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SERIAL NUMBERS

This manual applies directly to instruments with a serial number
prefix of 2201.

Instruments with a prefix of 20156, and seriai numbers
201BA04595 and below, refer to Section VIl {Manual Changes}
of this manual. For information on instruments with a prefix other
than listed in Section VIl and on the title page, refer to the manual
change sheet.

NOTICE

This Manual is a duplication of Sections | through It of your
Operating and Service Manual

Keep with Instrument

WARNING

To help minimize the possibility of electrical fire
or shock hazards, do not expose this instrument
to rain or excessive mositure.

Marual Part No. 03456-90006

Printed; October 1986
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CERTIFICATION

Hewlett-Packard Company certifies that this product mel its published specifications at the iime of shipment from
the factory. 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 instrument product is warranted against defects in materiais and workmanship for a period
of one year from date of shipment [,except that in the case of certain components listed in Section I of this manual,
the warranty shall 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 for products returned to -hp- from another country,

Duration and conditions of warranty for this instrument may be superceded when the instrument is integrated into
(becomes a part of) other -hp- instrument products.

Hewlett-Packard warrants that its software and firmware designated by -hp- for use with an instrument will execute
its programming instructions when properly instailed 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 resufting from improper or inadequate maintenance by Buyer, Buyer-
supplied software or-interfacing, unauthorized modification or misuse, operation outside of the environmental specifica-

tions 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.

A 3/11/83




[/Z) MANUAL CHANGES

-hp- MODEL 34564
DIGITAL VOLTMETER

Manual Part No. 03456-30006

ERBATA
Page 1-1. Paragraph 1-15. Change the 3458A options to the {oliowing:

Option 050: for 50Hz Power Source

Option 060: for 80Hz Power Source

Option 907 Front Handle Kit

Option 908: Rack Mount Kit

Option 908 Front Handle and Rack Mounting Kit
Option 910 Additionat Set of Manuals

Page 1.1, Paragraph 1-17: Change the fuse rating in the paragraph from
'3/8" amp to 1/4 amp.

Page 1.2, Table 1-1. Change the sentence under “Filter On'" to the
following:

Rejection is > 60dB at BOMz. Add 2pV for 0.1V, 1.0V, and 100V
ranges and 200xV for 10V and 1000V ranges.

Page 1-3, Table 1-1. Change the ' < 78pF"’ Input fmpedance in the ’In-
put Charactaristics’ table under AC RMS VOLTAGE to " < 90pF'".

Page 1-7, Table 1-1. Under THERMISTOR {°C) change the informa-
tion as follows:

THERMISTOR (°C): Converts resistance of thermistor -hp- Part
No. 0837-0164 to temperature in °C,

Output ranger - 80 to 150 °C
Agcuracy: 75 < =T <= +130 °C: +.08 °C max.
~80 < =T <= +150 °C: %.15 °C max.

Page 1.8, Table 1-1. Change the information under “"Power” to the
following:

Power; 100/120/220/240V +5%, - 10% 48Hz to 400Hz
4BV A max,

Page 2-1, Table 2-1. Change all fuse and current values in the table
from “750mA” and "375mA’ to “B00mA" and “250mA’’,
respectively.

Page 33, Figure 3-1. Change the fuse rating in step 29 in Figure 3-1

from “.78A" and ""BOOmA’ to “BOOmA’" and “.375A" to
U2B0mA’,

Page 3-27. Add the following note after paragraph 3-194.

NOTE
The “SWO" and "SW1 " codes are only used fo deter-
mire in which position the Front/Rear switch is in.
They are NOT used to set the switch to a certain
position.

Page A-6, Figure A-B. Change the “REN'’ line in the table from °'T"
o CF. ’

CHANGE NUMBER 1. Applies to all Serial Numbhers.

Table 1-1. Add the information in Table C-1 to the end of Table
1-1. Specifications.

2% March 1985 Supplement A for 03456-900086
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Tahle £-1. Specification Table Additions

SUPPLEMENTAL SPECIFICATIONS
34564 TRANSFER SPECIFICATIONS

Transfer Aecuracy Constraints:

The measurments are the average of 100 readings at 10 PLC {Power Line Cycles).

Auto-Zero is on,

Measurements are made on the same range.

The same terminals are used for each measurament.

The 3456A has been warmed up at least 2 hours,

I general, the measurements must be made in accordance with good metrology practices. it is suggested to use pure copper wire,
low thermal sclder, twisted pair wire, and guarded measurements.

DC VOITS
Transfer Accuracy: = Number of Counts

1 Hour: £ 0.5 degrees C.

Range 6 112 Digits {10 PLE}
0.1V 6 counts
1.0V 2 counts

10.0V 2 counts

10G.0V 3 counts
24 Hours: + 1 degrese €.

Range 6 1/2 Digits (10 PLC}
G.1v 8 counts
1.0V 4 counts

10.0V 4 counts

100.0V 3 counts

Resistange:

Transfer Accuragy: = Number of Counts. All measurements are made with 4-wire ohms offset compensation.

f Hour: £ 0.5 degrees C.

Range 8 1j2 Digits {10 PLC}
100 ohms 5 counts
1K ohms 3 counts
10K ohms 3 counts
100K ohms 4 counts

24 Hours: + 1 degree C.

Range 6 /2 Digits (10 PLL)
100 ohms 7 counts
1K ohms 5 counts
. 10K ohms 5 counts
".00K ohms 6 counts

AC Volts:

Transfer Aecuracy: de component < 10% of ac component.
Maximum voltage <B300Vrms. All measurements made with Filter On. Input voitage > 1% of full scale.

1 Hour: 0.5 degrees C.

Freguency & 1/2 Digits {10 PLE)
30Hz - Z20KH:z 180 counts
20KHz - BOKHz 240 counts
50KHz - 100KHz 270 counts

24 Hours: + 1 degres €.

Frequensy 6 112 Digits {10 PLC}
30Hz - 20KHz- 220 counts
20KHz - BOKHz 285 counts

50KHz - 100KHz 310 counts




HP 3456A Page 3 of 4

MANUAL CHANGES

Table C-1. Specification Table Additions (Cont'd)

SUPPLEMENTAL SPECIFICATIORS

AL Volts: 3456A TRAMSFER SPECIFICATIONS

For input voltages 1mV te 10m¥:

1 Hour: +0.Bdegrees C.
Frequency 8 1{2 Digits (10 PLC}
30Hz - 20KHz 205 counts
20KHz - BOKHz 255 counts
BOKHz - 100KHz 285 counts
24 Hours: 1 degree C.
Freguency 112 Bigits {10 PLG)
30Hz - 20KHz 250 counts
20KHz - BOKHz 315 counts
BOKHz - 100KHz 340 counts

LOW LEVEL AND EOW FREQUENCY
AC SPECIFICATIONS

Low Frequency Measurements Aecuracy: = (1% of Reading + Number of Counts). 10Hz to 20K Hz, Filter On, Auto- Zero On, >1%
of full scale, dc component < 10% of ac component. For inputs =500Vrms add 0.07% of reading to the specifications.
%4 Hours: 23 degrees © + 1 degree C for all ranges.

6 1/2 Digit (=1 PLC} 45 4 390
& 1/2 Digit (0.1 PLC} 46 + 54
4 172 Digit {0.01 PLC} B1 + 6

80 days: 23 degrees C =5 degrees C.

6 1/2 Digit (=1 PLC} A7 + 520

5 1/2 Digit (0.1 PLC) 48 + 90

4 1/2 Dight {0.01 PLC) .58 + 1C
>80 Days: 23 degrees C 5 degress C (B 1/2 Digit)

Add = (0.004% of Reading + 12 counts)/Month to 90 day accuracy. For 6 1/2 Digits, multiply counts by 10. for 4 1/Z Digits,
mubtiply by 0.1.

24 Hours: 23 degrees C i+ 1 degree C.

Frequency in Hz

Integration Time Filter Off 400 to 20K | 20K to BOK | 50K to 100K| 100K 1o 250K
in Power Line Cycles (PLC) 10 to 20 20 to 30 30 to 20K | 20K to BOK | 50K to 100K | 100K to 250K
& 1/2 Digits (> =1 PLC) 45 4+ 480 | .33 + 400 § .05 + 680 ;.15 + 1600| .53 + 2800} 5.0 + 6400
5 1/2 Digits (0.1 PLC) 486 + 66 34 + 45 06 + 67 .16 + 162 | .84 + 282 5.0 + 665
4 1/2 Digits (0.0 PLCY B+ 9 .39 + 8 A1+ 10 21 + 20 .69 + 32 5.1 + 68
80 Days: 23 degrees C = 5 degrees C.
Freguency in Hz

Integration Time Filter Off 400 to 20K | 20K to 50K | 50K to 100K | 100K to 250K
in Power Line Gycles (PLC) i0 to 20 20 10 30 30 to 20K | 20K to 50K [ BOK to 100K 100K 10 250K
6 1/2 Digits (> =1 PLC} 47 + 10201 .35 + 600 | .07 + 1200 .17 + 2200 .55 + 34C0§ 5.0 + 7000
5 1/2 Digits (0.1 PLC) A48 + 142 .36 + 65 .08 + 128 | .18 + 225 | .56 + 340 5.0 + 705
4 1/2 Digits (0.01 PLO) 56 + 15 41 + 10 3 + 14 23 4+ 24 81 + 36 51 + 72

=23 degrees C 5 degrees C (5 1/2 Digit)

Add +{0.004% of Reading + 12 counts}/Meonth to 90 day accuracy. For 6 1/2 D%gits, multiply counts by 10, for 4 1/2 Digits,

multiply by CG.1.

Temperature Goefficient: {% of Reading + Number of Counts)/degree C (5 1/2 Digitsi,

+1{.008 + 1blidegrees C for dc compenent < 10% ac compenent. Otherwise add” = {008 + 20V/degress C. For & €f2 Digit,

multiply counts by 10. For 4 1/2 Digit, muitiply counts by 0.1.
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CHANGE 0. 2. Applies to Serial Prefix 2512 and Above

Title Page. Add the following note to the titie page.

CCAUTIONS
Your instrument may have either metric or english
hardware. DO NOT intermix the different hardware or
damage to the instrument may result, Follow the cau-
tlons in the manual that pertain to the different hard-

ware. Contact yvour tocal HP Office if more informa-
tion is needed.

Section |, Paragraph 1-15. Change the paragraph to the following:

1-16. The following options sre available for use with the
HF 3456A.

Option 35C: for 50 Hz Power Source
Option 360: for 60 Hz Power Source
Option 907: Front Handle Kit
{For Serial Prefix 2201 and below, use HP P/N 5061-0088.
For Serial Prefix 2512 and above, use HP P/N 5061-9688)
Option 908: Rack Mounting Kit
{For Serial Prefix 2201 and below, use HP P/N 5061-0074.
For Serial Prefix 2512 and above, use HP P/N 5061-9674}
Ogption 809: Front Handle and Rack Mounting Kit
{For Serial Prefix 2201 and below, use HP P/N 5081-0075.
For Serial Prefix 2512 and above, use HP P/N 5061-8675)

ECAUTION:

Your instrurment may have efther metric or english
cabinet hardware, DO NOT intermix the different hard-
ware or damage to the instrument’s frame and cabinet
may result. For instruments with serial prefix 2512
and above use metric handle/rack mounting hardware,
as listed above. For older instruments with serial prefix
22071 and below, use english handie/rack mounting
hardware also as listed above. Contact your local HP
Office if more information is needed.

HP 34b6A
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Herstellerbescheinigung

) PACKARD

Hiermit wird bescheinigt, dag das Ger#t/System HP 3456A
in Ubereinstimmung mit den Bestimmungen von Postverflgung 1046/84 funkentstdrt ist.

Der Deutschen Bundespost wurde das Inverkehrbringen dieses Gerétes/Systems angezeigt und
die Berechtigung zur Uberpriifung der Serie auf Einhaltung der Bestimmungen eingerdumt.

Zusatzinformation fur MeS- und Testgerite

Werden Meg- und Testgerdte mit ungeschirmten Kabeln und/oder in offenen MeZaufbauten
verwendet, so ist vom Betreiber sicherzustellen, daf die Funk-Entstfrbestimmungen unter
Betriebsbedingungen an seiner Grundstlicksgrenze eingehalten werden.

Manufacturer's declaratisn

This is to certify that the equipment HP 3456A

is in accordance with the Radio Interference Requirements of Directive FTZ 1046/84. The Ger-
man Bundespost was notified that this equipment was put into circulation, the right to check
the series for compliance with the requirements was granted.

Additicnal Infermation for Test- and Measurement Equipmant

If Test- and Measurement Equipment is operated with unscreened cables and/or used for
measurements on open set-ups, the user has to assure that under operating conditions the Radio
Interference Limits are still met at the border of his premises.
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SAFETY SUMMARY

The following general safety precautions must be observed during all phases of operation, service, and repair of this
instrement, Failure to comply with these presautions or with specific warnings sisewhers in this manual violates
safety standards of design, manufacture, and intended use of the instrumaent. Hewlett-Packard Company assumes ne
liability for the customer's failure to comply with these reguirements. This is o Safety Clase 1 instrument.

GROUND THE INSTRUMENT

To minimize shock hazard, the instrument chassis and cabinet must be connected to an elsc-
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 outiet. The power jack and mating plug of the
power cable meet International Electrotechnical Commission ({EC) safety standards.

DO MOT OPERATE IM 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 FROM LIVE CIRCHITS

Operating personne! 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 WOT SERVICE OR ADJUST ALONE

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

DO ROT 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 Hewilett-
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 dangercus procedures throughout
this manual. Instructions contained in the warnings must be followed.

WARNING

Dangerous voltages, capable of causing death, are present in this instrument. Use ex-
treme caution when handling, testing, and adiusting.




SAFETY SYMBOLS

General Definitions of Safety Symbols Used On Equipment or In Manuals.

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

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

Protective conductor terminal. For protection against electrical
wh=  OR 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 well 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

/f? OR I the equipment which normally includes all exposed metal struc-
tures.
N Alternating current {power line).

Direct current {power line).

s Alternating or direct current (power line}.

. w The WARNING sign denotes a hazard. It calls attention to a pro-
WARNING . 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 atiention to an
operating procedure, praciice, 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
NOTE: . . . . L \
to procedure, practice, condition or the like, which is essential to
highlight.




SECTION |
GENERAL INFORMATION

1-1. INTRODUCTION,

1-2. The information contained in this Manual is for
the Installation, Operation, HP-IB Programming and
Service of the Hewleit-Packard Model 3456A Digital
Voltmeter.

NOTE

HP-IB is Hewleit-Packard’s implementation
of IEEE 5id. 488-1975, ‘‘Standard Digital
Interface for Programmable Instrumenig-
tion. ™

I-3. The Installation, Operating, and HP-IB Program-
ming information in this Manual is also contained in the
Operating Manual.

1-4. This section in the Manual contains general infor-
mation concerning the 3456 A Digital Voltmeter. Includ-
ed are instrument description, specifications, sup-
plemental characteristics, instrument and manual iden-
tification, options, accessories, and other information
on the instrument.

1-5. DESCRIPTION.

I-6. The Hewlett-Packard Model 3456A is a versatile
Digital Voltmeter with ac, dc, ohms, and various math
functions. This voltmeter is an excellent bench meter
and since it is remotely programmable it is an excep-
tional system measurement device. Other features for
which you may have some good uses are the selection of
power line cycles integrated, the selection of certain
number of readings/trigger, settling delay, ratio, and
other unique and useful functions.

1-7. The 3456A also employs a feature called AUTQ
ZERO. This feature of the instrument is very useful for
good stability. The internal reference device and
reference resistors are also selected for good accuracy
and stability. Another good feature is the TEST func-
tion of the 3456A. With this function the instrument’s
operation can be partially verified for correct operation
by the operator.

1-8. SPECIFICATIONS.

1-9. Specifications of the 3436A are the performance

characteristics of the instrument which are warranted.
These specifications are listed in Table 1-1, and are the
performance standards or limits against which the in-
strument can be tested. Included in Table I-1 are also
some supplemental characteristics of the 3456A and
should be considered as additional and general informa-
tion for you, the user. Because of the many operational
capablities of the 3456A, exercise care when determin-
ing the instrument’s specifications.

1-10. Any changes in the specifications due to manufac-
turing changes, design, or traceability to the National
Bureau of Standards will be covered in a manual change
supplement or revised manual pages. The specifications
listed here supercede any previously published,

1-11. INSTRUMENT AKD MANUAL IDENTIFICATION,

1-12. Instrument identification is by a serial number
located on the rear panel of the instrument. Hewlett-
Packard uses a two-part serial number. The first part
(prefix) identifies a series of instruments and the last
part (suffix) identifies a particular instrument within a
series. A letter between the prefix and suffix identifies
the country in which the 3456A is manufactured.

1-13. This Manual applies to instruments with serial
number indicated on the title page. Updating of the
manual is accomplished either by a change sheet or
revised pages.

1-14. GPTIONS.

1-15. The following options are available for use with
the 3456A;

Option 350: for 50 Hz Power Source

Option 360: for 60 Hz Power Source

Option 907: Front Handle Kit

Option 908: Rack Mounting Kit

Option 909: Front Handle and Rack Mounting Kit
Onption 910: Additional Set of Manuals

1-16. ACCESSORIES SUPPLIED.

1-17. The 3456A is supplied with a 3/8 amp, 230V fuse
for the 220V and 240V power line voltages.

1-1



General Information Model 3456A

§-18. ACCESSURIES AVAILABLE. 1-20. SAFETY CONSIDERATION,
1-19. The following is a list of available accessories for 1-21. The 3456A is a safety class 1 instrument (provided
the 3450A: with a protective earth connection). The instrument and
manual should be reviewed for safety symbols and in-
hocassory Ne. Deseription structions before using.
10831A  HP-1B Cable 1 Meter (39.37 in.} 1-22. RECOMMENDED TEST EOLIPMFET.
106318  HP-IB Cable 2 Meter (78.74 in.)
10631C  HP-IB Cable 4 Meter (157.48 in.) 1-23. Required equipmeni to maintain the Model
10631D  HP-IB Cable 0.5 Meter (19.69 in.) 3436A is listed in Table i-2. Other equipment may be
11000A  Test Leads, Dual Banana Both Ends substituted if it meets the requirements listed in the
11002A  Test Leads, Dual Banana to Probe table. The table is also repeated in Section 1V of the
and Alligator Operating and Service Manual.

34111A  High Voltage Probe {40 kV dc¢)
44474A 4 Thermistors

Tabls 1-1. Specifications.

LC VOLTAGE
input Charaetaristios
Maximum Rosoluti Maximnm
Rending asolrion Input Input
Range {5 digit § Digit & Digit 2 Digit Rasistance Veltaga
.1V .118888YV 100 aV 1 aV 10 pV > 1010 | + 1000V
1.0V 1.18988Vv 1 pV HMY 100 pV > 10100 peak
10.0V 11.9999v 10 uV 100 uVv Tmy > 1016
100.0V 119.989V 100 Vv TmV 10mV 10MQ +.5%
1000.0V 1000.00V imV 1Omv 100mv 10M+ . 5%

Guard to Chassis: =500V peak
Guard to Low: =+ 200V peak

Moaserament Accuracy; + (% of Reading + Number of Counts).
Auto-zero on and fliter off.

24 howrs: 23°C + 1°C

Hangs & Digit {= 10 PLE*) 6 Bigit (1 PLC) 5 Digit (.1 PLE) 4 Digit .01 PLE}
0.1V 0022 + 24 C.0024 + 32 0.007 + 14 0.06 + 3
1.0V 0.0008 + 4 0.0012 + B 0.007 + 3 006 + 2

10.0v 0.0008 + 2 0.0011 + 3 0.007 + 2 0.06 + 2

100.0V 00011 + 3 0.0014 + 4 0.007 + 2 0.06 + 2

1000.0V! 0.0011 + 2 0.0013 + 3 0.007 + 2 0.06 + 2
90 Bay: 23°C £ 5°C

Asnge 6 Digit (= 18 PLC) B Digit {1 BLE) & Digit (.1 PLE) 4 Digit (81 PLE)
0.1V 0.0034 + 24 0.0035 + 32 0.008 + 14 0.08 + 3
1.0V 0.0024 + 4 0.0025 + & 0.007 + 3 0.06 + 2

10.0V 0.0023 + 2 0.0024 + 3 0.007 + 2 0.06 + 2

100.0V 0.0028 + 3 0.0027 + 4 0.007 + 2 0.06 + 2

1000.0V? 0.0024 + 2 0.0025 + 3 0.007 + 2 0.06 + 2

2
1Add .012 (’Mﬁﬁ % to % reading.
1000

> 90 days: 23°C + 5°C
Add + .0006% of Reading/month to 80 day accuracy.
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Model 3456 A General Information

Table 1-1. Specifications {Cent'd).

Temperature Coefficient: {5 digit2 = (% of Reading +
Number of County/°C

Hangs 0.1Y 1.0¥ 10.0v 100.6v 1000.0Y

Temp. Coef. | 0.0002 + 0.2 0.0002 + 0.02 0002 + .002 0.0002 + 0.02

0.0002 + 0.02

Aeto-Zers OFF: (5 digit)?
For & stable environment + 1°C, add 10 counts for .1V range, 1
count for 1V and 100 ranges, and .1 count for 10V and 1000V

Filter ON: For default delay (.65 seconds), error is < .01% of in-
put voltage step.

41 Kf} unbalance in Lo

AC BMS VOLTAGE

tnput Characteristics

ranges.
Holze Rejection (dB)
Filter OM: Rejectionis > 60 dB at 50 Hz. Add 2xV for .1V, 1.0V Integration Time
and 10V range and 200 pV for 10V and 1000V range. in Power Lins Ag3.4 Ag3 4 ne
Cycles (PLC) HAR ECHERS ECMRS
2For 6 digits, multiply counts by 10
For 4 digits, multiply counts by .1 01 PLC or .1 PLC 0 30 140
> 1 PLC 80 150 140
Hespanse Time; > 1 PLC with Filter | 120 160 140
Filter OFF - For default delay (0.0 seconds}, erroris < 0005 % of
input voltage step.
*Integration in POWER LINE CYCLES

3For 50, B0 Hz {depending on optian) + .09%.

Mieximeam . Meximum
Reading Resolution Input input
Hange {5 Digit} 6 Digit 5§ Digit 4 Digit Impadance Yaltags
1.0V 1.19998V 1 pV 10 uV 100 uV TMQ +.5% + 1000V
10.0V 11.89349v 10 eV 100 uVv imy shunted by peak
100.0V 119.898V 100 uVv TmVvV 10OmvV < 75pF {700V rms}
1060.0V 700.00V tmv 10mv 100my 108VHZ
Guard to Chassis: + BOOV peak
Guard to Low: + 200V peak
Measursment Accuracy: + (% of Beading + Number of Counts}
Auto-zerc on, > 1% of full scale, and DC component < 10% of
AC Component,
For inputs > 500V rms add .07% of reading.
24 howrs: 23°C = 1°C
Froguency in ¥z
[ntogration Time
in Power Lins Fiiter Gff - 400-20k 28k to 50k 50k to 100k | Y100k to 250k
Cycles {PLE) 20 to 30 30-20k 20k to 50k 50k to 160k F100k to 250k
§ Digit (= 1 PLC) .33 + 300 .05 + 550 15 + 1500 | .83 + 2700 | 5.0 + 6300
5 Digit (.1 PLC) 34 + 33 06 + b5 .16 + 150 B4+ 270 5.0 + 630
4 Digit (.01 PLC) .39 +8 A1+ 7 21 + 17 B8 + 29 5.1 + 65




General Information Model 3456A
Table 1-1. Specificatiens (Cont'd).
90 dey: 23°C % 5°C
Fraquengy in Mz
integration Time
in Power Line Filtar O — 400-20k 28k to 5Ok 50 k to 100k | 1100k to 250k
Cyclos (PLT} 20 ¢« 30 3020k 20k 16 50k 50k to 160k 1100k 1o 250k
6 Digit (= 1 PLC} .35 + 50O 07 + 700 17 + 1700 | .65 + 2900 | 5.0 + 8500
5 Digit (.1 PLC} .36 + 53 .08 + 73 18 + 173 B8 to 283 5.0 + 653
4 Digit (.01 PLC) A1+ 7 13+ 9 23+ 19 B + 31 5.1 + 87
TFrequencies > 100 kHz are specified for 1.0V and 10V ranges only.
> 90 day: 23°C = 5°C (8 digit?
Add + {.004% of Reading + 12 counts}/month to 80 day accuracy.
Tomperature Gosfficisat; (5 digit)?
+ {% of Reading + Number of Counts}/°C
+ (.008 +86)/°C for DC component < 10% AL component
+ (.008 + 12)/°C otherwise
2Far § digit, multiply counts by 10,
For 4 digit, multiply counts by .1,
BC Compenent > 10% of AC Camponent: (5 digit}?
Add + {.05% of Reading + 50 counts) to accuracy.
Grast Fecter: > 7 at full scale,
Cemmon Riods Rsisction (1XQ unbelancs in Lok > 90 dB DC to
60 Hz
Buto-Zero Off: For stable emvironment + 1°C no accuracy
change.
Bafault Delays:
Filter Off - .06 seconds
Filter On - .80 seconds
Response Time: For default delay, error is < . 1% of input voitage
step.
RESISTANCE
Input Characteristies
Maximem Gurrang Blaximum Maximum
Reading Rasolution Through Valid Reading | Open Cirouit
Range (5 Digith § Digit & Digie 4 Digit Unknown Voltage Veltage
10040 119.9890 1000 imQ 1OmQ 1mA 1.2V 5.8V
1kQ 1199.98Q 1mi 10mQ 100mg imA 1.2V 5.5V
10kQ 11.9888kQ 10mQ 100me 10 100pA 1.2V 5.5V
100kQ 119.998k0D 100mi} 109 104 50uA eV 9.5V
1MQ 1188.98k02 10 100 1000 Buh 6V 9.5V
10MQ 11.9999MQ 100 1004 1kQ 500nA 1Y 8.5V
100MQ 119.999M0 100Q 1k - 10kQ = 500nA‘ 5V 5.8V
1GQ 1000.00MQ Tk 10k 100kQ = BOOnA'! 5V 5.BY

10hms source is a 5O0NA current source in parallel with a 10MQ
resistance.

Konr-dastructive overload: 350V peak.




Model 3456A

Table 1-1. Specificstions (Cont'd),

General Information

Measurament Accuraey: = (% of Reading + Number of Counts)
Auto-Zero on, filter off, and 4-wire ohms,

24 hours: 23°C + 1°0
Bangs & Digit (= 10 PLD) 6 Digit {1 PLE) 5 Digit (.1 PLC} 4 Digit (01 PLE)
1000 ¢.003 + 24 0.003 + 32 0.008 + 14 0.07 + 3
1k G002 + 4 0003 + & 0,008 + 3 .07 + 2
10k 0.002 + 4 0.003 + 5 0.008 + 3 0.07 + 2
100k .002 + 2 0.003 + 3 0.008 + 2 0.67 + 2
1AM 0.006 + 2 0.008 + 3 0.012 + 2 0.07 + 2
10MGQ .04t + 2 0.041 + 3 0.07 + 2 .12 + 2
1060CMQ 1.3+ 1 1.3 + 1 1.6+ 1 1.5 + 1
1GQ 11+ 1 11+ 01 13 + 1 13 + 1
90 days: 231°C + §°C
Renge § Digit (= 10 PLE) & Digit {1 BLD) 5 Digie (.1 PLD) 4 Digit L.01 PLC)
1000 0.004 + 24 0.004 + 32 0.0t + 14 0.07 + 3
1k 0.003 + 4 0.004 + B 0.008 + 3 0.07 + 2
10k 0.003 + 4 0.004 + B 0.008 + 3 0.07 + 2
100kG 0.003 + 2 0.004 + 3 0.008 + 2 .07 + 2
1MG 0.007 + 2 0.007 + 3 0.013 + 2 0.07 + 2
1OMQ 0.042 + 2 0.042 + 3 0.07 + 2 0.12 + 2
100MQ 1.8+ 1 1.8 + 1 2.0+ 1 2.0 + 1
1GQ 16 + 1 16 + 1 18 + 1 18 + 1

ohm offset,

4-wire ohms.

> 90 days: 23°C % 5°C
Add = .0004% of Reading/month to 90 day accuracy,

Aute-Zaro OFf Aeecuracy: (5 digit)2
For a stabie environment + 1°C, add 10 counts for 100Q range,
1 count for 1k{} range and 10kQ ranges, and .2 counts for =
100k{ ranges.. Changes in lead resistance are not corrected for a

2Far 4 digit, multiply counts by .1,
For & digit, multiply counts by 10.

2-Wire Dhme Accursey: Same as 4-wire ohms except add < .2

Maximum Lsad Resistance Meximum Ofsst Voitage for Dofault Detay
Range for 4 Wire Dhms 0ifset Compensated Ghms in Seconds

1000 108 0tV 0
1k§2 1000 Y Q
10k 10000 vV 0

100k 10004 RAY 001

TMQ 10009 008
10M 10000 .08
100MQ 10000 .0B

1GQ 10000 .08

Filter is not operational in chms.

Gffset Compensated Dhms Aceuracy: Same as 2-wire and 4-wire ex-
cept maximum reading may be reduced by 9% for large offset
voltages. 1000 - 100k range are used.

Resgonze Time: With defauit delay and < 200pF of capaciance,
first reading is in specification.




General Information

Model 3456A

Tahie 1-1. Specifications (Cont'd],

Tomperature Gosfficiont: (5 digit)? + {% of Reading + Number of
Counts)/°C

Thi)
10k
Renge | 7000 | 100kQ 1840 108G | 160M0 | 16D
T.C. 1.0004|.0004 |.0004 | 0010 .18 1.8
+.2 | +.02 1+.004 | +.004 +0 +0
RATIS

Type: DC/DC, AC/DC, or IAC+DCY/DC

flothed: 4-Wire with Volts Lo input common.

