contained main-
frame with 2 removable breadboard assembly, & tutorial texi on digi-
1a] electronics complete with laboratory workbook, and all the com-
ponents and interconnecting wires needed for the laboratory experi-
ments, Also included with the Logic Lab are three industnally proven
digital test instruments: the 10525T Logic Probe, the 10526T Logic
Pulser, and the 10528A Logic Clip.

Mainframe

The 5035T Logic Lab mainframe Jeatures rugged industrizl quality
construction with a 5 volt one ampere short-circuil protected power
supply. This feature allows the Logic Lub to withstand many years of
rough student usage, Also 6 TTL compatible bounceless dala
switches, 2 independent signal sources of | Hz and 100 kHz, and 4
LED logic state indicators make the Logic Lab an extremely versatile
training and circuit breadboarding 100l.

Removable breadboard assembly

One of the Logic Labs key features is the uniquely removable bread-
board assembly which acts like u glant sockel allowing insestion of all
varieties and types of components. After insertion the busing struc-
lure of the breadboard permils circuil interconnections to be easily
made without soldering using slandord 24 gauge wire. The unigue
structure of the breadboard mukes circuit build-up and modification
both fast and easy saving hours of valuable assembly Lime,

The removability of the breadboard allows several individuals 0
construct circuits simultaneously on scparate breadboards, then test
their circuits in & common mainframe. This reduces the incremental
cosl-per-student and allows individual training to proceed al @ pace
consistent with ability,

When system expansion becomes necessary several breadboard as-
semblies may be built and checked independently for correct circuit
operation Lhen combined and operated simultanesusly (rom a single
mainframe.

Text and laboratory workbaook

The text and laboratory workbook combine 1o form the heart of the
Logic Lab digital training program. The practical concise text pro-
vides the necessary background, while circuit skill and practical
hands-on experience are developed by the 26 experiments in the func-
tional laboratory workbaok. The program is arranged in modules of
complexity so that learning can be tailored 1o the student's back-
ground and end objectives. In addition, its modular nature allows the
use of self-paced and individualized study techniques. The text and
workbook sections are writlen Lo increase the student's knowledge of
digital electronics, la provide practical experience with actual circuit
elements and to provide some exposure (6 1he basics of digital circuil
desjgn.

Logic lab
Model 5035T

e Digital test instrumentation

¢ All required components and interconnections

O T e U e
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Components supplied

Each 5035T Logic Lab includes thirty-two state-of-the-art TTL.
8SI, and MS! integraled circuits, including gates, flip-flops. counlers,
decoders, and an arithmelic logic unic (A.L.U.). Also included are
four LEDD matrix digital displays with tuilt-in BCD to decimal de-
coders and 285 prestripped. 24 gauge hookup wires of various lengths
ang colors.

Digltal test instrumeniation

The increased use of digital integraled circuits has brought new de-
mands for a digital type of test instrumentation. Hewlett-Packard's in-
circuit digial troubleshooters, the Logic Probe. Logic Pulser, and
L.ogic Clip have been used in industry for years by technicians and en-
eineers alike. These industrial instruments also muke ideal training
tools because of their straightiorward indication and operation.
Logic probe

The 10825T Logic Probe is a dyniamic logic stale indicator. 1 iden-
tifics logic highs, lows, apen circuits with fingertip display (lit and ex-
tinguished band of light), detects single pulsés as narrow as 10 nano-
secands ond pulse trains 1o 30 M bits/second. The Logic Probe will
provide the student with a unique digital analysis capability unavail-
able using any other measurement (echnique.
Loglc pulser

The 10526T Logic Pulser provides the student with the equivalent of
a hand held digital pulsc generator. [ injects a pulsc anywhere in-cir-
cuit; no disconneclions are negessary. The Pulser overrides momen-
tarily, the existing stale of the node. and it sclects the proper polarity
pulsc automatically! High nodes arc pulsed low angd {ows puised high
with & single depression of (he pulse button,
Logic clip

The 10528A Logic Clip is particularly useful in understanding the
functional nature of 1C gales, The Clip attaches directly 1o dual-intine
packages. and with no wires or connection displays the logic stales al
the IC pins simulianeously via 16 LED‘s—onc per pin. An LED litin-
dicales a logic high and exlinguished, a logic low.

5035T Specifications

Includes

Model 5035A Logic Lab; “Practical Digital Eleclronics—An Intro-
ductory Course™ Text and Workbook: Logic Probe; Logic Pulser:
Logic Clip: Component and Wire Kit.

Accessories available: Price
1258-0121: Additional Breadboard Assembly £45
10656A: Sct of 10 “Practical Digital Electronics—An

Introductory Course™ Text and Lab Workbook S150
10657A: Additional Componenl und Wire Kils $180
50357 Logic Lab 3750

P
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OSCILLOSCOPES

General information
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The oscilloscope—ihe mosl general pur-
pose and basic tool of the electrical de-
signer—huos evolved into a very accurale and
versalile measurement tool. With (he rapid
arowth, in the pust few yeurs, of technology
in integrated circuits, the measuring capabil-
ities have increased tremendously. Band-
widlh has increased., <weep <peeds are faster
and more lincar, displays are larger and
brighter. and controls are c¢asicr (o operate.
[n general, the most versalile test instrument
has become cven morc accurale and morc
flexible.

Hewletl-Packard pionecred many ol the
measurement capabilities that are now taken
for granted in oscilloscopes. A few of these
are internal graticule CRT, beam Minder, ¢x-
pansion mesh CRT, 1rigger holdoff, mixed
sweep, general purpose sumpling to 18 GHz,
time domain refleclometry, und rugged vari-
able persisience/storage.

Selecling an oscilloscope
Today's selection of an oscilloscope is not
as casy as it was in previous years. The recent
technological changes have considerably im-
proved the price performance ralios that are

17404 DSCILLOSCOPE

available. In addition. measurement require-
ments have atso changed and expanded.

To make the best sclection, use your im-
mediale measurement application as 4 start-
ing point. Then look al your past and future
requirements, Afier examining all of the pos-
sible measurement requirements, you will
have an idea of the lype of oscilloscope
nceded in your application. [n 2 somewhat
broad sense oscillascopes can be classified in
(wo calegories, mainframes with plug-ins and
nonplug-ins.

Plug-in oscilloscopes

The plug-in oseitloscope (figure t) offers
maximum flexibility by permitting general
purpose measurements as well as relaining
the capability to make specially measare-
ments. By carefully sclecting a mainframe.
you will be able to change the measurement
capability by using dtferent plug-ins rather
than having another infrequently used spe-
cial purpose oscilloscope on hand. Plug-in os-
cilloscopes are usually called General Pur-
pose Laboralory instruments because of the
broad mcasarement capabililics.
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Genersal purpose lab scopes ars used in
basic circuil design for almost every elec-
tronic product and are most often conlig-
ured as a 2 channel, wide band, delayed
sweep instrument. As the general purpose
measurement needs expand, the plug-in flex-
ibility allows you 10 reconfigure your instru-
men( to fit other applications.

In addition to general purpose dual chan-
nel plug-ins with bandwidths lrom 35 10 250
MHz, many specially plug-Ins arc also avail-
able — high sensitivity, differential/de off-
sel; four channels; standard, delayed, ex-
panded, or mixed sweep operation: sampling
bandwidths 1o 18 GHz; time domain reflec~
tomelry; spectrum analysis 10 1500 MHz,
swepl frequency testing from 100 MHz to 18
GHz. and digital state analysis. The fexibil-
ity of the plug-in system is considerable — il
makes one instrument do many jobs.

Nonplug-in oscilloscopes
Nonplug-in oscilloscopes (figure 2) arc
sometimes referred (o as “dedicated”™ insisu-
menls becawse of their nonplug-in form. Al
though they arc dedicated n form they are
truly gencral purpose in megsurement capa-



Figure 1. Representative plug-in oscllloscopes from Hewlett-Packard's 180 serles.

bilily with full taboratory accuracy and qual-
tty. These oscilloscopes are usually dual chan-
nel, delayed sweep instruments with a wide
variety of measurement ciupabilities. If the ap-
plications do not require plug-in fexibility
for changing requirements, then the lower
cost nonplug-in oscilloscope is a useful choice
for a genera! purpose laboratory instrument,

High speed

Hewlett-Packard has two 275 MHz oscil-
loscopes thal are ideal for use in the design,
manufacluring, and testing of high speed
computers and peripherals with fast inler-
face logic, high speed digital communici-
lions and instrumentation, us well as high fre-
quency f applications. Model 1720A has
conventional volts-versus-time measure-
ments and is particularly well suited for tim-
ing measurements with its delayed sweep and
I ng/div sweep speeds.

Model 1722A with Dual-Delayed sweep
and a nicroprocessor with LED display gives
you direct readout of time inlerval, frequen-
¢y, de voltige. instantaneous vultage, and rel-
ative amplitude expressed in percent. In ad-
dition to providing digital readout of a mea-
surement, the microprocessor gives consider-
ably morc repeatable measurements than pre-
viously possible in real time oscilloscopes.
Dual-delayed sweep improves accuracy of
lime interval measurements because the CRT
is used as a nulling device which climinates
nonhneurity errors. The dual-delayed sweep
measurement technique, developed by Hew-
lert-Packard, simplifies risc lime, propaga-
lion delay, clock phasing and other high-
speed timing measorements, Two separale
markers are used to enable the operator (6 sce
both start and stop points of the time inter-
val simultaneously, These two markers also
reduce the possibilily of setting a measure-
ment to the wrong event. In the delayed
sweep mode, the start and stop mode arc
overlapped to obtain maximum accuracy
with the improved resolution of optical null-
ng.

For time interval measurements at 200
MHz, Model 1712A includes Dual-Delayed
sweep with a scaled de voltage output for di-
rect readout on an external DVM. For tradi-
lional measurements in the 200 MHz range,
Model 1710B is available with standard de-
layed sweep,

100 MHz

Model 1740A s a 100 MHz oscilloscope
with a third channel trigger view for accurale
general purpose measurements. This oscillo-
scope with ils large 8 X 10 cm CRT offers de-
layed sweep measurements to 100 MHz at §
mYjem deflection faclors. A X5 magnifier in-
creases sensitivity to | mVY /ecm on both chan-
nels to 40 MHz without the need (e cascade
channels. As a further aid to measurement
flexibility Option 101 10 the 1740A (Migure 3)
provides rear panel inputs and switching cir-
cuits for interfacing with the Model 1607A
Logic State Analyzer. This oplion permits
single pushbutton switching between data do-
main table displays and Ume domain mea-
surements, The lunctional 16 bit wide dis-
plays provided by the 1607A permit fast anal-
ysis of digital systems when you only need
logic flow information. And, with the digital
triggering capability of the 1607A coupled to
the {740A external trigger you have the abili-
ty t0 “window" (he time domain display fo
the digitat problem area for electrical analy-
$is.

35 MHz and 75 MHz

For applicalions in the 35 MHz and 75
MHz area, there are four stopes with bal-
tery, dc, or ac line power capability (or [icld
and lab applications. Two of the 35 MH2z os-
cilloscopes offer storage and variable persis-
lence operation with rugged burp resistant
CRT's which makes them ideal for general
use.

The low power regquirements of Hewlett-
Packard pornable oscilloscopes has sllowed
very rugged instrumeats to be developed.
These scopes. designated as 1700B Opt 300
and 1707B Opt 300 meet the requisements of

the AN/USM 139 and AN/USM 338. [n
fact, a few modifications allowed the oscillo-
scope to surpass the dripproof iest and aper-
ate undes water. Meeting these rugged re-
quirements did not reduce the laboratory ac-
curucy of these instruments and they incor-
porale the same basic proven circuits as the
standard 1700 serics oseilloscopes.

15 MHz

In the dc 1o 15 MHz range there are three
models available, 1220A and 1222A dual
channel and 1221A single channel. that are
designed for indusirial and educational ap-
plications, and production linc testing. Logi-
cal fron( panel layoul, large 8 X 10 cm inter-
nal graticule, and automatic triggering re-
duce familiarization lime and assure maxi-
mum efficiency in production and siudent en-
vironments.

500 kHz

Low frequency scopes which have about
500 kHz bandwidth are used in cducational,
medical, syslem monitors, engineering. pro-
duction, and in some cases. field service.
These scopes could be classified as the “work-
horses™ of the electronics industry since they
are most commonly found in system applica-
tons. The 1200 series scopes easily fill these
requirements with their 100 4V and 5 mV sen-
sitivity, solid-state und lightweight construc-
lien, and reliable and stable operation. Also
available are storage and variable persistence
models which eliminate annoying flicker and
retain single-shot traces that are common in
bio-medical or clectro-mechanical applica-
tions.

Oscilloscope basics

Because the oscilloscope can display elec-
trical signals which vary with lime, it has be-
come today's most widely used clectronic
measuring instrument. It produces a visual
display of any physical quantity which can be
represenled as a voltage. This permits precise
measurement and analysis of the phenome-
non represented by the volage.
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General information (cont.)

Figure 2. Representative Hewleit-Packard
nonplug-in oscllloscopes.

Figure 3. Option 101 to 1740A offers one bullon switching between Logic State Analysis

and volts vs. lime measuremsnts.

The cathode-ray tube

A CRT produces an electron becam whose
movemenl is controlled by the vertical and
horizontal amplifiers and by the power sup-
plies which form, shape, and accelerate it.
This electron beam strikes a phosphor screen
and a visible glow results as the beam is
moved.

Since the beam deflection can be cali-
brated against 2 prid {graticule) on e CRT
face, amplitude and lime measurements can
be made. All Hewlen-Packard graticules are
internal and in the same plane as the phos
phor. climinating parallax.

Hewletl-Packard manufactures all its own
CRT's—technological leadership has ac-
companied lhis.

An expansion mesh, used first by Hewleut-
Packard in 1962, with a vollage on it pro-
duces an clectrostatic ficld which bends the
beam afler its initial deflection a1 the clec
{ron gun structure. By conirolling mesh ra-
dius. Hewletl-Packard CRT designers have
produced increasingly larger display areas
while simultaneovsly reducing the overall
length of (he wbe,

Storuge scopes are availabie with rugged
variable persistence (the ime it takes for the
trace 1o fade to 10% of its original bright-
ness), This is made possible by use of a stor-
age mesh immediately behind (he phosphor.
Coniral circuils then determine the rate at
which a display fades away after being stored
as 2 charged pattern on the mesh.

Venlesl deflection system
Since the CRT is limited as (o (he range of
deflection vollages which can be applied, a

f

vertical amplifier and atienvator are used.
These ore accuralely calibrated 1o provide a
deflection factor related to the geaticule (e.g..
S mV /division).

Horizants! deflection system

To defect the electron beam horizon(ally.
an amplifier and sweep generalor are used. A
suwlooth wavelorm generator sweeps Lhe
beam at a selectable uniform rate. With such
a lincar rate of sweep, calibraton (o the gra-
ticule is possible (¢.g.. | ms/division).

For meaningful displays, the horizonla! de-
flection system must provide synchronizing
circuits to starl the sweep at a specific instant
with respect (o the measured waveform. Au-
tomalic (riggering on Hewletl-Packard
scopes makes starling of the sweep a quick,
eusy slep.

Power supplies

Scopes contain low and high vellage power
supplies and determine, with the CRT, the
maximum capability of a scope, especially of
a mainframe.

