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CERTIFICATION

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

WARRANTY

This Hewlett-Packard product is warranted against defects in material and workmanship for a period of one year
from date of shipment [,except that in the case of certain components listed in Section 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.

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

LIMITATION OF WARRANTY

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

NO OTHER WARRANTY 1S 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.
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SAFETY SUMMARY

The following general safety precautions must he observed during all phases of oparation, service, and repair of this
instrumant. Failure to comply with these precautions or with specific warnings elsewhere in this manual violates
safaty standards of design, manufacture, and intended use of the instrument. Hewlett-Packard Company assumes no
liability for the customer's failure to comply with these requirements. This is a Safety Class 1 instrument,

GROUND THE INSTRUMENT

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

DO NOT OPERATE IN AN EXPLOSIVE ATMOSPHERE
Do not operate the instrument in the presence of flammable gases or fumes. Operation of any

electrical instrument in such an environment constitutes a definite safety hazard.

KEEP AWAY FROM LIVE CIRCUITS

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

DO NOT SERVICE OR ADJUST ALONE
Do not attempt internal service or adjustment unless another person, capable of rendering first
aid and resuscitation, is present.

DO NOT SUBSTITUTE PARTS OR MODIFY INSTRUMENT

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

DANGEROUS PROCEDURE WARNINGS

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

l WARNING l

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




SAFETY SYMBOLS

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

Instruction manual symbol: the product will be marked with this
A 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
L on @ 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
/%7 R | the equipment which normally includes all exposed metal struc-

tures.
Y, Alternating current (power line).
p—— Direct current {(power line).
~ Alternating or direct current {(power line).

' 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 attention to an

ibCAUTION operating procedure, practice, condition or the like, which,if not
4 3 .
{ 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 Hewlett-Packard Model 3456A Digital
Voltmeter.

NOTE

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

1-3. 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.

1-6. 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 AUTO
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 3456A 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 1-1 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 AND 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. OPTIONS.

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
Option 910: Additional Set of Manuals

1-18. ACCESSORIES SUPPLIED.

1-17. The 3456A is supplied with a 3/8 amp, 250V fuse
for the 220V and 240V power line voltages.

1-1



General Information

1-18. ACCESSORIES AVAILABLE.

1-19. The following is a list of available accessories for
the 3456A:

Accessory No. Description

Model 3456A

1-20. SAFETY CONSIDERATION.

1-21. The 3456A is a safety class 1 instrument (provided
with a protective earth connection). The instrument and
manual should be reviewed for safety symbols and in-
structions before using.

10631A  HP-IB Cable 1 Meter (39.37 in.) 1-22. RECOMMENDED TEST EQUIPMENT.
10631B HP-IB Cable 2 Meter {(78.74 in.)
10631C  HP-IB Cable 4 Meter (157.48 in.) 1-23, Required equipment to maintain the Model
106310  HP-IB Cable 0.5 Meter {19.69 in.) 3456A is listed in Table 1-2. Other eguipment 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 IV of the
‘and Alligator Operating and Service Manual.
34111A  High Voltage Probe (40 kV dc)
44414A 4 Thermistors
Table 1-1. Specifications.
DC VOLTAGE
Input Characteristics
Maximum . Maximum
Reading Resolution input Input
Range (6 digit) 6 Digit § Digit 4 Dipit Resistance Voltaga
0.1v | 119999V 100 nv 1 aV 10 4V > 10190 | + 1000V
1.0V 1.19999V 1 uV 10 pv 100 uV > 1090 peak
10.0v 11.8999v 10 Vv 100 uV mv > 1010
100.0V | 119,989V 100 pV 1mv 10mv | 10MZ+.5%
1000.0V 1000.00v Ty 10mv 100mvy 10M1+.5%
Guard to Chassis: + 500V peak
Guard to Low: + 200V peak
Measuretnant Accuracy: + (% of Reading + Number of Counts).
Auto-zero on and filter off,
24 hours; 23°C £ 1°C
Range 8 Digit (= 10 PLC*) 6 Digit {1 PLC} 5 Digit (.1 PLE) 4 Digit (.01 PLC}
0.1V 0022 + 24 0.0024 + 32 0.007 + 14 0.06 + 3
1.0V 0.0009 + 4 00012+ & 0.007 + 23 0.06 + 2
10.0V 0.0008 + 2 0.0011 + 3 0.007 + 2 0.06 + 2
100.0v 0.0011 + 3 0.0014 + 4 0.007 + 2 0.06 + 2
1000.0\1 0.0011 + 2 0.0013 + 3 0.007 + 2 0.068 + 2
80 Day: 23°C t 5°C
Range 8 Digit (= 10 PLC) 6 Digit {1 PLC} 5 Digit (.1 PLC} 4 Digit (.01 PLC)
0.1V 0.0034 + 24 0.003b + 32 0.008 + 14 0.06 + 3
1.0V 0.0024 + 4 0.0025 + 5 0.007 + 3 0.06 + 2
10.0V 0.0023 + 2 0.0024 + 3 0.007 + 2 0.06 + 2
100.0V 0.0026 + 3 0.0027 + 4 0.007 + 2 0.06 + 2
1000.0\1 0.0024 + 2 0.0025 + 3 0.007 + 2 0.06 + 2
YAdd .012 (Inp_m_v_c-ltﬂ) 2% to % reading.
1000
> 90 days: 23°C + 6°C
Add + .0006% of Reading/month to 90 day accuracy.




Model 3456A General Information

Table 1-1. Specifications (Cont'd).

Temperature Coefficient: (5 digit}2 = (% of Reading +
Number of Count)/°C

Range 0.1v 1.0V 10.0v 100.0V 1000.0V

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

Auto-Zero OFF: (& digit]2
For a stable environment + 1°C, add 10 counts for .1V rangs, 1

count for 1V and 100 ranges, and .1 count for 10V and 1000V
ranges.

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

Noise Rajection (dB)

Filter ON: Rejection is > 60 dB at 50 Hz. Add 2V for .1V, 1.0V Integration Time

and 10V range and 200 xV for 10V and 1000V range. in Power Line AC.2  Aga 115
Cyclas (PLC) NMR ECMR4 ECMA?
2For § digits, muitiply counts by 10
For 4 digits, multiply counts by .1 .01 PLC or .1 PLC 0 90 140
> 1PLC 60 150 140

Response Time:

Filter OFF - For defauit delay {0.0 seconds), erroris < 0005 % of
input voltage step.

> 1 PLC with Filter 120 160 140

*Integration in POWER LINE CYCLES

3For 50, 60 Hz {(depending on option) £ .09%.
41 K unbalance in Lo

AC RMS VOLTAGE

Input Charactaristics

. Maximum Resoluti Maximum
Reading esolution Input tnput
Range {5 Digit} & Digit 5 Digit 4 Digit Impedance Yoltage
1.0V 1.19999v 1V 10 uV 100 pv 1M +.5% + 1000V
10.0V 11.9999v 10 uV 100 uv 1mV shunted by paak
100.0v 119.999V 100 pV 1mVv 10mV < 7bpF {700V rms)
1000.0V 700.00V imv 10my 100mvV 108vHZ
Guard to Chassis: + 500V peak
Guard to Low: + 200V paak
Measuremant Accuracy: = (% of Reading + Number of Counts}
Auto-zero on, > 1% of full scale, and DC component < 10% of
AC Component.
For inputs > 500V rms add .07% of reading.
24 hours: 23°C £ 1°C
Frequency in Hz
Integration Time
In Power Lina Filter Off — 400-20k 2Dk to 5Ok 50k to 100k | 100k to 250k
Cyclas (PLC) 20 10 30 30-20k 20k to 50k 50k to 100k 1100k to 250k
6 Digit (= 1 PLC) .33 + 300 .05 + 5850 | .15 + 1500 | .63 + 2700 | 5.0 + 6300
5 Digit (.1 PLC) .34 + 33 .06 + 55 .16 + 160 .54 + 270 5.0 + 630
4 Digit (.01 PLC) 39 +5 A1 + 7 21 + 17 .59 + 29 5.1 + 65

r
.
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General Information

Model 3456A
Table 1-1. Specifications (Cont'd).
90 day: 23°% £ 5°C
Freguency in Hz
Integration Time
in Power Line Filter Off-- 400-20k 20k to 50k B0 k to 100k | 100k o 250k
Cycles (PLC} 20 to 30 30-20k 20k to 50k 50k to 100k 1100k to 2504
6 Digit {= 1 PLC) .35 + 500 07 +700 | 17 + 1700 | .65 + 2800 | 5.0 + 6500
5 Digit {.1 PLC) 36 + 63 .08 + 73 .18 + 173 .66 to 293 5.0 + 853
4 Digit (.Q1 PLC) 41 + 7 A3 + 9 23 +19 81 + 31 5.1 + 67
'Frequencies > 100 kHz are specified for 1.0V and 10V ranges only.
> 90 day: 23°C + 5°C (5 digit)<
Add + {.004% of Reading + 12 counts)/month to 90 day accuracy.
Temperatura Coefficient: (5 digit)?
+ {% of Reading + Number of Counts)/°C
+ {.00B +6)/°C for DC component < 10% AC component
+ (.008 + 12)/°C otherwise
2For 6 digit, multiply counts by 10.
For 4 digit, multiply counts by .1.
DC Component > 10% of AC Component: (5 digit)2
Add *+ (.05% of Reading + 50 counts) to accuracy.
Crest Factor: > 7 at full scale.
Common Mode Rejection {1k} unbalance in Lo} > 90 dB ©C to
60 Hz
Aute-Zoro Off: For stable environment + 1°C na accuracy
change.
Defauit Delays:
Filter Off - .06 seconds
Fitter On - .80 seconds
Response Time: For default delay, error is < .1% of input voltage
stap.
RESISTANCE
input Charactaristics
Maximum Current Maximum Maximum
Reading Resolution Through Valid Reading | Open Circuit
Range {6 Digit) 6§ Digit § Digit 4 Digit Unknown Voltage Voltage
1000 119.9990 100:0 Tmi2 10mi} TmA 1.2v 5.5V
Tk 1198,990 mQ 10mi} 100mf} ImA 1.2V 5.8V
10k 11.9999kD 10mQ 100mf} 1Q 100pA 1.2V 5.5V
100k0 119.988k{} 100ma 19 100 50uA 6V 9.5v
TMQ 1199.899ki} ikt 100 1004 SuA 6v 9.6V
10MQ 11.9999M1(} 10Q 1004 1kg 500nA BY 9.5V
100MQ 119.999M{ 1000 1kQ 10k = 500nAl 5V 5.5v
1GQ 1000.00MQ 1k 10kQ 100k = 500nA 5v 5.5V
10bms source is a 500nA current source in parallel with a 10MQ
resistance.
Non-dastructive overload: 350V peak.
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Table 1-1. Specifications {Cont'd).

General Information

24 hours: 23°C £ 1°C

Measurement Accuracy: + (% of Reading + Number of Counts)
Auto-Zero an, filter off, and 4-wire ohms.

Renge 6 Digit {= 10 PLC) 6 Digit (1 PLG) 5 Digit (.1 PLC) 4 Digit (.01 PLC)
100Q 0.003 + 24 0.003 + 32 0.009 + 14 0.07 + 3
1kQ 0.002 + 4 0003 + 5 0008 + 3 0.07 + 2
10kQ 0.002 + 4 0.003 + 5 0008 + 3 0.07 + 2
100k 0.002 + 2 0003 + 3 0.008 + 2 007 + 2
1M 0.006 + 2 0.006 + 3 0012 + 2 0.07 + 2
10MQ 0041 + 2 0041 + 3 007 + 2 0.12 + 2
100M1} 1.3+ 1 1.3+ 1 1.5+ 1 1.5 + 1
1GQ2 11 + 1 11 + 1 13+ 1 13 + 1
90 days: 23°C + 5°C
Rangs Digit {= 10 PLC} B Digit {1 PLC} 5 Dipit (.1 PLC) 4 Digit .01 PLC)
1000 0.004 + 24 0.004 + 32 0.01 + 14 0.07 + 3
1k 0003+ 4 0004 + & 0.009 + 3 0.07 + 2
10kQ 0.003 + 4 0.004 + 5 0.009 + 3 0.07 + 2
100kQ 0.003 + 2 0.004 + 3 0.009 + 2 0.07 + 2
1MQ 0.007 + 2 0.007 + 3 0.013 + 2 007 + 2
10M0Q 0.042 + 2 0.042 + 3 007 + 2 0.12 + 2
100MQ1 1.8+ 1 1.8+ 1 20+ 1 2.0 +1
1GQ 16 + 1 16 + 1 18 + 1 18 +1
> 90 days: 23°C = 5°C
Add + .0004% of Reading/month to 90 day accuracy.
2.Wira Ohms Accuracy: Same as 4-wire chms except add < .2
ohm offset.
Auto-Zero Off Accuracy: (5 digit)?
For a stable environment + 1°C, add 10 counts for 1001 range,
1 count for 1k{} range and 10k ranges, and .2 counts for =
100k{} renges.. Changes in lead resistance are not corrected for a
4-wire ohms.
2For 4 digit, multiply counts by .1.
For € digit, multiply counts by 10,
Maximum Lead Resistance Maximum O#set Voltage for Default Delay
Range for 4-Wire Ohms Oftzat Compansated Ohms in Seconds
1000 1002 .01V 0
1kQ2 1000 AV 0
10k0 10008 AV 0
100kQ 10000 NAY .001
1MQ 10000 008
10M0 10000 .08
100MQ 10000 .08
1G0 100040 .08

Filter is not operational in ohms.

Offset Compensatad Ohms Accurecy: Same as 2-wire and 4-wire ex-
cept maximum reading may be reduced by 9% for large offset
voltages. 10080 - 100k range are used.

Raspanse Tima: With default delay and < 20QpF of capacitance,
first reading is in specification.
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Table 1-1. Specifications {Cont'd).

Tomperature Cosfficient: (5 digit}2 + (% of Reading + Number of
Counts)/°C

Tk}

10k
Range | 1003 | 100k | 1MQ 10M3 | 100M$ | 16D
T.C. |.0004|.0004 ; .0004 | .0C010 16 1.6
+.2 | +.02 [+.004 | +.004 +0 +0Q

RATIO

Type: DC/DC, AC/DC, or (AC+ DCI/DC

Method: 4-Wire with Volts Lo input comman,

Signal Voltage
Ref. Hi Voltage — Ref. Lo Voltage

Ratio =

Signal Measurement: Same as DC Volts, or AC + DC Volts.

Reference Measurement Automatically selacts .1V, 1V, or 10V
DC Volts range and a 0.0 msec. settling time. Filter is off.

Maximum Refarence Voltage:

Ref. Hi: + 12V

Ref. Lo: + 9% of Ref. Hi.
Ref. Hi-Ref. Lo; +* 11,8998V
Protection: + 350V peak

Accuraty: Total % signal error + total % reference error (same as
AV, 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 .35 msec;
ASCIl output adds 2.3 msec.

Rates vs. Integration Tima and Aute-Zere: DC Volts and 1008 thru
10k} ranges with default (-0.0 sec.} delay. Also, AC or AC +DC
Volts and 100kQ thru 10MG ranges with 0.0 sec. delay.

Rates
Intagration Auto-Zero Auto-Zero
Tima in Power off On

Line Cycles (PLC) | g0 Hz S50 Mz | B0Mz 50 Hz
0.01 330 290 210 180

10 210 180 120 100

1.00 48 40 28 20.8

10.00 5.8 4.8 2.9 2.4
100.00 .57 0.47 .29 0.24

Rates with 1 Powar Line Cycle Integration and Default Dalays.

Ratas

60 Hz | 50 Hz
— DC Volts and 1000 thru 10k, Auto-zero Off | 48.0 | 40.00
- DC Volts, Filtar ON 1.48 | 1.47
— AC or AC + DC Vohs, Auto-zero OFF 12.0 | 11.00
— AC or AC +DC Volts, Filter ON 1.2 | 0.95
— 100kil range, Auto-zero OFF 46.0 | 35.0
— 1M1 range, Auto-zero OFF 34.0 | 28.0
— 10MQ range, Auto-zero OFF 9.9 9.0
— 100M12 and 1G( 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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General Information

Table 1-1. Specifications (Cont'd).

MATH FUNCTION SPECIFICATIONS

General: Math function specifications do not include error in X
{instrument reading) or in entered values (R,L,U,Y,Z). Range of
values input or output is + (0.000000 x 102 to 1999999 x
109}, Qut of range values send ’LL"' to display and + 1898999,
x 109 to HP-IB.

PASSIFAIL: Displays: '“HI" for values > upper limit {U}, *'LO" for
values < lower limie (L), and X for values between the limits, with
no introduced error.

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

Maximum execution time: 20ms
STATISTICS:

[N
X
x

| I |
N

C 1 C
X -XP- <
Variance (V) = | = 1 c |i

c-1

Maximum (U) and Minimum {L} are the most positive and negative
instrument readings, respecitvaly. X is displayed during calcula-
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: < C'L;:‘] + 1LsSD
10
L2
Accuracy of Variance: < C_(:Jé_é)_ + 1LSD

Maximum axecution time: 50ms

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

Maximum execution time: 15ms

xZ/R

dBm{R): 10leg == R is the user-entered impedance.
Tmw

Output range: -280 to + 340 dBm

Accuracy: = .001 dBm

Maximum execution time: 150ms

THERMISTOR (°F): Converts resistance of thermistor
HP0O837-0164 to temperature in °F.

Output range: -112 to 302°F

Accuracy: -103 < T < + 266 °F: + 11°F max.
1186 =T =< + 320°F: + 27°F max.

Maximum execution time: 150ms

THERMISTOR (°C): Convens resistance of thermistor
HPOB37-1064 to temperature in °C.

Qutput range: -80 to 150°C

Accuracy: -75 =T = + 130°C + 06°C max.
-BO =T = + 150°C = 15°C max.

Maximurmn execution time: 100ms

SCALE: (X-YVY
Accuracy: + 1 LSD

Maximum execution time: 60ms

% ERROR: 100% x (X-YMY
Accuracy: * 1LSD
Maximum execution time: 60ms
dB: 20 log X

Y
QOutput Range: -620 to +620 dB
Accuracy: 001 dB
Maximum execution time: 100ms

MEMORY

Reading Store:

o Can store up to 350 most recent readings,

# Can be recalled from the HP-18 interface or the front panel.

Pragram Mamory:

» Can execute an internal program which controls instrument
configuration and measurament sequence.

* Program is input from the HP-1B interface with up to 1400
ASCIl characters,

Memory Size:
& Total size = 1400 bytes

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

GENERAL

Voltmeter Control Functiens: Description: The voltmeter control
function in the math section of the front panel is designed to con-
trol the measurement parameters of the 34564, Included in this
front panel section is the:

1} Numnber of digits displayed.

2) Number of readings per trigger.

3) Delay time between readings.

4) Integration time in number of powaer line cycles (PLC}.

Number of Digits Displayed allows selection of 3 to 6 digits
displayed plus sign and exponent. The range of the display is +
1,899,899 + 9.

Numbsr 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 selection of the time between measurement
cycles. It is provided to allow the selection of settling time. The
range is from O to 999.999 sec. in 0.001/sec. incraments. Ac-
curacy is 1% of time selected.

Integration Time in Power Line Cycles allows the selection of the
time for measurement integration. The units of integration time in
powar 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 cycles (PLC) per measurement,

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

The actual measurement time is a function of the integration time,
the delay time, auto zera, filter, etc., voltmeter complets, external
Operating Temperature: O C to 50 C

Warmup Time: One hour to meet ali specifications

Humidity Range: 95% R H.,, 0 Cta 40 C

Pawer: 100/120/240V + 5%, -10% 48 Hz to line operation
B0OVA; 220V + 10% 48 Hz to line operation BOVA,

Size: 88.9mm high x 425.5mm wide x 527.1mm deep (3%
high x 16% " wide x 20% " deep)

Storage Temperaturs: -40 C to +75 C

Weight Net 10.49 kg {23.13ibs.)

Table 1-2. Recommended Tast Equipment

03456-10001 (3825A/B)
03458-10002 (9835A,
(9845A/B)

03456-10003 (85A)

Instrumant Critical Specification Recommended Madal Use

DC Voltage Standard Voltage: 10mV to 1000V Systron Donner Model M10Q7 PAT
Accuracy: +.005%

DC Transfer Standard Output Voltages: 1V, 10V, 1.018V, 1.019V Fluke Model 731B PA
Accuracy: * Sppm
Stability; +.001% (30 Days)

AC Calibrator Frequency: 20 Hz ta 250 kHz Fluke Model 5200A and PAT
QOutput Level; 100mV to 1000V Model 5215A
Accuracy: +.1%
Voltage Stability (6 mos.) +.02%

Reference Divider Division Ratio Accuracy: +.001% Fluke Model 750A PA
Output Voltage Range: 1V to 1kV

Guildline Model

Aesistance Standard Resistance: 100Q 9330/100 or 3330A/100 P
Accuracy: = .0005%
Resistance: 1kQ 9330/1K or 9330A/1K PA
Accuracy: +.0005%
Resistance: 10kQ 9330/10K or 9330A/10K PA
Accuracy: +.001%
Resistance: 100k 9330/100K or S330CA/100K PA
Accuracy: +=.001%
Resistance: 1MQ 9330/1M PA
Accuracy: +.002%
Resistance: 10M} 9330/10M PA
Accuracy: +.01%
Resistance®: 1G{ -hp- Part No. 03458-87902 P
Accuracy: 2%

GC Null Voltmeter Voltage Range: 1,V to 10V -hp- Model 419A PA

Bus System Analyzer** HP-IB Control Capability -hp- Model 59401A T

Desktop Computer HP-IB Control Capability serves as printer for out- | -hp- Model 9825A, 98258, oT
put data 9835A, 98458, or B5A

Oscilloscope* * Bandwidth: DC to 100 MHz -hp- Model 1740A T
Sweep Time: 50ns to 20ms/div

Digital Voltmeter®* Voltage Range: 100V to 1000V -hp- Model 3456A T
Resolution: 1 xV {or 3455A)

Resistors Resistances: 1k £ 10% -hp- Part No, 0684-1021

Signature Analyzer** -hp- Model 5004A T

Test Pragram Cartridges*® -hp- Part Number T

1-8
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General Information

Table 1-2. Recommended Test Equipment (Cont'd).

Instrument Critical Specification Recommended Model Use
Isolation Logic Test Jumper” -hp- Part Ng. 03456-61602 T
HP-1B Signature Analysis -hp- Part Number T

Modules®,* * 5061-1153
5061-1154
5061-1155

*Thase items included in 3456A Digital Voltmeter Service Kit for Component Level Repair {-hp- Part Number
03456-69800)

* *Thase items ara not required if a board level repair strategy is to be used. This strategy does require a
3456A Digital Voltmeter Service Kit for Board Level Repair (-hp- Part Number 03456-69801).

Performance Test T

P Troubleshooting
A = Adjustment 0

Operators Check

1]

1-9/1-10



SECTION 1l
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. INITIAL 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 instrument 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. PREPARATION FOR USE.
2-6. Power Requiraments.

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 Selection.

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 Receptacles.

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 Office and a replace-
ment cord will be provided.

220V
7 !
CZ“DV 375mA
120V (}i
|:|-1uov:l [0 Rk =1p
100V
220V
7 ]
CZ“OV 175mA J
—l1zov %
F100v \ 75?![![\ :,j
120V
220V
C“OVJ 37%m\ J
F120v Q;J [
100V H 750mA D
220V
220V 7—
C“”“’ 3741:”\ J
c—f1zov O:‘) —
100V \I TS?mf\
240V
NOMINAL OPERATING RANGE FUSE
VOLTAGE | —10%, +5% OF NOMINAL
100 V 90 to 105 Volts 750 mA
120V 108 to 128 Volts 750 mA
220V 198 1o 231 Vaits 375 mA
240 Vv 216 to 252 Volts 375 mA

Figure 2-1. Line Voltage Sslection.

2-12. Grounding Requirements.

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.

2-1



Installation Model 3456A
50V 260 V 250V 250 v
OPERATION QPERATION OPERATION OPERATION
PLUG™: SEV 1011.1959-24507
PLUG*: CEET-V11 PLUG*®: CEE22-V1 PLUG®: DHCR 107 TYPE 12
CABLE®; HF B120-1832 CABLE™: HP 8120-1880 CABLE": HP B120-2956 CABLE®: HP 8120-2104
125 v - BA" 250 v 260V 250V - BA** 125V - BA"*
QPERATION CPERATION

§'
PLUG": NEMA 1-15P
CABLE": HP 8120-0684

PLUG®: NZS5 198/A5 C1192
CABLE®: HP 8120-0838

PLUG*: BS 1383A
CABLE™: HP 8120-1703

PLUG*: NEMA G-15P
CABLE*®: HP 8120-0698

PLUG®: NEMA 5-1EP
CABLE*: HP 8120-1521

STD-B-4195 (Rev.)

*The number shown far the plug is the industry identifier for tha plug only.
The numbar shown for the cable is an HP part number for a complete cable including tha plug.
**UL listad for uae in tha United States of America

Figure 2-2. Power Cables.

2-14. Bench Use.

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 34564 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 3456A is compatible with the
Hewlett-Packard Interface Bus (HP-IB).

NOTE

HP-IB is Hewlett-Packard’s implementation
of IEEE 5td. 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 [5 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 Selaction.

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 address is a
5-bit code which is selected to provide a unique address
for each HP-IB instrument. The 3456A normally leaves
the factory with the address switch set to decimal code
422.”’ 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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Installation

3455-8-4600

Figure 2-3. Typical HP-IB System Interconnections.

PIN | LINE

1 DI0Y

2 DI02

3 DI03

4 DI04

13 0105

14 0106

15 DIO7

16 Dlo8

6 E0I

17 REN

6 DAV

7 NRFD

8 NDAC

9 IFC

10 | SRQ

11 ATN

12 | SHIELD—CHASSIS GROUND

18 P/O TWISTED PAIR WITH PIN 6

19 P/O TWISTED PAIR WITH PIN 7

20 P/O TWISTED PAIR WITHPIN 8 T”Eige"'"s
21 P/O TWISTED PAIRWITHPINS > |uTeRNALLY
22 P/O TWISTED PAIRWITHPIN 10| GROUNDED
23 P/O TWISTED PAIR WITH PIN 11

24 ISOLATED DIGITAL GROUND

SNAAASALS S S

q CAUTIONS
The 3456A contains metric threaded HP-1B cable mounting
studs as opposed to English threads. Metric threaded -hp-
10631A, B, or C HP-IB cable lockscrews must be used to
secure the cable to the instrument, ldentification of the two
types of mounting studs and lockscrews is mada by their
color. English threaded fasteners are colored silver and
metric threaded fasteners are colored black. DO NOT mate
siiver and black fasteners to each other or the threads of
aither or both will be destroyed. Metric thresded HP-IB cable
hardware iflustrations and part numbers folfow.