Signal Voltage
Ref. Hi Voltage — Ref. Lo Voltage

Ratio =

Sipnal Msasurement: Same as DC Volits, or AC+DC Volts.

Raforsncs Messurement Automatically selects .1V, 1V, or 10V
DBC Volts range and a8 0.0 msec. settling time. Filter is off.

Raximum Referance Yoltege:

Ref. Hi: + 12V

Ref. Lo: + 8% of Ref, Hi.
Ref. Hi-Ref. Lo: + 11,9889V
Protection: + 350V peak

Becuracy: Total % signel error + total % reference error (same as
L1V, 1V, or 10V DC volts)

READING RATE

Reading rates are with autorange, math, display and filter off.
Output is to internal memory using internal trigger and packed
Mode. Packed output in place of internal memory adds , 356 msec;
ASCH output adds 2.3 msec.

Rates vs. integration Yime and Aute-Zers: DC Volts and 1000 thru
10k ranges with default (-0.0 sec.) delay. Also, AC or AC+DC
Volts and 100kf thru 10MQ ranges with 0.0 sec, delay,

Fates
integration Agio-Zors Aute-Zero

_Tima in Powsr 1 8a
line Cyelos (PLC) | GO Mz 50 H: | 6O Hz 50 He
0.01 330 290 21¢ 180
10 210 180 120 100
1.00 48 40 25 20.8
10.00 5.8 4.8 2.9 2.4
100.00 57 0.47 .29 0.24

Rates with 1 Power Line Cycle Intogretion and Dofauit Delays.

Rates

60 Hz | 50 Hz
- DC Voits and 1000 thru 10k, Auto-zero Off | 48.0 | 40.00
— BC Voits, Filter ON 1.48 | 1.47
- AC or AC+DC Volts, Auto-zero OFF 12.0 111.00
- AC or AC+BC Volts, Filter ON 1.2 | 0.98
- 100kQ range, Auto-zero OFF 46.C0 | 35.0
- 1 Mi} range, Auto-zero OFF 34.06 | 28.0
-~ 10MEQ range, Auto-zero OFF 8.9 9.0
— 100M(t and 1GQ range, Auto-zero OFF 6.6 6.10
- DC/DC ratio 5.2 | 4.40
- Offset Compensated Ohms 10.0 | 9.00
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Model 3456A

General Information

Table 1-1. Specifications (Cont'dl.

MATH FUNCTION SPECIFICATIONS

General: Math function specifications do not include error in X
linstrument reading) or in entered values (R,L,U,Y,Z}. Range of
values input or output is + (0.000000 x 102 to 18998999 x
109}, Out of range values send 'LL"" to display and + 1999998,
% 109 1o HP-IB.

PASSIFAIN. Displays: ""HI” for values > upper limit {U}, "'LO" for
values < lower limie (L), and X for values between the limits, with
no introduced er:or.

SRO mask can be programmed to respond to Hl or LO conditions.

Maximum execution time: 20ms

STATISTICS:
1 c
Mean (M} = X, + = (XX

P =

C c

£ o -x2- 2| E o -xe

Vartance (V) = j = 1 C li=1

c-1

Maximum (U) and Minimum (L) are the most positive and negaftive
instrument readings, respecitvely, X is displayed during calculs-
tion of statistics.

X, is the first reading taken after enabling statistics and is stored
in the Z register. The number of readings taken (C} is stored in the
count register.

Accuracy of Mean: < % + 1 LSD

CiU-L
1011

)2
Accuracy of Variance: < % _C%’_ + 1LSD
10

Maximum execution time: BOms

NULL: X - Xy {X, is the first valid reading taken after enabling nuill
and is stored in the Z ragister).

Maximum execution time: 15ms

dBm{l: 10 log R is the user-entered impedance.

X2/R
TmwW
Output range: -2B0 to + 340 dBm
+ 001 dBm

Maximum execution time:

Accuracy:
150ms

THERRISTOR {°F): Converts resistance of thermistor
MPOB37-0164 to temperature in °F,

Output range: -112 to 302°F

Accuracy: -103 = T = + 266 °F: + 11°F max,
-116 = T = + 320°F: £ 27°F max.

Maximum execution time: 150ms

THERRISTOR {°Cl Converts resistance of thermistor
HPOB37-1064 to temperature in °C.

Qutput range: -80 to 180°C

Accuracy: -75 = T = + 130°C + 08°C max.
80 = T = + 180°C = 16°C max.

Maximum execution time: 100ms

SCALE: (X-YyY
Accuracy: + 1 LSD
Maximum execution time: 60ms

% ERROB: 100% x (X-Y)Y
Accuracy: + 1 LSD
Maximum execution time: 60ms

dB: 20 log X
Y

Qutput Range: -820 to +620 dB
Accuracy: 001 dB
Maximum execution time:

MEMORY
Resding Store:

100ms

& Can store up to 3560 most recent readings.
e Can be recalled from the HP-IB interface or the front panel.

Program Memory:

e Can execute an internal program which controls instrument
cenfiguration and measurement sequence.

e Program is input from the HP-IB interface with up to 1400
ASCH characters.

Mamory Size:
o Total size = 1400 bytes

o Memory used = 1 byte per ASCIl character + 4 bytes per
reading stored.

GERERAL

Voltmeter Control Fungtions: Description: The voltmeter control
function in the math section of the front panel is designed to con-
troi the measurement parameters of the 3456A. Included in this
front panel section is the:

1} Number of digits displayed.

2} Number of readings per trigger.

3} Delay time between readings.

4) integration time in number of power line cycles (PLC).

Bumber of Digits Displayed allows sefection of 3 to 6 digits
dgisptaved plus sign and exponent. The range of the display is =
1,889,889 + 9.

Number of Readings per Trigger allows selection of specific number
of readings to be taken with just one trigger. The time between
readings is controlled by the delay time selected.

Delay Time allows selfection of the time between measurement
cyclas, It is provided to aliow the selection of settling time. The
range is from 0 to 999.999 sec. in 0.001/sec. increments. Ac-
curacy is 1% of time selected.

lntegration Time in Power Lime Cycles adlows the selection of the
time for measurement integration. The units of integration time in
power line cycles {PLC) apply for both 50 and 60 Hz power line
frequencies. The range of integration time selection is from 0.01
to 100 power line gycles (PLC) per measurement.

Front-Rear Terminal Switch - On the front panel, Operated manual-
ly. Its status can be read via software.

1-7



General Information Model 3456 A

Table t-1. Specifications {Cont'd).

The actual measurement time is a function of the integration time,
the delay time, auto zero, filter, etc., volimeter complete, extemal
trigger, and function selected.

Storage Tomperature: -40 Cto + 75 C

Power: 100/120/240V + 5%, -10% 48 Hz to line operation
. 80VA; 220V + 10% 48 Hz 0 line operation B0VA,
Uparating Temperature: O C t0 50 C

. o Size: 88.9mm high x 425.5mm wide x B27.Tmm deep (3%
Wearmup Time: One hour to meet ali specifications

Humidity Range: 95% RH.,0Ctw040C

high x 18% "' wide x 20% "' deep)

Waight: Net 10.49 kg (23.13ibs.)

Table 1-2. Recommended Test Eguipment

instrument Critica! Specification Recommended Model Use
DC Voitage Standard Voitage: 10mV to 1000V Systron Donner Model M107 PAT
Accuracy: = .005%
DC Franster Standard Qutput Voltages: 1V, 10V, 1.018V, 1.013V Fluke Model 7318 PA
Accuracy: =+ Sppm
Stability: +.001% (30 Days)
AC Calibrator Frequency: 20 Hz to 250 kHz Fluke Model 5200A and PAT
Cutput Level; 100mV to 1000V Model 5215A
Acecuracy: +.1%
Voltage Stability (6 mos.) £.02%
Reference Divider Division Ratio Accuracy: +.001% Fiuke Model 750A PA
Cutput Voltage Range: 1V to 1kV
Guildiine Mode!
Resistance Standard Resistance: 1004 9330/100 or 9330A/100 P
Accuracy: + .0005%
Resistance; 1k 9330/1K or 9330A/1K PA
Accuracy: £ .0005%
Resistance: 10kQ 9330/10K or 9330A/10K PA
Accuracy: +.001%
; Resistance: 100k 9330/100K or 3330A/100K PA
Accuracy: +.001%
Resistance: 1MQ 9330/1M PA
Accuracy: +.002%
Resistance: 10MQ 9330/10M PA
Accuracy: +=.01%
Resistance™: 1G{ -hp- Part No. 03456-87902 P
Accuracy: +2%
DC Null Volimeter Voltage Range: 14V to 10V -hp- Model 419A PA
Bus System Analyzer** HP-1B Control Capability -hp- Model 58401A T
Desktop Computer HP-1B Control Capability serves as printer for out- | -hp- Model 9825A, 98258, oT
put data 9835A, 98458, or 8BA
Oscilioscope* ™ Bandwidth: DC 10 100 MHz -hp- Modsl 1740A T
Sweep Time: 50ns to 20ms/div
Digital Voitmeter* * Voltage Range: 100wV to 1000V -hp- Model 3456A T
Resolution: 1 uV {or 345BA)
Resistors Resistances: 1 kf} + 10% -hp- Part Ne. 0684-1021
Signature Analyzer** -hp- Model 5004A T
Test Program Cartridges ® -hp- Part Number H
03456-10001 {9825A/8}
03456-10002 {98354,
{9B45A/B)
03456-10003 {85A)
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Model 3456A

General Information
Table 1-2. Recommended Test Equipment {Cont'd).

Instrumant Gritical $pacificatian Recommended Model Usa
Isolation Logic Test Jumper* -hp- Part No. 03456-81602 T
HP-1B Signature Analysis -hp- Part Number T

Modules™,* * 5061-1153
5061-1154
5081-1185

03458-698004

*These items included in 3458A Digital Voltmeter Service Kit for Component Level Repair (-hp- Part Numbsr

**These items are not required if a board level repair strategy is to be used. This strategy does require a
3456A Digital Voltmeter Service Kit for Board Levet Repair (-hp- Part Number 03456-68801).

P
A

Wi

Performance Test

T
Adjustment

Troubleshooting
O

Qperators Check

i

1-9/1-10






SECTION U
INSTALLATION

2-1. INTRODUCTION,

2-2. This section of the manual contains the necessary
information and instructions to install and interface the
Model 3456A Digital Voltmeter. Included are initial in-
spection procedures, power and grounding require-
ments, enviromental information, and instructions for
repacking the instrument for shipment.

2-3. IHITIAL INSPECTION.

2-4, This instrument was carefully inspected both
mechanically and electrically before shipment. It should
be free of mars or scratches and in perfect electrical
order upon receipt. The instrament should be inspected
for any damage that may have occurred in transit. If the
shipping container or cushioning material is damaged, it
should be kept until the contents of the shipment have
been checked for completeness and the instrument has
been mechanically and electrically checked. Procedures
for checking the electrical performance of the 3456A are
given in Section IV. If there is mechanical damage, or
the contents are incomplete, or the instrument does not
pass the performance tests, notify the nearest Hewlett-
Packard Office (a list of the -hp- Sales and Service Of-
fices is located at the back of the manual). If the ship-
ping container is damaged, or the cushioning material
shows signs of stress, notify the carrier as well as the
Hewlett-Packard Office. Save the shipping materials for
the carrier’s inspection.

2-5. PREPARATICN FOR USE.
2-8. Power Reguiroments,

2-7. The Model 3456A requires a power source of 100,
120, 220, or 240 V ac (— 10%, + 5%), 48 Hz to 66 Hz
single phase. Maximum power consumption is 80 VA.

2-8. Line Voltage Sslection.

2.9, Figure 2-1 provides information for line voltage
and fuse selection. Make sure the rear panel line selector
switches are in the correct position and the correct fuse
is installed in the 3456A, before applying ac power to
the instrument.

2-10. Power Cords and Recepiacies.

2-11. Figure 2-2 illustrates the different power plug
configurations that are available to provide ac power to
the 3456A. The -hp- part number shown directly below
the individual power plug drawing is the part number

for the power cord set equipped with the appropriate
mating plug for that receptacle. If the appropriate
power cord is not included with the instrument, notify
the nearest -hp- Sales and Service Gffice and a replace-
ment cord will be provided.

220V 7 E
CZ“DV 375mA J
120V Q:"
m“lﬁﬂ\a‘:i 750mA [ —]

s D
100V
220V ~7 I
EZ“OV 3175mA J
—f1z0v O:
e 100y ] 75?”\ ]
120V
220V — ‘
EZ“OV 375mA J
L1120V Q:/ F—
100V ] 750m N
220V
220V = !
CMGV 275 J
CIFi120v C):/ -
F1a0y ;\! 75?!:1.‘\ j
240V
NOMINAL OPERATING RANGE FUSE
VOLTAGE | —10%, +5% OF NOMINAL
100 v 90 to 105 Volts 750 mA
120 v 108 to 126 Voits 760 mA
220 V 188 to 231 Volts 375 mA
240V 216 to 252 Volts 375 mA

Figurs 2-1. Line Yoltage Selection.

2-12. Grounding Reguirements,

2-13, To protect operating personnel, the National
Electrical Manufacturer’s Association (NEMA) recom-
mendation is to ground the instrument panel and
cabinet. The -hp-Model 3456A is equipped with a three
conductor power cable which, when plugged into an ap-
propriate receptacle, grounds the instrument.
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Instaliation Model 3456A
250V 2BG W 260V 260 v
QPERATION OFPERATHON DPERATION OPERATION
—
/{\Eb
.,
S
PLUG*: SEV 1011.1853-24507
PLUG*: CEE7-V11 PLUG®: CEE22-V PLUG™: DHCR 107 TYPE 12
CABLE* HP B8120-1687 CABLE*: HP 8120-1880 CABLE": HP 8120-2954 CABLE': HF 8120-2104
125 V. 6AMY 250 Vv 250 W 2BV - BATT 125 v . BA®*

GPERATION
N
e | YA

PLUG": NEMA 1-16P
CABLE®: WP §120-0884

PLUG": NZ5S 198/A5 ©112
CABLE™: HP B120-0696

PLUG*: BS 1363A
CARLE": HP B120-1703

OPERATTION

PLUG": NEMA G-15P
CABLE®: HP 812G-0698

PLUG™: NEMA B-15P
CABLE=: HP 8120-1378

ST-B-4195 (Rev )

*The number shown for the plug is the industry identifiar for the plug only.
The rumber shown for the cable is an HP part number for 2 complete cabie ingluding the plug.
* *UL listed for use in the United States of America

Figure 2-2. Power Cables.

Z-14. Bench lse.

2-15. The Model 3456A is shipped with feet and tilt
stands installed and is ready for use as a bench instru-
ment. The feet are shaped to permit “‘stacking” with
other full-module Hewlett-Packard instruments,

2-16. Rack Mounting.

2-17. The -hp- Model 3456A can be rack mounted by
adding rack mounting kit Option 908 or Option 909.
The basic hardware and instructions for rack mounting
are contained in Option 908 and addition of front
handles to the basic rack mount kit are contained in Op-
tion 909. The rack mount kits are designed to permit
mounting of the 3456A in a standard 19 inch rack, pro-
vided that sufficient rear support is available. Also
make sure the air intake at the rear of the instrument is
unobstructed.

2-18. Interface Connections.
2-19. The -hp- Model 3436A is compatible with the
Hewlett-Packard Interface Bus (HP-IB).

NOTE

HP-IB is Hewleti-Packard’s implementation
of IEEE Std. 488-1975, “‘Standard Digital
Interface for Programmable Instrumenta-
tion.”’

The 3456A's HP-IB connection is made by an HP-IB
Interface cable to the 24 pin HP-IB connector located at
the rear panel. A typical interconnection of HP-IB is
shown in Figure 2-3 in which system interconnection is
made by three HP-IB Interface Cables. The ends of the
cables have both a male and female connector to enable
connections to other instruments and cables. As many
as 15 instruments can be connected by the same inter-
face bus. However, the maximum length of cable that
can effectively be used to connect a group of in-
struments should not exceed 2 meters {6.5 feet) times the
number of instruments to be connected, or 20 meters
(65.6 feet), whichever is less. For a pictorial view of the
HP-IB connector and its pin designation, refer to Figure
24,

2-20. Address Selection.

2-21. The HP-IB ‘“‘talk” and ‘‘listen’ address of the
Model 3456A is set by the instrument’s address switch,
located at the rear panel. The talk and listen addressis a
5-bit code which is selected to provide a unique address
for each HP-IB instrument. The 3456 A normally leaves
the factory with the address switch set to decimal code
€22." The corresponding ASCII code is a listen address
code of “‘6”" and a talk code of “*V.” Refer to Figure 2-5
for the factory address switch setting.
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Instaliation

3a55-B- 4608

Figure 2-3. Typicel HP-IB System Interconnsctions.

E >
ECAUTION 3

PIN LINE

1 [BIeE The 3456A contains metric threaded HP-1B cable moeunting
2 DIG2 studs as opposed to English threads, Metric threaded -hp-
3 BIG3 106314, B, or C HP-IB cable lockscrews must be used to
4 Dio4 secure the cable o the instrument. Identification of the two
13 DIos types of mounting studs and lockscrews is rnade by their
14 DIOB color. English threaded fasteners are colored silver and
A D07 metric threaded fasteners are colored black. DO NOT mate
18 Dios silver and black fasteners to each other or the threads of
5 EO1 either or both wifl be destroyed. Metric threaded HP-IB cable
17 REN hardware iffustrations and part numbers follow.

8 DAV

7 NRFD LOCKSCREW LORG MOUNTING STUD SHORT MOUNTING STUD

8 NDAC 1380-0360 0380 ~0643 0380-0644

g IFC

10 SRG AySmm
11 ATN

12 SHIELD-CHASSIS GROUND

18 P/O TWISTED PAIR WITHPIN B

19 P/Q TWISTED PAIR WITHPIN 7

20 P/C TWISTED PAIR WITH PIN 8 T”Eigg'“s

21 P/O TWISTED PAIRWITHPING ) reRNALLY

22 P/Q TWISTED PAIR WITH PIN 10 GROUNDED

23 P/O TWISTED PAIR WITH PIN 11

24 ISGLATED DIGITAL GROUND

Figure 2-4. HP-IB Connecter.



Installation
ADDRESS
SELECTION
TALK
DNLY r N
16 4 1
’1 & L ] 9 a o

g E
E B g
. t 3456-2-5 |

NOT USED // 0 PCGSITION (DOWN)
1 POSITION (UR)

ADDRESSABLE

Figure 2-5. 1458A Address Switch.

NOTE

The 5-bit decimal code, consisting of bits Al
through A5, is often used by controllers
which use this convention as a System Device
Number for instrumenis.

2-22. “Talk-Only”’ mode. The instrument has a ‘““Talk-
Only” mode which can also be set by the address switch.
The Remote Operation chapter in Section I of this
manual gives a detailed description of the 3456A’s
“Talk-Only”’ mode, including the address codes.

2-23. External Trigger.

2-24. An External Trigger input to the 3436A is pro-

vided by a BNC connector located at the rear panel of

the instrument. The trigger input should be driven by
negative going TTL level signals, For more information
refer to Section 11 in this manual,

2.28. Voltmeier Complete Connestor.

2-26. A Voltmeter Complete output is also provided by
the 3456A. through a BNC connector located at the rear
panel. This connector provides an output which is com-
posed of a TTL level signal and is generated during a
measurement cycle.

2-27. ENVIRONMENTAL REQUIREMENTS.

WARNING

To prevent electrical fire or shock hazards,
do not expose the instrument to rain or ex-
cess moisture.

Model 3456A

2-28. Operating and Storage Tesmperature.

2-29. In order to meet and maintain the specifications
listed in Table 1-1, the 3456A. should be operated within
an ambient temperature range of 23°C + /- 5°C (73°F
+/ —9°F}, The instrument may be operated within an
ambient temperature range of 0°C to 55°C (+32°F to
131°F) with less accuracy.

2.30. The 3456A may be stored or shipped within an
ambient temperature range of —40C to + 73C {— 40F
to + 167F).

2-3%. Humidity.

2-32. The instrument may be operated in environments
with relative humidity of up to 95%. The instrument
must, however, be protected from temperature extremes
which may cause condensation within the instrument.

2-33. Altiteds,

2-34. The instrument may be operated at altitudes up to
4572 meters (15,000 feet).

2.35. REPACHAGING FOR SHIPMERT.
NOTE

If the instrument is to be shipped to Hewlett-
Packard for service or repair, attach a tag to
the instrument identifving the owner and
indicating the service or repair to be made.
Include the model number and full serial
number of the instrument. In any corre-
spondence, identify the instrument by model
number and full serial number. If you have
any gquestions, contact your nearest -hp-
Sales and Service Office.

2-36, Place instrument in original container with ap-
propriate packaging material and secure with strong
tape or metal bands. If the original container is not
available, a replacement container can be purchased
from vour nearest -hp- Sales and Service Office.

2-37. H the original container is not to be used, do the
following:

1. Wrap the instrument in heavy plastic before plac-
ing in an inner container.

2. Place packing material around all sides of the in-
strument and protect the front panel with cardboard
strips.

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

4, Mark shipping container “DELICATE INSTRU-
MENT,”” “FRAGILE,”’ etc.



SECTION 10
OPERATION

3-1. INTRODUCTION.

3-2, This is the information and instructions for the
operation of the -hp- Model 3456 A Voltmeter showing
front panel and remote operations. In addition, you will
find functional checks vou can perform. For more ad-
vanced users a Quick Reference Guide is shipped with
the instrument. The information in the guide is most of
the 3456A°s operating characteristics, including remote
programming codes.

3-3. Before reading the operating information in this
section, familiarize yourself with the front and rear
panel features as indicated in Figure 3-1. Use the figure
as a reference by folding the page out while reading this
section.

3-4. Read the front panel operations of the 34356A
before the remote operations since most front panel
operations also apply to the remote operations.

3.5. PRE-OPERATING INSTRUCTIONS.

3-6. The 3456A’s operation can be separated into five
main areas. A good understanding of these areas is fun-
damental to learning the operation of the instrument.
The five areas are:

a. Reset and Test Operation.
b. Function, Range and Trigger.

¢. Voltmeter Control Functions, (Delay, Number of
Readings/Trigger, Number of Digits Displayed).

d. Math.

e. Remote Operation.
3-7. Refer to Figure 3-1. Note that the 3456A’s front
panel can be separated into three areas: Display,
Voltmeter Configuration, and Numbered Kevboard.

Keep these areas in mind when vou use the 3450A.

3-8, To learn the operation of the instrument, a logical
approach is to ask yourself the following questions:

a. ““What type of measurement do I want to make?’’
- FUNCTION

b. “Do 1 want autoranging?’’ - RANGE

¢. “‘Do I want the input filter in?”* - FILTER

d. “Is a math operation desired?’’ - MATH FUNC-
TION

e. “Do I want remote control of the 3456A77
-REMOTE OPERATION

Once you have decided what vou want the 3456A 1o do,
the next step is to learn how to do it.

3-9. GENERAL DPERATING CHARACTERISTICS.

3-10. These paragraphs describe some of the 3456As
General Operating Characteristics. Refer to Figure 3-2,
the Display Area, for the following discussion.

3-11. Turn-On and Warm-Up.

3-12. Before connecting ac power to the 3456A, make
sure the rear panel line selector switches are set to cor-
respond to the available power line voltage. Be certain
the correct fuse is installed in the instrument. To meet
accuracy specifications, the 3456A should be warmed
up for at least one hour,

3-%3. Rosst.

3-14. After power connection and warm-up, to make
sure the instrument is in the ““turn-on”’ state, press the
RESET button. This places the instrument in the power-
up condition without cycling power. This provides youa
convenient starting place and avoids thermal and elec-
trical shock to the instrument, therefore maintaining its
accuracy and improving reliability. The turn-on state is:

FUNCTION..........oooi i bC
RANGE .. ... AUTO
TRIGGER ... INTERNAL
MATH ... o GFF
BELAY.................. DEFAULT (0 SEC.)
NUMBER OF READ-

INGS/TRIGGER .. ...... .. i, 1
NUMBER OF POWER

LINECYCLES INT. ..., 10
NUMBER OF DIGITS DISPLAYED......... 5
AUTOZERO .......... ..o, ON
OPERATING MODE................ LOCAL
FILTER .. oo e OFF
READING STORAGE. .................. OFF

3-1
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@-

e- Display - Indicates polarity and ampiitude of the measure-
ment. Measurement results are indicated in either 3%, 4 %4,
5%, or 6% digits, dependent on the Number of Digits
displayed and the Number of Power Line Cycles Integrated.
The LED at the bottom left hand corner of the display in-
dicates the front pane! sample rate.

Function Selection Buttons - DCV, ACVY, ACV+DCV,
2-Wire Ohms, and 4-Wire Ohms. included is the SHEIFT but-
ton which is used to place the 3468A into the shifted func-
tion consisting of: DCV/DCV Ratio, ACVY/DCV Ratio,
ACV +DCV/DCVY Ratio, 2-Wire O.C. Ohms, and 4-Wire
0.C. Ohms. The LED to the function button’s right will also
tight when the bution is pressed,

@ Autozero Button - enables or disables the Autozero feature.
The LED to the button’s right is lit when the feature is
enabled. Refer to Paragraph 3-48 for more information.

Filter - enables or disables the Anzlog Filter. The LED to the
hutton's right is lit when the Filter is enabled. Refer to
Paragraph 3-52 for more information,

Numbered Keyboard - is used to select math operations,
storing a number value into registers which are used in
some math operations and other operational changes
{Number of Digits displayed, etc.}. Refer to Paragraph 3-54
for more information.

Ratio Ref/4WR{} Sense Terminals - are used for the Ratio
Reference Voltage or 4-Wire Ohms mesasurement.

@ Volts/2ZWRQY/4WRQ Terminals - input terminals for the
ACV, DCV, ACV+DCV, and 2-Wire Ohms measurement.
In addition, the terminals supply the curreni for a 4-Wire
Ohms measurement.

Front/Rear Switch - With the switch “out’’ the front ter-
—" minals are enabled and with the switch "in” the rear ter-
minals are enabled.

e Front Guard Switch - internally connects the GUARD ter-
minal to the VOLTS LOW terminal.

Front Guard Terminal.

W

0 Clear Cont - is used to continue with the 3458A's last
operation after an attempt was made to store into a
register. it is also used to clear the display after a register
has heen recalled.

12) Trigger Buttons - permits selection of Internal, External,
Single, or Hold Trigger modes. An LED to each of the but-
ton's right is lit when the button is selected, Refer to
Paragraph 3-46 for more information.

Range Selection Buttons - are used to manually or
automatically uprange and downrange the 3456A. The
LED to the AUTQ button's right is lit when Autoranging is
selected.

Test Button - enables or disables the 3458A’s Internal
Test, Refer to Paragraph 3-17 for more information.

@ Reading Storage Button - aliows the 3456A to internally
store a number of readings. The LED to the button’s right is
lit as long as readings are stored. The LED turns off when
Reading Storage is disabled and when the 3458A’s intemnai
memory is full. Refer to Paragraph 3-101 for more informa-
tion.

HP-IB Control Buttons and Status Indicators defined as
follows:

SRQ Button - enables the 3456A to send a “'Require Ser-
vice Message'' when the button is pressed. Refer to Para-
graph 3-198 for more information.

Local Button - takes the 34564 out of Remote.

SRO Light - indicates a "'Require Service” condition when
lit. Refer to Paragraph 3-130 for more information.

Listen Light - is Iit when the 3456A is addressed to
“listen’’.

Talk Light - is lit when the 3458A is addressed to “'talk’".

Remote Light - indicates that the 3458A is in Remote when
lit,

@ Line Switch - With the switch "out” the 3458A is turned
~ off and with the switch "in”’ the instrument is on.

Reset Button - returns the 3456A to is turn-on condition
when pressed.

Figure 3-1. Front and Rear Pansl Features.

3-2
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Ratio Ref/4WR( Sense Tarminals - are used for the Ratio HP-I1B Connector used te connect to HP-IB.

Reference Voitage or 4-Wire Ohms measurernent.
g HP-IB Address Selection Switch - Sets 3456A HP-IB Ad-

Volts/2WRQ/4WRQ Terminals - input terminals for the dress.
ACVY, DCV, ACV + DCV, and 2-Wire Ohms measurements. Py
In addition, the terminals supply the current for a 4-Wire External Trigger Input Connector,
Ohms measurement. )

Power Line Voltage Selection - Refer to Paragraph 2-8.
Rear Guard Switch - internally connects the GUARD ter- :

minal to the VOLTS LOW terminal, Fuse -90 V to 126 V -.75 amp, 198 V to 252 V -.375

" amp.
Rear Guard Terminal.

. AC Power Connactor.
Voltmeter Compiete Connector - Qutputs pulse during mea-
surament cycle.

Figure 3-1. Front and Rear Panel Features (Cont'd).

3-15. When pressing the RESET button, the display made to the input terminals, because certain input cir-
will momentarily display this for about 1 second: cuitry measurements are made. When the TEST button
is pressed, the instruments displays
Add 022 0
"L “+1.8.8.8.8.8.8.+ 8.

1456A HP-1B Talk-Only Indicator

Address in {0 = Normal Mode,

Decimal 1 = Talk-Only Enabled)

See Paragraph 3-150 for the HP-IB address setting and
Paragraph 3-154 for the ““Talk-Only’ mode,

3-16. When power is cycled, “HP 3456’ is momentari-
Iy displayed and then the address code is displayed.