Low voltage powcr supplies give operating
power Lo scope circuits such as the verlical
and horizontal amplifiers. The high voliage
power supply forms and comirois the CRT
clectron beam.

Hewlet-Packard has madc contributions
in power supplies, too, and two examples will
show their significance:

I. The 1700 Series portable scopes have an
advanced design LVPS. 1t is highly efficient
and has a ncwly designed dc-to-de converter.
The result is a scope which consumes ap-
proximately 23 watls and operates from ac
line, dc linc, or optional battery.



Figure 4. Power supply module can be
operated outside the mainframe to faclli-
tate maiatenance.

w -

Flgure 5. Hewla(t-Packard innovation uses
thlck-film substrate in cam-operated at-
tenvaltors, allowing selection ol 50N or
high Input impedance with low capacl-
tance.

2. Mdinframes in the 180 System have a re-
liable LVPS which, when repais may be re-
quired, can be removed from the instrumem
in a fully operating status; refer 10 figure 4.
Repair or calibration Ume is greatly reduced.

Input probes

Proper selection of well-designed probes
will minimize ciccuit loading effects and pro-
vide (hc most accurate and useful wyveform
informaton. Improper maiching of probe 1o
circuilt measurement point or of probe o
scape will cause rise lime errors jn pulsc mea-
suremenls and cause bolh amplitude and
phase errors in CW measurements.

The effects of resistive loading have been
recognized for somg Ume, High input imped-
ances have been used Lo reduce the voltage di-
vision between circuil and measuring device.
This 1echnique will cause minimal crror if
measuremen{s are at low [requencies and Lhe
circuil lest point has a low impedance.

When these probing requiremenlds are not
mcl. inaccuracies result for onc big reason:
CAPACITANCL. And the effects of capaci-
tance in the probe or scope inpul change
drasticslly because of frequency.

Hewlen-Packard has pioneered in helping
salve Lhe capicilance problem in high fre-
quency meusurements by providing selest-
able input impedance — 50 ohms or a high Z
with low capacitance. This measurement con-
venicnce is available because of Hewlelt-
Packard's innovative design. illustrated in fig-
ure §, that eses thick-film attenuators.

Sampling oscillogcopes

Sampling oscliloscopes use a technique
which i3 similur in principle 16 use of a irob-
oscope for study ol periodic or varying mo-
tion.

Samples are taken on suecessive recur
reaces of a waveform. As each amplitude
sample is taken later in lime on the wave-
form, the CRT beam is deflected to the cor-
responding point where a visible dot is then
displayed. The rale at which sampling occors
is very fast; thus the dots are displayed as a
coherem-appearing waveform on the CRT.

Samples arc oblained when a pulse “"lurns
on" the sampling circvit for an extremcly
short (ime. During this inlerval the input
waveform amplitude is measured, the sam-
ples are then effeclively “sirelched™ in time,
and amplified al relatively low bandwidths.

Thanks to fzst-switching diodes deviioped
by Hewlett-Packard—some even for usc in
othes types of instrumentation—sampling
scope bandwidths have progressed to the 18
GHz poinL

Oscilloscope selection

1700 Series Oscilloscopes

Dual channel with selection of 275 MHz,
200 MHz, (00 MHz, 7S MHz or 35 MHz. 275
MHz or 200 MHz dual-delayed sweep for
laboratory, production and field use in digi-
tal and high requency r{ applications. 100
MHz with 3rd channel trigger view; and 35
MHz slorage with variable persistence. See
page 98.
180 System high frequency plug-in
scope

Thc one plug-in instirument 10 solve nearly
any peneral-purpose laboratory or produc-
tion line measurement problem. Bandwidths
of 500 kHz, 35 MHz, 50 MHz, 75 MHz, 100
MHz or 250 MHz. Standard, storage/van-
able persistence, > 400 cm /us storage writing
speed or big-screcn. Sampling to 18 GHz,
TDR, spectrum anslysis, swepl (requency
apalysis and digital sLate analysis. Sec Page
I16.

1220 Serles 15 MHz2 bandwldth

Single and dueal channel oscilloscopes for
production line esung, educational, and in-
dustsial applications. Sec Pagc 144.

1200 Serles low frequency scapes

Low frequency, nmonplug-in scopes of
proven, all-solid-state circoit design. Many
operaling features normally found only on
much wider bandwidth, mose cxpensive
scopes. 500 kHz bandwidths in standard or
storagc/variable persistence. Deflection fac-
tors as low a3 100 xV /3iv. See Page 146.

140 General-purpose plug-In scope

A valued pecformer [or Hewleu-Packard
cuslomers sround the world, Standard and
storage/veriable persistence mainframes. 20
MHz bandwidth with standard or delayed
time basc and spectvum analyzer plug-ins. See
Page 143,

Osclilogcape accessarles

Supporling accessorius to get the maost out
of your scope investmenmt. Cameras and
adapters, lestmohiles, aclive and  passive
probes, and adaplers Lo meel mosl any need.
See Page 150,

EXT. KOMIZONTAL mw'l—l CRY
- sYNC [  SweEP MORIZ
\°"' CIRCUIT [—| GENERATOR AMPL :
EXT. SYNC | | gl
VERTICAL INTENSITY 8 FOCUSING
INPUT SIGNAL O—= ;o) (FIER 77
H.v. POWEA
SUPPLY
L.\ POWER
SUPPLY ==

EXT. IRTENSITY WODULAYION I

Figure 8. Typlcal oscilloscope block dlagram.
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OSCILLOSCOPES

275 MHz, dual-delayed sweep
Models 1720A & 1722A

224 GHEMLORCONE

1722A Description

The Model 1722A is a 275 MMz bandwidch, § ns/div sweep specd
dual channe! oscilloscope with a buwlt-in microprocessor fur the most
precise real lime measurement capabilities available at this time. In ad-
dition 1o (he conventional volis versus time CRT display. the micro-
processor gives you direct readout of time interval, frequency, de voll-
age. inslantancous voltage, and percent.

As well as increased accuracy offered by the microprocessor, you
get a digital readout of the answer o your problem in considerably
less time than it 1akes in a conventional scope. You also gel i substan-
tial Improvement in meassrement repeatability which makey the
1722A extremely uscful in applications requiring companison Lo a ref-
crence, For example, the 1722A°s outstanding repeatability along with
the 20 ps resolulion makes il ideally suited for making clock phasing
measuremenis in large compuler (iming applications.

Time interval measurements

The Time [aterval Mode is ideal {or making accurate measure-
ments of rise lime, pulse widih, and propagation delay.

Time fnlerval measurcments can be made between Lwo cvents on
Channcl A. two events on Channel B, or when in altemale mode, be-
tween an cvenl beginning on Channel A and ending on Channel B. A
DUAL DELAYED SWEEP technique displuys the start and stop
poinis of your time interval as intensified markers, The technigue i3 to
selecl MAIN INTENSIFIED MODE nnd adjust marker width wilh
the delay lime/division control. Then set the first marker at ¢ with the
DELAY dial, and set the 2nd marker at |; with the DECREASE-IN-
CREASE controls (coarse, medium, or fine). The 3% digit LED dis-
play automalically and continuously reads the Lime interval between
the two markers (1;-)). Time interval measuvrements are always dis-
played in units of sec (exportent 0), ms (cxponemt —3); ps (exponent
=6). or ns (exponcnl —=9), For inrcased resolotion, select DE-
LAYED sweep mode. The two intensificd portions will be displayed
alternatcly. Achieving the maximum accuracy of the 1722A is o sim-
ple mauer of overlapping the starl and stop points using the DEC-
INC switches! This new technique climinates any measurement errors
duc 1o vertical or horizontal dnft. It also epables you (0 compare two

CILLOSCOPE

waveforms while comparing the time relationship between them.

The microprocessor not only keeps track of 1he distance between
lhe (wo markers bul automatically expands the measurement resolu-
lion by a faclor af 10 whenever the \wo markers are within | em of
cach other. For ¢xumple, when making measurements on Lhe 2 ms/div
range % measurement of just over a division has a readout of 2.01 ms
while a measurement of just under a division has a readout of 1.998
ms. Accuracy in the time inlerval mode is basically 1%.

The microprocessor is nol only used (o caleulale time interval but is
also used Lo interrogitle the function switches to help prevent inacco-
faie measurements. For example. the Lime interval mode is only valid
in either the main intcnsified mode, where the two markers can be
seen, or in (he delayed sweep mode, where resolution und accuriaey can
be improved by overlapping the two delaved sweeps. In other modes
where errory might be made (such as in main, mixed, and X-Y). the
microprocessos automatically sets the display 1o zero.

1/Time (frequency) measurements

The 1722A gives an aumomatic 3 or 4 digil display of the reciprocat
of time. If u time interval mensurement is the period of a waveform,
then the 1/ Time mode provides & direct readout of cepelition rate or
frequency. The microprocessor computes the reciprocal of whatever
fime interval has been st when jn the Time mode. 1/Time display
unils are in Hz (exponent 0), kHz (exponent 3), or M Hz (exponeni 6).

DC voltage measurements

When the 1722A s operzated in the Input (de volis) mode you have a
direci digital display of the average value of (he waveform al the input
to channel A. The display is 3 digits with a sample rate of approxi-
malely 2/s and a response lime of less than one second. The DVM is
autoranging (rom 100 mV full scale to S0 V {ull scale in the X1 range.
) the X 10 range, which automalically compensates for g 10:1 divider
probe. full scale ranges sre from I voll 10 500 V.

Instantaneous voltage measurements

1 the posilion mode you can measure 1he value of any pont on a
waveform which climinates (he need Lo count divisions from a basc-
linc and multiply by the atlenuacor seuting. A switch in the channel A
input allows you 1o compensaie for a 10:1 divider probe for u direct
readout of voltage at the probe tip without any calculations,
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Two intensified markers are posltionad to cover the siart and stop
points of the desired interval. The LED readour automatically and
continuously displays the lima between the two markers (1.92 us).

For Increased accuracy. the scope (8 placed In the Delayed Sweep
mode o display the two latensified \races aiternately. When the
two races are made to coinclde using the DEC-— INC controls,
maximum accuracy I8 achteved (1.962 us, £0.63%).

Percentage measurement

The Position Mode gives an automalic readowt of percest when the
vernier is out of CAL position. This measurement is made by eslab-
lishing a 5 cm display between the 0 and 100% poinis with the 0% poinl
posilioned on a convenienl gralicule and zeroed with the Reference
Set pushhutton. The desired point on the waveform is positioned on
the reference graticule line using the position conirol and the percent-
age of thal point with respect Lo the 0 and 100% points is automatic-
ally and eontinuously displayed.

Models 1720A & 1722A

The 1720A and 1722A arc precision, high performance oscillo-
scopes in the traditional vertical, horizonlal, and triggering opera-
don.

Vertical deflection factors are 10 mV /divio 5 V/div over the full 275
MHz bandwidth with 2% atlenualos accuracy. Full 275 MHz band-
width is specified in both 30 ohm and | megohm input modes, and
over the full 6 X 10 cm display arca. Furthermore, the 275 MHz band-
width is maintained in calibrated modes as well as when the verniers
are in use.

For maximum measprement flexibility, the 1720A and 1722A have
switch-selectable 50 ohm or | megobm inputs. For general purpose
probing with standard X10 divider probes, the | megohm input is
shunted by only 11 pF and offers minimum circuit loading. The 50
ohm inpul with internal compensation and Jow refiections provides
faithful pulse reproduction for accurate transilion lime measurements
in circuits where low capacitive loading is necessary.

The CRT has a crisp. bright trace over the full 6 X 10 e display,
For convenient viewing and longer CRT life, beam intensity is auto-
malically regulated. However, the automatic intensity Yimit circuit is
designed so (hal maximum intensity is maintained for viewing low rep-
rate, fast rise pulses. An automatic focus circuil reduces the need for
focus readjusument with intensity level changes, yel a front pane! con-
trol may be used for fine adjustments when desired. An internal flood
gun uniformly illuminates the CRT phosphor to achieve high quality
trace photos as well as an eye-pleasing trace-to-background contrast.

Stable inlernal triggering to 300 MHz requires only | cm of verti-
cal deflection (only 0.5 cm to 50 MHz). The internal trigger sync take-
ol is immediately after the atlenuator for a stable display regardless of
changes in position, vernier, or polatily controls.
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Models 1720A & 1722A (cont.)

1720A and 1722A Specifications

Vertical display modes

Channel A; channel B; chunncls A and B displayed alternately on sae-

ecssive sweeps (ALT), channels A and B displayed by swilching be-

iween channels at approx. | MHz rate with blanking during switching

(CHOP), channcl A plus channel B (algebraic addilion): X-Y (chaonel

A vs. channel B).

Vertical amplitiers (2)

Bandwidih: (<3 dB down from a 6 div reference signal.)
DGC-caupled: d¢ o 275 MHz in both 50 ohm and high impedance
input modes.

AC-coupled: approx. }0 Hz (0 275 MHz.

Bandwidth limit: Jimits upper bandwidih 10 approx. 20 MHz.

Rise time: <.} ns {mcasured from 10% 10 90% points of a 6 div input

3tep).

Dedlection factor
Ranges: 10 mV/div 1o 5 V/div (9 calibrated positions)in 1, 2. 5 se-
quence. +2% allenuator accuracy.

Verniar. continuously variable between all ranges; cxtends maxi-
mum deflection factor to at least 12.5 V /div. Froni panel light indi-
cales when vernier is not in CAL position.

Polarity: channel B may be inverted, front pancl pushbutton.

Signal delay: inpul signals are delayed sufficicntly to view leading

cdge of input pulse without external trigger.

input coupling: selectable, AC or DC, 50 ohm (dc), or ground.

Groung position discannects input connector and grounds amplifier

inpul

Input RC (selectable)

AC and DC; | megohm +2% shunted by approx. |1 pF.
50 ohm: 50 ohms £2%; SWR, 1.3 an 10, 20, and 50 mV ranges
and <1.15 on all other ranges.

Maximum Input
AC and DC: £250 V (d¢ + peak ac) at 1 kHz or less.

50 ohm: 5V rms or £250 V peak whichever is less.

A + B operation

Amplifier: bandwidth and deflection factors are unchanged: chan-
nel B may be inverted for A-B operation.
Differentlal (A — B) common mode: CMRR is al least 40 dB
from dc to 5 MHz decreasing 10 26 dB a1 50 MHz. Common modc
signal ampltude cquivalent 10 12 ¢m with one vernier adjusted for
optimum rejection,

Trigger source
Seleciable from channe! A, channel B, or composite.

Channel A: zl) display modes triggered by channel A signa),

Channel B: zl) display modes triggercd by channel B signal.

Composite: all display modes (riggered by displayed signal.

Channel A input — de volts (1722A)
Display: light emiuing dindes (LED).
Number of digits: 3.
Dlsplay units: O exponent indicales volts; —3 exponent indicales mil-
fivolis.
X1 range: 100 mV 1o 50 V full scale vertical defloction (10 mV /diveo $
V/div).
X{O range: | V1o 300 V (ull scale verlical deflection (100 mV /div to
50 V/div with X!10 probe).
Accuracy: =0.5% reading £0.5% full scale (full scale = 10 cm), 20°C
to 30°C.
Stabllity: wemperatuse coelficient, <£0.02%/°C.
Input impedance: X1 range, ) megohm shunted by approx. Il pF:
X10 range (with X0 probe¢) 10 megohms shunted by approx. 10 pF.
Sample rate: approx. 2/s.
Response time! <1 s.
Relerence sek: meter may be zeroed permiiling de vollage measure-
ments with respeet Lo any voltage within selected range. Drift may be
¢liminaled by 1the REF SET control.
Overrange: Nashing display indicates ovesrange condition.
Channel A position — volte (channel A vernlier in CAL
detent) (1722A)

With (he following exceplions, specifications are the same as Chan-
nel A Input — DC volts.

