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CERTIFICATION

Hewlett-Packard Company certifies that this instrumeni met its published
specifications at the time of shipment from the factory, Hewlett-Packard
Company further certifies that its calibration measurements are traceable to the
United States National 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 AND ASSISTANCE

This Hewlett-Packard product is warranted against defects in materials and
workmanship for a period of one year from the date of shipment, except that
in the case of certain components, if’ any, listed in Section i of this operating
manual, the warranty shall be for the specified period. Hewlett-Packard will, at
its option, repair or replace products which prove to be defective during the
warranty period provided they are returned to Hewlett-Packard, and provided
the proper preventive maintenance procedures as listed in this manual are
foliowed. Repairs necessitated by misuse of the product are not covered by this
warranty. NO OTHER WARRANTIES ARE EXPRESSED OR IMPLIED,
INCLUDING BUT NOT LIMITED TO THE IMPLIED WARRANTIES OF
MERCHANTABILITY AND FITNESS FOR A PARTICULAR PURPOSE.
HEWLETT-PACKARD IS NOT LIABLE FOR CONSEQUENTIAL DAMAGES.

if this product is sold as part of a Hewlett-Packard integrated instrument
system, the above warranty shall not be applicable, and this product shall be
covered only by the system warranty.

Service contracts or 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.




Model 3455A

TABLE OF CONTENTS

Table of Contents

Section Page Section Page
8 GENERAL INFORMATION. . ... ... ...... 1-1 HI. OPERATING INSTRUCTIONS ... ........, 31
-1, dIntroduction. .. .. ... .. .. oo 1-1 31 Introduction. ... ... ... L 3-1
1-5. Specifications. .. ........ ... .. . ... i-1 3-3. Operating Charactesistics .., .. ... ... . 3-1
i-7. lIastrument and Manual Identification . . .. 1.1 34, Turm-OnandWarm-Up ... ....... .. 3-1
I-11. Bescription - ... .. o e o 1-1 3-6.  Self~Test Operation. .. ... ......... 3-1
13.0ptions. ... Lo I-1 3-8. DC Voltage Measurement. . .. ....... 3-1
1-15.  Accessories Supplied . . .. ... ... .. .. 11 3.-10. Resistance Measurement. .. ... ... ... 3-1
I-17. Accessories Available . .. .. .. ... ... .. 1-1 3-12.  AC Voltage Measurement. . .. .. .. ... 3.2
1-19. Recemmended Test Equipment. . . .. .. 1-1 3-14. MathFeature. .. ... ... ......... 3-2
3-18, Emterand Store ... ..., ... .. ... 3-3
3-22. High ResolutionMode. .. ... ... ... 3-3
324 Auto-Cal. ... ... L 3-3
Section Page 3260 Trigger .. ... ... .. .. .33
H.  INSTALLATION .. ... ... ... ... ..... .. 2-1 328, SampleRate ......... ... .. ...... 3-3
2-1. Itroduction. ... ... ... . . L. 2-1 3-30. Guarding. . . . .. L 3.4
2-3. Initial Inspection. . . ... .. .. ... ... .. 2-1 331, Common-Mode Voltages .. ... ... ... 3-4
2-5. PreparationforWUse . ... ... ... ... ... 2-1 3-33. Guard Congection. . .. ... ... .. ... . 34
2-6.  Power Requiremenis. ... ... ....... 2.1 3-35. Guarding Information . ... .. ... ... 3-4
2-8.  Line Voltage Selection. . .. ... . ... .. 2-1 3.37. Remote Operation. .. .. .. .......... 3-4
2-10. PowerCable. .. ................. 2-1 338, General. ... ... Lol oL 34
2-12.  Grouanding Reguirements. . ... .. .. .. 2-1 342, Address Selection . . ... .. .. .. ... . 3-5
2-14. BenchUse............ ... ... ... 2-1 345, ProgramCodes. . .. .......... ... 3-6
2-16. RackMounting. . ........ ... ... .. 2-2 3.-50. DataMessages ... ............... 3-7
2-18.  Interface Connections . . . ... ... ... . 2-2 3-58.  Device Control Messages. . . .. .. ... .. 3-10
2-22. Environmental Requirements. . .. .. .. .. 2.2 3-67. Interrupt and Device Status Messages . . .3-10
2-23.  Operating and Storage Temperature . . .. 2-2 3-71. Bail OutMessage. . ... ... ....... 3-11
2-26. Humidity . ....... ... . ... ..., 2-3 3-73. Operational Verification Checks. .. ... .. 3-11
228, Altitude .. ..o oL 2-3 375, BenchUse..................... 3-11
2-30. Repackaging for Shipment ... ... ... .. 2-3 3-77. HP.IBOperation. ................ 3-11
LISTOF TABLES

Table Page

1-1. Specifications. . .. .. ... Lo 1-2

1.2, Typical Operating Characteristics . . .. ... .. .. 1-4

1-3. Recommended Test Bquipment. .. ... ... ... 1-6

3-1. Maximum Sample Rates . ... .. .. .. ... .. .. 34

3-2, HP-IB Interface Capability .. ......... ..., 3-5

33, BusMessages .. .. ... L e 3.5

3-4., HP-IB Program Codes. . . ... ............. 3.7

3-5. Binary Program Codes . . ... .. .. ... ..., . 39

LIST OF iLLUSTRATIONS

Figure Page

2-1, Line Voltage Selection . . . ... ........ .. .. 2-1

2-2. Power Cord Configurations . . ... .......... 2-1

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

3-1. Front and Rear Panel Features. . . ... ... .. .. 3.0

3-2. Ohmmeter Measurement Connections ... .. .. 3-2

3-3. Comnecting the Guard . ................. 3-4

3.4, Address Selection . . ... ... ... 3-6

3-5. Operational Verification Flowchart. . . ... .. .. 3-12

iii






Model 3455A

Section T

SECTION i
GENERAL INFORMATION

1-1. INTRODUCTION.

