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[ﬁf) PACKARD
OPERATING MANUAL

MODEL 3437A

SYSTEM VOLTMETER

Serial Numbers: 163¢A00161 and greater
IMPORTANT NOTICE

This manual applies to instruments with serial numbers
indicated on this page. If the instrument has been
changed since this manual was printed, a yellow
“*Manual Change Sheet”’ (containing updating informa-
tion) will be supplied with this manual,

I WARNING I

To prevent potential fire or shock hazard, do not
expose equipment to rain or moisture.

Manual Part No. 03437-90012

Revision A

©Copyright Hewlett-Packard Company 1976
P.O. Box 301, Loveland, Colorado 80337 U.S.A.

Printed: December 1978
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(ﬁﬁ HEWLETT

PACKARD

CERTIFICATION

Hewlett-Packard Company certifies that this product met its published specifications at the time of shipment from the
Jactory. Hewlett-Packard further certifies that its calibration measurements are traceable to the United States Na-
tional Bureau of Standards, to the extent allowed by the Bureau’s calibration facility, and to the calibration facilities
of other International Standards Organization members.

WARRANTY

This Hewlett-Packard product is warranted against defects in material and workmanship for a period of one year
from date of shipment [,except that in the case of certain components listed in Section [ of this manual, the warranty
shal} be for the specified period] . During the warranty period, Hewlett-Packard Company will, at its option, either
repair or replace products which prove to be defective.

For warranty service or repair, this product must be returned to a service facility designated by -hp-. Buyer shall
prepay shipping charges to -hp- and -hp- shall pay shipping charges to return the product to Buyer. However, Buyer
shall pay all shipping charges, duties, and taxes f_or products returned to -hp- from another country.

Hewlett-Packard warrants that its software and firmware designated by -hp- for use with an instrument will execute its
programming instructions when properly installed on that instrument. Hewlett-Packard does not warrant that the
operation of the instrument, or software, or firmware will be uninterrupted or error free.

LIMITATION OF WARRANTY

-The foregoing warranty shall not apply to defects resulting from improper or inadequate maintenance by Buyer,
Buyer-supplied software or interfacing, unauthorized modification or misuse, operation outside of the environmental
specifications for the product, or improper site preparation or maintenance.

NO OTHER WARRANTY IS EXPRESSED OR IMPLIED. HEWLETT-PACKARD SPECIFICALLY

DISCLAIMS THE IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS FOR A PARTICULAR
PURPOSE.

EXCLUSIVE REMEDIES
THE REMEDIES PROVIDED HEREIN ARE BUYER'S SOLE AND EXCLUSIVE REMEDIES, HEWLETT-
PACKARD SHALL NOT BE LIABLE FOR ANY DIRECT, INDIRECT, SPECIAL, INCIDENTAL, OR CONSE-
QUENTIAL DAMAGES, WHETHER BASED ON CONTRACT, TORT, OR ANY OTHER LEGAL THEORY.
ASSISTANCE

Product maintenance agreements and other customer assistance agreements are available
for Hewlett-Packard products.

For any assistance, contact your nearest Hewlett-Packard Sales and Service Office,
Addresses are provided at the back of this manual, :

10/1/79
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PACKARD
SAFETY SUMMARY

The following gensral safaty precautions must he sbservad during all phuses of operation, service, and rapair of this
instrument. Failure to comply with these precauticns or with specific warnings eisewhere in this manua! violates
safaty standards of design, manufacture, and intended use of the instrument. Hewlett-Packard Company assumss ne
liability fer the customer’s failure to comply with these requirements. This is & Safety Class 1 instrument.

GROUND THE INSTRUMENT

To minimize shock hazard, the instrument chassis and cabinet must be connected to an elec-
trical ground. The instrument is equipped with a three-conductor ac power cable. The power
cable must either be plugged into an approved three-contact electrical outiet or used with a
three-contact to two-contact adapter with the grounding wire (green) firmly connected to an
electrical ground (safety ground) at the power outlet. The power jack and mating plug of the
power cable meet International Electrotechnical Commission (IEC) safety standards.

DO NOT OPERATE IN AN EXPLOSIVE ATMOSPHERE

Do not operate the instrument in the presence of flammable gases or fumes. Operation of any
electrical instrument in such an environment constitutes a definite safety hazard.

KEEP AWAY FHOM LIVE CIRCUITS

Operating personnel must not remove instrument covers. Component replacement and internal
adjustments must be made by qualified maintenance personnel. Do not replace components
with power cable connected. Under certain conditions, dangerous voltages may exist even with
the power cable removed. To avoid injuries, always disconnect power and discharge circuits

before touching them.

DO NOT SERVICE OR ADJUST ALONE

Do not attempt internal service or adjustment uniess another person, capable of rendering first
aid and resuscitation, is present.

DO NOT SUBSTITUTE PARTS OR MODIFY INSTRUMENT

Because of the danger of introducing additional hazards, do not install substitute parts or per-
form any unauthorized modification to the instrument. Return the instrument to a Hewlett-
Packard Sales and Service Office for service and repair to ensure that safety features are main-
tained,

DANGEROUS PROCEDURE WARNINGS

Warnings, such as the example below, precede potentially dangerous procedures throughout
this manual. Instructions contained in the warnings must be followed.

‘ WARNING I

Dangsrous voltages, capabie of causing death, are present in this instrumant, Use ex.
treme caution when handling, testing, and adjusting.
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SAFETY SYMBOLS

General Definitions of Safety Symbols Used On Equipment or In Manuals.
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l WARNING I
:ECAU'!IONi

NOTE:

Instruction manual symbol: the product will be marked with this
symbol wher it is necessary for the user to refer to the instruction
manual in order to protect against damage to the instrument.

Indicates dangerous voltagé (terminals fed from the interior by
voltage exceeding 1000 volts must be so marked).

Protective conductor terminal. For protection against electrical
shock in case of a fault, Used with field wiring terminals to in-
dicate the terminal which must be connected to ground before
operating equipment.

Low-noise or noiseless, clean ground (earth) terminal. Used for a
signal common, as welf as providing protection against electrical
shock in case of a fault. A terminal marked with this symbol must
be connected to ground in the manner described in the installation
(operating) manual, and before operating the equipment.

Frame or chassis terminal. A connection to the frame (chassis) of
the equipment which normally includes all exposed metal struc-
tures.

Alternating current (power line).
Direct current (power line).

Alternating or direct current (power line).

The WARNING sign denotes a hazard. It calls attention to a pro-
cedure, practice, condition or the like, which, if not correctly per-
formed or adhered to, could result in injury or death to personnel.

The CAUTION sign denotes a hazard. It calls attention to an
operating procedure, practice, condition or the like, which,if not
correctly performed or adhered to, could result in damage to or
destruction of part or all of the product.

The NOTE sign denotes important information. It calls attention
to procedure, practice, condition or the like, which is essential to
highlight.
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Model 3437A

Seetion |

SECTION |
GENERAL INFORMATION

1-1. INTRODUCTION.

1-2. This section contains general information concerning
the -hp. Model 3437A System DVM. Inciuded is an instru-
ment description, specifications, information conceming
instrument and accessory information, and safety consider-
ations.

1-3. DESCRIPTION.

1-4. The Model 3437A is a Microprocessor controlled 3%
digit, successive approximation system voltmeter, capable
of sampling voltages at rates up to 5700 samples per
second,

1-5. Chassis isolated input terminals, a wideband input
amplifier, auio-zero, auto-polarity, sample and hold, and
100% overrange on each of the input voltage ranges (.1 voli,
1 voit, and 10 volts) provide floating measurement capa-
bility (x 20 V) over the frequency range of DC through
1.0 MHz,

1-6. Hewlett-Packard Interfacz Bus is standard. All front
panel functions are programmable. The output data format
is selectable between an ASCIY (8 byte) and Packed (2
byte) format. The packed data format allows the controlier
additional data storage as well as allowing the input voltage
to be sampled at rates up to 5700 samples per second.

1-7. The 3437A digital delay logic is capable of delaying an
external trigger from Q1o | second (100 ns steps), and of
generating up to 9999 triggers (for each trigger received)
at rates of 1 Hz through 5700 Hz. The internally generated
triggers provide a burst sampling capability (up to 9999
samples} at a maximum rate of 3700 sampled per second.
Figures 1-1 and 1-2 illustrate the delayed measurement and
burst sampling capabilites of the 3437A.

PinpUT VOLTAGE,
LSAMPLE POINT.

e s o

i |

o 100 2

THME g} mrmrrs -
3437-B-4754

Figure 1-1. NRDGS=1 DELAY = 200 us.

1-8. (Figure 1-1) 200 us after being triggered, the 3437A
will sample and (after conversion) display the instantaneous
value of the input voltage. If the 3437A is addressed to
talk, the sampled input voltage wiil be output onio the
HP-1B.

T /\/1“&

)

o) 5 10 000

" M s
THIGGER TIME {ms}

3437-B —-4754

Figure 1.2. NRDGS=1000 DELAY =1 ms.

149, {Figure 1-2) When triggered, the 3437A will sample
the input voltage 1000 times at 1 ms intervals. Between
samples, the instantancous value of the sampled input volt-
age is converted and output onto the HP-IB.

1.10. The Binary Program mode provides a means of
programming the 3437A using an abreviated program code.
Wher interrogated in the Binary Program mode. The
3437A responds by writing 7 bytes (completely describing
the -programmed state of the instrument) onto the HP-IB.
The controfler can use these 7 bytes as an abreviated
program code to reprogram the 3437A to iis previous
configuration.

1-11. Model 3437 A applications include:

3. Fast muliipoint data-acquisition,

b. Repetitive-waveform analysis.

¢. Low frequency transient characterization.

d. Low frequency True RMS measurements.
1-12. SPECIFICATIONS.
1-13. Instrument specifications are listed in Table I-i,
These specifications are the performance standards or lmits
against which the instrument is tested. Any change in the
specifications due to manufacturing, design, or traceability

to the U.8. National Bureau of Standards will be covered by
revised pages, a change sheet,or both,to this manual. Addi-

i-1
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Table 1-1. Specifications.