LOCKSCREW LONG MOUNTING STUD SMORT MOUNTING STUD
1390-0360 0380-0643 0380-0644

Figure 2-4. HP-IB Connector.

23
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ADDRESS
SELECTION
TALK
ONL Y r Al
16 4 1
-1 - ] o a L L

g 1
: ‘0
. \ 3456-2-5 \

NOT USED /0 POSITION (DOWN)
1 POSITION (UP)

ABDRESSABLE

Figure 2-5. 3456A 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 instruments.

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 III of this
manual gives a detailed description of the 3456A’s
“Talk-Only*’ mode, inctuding the address codes.

2-23. External Trigger.

2-24. An External Trigger input to the 3456A 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 III in this manual.

2-25. Voltmater Complete Connector.

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.

Coams )

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

2-4
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2.28. Operating and Storage Temperature.

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 + 75C (— 40F
to + 167F).

2-31. 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. Altitude.

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

2-35. REPACKAGING FOR SHIPMENT,
NOTE

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

2-37. If 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 1li
OPERATION

3-1. INTRODUCTION.

3-2. This is the information and instructions for the
operation of the -hp- Model 3456A Voltmeter showing
front panel and remote operations. In addition, you will
find functional checks you 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 3456A
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 scparated 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 Keyboard.

Keep these areas in mind when you use the 3456A.

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 3456A7"
-REMOTE OPERATION

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

3-9. GENERAL OPERATING CHARACTERISTICS.

3-10. These paragraphs describe some of the 3456A’s
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,

3-13. Reset.

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 you a
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............coiiiiiin ot DC
RANGE ............c it AUTO
TRIGGER ........... ...t INTERNAL
MATH ... .o e e OFF
DELAY............... ... DEFAULT (0 SEC.)
NUMBER OF READ-

INGS/TRIGGER ............ooiiiiiiannnt. 1
NUMBER OF POWER

LINECYCLES INT. .............ccouvvnn 10
NUMBER. OF DIGITS DISPLAYED......... 5
AUTOZERO...... ... ..ot ON
OPERATING MODE................ LOCAL
FILTER ...t OFF
READINGSTORAGE................... OFF

3-1
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Model 34_156A

Display - Indicates polarity and amplitude of the measure-
ment. Measurement results are indicated in gither 3%, 4 ¥% .
5%, or 6% digits, dependent on the Number of Digits
displayed and the Number of Power Line Cycles Integratad.
The LED at the bottom left hand corner of the display in-
dicatas the front panel sample rate.

@ Function Selection Buttons - DCV, ACV, ACV+DCV,
2-Wire Ohms, and 4-Wire Ohms. Included is the SHIFT but-
ton which is used to place the 34564 into the shifted func-
tion consisting of: DCV/DCY Ratio, ACV/DCV Ratio,
ACV + DCV/DCV Ratio, 2-Wire 0.C. Ohms, and 4-Wire
0.C. Ohms. The LED to the function button’s right will also
light when the button is pressed.

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

©

Filter - enables or disables the Analeg Filtar. The LED to the
button’s right is lit when the Fitter is enabled. Refer to
Paragraph 3-52 for more information.

®

Numbered Keyboard - is used to select math aperations,
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 measurement.

@ Volts/2WR2/4WRQ Terminals - input terminals for the
ACV, DCV, ACV+DCV, and 2-Wire Ohms measursment.
In addition, the terminais supply the current for a 4-Wire
Ohrms 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.

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

Front Guard Terminal.

Clear Cont - is used to continue with the 3456A'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 been recalled.

Trigger Buttons - permits sslection 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 Selaction Buttons - are used to manually or
automatically uprangs and downrange the 3456A. The
LED to the AUTO button's right is lit when Autoranging is
selected.

Test Bution - enables or disables the 3456A's Internal
Test. Refer to Paragraph 3-17 for more information.

Reading Storage Button - allows the 3458A 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 Storags is disabled and when the 3456As internal
memory is full. Refer to Paragraph 3-101 for mora 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 3-1898 for more information.

Local Button - takes the 34568A out of Remote.

SRA Light - indicates a **Require Service’* condition when
lit. Refer to Paragraph 3-130 for more information.

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

Talk Light - is lit when the 3468A is addressed to *'talk’,
Remote Light - indicates that the 3456A is in Remote when
lit,

Line Switch - With the switch *‘out’* the 3456A is turned
off and with the switch **in’" the instrument is on.

@ Reset Button - returns the 3456A to its turn-on condition
whan prassed.

Figure 3-1. Front and Rear Pansl Features.
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@ Ratio Ref/4WR(Q Sense Terminals - are used for the Ratio
Reference Voltage or 4-Wire Ohms measurement,

@ Volts/2WRQ/4WRL Terminals - input terminals for the
ACV, DCV, ACV +DCV, and 2-Wire Ohms measurements.
In addition, the terminals supply the current for a 4-Wire
COhms measurament.

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

@ Rear Guard Terminal,

Voltmeter Complete Connector - Qutputs pulse during mea-
surement cycle.

HP-IB Connector used to connect to HP-IB.

HP-IB Address Selection Switch - Sets 3456A HP-IB Ad-
dress.

External Trigger Input Connector.
@ Power Line Voltage Selection - Refer to Paragraph 2-8.

@ Fuse -90 V to 126 V -.75 amp, 198 V to 252 v -,.375
amp.

AC Power Connactor.

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

3-15, When pressing the RESET button, the display
will momentarily display this for about 1 second:

Add 022 0
3456A HP-IB 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-
ly displayed and then the address code is displayed.

3-17. Self Test Operation.

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 switch
is in the “IN"’ position, when selecting the test opera-
tion. The test may not pass if external connections are

made to the input terminals, because certain input cir-
cuitry measurements are made. When the TEST button
is pressed, the instruments displays

*“+1.8.8.8.8.8.8.+ 8.

] J486A DIGITAL VOLTMETER
HEWLETT = PALKARD

+ 8 E5HEBHE +8

' .
i [T I TS MATH gxp o

Figure 3-2. Front Panel 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 test
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 output 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.

3-19. 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:

1.00000 — | V Range
10,0000 — 10 V Range
100.000 —~ 100 V Range
1000.00 — 1000 V Range

3456A DIGITAL VOLTMETER

HEWLETT® PACKARD

Cexp

+109.719

10 100 1K MATH

o O3
(J I

3456-3-3

(J
(3

Figure 3-3. 3456A 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 multiplying the displayed 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. Error Messages.

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.

Table 3-1. Error Messages.

Error No. Description
1 Autozero disabled in any Shifted Functions.
Displayed in Remote only.
2 Analog Filter enabled in any Ohms Functions.
Displayed in Remote only.
3 Any invalid Range and Function combination

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

4 Attempt was made to store invalid number into a
register (Example: a ‘9"’ is stored into the Num-
ber of Digits Displayed register).

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

readings from memory.

3-23. OPERATING CHARACTERISTICS.

3-24. Refer to Figure 34, the front panel’s Voltmeter
Configuration area, for the following paragraphs.

FUNCTION

Figura 3-4. Front Panel Voltmeter Configuration Area.
3-25. DC 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, 10 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
in the 100 V and 1000 V ranges.

3-27. The measurement data can be displayed either as
a6lz, 5%, 4%, or a 3% 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. AC Voltage Measurament.

3-29, The -hp- Model 3456A uses a True RMS conver-
tor and is able to measure voltages from 1 pV to 700 V
RMS in four ranges: 1 V, 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 64, 5%, 414, ora 3%
digit reading, depending on the selected Number of
Power Line Cycles Integrated (see Paragraph 3-61) and
the Number of Digits selected (see Paragraph 3-63). The
frequency 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 ohms shunted by < 75 pF. Refer to
Table 1-1 for accuracy specifications.

3-30. AC+DC Maasurament,

3-31. The AC+DC mode of the 3456A 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 simplify
these measurements since it can measure the RMS value
of the sum of the ac plus the dc voltage on the
waveform.

3-33. Resistance Measurement.

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 ohm 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 6'4, 5%, 4%, 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 2WRG/4WRQ (VOLTS) terminals are reversed
from each other in 4-wire chms function.

b. Small negative voltages on measuring circuitry.
NOTE
With the measuring leads shorting or when
measuting small resistances, negative

readings may be displayed due to offsets in
the ohms circuitry.

VOLTS
RATID REF |  »wRn

4WR I SENSE 4WRN

O
O

GUARD

[

% o

QOHMS
CURRENT

2-Wire Ohms Measurement

RATIO REF
4WR {t SENSE 4WRG

OHMS
CURRENT
3456-3-5
4-Wire Ohms Measurement

Figure 3-5. Ohms Connaction.
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NOTE

The 3456A°s Analog Filter (see Paragraph
3-52) shouid not be used with any ohms
Junctions. 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 buiton is to place the
3456A in the Shifted Functions. To disable the shifted
functions, press the SHIFT buiton 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. All shifted functions readings are
made by taking multiple measurements.

NOTE

The 3456A's Autozero feature (see Para-
graph 3-48} is automatically engbled in front
panel selectable shifted functions.

3-39. Ratio.

340. The -hp- Model 3456A can either make
DCV/DCV, ACV/DCV, or ACV+DCV/DCV 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 Voltage is measured from the
RATIC REF HIGH terminal to VOLTS LOW and the
Reference Low Voliage 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 + DCY 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.

e YOLTS
RATIO REF 2R

4WRAN SEMSE 4WR GUARD

—O =

$16. REF.
VOLT.| YOLT.|
. 3456-3-6

Figure 3-6. Ratio Connection.

Model 3456A

a. Ratio Formula. A Ratio 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
VOLTS 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 kepi low by shorting or otherwise connecting the
RATIO REF LOW and YOLTS 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 to + 12 V dc. 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 Voltage 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 buiton (DCV/DCV,
ACV/DCVY, or ACV+DCV/DCY 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 connected 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 including any offset voitages
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
R1 3 SIGNAL VOLT,
COMMON
= § R LEAD REF.
LOW Low REFERENCE
HIGH
R2
HIGH
3456-31-7

Figura 3-7. Typical Ratio Measurement.

3-41, Offset Compensated Ohins 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 ohms 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 0.C. Ohms ranges are from 100 ohm to 100 K ohm.
Refer to Table 1-1 for the accuracy specifications.

Operation

NOTE

Due to internal switching in the 3456A, high
capacitance(s) in paralle! with the device or
component being measured in the O.C.
Ohms mode may caquse 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 pushbuttons: 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 DCV 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
100 mV or 100 ohms range. Similar to UPRANGE
operation, the lowest range depends on the function.
The ACV function, for example, has the 1 V range as
the lowest range. If previously set to a lower range, the
3456 A 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.

c. 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.

1. 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
1 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.

3-7
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d. Fast Autorange Feature. Autoranging by the
3456A is done quickly in both the upranging and
downranging operations.

1. 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 takes a
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 1is 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 instrumnent 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 actval 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
3456A 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. Held, The Hold operation prevents the 3456A
from accepting locally generated trigger commands,
although an HP-IB trigger is accepted. Refer to the
Remote Operation paragraphs for additional informa-
tion on the HP-IB trigger.

3-48. Autozero.

3-49. The Autozero feature of the -hp- Model 3456A is
used to compensate offsets in the dc 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 amplifier’s input to 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 input 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 measuremenis 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 SRQ, and HP-IB Local com-
mands. The Autozero feature is enabled when the
3456A is first turned on and when pressing the RESET
button,

3-50. Autozero Effects on 4-Wire Ohms Measurement.

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-WRQ SENSE Low terminal for the Autozero 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. Analog 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
ACV +DCYV unshifted or shifted functions. The filter is
then applied between the output 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 ACY and ACV/DCYV agcuracy specifications
with the filter in or out. The Analog Filter is enabled (or
disabled) by pressing the FILTER button.

3-54. NUMBERED KEYBOARD OPERATIONS.

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

3.56. 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.

MATHS

Figure 3-8. Front Panel Numbered Keyboard Area.

3-58. 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 biack color identifies
numbers, decimal point, and polarity. The white and
blue color buttons located to the keyboard’s left cor-
responds to the math and register operations.

Operation

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 **1”' 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 STORE button and then the
CHS key (note, the white label 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 STORE button is pressed.
(The CHS key is normally used to 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 **17’" 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 (Number of Digits
Displayed), for example, only accepts either a 3, 4, 5, or
6, since these are the only number of digits the 3456A
can display. If you 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*, 0", 0, “0’* to display ‘“2000"

or
Enter ““.”” 0", *2" to display **.02"
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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 **+ " to a **-**
by pressing the CHS key. This is done before or after
you enter the exponent and after pressing the ENTER
EXP key. To enter ““2000'’, do this:

Model 3456A

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

To enter the number **.02" do this:
Enter 2", press the ENTER EXP button, enter 2",

and press the CHS key displaying **2 -2’*. The same as
‘5’02,’

Table 3-2. Registers and Math Listing.

Math operation or for recalling readings taken in .

while in the Statistics Math operation. 1

1 PASS/FAIL

2 STATS

3 NULL

4 DBM

5 THMS F

6 THMS C

7 (X-YHY

8 100 (X-Y)Y

9 20 LOG X/Y

. Ragisters -
Key Register Default Values Dascription
CHS | NCYCINT 10 Used for changing and determining the Nurmber
of Power Line Cycles Integrated
VARIANCE -00.000-3 Used for storing the varience value determined
from Statistics Math Operation

o MEAN 199989+ 9 Used for storing the Mean Vaiue determined
from the Statistics Math operation.

1 LOWER -1999999+9 | Used for storing the lower value for the
Pass/Fail Math operation or the iowest reading
taken in the Statistics Math operation.

2 UPPER 1999999 +9 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 0 Used for changing and determining the
3456A’s Settling Delay.

4 R 600 Used for storing the resistor value for the dBm

. the 3456A's Reading Storage mode.

5 COUNT o] Used for stering the number of readings taken

1 N RD/TRIG t 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.

9 N DIG DISP 5 Used for changing and determining the
34G6A’s Number of Digits Displayed.

Math
CHS -
0 OFF Disables Math operation.

Used to determine if a reading(s) is within set
limits.

Used to calculate the Mean, Variance, Upper,
Lower, and Count of a reading(s).

Used for oftset compensation of the following
reading(s) taken.

dBm calgulation.

Used in calculating 8 Thermistor reading(s) in
degreeas Fahrenheit.

Used in calculating a Thermistor reading in
degrees Celsius.

Used for the Scale calculation.
Used for the %Error calculation,
Used for the dB calcuiation,
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NOTE

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

¢. Recall. Any of the Registers can be recalled 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 numnber 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. Number of Powar Line Cycles Integrated.

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 10. Since a power line cycle of **17
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
3456A is 100 Power Line Cycles Integrated and the
fastest is .01 line 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
default value of the Number of Power Line Cycles In-
tegrated is 10 {at Turn-on and Reset).

3-63. Digits Displayed.

3.64. The 3456A can display either a 3, 4, 5, or 6 digit
reading. Select 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 1 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. Number 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 trig-
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 all
the readings are taken. Another trigger repeats the same
operation. An Internal Trigger also does the same thing,
but automatically triggers again when all readings are
taken. The default value of the Number of Readings per
Trigger at Turn-On or at Reset is *1°’,

3-67. Settling Delay.

3-68. This feature of the -hp- Model 3456A. 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 (ACV, 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 Delays.

3458A Set-Up Condition Delay (in second)
DCV, Filter On .B50
ACV or ACV + DCV, Filter Off 060
ACV or ACV + DCV, Filter On .800
Ohms, 100 K Range .001
Ohms, 1 M Range .008
Ohms, 10 M Range .80
Qhms, 100 M Range .080
Ohms, 1 G Range 080

3-69. Optimizing the Reading Rate.

3-70. The previous paragraph stated that the Number
of Power Line Cycles Integrated 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 to the
Numbered Keyboard for the following discussion and
make sure you know how to store values into registers
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Table 3-4. Optimizing Reading Rate.

OPTIMIZING YOUR READING RATE

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

- desired accuracy (or resolution)
- nature of the signal (dcv, acv, or ochms)
- signal environment {line related and broadband noise)

Among voltmeter related factors are:

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

- number of convenience features selected (Math
operations, Autorange)

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

- scanning a large number of points so that faster
readings mean 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 aperation
to complate?

- trying to digitize waveforms?

The 3456A can solve 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 iet you
achieve up to 330 rds/s {at 60 Hz} with noise rejection and
10 microvolt sensitivity.

YOUR SIGNAL ENVIRONMENT

Your signal is subject to line related and broadband noise
which can interfere with the measurement. There are two
ways of rejecting noise on the 3456A; integration and in-
put filtering.

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 signal is con-
nected to the input of the Op Amp for a period of the line
frequency. This configuration theocretically provides infinite
noise rejection at integer multiples of the inverse of the in-
tegration period and single 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
for mare detail,

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

time selecting 0.01 or 0,1 PLC integration time and the
filter. The trade-off is less accuracy and resolution as wall
as more uncertainty about the filtered input.

SPEEDING THE MEASUREMENT CYCLE

The thermal stability of the measurement environment is
important. By simply keeping the temperature of the
34564 at a fixed value, you can nearly double the reading
rate by turning Auto Zero off. The 3458A is slightly lass 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 NMA
then only the accuracy and resolution of your desired
measurament 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 selacting
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 courss, if your signal is
changing, Autorangs is far faster than letting your software
range the 3456A 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 preprograrmmed settl-
ing time of 60 ms. If you are monitoring a slowly changing
ac signal or scanning similar signals, you cen minimize the
settling time to achieve up to 330 rds/s. Keep in mind that
the input could change drastically before your readings
would indicate a large change.

For signals of less than 400 Mz the input filter is connected
in serigs with the ac converter to slow the signal response
to the A to D converter. Again, you can override the
preprogrammed settling time of 800 ms but bewarel Large
changes in the input signal l[evel may let you read numerous
wrong readings while the ac converter and the input filter
are settling to a final value.

The 3456A 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
tima is required for stable resistance measurements. !f all
you want is an indication of the actual resistance above
10 K ohm, you can override the preprogrammed settling
times. Howevaer, just considering the size of the resistance
you are trying to measure 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 slow (10 rds/s} by com-
parison with a standard ohms measurement. But, for a
single 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 intarnal noise. If you really need al 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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Table 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 computer.

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

- High speed scanning
- Data Throughput
- Waveform Characterization

HIGH SPEED SCANNING

Typical applications of high speed scanning include
temperature and strain profiling where a large number of
measurements must be taken very quickly to “‘freeze’”’ the
phenomenon at some point in time. For this type measure-
ment, data transfer from the voltmeter to the computer is
not really required to go fast. As long as the scanner data
does not exceed 350 measurements, the built-in memoty
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 do:

- Program Memaory
- Voltmeter Complate
- External Trigger

Progrem Memory can be used to store a series of measure-
mant sequences and operate on the acquired data. For ex-
ample, in a high speed scanning situation you could acquire
the measurements as fast as possible in tha Reading Store
rmoda. Flag the computer and then output the data, perhaps
already scaled, in ASCII format. It is almost a 10 to 1 sav-
ings in time during acquisition and the results are just as
aasy to use as if you load, acquire, and transfer individual
raadings. Voltmater Complete can be used to incrernent the
scanner sequentially without software interaction between
the valtmeter, the scanner, and the computar.

To close the loop, the scanner can output a signal to the
3456A's internal trigger. The result is that once the
measurements are initiated by your computer there is no
additional need for computer interacticn until the measure-
ment sequence is complete.

The fastest possible reading rata for any integration time is
achieved whan:

- Autorange, Auto Zero, Math, Display and Filter are off.
- Measurements are stored in the built-in memaory using
internal trigger and the packed format mode.

Since the packed mode and Display off are functions only
available aver the HP-IB, the maximum reading rate is
achievaeble only with remote operation. If your trigger
source is fast enough, external triggering is just as fast as
internal triggering.

Transferring the measurements in packed format over the
bus to a 9826A 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 mora measurements using the computer’s memary.

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,

stora measurement sequences in its memaory, and flag the
computer when it is done, lets you use both the 34564 and
the computer te their best advantage. To avoid overrunning
the computer with data from the 3456A, you can select
the Systems Qutput mode which updates the output only
after handshake.

WAVEFORM CHARACTERIZATION

The 3456A can digitize sinewaves up to about 100 Hz
with fairly good accuracy. All the high speed modes must
be used to acguire at least two samples per cycle. The
Delay generator gives you about 1% timing accuracy.

Waveform characterization should be performed with a
System Voltmeter. These voltmaters use a sampla and hold
technique which allows the waveform to be ''frozen’ at a
well-defined point in time. An integrating-type voltmatar,
like the 3456A, will always average the wavefarm 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 convenience and accuracy features are
sliminated 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:

% Error

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 numbered keys. The range of numbers
you can store into the registers or use in math is from
+ 0.000000 x 10 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 “LL" is displayed. The following describes
the 3456A’s math operations,

3-75. %Error.

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

Results in percent = Y

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 %Error math function and take a 10 V measure-
ment. If the reading is exactly 10 V a ‘0" is displayed.

3-14
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If the reading is, for example, 10.1 V, the result
becomes:

Resuit = Hx 100 = 10.1 - 10
Y 10

x100 = .01 x100 =1

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

3-78. Scala.

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 | 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 formula then becomes:

X-(+2) _
1

Results = X~-(zx2)

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

Resulis = -0 - X

Y

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

3-81. Pess/Fail {Limit Test).

3-82, The Pass/Fail math operation can be used to
make a voltage or ohms measurement and then deter-
mine if the reading falls within certain limits. The limits
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 chms measurement. If the measured
reading is within the selected limits, the reading will be



R

Model 3456A

displayed. If the reading is above the upper limit, “‘HI’’
will be displayed. If the reading is below the lower limit,
“LO" will be displayed. The default (Turn-On/Reset)
values of the UPPER and LOWER registers are
+1999999+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 ohm 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 step is to select the ohms
function and the 1 K ohms range, After you have done
this, select the Pass/Fail math feature and start to
measure the resistors one at a 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
ohms.

3-84. dB.

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

dB = 20 Log 35'
Y

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
9" (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 §=20Log119 = 20 Log 100 = 40

Y:
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
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dBm equation is:

dBm = 10 Log

X2/R ‘
1 mW

where ‘X"’ is the present measured value, ‘1l mW”’ is
the power reference, and *‘R*’ is the resistance reference
value to be entered by you, The default (Turn-
On/Reset) value in register R is 600 ochms. 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 ohm
speaker load and an input voltage of 10 volts, The for-
mula now becomes:

100/8

dBm = 10 Log ‘ 100/8) _ 409,97
001

giving you a value of 40.97 dBm.

3-90. Mull.

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") and where “R" is the lead resistance.

3-93. Thermistor.
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
chms 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

1-95. Keep a 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. If 2-Wire Ohms is used, any lead
resistance is added to the thermistor resistance causing
an inaccurate temperature reading.

3-96. Statistics.

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 instrument is set to the Statistics
(STAT) mode and after a measurement cycle is com-
pleted. The Mean vatue 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 ¢ycle is completed. The
Variance calculation needs at least two readings to
calculate its value. The default values of the MEAN,
YARIANCE, 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-1 showld be kept in mind.

3-98. Mean. The Mean (Average) value is calculated by
the formula:

E X-X)p= X
i=1

1 €
Mean M) = 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 (X) 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
I X-XP-—=| z x-xpj2
i=1 Cli=1

C-1

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 (X) displayed 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, Statistics 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 ohms 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
trigger 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 you 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 into 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 Qperation of the 3456A (see Paragraph 3-200)
also uses the internal memory and, if used, reduces
memory space allowing 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:

“O'%gf ~ 128.75

allowing you enough space for 328 readings.

3-103. The Reading Storage feature is enabled by press-
ing the front panel’s RDGS STORE button. 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 3456A’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 3456A 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 Hold 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 *‘4").

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
displayed.

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

b. 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 nepative
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 trigger button and then the
RDGS STORE button.

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.

3-106. VOLTMETER COMPLETE.

3-107. The voltmeter complete connector is a BNC con-
nector which outputs 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. One way to use the sync signal is to advance a
scanner, like the -hp- Model 3497A. To do this, connect
the 3456A’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.

3-108. GUARDING.
3-109. General.

3-110. The Guarding Terminals on the -hp- Model
3456A can be used to reduce or cancel error causing
commen-moede 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
pane! 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.

3-111. 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. FRONT/REAR 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 OPERATION.
3-116. General.

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-IB are given in Section II (see Paragraph
2-18) of this Manual. You should be familiar with the
front panel (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.

NOTE

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 tabuiate 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 Responsa to Bus Messages.

3-121. The following paragraphs deal with the im-
plementation of the HP-IB using the 3456A. The instru-
ment’s Bus capabilities are listed in Table 3-5. The
following alsc explains the 3456A's response to Bus
Messages, also known as Meta Messages.

Tabls 3-5. Interface Functions,

Mnemonic Intariuce Function Nama
SH1 Source Handshake Capability
AH1 Acceptor Handshake Capability
TS Talker {Basic Talker, Setial Poll, Talk Only Madel,
Unaddressed to Talk if Addressed to Listen)
L4 Listener (Basic Listener, Unaddressed to Listen if
Addressed to Tailk)
SR1 Service Request Capability
RL1 Remate/Local Capability
PPC No Parallel Poll Capability
DC1 Device Clear Capability
DT Device Trigger Capability
Co Na Controller Capability
E1 Open Collectar Bus Drivers
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a measurement cycle. It is an HP-IB Trigger and triggers
the instrument in any front panel Trigger mode, since it
has priority over other trigger conditions. If the 3456A
is triggered during a measurement cycle, the cycle is
aborted. If the instrument is executing a measurement
cycle, it will be aborted upon receipt of a Bus Trigger.
The 3456A has to be programmed to “‘listen’’ Lo execute
the trigger.

3-1286. Clear.

3-127. The Clear Message sets the 3456A to the turn-on
state. This action is similar 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, 3456A Clear, Home, and Reset Differences.

Program
Memary
and
Status Byta | HP-IB Reading
Byts | Address H'Ed:n:" Storage | Time
Reset Raset Clear
Powaer-On Y Y Y Y =3 secC
Reset Y Y N N < .b sec
Clear Y N N N < Hmsec
Home Y N N N <5 msec

Note: Y =YES, N=NO

Figure 3-9. Guard Connection.
3-122. 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 listener) 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 listener.
3-124. Trigger.

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

3-128. Remote.

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

3-130. Local.

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
10 local, provided the button has not been disabled by
the Local Lockout Message (see next paragraph).

3-132. Local Lockout.

3-133. This message disables the 3456A’s Local 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.

1-134. Clear Lockout and Set Local.

3.135. This message places the 3456A to local and
clears the Lockout. .

3-136. Require Service (SRQ).