1-2. This Operating and Service Manual contains informa.
tion necessary to install, operate, test, adjust, and service
the Hewtlett-Packard Model 3455A Digital Voltmeter,

1-3. Included with this manual is an Operating information
supplement. The supplement is a duplication of the first
three sections of this manual and should be kept with the
instrument for use by the operator.

1-4. This section of the manual contains the performance
specifications and general operating characteristics of the
3455A. Also listed are available options and accessories,
and instrument and manual identification information.

1-5. SPECIFICATIONS.

1-6. Operating specifications for the 3455A are listed in
Table 1-1. These specifications are the performance stan-
dards or limits against which the instrument is tested. Table
1-2 lists general operating characteristics of the instrument.
These characteristics are not specifications but are typical
operating characteristics included as additional information
for the user.

1-7. INSTRUMENT AND MANUAL IDENTIFICATION.

1-8. Instrument identification by serial number is located
on the rear panel. Hewlett-Packard uses a two-section serial
number consisting of a four-digit prefix and a five-digit
suffix separated by a letter designating the country in
which the instrument was manufactured. (A = US.A;
G = West Germany; ] = Japan;, U = United Kingdem.} The
prefix is the same for all identical instruments and changes
only when a major instrument change is made. The suffix,
however, is assigned sequentially and is unigue to each
instrument.

1-9. Fhis manual applies to instruments with serial num-
bers indicated on the title page. If changes have been made
in the instrument since this manual was printed, a yellow
“Manual Changes” supplement supplied with the manual
will define these changes and explain how to adapt the
manual fo the newer instruments. In addition, backdating
information contained in Section VII adapts the manual to
instruments with serial numbers lower than those listed on
the title page.

1-10. Part numbers for the manual and the microfiche
copy of the manual are also listed on the title page.

1-11. DESCRIPTION.

1-12. The Model 3455A Digital Voltmeter makes ac volt-

age measurements with five digit resolution and dc voltage
and resistance measurements with 3 or 6 digit resolution as
programmmed by the user. The 3455A employs an automatic
calibration {(AUTO CAL) feature which automatically cor-
rects for possible gain and offset errors in the analog cir-
cuitry to provide maximum accuracy. A removable refer-
ence module permits external calibration of the dc voltage
and resistance functions. The reference module can be
removed, calibrated and returned to the instrument, or the
module can be replaced with another recently calibrated
reference. A MATH feature permits voltage or resistance
measurements to be scaled into convenient units or to be
read directly in percent error from a selected reference.
The 3455A is HP-IB programmable for system applications.

NOTE
HP-IB is Hewlett-Packard’s implementation of
TIEEE std 488-1975, “standard digital interface
Jfor programmable instrumentation”™.

1-13. OPTIONS.

1-14. The following options are avatlable for use with the
Model 3455 A
Option 001 Average Responding AC Cenverter
Option 907 Front Handle Kit
Option 908&: Rack Mounting Kit
Option 909%: Front Handle and Rack Mounting it
Option 910: Additional Set of Operating Information
and Operating and Service Manuals

1-15. Accessories Supplied.
i-16. A service kit (-hp- Part No. 03455-84411) consisting
of a PC extender board and a fuse is supplied with the

Model 3455A.

1-17. ACCESSORIES AVAILABLE.

1-18. The following is a list of accessories available for use
with the Model 3455A.

Accessory No, | Description

11177A 3455A Reference Module
34111A High Voltage Probe (40kV dc)
10631A HP-IB Cable I meter (39.37 in)
10631B HP-IB Cable 2 meter (78.74 in.)
10631C HP-IB Cable 4 méter {157.48 in.}

1-19. Recommended Test Equipment,

1-20. Equipment required to maintain the Model 3455A is
listed in Table 1-3. Other equipment may be substituted if
it meets the requirements listed in the table.

1-1
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Model 3455A

Table 1-1. Specifications.

{Specifications Apply with AUTO CAL On}
OC VOLTAGE

{High Resclution Off}
Accuracy: {1 digit = .001% of range)
24 hours; 23°C + 1°C
10 Vrange: + {0.002% of reading + 1 digit)
1V range: & (0.003% of reading + 1 digit}
0.1 V range: t (0,004% of reading + 4 digits)
108 ang 1000 V range: + {0.004% of reading + 1 digit)
80 days, 23°C = 5°C
10 Vrange: + [0.008% of reading + 1 digit)
t V range: % {3.006% of reading + T digit}
0.1 Vrange: 2 {0.007% of reading + 4 digits)
106 and 1000 V range: + (0.007% of reading + 1 digit)
6 manths; 23°C £ 5°C
10V range: + (0.008% of reading + 1 digit)
1 Vrange: + {0.009% of reading + 1 digit)
0.1 V range: % (0,01% of reading + 5 digits)
1G0 and 1060 V range: % {0.010% of reading + 1 digit)