Measurement: dc subsutution method using channcl A posilion con-
trol to determine voltage of any point on displayed waveform using
any graliculc line as reference.

Bandwidih: dc 10275 MHz (<3 dB down from a 6 div relcrence sig-
nal).

Dynamic range: 6 cm from ground refesenced 10 center screcn,
Reference set: melcr muy be zeroed, permits instantaneous vollage
measuremenls with respect 1o any voltage within scleeled range.
Accuracy: 1% reading £0.5% of Tall scale (10X the volts/div ranpe)
measnred al de.

Channel A position ~% (channel A vernier out of CAL
detent) (1722A)

Measureament: dc subsiitution method using channe! A position con-
trol o determine pereent of any waveform point with respecl ta user
defined 0 and 100% points.

Range: 0 (0 £140% (calibrated with vemier so that 100% cquals 3
div).

Accuracy: +1%.

Zero reference: meter may be zeroed to permit percent measure-
ments wilh regpect to any waveform point.

Vertical outpul

Amplitude: one division of vertical deflection produces approx. 100
mY oulput (dc to S0 MHz).
Cescaded detlection factor:
set to 10 mV/div.

Cagcaded bandwidth: dc 10 § MHz with bandwidih limit engaged.
Source resiglance: approx. 100 ohms.

Source seleclion: trigger source scl to channel A selects channel A
output: trigger source set 10 channel B sclects channel B output.

Horlzontal display modes
Main, mzin intensified. mixed, delayed, X10, and X-Y.

Main time base

Sweep:
Ranges: (0 ns/div 10 0.5 s/div (24 ranges) |, 2. 5 sequence.
Accuraey:

I mV /div with both vertical channels

Maln sweep tima/div Accuracy (0°C to 55°C)
K1
10 ns to 50 s *3% £5%
100 rs 16 20 ms +2% +3%
50msto0.5s +3% +3%

Vernler: continuously variable between all ranges; extends slowest
sweep speed to at least .25 s/div, Vernier uncalibrated hght indicates
when vernier is not in CAL paosilion.
Magnifier: cxpands all sweeps by a factor of 10; extends (astest sweep
to 1 ns/div.
Sweep mode
Normal: sweep is triggered by internal or external signal,
Automatlc: bright baseline displayed in absence of inpul signal.
Triggering is normal above 40 Hz.
Single: in Normal mode, sweep occurs once wilh same triggening
#s normal, resct pughbutton arms sweep and lights indicator: in
Auto mode. sweep occurs once each lime Resel pushbutton is
presscd.
Triggering
Internal: dc to 100 MHz on signals causing 0.5 davision or more
vertical deflection, increasing 16 | division of vertical deflection at
300 MHz in all display modcs. Triggening on line frequency is glso
scleclable.
External: dc to 100 MHz on signals of 50 mV p-p or more increas-
ing lo 100 mV p-p at 300 MHz.
External lnput RC: z2pprox. | megohm shunted by approx. 15 pF.

Trigger level and slope
Internal: at any point on the vertical waveform displayed.
External: conlinuously varigble from +1.0 V1o —1.0 V on ¢ither
slope of the trigger signal; +10 V 1o ~10 V in divide by 10 mode
(+10).

Coupling: AC, DC, LF REJ, or HF REJ.
AC: allenuales signals below approx. 10 Hz.



LF REJ: auenuales signals below approx. 7 kHz.

HF REJ: alténuates signals above approx. 7 kHz.
Trigger holdoff: 1ime between sweeps continuously variable exceed-
Ing one lull sweep froro 0 ns/div 10 50 ms/div.

Maln Intensified

Intensifies that par( of main lime base 10 be expanded to full screen
in delayed time base mode. Delay control (1720A) &nd time interval
controls (1722A) adjust position of intensified portion of sweep, Rear
panel inlensily ratio centrol sets relative intensity of brightened seg-
ment.

Delayed time base
Sweep
Aanges: 10 ns/div 10 20 ms/div (20 ranges) in 1, 2. 5 sequence.
Accuracy (0 to 56°C): same as main time base.
Magnitier (0 to 55°C): same as main lime base.
Triggering
Inlernal: same as main lime base excepy there is no Line Fre-
quency triggering.
Starts after delay: dclayed sweep automatically starts al end of
delay period.
Trigger: with dclayed trigger level control out of detent (starts after
delay) delayed sweep is triggerable at end of delay period.
External: dc 1o 100 MHz on signals oy 50 mV p-p or more, increas-
ing to 100 mV p-p at 300 MHz.
External input RC: approx. 1 megohm shunted by approx. 15 pF.
Trigger leval and slope
Internal: at any point on the verlical waveform displayed when in
triggered mode.
External: continuously varizble from +1.0 V to —1.0 V on either
slope of the trigger signal; +10 V 1o —10 V in divide by 10 mode
(+10),
Coupling: AC, DC. LF REJ, or HF REJ.
AC: attenuates signals below approx. 10 Hz.
LF REJ: atenuates signals below approx. 7 kHz.
HF REJ: a(tenuates signals above approx. 7 kHz.
Delay lime range: 0.5 to 10X Main Time/Div settings of 20 ns (o
0.3 s (minimum delay, 50 ns).
Ditferentlal time meaasurement accuracy (+15° C 1o +35° C);

Maln {ime base selting Accuracy

50 ns/div to 20 ms/div +(0.5% +0.1%
of {ull scals)

20 ns/div and +(1% +0.2%

50 ms/div to 0.5 s/dv of lull scate)

Delay Jitter (1720A): <0.005% (} part in 20 000) of max delay in each
slep.
Time Interval (1722A)
Delay tlme: conlinuously variable from 10 ns to 3 s.
Delay Jitter: refer 10 Time Interval Measurements, Stability.
Time Interval measurameants, 1722A (time)
Funclion: mecasures time interval belween two events on channcl A
{channel A display); between two events on channel B (channel B
display): or between (wo events starting f[rom an event on channel A
and ending with an event on channel B (Aliernate display).
Digplay unita: 0 (s); ~3 (ms); —6 (us): or —9 (ns).
Accuracy:

Main Hme base setling Accuracy (+20°C to +30°C)

100 rs/div lo 20 ms/div +0.5% of measuremenl
20.02% of full scale (for
measvremenls less than
1 ¢m). For measuremenis
>1¢m, £0.5% of measure-
mem +0.05% of full scale.

50 ns/div +0.5% ol measurement
+0.06% of full scale.

20 ns/div* and 50 ms/div o +0.5% ol measvrement

0.5s/dw, £0.15% of full scale.

“Starting stter 60 ns of swezp,

@

W

Resolutlon: inlervals <1 cm, >0.01% of full scale; intervals > | cm.

>0.1% of full scale; maximum digplay resolution, 20 ps.

Stabllity (0 to +55°C): short term, <0.01%. Temperature,

£0.03% /°C deviation (tom calibration temperature range.
Reciproceal of lime Interval measurements, 1722A (1/time)

Function: calculates and displays the reciprocal of the measured

time interval.

Display units: 0 (Hz); 3 (kHz): 6 (MHz).

Accuracy: samec as Time Interval Measurements.

Resolution: same as Time Interval Measurements,

Stability: same as Time Interval Measurements.

Mixed lime base

Dual time base in which the main lime base drives the first portion
of sweep and 1he delayed time base completes the sweep al the fasier
delayed sweep. Also operates in single sweep mode.

X-Y operation
Bandwidih

Y-axis (channe) A): same as channel A.

X-axls (channel B): dcto >3 MHz.
Deflection laclor: 10 mV/div to S V /div (9 calibrated positions) in |,
2. 5 sequence.
Phese difference between channels: <3° dc o 3 MHz.
Cathode-ray tube and controls
Type: posl acceleralor, approx. 20.5 kV acceleraling potential, alu-
minized P3( phosphor.
Graticule: 6§ X )0 div internul graticule. 0.2 subdivision markings on
major axes. 1 div = ) cm. Rear panel zdjustment aligns trace with gra-
ticule. Internal flaod gun graticule iflumination.
Beam finder: returns trace 1o CRT sereen regardless of setling of
honzontal, vertical, or intensity controls.
Intengity modulation: +8 V, 250 ns width pulse blanks trace of any
inlensily, uscable to 20 MHz for normal intensities. Input R, 1 k@
+10%. Maximum input, +10 V (dc + peak ac).
Auto-locus: automatically maintains beam focus with variations of
iniensity.
Intensity llmit: automatically limits CRT beam current lo decrease
possible CRT damage. Circuit response time ensures full writing speed
for viewing low duty cycle, fast rise Lime pulses.
Rear panel conlrols: astigmatism, pallern, main/delayed iniensity
ratio, and trace align.

General
Rear panel outputs: main ang delayed gates, -0.7 V1o +1.3 V ca-
pable of supplying approx. 3 mA.
Callbrator: | kHz 3+)0% square wave; 3 ¥V p-p £1%; <0.1 us rise
time.
Powar: 100, 120, 220,240 V, —10%, +5%: 48 (0 440 Hz; ( 10 VA max.
Welght: (1722A) nel. 132 kg (29 1b); shipping, 18.1 kg (40 Ib).
{1720A) net, 129 kg (28.5 1b); shipping, 17.9 kg (39.5 Ib).
Operaling environment: temperature, 0 Lo +55°C (+32°F 10
+130°F); humidily, to 95% relative humidity at 40°C (104°F): ali-
wude, to 4.6 km (15 000 ft); vibration, vibrated in three planes for 15
min. each with 0.254 mm (0.010 in.) excursion, 10 to $5 Hz.
Dimensions: 335 mm wide (13%4 in.); 197 mm high (7% in.); 570 mm
length with handie (22%41n.), 518 mm length without handle (20% in.).
Accessorles furnished: onc Model 10115A blue light filter; one
front panel cover. one vinyl storage pouch: one 2.3 m (7.5 {t) power
cord: one Operating and Service Manual.
Recommended probes
Divider probes for 1 megohm inputs: models 10014A and
10016A.
Divider probe for §0 chm Inputs: model 10020A. resistive divider.
Active probes for 50 ohm inputs: models 1120A, and 1125A.

Oplions Price
001: fixed Line cord add §15
003: probe power supply wath two rear panel jacks for
usc with HP active probes. Provides power to operale
ont [120A, two 1124A, or two 1125A aclive probes add §50
011: Pl phosphor in lieu of P31 N/C

Model number and name
1720A 275 MHz Oscilloscope $3500
1722A 275 MHz Oscilloscope with Microprocessor $4750
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200 MHz dual-delayed sweep
Modals 1710B/1712A
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1710B, 1712A Specifications

Vertical displiay modes

Channel A: channel B: chunnels A and B displayed aliernately on
successive sweeps (ALT); channels A and B displayed by switching he-
lween channels 2t approx. ) MHz rate with blunking dursing switching
(CHOPY; channel A plus chinnel B (algebraic addiion); X-Y (chun-
nel A vs. channcl B).

Vertlcal amplifters (2)

Bandwldth: (3 dB down from 1 6 div relerence signal)
DC-coupled: dc 1o 200 MHz in both 50 ohm and mgh impedance
input modes 10 mV /div (0 5 V /div, 10 150 MHz 51 5 mVdiv.
AC-coupled: lower timit is upprox. 10 Hz.

Bandwlidth limlt: limits upper bandwidth to approx. 20 MHz.

Rise tlme: <1.75 ns (0 mV /div 1o 5 V/div. <2.3 ng al 5 mV/div (mea-

sured from 10% to 90% points of & div inpul step).

Deflection facior
Ranges: 5mV/div (o 5§ V/div {10 calibrated pasitions) in 1, 2, § se-
quence. £ 2%-altenuator accuracy.

Vernler: continuously variable between all ranges: extends max-
mum deflection factor 10 at least 12.5 V /div. Front panel light indi-
cates when vernier is not in ¢al position.

Polarity: channel B may be inveried, lron( pane! pushbulton,

Signal delay: inpul signals are delayed sufficicnily to view Jeading

edge of inpul pulsc without advanced rigget.

Input coupling: scleciabic, AC or DC, 50 ohms (dc) or ground.

Ground position disconnects input conncelor and grounds amplificr

input.

Input RC (selecteble)

AC and DC: | megohm £2% shunted by approx. 11 pF.
50 ohm: 50 obms *2%; SWR <1.3 on 3, 10, 20, and 50 mV ranges
and <1.15 on all other ranges.

MaxImum input
AC ang DC: £250 V (dc + peak ac) a1 | XHz or less.

50 ohm: 5V rms or £250 V peak whichever is less.

A + B operation

Amplifler: bandwidth and deflection (aclars are unchanged; chan-
nel B may be inveried (or A-B operation.
Difterential (A ~ B) common mode: CMRR 15 al least 40 dB
from dc lo 5 MHz deereasing 10 26 dB at 50 MHz. Common mode
signal amplitude cquivalent 10 12 cm with one vernier adjusied for
opumum rejechion,

1712A OSCILLOSCOPE

Trigger source
Sclectable (rom channel A, channel B, or Composile.
Channet A: all display modes triggered by channcl A signal,
Channel B: all display modes riggered by channel B signal.
Composlte: all display modes triggered by displayed signal.
Vertical output
Amplltude: onc division of vertical deflection produces approx. 100
mV oulput (de 1o 25 MHz).
Cascaded deflectlon factor: 1 mV/div with both vertical channels
set to 10 mV /div.
Cascaded bandwidih: dc 1o 3 MHz with bandwidth {imi( engaged.
Vertics) output reslistance: approx. 100 ohms.
Verlteal output selaction: (rigger source set to channe! A selects
channcl A output, to channel B selects channel B output,
Horizonlal dlsplay modes
Main, main {ntensified, delaved, mixed, X-Y.
Main time base
Sweep
Ranges: 10 ns/div lo 0.5 s/div (24 ranges) |, 2, § sequence.
Accuracy

Accusacy 0°C 16 55°C
Main Sweep Time/Div x1 X0
10 ns 10 50 ns +34 +5%
100 65 {0 20 ms 2% +3%
50ms1605s +3% +3%

Vernler: conlinuously variable belween all ranges; exlends slowest
sweep 1o at least 1.25 s/div. Vernier uncalibraled ligh! indicales
when vernier is pot 1n CAL position.
Magnifler: ¢xpands all sweeps by a factor of 10; extends fastest
sweep (0 | ns/div.

Sweep mode
Normal: sweep is triggered by inlernal or external signal.
Automatic: bright baseline displayed in absence of input signal.
Trggenng is same as normal above 40 Hz
Single: in Normal mode, sweep occurs once with same Inggenng
as normal, resel pushbulton arms sweep and lights indicalor: in
Auto mode, sweep occurs once each time Reset pushbulton is
pressed.