(&

VOLTAGE MEASUREMENT CHARACTERISTICS, Accuracy
. ) + 0.008% Delay + Delay offset
Range  Bandwidth (3dB) Dispiay*
10 Volt 1.0 Mriz 4 10.98 (max} = 98.99 {ovrid) Repeatability [Jitter)
1 Volt 1.1 MHz + 1.998 + 9999 For NRDGS equal 1o O or 1
L1 Volt 40 kiMz +.1998 + 9999
o o Delay ) Jitter
Static Accuragy (90 days, 23°C 2 58 °C) O or 100 ns 2ns
200 ns 1o B0 ms 10 ns + .002% of Delay
10 Volt Range » D.05% of Reading £ 1.6 Digits > B0 ms 110 ns
1 Volt Rangse + 0.03% of Reading £ 1.6 Digits
.1 Volt Rangs + 0.06% of Reading + 1.8 Digits

NUMBER OF READINGS. (For each trigger raceived.)
[+ o
i + 5L
Static Accuracy {1wvear, 23 C £5C) Erom 0 10 9999
10 Volt Range + 0 .05% of Reading + 2.0 Digits
1 Volt Range + 0.03% of Reading + 2.0 Digits iNPUT CHARACTERISTICS.
.1 Yolt Range + 0.08% of Reading + 2.2 Digits
input impedance

Static Accuracy Temperature Coefficient (0°¢ to 5Q°C)

+ 0.002% reading/"C + 0.05 digits/°C Range Impedance
i 10 VoIt 1M (£ 20%) < 75 pF
Dynarnic Ascuracy 1vait > 30: n < 75 pF
Y within : Avelr - >10°0 < 75pF
Range Step input Final Value Time Maximum [nput Voltage (All ranges)
10 Voit 10V ¥ 200 mV 700 ns
10 Volt v £ 30 mv 75 us Hito L.O <+ 30V Peak
1 Vol TV £ 20mV 700 ns LO to CHASSIS < £42V Paak
1 Volt TV . 3Imv 1.6 us
A Volt v + 200 pV 25 us
DELAY CHARACTERISTICS. PROGRAMMABILITY.
Delay {In accordance with IEEE - 488- 1875)

For NRDGS equal to G or 1

g AHT  Acceptor PPQY  Parailel Poll
0 o 2999898 sec in 100 s steps ol Controller RL1 Remote/l.ocal
N BC1 Device Cigar 5H1  Service Request
For NRDGS > 1 oTh Device Trigger SH1 Source °
Data Format Defay between readings L4 Listener TS Talker
ASCH 277.8 us to £999999 sec
Packed 175.4 us to 8999998 sec COMMON MODE BREJECTION RATIO.

Offset {actual delay with O delay programmed}
100 ns + 28 ns

276 dB {1 k{2 unbalance in low input lead at 80 Hz}

*Dispiay will indicate overload if input is unterminated {1 volt range}.

Table 1-2. Suppiemental Characteristics.

MAXIMUM READING RATE. Operating Temperature
[« o)
ASCH 3600 Readings per second . 0CeeB0C
Packed B700 Readings per second Storage Temperature
‘1 i i g 1Y .
Actual reading rate s given by _40%C 10 75°¢
ASCH 3600 X 7 Byte Listen Rate
3800 + 7 Byte Listen Rate Hurnidity Range
) P o @
Packed B700 X 2 Byte Listen Rate <O5% RH 0 Cro40 €
57CG0 + 2 Byte Listen Rate Dimensions
Where Listen Rate = [Jata acceptance rate of listener 212.7 mum wide x 88.9 mm high x 827.1 mm deep
Weight
ERAL.
GEN L Net 5.6 kg
Power Reguirements Shipping 7.6 kg
Y P
100'V, 120 V, 220 V, 240 V (+ 6% ~10%, 48440 Hz) Model Number and Name
47 VA . 3437A System Voltmeter

1.2 Rev, A
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tional information describing the operating characteristics
(Table 1-2) are not specifications but are supplemental
information for the user.

1-14. OPTIONS.

1-15. The following oplions are available for the -hp-
Maodel 3437A System Veltmeter:

Option  -hp- Part Number  Description

907 5061-0088 Front Handle Kit
908 5061-0072 Cabinet Assembly
909 5061-0075 Cabinet Assembly

1-16. ACCESSORIES.

1-17. The following accessorics are avallable and can be
ordered "from your nearest -hp- Sales and Service Office:

1. DSA Test ROM hp-34115A
2. Performance Test Source interface -hp- 34114A
3. Performance Test Trigger Interface -hp- 34113A

Section

1-18. SAFETY CONSIDERATIONS.

1-19. ), Lo preserve the zpparatus from damage. itis neces-
sary for the user to refer to the instruction manual, the
apparatus will be marked with the symbal &

1-20. INSTRUMENT IDENTIFICATION.

1-21. A three-section serial number {XXXXAXXXXX) is
used 1o identify the Model 3437A. Figure {-3 illustrates the
meaning of the three parts of the number,

K KHKHX A HHHAX \

;

Four digis prefix  Letter igentilies the Frvc digit uh‘ux }
Q ifentfiss oseres  country whars the iddentifies 2 par
H af instrumenis, ulrgenl was man- acular insiry-
§ ufaciured meAt in s senes |
a (A - America, U - Unered Kingdom,
4 dapan G - Garmany) j

Figure 1-3. Instrument Serial Number.

Table 1-3. Message Transfer Rates {Listen).

Listen Handshake (ps/the)A

Commands [ATN True}

Addressed to Listen {ATLI 88

Addressed to Tatk (ATT) 38

Group Execute Trigger {GET) 160

Local Lockout (L1.C} 37

Seiected Device Clear {SDC) 124

Serial Polf Enable {SPE) 35

Serial Poll Disable (§PD) 38

Unlisten {UNL) 36

Untalk (UNT} 36
Program Code {ATN Faise)

Delay 100

e a2

0 64

1 69

2 74

3 78

4 84

5 88

[ 94

Store 176

NRDGS 112

1 a4

2 68

3 68

4 68

Store 112

Enab RQS 108

7 59

Store 90

ATvpicai
glnitiaé

CSubsEquerlt -maximum rate¢ {due to conversion time| =740 us.

Listen Handshake (#s/fﬁy?e?A
Program Code {ATN Faise}
Cont'd
Range 56
1 28
Range 56
2 89
Range 56
3 a0
Trigger 56
1 97
Trigger 56
2 28
:Eriggerg 56
3 S0
Trigger e 56
3 74
Format 58
1 98
Format 58
2 99
Binary Prgm 83
ist Byte 9B
2nd Byie 78
3rdd Byte 86
4th Byte 75
5th Byte 42
Bth Byte 42
7th Byte 140

Table 1-4. Message Transfer Rates {Tatk!,

Talk Handshake (.us/Byte)A

Data Formats {ATN False}

ASCH 22 us
Packed 20 us

Rev. A 13
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Seotion J1

SECTION I
INSTALLATION

2-1. INTRODUCTION.

2-2. This section contains information and instructions
pertaining to initial instrument set-up. Included are initial
inspection procedures, power and grounding requirements,
environmental information, bench and rack mounting
instructions, a description of interface connectors, and
repackaging instructions.

2-3. INITIAL INSPECTION.

2-4. This instrument was carefully inspected both mechani-
cally and electrically before shipment. It should be fres of
mars or scratches and in perfect electrical order upon
receipt. To confirm this, the instrument should be inspect-
ed for physical damage that might have occurred in transit,
and the electrical performance should be tested using the
performance tests outlined in Section V. If there is damage
or deficiency, refer to the warranty inside the front cover
of this manual.

2-b, POWER REQUIREMENTS.

2-6. This instrument can be operated from ac line voltages
of 100 V, 120V, 220 V, 240 V, at corresponding line
frequencies of 48 through 440 Hz.

Verify that the 110 V/220V Line Voltage
Selection switch, (Figure 2-1) located on the
rear panel of Model 34374, is set to the ac
source voltage to be used before inserting the

power cord and turning the Instrument on.
Also insure thar the proper fuse is installed,

120V

100V

- VOLTAGE
SELECT

2V

240V

LINE VOLTAGE (VOLTS) OPERATING RANGE {VOLTS) FUSE (mA)
108 90108 500
120 108126 500
220 198231 250
240 216252 250
343764755

ISELECTED FOR 120V,

Figure 2-1. Line Voltage Selection.

2.7. Power Cords and Receptacies.

2-8. Figure 2-2 illustrates the various -hp- power cord
configurations. If the appropriate power cord is not
included with the instrument, notify the nearest -hp- Sales
and Service Office and a replacement cord will be provided.

81291369 B120—- 1689

81201348,

ST5-8« 4195,
"UL LISTED FOR USE N THE UNITED STATES OF AMERICA

Figure 2-2. -hp- Power Cords.

2-8. Grounding Requirements.

2-10. To protect operating personnel, the Nationa! Elec-
trical Manufacturers’ Association (NEMA) recommends
that the instrument panel and cabinet be grounded. The
Model 3437A is equipped with a three-conductor power
cable which, when plugged into an appropriate receptacie,
grounds the instrument. The offset pin on the power cable
is the ground wire.

2-11. To preserve the protection feature when operating
from a two-contact outlet, use a three-prong to two-prong
adapter and connect the green pigtail on the adapter to
power line ground.

2-12. ENVIRONMENTAL REQUIREMENTS.

2-13. The 3437A should not be operated where the
ambient temperature exceeds 0°C to 50°C or stored where
the ambient temperature exceeds - 40°C to + 75°C.

2-14, Humidity.

2-15. The instrument may be operated in eavironments
with relative humidity of up to 95%. However, the instru-
ment must be protected from temperature extremes which
cause congensation within the instrument.

2-1
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2-16. Alttude,

2-17. The instrument may be operated at altitudes up' to.

45

73 meters {15,000 feet}.

WARNING

To prevent potential electrical or fire hazard,
do not expose equipment fo rain or moisture.

Maodel 34374

2-18. INSTRUMENT MOUNTING.

2-19. The Model 3437A. is shipped with plastic feet and ilt
stand in place, ready for use as a bench instrument. The
front of the instrument may be elevated for convenience of
operating and viewing by extending the tilt stand. The
plastic feet are shaped to permit placing the instrument on
top of other half-module Hewlett-Packard instruments.

2-20. Rack Mounting.

221, The Model 3437A is housed in a -hp- standard (%

HP.IB CONNECTOR J12

CHASSIS/OUTGUARD
o © ~ @ GROUND
0 0 o6 o 2 A
oboagaoe ! \ Mating Connector:

-hp- Part No, 1251-0293

¥l

M—{H}_}.J
ko ey qt._
i ) 13

/

Amphenol No, 57—30240

.\\://

Mating Cables:
10631A 3Tt

106318 & ft.