Temperature Coefficient: {0°C to 50°C)
0.1 V range: + (0.0003% of reading + C.15 digits}/°C
1 Vrange: + (0.0603% of reading + 0.018 digits}/CC
10 V range: # {6.00015% of reading + 0.01 digitsH/°C
100 and 1000 V range: £ (0,0003% of reading + .01 digits}/®C

{High Resotution On}

Accuracy: {1 digit = .0001% of range)

24 hours; 23°C £ 1°C
10 V range: & (0.002% of reading + 3 digits)
100 and 1008 V range: * {0.604% of reading + 3 digits)
1 Vrange: ¢ (0.003% of reading + 4 digits)

90 days; 239C +5°C
10V range: & {0.005% of reading + 3 digits}
106 and 1000 V range: + [0.007% of reading + 3 digits)
1 V range: & {0.006% of reading + 4 digits)

6 menths; 23°C + 5°C
10 V range: + {0.008% of reading + 3 digits}
100 and 1000 V range: # {0.010% of reading + 3 digits)
1 Vrange: & (0.009% of reading + b digits}

Temperature Coefficient: {0°C to BOPC)
1V range: = (0.0003% of reading +0.15 digits}/°¢
10 V range: + [0.00015% of reading + 0.1 digits}/°C
100 and 1008 V range: + (0.0003% of reading + C.1
digits}/°C

{nput Resistance: 1o
0.1 V¥ through 10 V range: > 10"~ chms
100G V and 1000 V range: 10 megohm + 0.1%

Maximum Input Voltage:
High to Low Input Terminals: £ 1000 V peak
Guard to Chassis: & 500 V peak
Guard to Low Terminai: 2 200 V peak

Effective Commeon-Mode Noise Rejection {with 1 k{2 imbatance
in LOW lead)
AC input:
50 Hz Operation: > 160dBat 80 Mz + 01%
680 Hz Operation: > 160dB a1 60 Hz + 0.1%
B input:
> 140 dB

Normal Mode Noise Rejection:
50 Hz Operation: > 60dBat B0 Hz + 0.1%
60 Hz Operation: >80 dBat 60 Hz £ C.1%

OrS

{High Resolution OFH

24 hours; 23%C £ 1°C
0.1 x&2 range: % {8.003% of reading + 4 digits)
1 kQ range: *+ (0.003% of reading + 1 digit)
10 k2 range: & (0.005% of reading + 2 digits)
100 k&2 range: + (0.002% of reading + 2 digits)
100G k&2 range: + {0.012% of reading + 5 digits)
10,000 k&l ramge: + {0.1% of reading + 5 digits)
90 days; 23°C = 5°C
0.1 kQ range: t {0.005% of reading + 5 digits)
1 k2 range: : {0.0056% of reading + 1 dlgit)
10 kQ range: * {0.007% of reading + 2 digits)
100 k&2 range: & (0.004% of reading + 2 digits)
1000 k&2 range: + (0.014% of reading + 5 digits}
10,000 k&2 range: = {0.100% of reading + B digits)
§ months; 23°C £ 6°C
0.1 k2 range: * {0.006% of reading + 6 digits)
1 k2 range: = {0.005% of reading + 1 digit)
10 k2 range: + {0.007% of reading + 2 digits)
100 k&2 range: + {0.004% of reading + 3 digits)
1000 k&2 range: * {0.014% of reading + 5 digits}
10,000 k& range: % {0.100% of reading + 5 digits}

Temperature Coefficient: [0°C to 50°C)
0.1 k& range: (0.0003% of reading + 0.2 digits)/°C
1, 10 and 100 k& range: (0.0003% of reading + 0.02
digits}/OC
1000 k€2 range: {0.0005% of reading + 0.02 digits}/°C
10,000 k&2 range: {0.004% of reading + 0.02 digits)/°C

{High Resciution On}

Accuracy: 4 wire kHohms {1 digit = .0001% of range}
24 hours; 23°C = 1°C
1 k2 range: + {0.0025% of reading + 4 digits)
10 k& range: & {0.0045% of reading + 4 digits}
180 k&2 range:  {0.0020% of reading + 5 digits)
1000 k& range: + (0,.0120% of reading + 4 digits)
10,000 k&2 range: + (0.1000% of reading + 4 digits)
90 days; 23°C + 59¢C
1 k& range: £ (0.0035% of reading + 5 digits)
10 ki range: ¢ [0.0060% of reading + b digirs)
100 kQ range: + {0.0035% of reading + 6 digits)
1000 k§2 range: * (0.0135% of reading + 5 digits}
10,000 ki range: & {0,1000% of reading + 5 digits)
6 months; 23°C + 5°C
1 k$2range: 2 {0.0040% of reading + 6 digits)
10 k2 renge: x (0.0065% of reading + 8 digits)
100 k&2 range: + (0.0040% of reading + 7 digits)
1000 k&2 range: & (0,0140% of reading + 8 digits}
10,000 k2 range: = {0,1000% of reading + 6 digits}

Temparature Coefficient: {G°C to 50°C)
1,10 and 100 kQ range: & (0.0003% of reading + 0.2
digits)/°C
1000 k§2 range: # (0.0005% of reading + 9.2 digits) °C
10,000 k2 range: + {0.004% of reading + 0.2% digits}/°C

Accuracy: 2 wire kilohms {High Resolution On or Off)
All accuracy specifications are the same as 4 wire kilohms except
add 0.0004 k) to 8l readings.