3-17. Self Test Opsration,

3-18. The 3456A’°s Test Operation consists of certain
analog gain, offset, and digital checks when the TEST
button is pressed. Make sure the 3456A's input ter-
minals are completely floating and the GUARD swiich
is in the ““IN’’ position, when selecting the test opera-
tion. The test may not pass if external connections are Figere 3-2. Front Pane! Display Area.
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and light all the front panel LEDs. This remains until
the test is completed. Once the test is completed, the
display and the LEDs go blank for a time and the fest
operation starts again. If any of the internal checks do
not pass, a negative integer corresponding to the check
which did not pass is displayed. The displayed number is
also output over the HP-IB with the 3456A in remote. A
‘100’ is ouiput when the test passes, To disable the test
operation press the TEST button a second time.

NOTE

Make sure no connection is made at the
3456A°s Input Terminals and the GUARD
switch is in the “IN’’ position during the
Test mode.

NOTE

Refer the 3456A to a Service Trained Per-
son, if the Internal Test does not pass,

3-18. Display.

3-20. Refer to Figure 3-3 to see how readings are
displayed. Note that the 1 V through 1000 V ranges are
displayed as they are measured with the decimal point in
the correct place like this:

1.00600 — 1 V Range
10.0000 —~ 10 V Range
106.000 — 100 V Range
1006.00 - 1600 V Range

3456A DIGITAL VOLTMETER

0919 -3

i i 100 1K HATH

al o 07
] o I

3456~3-3
Figure 3-3. 34564 Dispiay.

Additionally, a 1, 10, 100, and 1 K are marked on the
front panel and are located below the decimal point of
the respective ranges with the other ranges indicated in
engineering notation. The position of the decimal point
on the display marks the decade multiplier. The range is
easily determined by multiplving the dispiayed exponent
by the decade multiplier. For example:

34
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10 9 . 7 9 -3
decade multiplier - 1 10 100 1K EXP
shows a reading of .10979 V or 109.79 mV. The decade
multiplier is not used in the 3456A’s Ratio and Math
functions.

3-21. Errer Massages.

3-22. Error Messages are displayed for invalid
operating conditions. They are displayed like this:

ED

where “D’' is the number indicating which error is
generated, The instrument keeps displaying the Error
Message until the condition producing the error is
changed to a valid state. A listing of the various error
messages is given in Table 3-1.

Tahls 3-1. Error RMessages.

Erver Ho. Deseription
] Autozero disabled in any Shifted Functions.
Displayed in Remote only.
2 Analog Filter enabled in any Qhms Functions.
Displayed in Remote only.
3 Any invalid Range and Function combination

{(Example: 10 M ohm Range sefected for the DCV
Function). Displayed in Remote only.

4 Attempt was made to store invalid number into a
register {Example: a '8" is stored into the Num-
ber of Digits Displayed register).

5 Atternpt was made to store any number into
register C, M, or V.
8 Atternpt was made to recall non-existent stored

readings from memory,

3-23. OPERATING CHARACTERISTICS.

3.24. Refer to Figure 3-4, the front panel’s Voltmeter
Configuration area, for the following paragraphs.

Figure 3-4. Front Panel Yolimeter Configuration Area.
31.25, DG Voltage Measurement.

3-26. The -hp- Model 3456A is capable of measuring dc
voltages from 100 nanovolts through 1000 volts in five
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ranges: 100 mV, 1 V, 16 V, 100 V, and 1000 V. All
ranges are overload protected from input voltages up to
1000 V peak. The DCV input impedance is greater than
1010 ohms in the 100 mV to 10 V ranges and 10 M ohms
inn the 100 V and 1090 V ranges.

3-27. The measurement data can be displayed either as
abla, 542, 412, or a 34 digit reading, depending on the
Number of Power Line Cycles Integrated (see
Paragraph 3-61) and the Number of Digits selected {see
Paragraph 3-63}. Refer to Table 1-1 for accuracy
specifications.

3-28. AL Voltage Measurement,

3-29. The -hp- Model 3456A uses a True RMS conver-
tor and is able to measure voltages from ! pVto 700V
RMS in four ranges: 1V, 10 V, 100 V and 1000 V. All
ranges are protected from input voltages up to 1000 V
peak or 700 ¥V RMS, whichever is less. Measurement
data can be displayed either as a 614, 514, 4%, 0ra 3%
digit reading, depending on the selected Number of
Power Line Cycles Integrated (see Paragraph 3-61) and
the Mumber of Digits selected (see Paragraph 3-63). The
freguency response of the convertor is from 20 Hz to
250 kHz with a maximum input voltage of 1000 V peak
(700 V RMS, 108 VHz). The input impedance of the
convertor is 1 M ohins shunted by < 75 pF. Refer to
Table I-1 for accuracy specifications.

3.38. AC+BC Measuroment.

3-31. The AC+DC mode of the 34356A measures the
combined ac and dc components of the input signal and
displays its RMS value, Other operating characteristics
are the same as the ACV function, Refer to Table 1-1
for accuracy specifications.

3-32. One use of the AC + DC function is to determine
the necessary power rating of an amplifier. Since many

Operation

amplifiers have ac signals with dc components, the true
RMS value of those complex waveforms may need to be
known. The AC+ DC feature of the 3456A can simphify
these measurements since it can measure the RMS value
of the sum of the ac plus the dc voltage on the
waveform.

3-33. Resistznce Messurament.

3-34, The Model 3456A is capable of measuring
resistance from 100 micro-ohm to 1 giga-ohm in eight
ranges. The ranges extend from the 100 ochm full scale to
the 1000 Meg-ohm full scale range. Resistance Measure-
ment can be made using either the 2-wire or the 4-wire
configuration. Refer to Figure 3-5 for the correct ohms
connection.

3-35. Resistance Measurements can be displayed as
either a 612, 544, 414, or a 34 digit reading, depending
on the Number of Power Line Cycles Integrated (see
Paragraph 3-61) and the Number of Digits selected (see
Paragraph 3-63). The 4-WIRE ohm sense terminals are
protected to a maximum level of 350 V peak. Refer to
Table 1-1 for accuracy specifications.

3-36. The 3456A displays negative (minus) resistance
under two conditions:

a. The inputs to the 4 WIRE SENSE (RATIO REF)
or the 2ZWRQ/4WRQ (VOLTS) terminals are reversed
from each other in 4-wire ohms function,

b. Small negative voltages on measuring circuitry.
NOTE

With the measuring leads shorting or when
measuring small resistances, negative
readings may be displayed due to offsets in
the chms circuitry.

YOLTS
2WRD
4WR

g©
1

2-Wire Ohms Measurement

AATIO REF
4WR {1 SENSE

GUARD

ol

O

OHMS
CURRENT

VOLTS
2WRI),
4WRN

RATIG REF

4WR £ SENSE GUARD

]

O

3456-3-5

56

CHMS
CURRENT

4-Wire Ohms Measurement

Figere 3-5. Ohms Connsction.

3-5
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NOTE

The 3456A°s Analog Filter {see Paragraph
3-32) should not be used with any ohms
Sunctions. The filter is disabled when the
ohms functions are selected from the front
panel,

3-37. Shift Operation.

3-38. The purpose of the SHIFT button is to place the
3456A in the Shifted Functions. To disable the shifted
functions, press the SHIFT button again. The SHIFT
button’s color is green and corresponds to the green let-
tering and symbols above the function buttons to iden-
tify shifted functions. Al shifted functions readings are
made by taking multiple measurements.

NOTE

The 3456A°s Autozero feature (see Para-
graph 3-48} is automatically enabled in front
panel selecteble shifted functions.

3-39. Ratio.

3-40. The -hp- Model 3456A can either make
DCV/DCV, ACV/DCV, or ACV +DCV/DCVY Ratio
Measurements. This is done by taking a Signal,
Reference High, and Reference Low Voltage reading
which are all referenced to a common point, the VOLTS
LOW terminal. The Signal Voltage is measured from
the VOLTS HIGH terminal to the VOLTS LOW com-
mon. The Reference High Voliage is measured from the
RATIO REF HIGH terminal to VOLTS LOW and the
Reference Low Voltage is from the RATIO REF LOW
terminal and VOLTS LOW. Refer to Figure 3-6 for a
typical Ratio Measurement. Select the Ratio functions
using the DCV, ACV, ACV + DCV function buttons in
the shifted mode (press the SHIFT button}. The green
symbols above the function buttons identify the Ratio
functions. Refer to Table 1-1 for accuracy specifica-
tions.

p VOLTS
RATIO REF ZWRA
4WRD SENSE 4WRN GUARD

SiG, ?!EF
YOLT. vaLT
\. 1456-5-6

Figure 3-6. Ratio Connaction.
3-6
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a. Ratio Formula. A Ratic Measurement is a
mathematical operation expressed in this formula:

Signal Voltage

Ratio =
Reference Voltage

The 3456A Ratio Measurement formula is:

Signal Voltage

Ratio = .
Reference High - Reference Low

Remember, the three voltages are referenced to the
YOLTS LOW terminal. The Reference Low voltage
should be kept low for an accurate Ratio measurement
(within + 9% of Reference High Voltage). The voltage
can be kept low by shorting or otherwise connecting the
RATIO REF LOW and VOLTS LOW terminals to each
other, either at the terminals or measuring point.

NOTE

For a three wire Ratio Measurement connect
the REFERENCE LOW and VOLTS LOW
terminals to each other,

b. Ratio Measurement. For a Ratio Measurement the
Reference Voltage can be between 0 {o = 12 V de. The
12 V level is the maximum Reference Voltage level the
instrument is able to measure {the RATIO REF ter-
minals are protected up to 350 V peak). The Signal
Voltage, which is applied at the VOLTS terminals, can
either be dc, ac, or ac +dc volts from 0 to 1000 V peak
or 700 V RMS. In addition, the Analog Filter (see Para-
graph 3-52) and Delay (see Paragraph 3-67) are not used
for the Reference Measurement. These features can be
selected for the Signal Voltage Measurement. The
following is a typical Ratio Measurement procedure,

1. Measure your Signal and Reference Voltages and
make sure they are within the range for a Ratio
Measurement (refer to Table 1-1 for the limits).
Use the instrument’s unshifted functions for those
measurements.

2. Connect the Reference Voltage between the HIGH
and LOW REFERENCE terminals.

3. Connect the Signal Voliage between the HIGH
and LOW VOLTS terminals and connect RATIO
REF LOW to VOLTS LOW,

4. Set the 3456A to the desired range or to
Autorange.

5, Place the instrument into the Ratio mode by press-
ing the appropriate button (DCV/DCY,
ACV/DCY, or ACV+DCV/DCV in the shifted
mode}.

6. Read the Ratio reading on the display.
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NOTE

It is important to remember that the RATIO
REF LOW and VOLTS LOW terminals can-
not be more than = 12 V from each other.

¢. Typical Ratio Measurement. Matching resistor
values for an accurate voltage divider is one way to use
the 3456A°s Ratio feature. Try this by using the set up in
Figure 3-7, Connect the instrument as indicated in the
figure. Make sure that REFERENCE LOW is con-
nected at the top of R2 and that Signal (Volts) Common
is connecied at the bottom of R1. Once the instrument is
connected and placed in the DCV/DCV Ratio mode, a
Ratio Measurement is made. The voltage drop across
R1 and R2 is measured inciuding any offset voltages
between Signal Common and Reference Low. The off-
set voltage is used to compensate for any error causing
voltages between the input and resistors. Once all the
measurements are taken, the Ratio Measurement is
displayed on the front panel. If the resistors are equal in
value, the reading should be approximately

4 1.00000".
HIGH
A1 STGNAL VOLT.
' COMMON
— R LEAD b REF.
T o[ Low A
i LOW REFERENCE
HIGH
i
R2Z ;
HIGH )
3456-3~7

Figurs 3-7. Typical Ratio Measurement,

3-41. Offset Compensated Ohms Measurement (0.C.
Ohms).

3-42. This feature of the -hp- Model 3456A lets you
take resistance measurements of components in the
presence of small dc voltages. If this shifted function is
selected, the instrument takes an ohms measurement
and stores the reading into its internal memory. The
ohms current source is then turned off and a dc reading
is taken. This reading is subtracted from the previous
reading and the resultant ochms reading is displayed on
the front panel. Any small offset voltage on the
measured component is compensated by the O.C. Ohms
measurement, The maximum voltage level depends on
the range selected (.01 V dc for the 100 ohm range, etc.).
The O.C. Chms ranges are from 100 ohm to 100 K ohm.
Refer to Table 1-1 for the accuracy specifications.
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NOTE

Due to internal switching in the 3456A, high
capacitance(s} in parallel with the device or
component being measured in the O.C.
Ohms mode may cause erroneous readings.

3-43. You can use the O.C. Ohms feature of the 3456A
to measure the contact resistance of a relay. Since some
relay contacts may generate a small dc voltage {due to
thermocouple effects), a normal ohms measurement
technique may give incorrect readings. The O.C. Ohms
feature subtracts this voltage from the ohms reading,
and thereby gives an accurate resistance measurement of
the relay.

3-44, Ranging.

3-45. The front panel range selection is controlled by
three pushbutions: the UPRANGE, DOWNRANGE,
and AUTORANGE button. Their operation is as
follows.

a. Uprange. The UPRANGE button’s function is to
set the 3456A to the next higher range, each time it is
pressed. The highest selectable range depends on the
function selected. For example, the 100 M ohm in the
ohms function is not a valid range for the BDCV or ACV
functions and the 3456A defaults to the next highest
valid range. The UPRANGE button is identified by an
upward pointing arrow on its face.

b. Downrange. The function of the DOWNRANGE
button is to set the 3456A to the next lower range, each
time it is pressed. The lowest selectable range is the
166 mV or 100 ohms range. Similar to UPRANGE
operation, the lowest range depends on the function.
The ACV function, for example, has the I V range as
the lowest range. If previously set to a lower range, the
3456A defaults to the 1 V range when the ACV function
is selected. The DOWNRANGE button is identified by
a downward pointing arrow on its face.

¢. Autorange. With Autorange selected, the 3456A
automatically selects the present reading’s optimum
range. Upranging is done when the reading is at or
above 120% full scale. The downrange point is at or
below 11% full scale. Try the following.

I. Place the 3456A into the Autorange mode; use a
variable power supply and apply 1.0 V dc to the
input. The range selected by the instrument is the
i V range,

2. Increase the input voltage to > 1.2 V; the 3456A
should then uprange to the 10 V range.

3, Decrease the input voltage to < 1.1 V; the instru-
ment should then downrange back to the 1 V
range.
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d. Fast Autorange Feature. Autoranging by the
3456A is done quickly in both the upranging and
downranging operations.

{. Upranging. When a voltage applied to the
3456A’s input is higher than the range used at that
time, an overload condition is detected. The
overload condition is detected before the input
measurement is complete. Upranging is done until
the overload condition disappears and the op-
timum range is reached. Since the total measure-
ment is never completed until the optimum range
is reached, upranging is fast.

2. Downranging. Downranging is also done quickly
by using a different method. When a non-
overload measurement is made, the 3456A takesa
complete measurement. Once the measurement is
completed, the instrument then calculates the op-
timum range from the reading. A maximum of
three ranges can be skipped at one time, enabling
the 3456A to downrange quickly.

3-46. instrument Trigger Modes,

3-47, The -hp- Model 3456A has four trigger
modes: Internal Trigger, External Trigger, Single Trig-
ger, and Hold. A description of each mode is as follows.

a. Internal Trigger. This trigger is internally
generated by the 3456A and is used to initiate a
measurement cycle. The instrument is placed into the
Internal Trigger mode by pressing the INT (Internal
Trigger) pushbutton located on the front panel. This
trigger is also automatically selected when the RESET
button is pressed and at turn on.

b. External Trigger. In the External Trigger mode,
the instrument can be triggered by an externally applied
trigger pulse. The pulse is applied to the External Trig-
ger Input connector located on the rear panel and
should be at least 500 nsec wide. The External Trigger
input is TTL compatible with actual instrument trigger-
ing occurring on the falling (negative) edge. By applica-
tion of the pulse, the 3456A triggers and initiates a
measurement cycle. After this cycle is completed, the in-
strument can be triggered again for a new cycle. if any
triggering is done during the measurement cycle, the
trigger is ignored until the cycle is completed. To start a
new measurement, the 3456A has to be triggered again.

c. Single Trigger. The Single Trigger operation is
similar to the External Trigger operation with triggering
being accomplished by the front panel’s SINGLE trig-
ger pushbutton. Depressing the button first places the
3436A into the Signal Trigger mode (if the 3456A is in
another trigger mode) and then triggers the instrument.
A measurement cycle is then initiated. If the pushbutton
is pressed again during the cycle, a new measurement cy-
cle is started, The 3456A can be triggered again by
depressing the SINGLE trigger pushbutton,

3-8
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d. Hold. The Hold operation prevents the 3456A
from accepting locally generated trigger commands,
although an HP-IB irigger is accepted. Refer to the
Remote Operation paragraphs for additional informa-
tion on the HP-IB trigger.

3-48. Autozers,

3-49. The Autozero feature of the -hp- Model 3456A is
used to compensate offsets in the dec input amplifier cir-
cuit of the instrument. Its main purpose is to correct for
any zero drift in circuitry which may cause errors. The
method used is to short the ampiifier’s input o circuit
ground and take its offset reading. The reading is then
stored in the instrument’s internal memory and is later
used to correct the following input measurement(s).
Once the offset reading is taken, the short is removed
and a regular inpuf measurement is taken. As long as
the Autozero feature is enabled, the 3456A takes an
Autozero measurement and an input measurement.
When the feature is disabled, an Autozero measurement
is taken and is immediately stored into memory. No new
Autozero measurements are made for the successive
readings; only an input measurement is made. The
stored Autozero reading is subtracted from the input
measurement to correct the reading. Since only the in-
put measurement is made, the 3456A’s reading rate in-
creases, This also makes the instrument more suitable
for making measurements on high impedance circuitry,
since no input switching is done. The 3456A’s long term
stability is affected {see Table 1-1} with the disabled
feature, unless the Autozero reading is updated. Up-
dating is done when any change in instrument state
occurs. The only exception is that no updating is done
by triggering, Front Panel SR, and HP-IB Local com-
mands., The Autozero feature is enabled when the
34564 is first turned on and when pressing the RESET
button.

3-80. Autczerc Effects on 4-Wirs Ghms Messursment,

3-51. The Autozero measurement is normally made
with the input amplifier shorted to circuit ground. In the
4-Wire Ohms mode, the input amplifier is shorted to the
4-WR( SENSE Low terminal for the Auntozero Mea-
surement. With Autozero ““ON’’, the Autozero reading
is updated for each measurement cycle. With Autozero
“OFF”’, the reading is not updated and causes an ohms
measurement error if the measuring lead’s impedance
changes. To prevent this error, a new Autozero reading
should be taken by changing or updating instrument
state with the new measuring lead configuration. A
disabled Autozero is useful in ohms measurements for a
faster reading rate and where the 3456A’s input swit-
ching may have affected the measurement.

3-52, Analag Filter.

3-53, The 3456A’s Analog Filter is a 3 pole active filter
with greater than 60 dB attenuation at frequencies of 50
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Hz and higher. The filter is normally applied between
the instrument’s input terminals and input amplifier.
An exception is when the 3456A is in the ACV or
ACY + DCYV unshifted or shifted functions. The filter is
then applied between the cutput of the ac convertor and
the input amplifier. In these modes, select the filter for
accurate measurements below 400 Hz. Refer to Table
1-1 for the ACV and ACV/DCYV accuracy specifications
with the filter in or out. The Analog Filter is enabled (or
disabled) by pressing the FILTER buiton.

3-54. MUMBERED KEVBOARD OPERATIONS.

3-55. Refer to Figure 3-8 for the 3456A’s Numbered
Kevboard selectable operations.

3-58. Storing Into Registers.

3-57. The next paragraphs explain the Number of
Power Line Cycles Integrated, Number of Readings per
Trigger, Settling Delay, and a variety of math opera-
tions. Except for math, other operations are changed by
storing numbers into appropriate registers. The math
operations are selected by pressing the appropriate math
key. Table 3-2 gives a short description of the registers
and math operations.

Figure 3-8, Front Panel Numbered Keyboard Area.

3-38. The Numbered Keyboard is very similar to those
in pocket calculators with some keys performing more
than two functions, Refer to the front panel. Note that
the differences in key color, and the labeling above and
below the keys determine the key’s function. The blue
color identifies the math operation, the white color
identifies registers, and the black color identifies
numbers, decimal point, and polarity. The white and
blue color buttons located to the kevboard’s left cor-
responds to the math and register operations.

Cperation

3-59. Various LEDs on the keyboard annunciate which
math function has been selected and which register con-
tains a non-default number. For example, the LED next
to the PASS/FAIL label lights if you select this math
operation.

3-60, Storing numbers into registers:

a. Store. Numbers stored into registers changes the
instrument’s operation, For example, select the 100
Power Line Cycles Integrated mode (10 Line Cycles is
the default value). To do this, “100”’ has to be stored in-
to register N CYC INT. Try the following procedure.

1. Press the ““17° key and the ““0”° key twice. These
keys are on the Numbered Keyboard.

2. A ““100°° should now be displayed on the front
panel.

3. Next press the white STGRE button and then the
CHS key (note, the white labei above the CHS key
is N CYC INT). The CHS key, which is normally
the Change of Sign key, becomes the N CYC INT
register key when the STGRE button is pressed.
{The CHS key is normally used t{o change the
polarity of a number which is typed in from the
keyboard, before storing into a register.)

4, The 3456A is now set to 100 Power Line Cycles In-
tegrated. Use the same method to store numbers
into the other registers.

Using this method you can select a six digit number (and
a ““1™ as the overrange number) of any value and store
it into a register. When a number is entered from the
keyboard, the number is displayed before it is stored in-
to a register, There is one important thing to remember
when storing numbers. Some registers only accept cer-
tain numbers. The N DIG DISP (MNumber of Digits
Displayed}, for example, only accepts eithera 3, 4, 5, or
6, since these are the only number of digits the 3456A
can display. If vou try to store an illegal number, Error
4 will be displayed.

NOTE

Since only a six digit number and overrange
number can be entered, any additional
numbers will be ignored,

b. EXP (Exponential}. There are two ways to store
numbers into registers using the Numbered Keyboard,
Fixed Point and Floating Point. One way is to enter a
number digit by digit and the other way is using the
EXP (Exponential) key. A digit to digit entry looks like
this: Enter 2’7, 07, 077, “0" to display ‘*2000”

or
Enter *“.” *'0”’, **2” to display “*.02”’



Operation

To enter the same numbers using the EXP key, first
enter all of the number’s significant digits and then
press the ENTER EXP button. Once this is done, the
displayed number is then stored into the desired register.
The exponent can also be changed froma **+ " toa**-"’
by pressing the CHS key. This is done before or after
you enter the exponent and after pressing the ENTER

Model 3456A

Enter 2", press ENTER EXP key, and enter “*3"
displaying “‘2 + 3’*. The same as ‘2000

To enter the number ‘.02’ do this:

Hnter ““2”, press the ENTER EXP button, enter ““2*’,
and press the CHS key displaying “*2 -2"'. The same as

EXP key. To enter “°2000”°, do this:

“.02’,

Table 3-2. Hegisters and Math Listing.

. Registers -
Hey Ragistar Default Valuas Description
CHS | NCYCINT 10 Used for changing and determining the Number
of Power Line Cycles integrated
VARIANCE -00.000-3 Used for storing the varience value determined
from Statistics Math Operation

0 MEAN 199999 +9 Used for storing the Mean Value determined
from the Statistics Math operation.

1 LOWER -19998998+9 | Used for storing the lower value for the
Pass/Fail Miath operation or the lowest reading
taken in the Statistics Math operation.

2 UPPER 19929998+ 8 Used for storing the upper value for the
Pass/Fail Math operation or the highest reading
taken in the Statistics Math operation.

3 DELAY SEC c Used for changing and determining the
34566A's Settling Delay.

4 R 600 Used for storing the resistor value fer the dBm
Math operation or for recalling readings taken in
the 3456A’s Reading Storage made.

5 COUNT C tsed for storing the number of readings taken
while in the Statistics Math operation.

1 N RD/TRIG 1 Used for changing and determining the Number
of Readings taken or are to be taken per Trigger.

7 Z 0 Used for storing a number value for the Scale
Math operation and stores the first statistics
Reading.

1 Y 1 Used for storing a number value for the Scale
and %Error Math operation.

8 N DIG DISP 5 Used for changing and determining the
3456A’s Number of Digits Displayed.

fatk
CHS -

O OFF Disables Math operation,

1 PASS/FAIL lised to determine if a readingl(s) is within set
lirnits.

2 STATS UUsed to calcuiate the Mean, Variance, Upper,
Ltower, and Count of a reading(s).

3 NULL Used for offset compensation of the following
reading(s) taken,

4 RBM d8m calculation.

5 THMS F Used in caiculating a Thermistor readingis} in
degrees Fahrenheit,

5] THMS C Used in calcufating & Thermistor reading in
degrees Celsius.

7 {IX-YVY Used for the Scale calculation,

g 100 {(X-YVY Used for the %Error caiculation.

g 20 LOG XY Used for the dB caiculation.




Model 3456A

NOTE

Pressing the EXP key before entering a
number will display 1 + 0.

¢. Recall. Any of the Registers can be recalied at any
time. By pressing the RECALL button and the key for
the Register to be displayed. (Remember, the registers
are in white.) The Register’s value is then displayed on
the front panel.

d. Clear-Continue. The CLEAR-CONTINUE but-
ton, when pressed, clears the display and continues with
the previous operation. This can be useful when ac-
cidently entering an incorrect number from the
keyboard. The Clear-Continue feature clears the incor-
rect number and starts a new measurement cycle. This
feature can also be used when a register is recalled and
no changes in the register are desired.

3-61. Rumber of Power Line Cycles lntegrated.

3-62. This feature of the -hp- Model 3456A allows you
to select the integration time from .01 to 100 power line
cycles in multiples of 16. Since a power line cycle of 1’
has a time period of 1/60 second, 1/50 for the 50 Hz op-
tion, the intergration time is 1/60 or 1/50 second. The
Number of Power Line Cycles Integrated determines
measurement time. The slowest integration time of the
34564 is 100 Power Line Cycles Integrated and the
fastest is .01 Hne cycles. For good power line frequency
noise rejection (Normal Mode Rejection), use integra-
tion times of either 1, 10, or 100 power line cycles. Use
the Store method in Paragraph 3-60 to select the various
integration times (Number of Power Line Cycles). The
defaunlt value of the Number of Power Line Cycles In-
tegrated is 10 (at Turn-on and Reset).

3-83. Digits Displayed.

3-64. The 3456A can display either a 3, 4, §, or 6 digit
reading. Seiect any of these digits using the Store
method in Paragraph 3-60. The Number of Power Line
Cycles Integrated determines the maximum number of
digits the 3456A can display. If the I to 100 Power Line
Cycles Integrated are used, the 3456A can display from
3 to 6 digits. With .01 Integration Time the maximum
number of digits then is 4 and with .1 Line Cycles In-
tegrated the maximum is 5. Five is also the number of
digits displayed at Turn-On or when the RESET button
is pressed.

3-65. Mumber of Readings per Trigger.

3-66. The Model 3456A is capable of taking from I to
9999 Readings per Trigger. Selection of the Number of
Readings per Trigger is accomplished by using the Store
method in Paragraph 3-60. The selected number of
readings are executed each time the instrument is irig-
gered, Although the Internal, External, and Single Trig-
ger modes will take the selected number of readings, it
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may be advantageous to use the External or Single Trig-
ger modes, Using these modes, if a Single Trigger is sent
the 3456A starts taking the readings and stops when ali
the readings are taken. Another trigger repeats the same
operation, An Internal Trigger also does the same thing,
but autematically triggers again when all readings are
taken. The default value of the Number of Readings per
Trigger at Turn-On or at Reset is ‘177,

3-87. Settling Delay.

3-68. This feature of the -hp- Model 31456A can be used
to delay the 3456A’s input measurement for a
preselected time, before a measurement cycle (A/D
operation) is started, The amount of Settling Delay is
selected by using the Store method in Paragraph 3-60.
in some modes (ACVY, OHMS, and Analog Filter), a
delay value is selected by the instrument. These selected
delays are defined in Table 3-3 and can be changed to
another value by using the Store method. Any number
value from .001 second to 999.999 seconds (including 0)
can be chosen for a delay in any mode. To return a
3456A selected delay to its default value store any
negative number into the DELAY register.

Table 3-3. Default Dalays.

34564 Set-Up Condition Dalay (in second)
DCV, Fiter On 650
ACVY or ACV + DCV, Fitter Off 0860
ACV or ACV +DCV, Filter On 8OO
Ohms, 100 K Range 001
Ohms, T M Range 008
Ohms, 10 M Range .080
Ohms, 100 M Range .080
Ohms, 1 G Range 080

3-89. Optimizing the Reading Rate,

3-70. The previous paragraph stated that the Number
of Power Line Cycles Iniegrated has an effect on the
Number of Digits displayed. In addition to that, the
measurement accuracy and power line frequency noise
rejection (NMR) are also affected. You can select a
faster reading rate with a low Number of Power Line
Cycles Integrated. But keep in mind that the 3456A°s
measurement error increases and that the ability to re-
ject power line frequency noise rejection is lessened.
Table 3-4 gives some ideas on how to optimize the
3456A's reading rate.

3-71. MATH FEATURE.

3-72. A variety of math operations can be done by the
Model 3456A. Use the instrument’s Numbered
Keyboard to select a math operation and to enter values
into registers used by the math operations. Refer {0 the
Numbered Keyboard for the following discussion and
make sure you know how to store values into registers

3-11
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Tabie 3-4. Optimizing Reading Rate.