)
\
-

a Y
- N M < 2]
- > uw g z =
QQQQquog{gr—x
chaocrkanz %6 ai

DIC 1-8 {Data input/Outputl
Mnemonic referring to the eight "'Data input/Output’’
Jines. The DIO lines transfer messages in a byte-serial,
bit paraliel smanner,

ECGI (End or ldentify)
Mnemaonic referring to the “End or identify” control
fine. EQI is used by a device to indicate the end of a
multipie-byte transfer,

DAV (Data Valid)
Mnemonic referring to the “Data Valid” control line.
DAV is used 1o coordinate the “handshake” seguence,
The DAV line is controlied by the source {talker}. Whan
DAV is true, data an the D40 lines is considered valid.

NRFD (Not Ready For Data) |
Mnemonic referring to the "Ready For Data” conwol
tine. NRFD is used to coordinate the “handshake”
sequence. The NRFD line s controlied by the acceptor
{tistenar}. When NRBFED is true, the acceptor indicates to
the source that he is ready to accept data.

NDAC [Data Not Accepted)
Mnemonic referring to the "Data Accepted” control . line.
NDAC is used to coordinate the “handshake” sequence.
The NDAC line is controlied by the acceptor {listener}.
When NIDAC is true, the acceptor indicates to the source
that the data on the D10 tings has been accepted,

For further information concerning the HP-B, refer to
“Mewlett-Packard Interface, A Comgpendium of Technical
Articles” -hp- publications No, 5952-2472.

EEREEETEN] 10631C 12 ft.

the source that the data on the DIO lines has been
accented,

IFC (Interface Clear)
Mnemonic referring 1o the “Interface Clear” control line.
IFC is used to place the HP-18 system in 2 known quies-
cent state. The IFC line is controlied by the system
controlier.

SRQ (Service Request]
Mnemonic referring to the "Service Request” control
line. SRQ is used {hy any davice having service request
capability} to indicate to the system controlier that the
device requirgs service, The controller responds by potling
the devices to determine which device requested service.

ATN {Attention}
Mnemonic referring to the “Attention” control line, The
state of the ATN fine determines whether the HP.B is in
the “Command mode” {ATN true) or the "Data mode"
{ATN faise), When ATN is true, all devices must tisten to
the data lines, and when ATN is faise, only devices that
have been addressed will actively transfer data,

REN {(Remote Enable)
Mnemonic referring t© the "Remote Enable” control
line, REN is used in conjunction with listen addresses
{(DIC 1-8) to select either jocat or remote control of each
device,

)

Figure 2-3. Hewlett-Packard Interface Bus Connector.
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module} System I enclosure. Refer to the -hp- catalog for
rack mounting sccessories,

2-22. Interface Connectors.

2-23. Input. The voltage to be measured is applied to
either the front or rear panel mounted (parallel connected)
triax connector labeled INPUT,

2-24, Ext Trig and Delay Out. A standard (negative
edge) TTL input applied to the rear panel mounted BNC
connector labeled EXT TRIG causes the instrument to
initiate one or more measurements and provide one or more
corresponding delayed triggers at the rear panel mounted
BNC connector labeled DELAY QUT.

2.25, Hewlett-Packard Interface Bus {HP-1B). Figure 2-3
iflustrates the rear panel HP-IB connector, slong with a
brief description of each signal line.

2-26. Interface Cable Length. The maximum accumulative
length of an HPJIB cable in-any system must not exceed
more than 2 meiers of cable per device (up to 15 devices)
or 20 meters, which ever is less.

2-27. REPACKAGING FOR SHIPMENT.

2-28. The following is a general guide for repackaging the
instrument for shipment. If the original container is avail-
able, place the instrument in the container with appropri-

Section i

ate packing material and seal with strong tape or metal
bands. If the original container is not available, proceed as
follows:

a. Wrap the instrument in heavy paper or plastic before
placing in an inner container.

b. Place packing material around all sides of the ingtru-
ment and protect panel face with cardboard strips or plastic
foam.

c. Place the instrument and inner container in 2 heavy
carton and seal with strong tape or metal bands.

d. Mark shipping container “DELICATE INSTRU.
MENT.” “FRAGILE.” etc.

NOTE

If the instrument is to be shipped to Hewlert-
Packard_ for service or repuir, attach a tag to
the instrument identifving the owner and indi-
cating the service or repair to be accomplished.
Inchide the model number gnd full serial
number of the instrument, In any correspond-
ence, identify the instrument by model number
anel full serial member. If you have any gues-
tions, contact your nearest -hp- Sales and
Service Office.
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Section JI1

SECTION 1l
OPERATING INSTRUCTIONS

3-1. INTRODUCTION,

3-2. This section contains complete operating instructions
(both bench and system) for the Model 3437A Systems
Voltmeter. Included is a description of the front and rear
panel controls and indicators, programming instructions,
and application examples.

3-3. Controls and Indicators.

3-4, Figure 3-1 identifies the 3437 A displays, annunciators,
controls, and connectors. The identification of each item is
keyed to the drawing within the figure.

3.5. Front Panef Description.

3-6. KEYBOARD. The 3437A keyboard functions in two
modes:

a. Key per function.
b. Numeric entry.

3-7. Key Per Function, The Key Per Function mode (each
key representing instrument functions} occurs when the
instrument is turned on.

3-8. Numeric Entry, The Numeric Entry mocde (annun-
ciated by blinking DELAY, NRDGS, or ENAB RQS annun-
ciators) is a subset of the Key Per Function mode, and

occurs when either the BELAY N RDGS ENAB RS lravs are press-
ioloRol

ed while the keyboard is in the Key Per Function mode.
Subsequent entries {displayed by the numeric entry dis-
play) correspond to the blue labeled numeric symbols 09

and de%i}gg;ai point . The Numeric Entry mode is terminated

when D is pressed.

3.9. VOLTS DISPLAY. Displays the sign and magnitude
of the sampled input voltage (*“+ is implied). The overload
indicaticn is £ 99.99 (Decimsl point position corresponds
ta voltage range selected).

3-10. NUMERIC ENTRY DISPLAY. The contents of the
numeric eniry display are annunciated directly below the
display. :

3-11. RQS STATUS. The RQS STATUS annunciators
annunciate the instrument status.

3-12. Data Ready. The DATA READY annunciator
notifies the operator that the sampled input voltage has

been converted, displayed, and is ready to be output onto
the HP.IB. The DATA READY annunciator remains on
until the measurement data has been output onto the
HP-IB, or until a new function is programmed.

313, ignore Trig. The IGNORE TRIG annuaciator
notifies the operator that a second trigger occured prior to
completion of the measurement sequence/data transfer
initiated by the first trigger, and that the second trigger was
ignored. The IGNORE TRIG annunciator remains on until
a new function is programmed.

3-14. tnvalid Prgm. The INVALID PRCGM annunciator
notifies the operator that an invalid program condition has
occurred. The annunciator becomes illuminated during the
Remote and Local modes of operation, for the following
¥easons:

LOCAL:

a. DELAY (0-9999999). The first entry into the
delay field must be & decimal point. Any entry other than
a decimal point (leading zeros ignored) results in an invalid
program condition. When this occurs, the last valid delay
eniry is stored and the numeric eatry mode is terminated.
The INVALID PGM annunciater remains on until the key
causing the invalid entry is released.

b. NRDGS (0-9999). A decimal point entry into the
number of readings field results in an invalid program cond-
ition. When this occurs, the last valid NRDGS entry is
stored and the numeric entry mode is terminated. The
INVALID PGM annunciator remains on until the key
causing the invalid entry is released.

¢. ENAB RQS (9-7). Any entry other than 0-7
results in an invalid program condition. When this occurs,
the last valid ENAB RQS entry is stored and the numeric
entry mode is terminated. The INVALID PGM annuncia-
tor remains on until the key causing the invalid entry is
released. '

d. STORE. If the ¥°% key is pressed while the

keyboard is not in the Numeric Entry mode, an invalid
program  condition occurs. The INVALID PGM annun-
ciator remains on until the key causing the invalid entry is
released,

REMOTE:

An invalid entry while in the Numeric Entry mode, or the
use of an invalid program code, will result in an invalid

3-1
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WEEC DELAY w3
- WUM READINGE <10°

BiNARY
PRGM

L]

RANGE .S

i Ay NORDG

TRIGGER ]

FORMAT [

1 Annunciated instrument status {service request [SRQ] wiil 140 Qutput data format seiect keys
be set if ROS STATUS and ENAB RQS [numeric entry dis- 11 Kevboard +olocal
play] correspond). eyhoard return-io-loca
2 Volts display - Displays the sign and magnitude of the sam- 12 Annuncisted HP-IB status
pled input voitage. 13 Lineswitch
3 Numeric entry display - Displays DELAY, NRDGS, and 14 Fan
ENAB RQS entries.
4 Binary program mode snnunciator, 15 Delayed trigger output connector
5 Pre-entry keys for DELAY, NRDGS {Number of readings), 16  External trigger input connector
and ENAB RQS (request service mask}, 17 Fuse
V
5] oitage range select keys 18 Line cord receptacle
7 Trigger mode select keys R .
19 Line voitage select switch
8 Input connector
. . 20 HP-iB connector
9 Numeric entry termination key ({storss contents of the
;;/\X numeric entry displayl. 21 Input connector

INPUY
SRR

Figure 3-1. 3437A Front and Rear Panel Description.
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program condition to occur. The INVALID PGM annuncia-
tor remains on until the 3437A is readdressed to listen.

DELAY

3-15. TE} . The DELAY key (delay pre-entry) is used
when entering either the delay between readings
{NRDGS > 1) or the delay that occurs prior to sampling
the input voltage after the 34374 is triggered (NRDGS=1),

EXAMPLE:

DELAY
1. Press »

a. The Numeric Entry mode is annunciated by
the {Flashing) DELAY annunciator.

b. The numeric entry display (annunciated by
SEC DELAY) displays the previously stored
delay.

2. Press [Z] (Any entry other than s decimal

point (leading zeros ignored) results in an
invalid program condition.

3. Enter up tc 7 integers corresponding to the
specified delay (additional inputs are ignored).
A partial sf.;lg‘l?y field can be set to zeros by

pressing D .

4. Terminate DELAYmE?try (Numeric Entry
mode) by pressing D

N RDSS
3-16. BE The NRDGS key (number of readings pre-

entry) is used when entering the number of readings to be
taken after the 3437 A is triggered.

EXAMPLE:

N RDGS

1. Press a@

4. The Numeric Entry mode is annunciated by
the (Flashing) NRDGS annunciator.

b. The numeric entry display (annunciated by
NUM READINGS) displays the previously
stored number of readings,

2. Enter & 4 digit integer (0—9999) corresponding
to the number of readings to be taken after the
3437A is triggered. (If .a decimal point is enter-
ed into the number of readings field, an invalid
program condition results,) Additional entries
into a completed NRDGS field, cause previous
entries to be shifted left.