Maximum voitage generated across unknown:
< B volts for open circuit
< 4.7 volts for valid reading

{Qverload Protection:
Non-Destructive - + 350 V peak

1-2  Rev. A
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Table 1-1, Specifications {Cont'd}.

AC VOLTAGE (RMS Converter)

Accuracy: {AC Coupling, input > 1% of full scale}
+ (% of reading + ciigits)z {1 digit = .001% of range}

FAST ACV | 300 Hz—-20 kHz | 20 kHz—100 kHz | 100 kHz—250 kHz? | 260 kHz—500 kHz® | 500 kHz—1 MH»>
ACV |30 Hz-20 kHz 20 kHz—-100 kHz | 100 kHz-250 kHz® | 260 kHz 500 kHz® | 500 kHz—1 MHzZ®
24 howss; 239C £ 1°C D4% + 40 dig. £.4% + BD gig. 1.8% + 200 dig. 4% + 400 gig. 5% + 1500 dig.
90 days; 23°C £ 5%¢C 05% + 50 dig. 05% +100dig. | 2.0% + 250 dig. 5% + 500 dig. 6% + 2000 dig,
6 months; 23°C + 8°C | 06% + 60 dig. 0.6% + 130 dig. 2.1% + 300 dig. 5.1% + 600 dig. 6.3% + 2400 dig,

AC/DC coupled or AC coupled with input < 1% of full scale: Add + .05% of reading + 20 digits

l ! Guard must be connected to Low.
On the 1000 V range add G.01 ppm/volt — kHz.

2¥:requencies greater than 100 kHz specified on 1 and 10 V ranges only,

Temperature Coefficient: {09C to 50°C}

AL coupled, input > 1% of full scale: + {0,002% of reading + 2 d;gits)lz{)
AL coupled, input < 1% of full scale: + (0.002% of reading + 6 digits)/ C
AC/DC coupled: 2 (G.002% of reading + & digits)/ C

Input impedance:
Front Terminats — 2 MO + 1% shunted by less than 100 pf
Rear Terminals — 2 M + 1% shunted by less than 75 pF

Maximum [nput Voltage:
High to Low Terminals: + 1414 volts peak {Subject to a 197
voits — Hz limitation)
Guard to Chassis: = 500 V peak
Guard to Low Terminal: £ 200 V peak

AC VOLTAGE {Average Converter, Option 001)

Accuracy: .
+ {% of reading + digits)~ {1 digits = .001% of range}

FAST ACV [ 300 Hz—500 Hz 500 Hz—1 kHz 1 kHz--100 kHz 100 kHz—250 kHz’
ACV | 30 Hz--B0 Hz 50 Hz—100 Hz 100 Hz-100 kHz | 100 kHz—250 kHz”

24 hours; 23°C = 19C 0.47% + 70 dig. 0.32% + 50 dig. 0.08% + 25 dig. 0.70% + 60 dig.
90 days; 23°C + 5°¢C 0.50% + 70 dig. 0.35% + 50 dig. 0.1% + 25 dig. 6.75% + 60 dig.
6 month: 23°C £ 5°C 0.50% + 70 dig. 0.40% + 60 dig. 0.1% + 30 dig. 0.75% + 70 dig.

! Guard must be connectad 1o Low
On the 1000 V range, add 0.01 ppm/voit—kHz.
Specifications are for input levels above 1/100th of range.

2?requencies greater than 100 kHz specified on 1 and 10 V ranges ondy.

Temperature Coefficient: (0%C 10 50°C)
+ (0.002% of reading + 2 digits}/°C

Input Impedance:
Front Terminals — 2 M3 £ 1% shunted by tess than 100 pF
Rear Terminals — 2 MSL & 1% shunted by less than 75 pF

Maximum Input Voltage:
High to Low terminals: + 1414 volts peak {Subject to a 167
voits — Hz limitation)
Guard to Chassis: * 500 V peak
Guard to Low Terminal: + 200 V peak

Rev. A 1-3
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Model 3455A

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

MATH

(59

X s present reading. Y and Z are previously entered readings,
numbers entered from the front panel or values entered by
externai program.

-z
Y

Maximum Number: (Entered or Displayed)
+ 1999999

Accuracy:
t {Accuracy of X Reading + 1 Digit of Displayed Answer)?

This assumes no “Y" or “Z2'" error,

XY
% Ermr:( x 100%
Y

X is present reading. Y is a previously entered reading, or
number entered from the front panel or by external
program,

Maximum Number: {Enterad or Displayed)
+ 18998999

Accuracy:
+ (Accuracy of Reading + 1 Digit of Displayed Answer}l

! This assumes no “Y* error.

Table 1.2. Typical Op

erating Characteristics.