OPTIRAIZING YOUR READIKG BATE

Your maximum reading rate with the 3456A is influenced
by a large number of factors, not the ieast of which is the
signal you are trying to measure, These factors can be
divided into two categories; signal related and voltmeter
related. Among signal related factors are:

- desired accuracy {or resolution}
- nature of the signal {dcv, acv, or ohms)
- signal environment {line related and broadband noisel

Among voltmeter related factors are:

- method of measurement transfer (Packed Output,
Reading Storage, System Qutput)

- numher of convenience features selected (Math
operations, Autcrange)

For all operations, an eqgually important consideration is
what you’'re trying to accomplished by measuring fast. Are
you

- scanning a large number of points so that faster
readings msaan a better picture of what is happening at
a single point in time?

- trying to read fast so that you do not use up valuable
computer time waiting for the measurement operation
to complete?

-~ trying to digitize waveforms?

The 3458A can sclve these application problems in many
different ways.

AT TURN-ON

For most bench and system applications, the preprogram-
med settling times assure accurate readings regardiess of
the signal and signal environment. However, knowledge
about your signal and/or signal environment can let you
achieve up to 330 rds/s (at 60 Hz) with noise rejection and
10 microvoli sensitivity.

YOUR SIGNAL ENVIRONMENT

Your signat is subject to line related and broadband noise
which can interfere with the measurement. There are two
ways of rejecting noise on the 34564, integration and in-
put fiHtering.

Integration is a process where the affect of line related
noise is averaged to zero over the period of an integer
number of Power Line Cycles (PLC) during the A to D con-
version. The basic integrator is an Op Amp with a {in-
tegrator) capacitor in its feedback loop. The signatl is con-
nected to the input of the Op Amp for a period of the line
frequency. This configuration theoretically provides infinite
noise rejection at integer multiples of the inverse of the in-
tegration period and singte pole roll-off {20 dB of amplitude
attenuation for every decade increase in frequency above
the knee frequency) for broadband noise. Refer to the graph
far more detail.

The input filter provides excelient noise rejection. The price
you pay is an additional 650 ms settling time which allows
the filter output to settle to a final value before the input is
measured. The fastest possible reading rate measuring
widely varying signals with line rejection is provided by 1
PLC integration time. But, if you are looking at a slowly
varying signal or scanning similar signals, you can get
faster readings by overriding the preprogrammed settiing

time selecting 0.01 or 0.1 PLC integration time and the
fitter. The trade-off is less accuracy and resolution as well
as more uncertainty about the filtered nput.

SPEEDING THE MEASUREMENT CYCLE

The thermat stability of the measurement environment is
important. By simply keeping the temperatura of the
3456 at a fixed value, you can nearly double the reading
rate by turning Auto Zero off. The 3458A is slightly less ac-
curate but the faster reading rate may be worth it. In addi-
tion, any range, function, or filter change that takes place is
automatically accompanied by an Auto Zero update which
removes any accumulated offsets. Of course, if the
measurement environment is quiet enough to omit NMR
then only the accuracy and resolution of your desired
measurement are the factors and you can achieve up to
210 or 330 rds/s with .1 and .01 PLC respectively (60 Hz).

Further, you can speed the measurement cycle by selecting
a fixed range instead of using the Autorange function, Even
at 1 PLC integration time there is a 10% reduction of the
reading rate with Autorange on. Of course, if your signal is
changing, Autorange is far faster than letting your seftware
range the 3458A over the HP-IB.

AC Volts requires some special attention. With the filter
off, you can measure signals of greater than 400 Hz fre-
quency at a rate of 12 rds/s with the preprogrammed settl-
ing time of 80 ms. If you are monitering & slowly changing
ac signal or scanning simifar signais, you can minimize the
settling time to achieve up to 330 rds/s. Keep in mind that
the input could change drastically hefore your readings
would indicate a large change,

For signats of iess than 400 Hz the input filter is connected
in series with the ac converter to slow the signal response
to the A to D converter. Again, you can override the
preprogrammed settiing time of 800 ms but bewarel Large
changes in the input signal levei may let you read numerous
wrong readings while the ac converter and the input filter
are settling to a final vaiue.

The 345BA can read resistance measurements as fast as
dc volts up to the 10 K ohm range, but you can not use the
input filter. Above the 10 K ohm range, additional settling
time is required for stable resisiance measurements. |f all
you want is an indication of the actual resistance above
10 K ohm, you can override the preprogrammed settiing
times. Mowaever, just considering the size of the resistance
you are trying to measwre and any associated stray
capacitance in the measuring circuit, you may want to add
settling time between reading for best accuracy.

Offset Compensated Ohms is very siow {10 rds/s} by com-
parison with a standard ohms measurement. But, for a
singie input reading, it is the fastest way to measure low
value resistances accurately in the presence of thermally
generated voltage offsets.

Before leaving the topic of Speeding the Measurement Cy-
cle, it is important to ask why you would use 100 or 10
PLC integration times. The answer is increased accuracy
and reduced internal noise. i you really need all the ac-
curacy and repeatability you can get, the 100 PLC is the

- place you want to be.

SPEEDING THE READING TRANSFER

You might make many accuracy compromises to attain an
acceptable reading rate and still not be able to read as fast
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Tabie 3-4. Optimizing Reading Rate (Cont'd).

as you could. Why? Because you have not optimally handl-
ed the transfer of data over the bus from the 3456A to
your comauter.

Let’s take a closer look at the reasons for fast reading rates:

- High speed scanning
- Data Throughput
- Waveferm Characterization

HMiGH SPEED SCANNING

Typicat applications of high speed scanning inciude
temperature and strain profiling where a large number of
measuremsants must be taken very quickly to '“freeze’’ the
phenomencn at some point in time. For this type measure-
ment, data transfer from the voltrmeter to the computer is
not really required to go fast. As long as the scanner data
does not exceed 350 measurements, the built-in memory
can store all the measurements for one scanned sequence
and transfer the data at the end of acquisition. In conjunc-
tion with Reading Storage, three other 3456A features
make high speed scanning particularily easy to de:

- Pragram Memory
- Voltmeter Complete
- External Trigger

Frogram Memory can be used to store a series of measure-
ment sequences and operate on the acquired data. For ex-
ample, in a high speed scanning situation you could acquire
the measurements as fast as possibie in the Reading Store
moede, Flag the computer and then output the data, perhaps
already scaled, in ASCH format. it is almost a 10 to 1 sav-
ings in time during acquisition and the results are just as
easy to use as if you load, acquire, and transfer individual
readings. Voltmeter Compiete can be used to increment the
scanner seguentiatlly without software interaction between
the voltmeter, the scanner, and the computer.

To close the loop, the scanner can output a signal to the
3456A’'s internal trigger. The result is that once the
mseasurements are initiated by vour compuer there is no
additiona! need for computer interaction until the measure-
ment sequence is complete.

The fastest possible reading rate for any integration time is
achieved wher

- Autorange, Auto Zerg, Math, Display and Filter are off.
- Measurements are stored in the built-in memory using
internal trigger and the packed format mods,

Since the packed mode and Display off are functions only
avaitable over the HP-IB, the maximum reading rate is
achievable only with rermocte operation. if your trigger
sourcge is fast enough, external triggering is just as fast as
internal triggering.

Transferring the measurements in packed format over the
bus to a 9825A Calculator using a Fast Read/Write Buffer
transfer reduces the maximum reading rate by 10% and
you have to unpack the stored data. But, you can store
many more measurements using the computer's memaory.

DATA THROUGHPUT

The 3456A solves many of the data throughput problems
because Reading Store and Program Memory remove the
constant control necessity from the computer. The ability
to flag the computer from the front panel of the 3456A,

store measurement sequences in its memory, and flag the
computer when it is done, lets you use both the 3456A and
the computer to their best advantage. To avoid overrunning
the computer with data from the 3458A, vou can select
the Systems Quiput mode which updates the output only
after handshake.

WAVEFORM CHARACTERIZATION

The 3458A can digitize singwaves up 1o gbout 100 Hz
with fairly good accuracy. All the high speed modes must
be used to acquire at least two samples per cycle. The
Delay generator gives you about 1% timing accuracy.

Waveform characterization should be performed with &
System Voltmeter. These voltmeters use a sampie and hold
technique which allows the waveform to be frozen'' at s
weli-defined point in time. An integrating-type voltmeter,
tike the 34B58A, will always average the waveform over its
integration period giving less accurate results, System
voltmeters also typically have higher speed, greater band-
width, and much more precise delay generation.

To summarize, let’s look at the fastest reading rate set up
again. Note that all convenlence and accuracy features are
eliminated and that the data is stored internally in the pack-
ed mode. This may not be right for your use. You may want
a final answer which the Math functions could provide
without computer interaction.
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(read Paragraph 3-56). Figure 3-8, the Numbered
Keyboard figure may also be helpful for the following
discussion of the math operation. They are:

YError

Scale

Pass/Fail (Limit Test)

dB

dBm

Null

Thermistor
in Degrees C
in Degrees F

Statistics
Mean
Variance
Count
Limits

3-73. Math operations can only be done on instrument
acquired measurement data,

3-74. A Math operation is selected by first pressing the
front panel’s blue MATH button and then pressing the
desired math key. The blue label below the front panel’s
numbered keys shows the various math operations. An
LED, located to the center and below the display also
lights when a math operation is selected. The registers
used in the math operations are identified by the white
labels above the numberad keys. The range of numbers
you can store into the registers or use in math is from
+ 0.000000 x 107 to 1999999 x 10°%. The 3456A does,
however, do internal calculations using 9 digit floating
point numbers. If any of the math calculations are out
of range, an ‘L1’ is displaved. The following describes
the 3456A°s math operations.

375, %Errar.

3-76. The %WError math feature of the 3456A can best
be described by the formula:

X-Y 4 100

Results in percent =

where “X* is the present measurement value and “'Y"
is the value in register Y. This formula gives the percent
difference between the reading taken by the 3456A and
the value in register Y. The default (Turn-On or Reset))
value in register Y is 1. The %Error feature is selected
by the “8” [100 (X - Y/Y)] key. Refer to Table 1-1 for
the % Error accuracy specifications.

3-77. ¥You can use the %Error function to determine
the percent difference between an ideal voltage and a
measured voltage. For example, you may wish to know
the %Error of a 10 V dc measurement. The first thing to
do is to store 10 into register Y. Then set the 3456A to
the %oError math function and take a 10 V measure-
ment. If the reading is exactly 10 ¥V a **0" is displayed.
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if the reading is, for example, 10.1 V, the result
becomes:

XY 10.1 - 10

Resultm—?mxl(){)m x 100 = 01 x 100 = 1

showing that the measured value is 1% higher than the
ideal value. The number displaved on the front panel
would be 177,

3-78. Scals,

3-79. The Scale feature of the -hp- Model 3456A lets
you modify a measurement value by a selected value.
The modification can be done either by addition, sub-
traction, multiplication, or division, depending on how
the Scale function is used. The Scale mode is repre-
sented by the formula:

X-Z
Y

Results =

where ““X’’ is the present measurement value, “Y*" is
the value in register Y and “*Z"’ is the value in register Z.
The default (Turn-On/Reset) values in register Y and Z
are 1 and 0, respectively. The Scale math feature is
selected by the 7" [{(X - Z}/Y] key. Refer to Table 1-1
for Scale accuracy specifications.

3-80. To do an addition or a subtraction, first enter a
1" into register Y. If you wish to perform an addition,
enter a negative number into register Z, If a subtraction
is desired, enter a positive number into register Z. The
Scale formuia then becomes:

X~ (£7) _
I

Results = X -(x 2

To perform a division, enter a *‘0°" into register Z and
the divisor value into register Y. The Scale formula then
becomes:

Results = X-0_ X
Y

Y

Multiplication is performed by dividing the measured
value by the inverse of the multipler value (a fraction).
Here again, a ‘0" is to be entered into register Z with
the inverse value going into register Y.

3.81. Pass/Fail {Limit Test).

3-82. The Pass/Fail math operation can be used to
make a voltage or chms measurement and then deter-
mine if the reading falls within certain limits. The Hmits
are selectable from the 3456A°s front panel and should
be stored into the instrument’s UPPER and LOWER
registers. Once the limits are stored and the Pass/Fail
math operation is selected, the 3456 A can then be set for
a regular volts or ohms measurement. If the measured
reading is within the selected limits, the reading will be
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displayed. If the reading is above the upper limit, “‘HI”’
will be displayed. If the reading is below the lower limit,
“1.O" will be displayed. The default (Turn-On/Reset)
values of the UPPER and LOWER registers are
+ 1999969 4+9 and - 1999999+ 9, respectively. The
Pass/Fail feature is selected by the “‘1"" (PASS/FAIL)
key. Refer to Table 1-1 for the Pass/Fail accuracy
specificaitons.

3-83. A way to use the Pass/Fail feature, is to make
sure that a certain number of 1 K ol resistors are
within a 1% tolerance. To do this, you first should store
the upper and lower accuracy limits into the 3456A°s
respective registers. In this case **1010” is stored into
the UPPER register and a ‘990" is stored into the
LOWER register. The next siep is to select the chms
function and the 1 X ohms range. After you have done
this, select the Pass/Fail math feature and start to
measure the resistors one at & time. If the resistor value
is within the 1% tolerance, in other words between
1.01 K ohms and .99 K ohms, the actual value of the
resistor will be displayed on the front panel. “HI’ will
be displayed for any readings above 1.01 K ohms and
“LO"" will be displayed for any readings below .99 K
ohmis,

3-84. dB.

3-85. This feature of the 3456A is a Ratio Measurement
of two voltages which is calculated and displayed in
Decibets (dB). The dB formula is;

dB = 20 Log |2 i

where ““X’’ is the present measurement value and “Y”’
is the value in register Y. The default (Turn-On/Reset)
value in register Y is 1. The dB feature is selected by the
97 (20 LOG X/Y) key, Refer to Table 1-1 for the dB
accuracy specifications.

3-86. You can use the dB feature to measure the voltage
gain of an amplifier. First measure the input voltage to
the amplifier and store it into register Y. (You can store
the reading directly into Y without re-entering the
reading from the keyboard.) For this example a voltage
reading of .1 V is assumed. The next step is to measure
the amplifier’s output voltage and set the 3456A to the
dB math operation. The gain of the amplifier is then
displayed in decibels. Assuming that the amplifier’s out-
put voltage is 10 V, the dB equation becomes:

dB = 20 Log %xZOLog 10 . 20 Log 100 = 40
1

giving you a gain of 40 decibles.
3.87. dBm.

3-88. The dBm feature of the 3456A is used to calculate
a power ratio using a resistance as the reference. The

Operation

dBm equation is:
XZ/R
I mW

dBm = 10 Log ‘

where ‘X'’ is the present measured value, “‘1 mW?* is
the power reference, and ‘“R’" is the resistance reference
value to be entered by vou, The default (Turn-
On/Reset) value in register R is 600 ohms. The dBm
math feature is selected by the **4” [dBm (R)] key.
Refer to Table 1-1 for the dBm accuracy specifications.

3-89. The dBm feature can be used to measure the input
power of a speaker. In this example we assume an 8 chm
speaker load and an input voltage of 10 volts. The for-
mula now becomes:

100/8

dBm = 10 Log | =} = 40,97
001

giving you a value of 40.97 dBm.

3-80. Ml

3-91. The Null feature of the 3456A is described by the
formula:

Displayed Results = X - X,

where ‘X" is the first measurement taken after the
Null feature has been selected and where X is the
reading(s) after the first reading. When the ‘X,
reading is first taken it is stored into register Z. That
reading is then subtracted from the following reading(s)
with the net present result displayed on the front panel.
Since the first reading is stored in register Z, you can
recall its value by recalling the register. The Null math
feature is selected by the “'3”" (NULL) key.

3-92. The Null feature can be used to make more ac-
curate 2-Wire Ohms measurements. To do this, short
the input leads together at the measuring point and
place the 3456A into the Null and 2-Wire Ohms mode.
The first reading taken, which is the lead resistance, is
stored into register Z. Remove the short from the input
leads and take the unknown resistance measurement.
The displayed reading is the total resistance measure-
ment minus the lead resistance, giving you an accurate
2-Wire Ohms Measurement. The Null formula
becomes.

Unknown Resistance = X -X; = X -R

where X'’ is the total unknown resistance {including
“R’%y and where ““R’’ is the lead resistance.

3-93. Thermister.

3-94. The 3456A makes temperature measurements us-
ing an externally connected thermistor, when selecting
this mode, To correctly do this operation, set the 3456A
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to the ohms function. It is advisable to first select an
ohms range which corresponds closely to the resistance
value of the thermistor for the temperature to be
measured. When the Thermistor operation is selected,
the ohms reading (thermistor resistance) is then
calculated by the instrument and can be displayed either
in degrees C or degrees F dependent on which math
feature is selected. The Thermistor math operation with
the results displayed in degrees C is selected by the ‘6"
(°C)key. The ““5°" (°F) key is used for degrees F. Refer
to Table 1-1 for the Thermistor accuracy specifications.
The recommended Thermistor can be ordered by -hp
Part Number 0837-0164. A package of 4 thermistors is
also available under Accessory Number 44414A. The
thermistor’s corresponding resistor value at high and
low temperature limits and at nominal room
temperature is:

Temperature | Resistance
150°C 92.7 Ohms
25°C 5000 Ohms
-80°C 3684 K Ohms

3-95. Keep 2 couple of things in mind when using the
Thermistor mode. Choosing an optimum ohms range
for the termperature measurement has been mentioned
in the preceding paragraph. This is important for a
stable reading. You can use other ranges or autorange,
but the reading may be unstable, To demonstrate this,
choose a high ohms range for the thermistor. An ohms
reading is still taken and the temperature is still
calculated; but since a higher range is more sensitive for
low ohms values, the reading is not as stable. Autorange
may have the same effects, since there may be a dif-
ference from range to range. Another thing to keep in
mind is lead resistance. 1f 2-Wire Ghms is used, any lead
resistance is added to the thermistor resistance causing
an inaccurate temperature reading.

3-88. Stististics.

3-97. The Statistics math feature of the -hp- Model
3456A is used to make a Mean and Variance calculation
of reading(s) taken in any function. These calculations
are made when the instruinent is set to the Statistics
(STAT) mode and after a measurement cycle is com-
pleted. The Mean value is then stored into the MEAN
register with the number of readings taken stored into
the COUNT register. The Variance value is stored into
the VARIANCE register with highest reading taken
stored into the UPPER register and the lowest reading
into the LOWER register. In addition, the first reading
taken is also stored into register Z. Except for the
Variance calculation, all other statistics calculations are
done after the first measurement cycle is completed. The
Variance calculation needs at least two readings to
calculate its value, The defauli values of the MEAN,
VARIANCE, COUNT, UPPER, LOWER, and Z
registers are 199999 +9, —00.000 -3 {0}, 0, 1999999
+9, —1999999 +9, and 0 respecitvely. The Statistic
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mode is selected by the *2”” (STAT) key. To reset the
registers to their default values without pressing the
3456A°s RESET button or cycling power, select the
statistics function again by pressing the MATH button
and STAT key. Refer to Table 1-1 for the Statistics Ac-
curacy Specifications.

NOTE

Since the math calculations are made to 9
digits, certain accuracy limitations as shown
in Table I-I should be kept in mind.

3-98. Mean. The Mean (Average) value is calculated by
the formula:
1 € -
Mean (M} = X + E . T 1(Xi—Xl) w= X

Where “‘X; is the “ith” reading taken after enabling
statistics, “‘X,"" is the first reading taken after enabling
Statistics, and*‘C’’ is the total number of readings taken
with the present reading (¥) displayed on the front
panel. The present Mean value is in the MEAN register
and it, along with the other registers used in the
Statistics mode, can be recalled at any time by recalling
the appropriate register.

3-99. Variance. The Variance value is calculated by the
formula:

Variance (V) =

C { C
IO -X¢- Lz
=1 C

i =

- Xl):} 2

C-1

Where ““X;”" is the “ith’’ reading taken after enabling
statisiics, ‘2"’ is the first reading taken after enabling
Statistics and “*C”’ is the total number of readings taken
with the present reading (X} displayved on the front
panel. The present Variance value is in the VARIANCE
register and it, along with the value(s) in the other
register(s), can be recalled at any time by recalling the
appropriate register.

3-100. Seatistics Example. One way to use the Statistics
feature is to calculate the average value of a number of
resistors, Start by setting the 3456A to the chms func-
tion and Single Trigger mode. Then select the Statistics
Math mode. Next connect the first resistor to the input
terminals and trigger the instrument (push the SINGLE
irigger button}. Do the same for the other resistors after
the measurement cycle is completed. When all of the
resistors are measured, you can determine the average
value of the resistors by recalling the MEAN register.
The Variance of the register values can be recalled by
the VARIANCE register. To doublecheck the number
of resistors vou have measured, recall the COUNT
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register. For the lowest value, recall the LOWER
register and the UPPER register for the highest value.

3-101. READING STORAGE.

3-102. The Reading Storage feature of the 3456A
allows you to store intc the instrument’s internal
memory a certain number of readings. The memory size
is 1400 bytes and since each reading takes 4 bytes of
memory up to 350 readings can be stored, depending on
available memory space. This is because the Program
Memory Operation of the 3456A. (see Paragraph 3-200)
also uses the internal memory and, if used, reduces
memory space atlowing fewer readings to be stored. The
number of storable readings can be determined by this
formula:

Memory Size - Memory Used = Memory Available
{rounded off to the lowest value)

For example, if you use 85 bytes of memory for the Pro-
gram Memory operation the total number of readings
you can store is:

1400 - 85 _ 4o e

allowing you encugh space for 328 readings.

3-103. The Reading Storage feature is enabled by press-
ing the front panel’s RDGS STORE bution. The LED
next to the button then lights and the instrument starts
storing a reading when triggered. The LED turns off
when the feature is disabled or when the 3436A°s inter-
nal memory is full. To turn the Reading Storage feature
off, press the RDGS STORE button a second time. The
readings in the memory are cleared when the Reading
Storage is first turned on and the 34564 is triggered, by
the Self Test mode, and at Turn-On.

3-104. Readings are stored into memory with the most
recent reading as reading #1 and the preceding readings
as #2, #3, and so on. For example if you take 350
readings, the reading taken after enabling the feature is
#350 and the last reading taken is #1. The reading order
is important to keep in mind when recalling the
reading(s). Any or all of the readings can be recalled
either one at a time or they can be scrolled. These two
methods operate as follows,

a. Recalling Single Readings., To recall a single
reading from memory

1. Set the 3456A to Trigger Hoid and then turn
Reading Storage on. The Trigger is set to Hold
because a trigger restarts the Reading Storage,
when enabled, and the previously stored readings
are cleared.

2. Next store the number corresponding to the
reading you wish to recall into register R (use store
method in Paragraph 3-60).

Operation

3. Then recall the R register (by pressing the
RECALL button and key 47},

The reading is then displayed on the front panel. When
you press the RECALL button again without pressing
the ““4”’ key, the following reading is then displayed.
Press the button again and the next reading is displayed,
and so on. Try the following example in which reading
#3 through #1 are recalled.

1. Press the HOLD trigger button and then press the
RDGS STORE button.

2. Store “3"" into register R by pressing the STORE
button and then key 4.

3. Recall the register by pressing the RECALL but-
ton and key 4. Reading #3 is now displayed on the
front panel.

4, Press the RECALL button again and reading #2 is
displaved.

5. Reading #1 is next displayed when the RECALL
button is again pressed.

k. Scroll Readings. This procedure is very similar in
recalling a single reading. The only difference is that the
reading number is entered into register R as a negative
number. When that register is then recalled the reading
which corresponds to the stored number is then dis-
played. The display time is determined by the DELAY
register value. The next reading is then displayed and
then the next reading and so on. Since the time between
readings is very short and makes it impossible to see the
readings, store a delay into the DELAY register. A 1 se-
cond delay, for example, will display each reading for 1
second. The last reading to be displayed is reading #1
and remains until the 3456A’s operation is changed.

3-105, The 3456A can also perform other operations
while recalling readings. When recalling a single
reading, the reading number is displayed before dis-
playing the actual reading. But since the display time is
determined by the value in the DELAY register, the
reading number may not be seen. Here again, a delay
has to be stored into the DELAY register. The reading
number is then displayed for a time determined by the
delay. Another operation you can do is to select a math
operation while the recalled readings are scrolled. For
instance, select the Statistics math operation to find the
Mean, Variance, Upper, Lower, and Count values of
the stored readings. An example on how to use this
feature with 350 stored readings is as follows.

a. Press the HOLD irigger button and then the
RDGS STORE bution.

b. Enter “*-350" into the R register to scroll the
readings starting with reading #350.
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¢. Select the Statistics math operation by pressing the
MATH button and then the “*2”’ (STAT) key.

d. Recall the R register by pressing the RECALL but-
ton and then the ““4” (R register) key. The scrolled
readings should now be displayed.

e. When the scrolling is completed {no updating of
the display), the reading’s Mean, Variance, and Count
values can now be determined by recalling register
MEAN, VARIANCE, and COUNT respectively.

3-1068. VOLTRAETER COMPLETE.

3-1¢7. The voltmeter complete connector is a BNC con-
nector which outpuis a sync signal during the measure-
ment cycle . The signal itself is composed of an approx-
imately 330 nanosecond wide negative going TTL level
pulse, Gne way to use the sync signal is to advance a
scanner, like the -hp- Model 3497A.. To do this, connect
the 3456 A’s voltmeter complete output to the scanner’s
channel advance input. Once the connection is made,
the scanner advances to the next channel during the
3456A°s measurement cycle. The voltmeter complete
output is designed to drive at least one TTL input.

3-168. GUARDING,
3-104, Goneral

3-110. The Guarding Terminals on the -hp- Model
3456A can be used to reduce or cancel error causing
common-mode voltages. Figure 3-9 gives three methods
of making guard connections. A Guard Terminal on the
3456A is used to make the connections. Both the front
panel and the rear panel have a Guard Terminal. For
most measurements the terminal should be connected to
the common {Low) input terminal, This is done inter-
nally in the instrument when the Guard Switch is in the
IN position. Each of the Guard Terminals use a separate
switch for a connection to each of the common ter-
minals, with the switches located above their respective
Guard Terminals.

3-1%#1. Guarding Information.

3-112, Detailed information on guarding methods and
the purpose of guarding can be found in -hp- Applica-
tion Note Number 123, “*Floating Measurements and
Guarding’’. This application note is available through
your nearest -hp- Sales and Service Office.

3-113. FRONTIREAR SWITCH LOCKOUT.

3-114. The Model 3456A is provided with an interlock
for the Front/Rear Switch. This has been provided for
you to lock the switch either for the front or rear ter-
minals, preventing any quick changes from front to
rear. The switch is locked in the front position when the
arrow marked on the lock is pointing toward the
FRONT lettering. In the rear position the arrow is point
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to the REAR lettering. A procedure to install and
remove the lock is given in Appendix B.

3-115. REMOTE CPERATION.
3-118. Genaral

3-117. The following gives instrument dependent infor-
mation necessary to remotely operate the -hp- Model
3456A over the Hewlett-Packard Interface Bus
(HP-IB). Directions for mechanical interface connec-
tions to the HP-18 are given in Section 1] {see Paragraph
2-18) of this Manual. You should be familiar with the
front panei (local) operation of the instrument before
attempting to use the 3456A in the remote (HP-IB)
operating mode. The front panel operational informa-
tion is located in the Operating Characteristics
paragraphs {starting with Paragraph 3-10} in this section
of the Manual.

KOTE

HP-IB is Hewlett-Packard’s implementation
of IEEE Std. 488-1975, “‘Standard Digital
Interface for Programmable Instrumenta-
tion ",

3-118. HP-IB Description (in Appendix A).

3-119. A general description of the HP-IB is in this
Manual’s Appendix A. Refer to it for any non-3456A
related HP-IB information. Included in the appendix is
a worksheet you can use to tabulate the 3456A’s HP-IB
capabilities and of other Bus compatible devices. It is
assumed, in the following paragraphs, that you are
knowledgeable about the HP-IB.

3-120. 3456A Rszponse te Bus Messeges.

3-121. The following paragraphs deal with the im-
plementation of the HP-1B using the 3456A. The instru-
ment’s Bus capabilities are listed in Table 3-3. The
following also explains the 3456A's response to Bus
Messages, also known as Meta Messages,

Table 3-5. Interface Functions.

Hasmoric Intarfacs Functien Keme
SH1 Source Handshake Capability
AR Acceptor Handshake Capability

T5 Talker {Basic Taiker, Serial Poll, Talk Only Model,
Unaddressed to Talk ¥ Addressed to Listen)

L4 Listenar {Basic Listener, Unaddressed to Listen if
Addressed to Talk}
SR1 Service Request Capability
RL1 Remote/Local Capability
PPO No Parallel Poli Capability
DC1 Device Clear Capability
DT Device Trigger Capability
COo No Centroller Capability
E1l Open Collector Bus Dtivers
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a measurement cycle. It is an HP-IB TFrigger and triggers
the instrument in any front panel Trigger mode, since it
has priority over other trigger conditions. If the 34564
is triggered during a measurement cvcle, the cycle is
aborted. If the instrument is executing a measurement
cyele, it will be aborted upon receipt of a Bus Trigger.
The 3456A has to be programmed to “‘listen” to execute
the trigger.

3-126. Clsar,

3-127. The Clear Message sets the 3436A to the turn-on
state. This action is sirnilar to pressing the RESET but-
ton on the instrument’s front panel. The Clear, Turn-
On, and Reset differences are listed in Table 3-6.

Table 3-6. 34564 Clear, Homs, and Reset Diffarences.