3. Terminate NRDGS entry (Numeric Entry
mode) by pressing T

-

Section IIT

ENAB RQS

£ Q
3-17. BE] . The ENAB RQS key (enable request pre-

eatry} is used when entering the request service mask. (The
request service mask is an octal number (0-7) identifying
the conditions for which service request (SRQ) is initiated.)
Tabie 3-1 shows the request service mask and corresponding
conditions for which the 3437A will initiate a service
request.

EXAMPLE:

ENAB RQS

I. Press BE]

a. The Numeric Entry mode is annunciated by
the (Flashing} ENABR RQS amnunciator.

b. The numeric entry display {annunciated by
ENAB RQS) displays the previously stored
request service mask.

2. Enter the request service mask (0.7). An invalid
entry results in an invalid program condition to
occur. (Additional entries override previous
entries.)

3. Terminate ENAB RQS entry (numeric entry

STORE

mode) by pressin .
)by p g m

Tabie 3-1. SRQ Conditions.

ROS Mask? Conditions for Initiating SRQ
{421} {Octal)
000 0 Ne SRQ Capabilities
001 1 Invalid Program
0190 2 Trigger lgnare
011 3 Trigger lgnore or invalid Program
100 4 Data Ready :
101 5 Data Ready or invalid Program
110 3] Data Aeady or Trigger Ignore
111 7 Data Ready or Trigger lgnore or Invalid

Program

1 a. invatid PGM

b. Trig lgnore
¢. Data Ready

—{oav 1.0Y wy )

318, RAN?E "Ej 5@ s@ The three voltage

ranges (annunciated by the range select keys) are selected -
by pressing either the 2 Lo ¥ key. (Each

& o

range has 100% overrange capability.}) The displayed
decimal point position will not correspond to the selected
voltage range until the 3437A has sampled the input
voltage.

3-3
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INT.
a. Local - With zere delay programmed, the sample
rate is approximately 10 samples per second.

b. Remote - To generate an internal trigger while in
remote, the following conditions must exist:

Remote

Internal Trigger

Addressed 10 Talk

Not in Binary Prgim Mode
Not in Serial Poll Mode

6. Notin Numeric Entry Mode

Lhodm L g e

With these conditions satisfied, the 3437A will generate
ant internal trigger on the transition of ATN {alse.

EXT.

The 3437A will sample the input voltage when triggered
{TTL negative edge) at the external trigger input connector,

External trigger inputs exceeding TTL levels
(0 ta 5 V] may cause danage to the 34374%
external trigger input circuitry. The Perfor
mance Test trigger interface {-hp- 341134} is
wsefull for clamping bipolar triggers to within
TTL levels. Refer to page 5-85 for more infor-
mation on this interface.
HOLD/MAN. (LOCAL & REMOTE)

HOLD/ MAN

The first time the 3@ key is pressed, the 3437A holds

the wvolts display of,me last sampled voltage constant. The

second time the"oﬁ key is pressed (and each time there-
3@

after), a manual trigger is generated. Manual triggers can be
generated in this manner until a new function is program-
med.

GROUP EXECUTE TRIGGER.

{Addressed HP-IB Command.) Each time the 3437A
receives group execute trigger (GET) while addressed to
fisten, it will generate a trigger {repardless of trigger mode
selected).

i asen PACXER |
3-20. FORMATOB @ The output data format is

selectable between an ASCH (8-byte) and PACKED
{2-byle) format,

ASCH
3-21.°@. bach data transfer "is output as 6 ASCH
characters, followed by a carriage return {CR) and line feed
(LF) concurrent with EOI true.

EXAMPLES:
a. Normal
i voltrange  +.1998 (CR) {LF and EOD
ii. 1 volt range = 1.998 (CR) (LF and ECI)
+

1

Hi. 10 volr range - 1998 (CR) {LF and EOD)

34 Rev. A

Model 3237A

b. Overload
1. Jdvolt range £ .9999 (CR) (LF und EOI}
i I volt range  £9.999 (CR) (L¥ and EOI}

iit. 10 voit range  +99.99 (CR) (LF and EOI)

For measurement data where NRDGS > 1, the (CR) and
{LF and EOL) is suppressed (between the intermediate
outputs) and the data is delimited by a comma.

PACKED

3.22, {E . EBach data transfer is ouiput as 2 binary
bytes, The second byte is concurrent with EO} true.

EXAMPLES:

a. Normal {+ 3.24 volts, 10 volt range)

& DIO 1
IstByte 1 0 1 000 11
T L (3) 28D (BCD)
{0)MSD
Sign Bit
Range Multiplier

ndByte 0 0 1 0 0 1 G 0 &ED]

(4) LSD (BCD)
(2) 38D (BCD)

b. Overload (+25 volis, 10 volt range)

8 BIG 1
IstByte 1 0 1 |

1 0.0 |
i——{r——@)zw

(1) MSD (97 is displayed)

2ndByte 1. 0 01 1 00 1

(9) LSD
(9)38D

For measurement data where NRDGS > 1, EOI is suppress-
ed (between intermediate outputs) and the data is not
delimited. EOI true is sent concurrent with the second
data-byte of the last data transfer. Table 3.2 shows the
packed format designators.

3-23. LOCAL. When the 3437A is in remote (not local
lockout), pressing 5 returns the 3437A keyboard from

remote {HPAB controlled) to local (front panel controlled).

3-24. Programming Instructions.

3-25. The 3437A is a svstems instrument intended to be
used with the HP-IB (IEEE STD 488-1975 or equivalent)
sysiem. The following paragraphs describe HP-IB operation.

o,
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Tabte 3-2, Packed Format Designators.

DIC
Byte Function 8 7 6 B 4 3 2 1] Description
1st Range
Muitiptier | 0 1 1 Volt Range
1 1 1 Volt Range
10 10 Volt Range
Sign hit 1 Positive
0 Negative
MSD 1 ]
0 Numeric
28D X X X x| Value of
Sampled
2nd 38D X X X X input Valtage
LSD x x x x|}

3-26, The HP-IB transfers messages {(data and commands).
between the components of an instrumentation system on
16 signal lines. The interface functions for each system
component are performed within the compenent so that
only passive cabling is needed to connect the system. The
cables connect all instruments, controllers, and other com-
ponents of the system in parallef.

3-27. Eight of the lines (DIQ 1-8) are reserved for the
transfer of messages in a byte-serial, bit-parailel manner.
Message transfer is asynchronous, coordinated by the three
handshake lines (DAY, NRFD, and NDACY). The remaining
five Hneés are for control of HP-IB activity.

3-28. Devices connected to the HP-IB may be talkers,
listeners, or controilers. The controlier dictates the roil of
each of the other devices by setting the ATN (attention)
line true and sending talk or listen zddresses on the data
Hines (DIO 1-8).

3-29. Addresses are set into each device at the time of
system configuration. (The 3437A HP-IB address select
switch is located on the Logic board.) While the ATN line
is frue, all devices must listen to the data lines. When ATN
is false, only devices that have been addressed will actively
send or receive data. All other devices ignore the data lines.

3-30. Several listeners can be active simultaneously but
only one falker can be active at a time. Whenever a talk
address is put on the data lines (while ATN is true), ail
other talkers are automatically unaddressed.

3-31. Information is transmitted on the data lines under
sequential control of the three handshake lines. No step in
the sequence can be initiated until the previous step is com-
pleted. Information transfer can proceed as fast as devices
can respond, but no faster than allowed by the slowest
device presently addressed. This permits several devices to
receive the same message byte concurrently.

3-32. The ATN line is one of the five control lines. When
ATN is true, addresses and commands are transmitted on
seven of the data lines using the ASCII code. When ATN is

Section JII

faise, any code of & bits (or less) understood by both talker
and listener(s) may be used.

3.33. The other conirol Hnes are IFC, REN, SRQ, and EOL
IFC (interface clear) places the interface system in a known
quiescent state (the 3437A becomes unaddressed to listen,
unaddressed to talk, and the serial poll mode (SPM) is
clearsd). REN (remote enable) is used in conjunction with
listen addresses to select either local or remote control of
each device. Any device having service request capability
can set service request (SRQ) true. This indicates to the
system controller that a device on the bus requires atten-
tion. EOI {end or identify) is used by a device to indicate
the end of a multiple-byte transfer (the 3437A sets EOI
frue concurrent with the last data-byte of a multiple data-
byte transfer). For further information concerning the
HP.IB, refer to “Hewlett-Packard Interface. A Compendium
of Technical Articles” -hp- publications No, 5952-2472,

3-34. MP-IB Address Selection. A seven-bit binary code
forms the complete TALK or LISTEN address of the
3437A. The first five bits of the code {selected by A281)
are referred to as the instrument address. The remaining
two bits (DIO 6-7) are controller originated and define the
address to be either TALK or LISTEN. The seven-bit code
forms as ASCII character (Table 3-3) that uniquely defines
the selected TALK or LISTEN address. Figure 3-2 iflus-
trates the address select switch and address code
designators.

3-35. Program Code Set. Program code (an alpha-numeric
code representing various instrument functions) is used to
controf the front panel while the 34374 is in the remote
mode of operation. To implement the program code set
(Table 3-4), it is necessary for the 3437A to be in remote
and addressed to listen.

3-36. The 3437A front panel is designed to imply the
program code set. The underlined alpha characters repre-
sent the program code alpha symbeol for the corresponding
instrument function.

EXAMPLE:
The program code string:

D.00258, N1008, E0S, R3, T2, F1 reads:

1. DELAY 2.5 ms
2. NRDGS 100

3. ENABRQS 0

4. Range 10 Voits
5. Trigger External
6.  Format ASCII

It is not necessary to reprogram all functions each time a
programming change is made. (The order of program code,
and the use of commas is optional.}

3-5
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Table 3-3. Address Codes.