R : i i :
Range Selection: Manual, Autamatic, or Remopte anges Maximurm Display
AC VOLTS
Function Selection:
DC Vols High Resoiution High Resolution
AL Volts (ACV or FAST ACV} On or Off On or Off
OHMS (2 wire kilohm or 4 wire kilohm}
TEST 1V 149989 v
10V 148099 Vv
Maximum 100V 149,999 v
Ranges: Display: 1,000 Vv 1000.00 v
OHMS
BC VOLTS
High High High High
High High High High Resclution Resoiution Resolution Resoiution
Resolution Resolution Resolution Resolution Off On Off On
Off On Off On
1 k2 149999 k2
R £ ,149999 V | e 1 k&2 1 k& 1.49599 kiz | 1.489999 k2
1V TV + 146999 V |+ 1498099 V 10 k&2 10 k&2 148999 k2 | 14.99999 k2
0V 10V % 149999 V [ + 1499998 V 100 k2 100 k&2 148,099 k2 | 149.9999 k1
100 v 100 V + 149299 V | £ 1459099 V 1,600 k0 1,000 k&r 1498.99 kO 1499998 kQ
1,000V 1000V + 10G0.00 V | 2 1000.00C v 10 000 k2 10,060 k0 14899.9 k2 | 14899.99 k2
Maximum Reading Rate:
CC VQLTS
86 Hz Gate Length 50 Hz Gate Length
High High High High
Resoiution Reasofution Resolution Resolution
Off On Off On
Local 5 readings/sec 3 readings/sec 3.5 readings/sec 2.5 readings/sec
Remote 24 readings/sec 6 readings/sec 22 readings/sec 5 readings/sec
ACVOLTS
60 Mz Gate Length 50 Hz Gate Length
ACV [ FAST ACV ACV ! FAST ACV
Local 1.3 readings/sec 4.5 readings/sec 1.1 readingsfsec 3.5 readings/sec
Remote 1.3 readings/sec 13 readings/sec 1.% readings/fsec 12 readings/sec
OHMS
60 Mz Gate Length 50 Hz Gate Length
High High High High
Resolution Resolution Hesolution fesolution
Off On Qff Cn
Locai 4 5 reagings/sec 2 readingsfsec 4 readings/sec 1.8 readings/sec
Remote 12 readings/sec 3 readings/sec 11 readings/fsec 2.5 readings/fsec
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Table 1-2. Typical Operating Characteristics (Cont'd).

Section 1

Response Time {RMS Converter]
ACV and FAST ACV

First reading to < 0.1% of step size when triggered coin-

cident with step change when on correct range {no BC

component)

Crest Factor (RMS) Converter}:
7 to 1 at Full Scate

MNORMAL MODE REJECTION {80 Hz QPERATION]

m .
a0
50 |
! -
- H -~
8 ] )
= -
& | ﬁ J ! i& j
5 @ T { iy i ;IM“
o i 1 P LA 1o
\ \\f 1 § “J
2 I il i
i
B
. ¥
10+ 8 2IGHT
gpeRation F-17 | 20IGIT
/i/ OFERATION
AT ]
10 0
FREQUENCY (He)

NOAMAL MODE REJECTION (60 Hz

OPERATION)

ol

]
20
=
2 g
&=
3
=
o P
B ou
g
#

20

e
N
\
N

|
jj \\\/

.

E
J/
0 G
areaaTION LA 5 DIGIT L4
CPERMTION ]
Lo
i) 150
FREQUENCY [Hal
nfT
Normat Mode Rejection = 20 {og | s
sinmfT

1

Effective Noise Bandwidth = '2—3,

T = 1/60 sec fer & digit 60 Hz Operation
T = 2/15 sec for 6 digit 60 Mz Operation
T = 1/60 sec for 5 digit 50 Hz Operation
T = 4/25 sec for 6 digit 50 Hz Cperation
COMMON MODE REJECTION {1 KILOHM IMBALANCE}

159

140

130
= 20
=
=}
g o
=
=

160

a0

)

1 gy
FAROUENCY {Hz)

100

EFFECTIVE COMMON MODE REJECTION (50 Hz OPERATION)

180 ‘
170
160
_ 159
o
kil W[ ]l
g5 SDIGHT Ji l I H E %
P 1Ll T opeRATION }; I }j
g A VIV
d 1 WU
U LU
5 DIGIT } il ;
120 OPERATICN T gb
LV U
11
1 n 109

FREQUENCY {Hit

EFFECTIVE COMMON MODE REJECTICON (60 Hz OPERATION)

80 I
170
140
P
z I
[T = FDIGT J!i % i
H DPERATICN /‘
E LA
130 — b
I |
120 5 DIGHT h !1 H !
OPERATION i \ §
| ‘gj |\ J‘Ii
i - i
I 1% W0
FREQUENTY {H2)
Equivaient Ohmmeter Circuits:
21 k&, 1 ki, and 10 k& Ranges.
0.7 mA Runknown
< 5§ volts

100 k2 Range

HI

R unknown

< G volts ==

tme g

1 M and 10 MS2 Ranges

3.7 LA
< 5 voits

> B unknown

Typicat HP-1B Handshake Times:
Accept Data — {3455A addressed to listen or ATN true}
506 psec per character typical (@ delay source)

Output Data — {3458 A addressed to talk)
260 usec per character typical i@ delay acceptor)

-5
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Table 1-2. Typical Gperating Characteristics {Cont’'d}.

Model 3455A

General {Autc Cal must be on for 78 seconds to meet all

specifications)

Overload Indication: OL

Operating Temperature: 0°C 15 50°C

Warmup Time: One hour to meet alt specéﬂcaf:‘ons
Humidity Range: < 95% RéH., ocC g 40°C
Storage Temperature: —40Cto+75 C

operation < 80 VA

<60 VA

Weights; Net — 8 kg (21 |bs.}
Shipping — 12 kg (28 ibs.)