3-137. The Require Service Message (SRQ) is indepen-
3-1¢
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dent of ail other HP-IB activity and is sent on a single
line called the SRQ line. Its 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
typically be polled. Paragraph 3-140 describes the
3456A°s Status Byte.

3-138. When the 3456A sends a Require 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

Illegal 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 Require 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.

3-140. Status Byts.

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 Require Service Message.

a. Front Panel SRO. 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 Byte Definition.

QOctal | Dacimel Bit

Code | Code Definition

101 65 O [ Front Panel SRQ - When the front panel
SRQ button is pressed, this Require Ser-
vice is output. Pressing the button a se-
cond time will clear the Service Raquest,

102 68 1 [Program Memory Execution Complete
-Indicates to the controller that all the
program codas in the 3456A’s internal
memory are executed. The Require Ser-
vice condition is cleared when the Pro-
gram Memory is executed again.

104 68 2 | Data RAeady - Indicates to the controller
that measurement data is ready to be
output. The Require Service is cleared
when a new measuremeant cyels is ini-
tiated,

110 72 3 |Trigger Too Fast - Indicates that the
3456A was triggered while executing a
measurament cycle. This only occurs in
External Trigger.

120 80 4 |lllegal Instrument State - Indicates that
the 3456A is unable to do an operation
bacause of an invalid set-up (e.g. 10 M
ohm range in DCV)

Internal Error - Indicates a failure in the
34664

Syntax Error - indicatas to the controller
that invalid Program Code(s) where sent
to the 3456A (e.g. code F9I

140 96 & |Program Memory Error - Indicates that
the Program Memory Execution com-
mand or the Tast function was stored in
memory, or an overflow of memory oc-
curred while loading into memory.

300 192 7 |Limits Failure - Indicatas that the
Pass/Fail measuremant made is out of
the selacted 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. lllegal Instrument State/Internal Error/Syntax
Error. This Message is output for the following condi-
tions:

I. Illegal 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 DCV function.
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2. Internal Error. An Internal Error occurs is when
a digital failure occurs in the 3456A. 1f this may
happen, refer the instrument to a Service Trained
Person.

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 Qperation.

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:
b7 bg

o|li{o|ojOojl|1{0O

Qperation

NOTE

A 17 in this example indicates a true condi-
tion.

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

ol 110

000
e

The resultant decimal number of octal 106 is 70.

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.

3-146. Pass Control.
3-147. The 3456A does not have controller capabilities.

3-148. Abort (Interface Clear).

3-149, All HP-IB communication is terminated, in-
cluding the 3456A’s Bus communication. Control is
returned to the system controller. The Abort Message
does not remove the 3456A from remote control.

3-150. 3456A Addressing.

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 | b5 [ b4 | b3

b2

b1]| b0

Limits Failure _—
Service Request
Program Memory Error
Hlegal Instrument State}

Internal Error
Syntax Error

- Front Panel SRQ
Program Memory Execution Complete

Data Ready
Trigger Too Fast

Figure 3-10. Status Byts.
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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 to the “Talk-Only’’ mode (see Paragraph 3-154).
The 3456A’s allowable address settings are listed in
Table 3-8. Its factory address setting is a listen address
of 22 decimal (ASCII character ‘“6’") and a talk address
of 54 decimal (character ““V'"),

NOTE

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

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

universal unlisten, device talk, device listen.

Table 3-8. 3456A Address Codes.

INSTAUMENT
TALK ADDRESS
ONLY 5 1
9 POSITION IDOWN) 1 POSITION (UP}
NOT USED
ASCIil Code
Character Address Switches B.bit
Listan Talk AR A4 A3 AZ Al Decimal Cade
5P @ ¢ 0 ©0 0 0 00
t a8 o 0 o 0 1 o1
- B o 0 a 1 4] 02
# C o o o 1 1 03
5 D a 0 1 ¢ o 04
% E o 0 1 o 1 05
& F o 0 1 1 o} 06
' G o 0 1 1 1 07
{ H o 1 0 O 0 08
i 1 o 1 ¢ 0 1 08
" J a 1 o 1 Q 10
+ K 0 0 1 1 1"
L 0 1 o 0 12
— M o 1 1 o 1 13
. E 0 1 1 1 Q 14
! [ | 1 1 1 15
[} P 0 0 0 0 16
i ] i 0 0 0 1 17
2 A 1 o 0 1 1+ 18
3 s 1 0 4] 1 1 18
4 T 1 o 1 o o 20
5 V] 1 0O 1 0 2t 34564
4] v 1 0 1 1 a 22-4= FACTORY
7 w 10 1 1 23 Setting
a X 1 1 a o 0 24
9 Y 1 1 a o 1 25
: F4 1 1 o 1 a 26
: | 1 1 0 1 27
< 5 1 1 LI + B ¢ 28
= | 1 1 1 o ot 29
> -~ ] 1 1 1 [+ 30

Model 3456A

The universal unlisten command removes all listeners
from the HP-IB 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-Only (No Controller),

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 output 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
Bus. 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 an 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. Algorithm.

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
9. STATUS BYTE

10. STATUS BIT

11, PASS CONTROL
12. ABORT

Sl B S ol ol

3-161. The definitions of the Bus Messages are given in
this manuval’s Appendix A, Paragraph A-11.
Remember, refer to your controller manual to convert
the messages. If you have an -hp- Model 9825A Con-
troller, the controller’s Extended 1/0 Manual (-hp- Part
Number 09825-90025} has a listing of the codes. For the
9835A/B, refer to the 1/O 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
DCV measurement, output it over the HP-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

c) hold trigger

d) set SRQ mask to Illegal 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-IB.

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, etc.). The DATA sent by the 3456A is
output data. Included in the following paragraph are
programming 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 9845B Controller Language).
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3-165. Program Codes {Data received by the 3458A).

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:

CMD MODE  DATA MODE
1 U & FI R1 MO T4

unjversal unlisten command ] ‘l: hold trigger
controller *'talk'’ address math off
3456A “listen’’ address autorange

dc volts function

b. HPL (9825A Controller Language).
wrt 722,“F1 R1 M0 T4”

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

OUTPUT 722;F1 R1 M0 T4
NOTE

The *“7* in the *'722" address code is the
98254, 9835A/B and 98458 Controllers 1/0
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.

3-167. Storing into Registers (Y, Z, Delay, etc.) over the
HP-B.

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.

CMD MODE DATA MODE

? u 3 El 105TN
unlisten command J— store 10 readings into register
controller “rali’” address M (¥ of Readings)
3456A's “listen”" address DC Function

b. HPL (9825A Controller Language).

wrt 722,*F1 108TN"
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Table 3-9A. 3456A Program Codes.

Control Program Code
FUNCTION Shift Function O |Unshitted) S0
DCV F1
ACY F2
ACV+DCV F3
2 Wire K Obms F4
4 Wire K Ohms F5
Shift Function On (Shiftad) S1
DCV/DCV Ratio F1
ACV/DCV Ratio F2
ACV + DCV/DCY Ratio F3
Q.C, 2 Wirs K Ohma F4
0.C. 4 Wire K Ohms F&
AANGE Auto R1
100 mV¥ ar .1 K Ohms R2
1000 mV or 1 K Ohms A3
10V ar 10 K Ohmy R4
100 V or 100 K Ohme RS
1000 ¥ or 1 M Ohms R6
10 M Ohms A7
100 M Ohims A8
1000 M Ohms RY
TRIGGER Intornal T
External T2
Singte T3
Hold T4
AUTOZERD On 21
Off Z0
FILTER On FL1
Off FLO
TEST On TE1
Off TEQ
REGISTERS Storing into Registers ST
Recalling Registers RE
Number of Readings N
Number of Digits Displayed G
Number of Powaer Line Cyc. Int, |
Dalay D
Mean Ragister (Read only) M
Varience Register (Raad only} v
Count Register (Read only) c
Lower Register L
R Register R
Upper Ragister U
Y Regiater Y
Z Register Z
MATH Oft MO
Pass/Fail M1
Statistic (Mean, Variance, Count) M2
Null M3
dBm M4
Thermistor {°F) M5
Thermistor (®Ct MG
Scale ((X - Z)1YI M7
S Error [(X - YIY x 100] MB
dB {20 Laog X/Y) M3
READING STORAGE On RS1
Off RSO
SYSTEM QUTPUT MODE On 51
Off 500
DISPLAY on m
Off Do
QUTPUT FORMAT Packed Format On P1
Packed Format Off {ASCII Forrpat} ]
CLEAR-CONTINUE Active cLt
NUMERIC SEPARATOR Separates Numbers (a.g. FIWI105TN) w
HOME COMMAND Software Raset H
FRAONT/REAR SWITCH SENSE 1 = Front, 0 = Rear 5w
ECI Enable o1
Disable o
PROGRAM MEMORY Load Program (Syntax} On L1
Load Program (Syntax) Off a
Execute Program Memory x1

Model 3456A
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c. Enhanced Basic (9835A/B, 9845B Controller
Language).

QUTPUT 722;F1 10STN"

In the example, *‘F1’* and “10STN"’ is separated by a
space to keep the numbers apart. This is not necessary
but may be less confusing. You can, however, enter a
“W* instead of a space. The ““W’’ is ignored by the
3456A but can be used to separate numerical entries
from commands. The same program string with *“W?*’
looks like this:

“FIW10STN"’
3-169. Programming the SRQ Mask.

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 example, 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 MODE DATA MODE

———

? u & SMO04
unlisien command J- | L 1 mask where 02 is the
cameoller “talk" address
MAGA Hlisten™ midresa

ocal code for bit | of the
b. HPL (9825A Controller Language).

Status Byte Mesiage

wrt 722, ‘*SM004™

c. 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
[} ‘(xx’ 1y .

3-172. 3456A's Measurement DATA (Data sent by the
3456A).

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.

3-174. ASCIl Format.
3-175. Output Statement. The 3456A’s output data in

the ASCII Format consists of 14 bytes and is in this
form:

=

QOperation

i+ D .DDDDDDE+D CR EQI LF
Polarity of measurement {a "+ "' j Line Feed
js send for uc measurement} End or Ydentily (if enabled)
Qverrange digit {1 or 0) Carriage Rawwrn
Measurement reading expressed

in scientific notation {the D is 2
decimal digit}

NOTE

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

Each 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
tetminate the output statement. The End or ldentify
(EOI) line is normally set by the 3456A prior to the Line
Feed if enabled. The EOI statement can be disabled over
the HP-IB (see Paragraph 3-186).

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

+ 1999999 EP CR EGI LF

Polarity of Qverload J -I_— Linc Feed
Overload Indication Eed or ldentily (if enabled)
Carriage Return

The overload polarlity depends on the type of overload
condition. A **+ ' is normally output when a measure-
ment overload is present. A **-”* can be output when a
math overload condition is present.

3-177. Multiple Reading Output. The output statement
for multiple readings (Number of Readings per Trigger
feature) is similar to the normal output statement. The
only difference is that no Carriage Return (CR), Line
Feed (LF), and End or Identify (EOI) is output 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.DDDDDDE + D,-DD.DDDDE +D,
+DDD.DDDDE-D 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 *‘P0”’ 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. Each byte shows a
certain part of the measurement data. Here is a graphic
description of the packed mode.

First Byte

by by

(-L=leTooTo = Tox]
i

Exponent Sign r 1 Overrange (1 or 0)
Exponen| Pelarity of Measurement
Exponent LSD {Least Significant Digit)

NOTE

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

Second Byte

BERBEBDH

Mcasurement’s MSD (Most ——— | I Measurement Digit
Significant Digit)

Third Byte

b, by
le]o[o][o]o]o]o]o]

I 41k Measurement Digit

3rd Measurement Digit — T

Fourth Byte

b,

ba
D|D D|D|D|D|D’[ﬂ

I Measurement’s LSD (Least
Stgnificant Digir)

5th Measuremeni 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 (EOI) 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. Muitiple Reading Qutput. No delimiters are us-
ed between the readings with the End or Identify (EOI)
being suppressed. The EOI will not be activated until all
readings are output.

3-183. Unpacking the Packed Output. Since only four
bytes of data is output in the Packed Format, some sort
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of unpacking should be done for the reading(s) to make
sense. This is done simply by converting each § bit
binary number to a decimal number. An unpacking pro-
gram using Enhanced Basic (9835A/B, 9845B Con-
troller Language) is in Appendix A.

3-184. Reading the 3456A's Output Data.

3-185. First choose the output format you wish to use.
The ASCil 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,

15¥ +D.DDDDDDE+D CR EQILF

unlisten command —T -l_— Line Feed
contraller “'listen”” address End or [denlify (if #nabied)

3456As talk ™ address Carriage Return
J436A's ouput data

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

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

ENTER 722;A
NOTE

Although it is not specified in the HP-IB
Format, the output of the 34564 is normally
stored in a variable. This is the reason why
variable “A’’ is used in the controller
language examples,

3-186. Disabling the End or Identify (EOI) 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 *“0O@’*
to the 3456A using the programming procedure in
Paragraph 3-165. Disabling the EOI statement and us-
ing the 3456A’s Internal Trigger mode allows the faster
possible reading transfer. The EOI statement is enabled
by sending codes ““O1"" and at turn-on.

3-188. System Output Mode.

3-190. With the 3456A’s System Output Mode enabied,
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 controllers slower
than the 3456A. For example, if the Number of
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Readings per Trigger operation is selected to output
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 ““S0O0". Use
the programming procedure in Paragraph 3-165 to send
the codes,

3-191. Home 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. Front/Rear 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 ¢odes and the
procedure in Paragraph 3-184 to read the output data
(switch position). The output is as follows:

1ot 0 CREQILF

Output in ASCII format with the
1" indicating the FRONT posi-
tion and “'0"" the REAR position

Line Feed
End or Identify (if enatlkd
Carriage Return

3-195. Complete Program Example.

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/B, 9845B Con-
troller Language).

a. HP-IB Format.

1. Interface clear ABORT all previous operation

2, U6 REMOTE the 3456A

3, U6 004 CLEAR the instrument

4, 021 LOCAL LOCKOUT the
3456A (including the other
devices on the controller’s
select code)

5. U6 Send DATA to set up the in-

FIR1T4SM020 15 strument to the dc function,

12 autorange, hold trigger, and
set SRQ bit 4 mask (15 is CR
and 12 is LF)

6. U6 0I0 TRIGGER the 3456A

QOperation

7. TUSV Send the measurement DATA
+D.DDDDDDE+D to the controller and store in
015 EOI 012 a variable

8. 75V 030 If REQUIRE SERVICE,
check the STATUS BYTE;
otherwise skip the next step
(the 030 is the Serial Poll
enable)

9, 10. 031 No STATUS BYTE is sent by
the 3456A (the 031 is the Serial
Poll disable)

11. Controller Lan-  Print out the DATA in vari-

guage able A

12, U, 001 CLEAR LOCKOUT AND

SET LOCAL (in this case,
only for the 3456A)
13. Controller Lan- Ends the program

guage

b. HPL (9825A Controller Language).

0:cli7 ABORT

1: rem 722 REMOTE 3456A

2: clr 722 CLEAR 3456A

3:ll07 LOCAL LOCKOUT

4: wrt 722, DATA. Set up instrument

“FIR1T4SM020"’

5:trg 722 TRIGGER 3456A

6: red 722,A DATA.Output of 3456A into
variable

7:rds (722) = 8 REQUIRE SERVICE?

8:if §=0; gto 10 If no STATUS BIT, skip the
next line

9: stp Stop the program

10: prt A Print output DATA in
variable

11: lel 722 CLEAR LOCKOUT AND
SET LOCAL (3456A)

12: end Ends the program

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

10 ABORTIO 7
20 REMOTE 722
30 CLEAR 722

ABORT
REMOTE 3456A
CLEAR 3456A

40 LOCAL LOCAL LOCKOUT
LOCKOUT 7
50 OUTPUT 722; DATA. Set up instrument
“FI1R1T48M020"
60 TRIGGER 722 TRIGGER 3456A
70 ENTER 722;A DATA. Qutput of 3456A into
variable

B0 STATUS 722;5
90 IF S=0 THEN

REQUIRE SERVICE?
If no STATUS BIT, skip the

GOTO 110 next line
100 STOP Stop the program
110 PRINT A Print output DATA in

variable
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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. Front Panel SRO.

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 Program memory Operation.

3-201. With this feature, you 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 any stored codes takes space 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 ‘“Q’’ to disables the
storage. This is illustrated in the following example.

LI FL RSI T3 Q

Load Program into Memory On —T T—Load Program into Memory QFf
Set 34564 to DTV Funclion Ste 1456A to Single Trigger

Reading Storage 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
memaory 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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example, when Program Memory is executed, a dc
reading is taken and stored into memory.

NOTE

The Execute (X1) and Internal Test (TEL)
codes can cause a program memory execu-
tion error.

NOTE

With Home (H) command stored in program
memory while executing the memory the
34356A is reset to the Turn-On state and stops
the program memory operation.

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

“LIV F) T3 F2 T3 @ X1

Load Program into Memory On J —l-—— Execute Program Memory
Set 3456A (o DCV Load Program inte Memory Off
Trigger the 3456A Trigger the 3456A

Set 14564 10 ACY

3.205. Recall 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 to 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.

IIRER’!

¢. 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.

“28TR”
¢. Sent program codes to recall the R register.
iiRERII

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

Make sure the 3456A 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.
IIRER!I

¢. 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 example using

HPL (9825A Controller Language) and Enhanced Basic
(9835A/B and 9845B Controller Language) is given in
Appendix A,

3.206. Data Ready.

3-207. The Data Ready feature, when enabled, outputs
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 “*SMO004°’ (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 3456A 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 320us. The condition will remain true and the
SRQ LED turns on, after all the readings are taken.

3-208. 3456A's Numeric Entry Format and other Input
Considerations.

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

+ DDCDDDD e or E D

Polarity of Overrange Digit -I _‘ Exponent

Overrange Digit (either a 1 or 0} p 1 Dhesi

an upper lower case E)
Numeric entry where D can be a
value from U 1o &

(can be

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

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

FIWI0STN
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 3456A. 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-IB 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 to manage
the system. This allows you to set-up the instrument and
read its measurement data. Input and output of mes-
sages in bit-parallel, byte-serial form are also transfer-
red in the Data lines. A 7-bit ASCII code normally
represents each piece of DATA.

A-7. Data is transferred by means of an interlocking
“‘handshake’® technique 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
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Figure A-1. Interface Connection and Bus Structure,



Appendix A

Condensed Description of the Hewiett-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 System Terms.

a. Address: The characters sent by a controlling
device to specify which device will send information on
the HP-1B 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 simultaneously.

A-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-IB type
caiculators 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).

c. 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,

A-14, HP-IB Messapes.

A-15. Different types of information can be passed
over the HP-IB 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-IB 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 are 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 Bit: 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-IB 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-
troller 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).

Table A-1. HP-IB Worksheet.

HP-IB BUS IMPLEMENTATION WDRKSHEEY
MESSAGE DEVICE
MODEL

INSTRUMENT 34664 MODEL

IDENTIFICATION L'?,EEN LISTEN
AND TALK YES TALK
HP-1B E BIT 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

5 = SEND ONLY R = RECEIVE ONLY

S & R = SEND AND RECEIVE

N = NOT IMPLEMENTED

A-3
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and 9845B Controller) Language.

A-18. UNPACKING PROGRAM. The program is given in the Enchanced Basic (9835A/B .

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

Unpacking Program

15
20

30

40

50

2

79

£

56

160
116
128
130
140
156
160
170
150
150
260
210
220
230
248
250
260
270
260
298
308
316
320
338
340
350
369
37¢
380
390
466
410
420
430
448
450

GEBBI*EINHHD{EB;15}+.@BBEQ1*SHIFT(B4:43+.6BEEBBI*EIHHHDi84r15}

4E@
470
424

]
]
I
I
1
!
|
I
i
I
]
I
I
1
;
1
]
I
I
I
)
I
]
I
I

The following rrogram itlustrates one method tor unepackire? data fros

the Z45ER.  You can prodram thiz rowtine to take "anv” nudber of readinas
by chansira the DIM statement in line 28 » the 3456A eresromaing N L B
in line 38: and the buffered tronsfer ztotement in lirne 48, The
rdnerical array Out iz disensioned o contain the number of readinez that
will be taken The strina variable In$ iz dimenzioned to o tipes the
hunber of readings taken. That izy @ racked recdirg contoins 4 bvtezs of
data per readimg,

In thiz rparticulor example, the 34560 is prosramped to the followins
stotes:

Functioni LCY (F{>

Data Output Format: Packed (P13

Range: Rutoramse (R1)

Delar: @ (ASTDD

Intesration Time: .1 Line Cveles (L 15TI

Nuitke r of Reodinasz: 9 ¢eSTHD

System Qutrut Made! Op (SO15

Trisser: Sinale ¢T3

You can follow the comment Etatenents on gach line of the eroaram to
underztond the basic ererotion +  Exrlaining the oreration of the
unrackine subkroaram is bevond the 2eore of thizs wanunl.

OPTIOH BRSE | | Specifies first element in numeric array Out is Qutl),
DIM In$l2382:0utcoy | Dimgnsionz the ztripa voariable and nureric array. y
OUTFUT P22 "PIFIRIGETD, 1STIOSTHSO0L TS I Programs the 3456, .
EHTER 722 BFHS =6 HOFORMAT Ind | Enters 36 datae bytes into the strina Ing.

CALL UnekSE0In#s0ut %3y | Calls Unracking routine’s passes the packed data.
FOR I=1 TO % ! Setz up loop to Frint out the nusber of readinas token.
PRINT “HUMBER “iI5i“ YOLTAGE READIMG = "§j0ut(I)

NEXT 1

END

SUB UnekS&E(InsQutis))

INTEGER My Js IsB1sEZ:B3,B4

M=LEM{Irn$)

J=p

FOR I=1 TO H STEP 4

J=J+1

Bl=HUM{ Ir$[ I 12

B2=HUM{In$L I+1 13

E3=HUM InEl I+2 1)

Bd=HUM(In$L I+3 13
Dut(J}=.I*EITiBI59h+.@1*6HIFT(8254H+.BBi*BIHHHDiEE;15)+.BBEI+SHIFT(BE:4}+.
ﬂutiJ}=Dut(J}*tI~E*EIT(E1;1))*1@T({1—2*E1Ti81:?}J*SHIFT(EIHHHDiBIs12#);2)}
HEST 1

SUBEMD
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A-20. MULTIPLE READING TRANSFER PROGRAMS.

A-21. The following programs show how to transfer
multiple readings from the 3456A to the controller. The
programs are given in the HPL(9825A Controlier) and
Enhanced Basic (9835A/B and 9845B Controller)
Language. The programs do the following.

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

1. 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.

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

d. Store readings into variables.

HPIL. Program.

diem RL16]

Wit T2y “HEMBG2LIRS118STHTIAHL"
if rdscv2E2eHERidmp B
Wrt TR "SOl-1@5TRREER"
for I=1 to 149

red 722sA011

next I

far I=1 to 18

prt RACT]

rext 1

16: end

#¥22514

o3 00 O e P S
u + ur am

= =m am

Enhanced Basic Program

113 OFTION BASE 1

28 OIM ACLB

1) DUTFUT 7253 "HEMOR2ZLIRSI1BSTHTIANT"
48 STATYUS VI35

1) IF S¢>E6 THEM GOTO 48

&h OUTFUT 7233 "S01-105TRRER"
i EHTER FTZIiAC*)

2 MAT PRINT A

el EHT

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

Appendix A

To sand DATA from the contraller to the 34 5BA, first:

Bus Management Lines Sent on Data Lines

ATN |IFC | SRQ | REN | EQ)
T F X T X P U6

Univarsal L.lnlia\en—T T- 3456A Listen Address

Controller Talk Addreas

then:

Bus Management Lines Sequence on Data Lines

ATN| IFC | SRQ | REN | EOJ
F F X T X

Instrumant
Program Codes

Figure A-2. Data Message (Controller to 3456A).

To send Data from the 3456A 10 the controller, first:

Bus Management Lines Sequance on Data Lingg

ATN | IFC | SRQ | REN | EQI

T F X X X IV 5

Univeragal Unlisten T— Cantrgller Listan Address

3456A Talk Address

then:

Bus Maenagement Linas Sant on Data Lines

ATN | IFC } SRO | REN | EOI
F F X X X

Qutput DATA
trom 3456A

Figure A-3. Data Message {3456A to Controller or Other
Devica(s).

To send the TRIGGER Message |Group Execute Triggerh:

Bus Management Lines Send on Data Lines

ATN | IFC | SRQ | REN | EQI

T F X T X

? U6 oct0il

Universal Unksten —T
Controller Talk Address

Trigger Command
34564 Listen Address

Figure A-4. Trigger Message (from Controller do
Device{s)).

To Enter tha REMQTE Made:

Bus Managament Lines Sent on Dats Lines

ATN | IFC | SRCG | REN | EQI
T F X T X TuU B

Universal Unlisten —T ’ 3456A Listen Address

Controller Talk Address

Te Remain in the REMDTE Mede:

Bus Managsmant Lines

ATN wc\snnlnanlegd
FI F xl X Ix

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

Bus Management Lines Sent on Data Lings

ATN | IFC SHQ,REN EOI
T F | x ' T|F

? U 6 octOQ1

Universal Unlisten —T

Ge to Leesl instruction
Controller Talk Adgress

3456A Listen Address

Figure A-6. Local Message.

Toe enable LOCAL LOCKOUT:

Bus Management Lines Senton Data Lines

ATN| IFC [ sRQ| REN | ECH
Tl Fr{x|T]|F

oct 021

Local Logkout instruction

te maintain LOCAL LOCKQUT:

Bus Management Lines

IATN IFC | sRQ | REN| £OI
(x [ x| x| 7%

Tao Serial POLL the 3456A (obtain Status Byta):

Bus Management Lines Sent on DataLines

ATN | IFC | SRQ| REN| EOY
T F X X F

7?6 octd30 V 5

Urivarsal Unlisten —T
3456A Listen Address
Serial Pall Enabte

T— Contrsller Listen Addrags
34564 Talk Address

them:

Bus Management Lings Sent on Data Lings

ATN [ IFC | SRQ* | REN | EQI

F F X L. i_‘ 3456A Status Byte

*If SRQ was true, it will switch 1o the false state.

and finally:

Bus Managemant Lines Sant on Data Lines

ATN JIFC SRQIREN EOI
T |F|F ] x | F

oct 031

Serial Poit Disable

Figure A-10. Status Byte Message.

Figure A-7. Local Lockout Message.

To CLEAR LOCAL LOGKQUT and set LOCAL:

Bus Managemant Linas

ATN | IFC| SRQ | REN | EQr
X X X T X

Figure A-8. Clear Lockout/Set Local Massage.