ASCH CODE CHARACTER BINARY CODE OCTAL CODE 5 BIT %3
Listen Talk AE A4 A3 AZ At Listen  Talk DECIMALS
Addrass Address B by b by by by by EQUIVALENT

SP @ ] 0 o s} o} 040 160 o

1 A 0 b} o ") 1 041 1m 1

" B 0 0 v} 1 0 042 162 2

# € 0 B8 0 1 1 043 163 3

$ D G o 1 0 0 044 104 4

% £ 0 0 1 o 1 045 108 5

& F G ] 1 1 0 048 106 6

' G o o 1 1 ] 047 107 7

{ H ¢ 1 0 0 0 050 110 g

} { o 1 0 0 1 051 11 a

* 4 0 1 o 1 ] 052 112 10

+ K 0 1 0 1 1 053 113 11

, L 9 1 1 0 0 054 114 12

. ] ] 1 1 0 1 055 115 13

. N G 1 1 1 0 056 116 14

/ ] Q 1 1 1 1 057 117 16

[} P 1 0 0 o 0 060 120 16

1 Q 1 0 0 o 1 061 121 17

2 R E 4] 0 1 G 062 122 18

3 s 1.0 ! 1 1 063 123 19

4 T 1 0 1 0 0 064 124 20

5 U 1 ] % 0 1 085 125 21

6 v 1 0 1 t 0 066 126 22

7 w 1 o 3 1 1 067 127 23

8 X 11 0o o o 070 130 242

g ¥ 1 1 ¢ 0 1 07t 131 2%

: z i 1 ¢ 1 o 072 132 26

; i 1 1 0 1 1 a73 133 27

< \ 1 1 1 s} s} a74 134 28

= i 1 1 1 0 1 075 135 29 .
> ~ 1 1 1 1 o 078 138 30 %

§On%v the first five bits of the binary code are Hsted. These bits (set by A287) are the same for both the TALK and LISTEN address.
The sixth and seventh bits (controller originated) determine whether the instrument is being addressed to TALK or LISTEN.

Fanction Bit
Z3437A factory preset sddress,
Taik 1
Bperived from the sum of the binasy welghted value of the first five address bits. Listen 6 1

l | Table 3-4. 3437A Program Code Summary.
R32 MPU PROGRAMMING CODES
U pr Prograrm Code Octal
{ASCU Character) { Description Code
! ! ALK, ONLY
U3l uz2 jAeeAl D Delay 104
Niziniatainticy N NRDGS 118
% F i e fP 1
) § : ﬂ Ul wj!_l Jupn £ ENAB RQS 165
RY HPIB ADDRESS S Store 123
SELECT SWETCH _
uzs Uiz ! A Range 122
T3 i@ U7 1 1 voit 081
1 i 1 2 1 volt 062
U8 J 19 3 10 volss 083
o ® .
% e 2'2 : T Trigger 124
1. To select address 24 (decimal equivaient}, set D3 @ 1 internal 081
switch postions A1-AB as follows! %3 2 External 062
o6 ® 3 Hold/Man 083
AB Al b7 @ F Foarmat 168
11000 16+8=24
{16 8 4 2 1) Binary weight . 1 ASCH 061
2 Packed 082
2. To set the 3437A to TALK ONLY, ser switch B Binary Prgm 102
" position B to 1", D
i Program Code Handshake occurs with the L+
Figure 3-2. Address Select Switeh and Address Code 3‘;3;’: :“ Remote, Addressed to Listen, and
A alse.

36
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3-37. Message Set. Bi-directional traffic over the HP-IB
(including program code} is described in terms of messages.

The controiler originated messages (commands) are describ-
ed in Table 3-5 and catagorized as follows:

1. Addressed (Directed to bus devices pre-
viously addressed to listen)
(Directed to all bus devices
capable of responding to the

command)

2. Universal

EXAMPLE:

The system controller can configure the 3437A to its

Section 11T

initial turn-on state by sending the universal command,
Device Clear {DCL), or the addressed command, Selected
Device Clear (SDC).

338, The 3437A originated messages allow the 3437A te
communicate with the system controller, and to participate
in the handshake process involved in the data-byte transfer
process.

EXAMPLE;

The 3437A can advise the system controller that it requires
service by sending the service request (SRQ) message.

Table 3-5. 3437A Message Set Summary Sheet,

R |
Messag Description Class Octal E F instrument Responss
Cade
N C
DCL Device Clear UC2 024 T The 3437A configures 1o its initial
furn-on state,
Volts display {sampled input voltage)
Mumeric entry disptay {SEC DELAY]
RQOS STATUS [DATA READY)
DELAY {0
NRDGS {1}
ENAB RQS {(O)
RANGE {10voits)
TRIGGER UNT)
FORMAT (ASCIH
sSDC Selected Device ACS 004 If addrassed, the 3437A configures to
Clear its turn-on state.
GET Group Execute ’
Trigger AC 10 T Is triggered {regardless of trigger mode)
GTL. Go to Local AC oo T Returns the 3437A from remote (HP-I8
Controfed) to local (front panel
controtied)
LLO tocal fockout ug 021 T Drisabies the Local ?_(ey
) From LLO to GTL to TREN = Remains in LL.O
From L.LO to FREN 1o TREN = Exits LLO
MLA My Listen Address AC Becomes addressed to listen.
MTA My Talk Address AC Becomes addressed to talk,
UML Unlisten AC 077 Becomes unaddressed to Hsten.
UNT Untalk AC 137 Becomes unaddressed to talk,
SPE Serial Poii Enable uc 030 Configures the 3437A inta the serial poil mode,
SPD Seriai Poi} Disable ue 031 E xits serial poll mode,
\ Unaddress the 3437A as a talker and as a listener
IFC Interface Clear S.i'jglf T and clears serial polt mode,
MSG Programs the 3437A to remote {concurrent with
REN Remote Enable MEA).
F Returns the 3437A to jocal.

Ta8t multiling (DIO 1-8) messages are sent with ATN true,
2Universal command.
3Addressed command.

37
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3-39. The capability of the 3437A as a systems instrument
{(in accordance with IEEE - 4881975} is as foliows:

SH1i Source RLI Remote/Local
AHI1 Acceptor PPO Parallel Poll
T3 Talker DC1 Device Clear
14 Listener DT1 Device Trigger

SRE Service Request <o Controiler

3-40. Binary Pragram.

3-41. Binary Programming, consisting of a learn mode
(3437A to controller) and a program mode {controiler to

Mode] 34374

ment, identifies the 7 bytes with this programmed state
{Table 3-6).

3-43. Program. The program mode allows the system con-
trofler to program the 3437A using an abreviated program
code (identical 7 bytes received in the learn mode). Since
an abbreviated program code is used {compared to the
normat ASCII string of up to 25 bytes to accomplish the
same function), the 3437A can be reprogrammed in a
minimum amoeunt of time.

344, The following example iilustrates Binary Program
maode operation.

: . . L EXAMPLE:
3437A) provides the following programming capabilities.
1. The 3437A is preset as follows:
3-42. Learn. The learn mode allows the system controlier DELAY 500 us
to determine (learn) the programmed state of the 3437A. NRDGS 9959
When interrogated in the learn mode, the 3437A responds ENAB RQS 2
by handshaking 7 bytes (completely describing the pro- RANGE 10 Volt
grammed state of the instrumeni) onto the HP-IB. The TRIGGER External
controller, aware of the programmed state of the instru- FORMAT ASCII
Table 3-6. Binary Program Code Designators.
3]s}
Byte Function 8 7 5] 5 4 3 2 1 Description
1 Range Q 0 Invaiid
o1 .1 Volt
1 0 10 Volt
1 1 1 Voit
Trigger [¢] 0 Irvalid
. 0 1 internal
H 0 Externsl
1 1 Hold/Man
{4 2 1
ENAR ROS 0 0 0 Doss not request service
0 0 1 Invalid Prgm
4] 1 G Ignore Trig
6 1 1 bnvalid Prgm/igrore Trig
1 a3 0] Data Ready
b ¢} 1 [Data Ready/Invalid Pram
1 1 0 Data Ready/lgnore Trig
1 1 H Data Ready/lgnore Trig/invalid Prgm
Data Format [¢] Packed
1 ASCH
{8 4 2 1)
2 MNRDGS X X X X MSD
X X X X 250
3 X X X X 35D
X X X X LSO
4 Detay X X X X Not Usad
{May or may not be set)
X X X X MSED
5 Delay X X X X 28D
X X X X 35D
8 Delay X x X X 45D
X X X X 88D
7 Delay X X X X 635D
X X X X LSO
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2. The system controller programs the 3437A o
the Binary Program mode.

® The 3437A is addressed to listen.

@ The controller handshakes the ASCH character
B {102;) into the 3437A. The Binary Program
annunciator is Hluminated.

3. The system controller interrogates the 34374,
and the 3437A responds by handshaking
7 bytes (completely describing the programmed
state of the instrument) onto the HP-IB (Table
3-7}.

® The 3437A is addressed to talk.

@ When ATN becemes false, the 3437A outputs
the 7 bytes onto the HP.IB,

®The 3437A terminates the Binary Program

mode after the 7th byte is output onto the

HP-IB.

Seating ]

4. The controller stores the 7 bytes, then when
required, reprograms the 3437A using the
identical 7 bytes. The 3437A responds by
reconfiguring to its previous state.

® The 3437A is addressed to listen.

® The controller handshakes the ASCII character
B (1024) into the 3437A. The Binary Program
mode annunciator is iluminated,

@ The controller handshakes the 7 bytes into the
3437A, reconiiguring the instrument io its
previocus state.

- @ The 3437A terminates the Binary Program
mode after the 3437A handshakes the 7th byte.

3-45. Service Request.

3.46, The foilowing evenis describe the process involving
service reguest {SRQ), serial poll enable (SPE), and serial

~ poll disable (SPD).

Table 3-7. Binary Program Byte Sequence {Exampie).

8 DIO 1
Ist 1010 1 0
! _[—-—— Range {10 Volt}
Trigger {External}
ENAB RGS (2}
y Data Format {ASCII)
2nd 100 1 1 1
-—-[:;-——— NRDGS - 28D {9}
NRDGS - MSD (&)
3rd 160 1 i 1
NRDGS - LSD (9}
NRDGS - 35D {9)
4th X X X X 0. 0.0 0
Delay - MSD {0}
Not Used
{(May or may not be set)
5th 0000 00060
Detay - 38D {0}
Detay - 25D {)
8th 01013 C 00 ¢
Detay - BSD {0
Deiay - 45D {5}
7th 0000 00 w0
Delay - LSD (&)
Delay - 88D {0}

39
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a. The 3437A operator defines and programs the service
request mask (ENAR RQS).

b. The 34374 sets SRQ true when ENAB ROS (0-7)
and ROS STATUS {0 - 7) correspond.

c. The controfler, programmed to respond to a service
request, sets SPE true and conducts a serial poll. When the
3437A is in the serial poll mode and is addressed to talk,
the 3437 A responds by writing a serial poll status byte onio
the HP-IB (Table 3-8).

When the serial poll status byte is cutput onte the HP-IB,
the 3437A clears SRQ.

d. The controller clears SPE by sending SPD.

Tabie 3-8. Serial Poll Status Byte.