Power: 100/120/240 V +5%, —10% 48 Hz to 400 Hz line
220 V % 10% 48 Hz to 400 Hz line operation

Dimensions: 88.9 mm high x 4255 mm wide x 5271
mm deep (3% high x 16%’" wide x 20%" deep)

A6

Table 1-3. Recommended Test Equipment.

instrument Critical 8pecification Recommended Model Use
DC Voltage Standard Vaoltage: 10 mV to 1000 V -hp- Model 7408 PAT
Accuragy: t .O05%
AC Calibrator Freguency: 20 Hz to 100 kHz -hp- Model 745A PAT
Qutput Level; 100 mV to 1060 V AC Calibrator
Accuracy: + 1% -hp- Model 746A
Voitage Stability (6 mos,) + .02% High Voltage Amplfifier
Test Osciliator Frequency ; 1o 280 kHz -hip- Model 652 A P
: Qutput: 3V rms inte 50 Test Oscillator
Freguency Response + 25%
Resistance Decade Resistance: 100 £2 to 10 M2 Gen Rad Modet PAT
Accuracy: + .004% GR 1433-Z Decade
Resistor
DC Null Voitmeter Voltage Range: 1 gV 10 10 V -hg- Model 418A PAT
Reference Divider Division Ratio Accuracy & .001% Fiuke Model 7504 PA
Output Voitage Range -1 V to 1 kV Reference Divider
DC Transfer Standard Qurput Voltages: 1V, 1.018 v, Fiuke Model 731 A PA
1.018Vv, 10V DC Transfer Standard
Accuracy: = 5 ppm
Stability: £ 001% (30 days)
Etectranic Counter 50 Hz 1o 60 Hz -hp- Modet 6300A/8302A5 P
Measuring System
Resistance Standard iesi:zgcta: +1 (I;goscy Guildine Mods! A
Rz;mﬁ‘éé, vk 9330/1 K or 9330A/1 K
: 1 e M
Accuracy: & .002% Guiidline Modet 9330/1
Bus System Analyzer HP-18 Control Capabiiity -hp- Mode! 59401A T
Bus System Analyzer
Calcuiator HP-1B Control Capabitity must -hp- Model 9825A oT
serve as printer for 3455 A
Output data.
Oscilloscope Bandwidth: DC 10 10 MHz -hp- Model 180C/D T
Sweep Time: 0.1 us 1o 1 sec/div Oscilloscope with
Sensitivity: 1 V/div 1801A and 1821A
plug-in units
Bigital Voitmeter Voitage Range: 1G mV to 1006 v -hp- Model 3490A PAT
Resolution: 10 uV
Resistors Resistances: -hp- Part No.
1 k& £ 10% 0684-1021
10k £01% 06984157 P
TMO £01% 0698-6369
Signature Anafyzer -hp- Medel 50044 T

P = Performance Checks
A = Adjustments

Rev. A

T = Troubleshooting
0O = Operational Verification Checks
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Section II

SECTION i
INSTALLATION

2-1. INTROBUCTICN.

2-2. This section contains information and instructions
necessary to install and interface the Model 3455A Digital
Voltmeter. Also included are initial inspection procedures,
power and grounding requirements, environmental informa-
tion, and repackaging instructions.

2-3. INITIAL INSPECTION.

2-4. This instrument was carefully inspected both mechan-
ically and electrically before shipment. It should be free of
mars and scratches and in perfect electrical order. The
instrument should be inspected upon receipt for damage
that might have occurred in transit. If the shipping con-
tainer 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 testing electrical
performarnce of the 3455A are given in Section IV. If the
contents are incomplete, if there is mechanical damage or
defect, or if the multimeter does not pass the Performance
Tests, notify the nearest Hewlett-Packard Office. (A list of
the -hp- Sales and Service Offices is presented at the back of
the manual.) If the shipping 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,
2-8. Power Requirements.

2-7. The Model 3455A requires a power source of 100,
120, 220, or 240 V ac (+ 5% - 10%), 48 Hz to 400 Hz single
phase. Maximum power consurnption is 60 VA.

2-8, Line Voitage Selection,

29, Before connecting ac power to the 3455A, make sure
the rear panel line selector switches are sef {o correspond to
the voltage of the available power line as shown in Figure
2-1. Also, be sure the proper fuse is installed. The multi-
meter is shipped with the line voltage and fuse selected for
120 V ac operation,

2-10. Power Cable.

2-11. Figure 2-2 illustrates the standard configurations
used for -hp- power cables. The -hp- part number directly
below each drawing is the part number for a power cable
equipped with a connector of that configuration. If the
appropriate power cable is not included with the instru-
ment, notify the nearest -hp- Sales and Service Office and
the proper cable will be provided.

Le el
20V

Qo
20V
240V

220V

|
240V
20V

2
100 Voits 120 Voits
100V 00V
120V ;E’QOV
240V 240
220V 220V
220 Volts 240 Volis
STD-B-3448
NOMINAL CPERATING RANGE
VOLTAGE - 10%, + 5% of nominal FUSE
100 volts 90 to 105 volts 0.5 A
120 voits 108 to 126 voits 05 A
226 volts 198 to 231 volts 025 A
245 voits 216 1o 252 volis 0.25 A

Figure 2-1. Line Voltage Selection.
2-12. Grounding Requirernents.

2-13. To protect operating personnel, the Nationat Electri-
cal Manufacturer’s Association (NEMA) recommends that
the instrument panel and cabinet be grounded. The Model
3455A is equipped with a three conductor power cable
which, when plugged into an appropriate receptacle,
grounds the instrument.

2-14. Bench Use.