Program
HMemary
and
Status Byte | HP.IB Reeding
Byte Addrass Hagdw;ém Storags Time
Rasat Rasst 3 Clgar
Powar-On Y Y Y Y = 3 58
Reset Y Y N N < .5 sec
Clear Y N N N < B msec
Home Y N N N < B msec

Note: Y =YES, N=NO

Figura 3-9. Guard Connection.
3122, Data,

3-123. The Data Message is used to transfer informa-
tion between the 3456A and the controller. It is used
either to send data or receive data. A description is as
follows.

a. Send Data is the 3456A’s set up information (set to
DCV, etc.). The instrument has to be in Remote and
Listen {a Hstener) and the controller a Talker.

b. Receive Data is the 3456A’s output. This includes
readings and instrument status. To send the data, the
3456A is the talker and the controller is a Hstener.
3-124. Trigger.

3-125. The Trigger Message causes the 3456A to initiate

3-128. Remois.

3-129. The 3456A is in the local front panel mode when
first turned on. A Remote Message allow the 34564 to
be controlled over the HP-IB. In Remote, the front
panel conirols are disabled {except the LOCAL button)
and are then controllable over the HP-1B. The instru-
ment’s initial set up is determined by the front panel set-
ting before being placed in remote.

3-938. Logal.

3-131. This message clears the remote operation of the
3456A and enables the front panel operation. Pressing
the front panel LOCAL button also sets the instrument
to local, provided the button has not been disabled by
the Local Lockout Message (see next paragraph).

3-132. Locaf Lockout

3-133. This message disables the 3456A°s L.ocal Front
Panel controls, including the LOCAL button. The
message is in effect until the message is cleared over
the HP-IB or power is cycled.

3-134, Clear Lockout and Sat Local,

3-135. This message places the 3456A to local and
clears the Lockout.

3-136. Reguire Sarvics (SRO).

3-137. The Require Service Message (SR(Q) is indepen-
3-19
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dent of all other HP-IB activity and is sent on a single
line called the SRQ line. Is state is either true or false,
with low being true and high being false. When the Re-
quire Service Message is sent and more than one device
on the HP-IB has the capability to send this message,
the user must decide which device is sending the mes-
sage. This is done by conducting a *‘Serial Poll”’ for the
device(s) on the Bus. The device polled responds by sen-
ding a Status Byte. The Status Byte indicates whether
the device has requested service and if so, for what
reason. If the device polled shows that it did not send
the Require Service Message, the other devices would
typicaily be polled. Paragraph 3-140 describes the
3456A°s Status Byte.

3-138. When the 3436A sends a Reguire Service
Message, the front panel SRQ LED is on. The message
and LED are cleared when the 3456A is polled, although
some of the messages are cleared by the instrument (i.e.
Front Panel SRQ, Program Memory Complete, and
Data Ready). The following are the conditions that can
cause a Require Service Message,

Front Panel SRQ {(can be cleared by the 3456A)

Program Memory Execution Complete {can be clear-
ed by the 3456A)

Data Ready (can be cleared by the 3456A)

Trigger Too Fast

Ilegal Instrument State/Internal Error/Syntax Error

Program Memory Error

Limits Failure

3-139. The 3456A requires service only if told to do so.
It has to be programmed to output the Reguire Service
Message for the previously listed conditions. This is
done by setting the Service Request Mask, The mask is
set by sending certain program codes to the 3456A and
is explained in Paragraph 3-169.

3-148. Status Byie.

3-141. The Status Byte Message is output by the 3456A
in response to a Serial Poll, Each bit represents a
message. Table 3-7 lists the bits which are defined as
follows,

NOTE

Remember to set the SRQ) mask to output
the Reguire Service Message.

a. Front Panel SRG. A Require Service Message can
be output when pressing the 3456A’s front panel SRQ
button. The button is only enabled in Local operation.

b. Program Memory Execution Complete., A Re-
quire Message is output when the 3456A’s internally
programmed operation, called Program Memory, is
completed. Information on the Program Memory Oper-
ation is in Paragraph 3-200.
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Table 3-7. Status Bvie Definition.

Gotsl | Becimsl Bt

Cods Cods Dafinition

101 65 0 | Front Panel SRQ - When the front pane!
SRQ button is pressed, this Require Ser-
vice is output. Pressing the button a se-
cond time wili clear the Service Request,

102 66 1 [ Program Memory Execution Complete
-tndicates to the controller that all the
program codes in the 34b6A's internal
memory are executed. The Require Ser-
vice conditicn is cleared when the Pro-
gram Memory is executed again.

104 68 2 | Data Ready - Indicates to the controlier
that measurement data is ready to be
output, The Require Service is cleared
when a new measurement cycle is ini-
tiated.

116 72 3 |Trigger Toc Fast - Indicates that the
3456A was triggered while executing &
measurement cycle, This only occurs in
External Trigger.

120 80 4 {lliegal Instrument State - Indicates that
the 3458A is unable to do an operation
because of an invailid set-up (e.g. 10 M
ohm range in DCV}

Internal Error - Indicates a faiture in the
3458A

Syntax Error - Indicates to the controller
that invaiid Program Ceodel(s) where sent
to the 3456A (e.g. code F9}

140 96 5 [ Program Memary Error - Indicates that
the Program Memory Execution com-
mand or the Test function was stored in
memory, of an overflow of memory o¢-
curred while lpading into memory,

300 192 7 [Limits Failure Indicates that the
Pass/Fall measurement made is out of
the seiected limits,

Note: Bit 6 is not in this table, because it is the SRQ bit,

c. Data Ready. A Require Service Message is output
when the 3456A’s measurement cycle is completed (e.g.
a DCV reading is taken). More information on Data
Ready is in Paragraph 3-206.

d. Trigger Too Fast. This Require Service Message is
output if the 3456A is triggered while outputting data
over the HP-IB. This can only be caused by the External
Trigger.

e. IHlegal Instrument State/Internal Error/Syntax
Error. This Message is output for the following condi-
tions:

1. IHegal Instrument State. An Illegal Instrument
State is when the 3456A is, for example, unable to
complete internal operations. An example is pro-
gramming the instrument to the 10 M ohm range
while in the DCV function. This range is invalid in
the BCV function.
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2. Internal Error. An Internal Error occurs is when
a digital failure occurs in the 3456A. If this may
happen, refer the instrument to a Service Trained
Persen.

3. Syntax Error. A Syntax Error is when invalid pro-
grams codes are sent to the 3456A. An invalid pro-
gram code is F9.

f. Program Memory Error. This error occurs under
the following two conditions.

1. When trying to execute the program memory from
memory {program codes X1 in program memory)
and when enabling the Internal Test from memory
(program codes TE] in memory). Both conditions
terminate the Program Memory Operation.

2. When exceeding internal memory space during
program memory loading (storing more than 1400
bytes into memory).

g. Limits Failure. A Limits Failure occurs when a
limit is exceeded in the 3456A’°s Pass/Fail math opera-
tion. More information on the Pass/Fail feature is in
Paragraph 3-81,

3-142. The Status Byte Message in Figure 3-10 is
represented in octal code. Each bit, except for bit 6, in-
dicates a particular Require Service condition. Bit 6
{seventh bit) is the Service Request bit and is true when
service is required. The bit lets the controller know that
a Require Service condition exists. Remember, set the
SRQ mask to output the Require Service Message.

3-143. If the SRQ mask has been set for more than one
condition, more than one bit of the Status Byte Message
may be true. For example:

a. A Require Service condition sets bits 1, 2, and 6
true. (Remember, bit 6 is true for any Require Service.)
The conditions are caused by Program Memory Execu-
tion Complete and Data Ready,

b. The Status Byte looks like:
by

of(1io|0i0j1(|1]0

Operation

NOTE

A I in this example indicates a true condi-
tion.

c. The byte is output in octal code and the correspon-
ding octal number is:

01 000

Lok

The resultant decirnal number of octal 106 is 70.

110

3-144. Status Bit.
3-145. The 3456A does not respond to a Parallel Poll.
NOTE

The Status Bit is not part of the Status Byte
Message and should not be confused with
the bits in the Status Byte Message,

3-1486. Pass Gontrel.
3-147. The 3456A does not have controller capabilities.

3-148. Abort (interface Glear).

3-148, Al HP-IB communication is terminated, in-
cluding the 3456A’s Bus communication. Control is
returned te the system controller. The Abort Message
does not remove the 3456A from remote control.

3-150. 24584 Addrassing,

3-151. HP-IB requires that a device on the Bus needs to
be identified as a Listener or a Talker, in order to ex-
ecute the Bus Messages and commands. Because of this
requirement, each device on the HP-IB has a unique
“listen”” and ‘‘talk’’address to distinguish themselves
from each other. The device is then able to receive pro-
gramming instructions when addressed to listen or sent
data when addressed to talk.

3-152. The 3456A°s address is set by the address switch
located at the instrument’s rear panel. The switch is a
seven section ““DIP’’ switch with five switches used for

b7{ b6 | bb b4 63

b2

b1| B0

Limits Faiiure -«--F
Service Reguest
Program Memory Error
illegal instrument State}

internal Error
Syntax Error

L—" Front Panel SRQ

Program Memory Execution Complete
Data Ready

Trigger Too Fast

Figure 3-10. Status Byte,
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address selection, as shown in Table 3-8. The sixth
switch is not used and the seventh switch sets the instru-
ment (o the “Talk-Only’’ mode (see Paragraph 3-154).
The 3456A°s allowable address settings are listed in
Table 3-8. Iis factory address sefting is a listen address
of 22 decimal {ASCII character “‘6”") and a talk address
of 34 decimal {character ““V’"),

NOTE

Seiting the 3456A°s Address Switch to the
Listen Address’ corresponding decimal code
will also set the Talk Address.

3-153. Instrument address commands are usually in this
form:

universal unlisten, device talk, device listen.

Tabis 3-8, 34554 Address Codes.

INSTRUMENT
TALK ADDRESS

ONLY - 5 1

o

@ POSITION {DOWN) 1 POSITION {UP}

NOT USED

ASCH Code
Character Address Switches Sbit
Listen Talk A5 A4 A3 A2 Al Decimat Code
sP @& g 0 o 0 0 183
! A g 0 0 0O 1 Gt
” B g o O 1 o 0z
# C o 0 0 1 1 03
8 D o ¢ 1 G 0 04
% E a o 1 g 1 05
& F g ¢ 1 i o 06
! G ¢ 0 1 i t a7
t H 4] 1 ¢ 0 0 G8
} t ¢ 1 ¢ 0 1 09
- J ¢ 1 [« 1 4] 10
+ K G 1 O 1 1 11
£ o 1 1 4] ] 12
- M [ 1 G 1 13
. N [C 1 1 G 14
4 G o 1 1 1 1 15
@ P 3 g o ¢ ¢ 16
1 83 1 4] 0 G 1 17
2 ! 1 g o 1 o 18
3 s 1 0 [+ 1 1 15
4 T 1 g ¥ 0 ¢ 20
4] U t 0 t o 1 21 34564
5] v 1 0 1 1 4] 22« FACTORY
7 w 0 1 1 1 23 Setting
8 X ] 1 0 ¢ ¢ 24
g ¥ ] 1 0 O 1 25
: & i 1 o 1 ¢ 26
[ H 1 o 1 1 27
Y 11 1 0 0 28
= 1 1 1 1 g 1 29
> -~ 1 1 1 1 a 30
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The universal unlisten command removes all Hsteners
from the HP-1B to allow only the addressed listener to
receive information. The information is sent by a talker
which is designated by the device talk code.

3-154. Talk-Orly (Mo Controfler).

3-155. Setting the 3456A to the *“Talk-Only’’ mode can
provide measurement data to another device, like a
printer, without a Bus controller. The 3456A is placed
to the “Talk-Only’’ mode by setting the rear “DIP’
switch to the mode (set the seventh switch to 1), Once
this is done measurement data is cutput after each trig-
ger. Instrument set up (function, range, etc.) is done
from the front panel.

3-156. 3456A HP-IB Programming.

3-157, Now that the basic HP-IB operation is known,
the next thing is to program and use the 3456A over the
Pus. First, determine the measurement or instrument
operation you want, Then determine the 3456A°s pro-
gram codes. The codes are ASCII characters transmit-
ted over the HP-IB to the instrument.

3-158. Once you have defined the instrument criteria
and program codes, next write gn algorithm on how to
make the measurement. When vou have done this, con-
vert the Algorithm to controller language. Refer to your
controller’s operating manual for the language.

3-159. Alporithm.

3-160. The algorithm should show exactly how to set up
and use the instrument in a certain function. To simplify
the algorithm, use the twelve Bus Messages as key words
in the algorithm. The messages are repeated here for
your reference.

DATA

TRIGGER

CLEAR

REMOTE

LOCAL

LOCAL LOCKOUT
CLEAR LOCKOUT AND SET LOCAL
REQUIRE SERVICE
STATUS BYTE

10. STATUS BIT

11. PASS CONTROL
12. ABORT

R A

3-161. The definitions of the Bus Messages are given in
this manual’s Appendix A, Paragraph A-11.
Remember, refer to your controller manual {0 convert
the messages. If you have an -hp- Model 9825A Con-
troller, the controller’s Extended I/0 Manual (-hp- Part
Number 09825-20025) has a listing of the codes. For the
9835A/B, refer to the 1/0 Programming Manual {-hp-
Part Number (09835-90060). If your controller manual
does not have a code conversion chart, you may be able
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to use the technical description of the messages located
in Appendix A.

3-162. Here is an example Algorithm for the 3456A.
Note that only the key words are used, not the codes,

a. In this algorithm, the 3456A is set up to make a
DICV measurement, output it over the HF-IB and print
the reading. The program ends if the 3456A sends a Re-
guire Service Message. The algorithm is as follows.

1. ABORT all previous operations

2. Set the 3456A to REMOTE

3. CLEAR the 3456A

4, LOCAL LOCKOUT the Instrument
5. Send DATA to set up the 3456A to

a} the dc function

b) autorange

¢) hold trigger

d} set SRQ mask to Hlegal instrument State,
Internal Error, and Syntax Error.

6. TRIGGER the 3456A

7. Send the measurement DATA to the controller
and store in a variable

8. Check the 3456A to see if it REQUIRE’s SER-
VICE

9. If REQUIRE SERVICE, check the STATUS
BYTE,; otherwise skip the next step

10. If the 3456A sent the STATUS BYTE, it did RE-
QUIRE SERVICE and the program is ended

11. Print out the DATA from the variable
12. CLEAR LOCKOUT AND SET LOCAL

13. End program

3-163. Programming the 3456A over the HP-IE.

3-164. Programming the 3456A is done by DATA
messages. Remember, DATA is sent or received. The
DATA received by the 3456A is for instrument set up
(function, range, eic.). The DATA sent by the 3456A is
output data. Included in the following paragraph are
programiming examples of the Bus Messages and the
algorithm. They are given in the HP-IB format, HPL
(9825A Controller Language), and Enhanced Basic
{9835A/B and 98458 Controller Language).

Operation

3-165. Program Codes (Data received by the 34564).

3-166. Program codes are used for the 3456A°s set up
information. A listing of the codes is in Table 3-9, The
instrument must be in “‘remote’ and “‘listen’ to receive
the codes. An example is as follows.

a. HP-IB Format:

( MD MODE DAT A MODE

6 H R¥ MG 14

—[ = hold trigeer
a‘m hooff
autorange
................ - e volis function

b. HPL (9825A Controller Language).

upjversal uniisten hommand T ?
controller “taik’” address
34356A “listen” address

wrt 722,°F1 R1 M0 T4”

¢. Enhanced Basic (9835A/B, 9845 Controller Lan-
guage).

OUTPUT 722;F1 R1 MO T4”
NOTE

The 7" in the “'722" address code is the
98254, 98354 /B and 98458 Controllers I/0
Card select code.

NOTE

The spaces between the program codes
(FispaceR1, etc.} shown in the example are
not necessary. They are only included to
separate the different program codes.

3-187. Storing into Registers (¥, Z, Delay, ete.} over the
HP-iB.

3-168. Storing into register is similar to the front panel
method. First enter the number to be stored and then
store it into the register. The following examples shows
how to do it, by storing “10”’ into the Number of
Readings/Trigger register. The DCV function’s pro-
gram codes is also included in the example to show that
other than register program codes can be in the same
string.

a. HP-IB Format.

CMEB MODE DATA MODE

A A T T,
? U & F1 JO8TN

unbisten command —T } i:- store 10 readings into register
controller “talk” address N {# of Readings)

3456A s “Histen’” address DC Funetion

b. HPL (9825A Coniroller Language).

wrt 722,9F1 108TN"
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Tabia 3-9A. 34584 Program Gedes.

Congral

Pregram Gods

FUNCTION

RANGE

TRIGGER

AUTOZERO

FILTER

TEST

REGISTERS

MATH

READING STORAGE

SYSTEM OUTPUT MODE

DISPLAY

CUTRUT FORMAT

CLEAR-CONTINUE

NUMERIC SEPARATOR
HOME COMMAND
FRONT/REAR SWITCH SENSE
EQI

PROGRAM MENORY

Shitt Function Off {Unshifted)
DCv

ACV

ACVY +DCV

2 Wire K Ohms

4 Wire K Ohms

Shift Function On (Shifted
RCW/DCY Ratio
ACV/DCY Ratio

ACV + DCV/DCV Ratio
0.C. 2. Wire K Ohms

0.C. 4 Wire K Ohms

Auto

100 mV or .1 X Chms
100C mV or 1 K Ohms
10V or 10K Ohms
100 V or 100 K Ghms
10GCG V or 1 M Ohms
10 M Ohms

100 M Ohms

10006 M Ohms

Internal
Externai
Single
Hald

On
Otf

On
Off

On
Off

Storing into Hegisters
Recalling Registers

Number of Readings

Number of Digits Displayed
Number of Power Line Cyc. int.
Balay

Mean Register {Read onty}
Varience Register {Read oniy}
Count Register {Read only}
Lower Register

R Register

Upper Register

Y Register

Z Register

Off

Pass/Fail

Statistic {Mean, Variance, Count)
Nuit

dBm

Therrmister {°F}

Thermistor [°C}

Scale [(X - Zif¥}

Yfrror {X - YHY x 100]

a8 {20 Log X1y}

On
OH

On
oft

On
Oft

Packed Format On
Packed Format Off (ASCH Format)

Active

Separates Numbers (e.g. F1IWI10STN)
Software Reset

t = Front, O = Rear

Enable
Disable

Load Program (Syntax} On
Load Program (Syntax} Off
Execute Program Memory

FL1
FLO

TE1

-
w
- 3

N<CDrOo<Zo-0z32

RS1
RSO

S01
SCO

D1
Do

F1
PO

cL

sw
o

i1

X1

Model 3456A



Model 34564,

¢. Enhanced Basic (9835A/B, 9845B Controller
Language).

QUTPUT 722;*F1 108TN”

In the example, “F1”” and *“}0STN"’ is separated by a
space to keep the numbers apart, This is not necessary
bul may be less confusing. You can, however, enter a
‘%’ instead of a space. The “W’’ is ignored by the
3456A but can be used 1o separate numerical entries
from commands. The same program string with “W’’
looks like this:

CYEIWI0STIN?
3-188. Programming the SRO Mash.

3-170. Program codes are used to set the SRQ Mask.
Use the programming procedure in Paragraph 3-165 to
send the codes. Remember, the 3456A has to be in
“remote’” and “listen”” to receive the codes. Since the
Status Byte Message is in octal, the mask is programmed
in octal by using the corresponding octal codes of the
message. For exampie, bit 2 (Data Ready) is to be set
and is done by sending its octal code, 004, The following
example illustrates this.

a. HP-IB Format.

CMD MOBE DATA MODE

e,
i b SMU04

.

aniisien command I [ _L set mask where 02 is the
contzolier “alk’ address
34564, “Hsten'" address

b. HPL (9825A Controller Language).

Status Byre Messuge

wrt 722, *‘SM004"’

¢. Enhanced Basic (9835A/B, 9845B Controller
Language).

OUTPUT 722; “SM004”

3-171. Any, all, or combinations of the Require Service
conditions can be set by programming the SRQ mask.
All the bits can be disabled by programming the mask to
6‘000!"

3-172, 34B8A's Wieasurement DATA (Data sent by the
34584).

3-173. 3456A measurement data can be sent to the con-
troller in two different formats, ASCII or Packed For-
mat. The following explains the formats.

3174, ASCH Format,

3-178, Output Statement. The 3456A°s output data in
the ASCII Format consists of 14 bytes and is in this
form:

Operation

£ D .DEDDDDE: D CR EOY L

1T ] i

Enet or Mesily {iF enabiod)
----- {arrigge Retsen

Potarity of megsurement (4 “f";l—
is send for ac measurementy H
Overrange <digit (5 or 1Y .|
Measurement reading expressed
in seieniific notation (the D s e
decimal dight}

NOTE

The decimal point in the oulput statement is
“free field’” and can move to any place on
the left side of the “E’’ and the right of the
overrrange digit.

EBach character in the output statement is one byte and
adds up to 14 bytes {the Carriage Return and Line Feed
are one character each). The first digit (D) is the over-
range digit and is either **1’* or **0’’. The decimal point
can be anywhere between the right of the overrange digit
{shown in this example) and the left of the exponent
{“E’"). The Carriage Return and Line Feed are used to
terminate the output statement. The End or ldentify
(EOI} line is normally set by the 3456 A prior to the Line
Feed if enabled, The EOI statement can be disabled over
the HP-IB (see Paragraph 3-186).

3-176. Overload Cutput Statemeni. The output state-
ment from an overload condition is in this form:

+ 1999990.E¢ (R EOI LF

Polarisy of Overboad — | | | b Line Feed
Overload [ndication e End 07 Ilentity (il emabled)
Carriage Return

The overload polarlity depends on the type of overload
condition. A ‘“+ 7’ is normalily output when a measure-
ment overload is present. A **-”’ can be ouiput when a
math overload condition is present.

3-177. Muitiple Reading Ouiput, The output statement
for multiple readings (Number of Readings per Trigger
feature) is similar to the normal ocutput statement. The
only difference is that no Carriage Return (CR), Line
Feed (LF), and End or Identify (EQI) is cutput until all
readings are taken. A comma {,} is used in their place to
separate the readings. An example for 3 multiple
readings is as follows:

+D.DDDDDEE + B,-DD.DDDDE + D,
+DDD.DDDDE-B CR EOI LF

3-178. Packed Format.

3-179. Unlike the ASCII Format, the Packed Format
outputs 4 bytes instead of 14. A faster reading transfer
is possible using the Packed Format. Before the 3456A
can output readings in the packed mode, it must be
remotely programmed. The codes are ““P1”’ (see Table
3-9} to enable and ““PO’’ to disable the Packed Format.
The ASCII Format is automatically selected at turn-on.
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3-180. Output Statement. Once the 3456A is program-
med to output data in the Packed Format, each
measurement is output in 4 bytes. Bach byte shows a
certain part of the measurement data. Here is a graphic
description of the packed mode.

First Byte

by by

Lz[o]ololn[o]- Jox]

Exponent Sign
Exponent

- Overrange €} or 0}
- Polarity of Measurement
Exponent LD (Least Significant Digit)

NOTE

The decimal point in the Packed Format is
implied to the Overrange Digit’s left.

Second Byte

b

by
‘D D§D§DID]D|D‘D‘

Meagurement's MSD (Most 1 L 2nd Measurement Digit

Significant Digit)

Third Byte

by by

[o]s]o]o]0]0]ols]

3rd Measurement Digit — L 4ih Messurement Digit

Fourth Byte

iy by

EI)|D‘§JI{)[D!D[D I)%
5th Measurement Digit ]

;Measuremem’s 18D (Least
Sigaificant Digit)

The sign {polarity) is indicated with **+'" as a **0"" and
" asa “1”’. The exponent and the measurement digits
are in packed Binary Coded Decimal (BCD). The
decimal point is implied to the overrange digit’s left.
The End or Identify (EQI) line is normally set prior to
the 4th byte.

3-181. Overload Output Statement. The Overload Out-
put Statement in the Packed Format follows the same
number convention as the ASCII overload statement.
The difference is that the numbers representing the
overload condition is output in the Packed mode.

3-182. Multipie Reading Output. No delimiters are us-
ed between the readings with the End or Identify (EGI)
being suppressed. The EOI will not be activated until all
readings are oufput.

3-183. Unpacking the Packed Output. Since only four
bytes of data is output in the Packed Format, some sort

3-26
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of unpacking should be done for the reading{s) to make
sense. This is done simply by converting each 8 bit
binary number to a decimal number, An unpacking pro-
gram using Enhanced Basic (9835A/B, 9845B Con-
trolier L.anguage) is in Appendix A.

3-184. Reading the 3456A/'s Duiput Data.

3-185. First choose the output format vou wish to use.
The ASCII Format is chosen in this example. To output
data, the 3456A has to be addressed to ““talk’ and the
device receiving the data is the listener. Here is an exam-
ple.

a. HP-IB Format.

13V +D.DDLDDDE+D CREO[ LF

unlisten command j
controller *‘Histen’" addrass
345645 Tlalk’” address

: E Line Feed

—— End or Kentify it enabled)
Carrlage Return
v JASHA'S GuEput datz

b. HPL (9825A Controller Language).
red 722,A

¢. Enhanced Basic (9835A/B, 984SB Controller
Language).

ENTER 722;A
NOTE

Although it is not specified in the HP-IB
Format, the ouiput of the 3456 A is normally
stored in a variable, This is the reason why
variable A’ is used in the controller
language examples.

3-1868. Disabling the End or ldentify (EQ) Statement.

3-187. The End or Identify (EOI) statement can be
disabled over the HP-IB for a faster transfer of
readings. This is done by sending program codes ““O8"’
to the 3456A using the programming procedure in
Paragraph 3-165. Disabling the EOQO! statement and us-
ing the 3456A’s Internal Trigger mode allows the faster
possibie reading transfer. The EOI statement is enabled
by sending codes ‘‘O1°" and at turn-on,

3-188. System Ouiput Mode.

3-190. With the 3456A’s System Output Mode enabled,
a new measurement cycle is not initiated until the pre-
sent reading is output by the instrument. The reading is
output by addressing the 3456A to ““talk’’. Once this is
done, a new measurement cycle is started, As long as the
System Output mode is enabled and no reading is out-
put, the instrument does not take any new readings, The
mode is an advantage when using controilers slower
than the 3456A. For example, if the Number of
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Readings per Trigger operation is selected to cutput
readings, the readings are output one after another. A
slow controller may not be able to accept the readings at
the 3456A°s output speed and loose some or all
readings. The System Output mode prevents this from
happening. The 3456A waits until the controller is able
to receive data. The mode is enabled by sending pro-
gram codes ““SO1"° and disabled by codes ““SO0°’, Use
the programining procedure in Paragraph 3-165 to send
the codes,

3-191. Homs Command.

3.192. The Home Command is used to reset the 3456A
to the same conditions as sending the CLEAR message,
except faster. The differences between Home, Clear,
Reset, and Turn-On are listed in Table 3-6. The Home
Command is sent by program code ‘““H’’ using the pro-
gramming procedure in Paragraph 3-165.

3-183. FronyRear Switch Position.

3-194. The Front/Rear Switch position can be remotely
determined over the HP-IB. This is done by sending
program codes ““SW1°’ to the 3456A and then reading
its output. If ““0” is output, the switch is set to REAR
and “1”’ indicates FRONT. Use the programming pro-
cedure in Paragraph 3-165 to send the codes and the
procedure in Paragraph 3-184 to read the output data
{switch position). The output is as follows:

ford CRECILE

Line Feed
e B OF Identify (i enabled
e Carriage ReTUrn

Chutpul in ASCH format with the ——.
Y indicating the FRONT posi-
tion gnd 0" the REAR position

3-185. Complets Program Exampis.

3-196. After you know how to program the 3456A
using the HP-IB, the next step is to write a program of
the algorithm in Paragraph 3-162. Again, the program
is given in the HP-IB Format, HPL (9825A Controller
Language), and Enhanced Basic (9835A/8B, 98458 Con-
troller Language).

a, HP-IB Format.

1. Interface clear ABORT all previous operation
2. 1U6 REMOTE the 3456A

3. 7U6 004 CLEAR the instrument

4

. 021 LOCAL LOCKQOUT the
3456A (including the other
devices on the controller’s
select code)

5. 706 Send DATA to set up the in-
FiIR1T48M020 15 strument to the dc function,
12 autorange, hold trigger, and

set SRGQ bit 4 mask (15 is CR

and 12 is LF)

6. U6 010 TRIGGER the 3456A

7. TSV
+D.DEDDDDE + D
015 EOL 012

8. 75V 030

9, 16. 031

11. Controller Lan-
guage
12. U, 0ol

13. Controller Lan-
guage

Operation

Send the measurement DATA
to the controller and store in
a variable

If REQUIRE SERVICE,
check the STATUS BYTE;
otherwise skip the next step
{the 030 is the Serial Poll
enable}

Mo STATUS BYTE is sent by
the 3456A (the 031 is the Serial
Poll disable)

Print out the DATA in vari-
able A

CLEAR LOCKOUT AND
SET LOCAL {n this case,
only for the 3456A)

Ends the program

b, HPL (9825A Controller Language).

tchi 7

s rem 722

pelr 722

o7

L wrt 722,
“FIRIT48MO0O20”
s trg 722

sred 722,A

e B o O

oh L

prds (722) — 8
(if §=0; gto 10

@0 -3

9: stp
10: prt A

11:1el 722
12: end

¢. Enhanced Basic
Language).

16 ABORTIC 7
20 REMOTE 722
30 CLEAR 722

40 LOCAL

LOCKOUT 7
50 OUTPUT 722;
“FIRIT4SMO029"

60 TRIGGER 722
70 ENTER 722;A

80 STATUS 722;3
90 IF S=0 THEN
GOTO {10
100 STOP
110 PRINT A

ABORT

REMOTE 3456A
CLEAR 3456A

LOCAL LOCKOUT
DATA. Set up instrument

TRIGGER 3456A
DATA.OGutput of 3456A into
variable

REQUIRE SERVICE?