DIC
Function 8 76 5 4 3 2 1 Description

ENAB RQS X X X |Binary Coce (0-7)
ROS STATUS X X X Binary Code (0-7)
RQS Bit X tdentifies the 3437A

as the instrument that

set SRQ True,

{1 & True and 0 & False)
Not Used X Don't care,

'See Table 3-6.
3-47, APPLICATIONS.
348 Introduction.
349 The 3437A, although designed as a System DVM,
is capable of performing numerous bench (stand-alone) as
well as systems functions. The following paragraphs
describe some 3437A bench applications.
3-50. Bench Measurements.
3-51. Variabie Sample-Rate DVM.

a. The 3437A can be programmed to sample voltages at

rates of 100 ms to | second. Program the 3437 A kevboard
as follows:

DELAY........ 100 ms to 9999999 second
NRDGS. ... 1
RANGE. .. ................ As required
TRIGGER . .. .. .. . . . INT

b. The 3437A will sample (and display) the instantan-
ous value of the input voltage at a rate specified by the
programmed delay.

3-10
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3-52. Time-Selective DVAM.

353, Oscilloscope Accuracy Enhancement. Oscilloscope
measurement accuracy can be enhanced to equal the volt
age and delay accuracy of the 3437A. The technique
requires that the oscilioscope main gate output (corre-
sponding to start of sweep) externally trigger the 3437A,
and that the 3437A Delay out modulate the oscilloscope
Z-axis (video) input. The voltage to be measured is con-
nected to both the osciltoscope and 3437A inputs. Each
time the oscilloscope is triggered, the oscilloscope main
gate output triggers the 3437A, and depending upon the
programmed delay, the 3437A samples the input voliage
sometime between reoccuring sweeps. Each time the 3437A
samples the input voltage, the Delay out (connected to the
oscilloscope Z-axis input) is forced low and intensifies the
oscilloscope display for the time required fo perform the
conversion sequence.

3-54. The user views the oscilioscope display, then pro-
grams the 3437A delay to infensify the point of interest.
The amplitude of the waveform and the lapsed time (from
start of sweep to the leading edge of the intensified section)
is displayed by the 3437A Volts and Numeric entry
displays.

Example:
a. Connect the equipment as iflustrated in Figure 3-2.

b. Program the 3437A keyboard as follows:

DELAY............... 3Ims
NRDGS.................. i
RANGE. ............. ... 10
TRIGGER ... .... ... .. EXT

¢. Set the 3310A controils as follows:

FUNCTION .. ... ... ... .. 5Q
RANGE. ................ 10
DIAL ... .. o oo 25
DCOFESET. .. ......... OFF
QUTPUT LEVEL .. .. ... .. MIN

d. Set the oscilloscope conirols as follows:

TIME/DIV. ... ... ...... I ms
VOLTS/DIV. . ... oL, 1
TRIGGER . ... . ... INTERNAL

e. Adjust the 3310A output level, and the oscilloscope
trigger and intensity levels to obtain a waveform as Hlustrat-
ed in Figure 3-3.

f. Program the 3437A Delay so that the intensified
section appears at the point of interest then read the
corresponding magnitude and delay displayed by the Volts
and Numeric entry display.
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OSCILLOBCOPE

hp- TBBA
@ 1 FROM MAIN GATE CUTPUT
@ ‘ )
]
ERATAR @ TO Z--AXIS {INPUT
TON GENERA F’_
FUNCT-hD:}:}TDA
] o e
@ @ ’ VERTICAL ; FIE $
HAE BASE
(@) @ oA - 18254
0% 00 @ =
| 50 2 TERMINATION
-hp- 1G100C
mﬂr—% =
- il
BNC TG TRIAX
FROM
BELAY
out
S T l P
Cpeiew | 88 MR
— EXT TRIGGER INTERFACE
TRIG
o 3437-8-4780
Figure 3-2. Oscilloscope Aceuracy Enhancement.
b. Program the 3437A keyboard as follows:
INTENSIFIED
SECTHON
4 DELAY.............. 800 ns
f NRDGS. ... 0
RANGE. . ............... -
’ TRIGGER . ............ EXT
S c. Set the 3310A controls as follows:
z l %
3 ig
S FUNCTION . .. .......... 80
RANGE. .. ............. 100
DIAL ... ... .. ... ... ... 10
DCOFFSET............ OFF
Figure 3-3. Intensified Waveform. OUTPUT
LEVEL. ... ...... MINIMUM

3-55. Delay Generator,

3-36. The 3437A can be programmed to delay an external d. Set the oscilloscope controls as follows:

trigger from O to 9999999 sec in 100 ns steps.

Examnle: TIMEDIV............ 100 us
Xample: VOLTS/DIV (A/B) . ... ... 5/DC
TRIGGER . .. .. ... EXTERNAL

a. Connect the equipment as illustrated in Figure 34.
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FUNCTION GENERATOR
-hp- 33104

Q@ @
Q o

o

@

EXT DELAY
il coog ouT
TRIG goo
I'4 H H agon ! N
L X233 u]g= e ™)

epe® VERTICAL
AMPLIFIER | ~ 1 TIME BASE
g 18014 | € O »p- 18254
SYNC
auT EXTTRIG
INPUT

SYSTEM VOLTMETER
0 - 3437 A FROM

OSCILLOSCOPE
g TROA

-y

J 3437 B 4779

Figure 3-4. Delay Generator.

e. Adjust the 3310A output level and oscilioscope
trigger level to obtain a display as illustrated in Figure 3.5.
{Assure that the 3310A output is of sufficient amplitude to
trigger the 3437A.)

EXTERNAL TRIGGER

DELAY OUYPUT

800 ps

Figure 3-5. Delayed Qutput.

3-57. Trigger Generator.

3.58 The 3437A can be programmed to function as a
trigger generator or as & burst trigger generator (up to 9999
triggers per burst).

3.59. Trigger Generator, Prograf‘ﬂ the 3437A kevboard as
foliows:

DELAY. ... .. . o ¢
NRDGS. ... ... oo i
TRIGGER . . ............ INT

3-12

a. The Delay out waveform is illusirated in Figure 3-6.

100ms -

Figure 3-6. Delay Out Waveform.

b. The 3437A Delay can be programmed from 0 to
9999999 second (100 ns siep) to provide contintous
triggers at rates from 10 Hz to 1 Hz.

3-80. Burst Trigger Generator. Program the 3437A
keyboard as follows:

DELAY . ......... ... 300 us
NRDGS. ... ... .. 5000
TRIGGER........ .. EXT/INT

a. For each trigger received, the 3437A will generate 2
burst of triggers (5000) at a 2000 Hz (1/500 us) rate
(Figure 3-7). Maximum Rate = 9 kHz.
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Seetion-{IT

EXTERNAL TRIGGERx *TRIGGER CONSIDERATIONS

MINIMUM PULSE WIDTH: 30 ns
MAXIMUM REPETITION RATE: 5700 pps
MINIMUM PULSE AMPLITUDE: TTL neg. edge

| ow
DELAY OUT EXTERNAL TRIGGER INPUT 2 210K

mrf 85 g e
|

] NN

500 p :
3 4 *se 5000

3-61. System Measurements.
Systems Applications include:

& Wavelorm Analysis

Harmonic Content
Amplitude Characteristics

Figure 3-7. Burst Mode Delay Out.

& Low Frequency True RMS Measurements
& Transient Characterization
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Taiex: 23739

ROTAMBIQUE

AN, Goncatves, Lig

182, 1 Apt 14 v D Laes
Caa Posial 107

Mapute
Tel: 27091, 27444
Teien. 6-203 REGON Mo

NEYHERLANDS
Hewisht-Packard Baneiux M.V
Van Heuven Goedharttagn 121
P.0. Box 687

TIBIKK Amsteivesn

ok {20 47 20 21

Tewx: 13 216

HEW ZEALAND

sewietl-Packard (N.2.) L.

4-12 Cackshank Strest

Kibene, Welington 3

P9, Box 9443

Coutsy Pace

Wailington

Tet 877104

Hewlets-Packard (4.2} LID,

PG Box 26188

186 Marukdu Rosd

Epsort, Anckiang

Tel 587-153

Analytic el Medical Only

Northiop insitutents &
Syslems Lid |

Stuges House

85-87 Ghuznee Sireet

PG Box 2406

Wellinglon

Tek 850-081

Telox: NI 21261

Norhrep mstruments &
Syslems Lid.

Eden House. 44 Xhyber Pass

A,

P.0. Bax 9632, Newrnarket

Aucklond 1

Tel: 7804-081

eorthrug lstruments &
Syslemes Lia

Temece Houde, 4 {xiord
Terrace

P.0. Box 8388

Christohurch

Tef: 54- 165

RIGERALA

The Electionics
fstumaniations L1,

NEBTTC Oyo Road

Olrsenns rouse

P.MB. 5402

Isedan

Tet 461577

Telex: 31201 TEL NG

The Eisclronics
Inginnentations Lid.

144 Agege Molor Boad, Mushin

#.0. Box ag1

Hystn, Lagos

NORWAY

Hewlell-Packard Norge A/5

Ostendalen 18

7.0, Box 34

1345 Oeterpas

Ter: 402y 1711 80

Telex: 16E21 hpnas n

Hewlelt-Fackard Nosge A/S

Nygaarasgaten 114

P.0. Box 4210

5013 Nygagecisgaten,

Bargan

Tel (052197 23

PANAMA

Eieckénico Balboa, S.A,
Aparalade 4829

Panama §

Cate Savmel Lowis
Ediifico ~Alfa, " hp. 2
Ciutiad de Panama
Tei 54-2700

Teler: 3483103 Curututy,
Canal Zone

PERL

Companle Electro Méoloa S.A.

ios Flamengos 145

Sa ssiore Castla 3030

Lima *

Tel: 41-8325

Telex: fub. Booth 25424
SISDRO

PAKISTAN

Mushko & Company Lid,
Oosman Chambers
AbGudat Haroon Road
Karachi-3

Ter 531027, 512927
Teiex: 2834
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. | SALES OFFICES

(éa Arranged aiphabetically by couniry (cont.)