2-15. The Model 3455 A is shipped with plastic feet and tilt
stands installed and is ready for use as a bench instrument.
The plastic feet are shaped to permit “stacking” with other

81201369 81201688

: 2
81201348 81200688
STO-b- 4198

‘UL LISTED FOR USE IN THE UNITED STATES OF AMERICA

Figure 2-2. Power Cord Configurations.

Rev. A  2-1
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full-module Hewlett-Packard instruments. The tilt stands
permit the operator to elevate the front panel for operating
and viewing convenience.

Z-16. Rack Maunting,

2.17. The Model 3455A may be rack mounted by adding
rack mounting kit Option 908 or Option 909. Option 908
contains the basic hardware and instructions for rack
mounting; Option 909 adds front handles to the basic rack
mount kit. The rack mount kits are designed to permit
the Muitimeter to be installed in a standard 19 inch rack.
When rack mounting, additional support must be provided
at the rear of the instrument. Be sure that the air intake at
the rear of the instrument is uncbstructed.

2-18. Interface Eonnections.

2-19. The Model 34554 is compatible with the Hewlett-
Packard Interface Bus (HP-IB).

NOTE

HPIR is Hewleti-Packard's implementation of
IEEE std 488-1975, “Standard Digital Interface
for Programmable Instrumentation”.

The Multimeter is connected to the HP-IB by connecting an
HP-IB interface cable to the 24-pin connector located on
the rear panel. Figure 2-3 iltustrates typical HP-IB system

interconnections and shows the 10631A/B/C HP-IB Inter-

face Cable connectors. Each end of the cable has both a
male and female connector to simplify interconnection of
instruments and cables. As many as 15 instruments can be
connected by the same interface bus; however, the maxi-
mum length of cable that can be used to connect a group of

Mode! 3455A

instruments must not exceed 2 meters {6.5 ft.} times the
number of instruments to be connected, or 20 meters
{65.6 ft.}, whichever is less.

2.20. Address Selection. The HP-IB address switch,
located on the rear panel, permits the user to set the “taik”
and “listen” address of the instrument. The talk and listen
address is a 7-bit code which is selected to provide a unique
address for each bus instrument. The 3455A normally
leaves the factory with the address switch set to a “Listen”
address of 6 and a “talk” address of V. The address switch
also allows selection of a “talk-only” mode. Refer to
Paragraph 3-42 for address selection instructions.

2-21, External Trigger. A BNC connector, located on the
rear panel, is provided for an extemal trigger input. The
trigger input is 10 be driven with TTL level signals.

2-22. ENVIRONMENTAL REQUIREMERNTS.
WARNING §

To prevent electrical shock or fire hazard, do
not expose the instrument 10 rain or moisture.

2-23. Ogerating and Storage Temperature,

2-24. In order to meet the specifications listed in Table
1-1, the instrument should be operated within an ambient
temperature range of 23°C £ 5°C (73°F £ 9°F). The instru-
ment may be operated within an ambient temperature
range of 0°C to +55°C (+ 32°F to + 131°F} with degraded
FCCUTACY. :

2-25. The instrument may be stored oz shipped where the
ambient temperature range is within —40°C to +75°C
(—40°F to +167°F). However, the instrument should not

|

S455-B- 4800

Figure 2.3, Typical HP-1B System interconnections.

2.2 Rev, A
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be stored or shipped where temperature fluctuations cause
condensation within the instrument.

2-28. Humidity.

2-27. The instrument may be operated in environments
with relative humidity of up to 95%. However, the instru-
ment must be protected from temperature extremes which
cause condensation within the instrument.

2-28. Altitude.

2-29. The instrument may be operated at altitudes up to
4572 meters (15,000 feet).

2-30. REPACKAGING FOR SHIPMENT.

NOTE
If the instrument is to be shipped to Hewlert-
FPackard for service or repair, attach o tag to the
instrument identifving the owner and indicating
the service or repgir to be accomplished.
Include the model number and full serial num-
ber of the instrument. In any correspondence,

Section II

identify the instrument by model number and
Sull serial number. If you have any questions,
contact your rnearest -hp- Sales and Service

Office.

2-31. The following is a general guide for repackaging the
instrument for shipment. If the original container is avail-
able, place the instrument in the container with approepriate
packing material and seal well with strong tape or metal
bands. If the original container is not available, proceed as
follows:

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

b. Place packing material around all sides of instrument
and protect panel face with cardboard strips or plastic
foam.

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

d. Mark shipping container “DELICATE INSTRU-
MENT”, “FRAGILE”, etc.
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H OOPD ®

®O

® ©

FRONT PANEL
Line Switch, push on/push off
HP-(B* status indicators:

SRQO - indicates that the 3455A “requires service”
from the controlier, Refer to Paragragh 3-87.

LISTEN — lights when the 3455A is addressed to
“listen”,

TALK — fights when the 345BA is addressed 10 "talk’".
REMOTE — lights when the 3455A is under HP-IB
controd,

LOCAL switch — permits the operator to return the

instrument to local {front panel} control,

Display - Indicates polarity and amplitude of the
measurement, Measurement results are presented in sither
5-1/2 digits or §-1/2 digits depending upon whether the
HIGH RESOLUTION feature is off or an. An LED in the
upper left corner of the display indicates sample rate of
the 3485A, Five |LED’s, located to the right of the dis-
play, indicate whether the display is presenting DC Volt-
age, AT Voitage, Ohms, Scale or % error measurement
results.