If no STATUS BIT, skip the
next line

Stop the program

Print output DATA in
variable

CLEAR LOCKQOUT AND
SET LOCAL (3456A)

Ends the program

(9835A/B, 9845B Controller

ABORT

REMOTE 3456A
CLEAR 3456A
LOCAL LOCKOUT

DATA. Set up instrument

TRIGGER 3456A

DATA. Output of 3456A into
variable

REQUIRE SERVICE?

If no STATUS BIT, skip the
next line

Stop the program
Print output
variable

DATA in

3-27
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120 LOCAL 722 CLEAR LOCKOUT AND
SET LOCAL

130 END Ends the program

3-197. The information you have received in the
preceding paragraphs should give you a good start in
programming the 3456A over the HP-IB. The following
paragraphs explain some more unique remote opera-
tions.

3-198. frent Pansl SROQ.

3-199. The Front Panel SRQ feature of the 3456A out-
puts a Require Service Message when the Front Panel
SRQ button is pressed, Before this can take place, set bit
0 on the SRQ mask (refer to Paragraph 3-169 to set the
mask). Once this is done, press the SRQ button. The
front panel SRQ LED will turn on and the Require Ser-
vice Message is output. This condition will remain until
the SRQ button is pressed a second time or a Serial Poll
is done by the controller.

3-200. Instrument Fregram memory Opsration.

3-201. With this feature, vou can store into the 3456A’s
internal memory any valid remote operations {excluding
Test and Program Memory Execution) using program
codes. Total available memory size is 1400 bytes.
Because a program code takes one byte of memory you
can store 1400 codes, The memory is also used with
Reading Storage and an¥y stored codes takes §pace away
for storing readings.

3-202. Storing Program Codes. The 3456A has to be
told to store into its internal memory. The program used
are “L1" to enable the storage and *‘QQ”’ to disables the
storage. This is illustrated in the following example.

Lt Ft RSI T3 @

Load Propram inte Memory On —l ‘!— r LLoad Program Inic Memory Off
Set 3564 10 DOV Function e Ste 3456A 1o Single Trigger
Reading Sterage On -

Program codes ““L1’" and “‘Q’’ are not stored into
memory. The total memory used is 7 bytes. The codes
remain in memory until the 3456A is turned off (Reset,
Clear, and Home do not clear the memory). The
memory can be cleared by sending codes “L1Q”.

NOTE

Unlike regular remote operation, program
memory only ignores blanks. Other invalid
characters can produce a Syntax Error dur-
ing program memory execution.

3-203. Program Execution. Once the program codes
are stored in memory they can be executed. This is done
by sending program codes “X1' to the 3456A. The in-
strument then performs the operation. In the previous
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exampie, when Program Memory is executed, a dc
reading is taken and stored into memory.

NOTE

The Execute (X1) and Internal Test (TEl}
codes can cquse a program memory execu-
tion ervor,

NOTE

With Home (H) command stored in program
memory while executing the memory the
34564 is reset to the Turn-On state and stops
the program miemory operation.

3-204. Multiple Operations. You can store and execute
more than one remote operation intc memory. For ex-
ample, the 3456A can be programmed to do 2 DCV
measurement, Trigger it, do an ACVY measurement,
Trigger it, and so on. The next example illustrates this.

CLIFD TY F2 T3 QX

J T

Load Progran into Memory On - I Execute Program Memory
Ser 3456A o DCV
Trigger the 3456A —

i Logdl Pragram into Memaory OfF
- Trigger the 34564
Sel 34364 to ACY

3-205. Recali of Readings from Memory. Readings are
remotely recalled and output from memroy similar to
the front panel recall operation (see Paragraph 3-104).
This is done by storing into register R the corresponding
number of the reading you wish to recall. Then recall
the register and output the reading. The following pro-
cedure illustrates this operation. In the procedure,
reading #1 and #2 are to be recalled,

a. Set the 3456A 1o listen. Sent the program codes for
Hold Trigger, Reading Storage On, and store a “*1*’
(reading #1) into register R.

““T4 RS1 ISTR”
b. Sent program codes to recall the R register,

“RER}’

c. Set the 3456A to talk. Output the reading (#1) over
the HP-IB.

d. Set the 3456A to listen. Sent the program codes to
store a 2’ (reading #2) into register R.

“ISTR”
e. Sent program codes to recall the R register.
“RER’!

f. Set the 3456A to talk. Output the reading (#2) over
the HP-IB.
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NOTE

Make sure the 34564 is programmed to
Hold or Single Trigger when recalling
readings.

The remote recall operation is similar to the front panel
operation. Scrolling is also done similar to front panel
operation. An example to scroll the readings, starting
with #10, is as follows.

a. Set the 3456A to listen. Sent program codes for
Hold Trigger, Reading Storage On, and store “*-10"’ in-
to register R. (The -10 is used to scroll the readings star-
ting with reading #10.)

“T4 RS1 -10STR”
b. Sent program codes to recall the R register,
(‘RER!P

¢. Set the 3456A to talk. The readings are now output
over the HP-IB starting with reading #10 and ending
with #1.

In the example, multiple readings are output the same as
explained in paragraph 3-177. A program exampie using
HPL (9825A Controller Language) and Enhanced Basic
(9835A/B and 9845B Controller Language) is given in
Appendix A.

3.208. Data Ready.

3-207. The Data Ready feature, when enabled, ouiputs
a Require Service Message for a completed measure-
ment cycle. The SRQ mask has to be set before the
message is output. Set the mask by sending program
codes ‘““SM004” (for bit 2 of the Status Byte). When the
Require Service message is sent, the front panel SRQ
LED is on. The LED remains on until a new measure-
ment cycle is started (the 3456A is triggered), when the
present reading is output over the HP-IB, or when the
3456A is polled (Serial Poll). If the 34356A is set up to
take a number of readings per trigger, the require ser-
vice condition will be true, at the end of each reading,

Operation

for about 320ps. The condition will remain true and the
SRQ LED turns on, after all the readings are taken.

3-208. 3456A’s Mumeric Entrv Format and other lnput
{onsiderations.

3-209. The 3456A’s Numeric Entry Format {used in
program codes) are in this form:

= D BDDDDD e ofr E &D

- T T
Polarity of Overrange Dipit -I E e Exponent
Overrange Digie {either a 1 or ) - Exponential Designator (can be

an upper lowsr case L)
Numetic entry where 3 can be &
vabue from 010 9

The decimal point is optional and ranges from the right
of the overrange digit to the Exponential Designator’s
feft.

3-210. When sending data to the 3456A in remote, all
lower case (except ‘“‘e’’) alpha characters, spaces, car-
rage return, and line feed are ignored. All other invalid
ASCH characters are illegal. The optional “W?”
character can be used as a prefix to a numeric string like
this*’

FIWI10STN
3-211. OPERATOR'S CHECK.

3-212. The following is an Operator’s Check you can
perform to check the major DCV, ACV, Ohms, and
Digital circuitry. The checks are not used to verify per-
formance accuracy. They are only used to check the
operating capabilities of the 3436A. The following can
be used as the Operator‘s Check.

a. Remove everything from the 3456A’s input ter-
minals.

b. press the TEST button. The display should go
blank while doing an internal test. When the test passes
and is completed, +1.8.8.8.8.8.8. +8. is displayed in-
cluding all of the front panel LEDs. The cycle will then
be repeated. If a negative integer is displayed, refer the
3456A to a service trained person. Press the TEST but-
ton a second time.
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APPENDIX A

A-1. INTRODUCTION.

A-2. The following chapters in this appendix contain
certain general and specific HP-IB information. The
general information is non-controller dependent but
may be dependent on the 3456A, The specific informa-
tion is controller and/or instrument dependent.

A-3. GENERAL HP-1B DESCRIPTION,

A-4. The Hewlett-Packard Interface Bus (HP-IB) is a
carefully defined interface which simplifies the integra-
tion of various instruments, calculators, and computers
into systems. The interface provides for messages in
digital form to be transferred between two or more HP-
IB compatible devices. A compatible device can be an
instrument, calculator, computer, or peripheral device
that is designed to be interfaced using the HP-IB,

A-5. The HP-IB is a parallel bus of 16 active signal lines
grouped into three sets, according to function, to inter-
connect up to 15 instruments. A diagram of the Inter-
face Connections and Bus Structure is in Figure A-1.

A-6. Eight signal lines, termed as DATA lines, are in
the first set. The Data lines are used to transmit data in
the form of coded messages. These messages are used to
program instrument function, transfer measurement
data, coordinate instrument operation, and tc manage
the system. This allows you to set-up the instrument and
read its measurement data. Imput and output of mes-
sages in bit-parallel, byte-serial form are also transfer-
red in the Data lines. A 7-bit ASCH code normally
represents each piece of DATA.

A-7. Data is transferred by means of an interlocking
“handshake’ technigue which permits data transfer
{(asynchronously) at the rate of the slowest active device
used in that particular transfer. The three DATA BYTE
CONTROL lines coordinate the transfer and form the
second set of lines.

A-8. The remaining five GENERAL INTERFACE
MANAGEMENT lines are used to manage the devices
on the HP-IB. This includes activating all connected
devices at once, clearing the interface, and others. A
condensed description of the HP-IB is available in the

it o
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Figure A-1. Interface Connection and Bus Structurs,
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Condensed Description of the Hewlett-Packard Inter-
face Bus Manual, -hp- Part Number 59401-90030. The
manual is available through your nearest -hp- Sales and
Service Office.

A-9. HP-iB SYSTEM OVERVIEW.

A-10. The following chapters define the terms and con-
cepts used to describe HP-IB (Bus) system operations.

A-11. HP.IB Systam Terms.

a. Address: The characters sent by a controlling
device to specify which device will send information on
the HP-IB and which device(s) will receive that informa-
tion. Addressing may also be accomplished by hardwir-
ing a device to only send information or only receive in-
formation.

b. Byte: A unit of information consisting of 8 binary
digits (bits).

c. Device: A unit that is compatible with the IEEE
Standard 488-1975.

d. Device Dependent: An action a device performs
in response to information sent over the HP-IB. The ac-
tion is characteristic of an individual device and may
vary from device to device.

e. Polling: This process typically is used by a con-
troller to locate a device that needs to interact with the
controller, There are two types of polling, as follows:

1. Serial Poll: This method obtains one byte of
operational information about an individual
device in the system. The process must be repeated
for each device from which information is desired.

2. Parallel Poll: This method obtains information
about a group of devices simultanecusly.

£-12. Basic Device Communication Capabilities.

A-13. Devices which communicate along the interface
bus can be classified into three basic categories:

a, Talker: Any device that is able to send informa-
tion over the HP-IB, when it has been addressed. Only
one talker may be active at a time; usually the one that is
currently directed to send data. All HP-I8 type
calculators and computers are generally talkers.

b. Listener: Devices which receive information over
the HP-IB, when they have been addressed. A device
may or may not be both a talker and a listener.
Calculators or computers are generally both a talker and
a listener {at different times).

¢. Controller: The device that can specify which

A-2
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devices(s) on the Bus is a talker or a listener, There can
be two types of controllers, an Active Controller and a
System Controller. The Active Controller is the current
controlling device. The System Controller can,
however, take control of the HP-IB even if it is not the
active controller. There can also be only one controller
at a time, even if several controllers are on the Bus.

&-14, HP-IB Messapes.

A-15. Different types of information can be passed
over the HP-1B to one or more devices. Some of this in-
formation is in the form of messages, most of which can
be separated into two parts. One part can be classified
as the address portion specified by the controller and the
information that comprises the messages. The second
part can be classified as HP-1B management messages.
These messages are comprised of twelve messages and
are called meta messages. In this manual they are refer-
red to as Bus Messages and are defined as follow.

a. Data: The actual information {binary bytes) sent
by a talker to one or more listener. The information
(data} can either be in a numeric form or a character
string.

b. Trigger: The trigger message causes the listening
device or devices to perform a device dependent action
when addressed.

c. Clear: The clear message causes the listening
device(s) or all of the devices on the HP-IB to return to
their predefined device-dependent state.

d. Remote: This message causes the listening
device(s) to switch from local front panel control to
remote program control when addressed to listen.

e. Local: This message clears the REMOTE message
from the listening device(s) and returns the device(s) to
local front panel control.

f. Local Lockout: This message prevents a device
operator from manually inhibitating remote program
control.

g. Clear Lockout and Set Local: With this mesage,
all devices aré removed from the local lockout mode and
revert to local, The remote message is also cleared for all
devices.

h. Require Service: A device can send this message at
any time to signify the device needs some type of in-
teraction with this controller. The message is cleared by
the device’s STATUS BYTE message if the device no
longer requires service,

i. Status Byte: A byte that represents the status of a
single device on the HP-IB. One bit indicates whether
the device sent the required service message and the re-
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maining seven bits indicate operational conditions
defined by the device. This byte is sent from the talking
device in response to a ‘‘Serial Poll’’ operation per-
formed by the controller.

j. Status Bif: A byte that represents the operational
conditions of a group of devices on the HP-1B, Each
device responds on a particular bit of the byte thus iden-
tifying a device dependent condition. This bit is typical-
ly sent by devices in response to a parallel poll opera-
tion.

k. Pass Control: The bus management responsibility
is transferred from the active controller to another con-
troller by this message.

1. Abort: The system controller sends this message to

Appendix A

unconditionally assume control of the HP-IB from the
active controller. The message will terminate all bus
comunication but does not implement the CLEAR
message.

A-16. HP-1B WORKSHEET.

A-17. The HP-IB Worksheet (Table A-1) can be used to
determine the HP-IB capabilities of the other HP-IB
compatible instruments may have. The sheet may be fill-
ed in with the Bus messages applicability for your con-
troler and each HP-IB device, The Bus capability of the
3456A has already been filled in. Refer to your con-
troller manual and the manual(s) of your other device(s)
for their Bus Messages capabilities. Once the sheet is
filled out, you should then have the HP-IB capabilities
of your device(s).

Tabie A-1. HP-IB Workshest.

HP-1B BUS IMPLEMENTATION WORNSHEETY
MESSAGE BEVICE
MODEL

INSTRUMENT 34564 MODEL

IDENTIFICATION CETEN CeTen
AND TALK YES TALK
HP-18 B & BIT

ADDRESS VALUE 22 VALUE

DATA S &R

TRIGGER R

CLEAR R

LOCAL R

REMOTE R

LOCAL R

LOCKOUT

CLEAR LO & R

SET LOCKOUT

REQUIRE s

SERVICE

STATUS s

BYTE

STATUS N

BIT

PASS N

CONTROL

ABORT N

S = SEND ONLY R = RECEIVE ONLY

S & R = SEND AND RECEIVE

N = NOT IMPLEMENTED

A-3
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A-18. UNPACKING PROGRAM.

A-19. The following is an unpacking program used to
unpack the 3456A s readings taken in the Packed mode.

Unpacking Program

The follawine rrosram

Model 3456A

The program is given in the Enchanced Basic (9835A/B
and 98458 Controllery Language.

ig H Pllustrates one methad for unpackire data from

o@ Pothe BSEA. You con proerom this routine to take Tapy” number of reodifas
ae by changive the DIM stetement in lineg 2B 5 the 34568F prosromming svhtaw
41 Pin Line 38y arc the buffered transfer stotessnt in line 98, The

bt s Pruesrical arvay Jut iz dimenziored to contoln the nunber of resdinszs that
a6 Pwill be teken The ztrine vorioble Ind is disshzicned to 4 times the

rgsl Uonwimber of readinssg token,  Thot izs o pocked reoding corntaing 4 hyteoz af
26 bodnta mer reading,

I !

188 ! In this porticular swamples the 34588 is rrosramasd to the followina

118 ! stotezs

128 | Functionid DCYW (Fi3

138 | Data Outreut Forsar? Packed (P13

148 | Ronee: Hutoranss ORI

158 | Delawv: B (BSTD

1ed | Intearation Timed .1 Line Cwelez ¢, 18TIM

178 1 Humber of Feadimss: 9 (95TH:

188 | Svstem Oatpun Moded On €S010

188 1 Trigaeri Zipsle <730

s 1< S

218 You coan follow the comment stotepents on each line of the rrosram to

228 1 underztand the bosic aperation . Eweloinine the opsrotion of the

238 1 uneackine subrrosram iz bevond the score of thiz momgal,

248 1

2568 )

260 OPTIOM BRZE L 1 Specifies firzt slemsnt in numeric array Out iz Outdld.
278 DIN In@l23els0ut{%y | Dimemzions the string wvaricble ard nuseric array.
288 GUTRUT SPURIFIRIBETDISTISSTHEOLTEY | Prosronz the R456R.

298 EMTER 722 EFHI 26 HOFORMATIInE ! Erters 36 dota bytes into the string Ing.
Zaga CALL UnphBedIngDutds)) § Collz Unpacking routined rasses the packed data.
314 FOR T=1 TO % 1 Zets up loop o prist out the nusber af reodimaz taken.
328 FRINT "MUMBER "318" YOLTRGE READIMG = “i0usil:

pricis MERT I

348 ENT

fchuls] SUE UnekDECInE s Dt (%20

368 INTEGER HsdsIsBLaBZB2E4

37e M=l EHCImED

A8 J=8

396 FOR I=1 TO H STER 4

40 Jm i

418 Bl=hidmoIngl 110

428 Be=HUMO Trnel 14+1 30

435 Ba=HUH Ingl T+2 12

44 Bag=HUM Ingl T+3 1

4548 Mt o dis= 4 s LA HERLEEHIFT OB,
ARhE] «BIMRNDC LB bde 15

4548 Ot g o=y s - SHIFTOBIMANDCELs 1240200
478 HEKT I

458 SLBEHD
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A-20. MULTIPLE READING TRANSFER PROGRAMS.

A-21. The following programs show how to transfer
multiple readings from the 3436A to the controller. The
programs are given in the HPL(9825A Controller) and
Enhanced Basic (9835A/B and 9845B Controller)
Language. The programs do the foliowing.

a. The 3456A is set up to do this:

f. Clear the 3456A and set SRQ Mask to bit 1 (Pro-
gram Memory Execution Complete).

2. Enter into memory to enable Reading Storage,
select 10 Number of Readings per Trigger, and
Single Trigger.

3. Execute Program Memory.

b. Read 3456A Status and remain in a loop until Pro-
gram Memory has completed its execution,

¢. Set up the 3456A to enable its System Output
Mode and scroll the internally stored readings starting
with #10.

d. Store readings into variables.

HPL Program.

FELIASTHTERAL"
Pimp @
ihlﬂwTPP 8

H H‘!F I ioto 1B
Powrt RLTD
Ponext 1

By omd

Fa

OPTIOH
nim oAl
la!l"{fllé“i

MY PRI H?
ENT

i

w1
T

A-22. BUS MESSAGE IMPLEMENTATION.

A-23. The following figures provide a description on
the implementation of the Bus Messages using the
3456A. The codes used in the figures are:

T = True

F = False

X = Don’t Care
oct = Octal Code
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To send DATA from the controller to the 34584, first

Bus Management Lines Sent on Data Lines

ATN | IFC | $RQ | REN | EOI
¥ F X T X

U8
Univarsal Unlistanj L 3486A Listen Address

Controfer Talk Addgress

ther:

Bus Management Lines Sequence on Data Lines

ATN | IFC | SRQ | REN | EOI
FIlFrl x| 1T ]x

Instrument
Program Codes

Figurs A-2. Data Message (Controlier to 34584}

To send Data from the 3456A to the controlier, first:

Bus Managemans Lines Sequence cn Bats Lines

ATN | FC 1 3RO | REN | EO
Tl F] x| x| x IV 5

Universal Unlisten -E:—— Contreiler Listen Address
3456A Tak Address

ther:

Bus Management Lines Sem on Data Lines

ATN | IFC | SRQ | REN | EOI
F F X X X

Quiput DATA
from 3468A

Figure A-3. Data Message (34584 to Controller or Other
Dovics(s),

To send the TRIGGER Message (Group Execute Trigger):

Bus Management Lines Send on Data Lines

ATN | IFC 8RO | REN | EOH
T £ x T X

T U6 oct0tl

Universal Unlisten I
Controfier Tatk Address —

Trigges Command
34584 Listen Address

Figurs A-4. Trigger Massags (from Controlisr do
Devicel(s)).

To Enter the REMOTE Moda:

Bus Management Lines Sent on Data Lines

ATN | {FC | SRQ | REN | EGE
T F X T X TU B

Universat Undisten j L 34564 Listen Address

- Conteolier Talk Address

To Remain in the REMUOTE Mode:

Bus Management Lines

ATN| IFC | SRO | REN | EQ!
F F X X X

Figurs A-5. Remote Message.
A-S
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To enter the LOCAL Mode:

Bus Management Lines Sent on Date Lines

ATN | IFC | SR | REN | EQE

Tl FIX|TIF ? U8 oct00]

Universal Uniisten —T
Controller Talk Address

Go to Local instruction
34564 Listen Address

Figure A-B. Local Message.

Ta enabie LOCAL LOCKOUT:

Bus Management Lines Sent onData Lines

ATN | IFC | SRQ | REN | £EO1
¥ F X T F oot 921

Locai Lockout instruction
to maintain LOCAL LOCKQUT:

Bus Management Lines

ATN| IFC | SRQ | REN | EOI
X X X T X

To Serial FOLL the 3456A {obtain Status Byte):

Bus Management Lines Sent on Data Lines

ATN [ IFC | SRQ| REN| EOt

THF]IX| X F ? 8 octO30 V B

- Controller Listen Address
34564 Talk Address

Univarsal Unfisten
34564 Listen Address
Serial Poll Enable

ther:

Bus Management Lines Sent on Data Lines

ATN | FC: SRO™* | RENT EOI
FiE X X 1 F | 34564 Siawus Byte

*if 5RO was true, it will switch 10 the faise state.
and finatly:

Bus Management Lines Semt on Data Lines

Latn [irc [ 5o [ ren [soi
l TIFEIE X |F ot 031

Sertat Poit Disable

Figure A-10. Status Byte Message,

Figurs A-7. Local Lockout Messags.

To CLEAR LOCAL LOCKOUT and set LOCAL:

Bus Management Lines

ATN | IFC| SRQ | REN{ EOI
X X X T X

Figure A-B. Clear Lockout/Set Local Massags.

To send the CLEAR Message:

Bus Management Lines SentonDatalines

ATN | IFC | SRQ | REN | £03
T F XXX oct(04

— Ciear Commang
Te send the CLEAR MESSAGE Oniy to the 3456A:

Bus Managemsnt Lines Sent on Data Lines

ATN | #FC | SRQ | REN| EQI

FI1F X T X ? 6 oot 004

Universal Unlisten Ciear Command
34B6A Listen Addrass

To send REQUIRE SERVICE MESSAGE:

Bus Management Lines

ATNTIFC| SRO| REN | EQI
X X T X X

Figure A-11. Clear Massage.

Figure A-3. Reguire Service Message,

A-6

To send the ABOAT Message:

Bus Management Lines

ATN § IFC | SRQ | REN | EOI
X T X X X

Figure A-12. Abort Message,
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B-1. FRONT/REAR SWITCH LOCK PROCEDURE.

B-2.

The Front/Rear Switch can be locked in either the

FRONT or REAR position by the installation of a lock.
The following procedures show how to install and
remove the lock.

a,

I

Lock Installation Procedure.

Locate the front panel section located at the front
panel’s input terminals.

. Remove the front panel section by loosening the

hold down screws located to the left and right of
the panel. (Note: The screws are fastened to the
panel secticn and should not be forced out of the
section.)

. Remove the switch cap from the Front/Rear

Switch. The cap can be removed by holding the
cap between the index finger and thumb and pull-
ing it away from the switch.

. Set the Front/Rear Switch to the desired position

(FRONT or REAR}.

. Locate the Locking Cap and front panel section.

Install the cap into the panel section’s slot marked
FRONT and REAR until it snaps in place. Make
sure the arrow on the cap points to the lettering
which corresponds to the Front/Rear Switch posi-
tion.

. Reinstall the front panel section into the front

panel and tighten the screws,

. Lock Removal Procedure,

. Do step a and b of the Lock Installation Pro-

cedure.

. Remove the lock from the front panel section. Do

this by squeezing the cap’s locking fingers and
push the lock out of the slot. A pair of needlenose
pliars or something similar can be used.

. Locate the cap which was removed from the

Front/Rear Switch when the lock was installed.
Reinstall it on the Front/Rear Switch.

. Reinstall the front panel section into the front

panel and tighten the screws.

B-1/B-2






Product Line Salas/Support Key

Key Product Line

A Anafytical

CH Compenents

G Computer Syefeme Sales only

CH Computer Systems Hardware Sales & Services
CS Computer Systems Software Sales & Services
E  Eecironic Instrumants & Measurement Systams

i HMedical Products

WP Hadical Producte Primary SRO

S Madical Products Sacondary SRO
P Parsonal Computing Products

* Sales only for specific product Hne

Support only for specifle product fine

IHPORTANT: Thesa aymbols designata general product ine cepability. They do nat
insure sales or support availabity for alt products within 2 tine, at all locations.
Contact your local salas otfica for information regarding locations whora HP

aipport 1 avallzbie for specific products.

HP distribulors are printed in llalics.

ANGOLA

Telecla

Empresa Técnica dé Faupamentos
Eibctricos, SARL.

A. Barbosa Rodrigues, 411 0T,
Caixa Posial 6487

LUARNDA

Tel- 35515.35516

EMP

ARGENTINA
Hewleti-Packard Argenting S.A,
hverida Santa Fe 2035
Marlinez 1644 BUENQS AIRES
Tel: 798-5735, 792-1293
Telex: 122443 AR CIGY

Cable: HEWPACKARG
AECHLCS P

Biotron SAL.Ly.M

Av Paseo Colon 221, 9 Piso
1399 BUENOS ARES

Tel: 30-4846, 30- 1851, 36-8384
Tefex: 17595 BIOMAR

M

Fale 8.A. 101 Fleclronica
Venezuela 1326

1095 BUENOS AIRES

Tel: 379026, 379027

Telex: 18137, 22754 AL VAR AR
P

AUSTRALIA

Adsiside, South hustralia
Offlce

Hewiet-Packard Ausiralia Pty.Ltd,
153 Greenhik Aoad

PARKSIDE, $.A. 5063

Tel: 272-5011

Telex: 82536

Cable: HEWPARD Adalaide

A* CH.CM,.E MS,P

Brisbane, Queensiand
Office

Hewletl-Packard Austraia Pty Lid.
5th Floos

Teachers Union Suikiing
495-499 Boundary Street
SPRING HiLL, Queensiand 4000
Tel: 229- 1544

Telex: 42133

Cable: HEWPARD Brishane
A,CH,CM, E hS. 3

Canberra, Austraiia Caplial
Territory Office
Hewlelt-Packard Ausiralia Ply.L1d.
121 Wollongong Street

EYSHWICK, A.C.T. 2609

Yel: B0 4244 Telex: 62650

Cable: HEWPARD Canberra

A CH,CMEMS 2

Malbourne, Victoria Otfice
Hewiett-Packard Ausirafia Pty Lid.
31-41 Joseph Streel

BLACKBUAK, Victoria 3130

Tel: 8-6351

Telex: 31-024

Cable: HEWPARD Melbourne

A CH.CM.CSEMSP

Parth, Western Australia
Office

Hewlett-Packard Australia Ply Lid,
141 Slirfing Highway

NEDLANDS, W A 6009

(effective 28 Sepl. 1981

261 Slirling Highway
CLAREMONT, W.A. 8010}

Tel: 386-5455

Telex: 93858

Cable: REWPARD Perth
ACH,CM, EMS P

Sydney, New South Walss
Office

Hewletl-Packard Australia Pty Lid.
1723 Talavera Road

P.0. Box 308

NORTH RYDE, K.S.W, 2113

Tel: 887-1611

Telex: 21561

Cabiz: HEWPARD Sydney
ACHOMUSEMSP

ALUSTRIA
Hewlet-Packarg Ges.m.b.h,
Grotienhofsirasse 94
Verkaufshuro Graz

A-BC52 GRAZ

Tel: 21-5-66

Telex: 32375

CH,CME®

Hewletl-Packarg Ges.m.b.h.
Wehlistrasse 29

PO Box7

A-1205 VIENHA

Teh (222) 35-16-210
Telex: 1358237135068
ACHOMCS EMS.P

BAMRAIN

Green Salon

P.C. Box 557
BAKRAIN

Tel: 25503-250950
Telex: 84419

-l

Wael Pharmacy
P.0. Box 648
BAKRAIY

Tel: 256123

Teiex: 8550 WAEL GJ
M

SALES & SUPPORT OFFICES

Arranged alphabetically by country

BELGILM

Hewlelt-Packard Belgium S A /MY
Bivd de ta Woluwe, 100
Woluwedal

B-1200 BRUSSELS

Tel (02} 782-32-00

Telex: 23-484 paioben biu
ACHOMCS B MP P

BRAZIL

Hewlelt-Packard do Brasi Le £,
Lida.

Alameda Rio Negro, 750
ALFHAVILLE 06400 Barueri SP
Tek 421-1311

Telex: 011 33872

Cable: HEWPACK Sao Paulo

A CH.CM,CS.EMS

Hewlel-Packard do Brasit L.e.C.
1 tda.

Avenida Epiacio Pessca, 4664
22471 RiD DE JANEIRO-RJ

Tel: 286-0237

Telex: 021-2 1905 HPBR-BR
Cabie: HEWPACK Rio de Janeiro
ACHOME MS,P-

CANADA

Alberta

Hewlett-Packard {Canada) Lig
210, 7220 Fisher Streef S E.
CALGARY, Alberta T2H 2HB
Tel: (403} 253-2713
ALCHEME " MS.P*

Hewlefl-Packard (Canada) Lid.
1 1620A-166th Sireet
EOMORTOR, Alberla TOM 378
Tel: {403} 452-3670
ACHCMCSEMSP*

British Columblia
Hewlett-Packard {Canada) Ltd.
10681 Shelibridge Way
RICHWMOKD, British Columbia VBX
2T

Tel: {804} 270-2277

Telex: §10-822-5059
ACHCMCSE" MS.P"

Manitoba

Hewiell-Packard (Canada) Lid.
380-550 Cenlury Street
WINNIPEG, Manitoba R3H 0Y1
Tel: (204) 786-6701
ACH,CMEMS P

New Brunswick
Hewletl-Packard {Canada) 11d.