Triggering
Internal: dc 10 100 MHz on signals causing 0.5 division or more



vertical deflection. Increasing to | division of vertical deflection at
200 MHz in 2l) display modes. Triggering on line frequency is aiso
selectable.
External: decto 100 MHz on signals of S0 mV p-p or more increas-
ing to 100 mV p-p a( 200 MHz. Maximum inpul, £250 V (dc +peak
ac) at | kHz or Jess.
External input RC: approx. | megohm shunted by approx. 15 pF.
Trigger level and slope
Internal: at any poinl on the vertical waveform displayed.
External: continuousty variable from +1.0 V to —1.0 V on cither
slope of the trigger signal, +10 V to —10 V in divide by 10 mode
(= 10).
Coupling: AC, DC, LF RE]J, or HF REJ.
AC: attenuates signals below approx. 10 Hz.
LF REJ: attenuates signals below approx. 7 kHz.
HF REJ: atlenustes signals above approx. 7 kHz.
Trigger holdoff: time between sweeps continuously variable, excesd-
ing one Tull sweep from 10 ns/div to 50 ms/div.

Main intensified (1710B)

Intensifics that part of main time base to be expanded to fulk screen in
delayed lime base mode. Delay control adjusts position of imensified
portion ol sweep. Rear panel intensity ratio control sets relative in-
\ensity of brightened segment.

Main Intensified (1712A)

Intensifies two parts of main time base 1o be expanded 1o full screen in
delayed 1ime base mode. “START™ control positions the first intensi-
fied portion of the sweep; "'STOP™ control positions the second inten-
sified portion of the sweep. Rear panel intensity control scts relative
intensity of brightened segments.

Delayed time base
Sweep
Ranges: 10 ns/div to 20 ms/div (20 ranges) in 1, 2, 5 sequence,
Accurpey (0 to 65°C): same as main time base.
Magnhfier (0 to 55°C): same as main time base.
Triggering
Internal: same¢ as main time base cxcept there is no Line Fre-
quengy {rigRering.
Slarts after delay: delayed sweep automatically stants st end of
dejay period.
Trigger: with delayed trigger level control out of detent (starts after
delay) delayed sweep is triggerable at end of delay period.
Externgl: de¢ 10 100 MHz on signals of 50 mV p-p or more, increas-
ing L0 100 mV p-p at 200 MHz. Maximum input, £250 V (dc + peak
a¢) al | kHz or less.
External input RC: approx. | megohm shunted by approx. 15 pF.
Trigger level and slope
Internal: at any point on the vertical waveform displayed when in
riggered mode.
External: continuously variable from +1.0 V 1o —1.0 V on cither
slope of the trigger signal, +10 V to — (0 V in divide by 10 modc
(+10).
Coupling: AC, DC, LF REJ, or HF REJ.
AC: altenuates signals befow approx. 10 Hz.
LF REJ: adenuates signals below approx. 7 kHz.
HF REJ: attenuates signals above approx. 7 kHz.
Delay time range: 0.% 10 10X Mazin Time/Div settings of 20 ns Lo
0.5 s (minimum dcelay 3¢ ns),
Differentlal time measurement accuracy {(1710B)
(+15°C o +35°C)

Main time bage 32Hing Accuray
50 ns/dlv to 20 ms/dlv £(0.5% £0.1% of full scale)
20 ns/dw and 50 ms/div to (1% £0.2% ol full seafe)
0.5 s/div

Delay [itter (1710B): <0.005% (| par in 20 000) of maximrum delay
in each step.

Mixed time base

Dual time base in which the main time base drives the first portion of
sweep and the delayed time base compleles the sweep al the faster de-
layed sweep. Also operaies in single sweep mode.

Time interval (1712A)

Function: measures time interval between two events on channel A
(channel A display); belween two events on channel B {channel B dis-

play): or belween two events starting from sn event on channel A and
cnding with an eveni on channel B (allernate display).
Accuracy:

Main Time Base Seiting Accuracy (+20°C lo +-30°C) |
100 ns/div to 20 ms/dlv +0.5% of measurement £0.05% ol is
50 ns/div +0.5% of measurement £0.1% of fs
20 ns/div*, 50 ms/div 1o +0.5% of measurement £0.2% of fs
0.5s/div

®Starting aftae 80 ns ol sweep

Mecasurement accuracy is the Time inlerval Accuracy plus the exter:
nal DVM accuracy.
Stabllty (0 1o 55°C): short-lerm 0.005%. Temperature, £0.03% C de-
viation I'rom calibralion temperature range.
Time Interval oulput voltage: varies [rom 10 V to 20 mV lull scale.
Full scale output vollage can be determined by multiplying the num-
ber on the TIME/DIV dial by 10 V {e.g. 0.05 5, 0.05 ms, or 0.05 us per
div gives 0.5 V output full-scale).
X-Y operation
Bandwidth

Y-axls (channel A): same as channel A.

X-axis (channel B): dcto >1 MHz.
Deflection factar: § mV/divto 5 V/div (10 calibrated positions) in {,
2, S sequence.
Phasa difference between channels: <3¢, dcto 1 MHz,

Cathode-ray tube and controls

Type: post accelerator, approx. 20.5 kV accelerating potential,
aluminized P31 phosphor.

Graticule; 6 X 10 div internal graticule. 0.2 subdivision markings on
major horizontal and vertical axes. | div = | ¢m. Rear panel adjust-
ment aligns trace with graticule. Internal flood gun gralicule illumina-
tion,

Beam finder: returns trace 10 CRT screen regardless of setting of
horizonlal, vertical, or intensity controls.

Intensity modulation Z-axis: +8 V, =50 ns width pulse blanks trace
of any intensily, usabte to 20 mHz for normal intensities. Input R, 1
k€ +10%. Maximum input, £10 V (dc + peak ac).

Auto-focus: automatically maintains beam focus with variations of
intensity.

Intensity limlt: automatically limits beam current (o decrease pos-
sible CRT damagg, Circuit response time ensures full writing speed for
viewing low duly cvele, fast rise time pulses.

Rasar panel conlrole: astigmatism, pattern, main/delayed intensity
ratio, and trace align.

General

Rear panel outpule: main and delayed gutes, —0.7 V 1o +1.3 V cap-
able of supplying approx. 3 mA.

Callbrator: type, | kHz £10% squarc wave: 3 V p-p 1%, <0.1 us
rise ime.

Power: 100, 120, 220, 240, — 0% + 5%, 48 10 440 Hz; 110 VA max.
Welght: Net, 12.9 kg (28.5 1b). Shipping, 17.9 kg (39.5 Ib).
Operating environment: temperature, 0 o +53°C (+32°F 10
+130°F): humidity. Lo 95% relative humidity a1 40°C (104*F); alti-
tude, to 4.6 km (15 000 fi); vibration, vibrated in three planes for 15
min. each with 0.254 mm (0.010 in.) excursion, 10 (o 55 Haz.
Dimenslone: 335 mm wide {1335 in.), 197 mm high (7% in.). 570 mm
length with handle (22% in.), 518 mm length without handle (20% in.).
Accessories furnished: one Model 101 I3A blue light filter. one
front panel cover; twa 10014A10:) divider prabes: one 2.3 m (7.5 fx)
power cord; one vinyl storage pouch; one Operating and Service Man-
ual.

Options Price
001: fixed line power cord add $18
003: probe power supply with two rear panel jacks for
use with HP active probes, Provides power to operate
one 1120A, two 1124A, or two 1125A Actjve Probes add $590
011: P|I phosphor in lieu of P31 N/C

Model number and name
17108 200 MHz Oscilloscope $2750
1712A Dual-Delayed Sweep Oscilloscope $2950
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100 MHz, dual channel

m Model 1740A

o Dual channel, § mV/div to 100 MHz
o 3rd Channel trigger view

e Selectable input Impedance
s 8 X 10 cm CRT
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1740A Description

Introduction

The new Hewleti-Packard Model 1740A 100 MHz, 3 mV /div, dual-
channel oscilloscope offers the bigh performance necessary to meet the
demanding requirements of both laborstory and heid applications.
The 1740A has the performance and features 10 make accurate mea-
surements with case. The carefully designed fronl panel includes a
large, high-resolution CRT with Yogically arranged conirols which re-
duce operator lezrning time and makes repelious measurements ¢as-
ier. Several features thal make Lhis oscitlascope more versatite than the
average 100 MHz portable oscilloscope include a third channel trig-
ger view for viewing the external trigger signal wicth both vertical chan-
nels; a XS vertical magnsfier for } mV /div defleetion factors an both
channels; selectable input impedance (1 mQ/30R) for general puspose
probing and prucise ise ume measurements; and a Logic State Dis-
play option for canvenienl switching between logic state and cleclri-
cal analysis.

OSCILLOSCOPE

8 X 10 em CRT

The CRT has a crisp. bright trace over the fully specificd 8 X 10 cm
displuy area. An accelerating potentia] ol 15 kV makes (he display
compalible with the 3 ns/un sweep speeds for easier viewing ol low
rep-rale, fasl transivion time signals. The small spot-size of the lab
qualily CRT along with the no parallax internal pralicule makes criti»
cal and difficult (ming measurements easier 1o perform. An internal
floodgun uniformly illumingtes the CRT phosphor for high qualiey
trace photos with a sharp well defined internal geativuie.

3rd channel trigger view

In many applicalions, including digilul circuils and equipment, it is
often necessary 1o use externgl trigger sources 1o maintain proper lim-
ing relationships. 1u is also imporant to know the rime relationship of
the (rigger signal Lo the displayed events. By pressing the Trigger Vicw
pushbutton while in aliernate or chop mode. the exiernal trigger sig-
nul iy displaycd as a third channel with the trigger (hreshold at center
sceeen. By adjusting the ¢rigger tevel control. you can sex which por-
tion of the trigger signal is jnitiating (he sweep. A deficction factor of
100 mV /div is compalible with ECL levels and in divide by 10 (+10)
the | Y/ div is compatible with TTL levels,
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Third channel triggar view of the external trigger signal offers
maasurement convenlence with the center screen ihrashold.

Stable flexible triggering

Stable internal triggering to greater than |00 MHz requires only |
om of vertical dellection. The Internal trigger sync take-off is immedi-
alely after the attenualor which maintains a stable digplay regardless
of changes in position, vermier, or polarity controls. A full comple-
ment of casy-to-use pushbution trigger controls assures you of the de-
sired trigger signal conditioning for your measurement. In the exter-
nal mode, triggering to 100 MHz only requires 100 mV; SC mV 10
50 MHz,

Selectable input Impedance

For maximum measurement flexibility, these scopes have switch-se-
lectable | megohm or 30 ohm inputs, The internal 50 ohm permits
convenient, high fidelity reproduction of pulses irom high-speed, low
impedance circuits,

Vertical amplifiers

Vertical deflection faciors are S mV /div 10 20 V/div over the full 100
MHz bandwidth and over the full 8 X 10 ¢m display area with 3% ac-
curacy, A X5 vertical magnifier provides 1 mV/div on both channels
10 40 MHz which eliminates the need for cascading. This low level ca-
pability permits measurements on tape and disc heads or power sup-
ply ripple with a convenient front panel pushbutton. The 20 V/div set-
ling is provided for convenient large signal measusements without spe-
cial purpose probes.

Serviceability

Access to the uncluttered interior for calibration and servicing is
casy with the convenient lift-off covers. Innovations in circuit design
along with custom integrated hybrid circuits reduce calibration time
with the low number of adjustments {44). Wire harnesses and intes-
connection cables between boards are reduced with an interface board
which connects the three main boards together. This board aiso re-
duces service time and reassembly errors normally encountered with
instruments containing many cables.
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Triggering abilily on two signals widely separated (n [requency Is
clearly shown with thesa signals which have a ratio of 1000 to 1
while triggering In the composite mode.

Service and callbration time Is reduced with 1he low number of
adjustmenis and an interface board which reduces interconnect-
Ing cables.

1740A/1607A digital circuit analysis

With the increasing use and complexity of digital circuits in new
products, the debugging and (roubleshooting of a digital system can
be very difficul. The Hewtett-Packard 17408, consisting of a 1740A
Option 101 and a 1607A Logic State Analyzer, offccs z solution Lo dig-
ital troudleshooting with the combination of logic state and electrical
analysis. The 1740A l.ogic State Display opton adds rear-panel in-
puts with internal switching circuils for single pushbutton switching
between the standard fromt panel inputs and the rear panel state dis-
play inpuls withoul changing cables. This single pushbutton switch-
ing capabilily is very useful when digital word-flow errors require
analysis of electrical parameters 10 delerming curreclive measures.

Loglc state analyzer

The 1607A Logic State Anulyzer is a Dala Domain instrument spe-
cifically designed for debugging, lesting, and teoubleshooling digital
machines. Data is captured and displayed, on the oscilloscope. as it
occurs in systems operating to 20 MHz The information display is
presented in a machine lunguage data-sequenee Lable. The I's and 0's
format does not require intespretation from voltage levels (o slate or
lable format. To selecl the data to be displayed, the Analyzer triggers
on a specific data word sclected with front panel trigger word swilches.

Electrical and digital measurements

Finding where and why a digital machine suddenly goes off in a
loop or simply stops during ils program can be a Jong and tedious task
with the number of nodes that must be checked. Since the data sircam
is composed of muny bits of information with ¢very bit looking like
cvery other biL it becomes a nearly insurmountable problem for lhe
oscilloscope by itself. However, with the 1607A's ability (o trigger on a
16 bit parallel word the analyzer/scope combination can display digi-
tal data as well as window the scope display lor clectrical analysis.

Digilal Delay makes il possible (o page through digital data while
maintaining a defined trigger point which altows you Lo follow the ma-
chine algorithm along wilh zctive data o locate problems. After lo-
caling the problem area, the Analyzer trigger word may be resel {0
1rigger near the fault and the activity on the bus and control lines may
be monitored. Comparison of the machine algorithm with the Lz2ble
display shows al a glunce the existence of false slates,

Switching Lo the clectrical analysis mode permits probing of the cir-
cuil nodes Lo determine if an electrical problem exists thiat could be
causing the machine to impraperly execute an instruction. This inter-
nul switching between stale and clectrical analysis requires no rescl-
ting of controls or changing of cables.

Another vseful mode for examining dala in the State Display mode
1s End Display coupled with Digital Delay which allows you Lo moni-
tor the events thal lead up 10 a fault. By again comparing the al-
gorithm with 1he data display. erroneous data is quickly identified and
the effect of (hat error is displayed afler the trigger point.

Further electrical analysis in the problem area is possible wilh Lhe
Analyzer's Pitlern Trigger Output signal. By using (his rigger signal
as an external trigger, the oscilloscope display can be precisely win-
dowed to any area of the program allowing false states, race condi-
tions, and transicnt signals to be identified. The Ird channel ingger
view again mainiains 1 time relationship that you can sec while ana-
lyzing the electrical wavcforms.



Model 1740A Option 101 offers convenient one button swhching
between legic siate and electrical analysis wihout changing
probe or cable connactions.

Word triggering with the Analyzer's digital memory and digital de- Analog dlspiay of digital data shows race condition pulse (top
lay permits viewing evenis leading up to and following the trigger trace) which s definad in time by the 3rd channel trigger view.
word for taster troublashooting. With the trigger signaf defined by a 16 bil word you know when tha

problem occurs to reduce troubleshooting time.
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Model 1740A (cont.)