To send tha CLEAR Massage:

Bus Managsmant Lines Senton Data Lines

an | 1Fc [ sra | ren [ eor
T ( Pl x| x|x 0c1004

Cigar Command
To send the CLEAR MESSAGE Only to the 3456A:

Bus Management Linas Sent on Data Lines

ATN | IFC { SRQ | REN | ECI
F F X T X

7 6 oct 004

Univarsal Unlisten _T
3458A Listen Address

Clear Cammand

To send REQUIRE SERVICE MESSAGE:

Bus Managemaent Lines

ATN] IFC| SARQ] REN | ECH
X X T X X

Figure A-11. Clear Message.

Figure A-9. Require Service Message.

To sand the ABORT Meassaga:

Bus Management Lings

ATN [ IFC | SRQ | REN | £Q1
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. Lock Installation Procedure.

1. Locate the front panel section located at the front
panel's input terminals.

2. 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 section and should not be forced out of the
section.)

3. 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.

4. Set the Front/Rear Switch to the desired position
{FRONT or REAR).

5. 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
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ANGOLA Molbourne, Victoria Office

Telecira Hewleti-Packard Australia Pty.Lid.

Empresa Técnica de Equipamentos  31-41 Joseph Stieel

Eléctricos, S.ARL. BLACKBURN, Vicloria 3130

R. Barbosa Rodrigues, 414 OT. Tel. 89-6351

Caixa Posial 6487 Telex: 31-024

LUANDA Cable: HEWPARD Melbourne

Tel: 3551535516 A.CH,CM.CS E MS,P

EMP Perth, Western Australia
Office

::,.ME'E;E:: Argentina S.A. Hewlelt-Packard Ausiralia Ply.Lid.

Avenida Sanla Fe 2035 141 Stiding Highway

NEDLANDS, W.A. 6009
{effective 28 Sepi. 1981
261 Stirkng Highway
CLAREMONT, W.A. 6010}

Tel: 798-5735, 752-1293
Telex: 122443 AR CIGY
Cable: HEWPACKARG
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Biokon SACLyM Cable: HEWPARD Perth
Av Pasen Colon 221, 8 Piso ACH.CM, E MS.P
1399 BUENOS AIRES e
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Telex: 17505 BION/AR Office
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Venszuela 1326 P.0. Box 308
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Tel: 379026, 379027 T:I-e:_ 21561
;efex: 18197, 22754 ALVAR AR Ll L maRD Sydney
ACH.CM,CS EMS.P

T
AUSTRALIA AUSTRIA
Adelalde, South Australla Hewletl-Packard Ges.m.b.h.
Office Groterhotsirasse 94
Hewletl-Packard Austratia Ply.Lid. Verkauisburo Graz
153 Greenhilk Road A-B052 GRAZ
PARKSIDE, 5.A. 5063 Tel: 21-5-66
Tek: 272-5911 Telex: 32375
Telex: B2636 CH.OME"
Cable: HEWPARD Adelaide Hawlett-Packard Ges.m.b.h.
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Brishane, Queensaland P.O.Bon 7

Office A-1205 VIERNA
Hewlell-Packard Ausiralia Ply.Ltg,  Tek (222) 33-16-210
5th Floor Telex: 135823/135066
Teachers Union Building A,CHCM,CSEMSP
495-499 Boundary Street

SPRING HILL, Queensland 4000 BAHRAIN

Tel: 229-1544 Green Salon

Telex: 42133 P.0. Box 557

GCable: HEWPARD Brisbane BAHRAN
ACH.CM,EMS.P telr 2550:3-250950
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Taerritory Office

Hewlatl-Packard Ausirala Ply.Lid. g":;"f :2:’;";’

121 Wollongong Street BMIN

FYSHWICK, A.C.T. 2606 Tl 256127

Tek B0 4244 Telex: 62650 Teten. 8550 WAEL G
Cable; HEWPARD Canberra M )

A‘CHCMEMS.P

SALES & SUPPORT OFFICES

Arranged alphabetically by country

BELGIUM

Hewlett-Packard Belgium S.A/MNV.
Bivd de la Woluwe, 100
Wolywedal

B- 1200 BRUSSELS

Tel; (02) 762-32-00

Telex: 23-494 paloben bru
ACHCM.CSEMPP

BRAZIL

Hewletl-Packard do Brasil .e.C.
Lida.

Mameda Rio Negra, 750
ALPHAYILLE 06400 Barueri 5P
Tel 421-1311

Telex: 011 33872

Cable: HEWPACK Sao Paulo
A,CH.CM,CS E MS
Hewleit-Packard do Brasil 1e.C.
Ltda.

Avenida Epitacio Pessoa, 4664
2247 1 PO DE JANEIRD-RY

Tel: 286-0237

Telex: 021-21905 HPBR-EA
Cable: HEWPACK Rio de Janeiro
A, CH,CME MS P*

CANADA

Alberta

Hewlett-Packard (Canada) L1d.
210, 7220 Fisher Street S.E.
CALGARY, Alberta T2H 2H8
Tel: {403} 253-2713
ACHCME" MSP*
Hewlett-Packard {Canada) Lid.
11620A- 168th Straet
EDMONTON, Alberta TSM 379
Tel: {403} 452-3670
A,CHCM.CS.EMSP®

British Columbla
Hewletl-Packard (Canada) Lid.
10681 Shellbridge Way
RICKMOND, British Gotumbia VEX
W7

Tel (604) 270-2277

Telex: 610-922-5059
4,CHCM,CS.E* MS.P°

Manitoba

Hewlell-Packard (Canada) Lid.
380-550 Century Street
WINNIPEG, Maniloba R3H 0¥
Tel: {204) T85-6701

A CH,GME MS,P*

New Brunawick
Hewlell-Packard {Canada) Liq.

190 Wilbur Street

MONCTOM, New Brunswick E2B 2VQ
Tel: (S06) 388-1677

Telex: 01931470

CH**

Nova Scotia

Hewlstt-Packard {Canada) Lid.
P.0. Box 931

800 Windmil Road

DARTMOUTH, Mava Scolia B2Y 376
Tel: (302) 469-7820

Telex: 01931470

CH,CM,CS,E" MS,P*

Ontarlo

Hewlett-Packard (Canada) Lid.
552 Newbald Street

LONDON, Cntario NGE 255
Tel: (519) 686-9181

Telex: $10-352-1201
ACHCME* M5 P*

Hewlett-Packard (Canada} Ltd.
6877 Goreway Drive
MISSISSAUGA, Ontario L4Y 1M8
Tel: (416} 678-8430

Telex: 610-492-4246
ACHCMCSEMPP

Hewlelt-Packard (Canada) Lid.
2670 Queensview Dr,
OTTAWA, Ontavio K28 9K1

Tel: (613} B20-5483

Telex: 610-563- 1636
A,CHCM,CS.E* MS,P*

Quebec

Hewlelt-Packard (Canada) Lid.
17500 South Service Aoad
Trans-Canada Highway
KIRKLAND, Quebec HOJ 2MS
Tel: (514) 697-4232

Telex: 05821521
ACHCM.CS.EMPP"

Hewlett-Packard (Canada) Lid.
Les Galeries du Valion

2323 Boulevard du Versant Nord
STE. FOY, Quebec GIN 4C2

Tel: (418) 687.4570

CH

CHILE

Jorge Calcagni y Cia. Lida,
Arturo Burhle 065

Casila 16475

SANTIAGO B

Tel: 222-0222

Telex: Public Booth 0001
ACMEM

Qlymgpia {Chile) Lid.
Hodrico de Araya 1045
Casilla 256-V

SANTIGO 21

Tal: 225-5044

Telex: 40565 OLYMP CL
C.P

CHINA, People's Republic
of

CEIEC Ine.

44 Beiwei Rd.

BELING, Ching

Telex: 22475 CEIEC CN
ACHCMECSEP

COLOMBIA
Instrurmentacion

M. A tangebaek & Kier S.A.
Apartado Aérec 6287
BOGOTA 1, D.E.
Carrera 7 No. 48-75
BOGaTA, 2 DLE.

Tel: 267-8877

Teiex: 44400

Cable: AARIS Bogola
ACMEMP

COSTA RICA

Ciendifica Coslarficense 5.A.
Avenida 2, Calie §

San Pedro de Monles de Oce
Apartado 10159

SAN JOSE

Tei: 24-38-20, 74-08- 19
Telex: 2367 GALGUR

CMEM

CYPRUS

Telerexa Lid.

P.0(). Box 4809

14C Sisssings Avenue
NICOSI

Tel: 62698

Telex: 2894 Levidocy
EMP

L]
&

CZECHOSLOVAKIA
Hewlelt-Packard

Obchodni Zashipiteistvi v CSSR
Post. schranka 27

CS-118 01 PRANA D11

Tel: 66-296

Telex: 121353 IHC

DENMARK
Hewlett-Packard A/S
Datavej 52

DK-3460 BIRKERQD
Tel: {02) 81-66-40
Telex: 37409 hpas dk
A,CH.CM,CS.EMS,P
Hewlell-Packard &/S
Navervej 1

DK-B600 SILKEBORG
Tel: {06) B2-71-66
Telex: 37409 hpas dk
CH,CM.E

ECUADOR

CYEDE Cig. Lida.
Avenida Eloy Allarc 1749
Casilla 6423 CCI

o

Tel: 450-975, 243-052
Telex: 2548 CYEDE ED
ACMEFP

Hospitalar §.A.

Robles 625

Casilla 3590

ourrg

Tel: 545-250, 545-122
Telex: 2485 HOSPTL ED
Cable: HOSPITALAR-Quito
M

EGYPT

International Enginearing Associles
24 Hussein Hegazi Stresl
Kasr-gl-Aini

CAIRQ

Tar: 23-829

Telex. 93830

CHESEM

Informatic For Syslems
22 Talaal Harb Streel
CAIRD

Tal: 759006

Telox: 93938 FRANK UN
CHLS.P

Egyptian international Office
for Foreign Trade
P.0.Box 2558

CAIRO

Tel: 984935

Telex: 93337 EGPOR

P

EL SALVADOR

IPESA de El Salvador 5.A.
Bowlevard de los Heroes 1148
SAN SALVADOR

Tel: 252787, 259621

Telex: Public Baoth 20107
ACHCMCSEP

FINLAND
Hewlet-Packard Oy
Revontulentie 7
SF-02100 ESPOOD 10
Tel: {80) 455-0211
Tetex: 121563 hewpa s
ACHCMCSEMSP
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SALES & SUPPORT OFFICES

Arranged alphabetically by country

FRANCE
Hewlett-Packard France

Le Ligoures

Bureau de Vente de Aix-en-
Pravence

Ptace Romée de Vileneuve
F-13090 AIX-EN-PROVENCE
Tel: {42} 59-41-02

Telex: 4107TOF
ACH.CM,E MS P*
Hewleti-Packard France
Boite Postale No. 503
F-25026 BESANCON

28 Rue de la Republique
F-25000 BESANCON

Tel: {81) 83-16-22

CHM

Hewlett-Packard France
Bureau de Venle de Lyon
Chemin des Mouilles

Boite Posiale No. 162
F-B9130 ECULLY Cédex

Tel: (78) 33-81-25

Telex: 310617F
ACH.CM,CS.E MP
Hewleti-Packard France
Immeuble Frence Evry

Tour Larraing

Boulevard de France
F-9t035 EVRY Cédex

Tet: (60) 77-96-60

Telex: 692315F

CM,E

Hewlelt-Packard France
5th Avenue Raymond Chanas
F-38320 EYBENS

Tel; {76) 25-81-41

Telex: 960124 HP GRENOB EYBE
CH,CM

Hewlett-Packard France
Béatiment Ampére

Rue de la Commune de Paris
Boile Posigle 300

F-03153 LE BLANC MESNIL
Tek: {01) B65-44.-52

Telex: 211032F
CH,CM,CS E MS
Hewletl-Packard France

Le Mantesquieu

Avenue du President JF Kennedy
F-33700 MERIGNAC

Tel: (56) 34-00-84

Telex: 550105F
CH,CM,E MS
Hewleti-Packard France

32 Rue Lothaire

F-57000 METZ

Tel: (B7) 65-53-5¢

CH,CM

Hewlet-Packard France

3 Rue Julien Videment
F-44200 NANTES

Tel: (40) 48-09-44

GH"*

Hewletl-Packard Franca
Zone Industrielle de Courtaboeul
Avenue des Trapiques F-01047 Les
Ukis Cédex ORSAY

Tel: {1) 807-78-25

Telex: 800048F
A.CH,CM.CS.E MP P
Hewlet{-Packard France
Pasis Porle-Maillat 13, 15 25
Boulevard De L' Amiral Bruix
F-75782 PARIS Cédex 16
Tel: (01) 502-12-20

Telex: 613663F
CH,CM M5 P

Hewleit-Packard France
2 Allee de la Bourgonette
F-35100 RENMES

Tel: (99) 51-42.44
Telex: 740912F
CH,GM,E M5 P*
Hewleti-Packard France
98 Avenue de Bretagne
F-76100 AOUEN

Ter: {35) 63-57-86 CH**,CS
Hewlell-Packard France
4 Hue Thomas Marn
Boite Poslale 56
F-B67200 STRASBOURG
Tet: {BB) 28-56-46
Telex: B304 1F
CH,CM,E M5 P
Hewieti-Packard France
20 Chemin de la Cépidre
F-31081 TOULOUSE Cédex
Tel: (61) 40-11-12
Telex: 53 t1636F
ACHCMCSEP
Hawleti-Packard France
Bureau de Venle de Lile
Immeuble Péricentre

Rua Yan Gogh

F-59650 YILLENEUYE D'ASG
Tel: (20)91-41-25
Telex: 160124F
CH,CM.E M8 P"

GERMAN FEDERAL
REPUBLIC
Hewledt-Packard Gttt
Technisches Bira Berfin
Keithstrasse 2-4

D- 1000 BERUN 30

Tel: (030) 24-30.86

Telex: 018 3405 hpbin d
A,GH.CM EMPX
Hewleti-Packard GmbH
Tachnisches BUro Bablingen
Herrenberger Strasse 110
D-7030 BOBLINGEN

Tel: (07031) 667-1

Telex: 7265739 bbn or 07265743
A,CH,CM,CS E,MP P
Hewleti-Packard GmbH
Technisches Biiro Cusseldorf
Emanuel-Leutze-Strasse 1
D-4000 DUSSELDORF

Tel: 0211} 58711

Telex; 085/86 533 hpdd o
A,CH,CM,CS E MS.P
Hewlett-Packard GmbH
Verriebszentrale Frankfurt
Berner Sirasse 117
Postfach 560 140

0-6000 FRANKFURT 56

Tek: {0611) 50-04-1

Telex: 04 13249 hpttm g
ACHCMCSEMPP
Hewletl-Packard GribH
Technisches Blro Hamburg
Kapstadtring 5§

D-2000 HAMBURG 60

Tel: (D40) 63804.1

Telex: 21 63 032 hphh o
ACHCMCSEMSP
Hewlett-Packerd GmbH
Technisches Bure Hannover
Am Grossmarkt &

D-3000 HANNOVER 91

Tel: (0511} 46-60-01
Telex: 092 3250
ACHCMEMSP

Hewlett-Packard GmbH
Technisches Blro Mannheim
Rosslauer Weg 2-4

D-6B0( MANNHEIM

Tal: (621} TD050

Telex: 0462105

ACE

Hewlett-Packard GmbH
Technisches BUro Neu Uim
Messerschmifistrasse 7
D-7510 NEU ULM

Tel: 0731-70241

Telex: 712816 HP ULM-D
ACE*

Hewlett-Packard GmbH
Technisches Bliro Nurnberg
Neumeyerstrasse 90
D-8500 NURNBERG

Tel: (0811) 56-30-83
Tetex: 0623 860
CH,CM.EMS,P
Hewlett-Packard GmbH
Technisches Buro Munchen
Eschenstrasse 5

D-802 1 TAUFKIRCHEN

Tek (083) 6117-1

Telex: 0524985
ACHCMEMS P

GREAT BRITAIN
Hewiett-Packard Lid.
Trafalgar House
Navigalion Road
ALTRINCHAM

Chesire WA 14 1NU
Tel: (061) 928-6422
Telax: 668068
ACHCSEM
Hewlalt-Packard Lid.
Qakfield Hause, Qakfield Grove
Clitton

BRISTOL BSB 2BN
Tel: 36806

Telex: 444302
CH.CMMP
Hewlett-Packard Lid.
18 Wesley Street
CASTLEFORD
Yorkshire WF 10 1AE
Tel: {0G77) 550018
Telex: 5557355

CH

Hewletl-Packard Ltd.
Fourier House
257-263 High Street
LONDON COLNEY
Herts., AL2 1HA

Tel: (0727) 24400
Telex: 1-8952716
CHCSE .
Hewlett-Packard Lid
Tradax House, St. Mary's Walk
MAIDENHEAD
Berkshire, 5L6 15T
Tel: (0628) 39151
CH,CS,EP
Hewleti-Packard Lig.
308/314 Kings Road
READING, Berkshire
Tel: 61022

Telex: 84-80-68
CM,P
Hewietl-Packard Lig.
Quadrangle

106-118 Station Road
REDHILL, Surrey

Tel: (0737) 68655
Telex: 947234 CH.CS.E

Hewlett-Packard Ltd.
Wesiminsler House

190 Stratford Road
SHIRLEY, Solihul

West Midiands BS0 3BJ
Tel: {021} 7458800
Telex: 339105

CH

Hewlett-Packard Lid.
King Sfreel Lane
WINNERSH, Wakingham
Berkshire RG11 54R
Tel: (0734) 784774
Telex: 847178
ACSEM

GREECE

Koslas Karaynnis §.A.

& Omirou Street

ATHENS 133

Tel- 32-30-303, 32-37-371
Telex: 21 59 62 RXAR GR
ACHOMCS.EMP
PLAISIO 5.A.

G. Gerardos

24 Stournera Sireet
ATHENS

Tel: 36-11- 160

Telex: 21 0492

P

GUATEMALA

IPESA

Avenida Relorma 3-48
GUATEMALA 3

Tel: 316627, 314786
Telex: 4192 TELETRO GU
ACHOMCSEMP

HONG KONG

Hewletl-Packard Hong Kaong, Lig,

G.P.0. Box 795

5th Floor, Sun Hung Kai Centre
30 Harbour Road

HONG KONG

Tel: 5-8323211

Telex: 686768 HEWPA HX

Cable: HP ASIA LTD Hong Kong
E.CH.CS P

Schmidf & Co. (Hong Kong) Lid.
Wing On Centre, 281h Floor
Connaught Road, C.

HONG KONG

Tel: 5-455644

Telex: 74766 SCHMX HX

AM

ICELAND

Elding Trading Company Inc.
Hafnarnvoli- Tryggvagoty
P.0). Box 895

IS-REVKJAVIX

Tel: 1-58-20, 1-63-03

M

INDIA

Blue Star Ltg.

11 Magarath Road
BANGALORE 560 025
Tel: 55668

Telex: 0845-430
Cable: BLUESTAR
ALCHCMCSE
Blue Star Lid.
Band Box House
Prabhadevi
BOMBAY 400 025
Tel: 422.3101
Telex: 0711-3751
Cable: BLUESTAR
AM

Blue Star Lid. .
Sahas

41472 Vir Savarkar Marg
Prabhadevi

BOMEAY 200 025

Tel 422.6155

Telex: 011-4093

Cable: FROSTBLUE
ACHCM.CS.EM

Blue Star Lid.

Kalyan, 19 Vishwas Colony
Alkapuri, BORODA, 390 005
Tel: 65235

Cable: BLUE STAR

A

Blue Star Lid.

7 Hera Street
CALCUTTA 700 001
Tel: 12.01-31

Telex: 021-7655
Cabie: BLUESTAR
AM

Blue Star Lid.

133 Kodambakkam High Road
MADRAS 600 034

Tel: 82057

Telex: 041-379
Cable: BLUESTAR
AM

Bive Star Lig,
Bhanderi House, Tthv8th Flaors
97 Nehru Place

NEW DELAT 110 024
Tel: 682547

Telex: 031-2463
Gable: BLUESTAR
ACHCMCS EM

Bive Star Ltd,

15/16:1) Wellesley R,
PUNE 41T Q11

Tel: 22775

Cable: BLUE STAR

A

Bive Star Lid,

1-1-117/1 Sarojini Devi Road
SECUNDERABAD 500 033
Tel: 70126

Telex: 0155-459

Cable: BLUEFROST

AE

Biue Star Lid.

1.C. 7/603 Poornima
Maruthankuzhi
TRIVANDRUN 595 013
Tel: 65799

Telex: 0884-259

Cabie: BLUESTAR

E

INDONESIA

BERCA indonesia P.T.
P.O.Box 296/KT.

Jl. Abotd Muis 82
JAKARTA

Tsl: 373009

Telex: 45748 BERSAL 14
Cable: BERSAL JAKARTA
P

BERCA Indonesia P.T,
Wisma Aniara Bidg., 17th fioor
VAKARTA

ACSEM

BERCA indonesia P.T.

P.0. Box 174/S8Y.

J Kutei No, 171

SURRBAYA

Tel: 68172

Telex: 31146 BERSAL B
Cable: BERSAL-SURABAYA
A EMP



IRAG

Hewlell-Packard Trading S.A.
Mansoor City 98/3/7
BAGHDAD

Tel: 551-49-73

Telax: 2455 HEPAIRAQ IK
CH.CS

IRELAND
Hewsell-Packard Ireland Ltd.
Kestrel House

Clanwiliam Court

Lower Mounl Streel

DYBLIN 2, Eire

Tel: GBO424, GBO426
Telex: 30430
ACH,CM,CS.EMP

Cardiac Services Lid.
Kitmore Road

Arlane

DUBLIN 5, Eire

Tel: (01) 351820
Telex: 30439

M

ISRAEL

Electronics Engineering Division
Motorola Israel Lid.

16 Kremenelski Street

P.0. Box 25016

TEL-AVIY 67898

Tel: 3-338973

Talzx: 33565 Mot! L

Cable: BASTEL Tel-Aviv
ACHECMCSEMP

ITALY

Hewlelt-Packard itakana S.p.A.
Traversa 990

Giulic Petrone, 19

|-70124 BARI

Tal: {0B0) 41-07-44

M

Hewletl-Packard lallana 5.p.A.
Via Martin Luther King, 38/111
1-40132 BOLOGNA

Tel: (051) 402394

Telex: 511630

CH,CM.EMS

Hewlett-Packard Ilaliana $.p.A.
Via Principe Nicola 43G/C
|-85126 CATANIA

Tel: (095) 37-10-87

Telex; 570281 C.P
Hewlett-Packard laliana S.p.A.
via G. Di Vittorio 9

120063 CERNUSCO SUL MAVLIGLID
Tel: (2) 903691

Telex: 334632
A,CH,CM,CS,EMP P
Hewletl-Packard Raliana 5.p.A.
Via Nuova san Rocco A
Capodimonte, 62/A

1-80131 NAPOU

Tel: (081) 7413544
ACHCME

Hewlell-Packard Itaiiana S.p.A.
Viale G. Modugno 33

I-16156 GENOVA PEGLI

Tel: (010} 68-37-07 EC
Hewlati-Packard Hatiana S.p.A.
Via Turazza 14

1-35100 PADOVA

Tel: (49) 654888

Telex: 430315

A,CH,CM.E MS
Hewlalt-Packard Naliana $.p.A.
Viale C. Pavese 340

1-00144 ROMA

Tel: (06) 54831

Telex: 610514
ACH.CM,CSEMSP"

Hewlelt-Packard Haliana S.p.A.
Corso Giovanni Lanza 94
1-10133 TORINQ

Tel: (011} 682245, 653308
Telex; 221078

CH.CM.E

JAPAN
Yokogawa-Hewlett-Packard Ltd.
Inoue Building

1-1348-3, Asahi-cho

ATSUGI, Kanagawa 243

Tel: (0462) 24-0451

CMC"E
Yokogawa-Hewlell-Packard Lid.
Sannomiya-Daiichi Seimei-Blag. SF
69 Kyo-machi Chut-ku

KOBE 650

Tel: {O78) 392-4791

C.E

Yokogawa-Hewlett-Packard Ltd.
Kumagaya Asahi Yasoji Bidg 4F
3-4 Chome Tsukuba
KUMAGAYA, Sailama 360

Tel: {0485) 24-6563

CH,CME
Yokagawa-Hewletl-Packard L d.
Mita Mitsui Building

1-4-73, San-no-maru

MITO, Ibaragi 310

Tel: {0292) 25-7470

CH,CM.E

Yokopgawa-Hewletl-Packard L1d.
Sumitomo Seimei Nagoya Bldg.
11-2 Shimo-sasajima-cho
Nakamura-ku

NAGOYA, Aichi 450

Tel {052) 571-5171
CH,CM.C5.E MS

Yokogawa-Hewlet-Packard Lid.
Chuo Bldg., 44h Floar

5-4-20 Nishinakajima, 5-chome
Yodogawa-ku

OSAKA, 532

Tel: (06) 304-6021

Telex: YHPOSA 523-3624
ACHCMCSEMPP*

Yokogawa-Hewlet-Packard Lid.
3-29-21 Takaido-Higashi 3-chome
Suginami-ku

TOKYO 168

Tel: (03) 331-6111

Telex: 232-2024 YHPTOK
ACHCMCSEMPP*
Yokogawa-Hewletl-Packard Lid.
3-30-4 Tsuruya-cho
Kanagawa-ku,

YOKOHAMA Kanagawa, 221

Tek {045) 312-1252

CH.CM.E

JORDAN

Mouasher Cousins Compatiy
P.0. Box 1387

AMMAN

Tel: 24907, 39907

Telex: 21456 SABCO JO
CHEMP

KENYA

ADCOM Lid., Inc.

Cily House, Wabera Streel
P.0.Box 30635

NAIROB!

Tel: 331955

Telex: 22639

EM

KOREA

Samsung Elecironics
Induslrial Producis Div.
76-561 Yeaksam-Dong
Kangnam-Ku

C.P.O. Box 2775

SEOUL

Tel: 555-7555, 555-5447
Telex: K27364 SAMSAN
ACHCMCSEMP

KUWAIT

Al-Khaligya Trading 8 Coniracting
P.0. Box 830 Safat
KUwarr

Tel- 42-4910, 411726
Telex: 2481 Areeg ki
CHEM

Photo & Cine Equipment
P.0. Box 270 Safal
KUwAIT

Tal: 42-2846, 42-3601
Telex: 2247 Matin

P

LEBANON
G.M. Doimadjian
Achralieh

P.0. Box 165.167
BEIRUT

Tel: 290293

MP

LUXEMBOURG

Hewlett-Packard Balgium S.A./MNV.

Bivd de la Woluwe, 100
Woiuwedal

B-1200 BRUSSELS

Tel: (02) 762-32-00

Telex: 23-494 paloben bru
A,CH.CM.CS.EMPP

MALAYSIA
Hewlelt-Packard Sates (Malaysia)
Sdn. Bhd.