Mugnka & Company, Lid
10, Barar Ao

Sector G-Rig
telemabad

Tet: 28264

PHILIPBINES

The Ording Advanced Syslims
Corpotation

Rico House

Amorsolo cor. Hevrera St
Leqasoi Vilage, Makat
2.0, Box 1510

Metro Manita

Tek 85-35-81, 85-34.81.
86-32.21

Telex: 3274 ONLINE
HHODESHA

Field Technical Sakes

45 Kelvin Aoad Nonr
P.0. Box 3458
SaHabury

Tel: 705221 {5 lioes)
Tetex: AH 4122

POLAND

Biwo Hioemac Techmczne
Hewleft-Packsrd

Ul Sigwki 2, 5P

PLDC-950 Warszawa

Tel: 38 58 62, 33 51 87
Teien 81 24 53

PORTUGAL

Telecira-Emprese Téchica de
Equipamenias Elbelricos
S.ad,

Hua Rodrigo da Fonseca 103

P.0. fox 2531

P-Lisbon 1

Tek {19} 6B 60 72

Teter: 12508

Madical Dnby

haddinter

Infercamtsio Murcial de
Comércia S.ai1l

P.G. Box 2761

Avenida Amionic Adgusto

dé Aguier 138

P-Lisbon

Tek {19} 53 21 3u7

Felex: t6694 munter p

PUERTO RICO

Hewletl-Packard iner-
Americas

Puena fico Stanch Office

Catle 272,

#2003 Urb. Couniry Cub

Carolina 06530

Tek (BOS) 782-7255

Telex: 345 0514

DATAR

Nasstr Trading & Coniracing
P.0. Box 1583

Boha

Tel: 22170

Telex: 4430 NASSER

AOMANIA

Hewiat-Packard
Aeprezentants

Bd.n. Balcescy 16

Bucurest

Toi; 15 80 2313 86 85

Telex; A

SAUDI ARABIA

Modetn Eleclonic

Establishment {Head Otfice)

£.0. Box 1228, Baghaudiah
Sheet

Jaddeh

Tet 27 798

Telew: A0G35

Cabie: ELECTA JEDDAK

Mocern Electionic
Establishment (Branch)

P.0. Box 2728

Riyadh

Tel: §2506/66232

Yelex: 202048

Modem Eeclionic
Estabiishmant {Branch)

£.0. Box 199

Al-Khotar

Ted: 44678-44813

Telex 670138

Labie: ELECTA AL-KHOBAR

SINGAFOHRE

Hewiet!-Packard Singapete
P L

6ih Fieor, Inchcape House

450452 Alexancra Roat

P.0: Box 58

Alexandra Fost Office

Singapors 9115

Tek 631788

Taiex: HPSG RS 21488

SOUTH AFRICA

Hawiatt-Packard Socth Alrica
iPiy) L

Frvale fag Wendywood,

Sendion, Transvasl 2144

Hewielt-Packals Gente

Dapng Streel, Wendywooe,

Sandion, 2144

Tal BO2-5114/25

Telex: 8-4787

riewietl-Packard South Aftica
Py, Lie.

FO. Box 120

Howerd Fisce,

Cape Province, T450

Pine Park Cenire, Forest Orve,

Pinslonds.

Lape Province, T405

Tei: §3.7955 thu §

Teiex: 570008

SPAIN

Hewnatl-Packarg Espaficia,
SA.

Cafie jerez J

E-Mudrid 16

Tek {1) 438 26 00 (10 khes)

Telax: 23535 hpe

Hewlel-Packerd Espaficia 5.4,

Coloria Mirasserra

Ediicio uban

/0 Costa frav, 13

Medrid 34

Hewiett-Packard Espatok,
8.4

Atilanasado 21-23

i-Barceiona 17

el {3 200 B200 {5 bhes)

Telex: 52800 npbe ¢

Hewisll-Packard £spancla.
SA

Av Rembn y Cagal, 1
Edificlo Sevika, planta §¢
E-Savila §
Te 84 44 54/58
Hewiedt-Packard Espantie S.A.
Edificio Albia ET* B
E-Bitbao }
Tal; 23 B3 06/23 82 08
Hewlett-Packard Espaficla S.A.
Ciigmon Gordito 1

{Endlo 4
£-Volencia 1
Tal: $6-381,11.54/361.13.58

SRt LANKA
Melropolitan Agencies L.
205/9 Union Plage
Colombo ?

Ter 25847

Telen: 13TTMEYACLTE CF

SUDAK
Ratison Trade
P.0. Box 921
Khartaum
Tek 44048
Teex: 375

SURINAM

Surtet Reio Holland N.v.
Grole Hotslr 3.5

P.0. Box 155
Paramaribo

Tel: 72118, 77880

SWEDEN

Hewletl-Fackard Sverige AB

Enighetsvigen 3, Fack

$-161 Bromma 20

Teh: (0B} 730 95 5¢

Telex: 16721

Cable: MEASUREMENTS

Stockhelm

Hewiett-Packoed Sverige AB

Fiistalisgatan 30

$-421 32 Vastry
Friiunda

Tel: 031} 49 08 50

Tewex: 10721 via Bromma
office

SWITZERLAND

Hewselt-Packard (Schwaiz) AG

Ztrchersiragsa 20

7.0 Sox 307

CH-8957 Sehilaren:

Zhrich

Tel: (1) 7305240

Telex: 53933 hpag ch

Cable: HPAG GH

Hewletl-Packard {Schweizy AG

Chileau Bioc 19

CH- 1213 L Ligmon-
Ganava

Tek (0221496 63 22

Telex: 27323 npag oh

Cabie: HEWPAGKAG Geneva

SYRIA
General ERctomnd Inc
Wi Basha-Arnal Ebn Kays

Streed
PO, Box 5781
Dathascus
Teh 33 24 87
Tex: 11215 FRKAL
Cable: £LECTROBGA

CAMASCUS
Medical anfy
Sawah & Co.
Place A2mé
8.p. 2308
Damascus
Tel: +8 36719 68714 268
Telox: 11304 SATACO SY
Caple: SAWAH, DAMASCUS
Stgeiman Hial B Miaw:
P.0. Box 2523
Mamoun Bilar Steeet, $6-58
Damescus
Yek: 1146 82
Telan: 11270
Cable: HILAE DAMASCLIS

TAIWAN

Hewletl-Packerd Far East Lid.

Talwan Branch

Bani Towet, Sif Floor

205 Tun Heu horth Road

Taipei

Tek (02) 751-0004 {15 ines}

Hewiett-Packard Fat Ess1 Lid

Taiwan Branch

£8-2, Chihg Cheng 3ra. Road

Kaohsiung

Tel: {01} 242318-Kaohswng

Anaivticel Onty

San Kwang instrements Co.,
Lig

20 Yung Sut Road

Taipel

Tef: 3616446- {4 ines)

Talex; 22804 SANKWANG

TANZANIA

Medical Only

imesnational Aeradio (£ A, Lid.

£.0. Box 861

Dar as Sainam

Tel: 21251 €1t 263

Telex: 41630

THAILAND

UNIMESA Co. Lid,

Eicom Feseaich Bulding
2538 Sukumvil Ave
Bungehai, Bangkok
Tel: 39-32-387, 39-30-338

TRINIDAD &
TOBAGO

CARTEL

Casiphean Teiecoms Lid
#.0, Box 732

49 Fragerick Street
Port-ol-Spain

Tel: 62-53088

TUNISIA

Tunisie Eleciraniue

3t Avenue de ig Lberle
Tunis

Tei: 280 144

Lorema

1 ter. Av. de Carinage
Yunio

Tel: 253 821

Telex: 12310 CABAM TN

TURKEY

TEKNi Compatny Lid
Aize Sah Pehievi

Caddest No, 7
Kevaklidere, Ankara

Ted, 275800

Telex: 42155

Teknim Gom,, Lid
Barbaros Bulvari 56712
Beskygs, intanbat

Tel 613 548

Tefex. 23540

EMA

Muhentisiik Kollektt Sirkesi
Mediha Eidem Sokak &1/8
Tikset Cadcesi

Ankara

Tel 17 56 22

Yimaz (2yutek

Wil Mudataz Cod 16/6
Kizday

Ankars

Tek 250309 - 178026
Telex: 42575 OZEK TR

UMITED ARAB
EMIRATES

£mitac 110, {Head Otfice)
£ 0. Box 1841

Shatjeh

Tet 35412113

Telex: 8136

Emitac Ui iBranch Ofice}
PG Box 2711

Abu Dhabi

Tek 331370/1

UMITED KiNGDOM
Hawieit-Packard Lid.
King Slreet Lane
Winnereh, Wokinghars
Beckshire RG 11 SAR
GB-England

Tek: 07341 TBR7TA
Tolex: B4 71 13/9
Hewieli-Packard LI,
Fougier House,
257-263 Migh Street
Landon Loley

St Albana, Herls
G8-Engiand

Tek (0727) 26400
Teiex: 1-8852T16
Hawieil-Packars Lid
Tralalgar House
Nivigation Road
Altrincham
Cheshire WA TS INU
GB-England

Tel. (061} 928 6437
Telex: 568068
Hewletl-Packard Lid.
Lygon Court
Hereward Rise
Dudiey Roact
Halvsowsn,

West Midiands, 882 850
88-England

Tek (021) 501 1221
Teiex: 339165
Hewiet-Packart Lid
Wedge House

798, London Road
Thornton Heath
Sutray, G4 6XL
GB-Engiand

Yel: (11} 884.0103/8
Telex: G46625
Hewiall-Packard Lid,
14 Wesiey 51
Castisford

Yorks WF 10 1A

Tek (0977} 550016
TWX: B557335
Hewiet-Packard Lid,
Tradax House

51 Maty's Walk
Maidenheat
Berkshire, SLB 15T
GB-England
Hewiell-Packard L1d.
Horiey Road
Siapiehitt

fristol, BS16 407
8-England
Hewletl-Packard Lkt
South Quesrksiarry
¥ies! Lothian, EH30 978
GB-Scoltand

Tei: {0314) 331 1188
Telex: 72682 .
URITED STATES

ALABAMA
TG0 Centy
Suite 128
Birmingham 35226
Tel: {205} 822-6802

7.0. Box 4267
8260 Whitesburg Dr
Huntsvitle 35802
Tei: (205) 8614531
ARIZONA

2336 E. Magnoiia $1
Phoanix 85034
Tet: (602} 273-8000
2424 East Aragon Rd.
Tucson 85706
Tel: {802} 273-8000

‘ARKANSAS

Medica: Sevice Onty

P.0. Box 5646

Brady Statien

Lit4e Rock 72215

Tei: (B0} 376- 1844
CALIFORNIA

1578 W Shaw Ave,
Fresng 83771

Ted: {209] 224.0582

1430 East Orangethorpe Ave,
Fulerton 92631

Tek (714) 870- 1000

5400 Wes! Resecrans, Bivd,
P.G. 8ox 92105

Warkt Way Posial Centet
Los Angaies DG0CO

Tek (213) $70-7500

TWX, §10-325-6608

Park Soulh,

3934 Lankershim Souevard
North Hobllywood 91604
Tai (213} 8771262

TWX: 810-406-2671

2200 Hitview Av

Pato Alto, CA 94304

Tef: {408} 988- 7000

B4 W. North Matket Blvd
Sacrumanto 85834

Tek (816} 8287222

9606 Aein Drwe

£0 Box 23333

San Disgo 82123

Tel {714} 279-3200

363 Brooknolow Dr

Sante Ang, CA 92705
Tek {714} 64 1-0977

3003 Scott Boukevard
Santa Clare 95050

Tet: {408} 988-7000

TWY: 910-338-0518

454 Carton Court

S0. San Francisco 94080
Tel 1815} 8770772
“Taesta

Tel: (243} 705-3344

COLQRADG

§600 BYG Patkway
Englewood 80110

Tet 303 771-3455
CONNECTICUT

4T Barnes industrial Road
Barngs Park Souh
Wallingtore 06462
Tet: (203 265-730¢

FLORIDA

P.0. Box 24218

2727 MW, £2nd Shreet
Fi. Lauderdale 33308
Tel: {305} 973-2600
4080 Woodeock Diive # 132
Biownel Budaing
“acksonvilie 32207
Tei: (3014} 398-0663
#.0. 8ox 13810