1740A Specifications

Vertlcal display modes

Channel A; channel B; channcls A and B displayed alternately on suc-
cessive sweeps (ALT); channels A and B displayed by switching be-
tween channels at an approximate 250 kHz rute with blanking during
switching (CHOP): channel A plus channel B (zlgebraic addition); and
lrigger view.

Vertical amplifiers (2)

Bandwidth and Rise Time at all deflection (sctors from 0°C to

+55°C.

Bandwldih: ) dB doswn from 38 div reference signal.
DC-coupled: dcio 100 MHz in both 508t and | MQ input modes.
AC-coupled: approx. 10 Hzto 100 M Hz, | Hz with 10:1 divider
probcs.

Bandwidih limli: limits upper bandwidth 1o approx. 20 MHz.

Rise TIme: <1.5 ns measured from 10% (o 90% points of a 6 div inpul

slop.

Dellection facler
Ranges: SmV divio 20 V/div (12 calibrated posilians)in |, 2, 5 se-
quence, accurate within 3%.
Vernler: continuously variable between all ranges, exlends maxi-
mum deflection factor to al least 50 V/div. UNCAL light indicates
when vernier is not in the CAL position,

Polarly: channel B may be inverted, (ront panel pushbutton.
Delay llne: input signals are delayed sufficiently to view leading edge
of inpul pulse without advanced 1rigger.
Inpul coupling: selectable AC or DC. 509 (dc) or ground. Ground
posilion disconnects inpul connector and grounds amplifier input.
Inpul RC (selectlable)

AC or DC: | MQ? £2% shunted by approx. 20 pF.

50 ohm: 500 +3%: SWR <1.4 at 100 MHz on all ranges.

L 0| 1740A OSCILLOSCOPE

Maximum Input
AC or DC: 250 V (dc + peak ac) or SO0V p-p al | kHz or less.
50 ohms: S V rms.

A+B operation
Amplifier: bandwidth and deflection factors are unchanged, chan-
nel B may be inverted for A-B operation.
Ditferantial (A -=B) common mode: CMRR isal leust 20dB lrom
dc 10 20 MHz, Common modc signal amplitude cquivalent 16 § di-
visions with one vernier udjusted for optimum rejection.

Vertical magnification (X5)

Bandwldif: 3 dB down from 8 div reference signad.

DC-coupled: dc to approx. 40 MHz.

AC-coupled: approx. 10 Hz 1o 40 Mtz

Rise time: <9 ns (measured ftom 10% 1o 90% points of & div jnput
step).

Da];Iactlon factor: increases sensitivity of each deflection factor sct-
ting by a factor of S with a maximum sensitivity of | mY on channels A
and B.

Trigger source

Selectabie from channel A, channel B, compostite, or line frequency.
Channel A: all display modes triggered by channe! A signal.
Channel B: all display modes triggered by channel B signal.
Composlte: all display modes triggered by displayed signal except in
Chop. In Chop mode trigger signal is derived from channel A.

Line frequency: trigger signal is derived from power 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. lnternal
trigger signal amplitude approximates vertical signal amplitude. Ext
trigger signal deflection factor is approx. {00 mV /div or | V/div in
EXT + 10. Triggering point is approx. center screen. With idenlically
timed signals to a vertical input and the Ext trigger input, trigger sig-
nul delay is 2.5 ns x1 ns.



Horizontal display modes
Main, main intensified. mixed, delayed. mag X10. and A vs. B,

Maln and delayed time bases

Reanges
Maln: 50 ns/div (o 2 8/div (24 ranges) in 1, 2, § scquence.
Delayed: S50 ns/div 1o 20 ms/div (18 rangeg) in |, 2, 5 sequence.
Accuracy:

Sweep Time/Div ®Accuracy Temp Range
X1 X10
50 ns to 20 ms +3%  £4% 0°Cto +15°C
+2%  +3% +15°C 10 4+35°C
+£3% 4% 35°Clo +55°C

*Add 1% for 50 ms fo 7 5 ranges

Main sweep vernler: continvously vanable between all ranges, ex-
tends sloweslt sweep to at least § s div. UNCAL light indicates when
vernier is not in CAL pasition.

Magnifler (X10): expands all sweeps by a factor of 10, extends fas(-
el sweep 10 5 ng/div.

Calibrated sweep delay

Delay time range: 0.5 to 10 X Main Time/Div setings of 100 ns Lo
2 s {(minimum delay 150 ns).

Ditterential lime measurement accuracy

*Accuracy
{+15°Clo +35°C)

Main Time Base Setting

layed sweep. Also operates in single sweep mode. Accuracy, add 2% to
main lime base asccuracy.

A va. B oparation
Bandwtdth

Channel A (Y-axis): samc as channel A.

Channel B (X-axig): de 10 5 MHz
Deflection factor: 5 mV/div to 20 V/div (12 calibrated positions) in
I, 2. 5 sequence.
Phase ditference between channals: <3°, dc to 100 kHz.

Cathode-ray tube and controls

Type: Hewleti-Packard, 12.7 cm (§ in.) rectangular CRT, post accel-

erator, approx. 15 kV accelerating polential, aluminized P31 phos-
hor.

pGralicule: 8 X 10 div (1 div = 1 cm) inlernal non-parallax graticule,

0.2 subdivision markings on major horizonta) ang vertical axes and
markings for rise time measurements. Internal Moodgun graticule illu-
mination,

Beam finder: returns trace to CRT screen regardless of setting of
horizontal, vertical, or intensity controls.

Z-axls input (intensity modulatton): +4 V. =50 ns width pulse
blanks trace of any intensity, usable to <10 MHz for normal inten-
sity. Input R, | k@ £10%. Maximum input 20 V (dc + peak ac).
Rear panel controls: astigmatism and (race align.

General
Rear panel outputs: main and delayed gates, @ V 1o >+2.5 V
capable of supplying approx. 5 mA.

Amplilude calibrator (0°C to +55°C)

100 ns/div to 20 ms/div
50 ms/divto 2 s/div

*hdd 1% for temperatures from 0°C to +15°C and +35°C to +35°C

+(0.5% + 0.1% of full scale)
+(1% + 0.1% ol full scale)

Delay jitter: 0,002% (1 part in 50 000) of maximum delay in cach siep
from +15°C to +35°C,

Triggering
Malin sweep

Normal: sweep is triggered by inlernal or cxternal signal,

Automalic: bright baseline displayed in absence of input signal.

Triggering is same as Normal above 40 Hz.

Single: sweep occurs once with same triggering as Normal, resct

pushbutlon arms sweep and lights indicator.
Delayed aweep (sweep afler delay)

Aulo: delayed sweep automaltically stars at end of delay.

Trig: dclayed sweep is armed and triggerable at end of delay period.
Internal: dc 10 25 MHz~ on signals causing 0.3 divisions or more ver-
tical deflection increasing to 1 division of verticul deflection 4 100
MHz in all display modes {required signal level is increased by 2 when
in Chop mode and by 5 when XS vertical magnifer is used), Trigger-
ing on Line frequency is also selectable.

Exlernal: dc (o 50 MHz on signals of 50 mV p-p or mor¢ increasing (0
100 mV p-p at 100 M Hz (required signal level is increased by 2 when in
Chop mode).

External input RC: approx. ] m2 shunted by approx. 20 pF.
Maximum external input: 250 V (dc % peak ac) or 500 V p-p al }
kHz or less.

Level and slope

Internal: at uny poinl on the positive or negative slope of the dis-

played wavetorm.

Exlernal: continuously variable from +1.5 V 1o —1.5 V on cither

slope of the trigger signal, +15 V to =15 V in divide by 10 mode

(+10).

Coupling: AC, DC. Main LF REJ, or Main HF REJ.

AC: altenuales signals below approx. 20 Hz.

LF Reject (Main Sweep): attcnuates signals below approx. 4 kHz.

HF Reject (Maln Sweep): attenuates signals above approx. 4 kHz.
Trigger holdoff (maln sweep): increases sweep holdofT time in all
ranges.

Cslibrated milxed 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 de-

Output vollage 1Vp-pinto >1MQ +1%
0.1V p-p Into 50¢2

Rise lime <0.] us

Frequency 1.4 kHz approx.

Power: 100, 120, 220, 240 V ac £10%; 4% 1o 440 Hz; 100 VA max.
Welght: net, 12.8 kg (28.2 Ib). Shipping, 15.7 kg (34.6 1b.).
Operaling environmant: (emperatare 0°C to +35°C; humidity o
95% relative humidily at +40°C; altitude, to 4600 m(15 000 ft): vibra-
tion, vibrated in three planes for 13 min. each with 0.254 mm (0.010
in.) excursion, 10 to 55 Hz.

Dimensions: 335 mm (13Y¢in.) wide, 197 mm (7% in.) high, 597 mm
(23 in.) long with handle, 492 mm (19% in.) long without handle.

Accessorles furnlshed: onc blue light filter HP P/N 01740-02701:
one front panel cover, one 2.3 m (7.5 i) power cord, onc vinyl acoes-
sory slorage pouch, one Operators Guide and one Service Manual,
two Model 10006D 10:1 divider probes approx. 1.8 m (6 fL.) long.

Options Price
001: fixed power cord in licu of detachable power cord add $15
101: Logic State Display single pushbutton (Gold But-
ton) interface Option for operation with the HP Model
1607A Logic State Analyzer. Permits single pushbution
switching between flunctional 16 channel logic sinte
analysis and electrical analysis of digital data. Option
101 removes the A vs. B mode and replaces it with the
State Display pushbullon and adds interface circuits for
switching between front panel inpuls and rear panel
logic state inpuis.

Logic state analysls equipment required for

Option 101

Model 1607A: Mode! {607A 16-Bit Logic Stale Ana-

lyzer includes three dala probes and one clock probe. $2750
Four Model 10502A: 23 cm (9 in.) cables, Three (or X,
Y. and Z interconnections and one for pattern trigger-
ing conngction 1o the oscilloscope.

17408: Model 17408 includes 1740A 100 MHz oscillo-
scope with Option 101, Model 1607A Logic State Ana-
lyzer, four 10502A 23 ¢m (9 in.) BNC interconnecting
cables with a bracket and strap (HP P/N 5061-1213) for
combining into a single package. £4035

1740A 100 MHz Osclilescope $1995

add 8105

$15en.
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1700B and 17078 Specifications

Modes of operation

Channel A: channel B: channels A and B displayed alternuiely on suc-
cussive sweeps (ALT): channels A and B displuyed by switcluny be-
tween chunnels al approx. 400 kHz rate with blanking during switch-
ing (CHOF): chunnel A plus chunnel B (algebraic addition).

Each channel (2)

Bandwldth: (dircct or with Modcl 10006D probe, 3 dB down from 50

kHz, 6 div reference signal from a terminited 50 ohm source.)
DC-coupled: dcto 35 MHz in V7008, dc 1o 75 MHz in 17078.
AC-coupled: lowcer limit is approx. 10 Hz.

Rise time: <10 nsin 1700B, <4.7 ns in 17078. Dircet or with Model

10006D probe. 0% 1o 90% points with 6 div input step from a termi-

nuted 50 ahm source.

Deflection facior
Ranges: 10 mV/div 1o 3 V/div (9 ranges) in 1. 2, 5 sequence. 1%
atlenualor accuracy with vernier in cal pusition.
Vernier: cantinuously variable belween ull canges, extends max de-
Mection Taclor 10 ar lewst 12.5 V/div. Vernier uncal light indicates
when vernies is not in cal position,

Polarity: NORM or INV, selectable on channce! B,

Signal delay: input signals arc dehuved sufficiemly 10 view leading

cdge of input signals without advanced external tnigper.

Inpul RG: | megohm £ 1%; shunted by approx. 27 pF in 17008, up-
prox. 24 pF in 1707B.
Input coupling: AC. DC. or Ground. Ground position disconnccts
signal inpul and grounds amplificr input.
Maximum input
AC-coupled: 600 V (dc + peak av) rms zc <330 V. 5 V/div 1o
20 mV/div, <150 V 21 10 mV/div (10 kH/ or less).
DC-coupled: <330V (rms) $ V/div to 20 mV/div, <150 V at 10
mV /div (10 kM7 or less).
A + B operallon
Ampllifler; bandwidth and deflection factors are unchanged: chan-
nel B may be ioverted for A — B operation.
Common mode {A — B): frequency. dc1o | MHz: rejection ratio,
at least 40 dB on 10 mV /div, at leasi 20 dB an al! other sanpes with
verniers set for oplimum rejeclion. Common mode signal ampli-
tude equivalent to 30 div.

Trigger source

Applies for all five modes of operation,
Norm: on displayed signal.

A only: on signal from channcl A,

Maln time base

Sweep
Ranges: {rom Q.1 ps/div (0 2 s/div (23 vanges) in I, 2, 5 sequence.
3 3% accuracy wilth vernies in cal position,



Vernler: continuously vuriable between all ranges, extends slowesl
sweep to nf least § s/div. Vernier uncal light indicates when vernier
is nol in cal position.
Magnlfier: expands all sweeps by a lactor of 10 and extends {astes\
sweep 10 10 ns/div. Accuraey £5% (including 3% accuracy of time
base).

Sweep mode
Normal: sweep triggered by an int or ext signal,
Automalic: bright baseline displayed in absence of input signal.
Triggering is same as normal above 40 Hz.
Single: in Nommal mode, sweep occurs once with same (riggering
as normil; reset pushbuton arms sweep and lighis indicator: in
Auto mode, swecp oaccors once each (ime reset pushbution is
pressed.

Triggering
Internal: dc to 35 MHz on signals causimg 0.5 div or more vertical
deflection increasing to 1 div at 75 MHz for 17078 in all display
modes except chop; de to 300 kHz in chop mode. Triggering on line
frequency is also selectable.
Extarnal: dc 1o 13 MHz on signals 30 mV/p-p or more, increasing
o 100 mV,p-p at 73 MHz in the 17078,
External input RC: approx. | megohm shunted by approx. 27 pF.
Level and slope: inlcrnal, at any point on the vertical waveform
displayed: external, continuously variable from +1.2 V1o =1.2 V
on either siope of the trigger signal. Max input. 2100 V. In Model
1700B, + 10 extends external trigger input rangeto +12Vio~12V,
Coupling: AC, DC, LF REJ, or HF REJ; AC, attenuates signals
below approx. 20 Hz; LF REJ, attenustes signals below approx. 15
kHz; HF REJ. attenuates signals above approx. 30 kHz.

Trigger holdoff: lime between sweeps continuwously variable.

Delayed time base (17078)
Trace Intensification: intensifies that part of main time base 10 be
expunded to full screen in delayed time base mode. Rolating time base
switch from OFF position activales intensificd mode.
Sweep
Ranges: 0.1 us/div 10 0.2 s/div {20 ranges) in 1. 2. 5 scquence. £3%
with vernicr in cilibrated position,
Vernler: continuously varisble between all ranges. extends slowest
sweep (0 0.5 s/div.
Magnifier: expands all sweeps by a factor of 10 and extends fastest
sweep Lo 10ns/div. Accuracy is £5% (including 3% accuracy ofime
base).
Sweep mode
Trigger: dclayed sweep is armed a1 end of delay period.
Auto: delayed sweep is automatically triggered al end of delay pe-
riod.
Triggering
Internal: same as main time base.
External: same as main time base. Input RC is approx. | megohm
shunted by approx. 27 pF.
Level and slope: samec as muin (ime base.
Coupling: sclectable, AC or DC. AC atienuates signals below ap-
prox. 20 Hz.
Delay (before start of delayed sweep.)
Time: continuously variable from 0.1 us o 2 s.
Time Jitter: <0.005% (1 part in 20 000) of max delay in cach sweep
speed.
Callbrated delay sccuracy: =19 linearity, £0.2%.