Suite 2.21/2.22
Bangunan Angkasa Raya
Jalan Ampang

KUALA LUMPUR

Tel: 483544

Telex: MA31011
ACHEMP*

Protel Engineering

Lot 315, Satok Road
P.0.Box 1517

Kuching, SARAWAX

Tel: 53544

Telex: MA 70904 PROMAL
Cable: PROTELENG

AEM

MALTA

Phitip Toledo Lid.
Natabite Rd.

MRIEHEL

Tel 447 47, 455 66
Telex: MW.649

P

MEXICO

Hewlett-Packard Mexicana, 5.A. de
cy.

Avenida Periferico Sur No. 6501
Tepepan, Xochimilce

MEXICO CITY 23, D.F.

Tel: (905) 676-4600

Telex: 017-74-507
ACHCSEMSP

Hewlelt-Packard Mexicana, S.A. de
cv.

Rio Volga 600

Cotonia del valle

MONTERREY, N.L.

Tel: 78-42-93, 78-42-40, 78-42-41
Telex: 038-410

CH

MOROCCO
Dolbeau

81 rue Karaichi
CASABLANCA

Tel: 3041-82, 3068-38
Telex: 23051, 22822
3

Gerep

2 re a'Agaoir

Boite Poslale 156
CASABLANCA

Tel: 272093, 272095
Telex: 23 739

-]

NETHERLANDS
Hewlelt-Packard Nederiand B.V.
an Hewven Goedhartlaan 121
NL 1181KK AMSTELYEEN

P.0. Box 667

NL10B0 AR AMSTELVEEN

Tel: (20} 47-20-21

Telex: 13 216
ACH,CM,CS E MPP

Hewlelt-Packard Nederland B.V.
Bongerd 2

NL 25908VK CAPPELLE, A/D ljessel
P.0. Box 41

NL2900 AA CAPELLE, lissel

Tel: (10) 51-64-44

Telex: 21261 HEPAC NL
ACHCMCS

Koning en Hartman Electrotechnick
BY.

Koperwert 30

2544 En den Haag

The NETHERLANDS

Tel: D70-210101

Telex; 31528

[+ 1]

NEW ZEALAND
Hewleti-Packard (N.Z.} Lid.
169 Manukau Road

P.O. Box 26-189

Epsam, AUCKLAND

Tel: 687159

Cable; HEWPACK Auckland
CHOMEP"
Hewley-Packard (N.Z.) Lid.
4-12 Cruickshank Sweel
Kilbirnie, WELLINGTON 3

P.0. Box 9443

Courtenay Place, WELLINGTON
Tel: B77-199

Cable: HEWPACK Wellinglon
CH.CMEP

Northrop instruments & Systems
Ltd.

368 Khyber Pass Road
P.0. Box 8602

AUCKLAND

Tel: 794-081

Telex: 60605

AM

Northrop Instruments & Systems
Ltd.
110 Mandevilig St.
P.0. Box 8388
CHRISTCHURCH
Tel: 466-528
Telex: 4203
AM
Northrop instrumenis & Systems
Lid
Sturdes House
85-87 Ghuznee Sireel
P.0. Box 2408
WELLINGTON
Tel: 850-091
Telex: NZ 33680
AM

NORTHERN IRELAND
Cardiac Services Company
95A Finaghy Road South
BELFAST BT 10 OBY

Tel: (0232) B25-566

Talox: 747626

M

NORWAY
Hewlen-Packard Norge A/S
Folke Bemadotiesvei 50
P.0. Box 3558

N-5033 FYLLINGSDALEN (BERGEN)
Tel: (05) 16-55-40

Telex: 16621 hpnas n
CH.CM.E

Hewlett-Packard Norge A/S
Cesterndalen 18

P.0, Box 34

N-1345 DESTERAAS

Tel: (02) 17-11-80

Telex: 16621 hpnas n

A* CH.CME MS P

OMAN

Knimil Ramdas

P.O. Box 19

MySCAT

Tel: 72:22-17, 72-22-25

Talex: 3289 BROKER MB MUSCAT
P

PAKISTAN

Mushko & Company Lid.
10, Bazar Road

Sector G-6/4

ISLAMASAD

Tel: 26875

Cahie: FEMUS Rawalpindi
AL M

Mushko & Company Lid.
Oosman Chambers
Abduligh Waroon Road
KARACH! 0302

Tel: 511027, 512927
Telex: 2884 MUSKO PK
Cable: COOPERATOR Karachi
AEMP

PANAMA

Electrbnico Balboa, 5.A.
Cafle Samsel Lewis
Apariade 4929

Panama 5

Edificio “Alfa" No. 2
CIUDAD DE PANAMA

Tel: 64-2700

Telex: (0383 ELECTRON PG
ACMEMP

(2]
&
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Arranged alphabetically by country

PANAMA (Con't.}
Folo inferpacional, 5.A.

Free Zone Colon

Apariado 2068

COLON 3

Tel: 45-2333

Telex: 379 8526, 386 8722
P

PERU

Cla Electro Médica S.A.

Los Flamencos 145, San lsidro
Casila 1030

Likds 1

Tel: 41-4325, 41.3703

Teiex: Pub. Booth 25306
ACMEMP

PHILIPPINES

The Onfine Advanced Syslems
Corporalion

Rico House, Amorsole Cor, Herrera
Sireet

Legaspi Village, Makati

P.O. Box 1510

Melro MANILA

Tel: 85-35-81, 85-34-91, 85-32.21
Telax: 3274 ONLINE

ACHCSEM

Eiectronic Specialists and
Proponents inc.

690-8 Epilanio de los Santos
Avenve

Cubao, QUEZON CITY

FP.0. Box 2649 Mania

Tel: 98-95-81, 98-95-82, 95-96-83
Telex: 40018, 42000 ITT GLOBE
MACKAY BOOTH

P

POLAND

Buro Informasi Technicznej
Hewigit-Packarg

Uf Stawki 2, 6P

PLDO-950 WARSZAWA

Tel: 39-59-62, 39-67-43
Telex: 812453 hepa pi

PORTUGAL

SOQUIMICA

Av. da Libedage 220.2

P- 1208 LiISBOA Coderx

Tel: 56 21 81, 56 21 82
Telex; 13316
Telectra-Empresa Técnica de
Equipmentos Eléciricos $.8.1.1
Rua Rodrigo de Fonsecs 163
P.O. Box 2631

P-LISBON 1

Tel (19) 68-60-72

Tekex: 12598

CHCSEP

Mundinter

Intercambio Mundial de Coméreio
Sarl

P.0. Box 2761

Avanida Anforso Augusto de Aguar
138

P-LISBON

Tel (19) 3-21-31, 53.21-37
Telex: 16691 munter p

M

PUERTO RICO
Hewletl-Packard Puerto Rico
P.Q. Box 4407

CAROLINA, Puenc Rico 00630
Calle 272 Edifitio 203

Urb. Couniry Club

RI0 PIEDRAS, Puerio Rico 00924
Tel: (BDD) 762-7255

Tolex: 345 0514

ACH,CS

QATAR

Nasser Trading & Coniracting
F.0. Box 1563

DOHA

Tel: 22170

Telox: 4439 NASSER

M

Computearabia

P.0. Box 2570
DA

Tel: 329515

Tolex: 4606 CHPARS
P

ROMANIA
Hewiell-Packard Reprezentanta

- Boulevard Nicolae Bsicescu 16

BUCUREST!
Tel: 130725
Telex: 10440

SAUDI ARABIA

Modern Elecironic Establishment
A0 Box 183

ALKHOBAR

Tel: 44-678, 44-813

Telex: 670136

Cable: ELECTA AL-KHOBAR
CHESEMP

Modern Electronic Establishment
P.0. Box 1228, Baghdadiah Strest
JEDDAN

Tel: 27.798

Telex: 401035

Cable; ELECTA JEDDAH
CHCSEMP

Modern Electranic Establishment
P.Q. Box 2728

RIYADH

Tel: 62-596, 66-232

Telex; 202049

CHCS.EMP

SCOTLAND
Hewleti-Packard Ltd.
Royal Bank Buidings
Swan Straet

BRECHIN, Angus, Scottand
Tel: 31071, 3102

CHCM

Hewlett-Packard Lid.
SOUTH QUEENSFERRY
Wesi Lothian, EH30 9GT
GB-Scotland

Tel: (031) 3311000
Telex: 72682
ACHCM,CSEM

SINGAPORE
Hewiell-Packard Singapore (Piy.)
Lid.

P.0. Box 58 Alexandra Post OHice
SINGAPQRE, 9115

6th Floor, Inchcape House
450-452 Alexandra Road
SINGAPORE 0511

Tel: 631788

Telex: HPSGSO RS 34209

Cable: HEWPACK, Singapore
ACH.CSEMSP

SOUTH AFRICA
Hewiett-Packard South Africa (Ply.)
Lid.

P.Q. Box 120

Howard Place

Pine Park Center, Forest Drive,
Pinelands

CAPE PROVINCE 7450

Tel: 53-7955, 53-7956, 53-7957
Telex: §7-0006

ACHCME MSP

Hewlalt-Packard South Africa (Pty.)
Ltd.

P.0. Box 37099

Overport

DURBAN 4067

Tel: 28-4178, 28-4179, 28-4110
CH,CM

Hewlett-Packard South Atrica (Pty.)
Lid.

P.0. Box 33345

Glenstantia 0010 TRANSYAAL

151 Floor East

Constantia Park Ridge Shopping
Cenire

Constantia Park

PRETORIA

Tel: 01288-1126

Telex: 32183

CH,E

Hewilett-Packard South Africa {Pty.)
Lid.

Frivate Bag Wendywood

SANDTON 2144

Tel: 8025111, 862-5125

Telex: 89-84782

Cable: HEWPACK Johannesburg
A.CHCM.CSEMS P

SPAIN

Hewlett-Packard Espafiola S.A.
¢/Enlenza, 321

E-BARCELONA 29

Tel: (3} 322-24-51, 321-73-54
Telax: 52603 hpbee
A,CH,CM,CS E M5, P
Hewlet-Packard Espafiola S.A.
©/San Vicenle S/N

Edificic Albia 11,7 B

E-BILBAQ !

Tel: (944) 423-8306, 423-8206
A,GH,CM.EMS
Hewieti-Packard Espaficla §.A.
Caile Jerez 3

E-MADRID 16

Tel: 458-2600

Telex: 23515 hpe

ACME

Hewleti-Packard Espafiola 5.4,
¢/o Costa Brava 13

Colonia Mirasierra

E-MADAID 34

Tel: 734-8061, 734-1162
CHCSM

Hewledt-Packard Espafiola S.A.
Av Ramén y Cajal 1-9

Edificio Sevilla 1,

E-SEVILLA 5

Tel: 64-44-54, 64-44-58
Telex: 72933

ACM,CSMS P
Hewlell-Packard Espahola S.A.
C/Ramon Gordillo, 1 (Entip.3)
E-¥YALENCIA 10

Tel: 361-1354, 351-1358
CH.CMP

SWEDEN

Hewlell-Packard Sverige AB

Enighelsvigen 3, Fack

P.C. Box 20502

5-16120 BROMMA

Tel: {08} 730-0550

Telex: (854) 10721 MESSAGES

Cable: MEASUREMENTS
STOCKHOLM

ACH.CM,CS,E MS,P

Hewlett-Packard Sverige AB
Sunhnanvagen 14K

$.22226 LUKD

Tek (46) 13-69-79

Telex: {854} 10721 (via BROMMA
office)

CH,CM

Hewlet-Packard Sverige AR
Vasira Vinlerpatan 9

570344 OREBRO

Tel: {19} 10-48-80

Telex: (854) 10721 (via BROMMA
ofice)

CH.CM

Hewlell-Packard Sverige AR
Fritalisgatan 30

§-42132 YASTRAFROLUNDA

Tel: {031} 48-09-50

Telex: (854) 10721 (via BROMMA
office)

CHLMEP

SWITZERLAND
Hewleli-Packard (Schweiz) AG
Clarastrasse 12

CH-4058 BASLE

Tel; {61} 33-59-20

ACM

Hewlelt-Packard (Schweiz) AG
Bahnhoherweg 44

3018 BERN

Tel: (031) 56-24-22

CH,CM

Hewleti-Packard (Schweiz) AG
47 Avenue Blanc

CH-1202 GENEVA

Tel: (022) 32-30-05, 32-4B-00
CH.CM.CS

HewleN-Packard {Schweiz) AG
26 Chemin Chitteau Bloc
CH-1219 LE LIGNON-Geneva
Tel: (022) 96-03-22

Telex: 27333 hpag ch

Cable: HEWPACKAG Geneva
ACMEMS P

Hewlet-Packard {Schweiz) AG
Zlrcherstragse 20

Almend 2

CH-8967 WIDEN

Tel: (57} 50-111

Telex; 58933 hpag ch

Cable: HPAG CH
ACHCM,CS E MSP

SYRIA

General Etectronic inc,

Nuri Basha-Abnat Ebn Kays Street
P.O. Box 5781

DARASCUS

Tel: 33-24-87

Telex: 11215 ITAL

Cable: ELECTROBOR DAMASCLS
£

Middle East Eleclronics

Place Azmé

Baite Posiale 2308

DANASCUS

Tei: 334592

Tefex: 11304 SATACO SY

MP

TAIWAN

Hewiett-Packard Far Eagl Lid.
Kachslung Office

2/F 68-2, Chung Cheng 3rd Road
KAOMSIUNG

Tel: 241-2318, 261-3253
EMSP

Hewletl-Packard Far Easi Lid,
Taichung Office

#33, Cheng Tr Rd.

10ih Floor, Aoom 5§
TAICHUNG

Tek (042) 289274
Hewielt-Packard Far East Lid.
Taiwen Office

5th Flaor

205 Tun Hwa North Road
TAPEI

Tal:{02) 751-0404
Cable:HEWPACK Taipei
ACHCS.EMS,P

ing Lih Trading Co.

3rd Floor 18, Po-A! Road
TAWPET { 1001)

Tel: (02) 311-1914

Cable: INGLIN TAIPE!

A

THAILAND

Unimesa

30 Palpong Ave., Suriwang
BANGKOX 5

Tel: (234-091) (234-062)
Telex: TH 811650, TH 81038
Cable: UNIMESA Bangkok
ACEM

Bangkok Business Equipment Lid.
5/5-6 Dejo Road

BANGKOX

Tel: 234-8670, 234-8671
Telex: 87663-BEQUIPT TH
Cable: BUSIQUIPT Bangkok
P

TRINIDAD & TOBAGO
Caribbean Telecoms Lid.

504 Jerningham Avenve

P.Q. Box 732

PORT-OF-SPAIN

Tel: 624-4213, 624-4214
Telex: 3235, 3272 WUGLO WG
ACMEMP

TUNISIA

Tunisie Electronique

31 Avenue de la Liberls
TUNS

Tel: 280- 144

EP

Corema

1 ter. Av, de Carlhage
TUNIS

Tel: 253-821

Telox: 12319 CABAM TN
M

\.

TURKEY

Teknim Company Lid.
Irén Caddesi Na. 7
Kavaklidere, ANKARA
Tel: 275800

Telex: 42155

E

EMA.

Meding Eidem Sokak No.d 1/6
Yuksel Caddesi

ANKARA

Tel: 175 622

MF

UNITED ARAB EMIRATES
Emitac Lig.

P.0. Box 1841

SHARJAH

Tel: 354121, 354123

Telex: 68136 Emilac 5L
CHCS.EMP

-./



. UNITED KINGDOM

see: GREAT BRITAIN
NORTHERN IRELAND
SCOTLAND

UNITED STATES

Alabama
Hewletl-Packard Co.
700 Century Park Soulh
Suite 128

HIRMINGHAM, AL 35226
Tel: (205) 822-6802
CH.CM MP
Hewletl-Packard Co.
P.0. Box 4207

8280 Whitesburg Drive, SE.
HUNTSVILLE, AL 35802
Tel: (205) B81-4591
CHCMCS.EM"

Alaska

Hewlett-Packard Co.

1577 “C" Street, Suile 252
ANCHORAGE, AK 99510
Tek {206) 454-3871
CH™.CM

Arizona
Hewlell-Packard Co.

2336 East Magnolia Sireet
PROEMIX, AZ 85034

Tel: {602) 273-6000
A.CH,CM,CS EMS
Hewleti-Packard Ca.

2424 East Aragon Road
TUCSON, AZ B5702

__Tel: (602) BB9-4631
. CH.OMEMS®*
Arkansas

Hewlett-Packard Co.

P.0. Hox 5646

Brady Station

LITTLE ROCK, AR 72215

Tel: (501) 376-1844, {501) £64-
8773

CM.MS

Callfornia
Hewleli-Packard Co.

99 South Hill Or.
BRISBANE, CA 94005
Tel: (415) 330-2500
CH.CM,CS
Hewlett-Packard Co.
7621 Cenoga Averue
CANOGA PARK, CA 91304
Tel: (213} T02-8300
ACHCM,CS.EP
Hewlell-Packard Co,
1579 W, Shaw Avenue
FRESNO, CA 33771

Tel: (209) 224-0582
CMMS

Hewletl-Packard Co.
1430 East Orangelborpe
FULLERTOM, CA 92631
Tel: (714) 870-1000
CH,CM,CS.E.MP
Hewlett-Packard Co.
5400 W. Rosecrans Boulevard
LAWNDALE, CA 90260
P.0. Box 92105

LOS ANGELES, CA 90009
Tel: (213} 970-7500

CH,CM,CS MP
. Hewlell-Packard Co.
- 3939 Lankershim Blva.

NORTH HOLLYWOOD, CA 91604
Tel: {213) B877-1282
Regional Headquarters

Hewlelt-Packard Ca.
3200 Hilview Avenue
PALO ALTO, CA 94304
Tel: (415} 857-8000
CH,CM.CS.E

Hewlelt-Packard Co.

648 W. Norih Markel Boutevard
SACRAMENTO, CA 95834

Tel: (316) 929-7222

A° GHOMCS.EMS

Hewlett-Packard Co.

9606 Aero Drive

P.0. Box 23333 SAN DIEGO, CA
92123

Tel: {714) 279-3200
CH,CM,CE.E MP

Hewlell-Packard Co.

Suite A

5553 Hollisler

SANTA BARBARA, CA 93111
Tel: (B05) 964-3390

Hewleit-Packard Co.
3003 Scolt Boulevard
SANTA CLARA, CA 95050
Tel: (408} 988-7000
A.CH.CM,CS.E MP

Colorado
Hewlelt-Packard Co.

24 Inverness Place, East
ENGLEWOOD, CO 80112
Tel: (303) 771-3455
ACH.OM,C5.E M5

Connecticut
Hewlell-Packard Co.

47 Barnes Indusirial Road South
P.0. Box 5007

WALLINGFORD, CT 06462

Tel; {203) 265-7801
A,CH,CM,CS,E MS

Florida

Hewlell-Packard Ca.

F.0. Box 24210

2727 N.W. 62nd Street
FORT LAUDERDALE, FL 33309
Tel: {305} 673-2600
CH,CM,CS.E,MP

Hewleti-Packard Co.

4080 Woodcock Drive, #132
Brawnelt Building
JACKSONYILLE, FL 32207

Tel: (904) 398-0663
CM.C* E" M5*"

Hewietl-Packard Co.
P.Q. Box 13910

6177 Lake Elenor Drive
ORLANDO, FL 32809

Tel: {305) 853-2800
ACHCMCS.EMS
Hewleti-Packard Co.
6425 N. Pensacola Blvd,
Suile 4, Building 1
PENSACOLA, FL 32575
Tel: (304) 476-3422
ACMMS
Hewlelt-Packard Co.

110 South Hoover, Suile 120
Vanguard Bldg.

TAMPA, FL 33509

Tel: (813} 872-0900

A* CHCMCSE" M

Georgla
Hewlelt-Packard Co.

P 0. Box 105005
2000 South Park Place
ATLANTA, GA 30339
Tel: {404) 955-1500
Telex: 810-766-4890
A,CH,CM,CS,EMP

Hewlelt-Packard Co.
Execulive Park Suite 306
P.0. Box 816

AUGUSTA, GA 30807

Tel: {404) 735-0592
CMMS

Hewlett-Packard Co.

P.0. Box 2103

1172 N. Davis Drive
WARNER ROBINS, GA 31098
Tel: {312} 923-8831

CME

Hawall

HewleH-Packard Co.
Kawaiahao Plaza, Suite 190
567 South King Street
MONOLULU, HI 96813

Tel: {808} 5261555
A,CH.CME MS

Idaho

Hewlett-Packard Co.
11391 Chinden Boulevard
BOISE, ID B3707

Tel: (208) 376-6000
CHLMM®

Hlinols
Hewleti-Packard Co,
211 Prospect Road
BLOOMINGTON, IL 61701
Tel: (309) 663-0383
CH,CM M5**

Hewlett-Packard Co.

1100 3134 Street

DOWNERS GROVE, IL 60515
Tel: (312) 960-5760
GH,CM.CS

Hewleli-Packard Co.

5201 Tollview Drive
ROLLING MEADOWS, IL 50008
Tel: {312) 255-9800
ACHGM.CS EMP

Indiana

Hewlet-Packard Co.

P.0. Box 50807

7301 Ho. Shadeland Avenue
INDIANAPOLIS, IN 46250

Tel: (317) 842-1000
ACHOM.CS,EMS

lowa
Hewletl-Packard Co.
5815 S.W. Sth Street
DES MOINES, 18 50315
Tel: (515) 243-5876
CHCMMS" "
Hewlelt-Packard Co.
2415 Heinz Road
IOWA CITY, [A 52240
Tal: {319} 351-1020
CH,CM.E* M5

Kansas
Hewlett-Packard Co.
1644 5. Rock
WICHITA, KA 67207
Tel: {316) 265-5200
CH.CM

Kantucky
Hewtell-Packard Co.
10170 Linn Station Road
Suite 525

LOUISVILLE, KY 40223
Tel; [502) 426-0100
A,GH.CM.CS M5

Loulslana
Hewleli-Packard Go.
P.0. Box 1448

3220 Wiliams Boulevard
KENNER, LA 70062

Tel: (504) 443-6201
ACHCM,C5,EMS

Maryland
Hewlell-Packard Co.
7121 Standard Drive
HANOVER, MD 21076
Tel: (301} 796-7700
A.CH.CM,CS5 E M5
Hewleh-Packard Co.
2 Choke Cherry Road
ROCKYILLE, MD 20850
Tel: (301) 94B-6370
Telex: 710-828-9685
A,GH,CM,CS,E MP

Magaachuaetis
Hewleit-Packard Co.
32 Hartwell Avenug
LEXINGTON, MA 02173
Tel: (617) 861-8960
ACHCM,CS,EMP

Michigan
Hewlett-Packard Co.
23855 Research Drive
FARMINGTON HILLS, MI 48024
Tel: {313} 476-6400
A,CH,CM,CSEMP
Hewietl-Packird Co.
4326 Cascade Road S.E.
GRAND RAPIDS, Mi 49506
Tel: {§16) B57-1970
CH,CM.CS,MS

Minnesota
Hewlell-Packard Ca.
2025 W. Larpeniewr Ave.
ST.PAUL, MN 55113

Tek: (612) 644-1100
A,CH.CM,CS.E MP

Mississippl
Hewlett-Packard Ca.
P.0. Box 5028

322 N. Marl Plaza
JACKSON, MS 39216
Tel: (601) 992-9363
CMM5

Missourl
Hewlett-Packard Co.
11131 Colorade Averue
MANSAS CITY, MO 64137
Tel: (816) 753-8000
Telex: 910-771-2087
ACHCM.CS.EMS
Hew'ell-Packard Co.
1024 Executive Parkway
ST. LOUIS, MO 63141
Tel: (314) B78-0200
A,CH.CM,CS.EMP

Nabraska
Hewlelt-Packard

7101 Mercy Road
Suite 101, IBX Buikling
OMAHA, NE 68106

Tel: {402) 392-0948
CMMS

Nevada
Hewlelt-Packard Co.
Suite D-130

5030 Paradise Bivd.
LAS VEGAS, NV 89119
Tel: (702) 736-6610
CMM5"*

Naew Jorsey
Hewlelt-Packard Co.
Grystat Brook Professianal Building
Roule 35

EATONTOWN, NJ 07724
Tel: (201) 542-1384
AT CMCTE* P
Hewlett-Packard Co.

W 120 Century Rpad
PARAMUS, NJ 07652
Tel: (201} 265-5000
ACH.CM.C5 E MP

5
Hewlelt-Packard Co.
60 New England Av. Wesl
PISCATAWAY, NJ 08854

Tel: (201) 981-1189
ACHCMECSE

New Mexico
Hewletl-Packard Co.

P.0. Box 11634

11300 Lomas Blvd. N.E.
ALBUQUERQUE, NM B7 123
Tel: (505) 292-1330
Telex: 910-989-1185
CH,CM.CS.E MS

New York
Hewlet-Packarg Co.

5 Gompuler Drive South
ALBANY, NY 12205

Tel: (518) 458- 1550
Telex: 710-444-4681
A.CH.CM EMS

Hewlelt-Packad Co.
9600 Main Sireet
CLARENCE, NY 14031
Tel: {7 16) 759-B621
Telex: 710-523-1893
CH

Hewleti-Packard Co.
200 Cross Keys Office
FAIRPQRT, NY 14450
Tek (716) 223-9950
Telex: 510-253-0092
CH.CM,CS.EMS
Hewlett-Packard Co.
No. 1 Pennsylvania Plaza
551h Floor

J41h Syeel & Bth Avenue
HEW YORK, NY 10119
Tel: (212) 971-0800
CHCM.CS,E* M*
Hewlett-Packard Co.
5858 Eas! Molloy Road
SYRACUSE NY 13211
Tel: (315) 455-24B6

A CH.CME MS
Hewlelt-Packard Co.

3 Crossways Park West
WOODBURY, NY 11797
Tel: {516) 821-0300
Telex: 510-221-2183
A,CHGM,CS.E,MS

North Carolina
Hewlell-Packard Co.
P.0. Box 15579

2905 Guess Road (27705)
DURHAM, NC 27704

Tel: (919) 471-8466
CM

Hewlet-Packard Co.
5605 Roanne Way
GREENSBORD, NC 27409
Tel: {914) 852-1800
A,CH,CM,CS.E.MS

Ohio
Hewietl-Packard Co.
9920 Carver Road
CINGINNATI, OH 45242
Tel: {513) 831-9870
CH,CM,CS,MS
Hewlett-Packard Co.
16500 Sprague Road
CLEVELAND, OH 44130
Tel: (216) 243-7300
Telex: 810-423-9430
ACH,CMCS.E MS
Hewlelt-Packard Co.
862 Crupper Ave.
COLUMBUS, OH 43229
Tel: (B14) 4356-1041
CHCM,CSE"



SALES & SUPPORT OFFICES

Arranged alphabetically by country

o]

)

Ohio {Con’'t)
Hewlelt-Packard Co.
330 Pragress Rd.
DAYTON, OH 45449
Tel: (513} 859-8202
ACHCME" MS

Oklahoma
Hewlelt-Packard Ca.