B177 Laxe Ekenor O
Qriando 32809

Tek (305} 653-2900
£.0. Sox 12826

Sute §, 8ldg. 1

Office Parlc Marth
Paseacola 32670
Tel: {904) 476-8422
113 South Hoover Bivd
Suite 120

Tampa 33609

Tek {B13} 5720900

GEORGIA

£.0. Hox 105005

450 inlessiate Worth Parsway
Atlanta 30348

Tek {404} 955- 1500
THX: B10-766-4890
Medical Service Only
"Augusta 30803

Tel t404) 736-0592
P.C. Box 2103

1172 M. Davis Drive
Warner Aobins 31098
Yol {912} 8220449
HAWAN

2875 So. King Street
Honolulu D6826

Tet: {BOS) 955-4455

ILLINGHS

211 Prospect R,
Stoomingion 6171
Tel: {309) 663-0383
5201 ToRview Dr,
Railing Meadows
60008

Tek: (312) 255-0800
TWX: 910-687-2260
INDIANA

730 Noith Shadetand Ave.
Indianapoils 46250
Tel: {317} BA2- 100C
T 810-260- 1767
FOWA

245 Heinz Road
jowa Clty 52240
Tef: (319} 3631020
KENTUCKY

19376 Linn Slation Road
Suite 525

Louievitle 40223
Tel: 1502) 426-010C

LOUSIANA

P.0. Sox 1449

3229-39 Wilkams Bourevard
Kenner 70062

Tel {504} £43-5201

MARYLAKD

7121 Stencard Diive
Parxwiry hdustrial Center
Honower 21076

Tel: {301) 796-770C
TWX: ¥ 10-852-1943
2 Choke Chetey Avad
Aockvitle 20850
Tet {301} 948-6370
TW T 10-828-9684
MASSACHUSETTS
32 Hartwedt Ave,
Laxington 02173
Tel: (617 861-8960
WX 718-326-6904

MICHIGAN

23855 Research Drive
Farmington Hills 48024
Tei: (313} 476-6400
724 West Cenbie Ave.
Kalumaroo 46602
Tet: {616 323-8362
MINNESOTA

ZR00 N. Prior Ave.
St. Paad 55113

Tek (6172) 636-G700

MISSIESIPPI

322 M. mar| Plaza
Jackwon 39206
Tel: (60 ) 992-9363
MESSOURL

11131 Colorado Ave
Kansas City 64137
Tei: {816} 163-8000
TWX: §10-771-2087
1024 Executive Parkway
St. Louls 63141
Tel: {314} 878-0200

HEBRASKA
higcticat Only

7101 Mercy Hoad
Suite 111

Omahs 6R106

Ted (442} 3920948

NEVADA
‘Las Vagas
Tef: {702 7366610

NEW JERSEY

Crystal Brook Prolessionat
Buikding

Aouie 35

Eatontown 07724

Tek {201: 542-1384

W. 120 Century Rd
Saramun 07652

Tern (207} 265-5000
T 710-800-495
NEW MEXICO

£.0 Box 11634
Station €

11300 Lomas Blvd , N£.
Albyguerque 87122
Yei: (505} 292-1330
TWX: 810-989- 1185
156 Wyat! Diive

Las Crutes 38001
Tak: (505; 526-2484
TW: 510-9983-0550

NEW YORK

6 Aulomation L.ane
Cormnpriter Park

Albany 12205

Tel: {5 18) 468- 1550
TWYX: 7104424961
850 Pednton Ml Oftice Park
Falrpart 14458

Tes (716) 2230950
TWX: 510-263-0092

MNo. T Pennsylvania Plazg
55th Flagr

34th Skeeat & 8 Averwe
New York 10061

Tak {212} 97 +-0800
5858 East Molloy Road
Syracusa 13211

Tet {315) 455.2486
t.Orosways Park West
Woodbury 11787

el {515) 921-0300
THX: 510-221-2183

Tel: (513) 67 1-7400

NORTH CAROLINA
5605 Roanne Way
Grasnspors 2740%
Tet: 1819) 852-180C
OHIO
MedicatComputer Only
8920 Carver Road
Cincinnati 45242
Tel: {5731 891-8870
15600 Spague Road
CTiavaland 42130
Tel §2+6) 243-7300
WX 810-423-9430

862 Cruppet Ave
Colombus 43229
Tel (B14) 4351041

330 Progress Ro
Daylon 45448

et (513 8598202
ONLAROMA

P 0. Box 32008

B301 N Metigan Averce
Ckishomp City 73112
Tek (4054 7210200
G820 €. 42n¢ Sireel
Sute 121

Tulsa 74145

Ted: 1918} 565-3300

OREGON

17890 5 W. Lower fioones
Ferty Hoad

Tugtatin GT0E2

Tek {503} 620-3350

PENNSYLVANIA

1021 Bth Avenue

King of Prussia Indusical Park
King of Pruseia 19408
Ted: 2 15) 265-7000

Twx: §10-660-2670

141 Zeta Drive
Pitteburgs 15238

Tet (412) T82-040C
SOUTH CAROLINA
P:G. Box G442

£941-0 ¥ Teanhair Roag
Columbia 29206

Tel: {803} 782-6493

TENNESSEE
BI06 virgston Pike
Knaxviite 37319
Tek (615} BG1-2371
3070 Direclors Aow
Directots Square
Marphin 38131
Tei: (90 346-8370
“Naskvilie

Medical Service Only
Tah (615) 244-5448

TEXAS

4571 Korth Mesa
Suile £110

El Pesc 70507

Ter (815} 533-3555
P.0. Bor 42816
10535 Harwn St
Houstan 77036

Tek {7131 TT6-B40C
‘Lubbock

Medical Servece Oniy
Teir (B06) TRY-4472
PO Box 1270

201 £ Arapaho Ra,
Richerdson 75081
Tal: {244} 23-6H!
205 By Mitchett Heaa
San Antanie 78228
Tk 1512) 434-8243

UTAH

2166 South J270 Wes) Sireel

Salt Laka Clty 84179

Tgl (8031 8724711

YIRGINIA

P.0. Bax 9669

2914 hungary Spnng Ruosd

Richmend 23228

Te {804} 285.3401

Gompuet Systems/Menical
Oni

ty
hirpor] Exaculive Cemer
Suite 302
57K Thurston Avenue
Virginis-Beach 23455
Tet (1804} 460-247%
WASHINGTON
Br" el Othice P,
1203 - THdth Ave S E
Balevus 98004
Tel: (266} 4583971
TWX: 910-443- 2646
£.Q. Box 4010
Spokane 93202

- Tel; {509) 535-0884

“WEST VIRGINIA
MedicaliAnabylical Onby
4604 Mac Cotkie Ave., G.E.
Charlaston 25304

Tel {304} 925-0487

WISCONSIN

150 South Sunny Stone Aaag
Brookfisid 53005

Tei {414} 7848800

FOR i).5, AREAS

NOT LISTER:

Cortact the tegronat olfics

nsares) you:

Atisnim, Seoige  North

Hally-wouod, Caiitorni

RackvHie, Maiyiahd

Rolling Maeadows. Binois

Their COMPIEtE AGNSSES

are iisted above

USSR

Hewhet-Packats
Fepresentatve Otfice

USSR

Pokrovsky Brulevare
AT kw12

Noscow 101020

Tol 2842924

Telex TAZS hewpak s

YUGOSLAYIA

Iskra Commerce. r.5alo
Zastopsive Hewlelt-Packaro
Obilicev Yenac 26

¥li 11086 Beograd

Tel 36555

Teles. 11530

Iskts Commerce, nsol g
Zastopstve Hewlelt Packard
Miklosiceva 34V

¥i)-5 1060 LiubHana

Ter 121.674 315-87%
Telex 31583

VRUGUAY

Pabio Fettando 5 AL ol
Avercs ltaie 2677
Castlz oe Canes 376
Monisvideo

Tet: 403107

Telez: J032 Puptic Boolh
Pata Pablo Feltanga

YEMEZUELA

Hewlelt-Packaid de Venezueia
A

P.0. Bax 50933

Garacas 105

Los Ruices Nariz

Ja Transuersal

dilicn Segre

Carncan 107

Tel: 239-4133 120 snes)

Telor. 25146 MEWPECK

ZAMBIA

R4 Yiowry (Zambaal Lio

P.0. Box 2792

Lusaka

Tep TITIE

MEDITERRANEAN ANG

BIDDLE EAST

COUNTRIES HOT

SHOWN, PLEASE

CONTACT:

Hewledt-Packard 5.4

Mederranean and ke £ast
Oparatans

35, Koikenars Street

Fiat Kedailgnoy

CR-Kifissa- Athares, Greece

Tel: BOBOIEMNEZG

Teler 21-5588

-Lable: HEWFACKSH aihens

SOCIALIST
COUNTRES KOT
SHOWN, PLEASE
CORTACT:
Hewlel-Packar Ges moH
Hantgiska 52
Pe Bea?
A 1265 Vianna, Auskia
Tel: 102221 36 16 2110 27
Cable: HEWEH Vienng
Telex: 75824 hewpak 3
QTHER  AREAS
LISTED, CONTFACT:
Hewlett-Packast

il coneRtal
3485 Deer Creek Road
Palo Alto, Ladfornia 44304
Tel. 44 15) 8561501
WX BH0-373 1267
Cable: HEWPACK Palo Aflo
Telex. (34-8300, (34-8493
Hewiett Packart 5.4
7. e <y Bos-du-Lan
£.0. Bek
LHAZ 1T Meyn 2 Ganbva
Switzefland
Tei (0225 62 70 0O
Cabie' HEWPACKSA Geneva
Teler. 2 24 86

NOY

‘Service Ondy
21580
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