180 Wibur Street

MONCTON, New Brunswick EZB 2vQ
Tel: (506) 386- 1677

Telex: 01931470

CR**

Nova Scotla

Hewlelt-Packard {Canada) Ltd.
P.0. Box 831

900 Windmil Road

DARTHOUTH, Nova Scotia B2Y 376
Tel: (902} 460-7820

Telex: 01831470

CH,CM,C8E" MSP"

Ontario

Hewleil-Packard {Canada) Ltd.
552 Newbold Street

LONDOR, Ontaric N6E 255

Tel: {519) 686-0181

Telex: 610-352-1201
ACROCME™ MS.P*

Hewletl-Packard (Canada) LId.
8877 Gereway Drive
MISSISSALUGA, Ontario LAV 1MB
Tel: {416} 678-9430

Telex: 610-492-4246
ACHCMCSEMP P

Hewietl-Packard {Canada) Lid.
2670 Queensview Dr,
GYTAWA, Onlario K28 8K1

Tel: (613} 8B20-6483

Telex: 810-563- 1636
ACHLOM,CS.E" MS P

Guebec

Hewletl-Packard (Canada) Ltd.
17500 South Service Road
Trans-Canada Highway
KIRKLAND, Quebec HQJ 2M5
Tel: (514} 6974232

Telex: 05821521
ACHOMCSEMP P!
Hewielt-Packard (Canada) Lid,
Les Galeries du Vallon

2323 Boulevard du Versan! Nord
SYE. FOY, Quebec G1N 4C2
Tel: {4 18) 687-4570

OH

CHILE

Jorge Calcagni y Cia. Lida.
Arturo Burhie 065

Casia 16475

SANTIAGO &

Tel: 222-0222

Telex: Fublic Booth G001
A CMEM

Olympia (Chile) Lid.
Rodrico de Araya 1045
Casiila 256-V

SANTIAGO 21

Tel: 225-5044

Telgx: 40565 OLYMP GL
cP

CHINA, Pacple’s Repubilic
of

CEIEC e

44 Beiwer Re.

BEINNG, Ching

Telox: 22475 CEIEC ON
ACHCMCS.E P

COLOMBIA
instrumeniacion

H. A Langebaek & Kier 5.A.
Aparladp Aéreo 6287
BOGOTA 1, D.E
Carrera 7 No. 48-75
BOGOYA, 2 D.E.

Tel: 287-8877

Telex: 44400

Cable: AARIS Bogola
ACMEMPFP

COSTA RICA

Cientifica Coslarricense S.A,
Avenida 2, Calle 5

San Pedro de Monfes de Oca
Apartado 10159

SAN JOSE

Tel: 24-38-20, 24-08-19
Telex: 2367 GALGUR
CM.EM

CYPRUS

Telerexa Lid,

P.0. Box 4809

140 Stassinos Avenue
MICOSIA

Tel: 62698

Telex: 2894 Levidocy
EMPF

]
3

CZECHOSLOVAKIA
Hewlell-Packard

Obchodni Zastupitelstyi v CSSR
Post. schranka 27

035-118 07 PRAHA 011

Tel: 66-296

Telex: 121353 IHC

DENMARK
Hewleli-Packard &S
Datavej 52

BIC-3460 BIRKEROD
Tel: (D2) 81-66-40
Teiex: 37409 hpas ck
ACHCMOSEMS P
Hewletl-Packard A/S
Naverve] 1

DK-8600 SHLKEBORG
Tel: (08) 82-71-66
Telex: 37409 hpas ¢k
CHOME

ECUADOR

CYEDE Cig. Lida.
Aveniga Eloy Affaro 1748
Casilla 6423 o0t

QUITD

Tel 450-875, 243-052
Telgx, 2548 CYEDE ED
ACMERP

Hospitatar 8.A.

Robles 625

Casilla 3590

QUTo

Tel: 545-250, 545-122
Talex: 2485 HOSPTL £D
Cable, HOSPITALAR-Quito
M

EGYPY

Interational Engineering Associales
24 Hussein Hegazi Street
Kasr-el-Ainf

CAIRD

Tel: 23-829

Telox: 93830

CHESEM

informatic For Syslems
22 Talaal Harb Sireet
CAIRO

Tel: 758006

Tolox: 93838 FRANK N
CH.CSP

Egyplian international Office
for Foreign Trade
P.0.Box 2558

CAIRO

Tef 964935

Telex: 93337 EGPOR

P

EL SALVADOR

{PESA de El Salvador 5.4
Boulevard de fos Heroes 1148
SAN SALYADOR

Tel: 252787, 258621

Telex: Public Booth 20107
ACHCM CS.EP

FINLAND
Hewletl-Packard Oy
Revontulentie 7
SF-02100 ESPOO 10
Tel: (90) 455-0211
Telex: 121563 hewpa sf
A,CH,CM,CS.E MS P



SALES & SUPPORT OFFICES

Arranged alphabetically by country

FRANCE
Hewlett-Packard France
Le Ligoures

Bureau de Vente de Aix-en-
Provence

Place Romée de Vileneuve
F- 13090 AlX-EN-PROVERCE
Tek: (42) 58-41-02

Telex: 410770F
ACHOMEMS P
Hewiell-Fackard France
Boile Postale No. 503
F-25028 BESANCON

28 Rue de la Republigue
F-25000 BESANCOR

Tel {81} 83-18-22

CH.M

Hewtetl-Packard France
Bureau de Vente de Lyon
Chemin des Mouilles
Bolte Poslaie No. 162
F-89130 ECULLY Cédex
Tet (78) 33-81-25

Telex: 310817F

A, CH.CM.C3 EMP

Hewlell-Packard France
immeuble France Evry

Tour Lorraine

Boulevard de France
F-51035 EVRY Cédex

Tek (60) 77-96-80

Telex: BO2315F

CME

Hewlett-Packard France

5 Avenue Raymond Chanas
£-38320 EVBENS

Teh (76} 25-B1-41

Teiex: 980124 HP GRENOB EYBE
CH,CM

Hewlett-Packard France
BAliment Ampére

Rue de fa Commune de Paris
Boile Postale 300

F.93153 LE BLAHC MESHIL
Tet {01} 865-44.52

Telex: 211032F

CH.CM 082, M8

Hawleti-Packard France

Le Monlesquiey

Avenue du President JF Kennedy
F-33700 WERIGHAC

Tet: {56} 34-00-84

Telex: 550105F

CH,CM,E, MS

Hewletl-Packard France

32 Rue Lolhaite

F-57000 METZ

Tal: {87) 65-53-50

CH,CM

Hewlett-Packarg France

3 Rue Julien Videment
F-44200 HANTES

Tel: 140) 48-(9-44

CH**

Hewleti-Packard France
Zong Industriefie de Courtaboeuf
Avenue des Tropiques F-91047 Les
Ukis Cédax OBSAY

Tel: (1) 807-78-25

Telex: SOC0ASF

ACHOMCS EMP.P
Hewlel-Packard France
Paris Porle-Maillol 13, 15 25
Boulevard De L' Amiral Bruix
F-75782 PARIS Cédex 16
Tel: (01} 502-12-20

Telex: 613663F

CH.OM MS,P

Hewlelt-Packard France
2 Aee de la Bourgonetie
£-35100 RENNES

Teh (99) 51-42-44

Telex: T40912F
CHOMEMS P
Hewlett-Packard France
08 Avenue da Bretagne
£-78100 ROGEN

Tet {35} 63-57-686 CH™*.CS
Hewlelt-Packard France
4 Rue Thomas Mann
Boile Postale 56
£-67200 STRASBOURG
Tel; {88} 28-56-46

Telex: 89014 1F

CH,CME MS,P*
Hewleit-Packard France
20 Chemin de ia Cépigre
F-31081 TOULOUSE Cédex
Tek: {61} 40-11-12
Taiex: 531636F
ACHCMCSE P
Hewlett-Packard France
Bureau de Vente de Lille
Immeubile Péricenire

Rue Van Gogh

F-BO850 VILLEREYVE D'ASD
Tel: (20) 91-41-25
Telex: 160124F
CH,CM,E MS,P*

GERMAN FEDERAL
REPUBLIC
Hewledt-Packard GmiH
Technisches Blro Berfin
Keithsirasse 2-4

D- 1000 BERLI 30

Tal: (030} 24-90-86

Telex: £18 3405 hpbin ¢
ACHIMEMPR X
Hewlett-Packard GmbH
Technisches Bliro BYblingen
Herrenberger Strasse 110
D-7030 BOBLINGEN

Tel: (07031) 667-1

Telex: 07265739 bhn or 07285743
ACHOMCS EaP P
Hewlett-Fackard GrbH
Technisches Biro Dusseldon
Emanusi-Leulze-Strasse 1
D-4000 DUSSELDORF

Tel {0211} 5971-1

Telex: 0B5/88 533 hpdd d
ACHCMCSEMS P
Hewlell-Packard GmbH
Verlriebszentrale Franifurl
Bemer Sirasse 117
Postiach 560 140

[-6000 FRANKFURT 56

Tei: (0811) 50-04-1

Telex: 04 13249 hpHm d
ACHCMCSEMP R
Hewlett-Packard GmbH
Technisches BUro Hamingg
Kapstadtring §

0-2000 HAMBURG 60

Tel: (040} 638041

Tetex: 21 G3 032 hphh d
ACH.CM.CSEMSP
Hewlelt-Packasd GmpH
Technisches Blro Hannover
Am Grossmark! 6

D-3000 HAKNOVER 31

Tet {0511} 46-60-01
Teiex: 092 3259

A CH.CM.E MSP

Hewlelt-Packard GmbH
Technisches BUro Mannheim
Rosslaver Weg 2-4

D-6800 MANKKEIR

Tel: {621) 70050

Telex: 0462105

ACE

Hewieti-Fackard (Gmbk
Technisches Blro Ney Uim
Messerschmitisirasse 7
D-TO10 HEU ULM

Tel: 0731-70241

Telex: 712816 HP ULM-D
ACE®

Hewletl-Packard GmbH
Technisches Blro Nirnberg
Neumeyerstrasse 90
D-8500 NURNBERG

Tel: (0§11) 56-30-83
Telex: D823 860

CH,CME MS.FP
Hewlell-Packard GmbH
Technisches Blro Miénchen
Eschensirasse 5

D-8021 FAUFKIRCHEN

Tel: (083) 61171

Telex: 0524585

A,CH,CM,E MS,P

GREAT BRITAIN
Hewlelt-Packard |ig.
Trafalgar House
Mavigation Road
ALTRESCHARS

Chesire WA 14 1HU
Tei: {061) 928-6422
Telex: 668068
ACHCSEM
Hewlet-Packard Lid.
Oakfietd House, Oakfield Grove
Ciiftont

BRISTOL BS8 2BN

Tel: 36806

Telex: 444302
CHOMMP
Hewletl-Packard Lid.
14 Wesiey Street
CASTLEFORD

Yarkshire WF10 1AE
Tel (0977} 550016
Telex: 5557355

CH

Hewleit-Packard Lid,
Fourier House
257-263 High Street
LONDON COLKEY
Herts., AL2 HA

Tel: (0727) 24400
Telex: 1-89527 16
CHCSE
Hewlel-Packard Lid
Tradax House, 5t Mary's Walk
HAIDEMNHEAD
Berkshire, $i.6 157
Tel: 0828) 38151
CH.CSEP
Hewietl-Packard Ltd.
308/3 14 Kings Road
READING, Berkshire
Tel 61022

Telex: B4-80-88
CMP

Hewietl-Packard Lid.
Quadrangie

106- 118 Sation Road
REDHILL, Surrey

Tel: {0737} 68655
Telex: 947234 CHCSE

Hewrett-Packarg Lid.
Westminsler House
190 Siratford Read
SHIRLEY, Sofihull

West hiidlands BO0O 384
Tel: (021} T458B0C
Telex: 339105

CH

Hewledl-Packard Lid.
King Street Lane
WINNERSH, Wokingham
Herkshire RG11 5AR
Tei: {0734) 784774
Telex: 847178
ACSEM

GREECE

Koslas Karaynnis S.A.

8 Omirou Streef

ATHENS 133

Tel: 32-30-303, 32-37-37 1
Telex: 271 59 62 AKAR GR
A CHCMOSEMP
PLAISIO 8.A.

G. Gerardos

24 Sicurnara Streef
ATHENS

Tai: 38-11- 160

Talax; 271 9492

P

GUATEMALA

IPESA

Avenida Reforma 3-48
GUATEHALA §

Tel: 318627, 314786
Telex: 4192 TELETRO GU
ACHEMCSEMP

HONG KONG

Hewleti-Packard Hong Kong, Lid.

G.P.C. Box 795

5ih Floor, Sun Hung Xai Cenire
30 Harbowr Road

HOKG KONG

Tel: 5-8323211

Telex: 86678 HEWPA HX

Cable: HP ASIA LTD Hong Kong
ECHCSP

Schmidt & Co. (Hong Kong) Lid,
Wing On Centre, 28ih Floor
Connaught Road, ¢,

HONG KOHG

Tel: 5-455644

Tetex: 74768 SCHIAX HX

AM

ICELAND

Eiding Trading Company inc.
Hafnarnvoli-Tryggvagotu
P.0. Box 895

IS-REYIIAVI

Tel: 1.58-20, 1-63-03

M

MDA

Biue Star Lid.

11 Magarath Road
BANGALORE 560 025
Tel: 55668

Telpx: 0845-430
Cabie: BLUESTAR
ACHCMCSE
Blie Star (.40,
Band Box Wouse
Prabhadevi
BOBBAY 400 025
Tel: 422-3101
Yelex: 11-3751
Cable: BLUESTAR
AM

Biye Star Lid.

Sahas

414/2 Vir Savarkar Marg
Prabhadevi

BOMBAY 400 625

Tel: 422.6155

Telex: 011-4093

Cable: FROSTBLUE

A CHOM CSEM

Biue Star Lid.

Kalfyan, 19 Yishwas Colony
Alkcapuri, BORODA, 380 005
Tel 65235

Cable: BLUE STAR

A

Bhue Star Lid,

7 Hare Sireet

CALCUTTA 700 0071

Tel: 12.04-31

Telex: 021.7655

Cable: BLUESTAR

AM

Blue Star Lid.

133 Kodembalkkam High Road
HADRAS 600 (34

- Tel: 82057

Telex: 041-379
Cabie: BLUESTAR
AM

Blue Ster Lid.
Bhardari House, 7ih/8ih Floors
81 Nehru Place

NEW DELH 110 024
Tei: 682547

Telex: 031-2463
Cable: BLUESTAR

A CHUMCSEM

Biue Star Lid,
15/16:C Wellesley Rd.
PURE 411011

Tel: 22775

LCable: BLUE 5TAR

A

Biue Star [1d.

I-1- 11771 Sarofin Devi Road
SECUNDERABAD 500 033
Tel: 70128

Telex: (155-456G

Cable: BLUEFROST

AE

Blue Star Lid.

T.C. 7/603 Poornima
Maruthankuzhf
TRIVANDRUM 695 G13
Tel 65799

Telex. G884-258

Cable: BLUESTAR

32

INDONESIA

BERCA Indonesia P.T.
P.0.Box 496/KY.

J Abc Muis 62
JAKARTA

Tei: 373009

Telex: 46748 BERSAL iA
Cabie: BERSAL JAKARTA
p

BERCA Indonesia P.T.
Wisma Antara Bldg., 17th floor
JAKAATA

ACSEM

BERCA indonesia P.T.
P.C. Box 174/SBY.

JM. Kutei No. 11
SURABAYA

Tel: 68172

Telax: 31146 BERSAL 5B
Cable: BERSAL-SURABAYA
A EMP



IRAG

Hewlell-Packard Trading S.A.
Mansoor City 98/3/7
BAGHDAD

Tel: 551-48-73

Telex: 2455 HEPAIRAQ K
CH,CS

RELAND
Hewielt-Packard Ireland Lid.
Kestrel House
Clanwitiam Court
Lower Mount Street
DUBLHM 2, Eire

Tel: 880424, 680426
Telex: 30439

A CHCMCSEMP
Cardiac Services Lid.
Kimore Road

Artane

DUBLIN 5, Eire

Tal {01) 351820
Talex: 30439

M

ISRAEL
Electronics Engineering Division
Motorola Israel Lid,
18 Kremensfski Sireot
PO Box 25016
TEL-AVIY 67889
Tel: 3-338073
Telex: 33568 Mot IL
Gable: BASTEL TelAviv
ACHCM,CS.EMP

ITALY

Hewlett-Packard Haiiana S.p.A.
Traversa 98C

Giufio Petrone, 19

1-70124 BARI

Tel: {080} 41-07-44

M

Hewiett-Packard lafiana S.p.A.
Via Martin Luther King, 38/111
-40132 BOLOGHA

Tel: (051} 402394

Telex: 511630

CH,CM,E MS

Hewieti-Packard italiana $.p.A.
Via Principe Nicota 43(/C
-85 126 CATANIA

Tek: {095) 37-10-87

Telex: 70291 CP
Hewlett-Packard #aliana S.p.A.
Via G. i Vitlorie 9

1-20063 CEANUSCO SUL HAVLIGLIO
Tel: {2) 903681

Teiex: 334632
A,CH.CM.CS,E,MP,P
Hewleli-Packard Hakiana $.p.A.
Via Nuova san Hocco A
Capodimonte, 62/A

+-80131 NAPOLI

Tel: (081) 7413544
ACH.OME

Hewlell-Fackard ltailana S.p.A.
viale G. Modugno 33

1-16 156 GENOVA PEGLI

Tel: (010) 68-37-07 EC
Hewielt-Packard Hallana $.p.A.
Vig Turazza 14

1-3510C PADOVA

Tel: (49} 664888

Telex: 430315

A,CH,CM.E M5
Hewleli-Packard lafiana S.p.A.
Viaie C. Pavese 340

1-00144 ROMA

Tel: (06) 54831

Telex: 610514

A.CH,CM,CS E.MS,P"

Hewlelt-Packard Hallana S.p.A.
Corso Giovanni Lanza 94
1-13133 TORINO

Tel: (011} 882245, 658308
Telex: 221079

CH.OME

JAPAN
‘Yokogawa-Hewieit-Packard Lid.
inoue Building

1-1348-3, Asshi-cho

ATSUGI, Kanagawa 243

Tel: {0462} 24-0451

CMC* E
Yokogawa-Hewlelt-Packard Lid.
Sannomiya-Daichi Seimei-Bldg. 5F
69 Kyo-machi Chuo-ku

KOBE 650

Tel: {078} 382-4781

CE

Yokogawa-Hewlett-Packard | Id.
Kumagaya Asahi Yasoji Bidg 4F
3-4 Chome Ysukuba
KUBAGAYA, Sailama 360

Tel: {0485) 24-6563

CH,CME
Yokegawa-Hewlell-Packard Lid.
Mito Mitsui Buitding

1-4-73, San-no-maru

WITC, Ibaragi 310

Tek: {0292} 25-7470

CHLCME
Yokogawa-Hewiett-Packard Lig.
Sumitome Seimet Nagoya Bidg.
11-2 Shimo-sasajima-cho
Nakamura-ku

NAGOYA, Aichi 450

Tel: {052) 571-5171

CH,CM CS.E MS
Yokogawa-Hewlelt-Packard Lid.
Chue Bidg., 4th Fioor

5-4-20 Nishinakafima, 5-chome
Yodogawa-ku

OSAKA, 532

Tel: {(6) 304-607 1

Telex: YHPOSA 523-3624
ACHOM OS5 WP 2*
Yakogawa-Hewletl-Fackard Lid.
3-29-21 Takaide-Higashi 3-chome
Suginami-ku

TOKYO 168

Tel: (03) 331-6111

Tetex: 232-2024 YHPTOK
ALCHCW.CS E P P
Yokogawa-Hewletl-Packard Lig.
3-30-4 Tsuruya-cho
Kanagawa-ku,

YOKOHAHA Kanagawa, 221

Tl {045) 312-1252

CHOME

JORDAN

Mouasher Cousins Company
P.0. Box 1387

ARHAN

Tel: 245907, 39567

Telex: 21456 SABCC JO
CHEMPFP

KENYA

ADCOM Lid., inc.

City House, Wabera Slreet
F.0.Box 30635

KAIROBI

Tel: 331955

Telex: 22639

EM

KOREA

Samsung Electronics
Inausirial Products Div.
76-561 Yeoksam-Dong
Kangnam-Ku

C.P.0. Box 2775

SEQUL

Tel: 555-7555, 555-5447
Telex: K27364 SAMSAN
ACH,CM,CS,F M,P

KUWAIT

Al-Khalidya Trading & Contracling
P.0. Box B30 Safat
Kinwart

Tel: 42-4910, 41-1726
Telex: 2481 Aresg ki
CHEM

Pholo & Cine Equipment
P.O. Box 270 Safat
KUWAIT

Tel: 42-2846, 42-3801
Telex: 2247 Matin

P

LEBANON
G.M. Doimadjian
Achrafiet

P.0. Box 165.167
BEIRUT

Tel: 290293

MP

LUXEMBOURG

Hewleit-Packard Beigium S.A/N.Y.

Bivd de ia Woluwe, 100
Woluwedal

B-1200 BRUSSELS

Ted: (02) 762-32-00
Telex: 23-484 paloben by
ACHEMCSEMPP

MALAYSIA
Hewlelf-Packard Sates (Malaysia)
Sdn. Bhd.

Suite 2.21/2.22
Bangunan Angkasa Raya
Jatan Ampang

KUALA LURPUR

Tel: 483544

Telex: MA31011
ACHEMP*

Frote! Enginesring

Lot 318, Safok Road
P.0.Box 1917

Kuching, SARAWAK

Tel: 53544

Telex: MA 70904 FROMAL
Cabie: PROTELENG

A LM

MALTA

Philip Toledo Lid.
Matabile Rd.

MRIEMEL

Tel: 447 47, 455 66
Telex: MW.645

P

MEXICO

Hawlel-Packard Mexicana, 5.A. de
[

Avenida Periferico Bur No. 65G1
Tepepan, ¥ochimiico

KEXICO CITY 23, D.F,

Tal: {305} 678-4600

Talex: Q17-74-507
ACHLCSEMSP

Hewlett-Packard Mexicana, 5.4, de
G

Rio Voiga 600

Calonia del Valle

HONTERREY, N.L.

Tel 78-42-93, 78-42-40, 78-42-41
Telex: 038-410

CH

MORQCCO
Dolbeau

81 rue Karaichi
CASABLANCA

Tel: 304 1-82, 3068-38
Tolex: 23051, 22822
£

Gerep

2 rue d'Agadir

Boite Postale 166
CASABLANCA

el 272083, 72008
Teiex: 23 739

P

NETHERLANDS
Hewlett-Packard Nederland B.V.
van Heuven Goedharllaan 121
NL $181KK AMSTELVEER

P.0. Box 667

NL T0B0 AR AMSTELVEEN

Tel (20} 47-20-21

Telex: 13216
ACH,CM.CSE MP,P
Hewlelt-Packard Nederland B.V.
Bongerd 2

Nl 2906VK CAPPELLE, A/D ljessel
P.O. Box 41

KLZ900 AA CAPELLE, fjssel

Ted: (10) 51-64-44

Telex: 21261 HEPAC NL
A.CH,CM,CS

Honing en Hartman Electrotechnick
B.Y.

Koperwerl 30

2544 En den Haag

The NETHERLANDS

Tel: 070-210101

Telex: 31528

M

REW ZEALAND
Hewigtt-Packard {N.2.) Lid.
168 Manukau Road

P.0. Box 26- 189

Ensom, AUCKLAKD

Tel: 687-159

Cabie: HEWFACK Auckland
CHEME P
Hewiett-Packard (N.Z.) £1d.
4-12 Sruickshari Strest
Kitbirnie, WELLINGTON 3

P.0. Box 9443

Courteray Place, WELLINGTON
Tet 877-199

Cable: HEWPACK Weltington
CHOMEFP

Northrop Instruments & Systems
Lid

369 Khyber Pass Road
P.0. Box 8602

AUCKLAKD

Tef: 794-0G1

Yelex: BOGGS

AM

Nertfwop Instrumenls & Systems
Lid,

110 Mandevife St.

P.0. Box 8388

CHRISTCHURCH

Tel: 486-928

Telex: 4203
AM

Norihrop Instruments & Systems
Lid

Sturdes House

85-87 Ghuznee Slreet

P.0. Box 2406

WELLINGTON

Taf: B50-081

Talex: NZ 3380
AM

HORTHERY IRELAND
Cardidc Services Company
354 Fipaghy Road South
BELFAST BT 10 OBY

Tel {0232} 625-566

Tolox: 747626

W

HORWAY
Hewlett-Packard Nerge A/S
Folice Bernadoitesvei 50
P.0. Box 3558

N-5033 FYLLINGSBALEH (BERGEN)
Yel: {05} 16-55-40

Telex: 16621 hpnas n
CH.ChE

Hewlett-Packard Norge A/S
Qeslerndalen 18

P.0. Box 34

N-1345 DESTERAAS

Tek (02) 17-11-80

Telex: 16621 hpnas n

A ,CH,CM.E MS,P

OMAN

Khimjl Ramdlas

P Box 19

MUSCAT

Tel 72-82-17, 72-22-25

Telgx: 3289 BROKER MB MUSCAT
2

PAKISTAN

Mushko & Company Lid.
10, Bazar Road

Sector G-6/4

ISLABABAD

Tel: 26875

Cable: FEMUS Rawalpindi
AEM

Mushice & Company {10,
Oosman Chambers
Abautlah Harcon Road
KARACH! 0302

Yol 511027, 512927
Telex: 2894 MUSKQ PK
Cable: COOPERATOR Karechi
AEMP®

PANAMA

Flectrénico Balboa, 8.A.
Calle Samuel Lewis
Aparlaco 4929

Panama 5

Editicic “Alfa" Mo, 2
CIUDAD DF PANAMEA

el 64-2700

Telex: 0383 ELECTRON PG
ACMEMP

D



SALES & SUPPORT OFFICE

Arranged aiphabetically by country

PANAMA (Con’t.)
Folo Inlernacional, S.A.

Free Zone Colon

Aparfado 2068

COLON 3

el 45-2333

Telex: 379 8626, 388 8722
P

PERU

Cla Flectro Médica S.A

Los Flamencos 145, San isidro
Casilla 1030

Lite 1

el 41-4325, 41-3703

Telex: Pub. Booth 25308
ACMEMP

PHILIPPINES

The Online Advanced Systems
Corporation

Rico House, Amorsolo Cor. Herrera
Streat

Legasp! Vilage, Makall

F.0. Box 1510

Metro BANILA

Tel: 85-35-81, 85-34-91, 85-32-21
Telex: 3274 ONLINE

ACHCSEM

Electronic Speciafisis and
Froponents Inc.

690-8 Epifanio de los Sanlos
Avenve

Cubao, QUEZON CITY

F.0. Box 2649 Manila

Tel: 98-95-81, 98-96-82, 98-95-83
Telex: 40018, 42000 ITT GLOBE
MACKAY BOOTH

F

POLAND

Bure informasjfi Technicznef
Hewlell-Packard

Uf Stawki 2, 6F

FLOG-950 WARSZAWA

Tel: 36-59-62, 30-67-43
Telex: 812453 hopa pf

PORTUGAI

SOQUIMICA

Av. da Libedade 220-2
P-1298 LISBOA Codex

Tel: 56 2181, 56 21 82
Telex: 13316
Telectra-fmpresa Téonica de
Equipmentos Eiéclricos S.a.5.1,
Rug Rodrigo da Fonseca 103
F.0. Box 2531

FLISBOR 1

Tel: (19) 68-60-72

Telex: 12598

CHOSEP

Mundinier

Intercambic Mundigl de Comércio
Sar!

P.0. Box 2761

Avenida Anfonio Augusto de Aguiar
138

P-LISBON

Tel: (19) 53-21-31, 53-21-37
Teigx: 16691 munier p

M

PUERTO RICC
Hewlett-Packard Puerto Rico
£.0. Box 4407

CAROLIA, Puerio Rico 0830
Calle 272 Edificio 203

Urk, Coundry Club

RI0 PIEDRAS, Puerto Rico 00924
Tel: (809) 762-7255

Telex: 345 0514

ACHCS

QATAR

Nasser Trading & Conlracting
F.0 Box 1563

POHA

ol 22170

Telex: 4439 NASSER

M

Computearabia

P.0. Box 2570

DORA

fal: 329515

Telex: 4806 CHFPARB
P

ROMANIA

Hewieit-Packard Reprezentanta
Boulevard Micolas Bafcescu 18
BUCUREST!

Tet 130725

Telex: 10440

SAUDI ARABIA

Modern Flectronic Fstablishment
F.0 Box 193

AL-HHOBAR

Tof: 44-678, 44-813

Tolex: 670136

Cable: ELECTA AL-KHOBAR
CH,CS,EMP

Muodern Elecironic Establishment
F.0 Box 1228, Baghdadiah Strest
JEDDAN

Tai- 27.788

Talex, 401035

Cable: FLECTA JEDDAH
CHESEMP

Modern Electronic Estabiishment
P.0. Box 2728

RiYADN

Tol: B2-508, 66-232

Talex; 202049

CHCS.EMP

SCOTLAND
Hewiell-Packard Lid.
foyal Bank Buildings
Swan Street

BRECHIN, Angus, Scotiand
Tek 3101, 3102

CH.CM

Hawletl-Fackard Lid.
SOUTH QUEEMSFERRY
West Lothian, EH30 9GT
GB-Seotland

Tek {031) 3311000
Telex: 72682

ACHCM CSE M

SINGAPORE
Hewilelt-Packard Singapore (Ply.}
Lid.