P.0. Box 366

1503 W. Gore Bivd., Suile #2
LAWTON, DK 73502

Tet: (405) 248-4248

[

Hewlelt-Packard Go.

P.0. Box 32008

304 N. Meridan Avenus, Suile A
OKLAHOMA CiTY, 0K 73107
Tel: {405) 946-9499
A*,CHCM,E* MS
Hewlelt-Packard Co.

Suile 121

9920 E. 42nd Street

TULSA, OK 74145

Tel: (918} 865-3300

A*" CH.CM,CS,M*

Oregon
Hewleti-Packard Co.
1500 Valley River Drive, Suite 330
EUGENE, OR 97401

Tel: (503) 683-8075

c

Hewlet-Pachard Co.
8255 5. W. Pigneer Count
WILSONVILLE, OR 97070
Tek: (503) 682-8000
A,CHCM,CS.E" MS

Pennsylvania
Hewletl-Packard Ca.

1021 Bih Averue

King of Prussia Industrial Park
KING OF PRUSSEA, PA 19406
Tel: (215) 265-7000

Telex: 510-660-2670
ACH.CM,CS.E . MP
Hewlell-Packard Co.

111 Zeta Drive
PITTSBURGH, PA 15238
Tel: (412) 782-0400
A,CH,CM,CS.E MP

South Carolina
Hewleli-Packard Ca.

P.0. Box 6442

6941-0 N. Trenholm Road
COLUMBIA, 5C 29260

Tel: (803) 782-6493
CH,CM E MS
Hewleti-Packard Co,

B14 Wade Hamplon Bivd.
Suile 10

GREENVILLE, SC 23609
Tel: (803) 232-0917

c

Tennessss
Hewteti-Packard Co.
P.0. Box 22480

224 Paters Road
Suile 102
KNDRVILLE, TN 37922
Ted: (615) 631-2371
A* CH.CM,MS
Hewlelt-Packard Co.
3070 Directors Row
MEMPHIS, TN 38131
Tel: {801) 346-8370
A,CH.CM M5
Hewletl-Packard Co.
Suite 103

478 Craighead Street
NASHVILLE, TN 37204
Tal: {615} 383-9136
CMMS**

Texas
Hewletl-Packard Ca.
Suile J10W

7800 Shoalcreek Blvd.
AUSTIN, TX 78757

Tel: (512) 4583143

CM.E
Hewletl-Packard Ca.
Suile C-110

4171 North Mesa

EL PASO, TX 79902
Tel: (915) 532-3655
CHCM,E* M5**
Hewlett-Packard Ga.
5020 Mark IV Parkway
FORT WORTH, TX 76106
Tel: (B17) 625-6361
CM.C*
Hewietl-Packard Co.
P.0. Box 42816
10535 Harwin Streel
HOUSTON, TX 77036
Tel: (713) 776-6400
ACH.CM,CS.E.MP
Hewlett-Packard Co.
3309 671h Street

Suile 24

LUBBOCK, TX 79413
Tel: (BOG) 799-4472
M

Hewlatl-Packard Co.
P.0. Box 1270

930 E. Cempbell Rd.
RICHARDSON, TX 75081
Tel: (214) 231-6101
ACHLM,CS.EMP
Hewletl-Packard Co.
205 Billy Mitchell Roag
SAN ANTOMIC, TX 78226
Tek (512) 434-8241
CH.CM,CS,EMS

Utah

Hewieit-Packard Co.

3530 W. 2100 South Swreet
SALT LAKE CITY, UT 84119
Tel: (801) 974-1700
ACH.CM.CS.EMS

Virginia

Hewleli-Packard Co.

P.Q. Box G669

2914 Hungary Spring Road
RICHMOND, VA 23228

Tel: (804) 285-3431
A,CH.CM,C5.EMS
Hewieit-Packard Co.

P.0. Box 4786

3110 Paters Creek Road, N.W.
ROANOKE, VA 24015

Telk {T03) 563-2205
CH.CM.E**
Hewleil-Packard Co.

P.0Q. Box 12778

5700 Thurstan Avenue
Suite 111

VIRGINIA BEACH, YA 23455
Tek: {804) 460-2471
CH.CMMS

Washington
Hewlett-Packard Co.
15815 S.E. 37th Street
BELLEVUE, WA 98006
Ted: {206) £43-4000
ACH.CM.CS E.MP
Hewletl-Packard Co.
Suite A

708 North Arganne Road
SPOKANE, WA 99206
Tel: (509) 922-7000
CH,CM,CS

Wast Virginla
Hewlelt-Packard Co.

4604 MacCorkle Ave., S.E.
CHARLESTON, WV 25304
Tel: (304) 925-0492
A,CMMS

Witscongin
Hewiatl-Packard Co.

150 §. Sunny Slope Road
BROQKFIELD, Wi 53005
Tel: (414} 784-8800
ACHCM,CS.E” WP

URUGUAY

Pabio Ferrando SA.C. el
Avenida Haka 2877

Casila ge Correo 570
MONTEVIDED

Tel: 80.2585

Telex: Publc Booth 301
ACMEM

Gudilermo Kraft del Uruguay 5.A.
Av. Lib, Brig. Gral. Lavalieja 2083
WONTEVIDED

Tel: 234568, 234808, 208830
Talex: 6245 ACTOUR UY

-4

U.5.S.R.

Hewleit-Packard Co.
Representalive Office
Pokrovsky Blvd. 4/17 KV12
MOSCOW 101000 Tel: 294-2024
Telex: 7825 HEWPACK S

VENEZUELA

Hewletl-Packard de Venezuela C.A.
Apartade 50933

3A Transversal Los Ruices Norte
Edificio Segre

CARACAS 1071

Tel: 239-4133

Telex: 25146 HEWPACK
ACH.CSEMS P

YUGOSLAVIA
Iskra-Commerce-Represeniation of
Hewiatt-Packard

Sava Centar Delegacia 50
Mienljja Popovica 9

11170 BEOGRAD

Tel- 638-762

Telex: 12042, 12322 YU SAV CEN
Iskra-Commerce-Representation of
Hewlell-Packard

Koprska 45

61000 LIUSLIAKA

Tei: 321674, 315879

Telex:

ZAIRE

Computer 8 Indusirial Engineering
25 Avenue de la Justice

8P 10-976

Kinshasha ¥ Zaire

GOMBE

Tel: 32063

Telox: 21-857 SGEKIN ZR

CHES

ZIMBABWE

Field Technical Sales
45 Kelvin Road, North
F.B8. 3458

SALISBURY

Tel: 705 231

Tetex: 4-122 AW
CEMP

FOR COUNTRIES AND
AREAS NOT LISTED:

CANADA

Ontarlo

Hewletl-Packard (Canada) Lid.
6877 Goreway Drive
MISSISAUGA, Ontaria LAY 1M8
Tel: (416) 678-9430

Tedex: §10-492.4246

EASTERN USA
Marytand
Hewledl-Packard Co.
4 Choke Cherry Road
Rockvills, MD 20850
Tel: {3D1) 258-2000

MIDWESTERN USA
Itinols

Hewletl-Packard Co.

5201 Tollview Drive
ROLLING MEADOWS, IL 50008
Tel: (312) 255.8800

SOUTHERN USA
Georgla
Hewtett-Packard Co.

P.0. Box 105005

450 Interstate N. Parkway
ATLANTA, GA 30339

Tel: {404} 955-1500

WESTERN LSA
Calltornia
Hewiefl-Packard Co.
3939 Lankersim Blvg.
LOS ANGELES, CA 01604
Tel: (213) B77-1282

EUROPEAN AREAS NOT
LISTED, CONTACT
SWITZERLAND
Hewlell-Packard S.A.

7 Rue du Bois-du-Lan

CH-1217 MEYRIN 2, Switzerland
Tel: (022) 83-81-11

Telex: 27835 hpse

Cable: HEWPACKSA Geneve

EAST EUROPEAN AREAS
NOT LISTED, CONTACT
AUSTRIA

Hewletl-Packard Ges.m.b.h,
Wehlistrasse 29

P.0. Box 7

A-1205 VIENNA

Tel: [222) 35-16-210

Telex: 135823/135066

MEDITERRANEAN AND
MIDDLE EAST AREAS
NOT LISTED, CONTACT
GREECE

Hewlet-Packerd S5.A.
Mediterranean & Middle East
QOperations

32 Kifisias Ave.

Atrina Center

PARADISOS, Amaroussion

Tel: B08-1741-4

Telex: 21-6588 HPAT GR
Cable: HEWPACKSA Athens

INTERNATIONAL AREAS
NOT LISTED, CONTACT
OTHER AREAS
Hewletl-Packard Co.
Intercontinental Headquarters
3495 Deer Creek Road

PALG ALTO, CA 94304

Tel: (415) 857-1501

Telex: 034-8300

Cabie: HEWPACK

FOR COUNTRIES AND I

AREAS NOT LISTED,
CONTACT:

AFRICA

NORTHERN ARD CENTRAL
AFRICA

SWITZERLAND
Hewletl-Packard $.A,

7 Rue du Bois-du-Lan
CH-1217 MEYRIN 2, Swilzerland
Tel: {022) 88-96-51

Telex: 27835 hpse

Cable: HEWPACKSA Geneve

ASIA

HONG KONG
Hewlett-Packard Asia Lid.

6th Floor, Sun Hung Kai Center
30 Harber Rd.

G.P.0. Box 795

HONG KONG

Tel: 5-832 3211

Telex: 66678 HEWPA HX
Cable: HP ASIA LTD Hong Kong

EUROPE
EASTERN EURQPE

AUSTRIA
Hewlelt-Packard Ges.m.b.h,
Wehlistrasse 29

P.0Box 7

A-1205 YIENNA

Tel: {222} 35-16-210
Telex: 1358237135066

NORTHERN EUROPE

THE NETHERLANDS
Hewtetl-Packard 5.4,
Uilenstede 475

NL-1183 AG AMSTELVEEN, The
Netherlands

P.C.Box 999

NL-1180 AZ AMSTELYEEN, The
Nelherlands

Tel: 20 437771

SOUTH EASTERN EUROCPE

SWITZERLAND
Hewletl-Packard S.A.

7 Aue du Bols-du-Lan

CH-1217 MEYRIN 2, Swilzerland
Tel: (022) 98-96-51

Telex: 27835 hpse

Gable: HEWPACKSA Geneve
{Offices in the World Trade Center}

MEDITERRANEAN AND
MIDDLE EAST

GREECE

Hewletl-Packard S.A.
Medilerranean and Middte East
Operations

Afrina Centre

32 Kifigsias Ave.
Amaroussion, ATHENS, Greece
Tel: 808-0359 808-0429
Telex: 21-6588

Cable: HEWPACKSA Alkens

OTHER INTERNATIONAL
AREAS

Hewileti-Packard Co. .
Intercontinental Headquarters .
3495 Deer Creek Road h

PALG ALTO, CA 94304

Tel: 1415) 857-1501

Telex: 034-8300

Cable: HEWPACK

Augusi 1981 58526900

/20781
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3456A FRONT PANEL OPERATIONS

GENERAL

Reset - Places 3456A into its “turn-on’’ state.
Test - Places 3456A into an internal self test.

3456A FUNCTIONS
UNSHIFTED FUNCTIONS

DCcv

ACV
ACV+DCV
2-Wire Ohms
4.-Wire Chms

SHIFTED FUNCTIONS {MULTIPLE READING)

The following functions can be selected when the SHIFT button is pressed.

DCV/DCV Ratio
ACV/DCV Ratio

ACV + DCV/DCV Ratio
0.C. 2-Wire Ohms
0.C. 4-Wire Ohms



Ratio Measurament is catculated by the formula:

Ratio =

Signal Voltage
Reference High - Reference Low

A typical Ratio Connection is:

VOLTS
RATIO REF 2WR)
4WR{L SENSE 4WRL GUARD
SIG. REF.
YOLT. vOLT .

—@?Q

OTHER 3456 OPERATIONS

Trigger
Autozero

Analog Filtar

Ranging

- Internal, External, Single, and Hold

- Mare Accurate but a slower Reading Rate when On
Less Accurate but a faster Reading Rate when Off
DCV: > 60 dB attenuation at frequencies above 50 Hz
ACV: extends frequency range down to 20 Hz

- Uprange, Downrange, and Autorange (100 mV Range example below).

1 0 9 . 7 9 -3
decade multiplier— 1 10 100 1K EXP

shows a reading of ,10979 V ar 109.783 mV.

2



NUMBERED KEYBOARD DPERATIONS

Pracedura for Storing into Registers
Step 1. Enter from keyboard the number to be stored
Step 2.  Press the STORE button
Step 3. Press the register key into which the number is to be stored {Example below)

To Store "4’ into N DIG DISP Register, do this:

Press: [l ~N DIG DISP

Procedure for Racalling a Register
Step 1.  Press the RECALL button
Step 2.  Press the Register button

To Recall the DELAY Register, do this:

Fress: —DELAY




3456A Registers:

KEY REGISTER DESCRIPTION
CHS N CYC INT Used for changing and determining the Number Of Power Line Cycles Integrated
. VARIANCE Used for retrieving the variance vailue determined from the Statistics Math opera-
tion
0 MEAN Used for retrieving the mean value determined from the Statistics Math operation
1 LOWER Used for storing the lower value for the Pass/Fail Math operation or for retrieving
the lpwest reading taken in the Statistics Math operation
2 UPPER Used for storing the upper value for the Pass/Fail Math aperation or for retrieving
the highest reading taken in the Statistics Math operation
3 DELLAY SEC Used for changing and determining the 3458A’s Settling Delay
4 R Used for storing the resistor value for the dBm{R) Math operation or far recalling
readings taken in the 3456A°s Reading Storage mode
5 COUNT Used for retrieving the number of readings taken while in the Statistics Math
operation
6 N RD/TRIG Used for changing and determining the Number of Readings taken per Trigger
7 z Used for storing & number value for the Scale Math operation and contains the first
reading taken after enabling the Statistics Math function
-] Y Used for storing @ number value for the Scale and %Error Math operation
g N DIG DISP Used for changing the 3456A's Number Of Digits Displayed
3456A Math Functions:
KEY MATH DESCRIPTION
CHS -
- -
o] OFF Disables Math operatian
1 PASS/FAIL Used to determine if a readingis} is within set limits
2 STATS Used to calcutate the Mean, Variance, Upper, Lower, and Count of a reading(s)
3 NULL First reading (after Null is enabled} is subtracted from the following readingis)
4 dBm{R} dBm calculation (R is reference resistor)
5 THMS F Used in calculating a Thermistor reading in degrees Fahrenheit
6 THMS C Used in calculating a Thermistor reading in degrees Celsius
7 IX-20Y Used for the Scale calculation
B 100(X-YI/Y Used for the %Error calculation
a 20 LOG X/Y Used for the dB calculation

4



PROGRAM MEMORY OPERATION

. Store up to 350 readings

Most recent reading is #1
Single Reading Recall
Recall Readings by Scrolling

Recailing Readings

Single Readings

Step 1 - Set 3456A to Hold

Step 2 - Enable Reading Storage

Step 3 - Enter reading number into Register R

Step 4 - Recall Register R (for recalling the naext reading, press the RECALL button).

NOTE

To temporarily display the recalled reading number, store a delay into the DELAY
register.

Scroll Readings

Step1 - Set 3456A to Hold

Step 2 - Enabla Reading Storage

Step 3 - Enter the first reading number to be recailed as a negstive number into Register R.
Step 4 - Recall Register R. The readings are now scrollad

NOTE

To display the individua! readings, enter a delay into the DELAY Register.



J456A PROGRAMMING CODES

3456A Syntax

3456A REMOTE OPERATION

Description

Program Exampla

FUNCTIONS
(unshifted)

SOFn

[shifted)
S1Fn

1-6

1-5

Programs the 3456A 1o selected

functions
SO0 F1-DCV
F2 - ACV
F3 - ACV+DCV

81

F4 - 2 Wire Ohms
F5 - 4 Wire Qhms

F1 - BCV/DCV Ratio

F2 - ACV/DCV Ratio

F3 - ACV+DCV/DCV Ratio
F4 - 0.C. 2 Wire Ohms

F5 - 0.C. 4 Wire Ohms

Note

Codes SO or S§1 need only be sent if a
change from shifted to unshifted func-
tion for vice versal is desired.

wrt 722,SOF2"
QUTPUT 722;''SOF2"
ACV Function.

wrt 722,""S1F3"”’
QUTPUT 722;”51F3"'

{ACV + DCVY/DCV Ratio.



3456A PROGRAMMING CODES {Cont'd).

J456A Syntax n Description Program Example
RANGE
Rn 1-9 Volts Ohms wrt 722,""S0F2R4"
QUTPUT 722;""SOFZR4"
R1 Autorange Autorange |ACV on 10 V Range.
R2 .1 (DCV only} 100
R3 1 1K
R4 10 10K
R5 100 100K
RB 1000 1000 K
R7 - 10M
R8 - 100 M
R9 - 1000 M
TRIGGER
Tn 1-4 Programs the 3456A to one of four | wrt 722, T3"
trigger modes. OUTPUT 722,'T3"
Single Trigger initiated.
T1 - Internal Trigger
T2 - External Trigger
T3 - Single Trigger
T4 - Hold
AUTOZERO
24 Autozero turned On -  More Accurate but a slower wrt 722,20
Reading Rate QUTPUT 722;"Z0"
20 Autozero turned Off - Less Accurate but a faster Autozero turned Off.

Reading Rate




3456A PROGRAMMING CODES (Cont'd)

3456 Syntax

Description

Program Example

FILTER
FL1

FLO

STORE
{Registers)

n3TI

nSTL

nSTU

nSTD

nSTR

Analog Filter turned On -

Analog Filter turned OFF

01,1
10,100

+19999899+9

+1999998+9

DCV: >80 dB attenuation
at frequencies above
ACV: extends frequency
range down to 20 Hz

Selects the 3458A’s Number of
Powaer Line Cycles (PLC) Integrated

Used for storing the lower value for
the Pass/Fail Math operation

Usad for storing the upper value for
the Pass/Fail Math operation

4] Used for changing the 3456A"s

.001 -999.999

+1999999+9

Settling Delay

Used for storing the resistor value
for the dBmi{R) Math operation

wrt 722,FL1""
QUTPUT 722;”FL1"
Filter turned On

wrt 722 18TIT3"
QUTPUT 722;1STIT3"
takes onea reading using 1
Powaer Line Cyclaes.

wrt 722, —108TL"
QUTPUT 722;" - 108TL"
LOWER Register = —10.

wrt 722," - 108TU"”"
QUTPUT 722;"" - 10STU”’
UPPER Register = 10,

wrt 722,"'68TD"
QUTPUT 722;'6STD""
% seconds Deiay befare
reading is taken.

wrt 722,”’608TR"
OUTPUT 722;'605TR"

50 ohm value in R Register.

" BN BN B BN BN e BN BN BN BN BN B BN

- em B .



3456A PROGRAMMING Codes (Cont'd)

3456A Syntax

Description

Program Example

STORE
{Registers)
(Cant’d)

nSTN

nSTZ

nSTY

nSTG

RECALL
{Registars)

REI

REV

1-9999

+1999999+9

+1899999+9

3-6

Used to change the Number of
Readings taken per Trigger

Used for storing a number value for
the Scale Math operation

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

Used for changing the 3456A's
Number of Digits Displayed

Recalls the N CYC INT Register - determines the
3456A’s present Number of Power Line Cycles

{PCL) Integrated

Recalls the VARIANCE Register - to retrievs the
variance value determined from the Statistics

Math operation

wrt 722, 10008TN'*
QUTPUT 722;""10005TN"
1000 readings per trigger.

wrt 722,1008TZ""
QUTPUT 722;1008TZ"
Z Register = 100.

wrt 722, 105TY""
QUTPUT 722;"10STY""
Y Register = 10,

wrt 722,"'387G"
OUTPUT 722;"35TG"
3 digit display.

wrt 722,'REI

QUTPUT 722;"'REI'’
contents of 1 (N CYC INT)
Register is displayed and
output.

wrt 722,'REV"

OUTPUT 722;'REV*"
contents of V (VARIANCE)
Register is displayed and
output



3456A PROGRAMMING CODES (Cont'd)

3456A Syntax

Daseription

Program Example

RECALL
(Register)
{Cont’d)

REM

REL

REU

RED

RER

Recalls the MEAN Register - to retrieve the mean
value determined from the Statistics Math
operation

Recalls the LOWER Register - to determine the last
stored value or for retrieving the lowest reading
taken in theStatistics Math operation

Recalls the UPPER Register - to detarmine the last
stored value or for retrieving the highest reading
taken in the Statistics Math operation

Recalls contents of the DELAY Register

Recalls the R Register - to determine the last stored
value or for recalling the readings taken in the
Reading Storage mode

10

wrt 722,"REM"’
QUTPUT 722, REM™
cantents of M (MEAN)
Register is displayed and
output.

wrt 722,"'REL""

QUTPUT 722;”REL" contents
of L {LOWER) Register is
displayed and output.

wrt 722,'REU”’

QUTPUT 722;'REVU’’

contents of U (UPPER}

Register is displayed and cutput

wrt 722,'RED"

QUTPUT 722;"'RED"

contents of D (DELAY SEC)
Register is displayed and output

wrt 722"'RER"
QUTPUT 722;""RER’*
R Register is recalied.

The following is an example on storing
10 readings into memory and then
racalling the first reading and then ait
of the readings.



3456A PROGRAMMING CODES (Cont'd)
3456A Syntax

Description

Program Example

RECALL
(Register)
{Cont'd}

1. Take and Store 10 readings:

wrt 722,”105TNRS1T3"
OQUTPUT 722;" 105TNRS1T3"

2. Racall the first reading {Reading
#10):

wrt 722, 10STRRER™
QUTPUT 722;"10STRRER"

3. Get reading from output buffer:

red 722,A
ENTER 722;A

4. Program to recall 10 readings and
retrieve from output buffer:

: dim A[10]

cwrt 722,501 - 10STRRER"’
cforl=11t0 10

: red All)

:next |

. end

10 OPTION BASE 1

20 DIM A{1DY

30 OUTPUT 722;'SO1 - T0STRRER"
40 ENTER A(+)

50 END

AR WN=20O



3456A PROGRAMMING CODES (Cont'd)

3458A Syntax

Dascription

Pragram Example

RECALL
(Register)
{Cont'd)

REC

REN

REZ

REY

REG

MATH
MO

Recails the Count register - to determine the
number of readings taken in the Statistics Math
oparatian

Recalls the N RD/TRIG Register

Recalls the Z Register - to determine the last
stored value or the first reading taken after the
Statistics Math operation was enabled

Recalls contants of the Z Register

Recalls contents of the N DIG DISP Register

Math Functions. Off

12

wrt 722,'REC"

OUTPUT 722;'REC"’

contents of C (COUNT)
Register is displayed and output

wrt 722, 'REN"'

OUTPUT 722;'REN""

contents of N {(N RD/TRIG)
Register is displayed and output

wrt 722,""REZ""

QUTPUT 722;“REZ"’

contents of Z Register is displayed
and output.

wrt 722, REY""

QUTPUT 722;"REY"

contents of Y Register is displayed
and output,

wrt 722 "REG"

QUTPUT 722:"REG”

contents of G {N DIG DISP}
Register is displayed and output

wrt 722,"M0"”
QUTPUT 722;'MO"’



3456A PROGRAMMING CODES (Cont'd)

3456A Syntax

Dezcription

Program Example

RECALL
{Register}
{Cont'd)

M1

M2

M3

M4

M&

Pass/Fail - used to determine if a readingis)
are within set limits {set in the UPPER and
LOWER Registers)

Statistics - used to calculate the Mean, Variance,
Upper, Lower, and Count of a reading(s)

Null - first reading (after NULL is enabled) is
subtracted from the following reading(s}

dBmi(R) - dBm calculstion (R is reference resistor)

THMS F - converts resistance of a Thermistor
{-hp- Part No. 0837-0164) to degrees Fahrenhaeit

wrt 722,"H108TU10STLM1""
QUTPPUT 722;""H10STU-10STLM1"
if —10<X< 10, X is displayed

if X>10, “HI” is displayed

if X< —-10, "LO" is displayed

X is the reading taken and is always
sent ¢ver the HP—IB.

wrt 722, "H10STNM2T3"

QUTPUT 722;"H10STNM2T3"'

ten readings are taken. The MEAN,
VARIANCE, UPPER, LOWER, and
COUNT Registers can now be recalled
to get the Statistics data.

wrt 722, "H10STNM3T3"

OQUTPUT 722;"H10STNM3T3"'

ten readings are taken. The first reading
is stored in the Z register, output over
the HP-1B, and subtracted from the
following readings.

wrt 722,"H50STRM4AT3"”
OUTPUT 722;"HE0STRMA4T3"
refarence rasistor = 50 ohm.
dBm results displayed and output,

wrt 722, "HF4M5T3"

OUTPUT 722;""HFAMBT3"’

one temperature reading is displayed
and output.



3456A PROGRAMMING CODES {Cont'd)

3456A Syntax

Program Example

RECALL
{Registers}
{Cont'd}

Mé&
M7

M8

M3

INSTRUMENT
CONTROL

TE1

TEO
RS1

RS0

THMS C - same as M5 except results returned in

{X-Y)/Y - Scale calculation

100(X-YWY - %Error calculation

20 Log X/Y - dB calculation

Turns on the 3456A's Self-Test function. If an error
number appears, refer the 3456A to a Service
Trained Person.

Turns off the Self-Test

Turns Reading Storage On. If the number of
readings exceed memory space, Reading Storage
is automatically turnad Off

Turns Off Reading Storage

same as M5, except use M6

wrt 722,"H10STZ20STYHM7T3""
OUTPUT 722;”H108STZ20STYMZ7T3"
{X-10)/20 result is displayed and out-
put.

wrt 722,"H10STYM8T3""

QUTPUT 722;"H10STYMBT3"’
100({X-10}/10 result is displayed and
output.

wrt 722,""H10STYM9T3""
OQUTPUT 722;"H10STYMST3""
dB resusit is displayed and output

wrt 722,”TE1"
OUTPUT 722,"TE1"
Self-Test On.

wit 722,""H400STNRS1T3""
OUTPUT 722;""H400STNRS1T3"

the first 350 readings are stored. After

Reading #3517, Reading Storage is
turned off with the remaining readings
taken, but not stored.