Mixed sweep (1707B)

Combines main and delayed sweeps into one display. Sweep s staried
by the main time base and is completed by the faster delayed time
base. Also operates in single sweep mode,

External horlzontal input
Bandwlidih; dc to | MHz when driven directly from a (erminaled 50
ohm source. DC coupled.

Detlection factor (with beam positioned al left sdge of CRT): X,
)} Vidiv: X10. 0.1 V/div.

Vernier: 10:1 vernier extends deflection factor (o al least 10 V/div
(X1) or ¥ V/div (X10).

Dynamic range: beam may be pesitioned al left edge of CRT with 0
Vo =5 Vinput.

Maximum inpul: 100V,

Input RG: approx. | megohin shunted by approx. 10 pF.

Cathode-ray tube and controls

Type: post-accelerator, approx. 22 kV goceleraling polential, alumi-
nized P31 phosphor.

Graticule: 6 X 10 div internal graticule; 0.2 subdivisions on major
horizontal and vertical axes. | div = | cm. Front pane! adjustments
for trace alignment and astigmatism.

Beam finder: returns trace to CRT screen regardless of setting of
horizontul, vertical, or intensity controls.

Intensity modulation: >+4 V, dc (o | MHz blanks trace of any in-
tensity. Input R, 1000 ohns £ 10%. Max input, £ 10 V (de + peak ac).

General
Calibrator: | klz, £10% square wave; | V p-p, £1%.
Operating environment: temperature, 0 to $3°C (+32°Chp 130°F)
humidity, o 95% relutive humidity at 40°C (104°F); allitude, to 4.6
km (15 000 fi); vibration, vibrated in three planes for 15 min. cach
with 0.254 mn (0.010 in.) excursion, 10 to 35 Hz.
Dimenslons: 123 mm wide {124 in.), 198 mm high (7% in.), 530 mm
long with hundle (2074 in.), 400 mm long without handie (157% in.).
Weight
Without panel cover: net, 11 kg (24 Ib).
WHh panel cover and accessories: nct, 12.3 kg (27 1b). Ship-
ping. 17.2 kg (38 Ib).
With panel cover, accessorles, and battery pack: net, 16 kg (35
Ib). Shipping, 20.9 kg (46 Ib).
Power
AC llne: 115 or 230 V £20%, 48 to 440 Hz; 40 VA max.
DC line: 11.510 36 V; 40 VA max.
Battery (optlonal): operating time, up ta 6 hours in ) 700B; up to
4.5 hours in 1707B; recharge time, 14 hour maximuom, with power
switeh off, if not operated after power indicator flushes; low battery
indicator, power light flashes to indicate that batleries are dis-
charged and further operation may dantage baltery: recharging,
batteries are recharging whenever power mode switch is set to AC
with power applied. With power switch off, full charge is applicd.
With power switch on, trickle charge is applied.
Accessorles supplied: onc Model 10115A blue light filter; onc
panel cover; two Model 10006D, 10:) divider probes, 1.8 m (6 ft)
long; onc 2.3 m (7.5 ft) power cord wilh right angle plug (HP P/N
8120-1521); three fuses, one 2 A (HP P/N 2100-0002). onie 0.5 A
slow blow (HP P/N 2110-0008), one 0.25 A slow blow (HP P/N
2110-0018): and one Operating and Service Manual.

17078 option 015 specifications

Channel A output
Amplitude: open circuit output voltage approx. 100 mV per div of
display.
Cascaded deflectlon factor: | mV/div with both vertical chan-
nels sel Lo 10 mV /div.
Cascaded bandwidth: dc 10 3 MHz (use HP Model 10121A 20
cm, 8-inch, BNC cable 10 cannect channel A outpul 16 channel B).
Coupling: dc.
DC leval: approx. 0 V.
Source resistance: approx. 200 ohms

Options Price
Oplion 012: Model 10103B Battery Pack installed add $300
Optlon 015 (1707B): adds channel A oulput add $50

Model number and name

Model 1700B 35 M Hz Oscilloscope $1920
Option 012: Mode) 10103B Battery Pack installed add $300
Model 1707B 75 MHz Delaycd Sweep Oscilloscope $1995
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1702A and 1703A Specifications

Modes of operation

Channel A; channel B; channels A and B displayed aliernatcly on suc-
cessive sweeps (ALT): channels A and B displayed by swilching be-
tween channels at approx. 400 kHz rate with blanking ducipg switch-
ing (CHOPY); channcl A plus channel B (algebraic addinon).

Each channeal (2)
Bandwidth: (dircet or with Model 10006B probe, 3 dB down from 50
kHxz, 6 div refcrence signal from a terminated S0 ohm sowrce.)
DC-coupled: dc 1o 35 MHz.
AC-coupled: lower limit is approx. 10 Hz.
Rise time: <10 ns. Direct or wilh Model 10006D probe, 10% to 90%
points with 6 div input step from a termisnaled 50 ohm source.

Deflection factor
Ranges: 10 mV/div (o 5 V/div (9 ranges) in 1, 2, S scquence. £3%
altenualos accuracy with vernier in calibrated position.
Vernler: conlinuously variable betwecen all ranges. extends max de-
flection f2ctor 1o at least 12.5 Vjdiv. Vernier uncal light indicates
when vernier is nol in cal positon.
Polarlty: NORM or INV, selectable on channel B,
Signal delay: inpul signals are delayed sufficiently 10 view leading
edge of input signals wilhoul advanced external (rigger.
Input RC: | megohm & 1%, shunted by approx. 27 pF.
Input coupling: AC, DC. or Ground. Ground position disconnecls
signat inpul and grounds amplificr input.
Maximum input
AC-couplad: +600 V (dc + peak ac), rms ac <3350 V. 3 V/div 1o
20 mV /div, <150V at 10 mV /div (10 kHz or less).
DC-coupled: <350 V (rms) S V/div 10 20 mY /div, <150 V at 10
mY /div (10 kHz or less).
A + B operation
Amplifier: bandwidth and deflection faclors are unchanged; chan-
ncl B may be inverted for A — B operation.
Common mode (A — B): (requency, dcto | MHz; rejection rauo,

D‘;CILLDSCDPE

al lcast 40 dB on 10 mV /div, al least 20 4B on all sther ranges with
vernicrs scl for oplimum rejection. Common mode signal ampli-
lude equivalent to 30 div.

Trgger source

Applies lor all five modes ol operstion.
Norm: on displaycd signal

A only: on signal from ¢hannel A.

Channel A output

Amplitude: open circuit oulpul voltage approx. 100 mV per div of
display.

Cascaded deflectlon factors | mV/div with both veriical channels
set 1o 10 mV/div.

Cascaded bandwldth: dc 10 3 MHz (using HP Model 10121A 20
¢, 8-inch, BNC cable to connecl channe! A outpul to channel B).
Coupling: dc.

DC level: zpprox. 0 V.

Source resistance: approx. 200 ohms.

Main time base

Sweep
Renges: from 0.1 ys/div to 2s/div (23 ranges) in |, 2, 5 sequence.
+3% accuracy with vernicr in cal position.
Vernier: continuously variable between all ranges, extends slowest
sweep Lo at least 5 s/div. Vernier uncal light indicates when vernier
is not in cal posilion.
Magnifiar: expands all swceps by a factor of 10 und exlends lastest
sweep to 10 ns/div. Accuracy =5% (including 3% accuracy of time
base).

Sweep mode
Normal: sweep triggered by an int or ¢xt signal.
Avtomatlc: bright baseline displayed in ubsence of inpu( signal.
Triggering is samc as normal abave 40 Hz.
Single: in Normal mode, sweep occurs once with same Iriggering
as normal; resel pushbullon amms sweep and Jights indieator; in
Aunlo mode, sweep oceurs once each lime resct pushbution is
pressed.



Triggerin ;
Internal: gc to IS MHz on gignals causing 0.5 div or more vertical de-
flection in all display modes excepi chop; dc 10 400 kHz in chop mode.
Triggering on linc frequency is also selectable.

Exlernal: d¢ to 35 MHz on signals 50 mV /p-p. or more.

External Input RC: approx. | megohm shunted by approx. 27 pF,
Level and stope: intemal, at any puoint on the vertical waveform dis-
played: external, continuouvsly variable from +1.2 V to —1.2 V on
cither stope of the trigger signal. Max inpul, 2100 V. In Model 1702A,
+ 10 extends external trigger inpul rangeto +12 Vo —12 V.
Coupling: AC, DC, LF REJ, or HF REJ: AC, aitenuates signals
below approx. 20 Hz; LF REJ, atlenuates signals below approx |3
kHz: HF REJ, attenuates signals above approx. 30 kHz,

Trigger haldott: lime belween sweeps continuously variable.

Delayed lime base (1703A)
Trace intensification: iniensifies that part of main {ime base 10 be
expanded (o full screen in delayed time base mode. Rolating time base
swilech from OFF position activates intensificd mode.
Sweep
Ranges: 0.1 us/div to 0.2 s/div (20 ranges} in 1, 2, 5 sequence. 3%
accuracy with vernier in calibrated position.
Vernier: continuously variable between all ranges, extends slowest
sweep 10 0.5 5/div.
Magnifier: cxpands all sweeps by a facior of 10 and extends fastest
sweep to 10 ns/div. Accuracy is £5% (including 3% accuracy of time
base).
Sweep mode
Trigger: delaycd sweep is armed at end of delay period.
Auto: delayed sweep is automatically (riggered at end of delay pe-
riod,
Triggering
Internal: same as main time base.
Externel: samc as main time base. Input RC is approx. 1 megohm
shunled by approx. 27 pF.
Leve! and slope: seme as main timc base.
Coupling: selectable, AC or DC. AC altenuates signals below ap-
prox. 20 Hz.
Delay (Before start of delayed sweep.)
Time: continuously variable from 0.§ us10 2 s.
Time jitter: <0.005% (1 part in 20 000) of max delay in each sweep
speed.
Calibrated delay accuraey: *1%: linearity, £0.2%.

Mixed sweep (1703A)

Combines main apd delayed sweeps into one display. Sweep is started
by the main time base und is compleled by the fas(er delzyed time
base. Also operates in single sweep mode.

External horlzantal tnput

Bandwidth: dc 1o | MH2 when driven direculy from a terminated 50
ohm souree. DC coupled.

Deflecifon facior (whh beam posltioned at laft edge of CRT): XI,
I V/div; X10, 0.1 V/div.

Vernler: 10:1 vernier extends deflection fuctor (o at least (0 V/div
(X1) or 1 V/div (X10).

Dynamic range: bexm may be positioned at left edge of CRT with 0
V1o =5 Vinput.

Maximum Joput: +100 V.

Input RC: approx. ) megobm shunted by approx. 10 pF.

Cathode-ray tube and controis
Type: post-accelerator, approx. 8.3 kV accelerating potential; alumi-
nized P3| phosphor.
Graticule: 6 X 10 div internal graticule; 0.2 subdivisions on major
horizontal and vertical axes. 1 div = 0,85 ¢m. Rear panel adjustments
for trace alignmont and astigmatism.
Beam finder rcturns Lrace to CRT screen repardless of seliing of
horizontal or vertical controls.
Intensity modutation: >+4 V, dc 1o | MHz blanks Lrace of any in-
tensity. loput R, 1000 ohms +10%. Max jnput, £10 V (dc + peak ac).
Persistence

Normal: nataral persistence of P31 phosphor (approx. 40 us).

Variable: from <0.2 s 10 >1 mia (standard mode).
Storage writing speed

Standard mode: >20 div/ms over eentral § X 9 divisions.

Fast write mode: >1000 div/ms over central 5 X 9 divigions.
Brightness: approx. 340 cd/m* (100 1),
Storage fime: from standard 1o Store, races may be stored wilh
STORE TIME full cw for > 1 hr. With STORE TIME full cow, Iraces
may be viewed at normal intensity for >1 min. From Fast mode 1o
Store, traces may be stored with STORE TIME (ull ew for >S5 min.
With STORE TIME full ccw, traces may be viewed iat nocmal inten-
sity for > 135 s.
Erase: manual, pusbbution erasure takes approx. S00 ms.

General
Callorator: | kHe, +£10% square wave; | V p-p, £1%.
Operating environment: 1emperature, 0 10 55°C (+32°C o 130°F);
humidity. 10 95% relative humidity at 40°C (104°F); altitude. lo 4.6
km (15000 N); vibration, vibraled in threc planes lor 15 min. each
with 0254 mm (0.010 in.) excursion, 10 to 55 Hz.
Dimenslonsa: 325 mm wide (12'¥4in.), 198 mm high (7% in.), 578 mm
length with handle (22% in.), 448 mm length without handle (17%in.).
Weight

Without panel cover: nel, 11 kg (24 Ib).

Whh panel cover and sccessoriea: net, 12.3 kg (27 1b). Ship-

ping. 17.2 kg (38 Ib),

With penel covar, accessories, and battery pack: nel, 16 kg (35

Ib). Shipping. 20.9 kg (46 Ib).
Power

AC line: 115 or 230 V +£20%, 48 to 440 Hz, 40 VA max.

DC fine: 11.510 36V, 40 VA max,
Batlery (optlonal): opcrating lime, up to 4 hours: recharge time, 14
hours max, with power switch off, il not operated after power indica-~
Lor flashes; low battery indicator, power light flashes Lo indicate that
balléries are discharged and further operation may damage battery:
recharging, batteries are recharging whenever power mode switch is
set 10 AC with power applied. With power switch off, full charge is ap-
plied. With power switch on. trickle charge is spplied.
Accassorles supplled: one Model 10115A blue light filler; one pan-
¢l cover; two Model 10006D, 10:1 divider probes, .8 m (6 ft) long: one
2.3 m (7.5 ft) power cord with right angle plug (HP P/N 8120-1521)
Lhrec fuses, one 2 A (HP P/N 2110-0002), one 0.5 A slow blow (HP
P/N 2(10-0008), one 0.25 A slow blow (HP P/N 2110-0018). and one
Operating and Serviee manual.

Oplion 012: Model 10103B Baitery Pack instatled add 5300
Model number and name Price
1702A 35 MHz Siorage Oscilloscope $3000

1703A 35 MHz Delayed Sweep Storage Oscilloscope $3150
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OSCILLOSCOPES

Models 17008 Opt 300 & 17078 Opt 300

Ruggedized portabie, 35 MHz and 50 MHz dual channel

ANASEN. DM OSCTILLOSEORE

1700B/1707B Opt 300 specifications

Modas of operatlon

Channcl A; channel B; channcls A and B displayed aticenately on suc-
cessive sweeps {ALT): channels A and B displayed by switching be-
tween channels at approx. 100 KHz rate with blanking during swilch-
ing (CHOPY: channet A + channel B (algebraic addition).