P.0. Box 58 Alexandra Post Office
SINGAPORE, $115

6th Floar, Inchcape House
450-452 Mexandra Road
SINGAPORE 0511

Tel: 631788

Telex: HPSGSO RS 34209

Cable: HEWPACK, Singapore
ACHCSE MSP

SOUTH AFRICA
Hewlett-Packard South Africa (Ply.)
itd.

P.0. Box 120

Howard Place

Pine Patk Center, Forest Drive,
Pinelands

CAPE PROVICE 7450

Tel: 53-7955, 53-7456, 53-7957
Telex: 57-0006

A, CH,ChE EMSP

Hewietl-Packard South Africa (Ply.)
Lid,

P.0. Box 37009

Cverport

BURBAR 4067

Tel: 28-4178, 28-4174, 28-4110
CH.CM

Hewlell-Packard South Africa (Ply.}
T

£.0. Box 33345

Glenslantia 0010 TRANSYAAL

151 Fioor East

Conslantia Park Ridge Shapping
Centre

Gonslaniia Park

PREFORIA

Tel: 01298-1126

Telex: 32163

CHE

Hewiett-Packard South Africa (Ply.)
Lid.

Privale Bag Wendywood

SANDTON 2144

Tel: 802-5111, 802-5125

Telex: B9-84782

Cable: HEWPACK Johanneshurg
A,CH.CM. CS,E MS,P

SPAIN

Hewietl-Packard Espafiola S.A,
cfEntenza, 321

E-BARCELONA 28

Tei: {3) 322-24-81, 321-73-54
Teiex: 52603 hpbee
ACH,CM,CS E M3 P
Hewletl-Packard Espafiola S.A.
c/San Vicente S/N

Edificio Athia .7 B

E-BILBAG 1

Tei: (944) 423-B306, 423-82C6
A,CH,CME MS
Hewlell-Fackard Espaiola S.A.
Calle Jerez 3

E-HABRID 16

Tel: 458-2600

Telex: 23515 hpe

ACM.E

Hewlelt-Packard Espafola S.A.
o/ Cosla Brava 13

Colonia Mirasierra

E-MADRID 34

Tel: 734-B061, 734-1162
CH.CSM

Hewlett-Packard Espafiola §.A.
Av Ramén y Cajal 1-¢

Edificio Sevilia 1,

E-SEVILLA &

Tel: 64-44-54, 64-44.58
Telex: 72933

ACM.CSMS.#
Hewlelt-Packard Espaficla .4,
C/Ramen Gordille, 1 (Enilo.3)
E-VALENCIA 10

Tek 361-1354, 361-1358
CH,CM.P

SWEDEN

Hewilslt-Packard Sverige AB

Enigheisviigen 3, Fack

P.G. Box 20502

5-16120 BROMMA

Tel {08} 730-0550

Telex: (854) 10721 MESSAGES

Cabie: MEASUREMENTS
STOCKHOLM

A,CH,CM,CS £ MS P

Hewiett-Packard Sverige AB
Sunnanvagen 14K

§-22226 LUND

Tel (46) 13-68-79

Telex: (B54) 10721 (via BRCKMA
office}

CH.C

Hewletl-Packard Sverige AB
Vastra Vintergatan ¢

S-T0244 CREBRG

Tel: (39) 10-48-80

Yelex: (BE4) 10721 (via BROWBAA
office}

CH.GM

Hewlet-Packard Sverige AB
Frolalisgatan 30

$-42132 YASTRA-FROLUNDA

Fel (331} 48-08-50

Telex: (854) 10721 (via BROMMA
office}

CHCME P

SWITZERLAND
Hewlett-Packard {Schweiz) AG
Clarastrasse 12

CH-4058 BASLE

Yel: (61} 33-59-20

ACM

Hewiedt-Packard {Schweiz} AG
Bahnhoherwag 44

3018 BERN

Tel: {031) 56-24-22

CHROM

Hewiett-Packard {Schweiz} AG
47 Avenue Bianc

CH-1202 GENEYA

Tel: (922} 32-30-05, 32-48-00
CHOM.CS

Hewiell-Packard (Schweiz) AG
29 Chemin Chateau Bioc
CH- 1219 LE LIGNOR-Geneva
Tei: (922) 96-03-27

Telex: 27333 hpag ch

Cable! HEWPACKAG Geneva
ACWMEMS P

Hewieti-Packard (Schweiz) AG
Turcherstresse 20

Allmend 2

CH-8967 WIDEN

Tek (57) 50-111

Tetex: 58933 hpag ch

Cabie: HPAG CH
ACH.OM,CS E MS,P

SYRIA

Gengral Elecironic inc,

Nuri Basha-Ahnai Ebn Kays Street
P.0. Box 5781

DABASCUS

Tal: 33-24-87

Telex: 11215 ITIKAL

Cabie: ELECTROBOR DAMASCUS
E

Middle Eas! Eleclronics

Flace Azmé

Boile Poslaie 2308

DAMASCUS

Tel: 334592

Telex: 11304 SATACO SY

P

TAIWARN

Hewlett-Packard Far East Lid.
Kaohsitng Office

2/F £8-2, Chung Cheng 3rc Road
KAOHSIUKG

Tel: 241-2318, 261-3253
EMS.P

Hewlett-Packard Far £ast Lid.
Taichung CHlice

#33, Cheng Tr RS,

10th Floor, Room 5
FAICHUNG

Tel: {042) 2897274

Hewlelt-Packard Far East Lid.
Taiwan Ctfice

5th Floor

7205 Tun Hwe Morth Road
YAIBEI

Teld02) 751-0404
Cabile:HEWPACK Taipei
ACHCSE MSP

Ing Lih Trading Co.

3rd Floor 18, Pp-Af Road
TAIPELH( 100}

Tei: (08} 311-1914
Cabie: IMGLH TAIPET

A

THAILAND

Unimesa

30 Patpong Ave., Suriwong
BANGKOK 5

Tel: {234-081) (234-092)
Telex: TH 81160, TH 81038
Cable: UNBSESA Bangkok
ACEM

Bangkok Business Equipment {,1d.
5/5-6 Dejo Road

BANGHOK

Tel: 234-8670, 234-8671
Telex: 87669-BEQUIPT TH
Cabis: BUSIOUIPT Bangkok
P

TRINIDAD & TOBAGO
Caribbean Telecoms Li),

SO/A Jerninghar Avenge

P.0. Box 732

PORT-OF-BPAY

Tel: 624-4213, 624-4214
Telgx: 3235, 3272 RIGCO WG
ACMEMP

TUNISHA

Tunisie Elecironique

31 Avenve de la Liberte
TUNIS

Tel: 280- 144

EF

Corema

1 fer. Av. de Carthage
TUNIS

Telr 253-821

Telex: 12318 CABAM TN
M

TURKEY

Teknim Company Lid.
Iran Cadvlesi No. 7
Kavaklidere, ANKARA
Tel: 275800

Telex: 42155

£

EMA

Medina Fidem Sokak Mo.41/6
Yuksel Caddesi
ARKARA

Tel: 175 822

MP

LIMITED ARAR EMIRATES
Emitac Lid.

P.O. Box 1641

SHARJAH

Tel: 354121, 354123

Telgx: 68136 Emitac SL
CHECS.EMP



UNITED KINGDOM
goo: GREAT BRITAIN
NORTHERN IRELAND
SCOTLAND

UMITED STATES

Alabama
Hewleti-Packard Co,
700 Century Park South
Suite 128

BIRMINGKAM, AL 35226
Tel: {205} 822-6802
£H,Chi P
Hewdetl-Packarg Co.
P.0. Box 4207

8200 Whitesburg Drive, $.£.
HUMTSVILLE, AL 35802
Tek 1205) 861-4501
GH,CM,CS.E "

Algske

Hewlett-Packard Co.

1577 “C" Skee!, Suile 252
ANCHORAGE, AK 99510
Tel: {206} 454-3971
CH"CM

Arizona
Hewieli-Packard Co.
2336 £asl Magnolia Street
PHROERI, AZ 85034

Teh (B02) 273-8000
ACH,CH CS.E M3
Hewiett-Packard Co.
2424 East Aragon Road
TUCSOK, AL 85702

Tek (602} BRY-4631
CHOMEMS' "

Arkansas

Hewleti-Packard Co.

P.0. Box 56846

Brady Station

LITTLE AOCK, AR 72215

Tel: {501) 376- 1844, (501} 664-
8773

O, M8

California
Hewleti-Packard Co,

99 South Hill Or,
BRISBANE, CA 94005
Tek: (415) 330-2500
CH,CM.CS
Hewlett-Packard Co.
7621 Canoga Avenue
CANOGA PARK, CA 81304
Tel: {213) 702-8300
ACHOMCSER
Hewlelt-Packard Co.
1579 W. Shaw Avenug
FRESHO, CA 53771

Tel: (209) 224-0582
CMMS

Hewiett-Packard Co.
1430 East Orangethorpe
FULLERTON, CA 92631
Tek: (7 14) 670-1000
CH,CM,CS.EMP
Hewleli-Packard Co.
5400 W. Rosecrans Boulevard
LAWNDALE, CA 90260
P.0. Box 52105

105 ANGELES, CA 90009
Tel: {213) 970-7500
CH,CM,CS MP
Hewlett-Packard Co.
3939 Lankershim Blvd,
MORTH HOLLYWOOD, CA 91604
Tel: (213) 8771282
Regional Headquarlers

Hewlell-Packard Co,

3200 Hilview Avenue
PALO ALTD, CA 94304

Tel: (415) B57-8000
CHOMCCSE
Hewlelt-Packard Co.

£46 W, Norlh Market Boutevard
SACRAMENTO, CA 85834
Tek (916) §29-7222

A" CH.OM,CB.EMS
Hewietl-Packard Co.

89606 Aero Drive

F.C. Box 23333 SAK DIEGD, CA
92123

Tel {714) ¢79-3200
CH.CM.GS E MP
Hewieli-Fackard Co.

Suite A

5583 Hoilister

SANTA BARBARA, CA 93111
Tel: (805} 964-3390

Hewletl-Packard Co.
3003 Scott Boulevard
SANTA CLARA, CA 95050
Tel: (508} 986-7000

A CHEMCS EMP

Coloredo
Hewiell-Packard Co.

24 Inverness Place, East
ENGLEWOOD, GO B 112
Tek (303) 771-3455
ACHCM CSEMS

Connecticut
Hewlelt-Packard Co.

47 Barnes industrial Road South
P.G. Box 5007

WALLINGFORD, £T (6402

Tel: {203) 265-7801
4,CH,CM,CS.EMS

Fiorida

Hewlett-Packard Co.

P.0. Box 24210

2727 NW. B2nd Street
FORT LAUDERDALE, FL 33308
Tel: (305} 973-2600
CH,CM,CS,E, WP

Hewlefl-Packarg Co.
408G Wocdcock Drive, #1132
Browne# Budiding
JACKSONVILLE, FL 32207
Tel: {804) 398-G663
CM,G*E* MS**
Hewrlelt-Packard Co.
P.G. Box 13810

6177 Lake Elienor Drive
ORLANDY, FL 32809

Tek: (305) 858-2960
ACHUM.CSEMS
Hewletl-Packard Co.
6425 N. Pensacola Blvg.
Suile 4, Building 1
PENSACOLA, FL 32575
Tel: {304) 476-8422
ACMMS
Hewiati-Packard Go.

113 South Hoover, Suite 120
Vanguard Bidg.

TAMPA, FL 33800

Tel: (813} 872-0800

AT CHCM,CS.E* M*

Georgla
Hewlgil-Packarg Co.
P.O. Box 195005
2000 South Park Place
ATLANTA, GA 30339
Tel: (404) 955- 1500
Telex: 810-766-4B90
ACH,CM CSE MP

Hewlett-Fackard Co.
Executive Park Suite 308
#.0. Box 818

ALGUSTA, GA 30907

Tel (404 T36-0502
HEATES

Hewilett-Packard Co.

P.0. Box 2103

1172 N. Davis Drive
WARRER HOBIKS, GA 31008
Tel: (812} §23-8831

CM.E

Hawrall

Hewieti-Packard Ca.
Kawaiahao Flaza, Suite 180
567 South King Streel
HONOLULY, HI 98813

Tel {808) 526-15565
ACHOMEMS

idaho

Hewlelt-Packard Co.
11311 Chinden Boulevard
BOISE, D 83707

Te!: {208} 376-6000
CH,CM MY

Hinois
Hewietl-Packard Co.
211 Prospen! Road
BLODMIKGTON, IL 61701
Ted: {309) 6683-0383
GHEM MG
Hewlett-Packard Co.
1100 J1si Street
DOWHERS GROVE, It 60515
Tek: (312} 860-5760
CH.CM.CS

Hewietl-Packard Co.

5201 Tolview Drive
ROLLING MEADOWS, 4. 60008
Tek {312) 255-9800

A CHOMGSEMP

indlana

Hewlelt-Packard Co.

P.0. Box 50807

7331 No. Shadeland Avenue
(KDIAKAROLIS, IN 46250

Tel: (317) 842-1000
ACHCMESEMS

lowa
Hewiett-Packard Co.
5815 8.W. Bth Streel
DES HOIRES, 1A 50315
Tek: {515} 243-5876
CHOMMS ™"

Hewietl-Packard Co.
2415 Heinz Road
10WA CITY, 1A 52240
Tel: (319} 351-1020
CH.OME™ WS

Kaneas
Hewilett-Packard Co.
1644 8. Rock
WICHITA, KA 67207
Tel: {318) 265-5200
CH.CM

Keniucky
Hewlett-Packard Co.
10170 Linn Station Road
Suite 525

LOWSVILLE, KY 40223
Tel: (502) 426-0100
ACHLOMCEMS

Loulslana
Hewletl-Packard Co.
0. Box 1448

3228 Willlams Boulevard
KEMMER, LA 70062

Tel: (504} 443-B201
ACHCM.CSEMS

Riaryland
Hewtet-Packard Co.
7121 Standard Drive
HANOVER, D 21078
Tel: (3071) 786-7700
A, CHEOM.CS.EMS
Hewieit-Packard Co.
2 Choke Cherry Hoad
ROCKVELE, MD 20850
Tek {301} 948-6370
Telex: 710-828-9685
ACH,CM,CS EMP

Massachusetts
Hewiett-Packard (o.
32 Hartwelt Avenue
LEXINGTOH, MA 02173
Tet: {617} 861-8860
ALCH,CM,CS .E MP

fichigan
Hewlell-Packard Co.
23855 Research Drive
FARMSNGTON HILLS, M 48024
Tai: {313) 476-6400
A,CHCM,CS,E MP
Hewletl-Packard Co.
4326 Cascade Road SE
GRAND RAPIDS, MI 43506
Tel: (816) 957-1970
CH,OM,CS NS

Minnesota
Hewlelt-Packard Go,
2025 W. Larpenteur Ave,
ST, PAUL, MN 55113

Tel: (612) 644-1100
A,CH.CM,CS E MP

lesizsippl
Hewlett-Packard Co.
P.G. Box 5028

322 N. Mari Plaza
JACKSON, MS 36216
Tek {801} 982-9363
CMMS

Missourt
Hewlett-Packard Co.
11131 Colorado Avenue
KANSAS €Ty, MO 64137
Tel: (B16} 763-800C
Telex: 910-771-2087
ACHCMESEMS
Hewlell-Packard Ca.
1024 Execulive Parkway
ST. LOUIS, MO 83141
Tel (314} 878-0200
ACH,CM,CS.EMP

Nabraska
Hewiett-Packard

7101 Mercy Road
Suite 101, 18X Building
OMAHA, NE 68106

Tel {402) 392-0048
M MS

Nevada
Hawlett-Packard Co.
Suite 0-130

5030 Paradise Bivd,
LAS VEGAS, NV BG119
Tel: {702) 736-6610
CMMS* -

New Jarsey
Hewlett-Packard Co.
Cryslal Brook Professionai Buiiding
Route 35

EATONTOWH, NJ 07724
Tel (201) 542-1384
AT CMC BT P
Hewlel-Packatd Co.
W120 Cenlury Road
PARAMUS, NJ 07852
Tet: {201) 265-5000
ACHOM S E WP

B

Hewlelt-Packard Co.

80 New England Av. West
PISCATAWAY, NJ 08854
Tel {201) 981-1159
A,.CH.OMCS E

New Mexico
Hewiell-Packard Co.

P.0. Box 11634

11300 Lomas Bivd N.E.
ALBUQUERQUE, NM 87123
Tak {608) 292-1330
Teiex: 910-989-1185
CH,CM,CS.E M3

Hew York
Hewlett-Packard Co.

5 Computer Drive South
ALBANY, NY 12205

Tel: (518} 458. 1550
Telex: 716-444-4691
ACH.CM.E MS

Hewietl-Packard Co,
9600 Main Street
CLARENCE, NY 14031
Tel: (716) 759-8621
Telex: 710-523- 1593
CH

Hewleli-Packard Co.

200 Cross Keys Office
FAIRPORT, NY 14450

Tek (718) 223-9950
Telex: 510-253-0092
CH,CM.CS.E MS
Hewleit-Packard Co.

No. 1 Pennsylvania Plaza
551h Floor

341h Street & Bih Avenue
NEW YORK, NY 10118
Tel: {212} 97 1-0800
CH.CM,CS B "

Hewietl-Packard Co,
5858 Fast Moiioy Road
SYRACUSE NY 13211
Tei: {315) 455-2486
ACHOMEMS
Hewlelt-Packard Go.

3 Crossways Park Wesi
WOODBURY, NY 11787
Tel: (516) 921-0300
Telex: 510-221-2183
ACHCM.CS EMS

Korth Cerolinz
Hewistt-Packard Co.
P.C. Box 15570

2805 Guess Road (27705)
DURHAM, NC 27704

Tel: (919} 47 1-B466
.M

Hewletl-Packard Co.
5605 Roanne Way
GREENSBORO, NC 27408
Tel: {810) BA2- 1800
ACH.OM.CS.EMS

Chio
Hewletl-Packard Co.
8920 Carver Road
CIHCHRATE OH 45242
Tet {613} BO1-9870
CH.CM 55 M3
HewlattPackard Co.
18500 Sprague Road
CLEVELAND, OH 44130
Tel: (216} 243-7300
Telex: 810-423-8430
ACHOMCSEMS
Hewlett-Packard Co.
962 Crupper Ave,
COLUMBUS, OH 43229
Tel: (614) 436- 1041
CHOMCSE!



SALES & SUPPORT OFFICES

Arranged alphabetically by country

Chio {Con't)
Hewletl-Packard Co.
330 Frogress Rd,
DAYTON, (H 45449
Teb: (513} 858-8202
ACHOME" MS

Okiahoma
Hewlett-Packard Co.

P.C. Box 366

1503 W. Gore Bivd., Suile #2
LAWTON, OK 73502

Tel: {405} 248-4248

C

Hewiell-Packard Co.

P.0). Box 32008

304 N, Meridan Avenue, Sulta A
OKLAHOMA CITY, OK 73107
Tel: {405} 946-9499

AT CHOME" MS
Hewletl-Packard Co.

Suite 121

9920 E. 42nd Sireel

TULSA, OK 74145

Tel: (918) 665-3300

At CHCMCS M-

Oregon
Hewietl-Packard Co.

1500 Valley River Drive, Suilte 330

EUGENE, OR §7401

Tel: (503) 683-8075

C

Hewleh-Packard Co.
9255 §. W. Pioneer Court
WILSONVILLE, OR 97070
Tel: {503} 682-8000

A CH.CM,CSE* MS

Panngylvania
Hewlelt-Fackard Co.

1021 Bih Averue

King of Prussia Industrial Park
KING OF PRUSSIA, PA 19406
Tel {215) 263-7000
Telex: 510-660-2670
AGH,Ch.CS E NP
Hewlet-Packard Co.

111 Zeta Drive
PITTSBURGH, PA 15238
Yel: {412) 782-0400
ACHOMOS E WP

South Carolina
Hewlell-Packard Co.

P.0O. Sox 6442

694 1-0 N. Trenhoim Road
COLUEBIA, 56 28260
Tel: (B33} 782-6493
CH,CMEMS
Hewiett-Packard Co.

814 Wade Hamplon Blvd.
Suile 10

GREENVLLE, SC 20609
Tel: {803) 232-0817

c

Tennassee
Hewletl-Packard {o.
P.0. Box 22480

224 Peters Road
Suite 102

KNOXVILLE, TN 379822
Tet: (615} 691-2371
A CH,.CMMS
Hewleti-Packard Go.
3070 Directors Row
HEMPHIS, TN 38131
Tet: (901} 346-8370
ALH.CMMS
Hewleti-Packarg Co.
Suite 103

478 Craighead Stregt
WASHYILLE, TN 37204
Tel: {615) 383-9138
Chi,MS**

Texas
Hewleft-Packard Co.
Suite 310W

TBOG Shoaloreek Blvd.
AUSTIR, TX 78757

Tel: (512) 459-3143
CM.E

Hewleli-Packard Co.
Suile C-110

4171 North Mesa

EL PASO, TX 78902
Tel: {816) 533-3555
CHOME" M5
Hewielt-Packard Co.
5020 Mark IV Parkway
FORT WORTH, TX 76106
Tek: (B17) 625-8361
[T Roll
Hewlell-Packard Co.
£.0. Box 42816
#0535 Harwin Street
HOUSTON, TX 77038
Tel: (713) 776-8400
ACHCM.CS EMP

Hewieli-Packard Co.
3308 671h Streel

Suite 24

LUBBOCI, TX 79413
Tel: {B06) 795-4472

4

Hewlett-Packard Co.
P.0. Box 1270

930 E. Campbett Ad.
RICHARDSOK, TX 75081
Tel (214) 231-6101
A,CH.CM,CS E,MP
Hewletl-Packard Co.
205 Bilty Mitchell Road
SAN ANTONID, TX 78226
Tel: (512} 434-8241
CH,CM,CS,EMS

Utah

Hewletl-Packard Co.

3530 W. 2100 South Street
SALT LAKE CITY, UT BA11G
Tel: (801) 9741700
A,CH.CM,CS.E MS

Virginig

Hewiett-Fackard Go.

P.0. Box 9669

28714 Hungary Spring Road
RICHMIOND, VA 23228

Tek: {804) 285-3431
A,GH,CM,CSE MS
Hewleit-Packard Co.

P.0. Box 4768

3110 Pelers Creek Road, N.W.
ROAMOKE, VA 24015

Tet; (703) 563-2205
CHOME" "
Hewielt-Packard Go,

£.0. Box 12778

5700 Thurston Avenue
Suite 111

YIRGIKIA BEACH, VA 23455
Tel: (804) 460-247 1
CH,CM,MS

Washington
Hewietl-Packard £0.
15815 S.E. 37ih Street
BELLEYUE, WA 98006
Tel: {206) 643-4000
A,CH,CM,CS E.MP
Hewiglt-Packard Co.
Suite A

708 North. Argenne Road
SPOKANE, WA 98206
Tel: (509) 922-7000
CH.CM,CS

West Virginia
Hewletl-Packard Co.

4604 MacCorkle Ave., S.E.
CHARLESTOK, WV 25304
Tek {304} 825-0482

ACM MS

Wisconsin
Hewlelt-Packard Co.

180 8. Sunny Slope Road
BROOKFIELD, Wi 53005
Teb {414) 784-8800
ACHCMCSE* MP

URUGLUAY

Fablo Ferrando S.A.C. el
Avenida lalis 2877

Casila dg Correo 370
MONTEVIDED

Tel: 80-2586

Telex: Public Booth 901
ALMEM

Guillermo Kratl def Urguay S.A,
Av. Lib. Brig. Gral Lavallejs 2083
MONTEVIDED

Tel: 234588, 234808, 208830
Telex: 6245 ACTOUR LY

P

U.8.8.R,

Hewielt-Packard Co.
Representative Cffice
Pokrovsky Bivd. 4/17 KV12
MOSCOW 101000 Tel: 294.2024
Telex: 7825 HEWPACK SU

VENEZUELA

Hewleil-Packard de Venezuela C.A.
Apartade 50933

3A Transversal Los Ruices Norte
Edificio Segre

CARACAS 1071

Tel: 239-4133

Telex: 25148 HEWPACK
ACHCS,EMSP

YUGOSLAVIA
Iskra-Commerce-Representalion of
Hewielt-Packard

Sava Cenlar Delegaciia 30

Mientia Popovica 9

11170 BEOGRAD

Tel: 638-762

Telen: 12042, 12322 YU SAV CEN
Iskra-Commerce-Representalion of
Hawigli-Packard

Koprska 46

61000 LIUBLIANA

Tel: 321674, 315878

Talex:

ZAIRE

Computer & Industrial Engineering
25 Avenwe de ia Justice

AP 10-876

Kinshasha I/ Zaire

GOMBE

Tel: 32063

Telex: 21-457 SGEKIN ZR

CHCS

ZIMBABWE

Field Technical Sales
45 Kelvin Road, North
P8 3458

SALISBURY

Tel: 705 231

Telex: 4-122 RH
CEMP

FOR COUNTRIES AND
AREAS HOT LISTED:

CANADA

Ontario

Hewlelt Packard (Canada) Lid.
6877 Goreway Drive
MISSISALGA, Ontario LAV 1M8
Tel: (416) 678-9430

Telex: §10-452-4248

EASTERN USA
iaryland
Hewlett-Packarg Co,
4 Choke Cherry Road
Rockyille, MD 20850
Tel: (301) 258-2000

MIDWESTERN USA
inois

Hewlett-Packard Co.

5201 Toliview Drive
ROLLING MEADOWS, | 60008
Tal: (312} 255-9800

SOUTHERN USA
Gaorgia
Hewletl-Packard Co.

P.0. Box 105085

450 Inlerstale N. Parkway
ATLANTA, GA 30339

Tal: {404) §55-1500

WESTERN USA
California
Hewlett-Packard Co.
3939 | ankersim Bivd,
LOS ANGELES, CA 91604
Tel {213) 877-1282

EUROPEAN AREAS NOT
LISTED, CONTAGT
SWITZERLAND
Hewletl-Packard S.A.

7 Rue du Bois-du-Lan

CH- 1217 MEYRIN 2, Swilzerland
Tet (022) 83-81-11

Telex: 27835 hpse

Cabie: HEWPACKSA Geneve

EAST EUROPEANM AREAS
NOT LISTEDR, CONTACT
AUSTHIA

Hewlelt-Packard Ges.m.b.h.
Wehiistrasse 29

P.G. Box 7

A-1205 VIENKA

Tei: (222) 35-16-210

Teiex: 135823/135066

MEDITERRANEAN AND
MIDDLE EAST AREAS
MOT LISTED, CONTACT
GREECE

Hewleti-Packard S.A.
Mediterranean & Middle East
Operations

32 Kifisias Ave.

Alrina Center

PARADISOS, Amaroussion

Tel 808-1741-4

Telex: 21-8588 HPAT GR
Cable: HEWPACKSA Athens

INTERNATIONAL AREAS
NOT LISTED, CONTACT
OTHER AREAS
Hewielt-Packard Co.
intercontinenial Headquarters
3495 Peer Creek Road

PALO ALTO, A 84304

Tel: (415) 857-1501

Telex: 034-8300

Cable: HEWPACK

FOR COUNTRIES AND
AREAS NOT LISTED,
CONTACT:

AFRICA

MORTHERM AND CENTRAL
AFRICA

SWITZERLAND
Hewiell-Packard S.A.

7 Rug du Bois-du-Lan
CH-1217 MEYRIN 2, Swiizeriand
Tek: {022) 98-96-51

Telex: 27835 hpse

Cabie: HEWPACKSA Geneve

ASIA

HONG KONG
Hewdetl-Packard Asia Ltd.

6if Floor, Sun Hung Kat Senter
30 Harber Rd.

G.P.O. Box 795

HONG KONG

Tel: 5-832 3211

Telex: 66678 HEWPA MX

Cablg: HP ASIA LTD Hong Kong

EURCPE
EASTERN EUROPE

AUSTRIA
Hewlett-Fackard Ges.m.b.h.
Wehlistrasse 28

P.O8ox 7

A-1205 VIEHNA

Tel: (222) 35-16-210
Telex: 135823/135066

NORVHERN EUROPE

THE NETHERLANDS
Hewlett-Fackard S.A.
Uilenstede 475

NL-1183 AG AMSTELYEEN, The
Netherlands

P.0.Box 898

NL-11B0 AZ AMSTELVEEN, The
Netherlands

Tel 20 437771

SOUTH EASTERN EUROPE

SWITZERLAMND
Hewlett-Packard S.A.

7 Rue du Beis-du-Lan

CH-1217 MEYRIN 2, Switzerland
Tel: {022} GB-06-51

Talax: 27835 hpse

Cabie: HEWPACKSA Geneve
{Offices in he Worid Trade Center)

MEDITERRANEAN AND
MIDDLE EAST

GREECE

Hewlelt-Packard .4,
Meditsrranean and Middie Fasl
Operations

Alring Centre

32 Kifissias Ave.

Amaroussion, ATHENS, Greece
Tel: 808-0359 808-0429
Telex: 21-6588

Cable: HEWPACKSA Athens

OTHER INTERNATIONAL
AREAS

_Hewlett-Packarg Co.

Intercontinental Headquariers
3495 Deer Creex Road

PALO ALTO, CA 54304

Tek (415) 85T-1501

Telex: 034-8300

Cable: HEWPACK

Auguet 4981 5852-8000

g/20/81