3456A PROGRAMMING CODES {Cont'd)

J456A Syntax

Description

Pragram Example

INSTRUMENT
CONTROL
{Cont'd}

P1
PO

D1
oo

CL1

sO1
508

Readings are output in Packed Format {4 bytes)
Readings are output in ASCIl {14 bytes)

Display On
Display Off {HHHHHH) for a faster reading rate

Clears display and continues with last operation

Tells the 3456A to output a reading only
controller asks for it
Returns to normal output mode

Performs Software RESET {clears 3456A)

wrt 722,"'P1”’
QUTPUT 722;P1""
Packed Cutput Mode.

wrt 722,'D0"*
OUTPUT 722;'DO'"
Display Off.

wrt 722,”'CL1"
OUTPUT 722;°CL1"

» dim A[10)

cwrt 722,"H10STNSO1T3"
sforl=11to 10

rred 722,All1

: next |

; end

10 OPTION BASE 1

20 DIM A(10}

30 QUTPUT 722,"H10STNSO1T3"'
40 ENTER 722;Al#}

50 END

10 readings are taken and

output to controller.

wrt 722,H"’
OUTPUT 722;"H"

Do =0



3456A PROGRAMMING CODES {Cont'd).

345BA Syntax

Description

Program Example

INSTRUMENT
CONTROL
{Cont'd}

swi

01
L1

SMn

Determines from what input terminal the
3456A is currently reading.

1 = Front terminals

2 = Rear terminals

Disables the EQI flag sent by the 3456A
Enables EOI

Tells the 3456A that the following program
codes are stored into the instrument’s

internal memory

Terminates the loading of program codes
Executes the program codes contained in memory

Sets the 3456A's SRQ Mask (n is in Octal)
Refer to the REQUIRE SERVICE (SRQ) AND STATUS
BYTE information in this guide for more information

16

wrt 722 'SwW1”
red 722.A

OUTPUT 722;'SW1""
ENTER 722.A
A is either O or 1

wrt 722,708
QUTPUT 722;08"

wrt 722,"HLIDOSTNRS1T3QX1
QUTPUT 722;""HL100STNRS1T3IOX1""
the 3456 A mamory is stored

with program codes 100STN,

RS1, and T3. X1 initiates the

process. X1 can occur any time after
Q, in the same or other program line.

wrt 722,"'SM003"

QUTPUT 722;"SM003"
Front Panel SRQ and Program
Memory completion triggers
Require Service.



OUTPUT FORMATS

ASCIl Format (14 hytes)
*

1999999E9

+ D .DDDDDDE+D CR EOI LF

Polarity of maasurement (a *' + ' is sent for —T
ac measuremant)
Qvarrange digit {1 or O)

Measurement reading expressed in scienti-
fic notation (The D is a decimal digit}

NOTE

| Line Feed
End or identify (if enabled}

Carriage Return

The decimal point in the output statemant is "'free field”" and can move to any place
on the left side of the "E’" and the right of the overrange digit.

Example: Entering ASCIl Reading from 3456A.

HPL - red 722 A
Enhanced Basic - ENTER 722;A

Packed Format (4 bytes)

First Byte

by

bg

[ToloToloo - [on]

Exponent Sign —T
Exponant

L=

NOTE

Qverrange (1 or O}
Polarity of Measurement

e . Exponent LSD {Least Significant Digit}

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



OUTPUT FORMATS (Cont'd)

Second Byte
by bg
D|D|D|D[D|D|D|D
Measurement’s MSD (Most 1 T 2nd Measuremaent Digit

Significant Digit}

Third 8yt
by by
b|lojD{D|D|D|D(D
3rd Measurement Digit _] I 4th Measurement Digit
Fourth Byta

by by

C|DiD|D|DID|D|D
Sth Measurement Digit w———. . ] e Measurement's LSD (Least

Significant Digit)

L3N BN BN BE
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OUTPUT FORMATS (Cont'd}

REQUIRE SERVICE [SRO) AND STATUS BYTE

(67 | b6 [ b5] b4 [b3[b2] 61 bo]
]

Limits Failure

Service Request
Program Memory Error
legal Instrument State
{nternal Error

Syntax Error

Front Panel SRQ

Program Memory Execution Complete
Data Ready

Trigger Too Fast

Status Byte Definition,

Sha Octal Decimal

Mask Code Code Bit Definition

001 | 101 - 65 O | Front Panel SRQ - When the front panel SRQ button is

’ pressed, this Require Service is output, Pressing the button
a second time will clear the Service Request.

002 102 66 1 Program Memory Execution Complete - Indicates to the
computer that all the program codes in the 3456A’s inter-
nal memory are exscuted. The Require Service condition is
cleared when the Program Memory is executed again.

Q04 104 68 2 Data Ready - Indicates to the computer that measurement
data is ready to be output. The Requirs Service is cleared
when a new measurement cycle is initiated.

19



GUTPUT FORMATS (Cont'd)

Status Byte Definitian (Cont'd).

SRO
Mask

Dctal
Code

Decimal
Code

Bit

Definition

010

020

040

200

1o

120

140

300

72

=10}

a6

182

Trigger Too Fast - Indicates that the 3456A was triggered
while executing a measurement cycle. This only occurs in
External Trigger,

lllegal Instrument State - Indicates that the 3456A is
unable te do an operation because of an invalid set-up {e.g.
10 M chm range on DCV}

Internal Errar - Indicates a failure in the 3456A.
Syntax Error - Indicates to the computer that invalid Pro-
gram Codels) where sent to the 3456A (e.g. code F9}.

Program Memory Efror - Indicates that the Program
Memory Execution command or the Test function was
stored in memory, or an overflow of memory occurred
while loading into memory.

Limits Failure - Indicates that the Pass/Fail measurement
made is out of the selected limits.

20
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CERTIFICATION

Hewlett-Packard Company certifies that this product met its published specifications at the time of shipment from the
factory. Hewlett-Packard further certifies that its calibration measurements are traceable (o the United States Na-
tional Bureau of Standards, to the extent allowed by the Bureau’s calibration facility, and to the calibration Jacilities
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(éﬁ HEWLETT

PACKARD
SAFETY SUMMARY

The following ganeral 2afaty precautions must be observed during all phases of operation, service, and repair of this
instrument. Failure to comply with these precautions or with specific warnings elsewhere in thiz manual violates
safety standards of design, manufacture, and intended use of the instrument. Hewlett-Packard Company assumes no
liability for the customer's failure to comply with these requirements. This is a Safety Class 1 instrument,

GROUND THE INSTRUMENT

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

DO NOT OPERATE IN AN EXPLOSIVE ATMOSPHERE

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

KEEP AWAY FROM LIVE CIRCUITS

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

DO NOT SERVICE OR ADJUST ALONE

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

DO NOT SUBSTITUTE PARTS OR MODIFY INSTRUMENT

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

DANGEROUS PROCEDURE WARNINGS

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

I WARNING I

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




SAFETY SYMBOLS

General Definitions of Safety Symhols Used Dn Equipment or In Manuals.

7N

:
e
@)

d

| WARNING I
;Ecaunoui

NOTE:

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
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
the equipment which normally includes all exposed metal struc-
tures.

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

Alternating or direct current {power line).

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

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

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




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 Hewlett-Packard Model 3456A Digital
Voltmeter,

NOTE

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

1-3. 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 3456A Digital Voltmeter, Includ-
ed are instrument description, specifications, sup-
plemental characteristics, instrument and manual iden-
tification, options, accessaries, and other information
on the instrument.

1-5. DESCRIPTION.

1-6. 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 systern 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 AUTO
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 3456A 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 1-1 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 AND 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. OPTIONS.

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
Option 910: Additional Set of Manuals

1-16. ACCESSORIES SUPPLIED.

1-17. The 3456A is supplied with a 3/8 amp, 250V fuse
for the 220V and 240V power line voltages.
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General Information Model 3456A

Tahle 1-1. Specifications,

DC VOLTAGE
Input Characteristics
Maximum . Maximum
Reading Resolution Input Input
Range (5 digit} 6 Digit 5 Digit 4 Dipit Resistance Voltage
0.1V .1199489v 100 nV 1V 10 uV > 100 + 1000V
1.0V 1.19999V 1 pV 10 gV 100 gV > 1010 peak
10.0v 11.89999v 10 uV 100 uV imv > 1010
1Q00.0v 119.999V 100 uv 1mVv 10mvy 10MR2+.5%
1000.0V 1000.00V TmV 10mVv 100mv 10M2=.5%

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

Measurement Accuracy: + (% of Reading + Number of Counts}.
Auto-zero on and filter off.

24 hours: 23°C £ 1°C

Range 6 Digit (= 10 PLC*) 6 Digit (1 PLC) 5 Digit (.1 PLC) 4 Digit (.01 PLC)
a1V 0022 + 24 0.0024 + 32 0.007 + 14 0.06 + 3
1.0V 0.0009 + 4 0.0012 + 5 0.007 + 3 0.06 + 2

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

100.0V 0.0011 + 3 0.0014 + 4 0.007 + 2 0.06 + 2

1000.0v7 0.0011 + 2 0.0013 + 3 0.007 + 2 0.06 + 2

90 Day: 23°C + §°C

Range § Digit {= 10 PLC) 6 Digit {1 PLC) 5 Digit {.1 PLC) 4 Digit (.01 PLC}
0.1V 0.0034 + 24 0.0035 + 32 0.008 + 14 Q.06 + 3
1.0V 0.0024 + 4 0.0025 + 5 0.007 + 3 0.06 + 2
10.0v 0.0023 + 2 0.0024 + 3 0.007 + 2 0.06 + 2
100.0V 0.0026 + 3 0.0027 + 4 0.007 + 2 0.06 + 2
1000.0V1 0.0024 + 2 0.0025% + 3 0.007 + 2 006 + 2
TAdd .012 M’E 2% to % reading.
1000
> 90 days: 23°C + 5°C
Add + .0006% of Reading/month to 90 day accuracy.
Temperature Coefficient: (5 digit}2 + (% of Reading +
Number of Count)/®*C
Range 0.1V 1.0v 10.0V 100.0¥ 1000.0V

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

Auto-Zero OFF: (5 digit)2

For a stable environment + 1°C, add 10 counts for .1V range, 1
count for 1V and 100 ranges, and .1 count for 10V and 1000V
ranges.

Filter ON: Rejection is > 60 dB at 50 Hz. Add 2pV for .1V, 1.0V
and 10V range and 200 pV for 10V and 1000V range.

2For 6 digits, multiply counts by 10
For 4 digits, multiply counts by .1

*Integration in POWER LINE CYCLES
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Model 3456A General Information

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

Raesponse Tima:
Filter OFF - For default delay (0.0 seconds), erroris < .0005 % of
input voltage step.

Filter ON: For default delay (.85 seconds}, erroris < .01% of in-
put voltage step.

Noise Rejection (dB}
Integration Time
in Power Line AC3. 4 ACY 4 Dc
Cycles (PLE) NMA ECMA® | ECMR?
.01 PLC or .1 PLC 0 a0 140
> 1 PLC 60 150 140
> 1 PLC with Filter | 120 160 140

3For 50, 60 Hz (depending on option) + .09%.
41 K@ unbalance in Lo

AC RMS VOLTAGE

Input Characteristics

Maximum . Maximum
Reading Resolution input Input
Range {5 Digit) 6 Digit 5 Digit 4 Digit Impedance Voltage
1.0V 1.19999v 1 pV 10 uV 100 pV 1M +.5% + 1000V
10.0v 11.9899V 10 uV 100 uV Tmv shunted by peak
100.0V 119.8999v 100 uV Tmv 10mv < 75pF {700V rms)
1000.0V 700.00V imv 10mv 100mv 108vHZ
Guard ta Chassis: + 500V peak
Guard to Low: + 200V peak
Measuremant Accuracy: + {% of Reading + Number of Counts)
Auto-zero on, > 1% of full scale, and DC compoanent < 10% of
AC Compaonent.
For inputs > 5Q0V rms add .07% of reading.
24 howrs; 23°C + 1°C
Frequency in Hz
Intagration Tima
in Power Lina Filter Off - 400-20k 20k 10 50k 50k to 100k | 1100k to 250k
Cycles (PLC) 20 to 30 30-20k 20k to 50k 50k to 100k 1100k to 250k
G Digit (= 1 PLC) .33 + 300 .05 + 55O 15 + 1500 | .53 + 2700 5.0 + 6300
5 Digit (.1 PLCI .34 + 33 .06 + 55 .16 + 150 .54 + 270 5.0 + 630
4 Digit (.01 PLC} .39 +5 A1+ 7 21 + 17 59 + 29 5.1 + 65
90 day: 23°C x §°C
Frequency in Hz
Integration Time
in Power Line Filter Off — 400-20k 20k to 50k 50 k to 100k | 100k to 250k
Cycies {PLC) 20 to 30 30-20k 20k to 50k 50k to 100k 100k to 250k
6 Digit (= 1 PLC) .35 + 500 .07 + 700 A7 + 1700 | .65 + 2900 | 5.0 + 6500
5 Digit (.1 PLC}) .36 + 53 08 + 73 18 + 173 .66 to 293 5.0 + 653
4 Digit (.01 PLC) 41 + 7 13+ 9 .23 + 189 61 + 3 51 + 67

TFrequencies > 100 kHz are specified for 1.0V and 10V ranges only.

> 80 day: 23°C t 5°C (5 digit)2
Add + {.004% of Reading + 12 countsi/month to 90 day accuracy.

Rev B
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General Information

Table 1-1. Specifications (Cont'd).

Model 3456A

Temperature Coefficient: (5 digit)2

1+ (% of Reading + Number of Counts)/°C

+ (.008 +6)/°C for DC component < 10% AC component
+ {.008 + 12}/°C otherwise

2For 6 digit, multiply counts by 10.
For 4 digit, multiply counts by .1.

DC Component > 10% of AC Component: {5 digit}?
Add + {.05% of Reading + 50 counts) to accuracy.

Crest Factor; > 7 at full scale.

Common Moda Rejection (1kQ unbalance in Lol > 90 dB DC to
60 Hz

Auto-Zero Off: For stable environment =
change.

1°C no accuracy

Default Dalays:
Filter Off - .06 seconds
Fiter On - .BO seconds

Response Time: For default delay, error is <
step.

.1% of input veltage

RESISTANCE

input Characteristics

; Maximum - Current Maximum Maximum
Reading o Resalution Through Valid Reading | Open Circuit
Range (5 Digith 6 Digit § Digit 4 Digit Unknown Voltage Voltage
1000 119.9990 100u2 1mi} 10m TmA 1.2V 5.5V
1kQ 1189.99¢ 1mi 10m{ 100mQ TmA 1.2V 5.5V
10k5? 11.9999ka 10me 100mQ 14 100uA 1.2v 5.5V
100k 119.999k0 100m§ 10 100 50uA 8V 9.5v
1MQ 1199.99k0 19 10Q 1000 SuA 6v 9.5V
10M0 11.9999MQ 100 1000 k2 500nA 6V 9.5v
100MQ 119.959M0 1008 Tk 10k = 500nA? 5V 5.5V
1GQ 1000.00MQ 1k 10k 100k} = BOOnA? 5V 5.5V
Kon-destructive avarload: 350V peak.
Measurament Accuracy: + (% of Reading + Number of Countsi
Auto-Zero an, filter off, and 4-wire ohms.
24 hours: 23°C + 1°C
Range 6 Digit (=10 PLC) 6 Digit (1 PLC} 5 Digit (.1 PLC) 4 Dipit {.01 PLL)
1000 0.003 + 24 0.003 + 32 0.009 + 14 0.07 + 3
1k 0.002 + 4 0003+ 6 0.008 + 3 C.07 + 2
10kQ 0.002 + 4 0003+ 5 0008 + 3 0.07 + 2
100k 0.002 + 2 0003 + 3 Q.008 + 2 007 + 2
1M 0.006 + 2 0.006 + 3 0.092 + 2 007 + 2
10MQ 0.041 + 2 0.041 + 3 0.07 + 2 012 + 2
100MQ 1.3+ 1 1.3+ 1 1.+ 1 1.5 + 1
1G4 11+ 1 11+ 1 13+ 1 13 +1

10hms source is a 500nA current source in parallel with a 1OM©
resistance.
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Mode! 3456A General Information

Table 1-1. Specifications (Cont'd).

90 days: 23°C z 5°C

Rangs 6 Digit (= 10 PLC} 6 Digit (1 PLC) 5 Digit {.1 PLC) 4 Digit (.01 PLC)
1000 0.004 + 24 0.004 + 32 0.07 + 14 0.07 + 3
Tk 0.003 + 4 0.004 + 6 0.009 + 3 0.07 + 2
10kf} 0.003 + 4 0004 + 5 0.009 + 3 .07 + 2
100k 0.003 + 2 0.004 + 3 0.009 + 2 0.07 + 2
TMQ 0.007 + 2 0.0067 + 3 0.013 + 2 0.07 + 2
10M 0.042 + 2 0.042 + 3 0.07 + 2 012 + 2
100MQ 1.8 + 1 1.8 + 1 20+ 1 2.0 +11
1GQ2 16 + 1 16 + 1 18 + 1 18 + 1

> 90 days: 23°C x5°C
Add +.0004% of Reading/month to 80 day accuracy.

2-Wire Ohms Accuracy: Same as 4-wire ohms except add < .2
ohm offset,

Auto-Zero Off Accuracy: (5 digit)2
For a stable environment + 1°C, add 10 counts for 1005} range,
1 count for 1kQ range and 10k ranges, and .2 counts for =

100k ranges.. Changes in lead rasistance are not corrected for a
4-wire ohms.

1

Maximum Lead Resistance Maximum Offset Voltage for Default Delay
Ranpe for 4-Wire Ohms Offsat Compensated Ohms in Saconds

1000 100 01V 0
T1kQ 1000 A" 0
10k2 10000 AV 0

100kG 10004 5V 001

1M82 10008 .008
10MQ 10000 .08
100MQ 10000 .08
164 10000 .08

Oftset Compensated Ohms Accuracy: Same as 2-wire and 4-wire ex-
cept maximum reading may be reduced by 9% far large offset
voltages. 100Q - 100k range are used.

Respanse Time: With default delay and < 200pF of capacitance,
first reading is in specification.

Filter is not operational in ohms.

Temperature Coafficient {5 digitl? + (% of Reading + Number of
Countsi/°C

1k

10k2
Range 100 100kQ 1M 10M¢} 100MQ 162
T.C. 0004 | .0004 .0004 0010 16 1.6
+.2 +.02 +.004 +.004 +0 +0

2For 4 digit, multiply counts by . 1.
For 6 digit, multiply counts by 10.
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General Information

Model 3456A

Table 1-1. Specifications (Cont'd).

RATIO
Type: DC/DC, AC/DC, or (AC +DCYDC
Method: 4-Wire with Volts Lo input common.

Signal Voltage
Ref. Hi Voltage — Ref, Lo Voltage

Ratio =

Signal Measurement: Same as DC Volts, or AC + DC Volts.

Referencoe Measurament: Automatically selects .1V, 1V, or 10V
DC Volts range and a 0.0 msec. settling time. Filter is off.

Maximum Reference Voitage:

Ref. Hi: + 12V

Ref. Lo: + 9% of Ref. Hi.
Ref. Hi-Ref. Lo: + 11.9998V
Protection: + 350V peak

Accuracy: Total % signal error + total % reference error (same as
AV, 1V, or 10V DC volts)

MEMORY

Reading Store:
e Can store up to 350 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
configuration and measurement sequence.

» Program is input from the HP-IB interface with up to 1400
ASCIl characters.

Memory Size:
# Total size = 1400 bytes

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

READING RATE

Reading rates are with autorange, math, display and fiiter off.
Qutput is to internal memaory using internal trigger and packed
Mgode. Packed output in place of internal memory adds .35 msec;
ASCH cutput adds 2.3 msec.

Rates vs. Intagration Time and Aute-Zero: DC Volts and 1002 thru
10kf} ranges with default (-0.0 sec.) delay. Also, AC or AC+DC
Volts and 100kQ thru 10M{ ranges with 0.0 sec. delay.

Rates
Integration Auto-Zero Auto-Zaro

Time in Power 0 On
Line Cycles {PLC} | GDHz | 50 Hz | 60 Hz | 50 Hz
0.01 330 290 210 180
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 Powar Line Cycle Integration and Default Delays.

Rates

60 Hz | 50 Hz
— DC Volta and 1004 thru 10kR2, Auto-zero Off 48,0 | 40.00
—DC Volts, Filter ON 1.48 1.47
- AC or AC + DC Volts, Auto-zero OFF 12.0 11.00
— AC or AC + DC Volts, Filter ON 1.2 0.8956
— 100k{l range, Auto-zero OFF 46.0 35.0
- 1M1 range, Auto-zero QFF 34.0 28.0
- 10M{} range, Auto-zero OFF 9.9 9.0
- 100M%? and 1G{ range, Auto-zero OFF B.6 6.10
- DC/DC ratio 5.2 4.40
- Dffset Compensated Ohms 10.0 89.00




Model 3456A

General Information

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

MATH FUNCTION SPECIFICATIONS

General: Math function specifications do not include error in X
{instrument reading} or in entered values (R,L,U,Y,Z). Range of
values input or output is + (0.000000 x 102 to 1999999 x
109}, Out of range values send “LL*' to display and + 1899999
x 109 1o HP-IB.

PASS[FAIL: Displays: “'HI'' for values > upper limit (U}, “'LO"' for
values < lower limie (L}, and X for values between the limits, with
no introduced error.

SRQ mask can be programmed to respond to HI or LO conditions.

Maximum execution time: 20ms

STATISTICS:
] C
Mean (M} = X, + < ifl (X - Xy)
c 1 C
L X-X2- —| £ (X-X)|2
Variance (V} = i = 1 Cli=1
c-1

Maximum (U} and Minimum {L) are the most positive and negative
instrument readings, respecitvely. X is displayed during calcula-
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: < + g-l% + 1LSD
10
2
Accuracy of Variance: < + LU-Lr2 + 1LSD
108

Maximum execution time: 50ms

NULL: X - X, (X, is the first valid reading taken after enabling null
and is stored in the Z register),

Maximum execution time: 15ms

dBm(R}: 10 log R is the user-entered impedance.

x%R
TmwW
Qutput range: -280 to + 340 dBm
Accuracy: t 001 dBm

Maximum execution time: 150ms

THERMISTOR (°F): Converts resistance of therrnistor
HPOB37-0164 to temperaturg 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 tima: 150ms

THERMISTOR (°C): Converts resistance of thermistor
HPOB37-1064 to temperature in °C.
Output range: -B0 to 150°C

Accuracy: -75 < T < + 130°C % 06°C max.
80 = T < + 1680°C + 15°C max.

Maximum execution time: 100ms
SCALE: (X-¥YnY

Accuracy: + 1LSD

Maximum execution time: 60ms

% ERRDR: 100% x (X-YVY
Accuracy: = 1 LSD
Maximum execution time: 80ms

dB: 20 log X
Y

Output Range: -620 to +620 dB
Accuracy: .001 dB

Maximum execution time: 100ms

GENERAL

Voltmeter Centrol Functions: Description: The voltmeter control
function in the math section of the front panel is designed to con-
trol 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 pawer line cycles {PLC}.

Numboer of Digits Displayed allows selection of 3 to 6 digits
displayed plus sign and exponent. The range of the display is +
1,999,999 + 9.

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

Delay Time aliows selection of the time between measurement
cycles. It is provided to allow the selection of settling time. The
range is from O to 999.999 sec. in 0.001/sec. increments. Ac-
curacy is 1% of time selected.

Intagration Time in Power Line Cycles allows 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 Q.01
to 100 powaer line cycles (PLC) per measurement.

Front-Rear Tarminal Switch - On the front panel. Operated manual-
ly. 1ts status can be read via software.

The actual measurement time is a function of the integration time,
the delay time, auto zero, filter, etc., voltmeter compiets, external
trigger, and function selected.

Opersting Temperature: O C to 50 C

Warmup Time: One hour to meet all specifications

Humidity Range: 95% R.H., 0 Ct0 40 C

Storage Temperature: -40 Cto + 75 C

Powsr: 100/120/240V + 5%, -10% 48 Hz to line operation
BOVA; 220V + 10% 48 Hz to line operation BOVA.

Size: 88.9mm high x 425.5mm wide x 527.1mm deep {3%"'
high x 16%°* wide x 20% '’ deep)

Waight: Net 10.49 kg (23.13Ibs.)
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General Information

1-18. ACCESSORIES AVAILABLE.

1-19. The following is a list of available accessories for

the 3456A:

Accessory No.

1-8

Description

Model 3456A

1-20. SAFETY CONSIDERATION.

1-21. The 3456A is a safety class | instrument (provided
with a protective earth connection). The instrument and
manual should be reviewed for safety symbeols and in-
structions before using.

10631A HP-IB Cable 1 Meter (39.37 in.}
106318  HP-IB Cable 2 Meter (78.74 in.) 1.22. RECOMMENDED TEST EQUIPMENT.
10631C  HP-IB Cable 4 Meter {157.48 in.}
10631D HP-IB Cable 0.5 Meter (19.69 in.) 1.23. Required equipment to maintain the Model
11000A  Test Leads, Dual Banana Both Ends 3456A is listed in Table 1-2. Other equipment may be
11002A  Test Leads, Dual Banana to Probe substituted if it meets the requirements listed in the
and Alligator table. The table is also repeated in Section 1V of the
34111A High Voltage Probe (40 kV dc) Operating and Service Manual.
44414A 4 Thermistors
Table 1-2. Recommended Test Equipment.
Instrument Critical Specification Recommended Model Use
DC Voltage Standard Voltage: 10mV to 1000V Systron Donner Model M107 PAT
Accuracy: +.005%
DC Transfer Standard Qutput Voltages: 1V, 10V, 1,018V, 1.019V Fluke Model 731B PA
Accuracy: * Bppm
Stability: =.001% (3C Days}
&C Calibrator Frequency: 20 Hz to 250 kHz Fluke Model 5§200A and PAT
Qutput Level: 100mV to 1000V Model 5215A
Accuracy: =.1%
Voltage Stability 18 mos.} +.02%
Referance Divider Division Ratio Accuracy: +.001% Fluke Madel 750A PA
Qutput Voltage Range: 1V to 1kV
Guildline Model
Resistance Standard Resistance: 1001 9330/100 or $330A/100 P
Accuracy: = .0005%
Resistance: 1k 9330/1K or 9330A/1K PA
Accuracy. *.0005%
Resistance: 10k 9330/10K or 9330A/10K PA
Accuracy: #=.001%
Resistance; 100k 9330/100K or 9330A/100K PA
Accuracy: +=.001%
Resistance: tMQ 9330/1M PA
Accuracy: *.002%
Resistance: 10M{ 9330/10M PA
Accuracy: +.01%
Resistance*: 1GR -hp- Part No. 03456-67902 P
Accuracy: + 2%
OC Null Voltmeter Valtage Range: 1uV to 10V -hp- Meodel 419A PA
Bus System Analyzer** HP-18 Contral Capability -hp- Model 584014 T
Desktop Computer HP-IB Control Capability serves as printer for out- | -hp- Model 8825A, 98258, oT
put data 9835A, 98458, or BBA
Oscilloscope ™ * Bandwidth: DC to 100 MHz -hp- Model 1740A T
Sweep Time: 50ns to 20ms/div
Digital Voltmeter® * Voltage Range: 1004V to 1000V -hp- Model 3456A T
Resalution: 1 uV {or 3455A)
Resistors Resistances: 1 kQ £ 10% -hp- Part No. 0684-1021
Signature Analyzer® * -hp- Model 5004A T
Test Program Cartridges* -hp- Part Number T
03456-10001 (98254A/B!}
03456-10002 (9835A,
[(9845A/B)
03456-10003 (B8BA)
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General Information
Table 1-2. Recommended Test Equipment (Cont'd).
Instrument Critical Specification Recommended Muodel Use
Isolation Logic Test Jumper* -hp- Part No. 03456-6160Q02 T
HP-IB Signature Analysis -hp- Part Number T
Modules*, " * 5061-1153
5061-11564
5061-1156
* These items included in 3456A Digital Valtmeter Service Kit for Camponent Level Repair {-hp- Part Number
03456-69800)

* *These items are not required if a board level repair strategy is to be used. This strategy does require a
3458A Digital Voltmeter Service Kit for Board Level Repair [-hp- Part Number 03456-69801).