Vertical amplifiers (2)
Bandwldih: (mcasured with or withaut 8 Model 10006D probe, 3 dB
down from a 50 kH2_ 6 div reference signal from g lerminaled S0 ohm
souree.)
DC-coupled: 17008, dc to 35 MHz: 1707B, dc to 50 MHz.
AC-coupled: lower limit 1700B approx. 10 Hz, 1707B approx. 2
Hz.
Risa time: 17008 <10 ns, 1707B <7 ns. Direct or with 10006D probe.
10% 10 90% of 6 div input step from a 1ermipated 50 ohm source.
Deflection fector
Ranges: [700B. 10 mV/div 1o 20 V/div (I1 ranges). 17078, §
mV /div 10 20 V/div (12 ranges); in |, 2, 5§ sequence.
Atlenualor accuracy: +3% with vernier in CAL position.
Vernier: continruously variable between all ranges, extends maxi-
mum deflection factor to at least $0 V/div, Fron( pancl light indi-
cates when vernier is oul of VERN CAL position.
Polarity: NORM or INVT, selectable on channcl B,
Signal delay: input signals are delaved sufficiently (o view leading
edge of tnput signals withoul advanced external trigger.
Input RC: | megohm £2% shurnted by approx. 30 pF.

Input coupling: AC, DC. or GND scleclable. Ground position dis-

connects signol 1nput and grounds amplificr input.

Maximum Inpul
AC-coupled: £800 V (dc + peuk ac); rms ac <350 V, 20 V/div (o
20 mV/div: <150 V at 1QmV/div and S mV /divin 17078 (10 kxHz or
less).
DC-coupled: rmsac <350V, 20 V/div (0 20 mV /div: <150 V a1 10
mV/div and § mV/div in 1707B (10 kHz or less).

A + B operation
Amplifier: bundwidih and dellection faciors are unchanged. chan-
nel B may be inverled for A — B operatjon.
Common mode (A — B): lrequency, 1700B dc (0 | MHz; 17078
de (o 3 MHz. Rejection ratio, 1700B al least 40 dB on 10 mV /div
and al least 20 dB on all other ranges, 17078 at least 26 dB on all
ranges with vemicrs sel for optimum rejection.

Trigger source (applles for all five modes of operation)
Composlte trigger: on displayed signal.
A trigger: on signzl from chanact A.

Channel A output (1707B)
Amplitude: one division of displayed signal in ¢channel A provides
approx. 50 mV oulput.
Cascaded deflection factor: 0.3 mV/div with both vertical chan-
nels set 1o 5 mV/div.
Cascaded bandwidth: dc 10 5§ MHz (use 20 cm. 8 inch, BNC
cable). DC coupled.
Outpul DC leve: approx. 0 V.
Outpul resistance: approx. | megohm.



Time base

Sweep
Ranges: 0.l us/div to 2 s/div (23 ranges) in 1, 2, § sequence. £3%
accuracy with vernier in CAL position.
Vernier: continuously variable between all ranges, extends slowest
sweep to at least 5 s/div, Vernier uncalibrated light indicates when
vernier is not in CAL position.
Magnifier: expands all sweeps by a factor of 10 and exlends (astest
sweep speed 1o 10 ns/div, Accuracy 5% (including 3% accuracy of
tUme base). Magnifier light indicates the X 10 mode.

8weap mode
Normal: sweep is triggered by an imernal, external, or power line
signal.
Automatic: bright baseline displayed in absence of input signal.
Triggering is same as normal above 25 Hz.
Single: in NORM mode, sweep oceurs once with same triggering
as normal; reset pushbutton arms sweep and lights indicator; in
AUTO mode, sweep occurs once cach time reset pushbutton is
pressed.

Triggering
Internal: dc to X5 MHz (1700B) S0 MHz (1707B) on signals caus-
ing 0.5 div or more vertical deflection in all display modes except
Chop; de to 100 kHz in Chop mode. Triggering on line frequency is
also selectable.
External: {700B, dc 10 35 MH?2 on signals of 50 mV p-p or more.
1707B, de to 35 MHz on signals of 100 mY p-p or more increasing to
200 mV p-p-ul 50 MHz.
Line: power line frequency signal (Main only).
External frigger input RG: approx. | megohm shunied by ap-
prox. 27 pF.
Level and slope: internal, at any point on the vertical waveform
displayed: external, continuously variable from +3 Vto =3 V (+30
V 10 —30 V in + 10) on cither slope of the trigger signal. Maximum
input £100 V.
Coupling: AC, DC, LFAC, or HFAC: AC. atlenuales signals
below approx. S0 Hz: LFAC, attenuates signals above approx. 30
kHz, HFAC, attenuates signals below approx. $ kHz.

Triggar holdoff: Lim¢ belween sweeps continuously variable.

Delayed time basa (1707B)
Trace inlensification: intensifies that part of main time base to be
expanded to full screen in delayed time base mode. Rotating time base
switch from OFF pasition activaies intensilied mode.
Sweep
Rangee: 0.1 us/div 10 0.2 s/div (20 ranges) in L, 2, 5 sequence. £1%
with vernier in calibrated position.
Vernler: continuously variable between all ranges, cxiends slowesl
sweep to 0.5 s/div.
Magnlfler: expands ull sweeps by a factor of 10 and exlends fastest
sweep 10 10 ns/div. Accuracy. £5% (including 3% accuracy of Uime
base).
Sweep mode
Trigger: dclayed sweep is armed at end of delay period.
Auto: delayed sweep is automatically Lriggered 8t the ¢nd of delay
period.
Triggering: same as internal main time base.
Delay (before start of delayed sweep)
Time: continuously variable from 0.} us 10 20 s.
Time jitter: 0.005% (1 part in 20 000) of max delay in cach sweep.
Calibrated delay securscy: +1%; linearily, £0.2%.

External horizontal Input
Bandwidth: {700B dc to 1 MHz, 17078 dc to 2 MHz.
Coupling: de.
Deflection factor (with beam positioned at left edge of CRT): X1,
} V/div: X10, 0.1 V/div.
Varnler: 10:1 vernier extends deflection factor to al least 10 V/div
(X1)or I V/div (X10).
Maximum input 100 V.
Input RC: ) megohm 2% shunted by approx. 30 pF in }700B, 10 pF
in 1707B.

Cathode-ray tube and controls

Type: post-accelerator, approx. 135 kV accelerating potential; alumi-
mzed P31 phosphor.

Gratleule 6 X 10 div (! div = | c¢m) internal graticule. 0.2 sub-
division markings on major horizontal and vertical axes,

Trace align: front panel adjustment aligns trace with graticule,
Focus: [ront panel adjusiment of spot for minimum size.
Astigmatism: front panel control allows circular adjustment of spot.
Beam finder: relurns Irace to CRT screen regardless of setting of
horizontal, vertical, or intensity controls.

2Z-axis input (1707B): allows intensity modulation >+5 V, decto 15
MHz blanks trace of any intensity. [nput R, > 5000 ohms. Maximum
inpul, £200 Ydc (dc + peak ac).

General
Outputs (1707B): two front panel outpuls for MAIN and DE-
LAYED QATES. Each outpul provides a pulse of at leasl 5 volts with
a duration equal to or greater than the sweep length.
Callbrator: type, | kHz, £ 10% squire wave; voltage, | V p-p, =1%.
Power requirements: ac line, |15 or 230 V +£20%, 48 1o 440 Hz, 30
VA max (1700B), 30 VA max (1707B); dc line, 11.3t0 36 V, 30 VA max
(1700B) 50 VA max (1707B).
Welght
Without panel cover: net, 12.3 kg (27 Ib).
With panel cover and acceasorles: net, 16 kg (35 Ib). Shipping,
20 kg (44 1b).
Dimensions: 330.2 mm wide {13 in.). 260.4 mm high {10 in.), 501.7
mm length (19% in.)
Accessories furnished: Model 10163A Opt 030 Panel Cover with
accessories (probes, connectors, adapters, fuses).

Environmental specifications

Model 1700B Opt 300 meets all environmental requirenments of
AN/USM-339 described in M1L-O-83226 (USAF). Model 1707B Opt
300 meets all environmental requirements of the AN/USM-338 de-
scribed in MIL-O-83225 (USAF).

Tempersature and altitude: non-operating, —62°C to +85°C to
}15.24 km (50 000 ft): operating, —40°C to +55°C, 20 min. a1 71°C, to
3.1 kmy (10 000 M),

Humidity: non-operating, +28°C to +71°C a1l 95% relative humid-
ity, ten 24 hour cycles for total of 240 hours.

Vibration: non-operiting, 5 1o 15 Hz, 1.5 mm (0.06 in.); 15 to 25 Hz,
1.0 mm (0.04 in.); 25 to $5 Hz, 0.5 mm (0.02 in.).

Shock: total of 18 shocks, in 3 planes, of 15 g's fcom un 11 1 ms
sawtooth,

Salt fog: non-operating, per method 309, procedure | of MIL-STD-
810.

Exploslve aimosphere: per method 511, procedure | of MIL-STD-
810.

Dust: non-operating, per method 510, procedure | of MIL-STD-810.
Dripproof: per MIL-STD-108, except the front panel cover shall be
removed.

Drop lest end water tightness: per MI1L-T-21200.
Electromagnetic interference: per MIL-STD-462 performed by
MIL-STD-46) as follows:

Requirement Limit Modification

Ceod relax 10 dB

€301, C$02 none

Cs08 none

REQ2 relax 10 dB. upper frequency 1 GHz
rS02, RS04 nene

Reliabllity: 1700B, 4550 hour MTBF; 1707B, 2850 hour MTBF, As
verified by MIL-STD-741B, Test Plan I1, Test Level B.

Model number and name Price
Model 1700B Opt 300, 35 MHz $2870
Model 17078 Opt 300, 50 MHz $3360
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General purpose plug-in scopes, to 18 GHz
Model 180 series

Introduction

The 180 plug-in oscilloscope combines high performance, plug-in
versatilily, and operating ease to give you a flexible operating system
with laboratory quality throughout. Whether you require four chan-
nel real time measurements 10 100 MHz, sampling 1o 1§ GHz, 170 ps
rise ime Time Domain Reflectometry, Logic State Analysis, High
Resolution Specirum Analysis, or precision Swepl Frequency testing,
cach ol these and more are available in a compact package with a large
CRT display.

The focal point for performance js the mainframe with a high qual-
ity CRT for accurate measurements, Four mainframes ar¢ available,
three (n cabinel or rack configuration und a large screen mainlrame in
a cabinel configusation. A selection of plug-ins for these mainframes
allows you to configurc an oscilloscope for general purpose use
through 100 MHz, 18 GHz sampling, Time Domain Reflectometry,
Spectrum Analysis, Network Analysis, and Logic State Analysis. You
can meel your prescnl measurement needs, selecting only those plug-
ins to meet present requirements at mimimum cost. yet keep the full ca-
pability of the muinframe for future requirements.

Moduls 180C. 180D, and 182C mainframes have bright, easy to see
displays for maximum resolution and measurement accuracy. Maodels
180C and 180D ¢ach have u CRT display with a lull § X (D cm inter»
nal graticule and 3 writing speed of 1500 cm/us. For muili-lrace view-

ing and casy-to-sce displays, the 182C CRT display has a lacge 8 X 10
division (one division equals 1.29 cm) internal graticule.

Storage /variable persistence mainframes give you the widest selec-
tion of gencral purpose and high speed storage applications. Ad-
vances in processing and target material have resolted in a very rug-
ged storage surface as well as extremely high wrniting speeds. This stor-
ape surfuce 15 so burn resistant that special operdling procedures are
nol required, extending the versalility of storage measurements to gen-
eral purpose applications.

Storage writing speeds of 100 ¢m/us or 400 cm/us are available in
the 184 and |84 Option 003, which allows you to capture thosc elusive
Iransients that were 100 fast for other storage scopet Lo record. With
these fasl writing speeds you can casily make pulse timing adjust-
ments, locute noise pulses and missing bits from low duty-cycle digital
signals. Low duty-cycle pulse trains from dssc, (ape. or drum periph-
cral uniws cun also be viewed through repetitive sweeps by using vari-
able pecsistence (o build up the intensily of dim (races.

For medium speeg storage and variable persistence applications,
Models 18{A/AR mainfrumes are available, Vanuble persistence
made, in both modcls, allows you to adjust display retention time 10
match the speed of slowly changing signals for maximum viewing case.
This allows direct viewing of complete wavelorms without clutler in
cleetromechynical. biomedical, chemical, geological, oceanographi-
cal, and many olher arcas with slowly changing signals.
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Real time measurements

A selection of eight, high performance, vertical real time plug-ins as-
sures the right plug-in for almost any mcasurement application. Real
time, dusi channel plug-ins are available in 500 kHz, 35 MHz, 50
MHz, 75 MHz, and 100 MHz bandwidths with deflection faclors of
100 4V, 10 mV, and $ mV. Additional measuremeni capability is pro-

vided by four channel 100 MHz, and 50 MHz plug-ns und a differen-
tial/dc offsel plug-in with 40 M}(z bandwidih. For measurement re-
quirements above 100 MHz, refer to (he 153 series data sheets.

A seleclion of time base plug-ins gives you a choice of single, cx-
panded, and delayed sweeps with magnified sweep speeds 1o 5 us/div
ip 180 mainframes. Models (820C, 1824A, and {825A have trigoering
capabilities 1o 150 MHz and the 1821A triggers in excess of 3¢ MHz.
Models 1821A and 1825A have calibrated delayed and mixed sweeps
for accurate 1iming measurements and delsiled examination of sclecl-
ed porlions of wavetorms. For applicutions that only require sweep
expansion, the 1824A provides expansions to 100 times with £3% ac-
curacy in the expanded ranges,

Samipling

Modcls 1810A and 181 1A sampling plug-ins provide the vasicst and
fastest low level, high [requency measucemenis presently avaiilable.
The 1810A looks and operates like n real time plug-in which reduces
familiarization Gme for accurate, low-level measurements to | GHz
Measurcments 1o 4 GH7 and 18 GHz are available with the 1811 A and
cither of wo remate fecdthrough sumpling heads. The remote
sampling heads. 1432A for 4 GHz and 1430C for 18 GHz, reduce mea-
surcment errors at Lthese high frequencies by climinating long high fre-
quency interconnecting cables. The feedthrough method of mensure-
ment in these sampling heads increases accuracy by allowing mea-
surements Lo be made while the system is opcraling with its own loads.

Time domain reflectometry

Timc Domain Reflectometry is 2 asl, convenient lechnigue for
measuring 1he clectrical characteristics of transmission systems. This
measurement lechnigque provides g display ol the impedance profile off
a syslem showing magnilude, nature, and distance of discontinuitics.
Model 1818A 18 an easy-10-use 170 ps rise ime TDR plug-in for de-
sign and insiallation cvaluation of transmission or interconnecling
systems. For critical design wark or system installations, the 181SA/B
with i1s remole sampling heads will display discontinuities as close as
6.4 mm (0.25 inch) with a system rise time of 35 ps.

Lgglc slate analysla

wo Lagic Statc Analyzers arc available for use with the 180 sys-
tem to provide fasl functional analysis of complex digitu! systems. The
1601 A 12-bi1 Logic State Analyzer plug-in may be used with the 180,
182, or 183 mainframvs and s available as the 160tL witk the 182C
mainframe. The 16-bit 1607A is a separate instrument with analog
outpuls for display on 180, 182, or 183 oscilloscopes.