P = Performance Test T = Troubleshooting
A = Adjustment O = Operators Check

1-9/1-10



SECTION i
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. INITIAL 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 instrument 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 1V. 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. PREPARATION FOR USE.

2-6. Power Requirements.

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 8¢ VA.

2-8. Line Voltage Selection.

2-9. Figure 2-1 provides information for line voitage
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 Receptacles.

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 Office and a replace-
ment cord will be provided.

22OV
2a0v -/ 375|mA J
rizovT Oj‘
100V
220V
EZ"O"J 375|mA -]
(m] S ¥:51)Y C>:<
r1oov 75?mf\ =)
120V
220V
C“O"J 375|mn‘\ J
F1zov O:)\ —
100y 1 l 750mA b
220V
220V
E“D"J 37%«.1\ J
}1zov Q:) —
100y H ?5[|)rnh j
240V
NOMINAL OPERATING RANGE FUSE
VOLTAGE —10%, +5% OF NOMINAL
100V 20 to 105 Volts 760 mA
120 V 108 to 128 Volts 750 mA
220V 198 to 231 Volts 375 mA
240 V 216 to 252 Volts 375 mA

Figure 2-1. Line Voltage Salection.
2-12. Grounding Requirements.

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.

2-1
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PLUG*: NEMA 1-15P
CABLE"; HPF 8120-0684

PLUG*: NZ5S 198/A5 C112
CABLE": HP 8120-0696

FLUG"®: BS 1363A
CABLE®": HP B120-1703

280V 250 v 250 v 250 V
GFERATION QPERATION OPERATION OPERATION
o
.
-
PLUG*: SEV 1011.1959.24507
PLUG*: CEE7-V11 PLUG*: CEE22-V1 PLUG*: DHCR 107 TYPE 12
CABLE*: HP 8120-1692 CABLE*: HP 8120-1860 CABLE*: HP 8120-2956 CABLE®: HP 8120-2104
125 v - A" " 250V 260 V 250V - A" 125V - 6A* "
. OPERATION OPERATION
" =0
™ &
7

PLUG*: NEMA G-15P
CABLE": HP 8120-06588

PLUG*: NEMA 5-16P
CABLE*: HP 8120-1521

STD-B-4195 (Rev.|

*Tha number shown for the ptug is the industry identifier for the plug enly,
The number shown for the cable is an HP part number for a complete cable including the pfug.
* *1L listed for use in the United States of America

Figure 2-2. Power Cables,

2-14. Bench Use.

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 Kkits 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 3456A is compatible with the
Hewlett-Packard Interface Bus (HP-IB).

NOTE

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

2-2

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 t0 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
2-4,

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 address is a
5-bit code which is selected to provide a unique address
for each HP-IB instrument. The 3456A normally ieaves
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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Jd3%-8- 4800

Figure 2-3. Typical HP-{B Systam Interconnections.

() o

L
I

PIN | LINE

1 DIO1

2 DIO2

3 DIO3

4 DI04

13 DIOS

14 DI06

15 D107

16 | Diog

5 EO}

17 REN

6 DAV

7 NRFD

8 NDAC

g IFC

10 | SRQ

1 ATN

12 | SHIELD—CHASSIS GROUND

18 | P/O TWISTED PAIR WITHPIN B

19 | P/O TWISTED PAIR WITH PIN 7

20 | P/O TWISTED PAIR WITH PIN B T“Eifq;'"s
21 P/O TWISTED PAIR WITHPINS 5 |NTERNALLY
22 P/O TWISTED PAIR WITH PIN 10 GROUNDED
23 | P/O TWISTED PAIR WITH PIN 11

24 ISOLATED DIGITAL GROUND

5TD- B - 4090

The 34564 contains metric threaded HP-IB cable mouniing
studs as opposed to English threads. Metric threaded -hp-
10631A, B, or C HP-IB cabla lockscrews must be used to
secura tha cable to the instrument. Identification of the two
types of mounting studs and lockscrews is made by their
color. English threaded fasteners are colored sifver and
metric threaded fasteners are colored black. DO NOT mate
siflver and black fasternsrs to each other or the threads of
either or both will be destroyed. Metric threaded HP-I8 cable
hardware illustrations and part numbers follaw,

LOCKSCREW LONG MOUNTING STUD SHORT MOUNTING STUD
139G-0360 0M0-0643 0380-0644

Figure 2-4. HP-IB Connector.

23
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ADDRESS
SELECTION
TALK
ONLY ‘1 r15 4 1\
« (0

. \ 3456-2-5 \

I NOT USED /O POSITION (DOWN)

ADDRESSABLE 1 POSITION (UP]

Figure 2-5. 3456A Address Switch.
NOTE

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

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 III 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 3456A 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 III in this manual.

2-25. Voltmeter Compiete Connector.

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.

I WARNING I

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

2.4
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2-28. Operating and Storage Temperature.

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 + 75C (— 40F
to + 167F).

2-31. 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. Altitude.

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

2-35. REPACKAGING FOR SHIPMENT.

NOTE

If the instrument is to be shipped 1o Hewlett-
Packard for service or repair, attach a tag to
the instrument identifying 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 mode!
number and full serial number. If you have
any questions, 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 your nearest -hp- Sales and Service Office.

2-37. If 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 card-
board 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 I
OPERATION

3-1. INTRODUCTION.

3-2. This is the information and instructions for the
operation of the -hp- Model 3456A Voltmeter showing
front panel and remote operations. In addition, you will
find functional checks you 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 while reading this section.

3-4. Read the front panel operations of the 3456A
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 Keyboard.

Keep these areas in mind when you use the 3456A.

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 T 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 contro! of the 3456A7"
-REMOTE OPERATION

Once you have decided what you want the 34356A to do,
the next step is to learn how to do it.

3-9. GENERAL OPERATING CHARACTERISTICS.

3-10. These paragraphs describe some of the 3456A’s
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.

3-13. Reset.

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 you a
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...................oiiiinn.. DC
RANGE .......... ... ... .. ..., AUTO
TRIGGER ...................... INTERNAL
MATH ....... ... e OFF
DELAY.................. DEFAULT (0 SEC.)
NUMBER OF READ-

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

LINECYCLES INT. ..................... 10
NUMBER OF DIGITS DISPLAYED......... 5
AUTOZERO ... ... ... ... ... ...... ON
OPERATING MODE..............., LOCAL
FILTER ......... ..., OFF
READING STORAGE. .................. OFF
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Display - Indicates polarity and amplitude of the measure-
ment. Measurement rasults are indicated in either 3%, 4 142,
6%, 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 panel sampte rate.

Function Selection Buttons - DCV, ACV, ACV+DCV,
2.Wire Ohms, and 4-Wire Ohms. included is the SHIFT but-
ton which is used to place the 3456A into the shifted func-
tion consisting of: DCV/DCV Ratio, ACV/DCV Ratio,
ACY + DCVW/DCV Ratio, 2-Wire 0.C. Ohms, and 4-Wire
0.C. Ohms. The LED to the function button’s right will also
light when the button 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 mora information.

Filter - enables or disables the Analog Filter. The LED to the
button’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 & 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 mora information.

Ratio Ref/4WR( Sense Terminals - are used for the Ratio
Reference Voltage or 4-Wire Ohms measurement.

Volts/2WRI/4WRQ Terminals - input terminats for the
ACV, DCV, ACV +DCV, and 2-Wire Ohms measurement.
In addition, the terminals supply the current 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.

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

Front Guard Terminal.

@6 @ 6

©)

(8)

Clear Cont - is used to continue with the 3456A’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 been recalled.

Trigger Buitons - 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 3456A's Internal
Test. Refer to Paragraph 3-17 for more information.

Reading Storage Button - allows 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 3456A’s internal
memoary 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 3456A out of Remote.

SRQ Light - indicates a ‘’Require Service’" condition when
lit. Refer to Paragraph 3-130 for more information.

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

Talk Light - is lit when the 3456A is addressed to “"talk’’.

Remote Light - indicates that the 3456A is in Remote when
lit.

Line Switch - With the switch “‘out’” the 3456A is turned
off and with the switch “’in”’ the instrument is on.

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

Figure 3-1. Front and Rear Pansl Features.
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. Ratio Ref/4WR{ Sense Terminals - are used for the Ratio
@ Reference Voltage or 4-Wire Ohms measurement.

Volts/ 2ZWRI4AWRQ Terminals - input terminals for the
ACV, DCV, ACV+DCV, and 2-Wire Ohms measurements.
In addition, the terminals supply the current for a 4-Wire
Ohms measurement,

Rear Guard Switch - internally connects the GUARD ter-
@ minal to the VOLTS LOW terminal.

@ Rear Guard Terminal.

Voltmeter Complete Connector - Qutputs pulse during mea-
surement cycle.

HP-IB Connector used to connect to HP-IB.

HP-IB Address Selection Switch - Sets 3456A HP-IB Ad-
dress.

External Trigger Input Connector.

@ Power Line Voltage Selection - Refer to Paragraph 2-8.

Fuse -80 V to 126 V -.75 amp, 198 V to 262 V - 375
amp.

@ AC Power Connector

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

3-15. When pressing the RESET button, the display
will momentarily display this for about 1 second:

Add 022 ¢
3456A HP-IB Talk-Only Indicator
Address in {0 = Normal Mode,
Decimal 1 = Talk-Only Enabled)

See Paragraph 3-150 for the HP-1B address setting and
Paragraph 3-154 for the ‘‘Talk-Only”’ mode.

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

3-17. Self Test Operation.

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 switch
is in the ““IN’* position, when selecting the test opera-
tion. The test may not pass if external connections are

made to the input terminals, because certain input cir-
cuitry measurements are made. When the TEST button
is pressed, the instruments displays

“+1.8.8.8.8.8.8.+ 8.”

3458A DIGITAL VOLTMETER
HEWELETY » PACKARD  °

i

&
g 108 K . MATE K -F

Figure 3-2. Front Panel Display Area.
RevB 33
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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 test
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 output 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.

3-19. 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:

1.00000 — 1 V Range

16.0000 — 10 V Range
100.000 — 100 V Range
1000.00 — 1000 V Range

3456A DIGITAL VOLTMETER

p 0919 -3

10 10[1 lK

a
.

MATH

]
) ]

3456-3-3

Figure 3-3. 3456A Display.

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 multiplying the displayed exponent

3-4
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by the decade multiplier. For example:

1.0 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. Error Messages.

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.

Table 3-1. Error Messages.

Error No. Description
1 Autozero disabled in any Shifted Functions.
Displayed in Remote only.
2 Analog Filter enabled in any Ohms Functions.
Displayed in Remote only.
3 Any invalid Range and Function combination

{Example: 10 M ohm Range selected for the DCV
Function}. Displayed in Remote only.

4 Atternpt was made to store invalid number into a
register (Example: a **9"" is stored into the Num-
ber of Digits Displayed register).

5 Attempt was made to store any number into
register C, M, or V.
6 Attempt was made to recall nen-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.

Q.C. PWAE O.LL AWAT

Figure 3-4. Front Panel Voltmeter Configuration Area.

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

3-27. The measurement data can be displayed either as
a6lz, 514, 414, or a 314 digit reading, depending on the
Number of Power Line Cycles Integrated (see
Paragraph 3-61) and the Number of Digits selected (sce
Paragraph 3-63). Refer to Table 1-1 for accuracy
specifications.

3-28. AC Voltage Measurement.

3-29. The -hp- Model 3456A uses a True RMS conver-
tor and is able to measure voltages from 1 pV to 700 V
RMS in four ranges: 1 V, 10V, 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 612, 52, 4%, 0ra 32
digit reading, depending on the selected Number of
Power Line Cycles Integrated (see Paragraph 3-61) and
the Number of Digits selected (see Paragraph 3-63). The
frequency response of the convertor is from 20 Hz to
250 kHz with a maximura input voltage of 1000 V peak
{700 V RMS, 108 VHz). The input impedance of the
convertor is 1 M ohms shunted by < 75 pF. Refer to
Table 1-1 for accuracy specifications.

3-30. AC+DC Measurement.

3-31. The AC+DC mode of the 3456A 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

Operation

the necessary power rating of an amplifier. Since many
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 3456 A can simplify
these measurements since it can measure the RMS value
of the sum of the ac plus the dc voltage on the
waveform.

3-33. Resistance Measurement.

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 ohm 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 ochms
connection.

3-35. Resistance Measurements can be displayed as
either a 612, 5%, 4%, or a 31 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 2WRQ/4WRQ (VOLTS) terminals are reversed
from each other in 4-wire ohms function.

h. Small negative voltages on measuring circuitry.

NOTE

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

YOLTS
RATIO REF 2WA

4WR 0L SENSE auAn

@

OHMS
CURRENT

L 2-Wire Ohms Measurement

GUARD

O

OHMS
CURRENT

RATID REF
4WR L SENSE

) 3456-3-5
4-Wire Ohms Measurement

Figure 3-5. Dhms Connection.
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NOTE

The 3456A°s Analog Filter (see Paragraph
3-52) should not be used with any ohms
Junctions. 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
buiton’s color is green and corresponds to the green let-
tering and symbols above the function buttons to iden-
tify shifted functions. All shifted functions readings are
made by taking multiple measurements.

NOTE

The 3456A°s Autozero feature (see Para-
graph 348} is automatically enabled in front
panel selectable shifted functions.

3-39. Ratio.

3-40. The -hp- Model 3456A can either make
DCV/DCV, ACV/DCV, or ACV+DCV/DCV Ratio
Measurements. This is done by taking a Signal,
Reference High, and Reference Low Voliage reading
which are all referenced to a cornmeon point, the VOLTS
LOW terminal. The Signal Voltage is measured from
the VOLTS HIGH terminal to the VOLTS LOW com-
mon. The Reference High Voltage 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.
s YOLTS
RATIO REF )\ 2WRQ
4WRN SENSE | 4WRD GUARD
SIG asr
% 3456-3-6

—1 O

VOLT. JOLT,
Figure 3-6. Ratio Connection.
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a. Ratio Formula. A Ratio Measurement is a
mathematical operation expressed in this formula:

Signal Voltage

Ratio =
Reference Voltage

The 3456A Ratio Measurement formula is:

Signal Voltage
Reference High - Reference Low

Ratio =

Remember, the three voltages are referenced to the
VOLTS 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 to + 12 V dc. 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 Voitages 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 Voltage between the HIGH
and LOW VOLTS terminals and connect RATIO
REF LOW to VOLTS LOW.

4. Set the 3456A to the desired range or 1o
Autorange.

5. Place the instrument into the Ratio mode by press-
ing the appropriate button (DCV/DCYV,
ACV/DCVY, or ACV+DCV/DCYV 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 connected 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
Rl and R2 is measured including 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 — 1000007,

HIGH
RL % SIGNAL VOLT.
f COMMON
= ;_R LEAD & REF.
W— _ Low | -0 REFERENCE
* HICH
R2 %
HIGH
3456-3-7

Figure 3-7. Typical Ratio Measurament.

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 ohms 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. Ohms 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), 2 normal ohms measurement
technigue 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 pushbuttons: 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 DCV 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
100 mV or 100 ohms range. Similar to UPRANGE
operation, the lowest range depends on the function.
The ACYV function, for example, has the 1 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.

1. 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
1 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.

1. 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 takes a
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
3456A 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
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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.

d. Hold. The Hold operation prevents the 3456A
from accepting locally generated trigger commands,
although an HP-IB trigger is accepted. Refer to the
Remote Operation paragraphs for additional informa-
tion on the HP-1B trigger.

3-48. Autozero.

3-49. The Autozero feature of the -hp- Model 3456A is
used to compensate offsets in the dc 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 amplifier’s input to 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 input 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 2456A’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 SRQ, and HP-IB Local com-
mands. The Autozero feature is enabled when the
3456A is first turned on and when pressing the RESET
button.

3-50. Autozero Effects on 4-Wire Ohms Measurement.

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-WRQ SENSE Low terminal for the Autozero 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.
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3-52. Analog Filter.

3.53. The 3456A’s Analog Filter is a 3 pole active filter
with greater than 60 dB attenuation at frequencies of 50
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
ACYV + DCYV unshifted or shifted functions. The filter is
then applied between the output of the ac convertor and
the input amplifier. In these modes, select the filter for
accuraie 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 button.

3-54. NUMBERED KEYBOARD OPERATIONS.

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

3.56. 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.

3-58. 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
nurmbers, decimal point, and polarity. The white and
blue color buttons located to the keyboard’s left cor-
responds to the math and register operations.
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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 **1’* 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 STORE button and then the
CHS key (note, the white label 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 STORE button is pressed.
{The CHS key is normally used to 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 (Number of Digits
Displayed), for example, only accepts either a 3, 4, 5, or
6, since these are the only number of digits the 3456A
can display. If you 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", ‘0", ‘0", *‘0”’ to display *‘2000"’

or

Enter «“.”” ‘0, ‘2" to display ‘“.02"
39
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To enter the same numbers using the EXP key, first Enter “2”’, press ENTER EXP key, and enter ‘‘3"
enter all of the number’s significant digits and then displaying **2 + 3*’. The same as “*2000”’

press the ENTER EXP button. Once this is done, the

displayed number is then stored into the desired register. To enter the number *.02"" do this:

The exponent can also be changed from a “‘ + '’ to a *-”’

by pressing the CHS key. This is done before or after Enter “*2”, press the ENTER EXP button, enter ‘27,
you enter the exponent and after pressing the ENTER and press the CHS key displaying **2 -2’*. The same as
EXP key. To enter *‘2000°*, do this: 2

Table 3-2. Registers and Math Listing.

Key Register Def‘}:ﬂ'ts:fzrlzes Description
CHS | NCYC INT 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
Q MEAN 199999 +9 Used for storing the Mean Value determined
from the Statistics Math operation.
1 LOWER -1899889+9 Used for storing the lower value for the

Pass/Fail Math operation or the lowest reading
taken in the Statistics Math operation.

2 UPPER 19999599+9 Used for storing the upper wvalue for the
Pass/Fail Math operation or the highest reading
taken in the Statistics Math operation.

3 DELAY SEC 8] Used for changing and determining the
3456A’s Settling Delay.
4 R 600 Used for storing the resistor value for the dBm

Math operation or for recalling readings taken in
the 3456A"s Reading Storage mode.

5 COUNT Q | Used 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,

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

Math
CHS -

0 OFF Disables Math operation.

1 PASS/FAIL Used to determine if a reading(s) is within set
limits.

2 STATS Used to calculate the Mean, Variance, Upper,
Lower, and Count of a reading(s).

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

DBM dBm calcuiation.

5 THMS F Used in calculating a Thermistor reading(s) in
degrees Fahrenheit.

6 THMS C Used in calculating a Thermistor reading in
degrees Celsius.

7 {X-Y)Y Used for the Scale calculation.

100 {(X-Y)Y Used for the %Error calculation.
9 20 LOG X/Y Used for the dB calculation.

3-10
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NOTE

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

¢. Recall. Any of the Registers can be recalled 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. Number of Power Line Cyclas Integrated.

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 10. 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
3456A is 100 Power Line Cycles Integrated and the
fastest is .01 line 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
default value of the Number of Power Line Cycles In-
tegrated is 10 (at Turn-on and Reset).

3-63. Digits Displayed.

3-64. The 3456A can display either a 3, 4, 5, or 6 digit
reading. Select 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 3456 A can display. If the 1 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. Number of Readings per Trigger.

3-66. The Model 3456A is capable of taking from 1 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 trig-
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 all
the readings are taken. Another trigger repeats the same
operation. An Internal Trigger also does the same thing,
but automatically triggers again when all readings are
taken. The default value of the Number of Readings per
Trigger at Turn-On or at Reset is **1%.

3-67. Settling Delay.

3-68. This feature of the -hp- Model 3456A 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 (ACV, 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.

Tahle 3-3. Default Delays.

345GA Set-Up Condition Detay {in second)
DCV, Filter On .650
ACV or ACV + DCV, Filter Off .060
ACV or ACV + DCV, Filter On .800
Ohms, 100 K Range 001
Ohms, 1 M Range .008
QOhms, 10 M Range 080
Ohms, 100 M Range 080
Ohms, 1 G Range .080

3-69. Optimizing the Reading Rate.

3-70. The previous paragraph stated that the Number
of Power Line Cycles Integrated 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 to the
Numbered Keyboard for the following discussion and
make sure you know how to store values into registers

3-11



OCperation

Model 3456A

Table 3-4. Optimizing Reading Rate.

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

- desired accuracy (or resolution)
- pature of the signal {dcv, acv, ar ohms)
- signal environment (line related and broadband noise}

Among vaoltmeter related factors are:

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

- number of convenience features selected (Math
operations, Autorange)

For alt operations, an equally important consideration is
what you're trying to accomplished by measuring fast. Are
you

- scanning a large number of points so that faster
readings mean & 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 ime waiting for the measurement operation
ta complete?

- trying to digitize waveforms?

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

AT TURN-ON

For most bench and system applications, the preprogram-
med settling times assure accurate readings regardless 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 microvolt sensitivity.

YOUR SIGNAL ENVIRONMENT

Your signal is subject to line related and broadband noise
which can interfere with the measurement, There are two
ways of rejecting noise on the 3456A; integration and in-
put filtering.

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 signal 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 muitiples of the inverse of the in-
tegration period and single 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
for more detail.

The input filter provides excellent noise rejection. The price
you pay is an additianal 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 averriding the preprogrammed settling
time selecting 0.01 or 0.1 PLC integration time and the
filter. The trade-off is less accuracy and resclution as welt
as more uncertainty about the filtered input.

SPEEDING THE MEASUREMENT CYCLE

The thermal stability of the measurement environment is
important. By simply keeping the temperature of the
34586A at a fixed value, you can nearly double the reading
rate by turning Auto Zero off. The 3456A is slightly less ac-
curate but the faster reading rate may be worth it. In addi-
tion, any range, function, or fitter change that takes place is
automatically accompanied by an Auto Zero update which
removes any accumulated offsets. Of course, if the
measurement envirgnment 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 .Q1 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 fetting your software
range the 34564 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 60 ms. If you are monitoring a slowly changing
ac signal or scanning similar signals, you can minimize the
settling time to achieve up to 330 rds/s. Keep in mind that
the input could change drastically before your readings
would indicate a large change.

For signals of Jess 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 ovetride the
preprogrammed settling time of 800 ms but beware! Large
changes in the input signal level may let you read numerous
wrang readings while the ac converter and the input filter
are settling to a final value,

The 3456A 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 resistance measurements. If all
you want is an indication of the actual resistance above
10 K ohm, you can override the preprogrammed settling
times. However, just considering the size of the resistance
you are trying to measure 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 slow {10 rds/s) by com-
parison with a standard chms measurement. But, for a
single 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. If 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
as you could. Why? Because you have not optimally handl-
ed the transfer of data over the bus from the 3456A to
your computer.

Let’s take a closer look at the reasons for fast reading rates:
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Model 3456A

Operation

Table 3-4. Optimizing Reading Rate {Cont'd).

- High speed scanning
- Data Throughput
- Waveform Characterization

HIGH SPEED SCANNING

Typical applications of high speed scanning include
temperature and strain profiling where a large number of
measurements must be taken very quickiy to ''freeze” the
phenomencn at some point in time. For this type measure-
ment, data transfer from the voltmeter 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. [n conjunc-
tion with Reading Storage, three other 3456A features
maka high speed scanning particularily easy to do:

- Program Memory
- Voltmeter Complete
- External Trigger

Program Memory can be used to store a series of measure-
ment sequenceas and operate on the acquired data. For ex-
ample, in a high speed scanning situation you could acquire
the measurements as fast as possible in the Reading Store
maode. Flag the computer and then cutput the data, perhaps
already scaled, in ASCI| farmat. 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 Complete can be used to increment the
scanner sequentially without software interaction between
the voltmeter, the scanner, and the computer.

To close the icop, the scanner can output a signal to the
3456A's internal trigger. The result is that once the
measuraments are initiated by your computer there is no
additional need for computer interaction until the measure-
ment sequence is complete.

The fastest possible reading rate for any integration time is
achieved when:

- Autorange, Auta Zero, Math, Display and Filter are off.
- Measurements are stored in the built-in memory using
internal trigger and the packed farmat mode.

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

Transferring the measurements in packed format over the
bus to 8 3825A 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 memory.

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 345864,
store measurement sequences in its memory, and flag the
computer when it is done, lets you use both the 34568A and
the computer to their best advantage. To avoid overrunning
the computer with data from the 3456A, you can select
the Systerms Output mode which updates the output only
after handshake,

WAVEFORM CHARACTERIZATION

The 3456A can digitize sinewaves up to about 100 Hz
with fairly good accuracy. All the high speed modes must
be used to acquire at least two samples per cycie. The
Dalay generator gives you about 1% timing accuracy.

Waveform characterization should be performed with a
System Voltmetar. These voltmeters use a sample and hold
technique which allows the waveform to be “'frozen’’ at a
well-defined point in time. An integrating-type voltmeter,
like the 3456A, will always average the waveform over its
integration period giving less accurate results. System
voltmeters also typically have higher speed, greater hand-
width, and much more precise delay generation.

To summarize, let’s look at the fastest reading rate set up
again. Note that all convenience 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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Operation

(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:

% Error

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 numbered keys. The range of numbers
you can store into the registers or use in math is from
+ 0.000000 x 10-? 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 *'LL”’ is displayed. The following describes
the 3456A°s math operations.

3-75. %Error.

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

X-Y

Results in percent = x 100

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 t