Spactrum analsyals

The 8357A (350 MHMz) and 85588 (1500 MHz) Spectrum Analyzer
plug-ins display the absolute ampfitude of the frequency components
of an input signal. Applications include: dislortion and modulation
measurements, mixer characlerization, filter measurements and abso-
lute power measurements.

Operation of both anzlyzers is exiremely simple; only three con-
trols are needed for most measurements. Two controls set the fre-
quency scale, and one is used for the smplitude scale. Measurements
can be made (rom +30 dBm (7 voits) 10 — (17 dBm (320 nV) ona 70
dB distortion-free display. The R357A feuluces u (ull span of 350 M Hz:
the 8558 as wide as 1000 MHz, and for more detailed analysis, both
can scal a range as narrow as S0 kHz.

Swapt frequeancy testing

Hewletl-Packard's Model 8755 series Frequency Response Test Sets
are precision detection and display systems for making the basic mi-
crowave measurements of jnsertion gain/lass and retorn loss (SWR)
from IS5 MHz 10 18 GHz. The 87531 is cabinet mounted with a large
sereen display for bench applications; the 8755M occupies a mini-
mum of space when rack mounted.

The §755 system has been specifically designed to achieve a full 6¢
dB dynamic range when used with solid state sweepers (HP 8620
series) which typically have un output level in excess of 410 dBm. The
60 dB dynamic range from +10 to —50 dBm meaans il is possible lo
view a full 40 dB of return loss with couplers having a 20 dB auxiliary
arm coupling factor.
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General purpose plug-in scopes, to 18 GHz

180 SYSTEM SELECTION CHARTS
MAINFRAMES
Model No. Description Page
180C/0 High speed. 8 X 10 ¢m internal graticuls (180D rack style) 123
181A/AR 5 cm/us storage wnling speed/variable persistence (L81AR rach style) 119
182C Large screen, § X 10 div internal gralicule (10.3 X 12,9 ¢cm) 122
1834/8 4 ¢m/ns writing speed (1838 rack styfe) 142
183D Selectable scan, 4 or 8 em/ns wiiting speed, rack style, 142
1844/8 100 cm/ us slorage wriling specd/variable persistence (1848 rack style) 120
1844/8 0pi 005 400 cm /s storage wriling speed/ variable persistence (1848 Opl 005 rack slyle) 120
LOGIC
SAMPLING STATE
VERTICAL PLUG-INS (vertical Secllon) ANAL
Model No. 1801A 1803% | 1804A | 1805A 18064 | 1807A | 180BA | 1809A |11830A |*1834A |'1835A | tI810A | +*1815A/B [Z1]1811A | 216010
Bandwidth 50 10 50 1060 05 35 75 100 | 250 | 200 200 1 GH1 4 0f 4or
MHz (30) 124 GBz | 18 GH2 |Fincngnal
Min. deflactien | 5 my (500 | 10 mV display
factor/div aVO0pto0l| (Imy |20mV | 5mV 100V [10@V | SmY | 10emV | 10mY | 10mY [10mY | 2@V 5mV 2 mV g”““ﬁ‘!’“
cascaded) |cascaded) x?:tn;:n 12-
2(0p 2Q 2 bit data
Channels 01,1 Laff | 4 [cascaded) | (bolh diff) | 2 2 4 2 4 2 2 | 2 |words 12,
cascated) :’,’fgngfl;';'
) MY/ 1 MQ/ ([T MR/ | MR/ 182/ [ LMQ/ | 180/ 1 M/ LMQ/ [ty | 500 500 500 [positive;
Input RC 25 pF 27pF | 25pF | 3pF 45pf | 27pf | \2pF | 1ZpF | 50Q | 12pF | 12pf negative
or 5002 ar S0Q [or 500 01 502 [or 5002 m-elt‘;n-'-
Differential yes yes {wild | no yes yes yes | yes | yes | yes | yes | yes yes o yes ¥
Input dc oflset)
Page 126 130 128 124 126 126 | 125 | 128 142 142 142 136 138 134 8?2
SAMPLING FREQUENCY-DOMAIN
TIME BASE PLUG-INS (Time Base Seclion) TOR PLUG-INS
Model No. | 1820C|1821A%| 18244 [1825A|*1840A[*1841A| 18104 |2318158/B| 1118114 | 218184 |2111815A/B 8557A 85588 8735N
Ext Trig 18 GHx 18GH: | <170 ps <35ps |Specirum Specirum Swegl
Freq(MH1) | 150 | 100 150 150 | >500 | >500 [ > GHz |w:th \rigger |with trigger | nse bime rise ime | Analyzer Anglyzer Amplilude
ccunldown [countdown |TDR system TOR 0.1-350 plug-in, Analyzer
MMz, 0.1=1500 plug-in
Int Trig Freq. Delermined by Verlical Amplifier Plug-in. 1 GHz Measurements| MHz. measures
lrem Measursiness Jinsertion
Sweep Sos | 10ms | Snms |Sns | 1ns | ins 100 ps 10 ps 10 ps Calitraled 18154 | —117dBm |irom gain/loss
Speeds/divt | 1 s Is Is | 0.0s | 0.1s [(expanded)| —~1ps |(expanded)| infeet caltbraled [lo +20 dBm. | =117 dBm  |and relurn
=50 ps ~1 us |and meters | Infeat lo +30 dBm. |loss Irom
15 MHI o
Delayed and | Mo | Yes |Expanded| Yes | No [Delayed| No No No 18158 18 GHe
mired tweep X100 calibraled
in meters
Page 131 | 131 132 132 | 142 142 136 138 134 137 138 141 141 402 J
MAINFRAME / YERTICAL / TIME BASE COMPATIBILITY CHARY
TIME BASE TOR/SAMPLING, FREQ,
YERTICAL PLUG-INS PLUG-INS DOMAIN, LOGIC ANAL
g
3 @ NOTES
. Py clalala|lals|z|c || <|z|=| = <|=Z < | 1. Operate in )53 System mainframes on)
wne | 21212121 2121812151312 |55 5(8|3|22|5|3|2EE 23] mskwan
=2 =Rl =|m|= =22 === =] === oo (oo |—~ ). Regquires remole ssmpling heads.
4, Requires Remote Pulse Generstor
1300/0 XIX[XX[X[X]X]X XXX ]X XX |X|X|[X[{X]|X]|X 5, Includes K10 mainframe magnificatran
6. For verli ug-i 50 MH
IBIA/AR K X[X[X[X]X]¥|X X1¥| x| X[X[X|X[X]X]X i R‘;:Jujtellstrar:nfblfeg I::;ulﬁa::r ;nﬁ d:‘.morx
182C XXX XX X[X]|X lxfxfx XTIXIX]X X ]X]X]|X
183 <100 MH: XIX|XIX[X]X]|X]|X Xixrxlx XXX X x|xjxjx
A/B/D | <250MH; [ X [X[xTex[X[xx[x[x}X xx ] fx{xjxx|x{xix
183B Opt 005 XTXIX XXX XXX [X|X XXX x]x|x
1844/8 XX XX x|px|xl)x X[Ix[X]|X XIXPx)pxpx(x|x
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181A/AR Specifications

Cathode-ray tube snd controls
Type: post-acecleralor storage: approx. 8.5 kV acceleraling poien-
tial: aluminized P31 phosphor.
Gratlcule: 8 X 10 div internal graticule, 0.2 subdivision markings on
mujor horizon(a} and vertica] axes. 1 div = 0.95 ¢m. Fronl pane) ad-
justment aligns trace with pralicule.
Beam finder: retums trace to CR'T screen regardless of horizonlal or
vertical control seiting.
Intensity modulalion (external Input)
Input: approx. +2V, 250 ns pulse width (<10 MHz sine wave) will
blank wrace of normal imensity.
Inpul R: approx. 5 k.
Maximum input: £20 V (dc + peak zc).
Persistence
Normal natural persisience of P31 phasphor (approx. 40 gs).
Variable: from <0.2 510 >} min.

Models 181A/AR

Storage Wrlling Speed

Write mode: >20 cm/ms.

Max write mode: >5 cm/us.
Brightness: >342.6 c¢d/m* (100 f1).
Siorage lime: from Write mode to Store, trace may be stored af re-
duced intensity for >1 hour; 1o View mode, traces may be viewed al
normal intensity for >1 minute. From Max Write made to Store,
(races may be stored at reduced intensily for >S5 minutes: to View
mode, traces may be viewed at normal intensity for > 18 seconds.
Erase: manual, pushbulton erasure takes approx. 300 ms.

Horizontal amplifier
External input
Bandwidth: de-coupled, de to S MHz; ac-coupled, S Hzto 5 MHz.
Deflection Factor: | V/div in XI; 0.2 V/div in X§: 0.1 V/div in
X10.
Vernier: provides continuous adjusiment between ranges.
Dynamle range: +20 V.
Maximum input: 600 V dc (ac-coupled input).
Input RC: approx. | megohm shunted by approx. 30 pF.
Sweep magnifier: X5, X10; accuracy, *5% with 3% accuracy time
base.
Outputs
Four rear panel emitier follower outputs for main and delayed gates,
main and delayed sweeps or vertical and horizontal outputs when used
with TDR fsampling plug-ms. Will drive impedances 21000 ohms
without distortion.
General
Calibrator: approx | kHz square wave, 3 ps rise ime; 10 V p-p inlo
2| megohm; accuracy, £1%.
Operating environment: temperature, 0 to +55°C (+32°F 1o
+130°F); humidity. 10 95% relative humidity at 40°C (104°F); alti-
tude, to 4.6 km (15000 N1); vibration, vibrated in Lhree planes lor 15
min. each with 0.254 mm (0.010 in.) excursion, 10 ta 55 Hz.
Dimenslons
Cablnel Model, 181A: 200 mm wide, 28% mm high, 540 mm deep
behind panel (7%, 1%, 21% inches).
Rack Model, 181AR: 425 mm wide, 132.6 mm high, 543 mm dcep
overall (16%. 5h:. 21% inches): 493 mm {19% in.) deep behind rack
mount 1abs,
Welght (without plug-ins)
Model 181A (cablnet): nei, 10.9 kg (24 Ib). Shipping, 15.4 kg {34
Ib).
Model 181AR (rack): net, 11.8 kg (26 Ib). Shipping, 17.2 kg {38
Ib).
Power: 115 or 230 V +10%, 48 10 440 Hz; (13 watlx at normal linc
with plug-ins; max mainframe power, 225 VA.
Accossories supplied: 2.3 m (74 ft) power cord. Model 10178A
mesh conlrast filler, blue plastic light Nter (HP P/N 5060-0548), 230
Y fusc package (HP P/N 5080-9672), one Operating und Service Man-
ual, A rack moum kit (HP P/N 5060-0552) and 2 clip-on probe hold-
ers (HP P/N 5040-0464) are supplied with the I81AR rack model.

1817/TR
181T cabinet and 181TR ruck model mainframes are related 1o 8557A,
8558B, and R755A plug-ins; with non-buffered rear pane! auxiliary
outputs. For deiailed information refer o an §557A, 8558B or §755A
data sheel.

Options Price
H49: Model 181A wilh remote programming capabil-
ity for Write, Max Write, Normal, Store, View, and
Erase funclions. Programming is accomplished with
contacl closure, DTL, or TTL logic sources.

Option H49 Programming (181A)

Model number and name
Model 181A Storage Oscilloscope, Cabinet Style £2300
Model 181 AR Storage Oscillocope, Rack Siyle $2400

add $51%
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180 Mainframes: storage, 100 or 400 cm/us writing speed

Models 184A/B
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184A/B Mainframes Description

The Model 184A cabinct siylc and 1848 132.6 mm (5%, in.) high
rack style variable persistence and storage maijnframes provide wril-
ing speeds of 100 or 400 cmv/us. These writing speeds are fast enough
Lthat traces you previously had 1o photagraph to see ¢an now be viewed
direcUly in normal ambient light. A FAST mode optimizes writing
speed by switching (he CRT display to seduced sean while maintain-
ing calibration and resolution. A second graticule, for the FAST
mode, is superimposed 1 the center of the screen and a front pancl
light indicates when the scope is in the FAST mode.

The 184 Option 00S oifers an excellent FAST wriling specd of 400
cm/us and the standard 184 provides 100 ¢m /ps, both measured in the
reduced scan area. The fast stored wriling speed of 400 cm/us )5 fully
compaiible with a single-shot, § ns nse ume Lransienl with an ampli-
tude of greater than 5 divisions, Combining this superior single-shol
writing spced with variable persisience also provides bright ¢lear dis-
plays of low repelilion rate digital waveforms.

Advances in target material and processing provide extremely high
wriling speed as well as a very rugged storage surface. This highly burn
resistant. high-speed storuge surface does not require special opera-
ling procedures.

The last storage writing speed of the 184 storage CRT is extremely
useful for single sweep displays of low repetition rate signals with fast
rise times. This capability allows you Lo study a waveform of 10 pho-
lograph the trace with a general purpose scope camera os in (igure |

The digital word from TTL logic in lgure | is occurring at a | Hz rate
and 1§ inlegraled, vsing variable persistence, (o a bright cleur display
which is easily viewed in normal ambient light. The high wriling speed
allows storage und displuy of random noise pulkes (Npure 1) or single-
shot transients {ligure 2) For general purpose use where maximum
wriling speed is not of prime concern, a STD mode provides maxi-
mum brightness, high contrast ratio, and largest display arca (sce Nig-
urc 3).

A storage ligic control ollows a (rade-off of viewing brightness (or
siorage lime which makes it possible (o retain & display for grealer
than 10 miputes in STD mode and greater 1han 30 seconds in FAST
mode. Another useful mode is the combination of FAST or STD and
storc mode coupled with the me buse sel for single-sweep operation.
In this mode the 184 will remain prepured to store a signal for gver 10
minutes in STD mode snd more than 30 seconds in FAST mode.

This high speed storage tube also provides the same high contrasl as
a convenlional CRT and with a bright display of 342.6 ed/m? (100(1)
in the STD mode and 173.3 od/m? (50N) in the FAST mode. Also, by
modulating the Z-axis. you can easily distinguish between several trace
intensitices.

Fast, easy setup is provided by the HP developed beamiinder. Press-
ing the Find Beum pushbu(ton returns 1he beam 10 the CRT regard-
less of the setting of vertical or horizontal posilion, sweep. or lrigger
conltrols,

All solhid-slate circuits reduce service and mainlenance require-
ments with the proven reliability of these solid-stale compaonems.
Solid-state circuits also provide compact, lightweight instruments with
minimum warm-up lime for stable reliable measucements without fre-
quent cecahibration.

The horizontal amplificr increases mainframe measurement (lexi-
bility. The cxternal horizonltal inpul may be used 10 inject external
sweep stgals or for phise measurements. When used for phase mea-
surements, accurate measurements may be made up teo 100 kHz. A
convenienl phase switch on (he harizontal amplifier provides hori-
zonlal signal defay in the phasc position, so (hat vertical and horizon-
1al amplifiers are phase-matched.

184A/B Specifications

Cathode-ray tube and controla
Type: posl-accelcralor slorage lube; aluminized P31 phosphaor.
Graticule: 8 X 10 divinternal graticule, 0.2 div subdivisions on major
axes. | div = 0.95 cm. 8 X 10 div internal gralicule superimposed in
center of normal scope graticule (Tor fast writing specd mode). 1 div =
0.475 em. F