Range Selection Keys — permit selection of ranges as
follows:

DC Velts: .1V, 1V, 10V, 100 V, 1 &V, AUTO

AC Volts: 1V, 10V, 100 V, 1 kY, AUTO

Chms: 1K, 1K, 10K, 100K, 1,000 K, 10,000 K, AUTC
LED's located in the center of the keys indicate which
range is selected.

Function Selection Keys — DC Volts, AC Volts, FAST
AL Volts, 2 WIRE k@, 4 WIRE k£, ang TEST. LED's
located in the center of the keys indicate which function
is selected,

Auto Cal switch — alfows the Autro-Cal feature to be
turned on or off. LED in center of Key indicates Aute-Cal
on. Refer to Paragraph 3-24.

® ©

s
=

©)

® ®

ata Ready Reguest Indicator — lights when the Data
Ready Request feature is programmed on. Refer to
Paragraph 3-54,

High Fesolution switch — switches display from B-1/2
digit presentation to 6-1/2 digit presentation. An LED
tocated in the center of the key indicates High Resolu-
tion on when 1.

Trigger Selection Keys - permits selection of INTER-
MAL, EXTERNAL, or HOLD/MANUAL trigger. Each
key has an LED which lights to indicate the trigger source
selected,

Sampie Rate Controls — permit selection of maximum
sample rate or the present sample rate divided by 2. The
maximum sampie rate may be divided by 2 up to 6 times
for a minkmum sample rate of  maximum sampie rate

64

Binary Program Indicator -~ indicates when the 3455A is
operating in the Binary Program mode. Refer 1o Para-
graph 3-55,

Math Controls — Select SCALE (2

{XWY
Y

is indicated by an LED located in the key {Paragraph
3-14).

), % ERROR

x 100}, or MATH GFF. The Math feature selected

ENTER controls — Recall the number stored in the Y or
Z register to the display, atso “shifts” the front panel key-
board to permit entry of new data to be stored in the Y
or Z registers {Paragraph 3-18).

STCRE Controls — The Store controls transfer the num-
ber prosently being displayed into the Y or Z register
{Paragraph 3-18).

Rear Terminal Indicator — indicates when the rear
input terminals have been selected.

[N}

Figure 3-1. Front and Rear Panel features.
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Section IH

SECTION IH
OPERATING INSTRUCTIONS

3-1. iNTROBUCTION.

3-2. This section contains information and instructions
necessary for operation of the Modef 3455A Digital Volt-
meter. Included is 2 description of operating characteristics,
a description of the operating controls and indicators, and
functional checks to be performed by the operator.

3-3. OPERATING CHARACTERISTICS.
34, Turn-Gn and Warm-tp,

3-5. Before connecting ac power to the 3453A, make cer-
tain the rear panet line selector switches are set to corres-
pond to the voitage and frequency of the available power
ling and that the proper fuse is installed for the voltage
selected. For rated measurement accuracy, the 34335A
should be allowed to warm up for at least one hour.

3-8. Self-Test Operation.

3-7. The internal test function of the 3455A verifies proper
operation of most of the dc analog circuitry, inguard and
outguard logic circuitry, and the front panel indicators and
numeric display. The test routine is activated by the front
panet TEST button. Successful completion of the test is in-
dicated by all front panel indicators, except the REAR
TERMINAL indicator, being lit and a numeric display
reading of + 8888888 with all decimal points lit. The test
routine will repeat until the test function is tumed off. In
the event of a test failure, the instrument is halted in the

state in which the failure occurred and a numerical faiture
code is displayed to indicate which test failed. The Self-Test
function can be remotely programmed as described in the
programming portion of this section. The 3455A will
output 1.000000 E + 0@ upon successful completion of
the test if addressed to “talk”. The lack of this particular
output indicates a test failure,

NOTE
The self test feature does not test operation of
the ohms or ac sections nor the measurertient
accuracy of the 3455A.

18, DT Voltage Measurement.

3.9, The Model 3455A measures de voltage from 1 micro-
volt to 1000 volts in five ranges extending from .1 volt full-
scale o 1000 volts full-scale. Measurement results are pre-
sented in 5-1/2 digits during normal operation or in 6-1/2
digits when the 3455A is set to the High Resolution mode.
All ranges except the 1000 volt range have 50% overrange
capability and are overload protected from input voltages
up to t 1000 volts. Input resistance in the dc function is
greater than 10'° ohms on the .1 V, 1 V, and 10V ranges
and equai to 10 megohms on the 100 V and 1000 V ranges.
Refer to Table 1-1 for DC Accuracy specifications.

3-10. Resistance Measurement.

3-11. The Model 3455A measures resistance from 1 milli-
ohm to 15 megohms in six ranges extending from .1 kil-

Ohms Signal Terminals — supplies drive signal for 4WIRE
Onms measurements (Paragraph 3-10}.

Input Terminals

GUARD swtich — internaily connects the Guard terminal
to the LO Input terminal (for front panet operation only,
Paragraph 3-30},

GUARD Terminat

way
YR

AREAR PANEL

Ohms Signal Terminals

Input Terminals

Guard Terminals

Front/Rear INPUT SELECT switch

HP-IB* Connector — see Paragraphs 2-18 and 3-37.

AC or AC/DC Input Selection switch — refer to Paragraph
3-12.

® e ®

®E 0® @G

Lire Frequency Selection Switch — must be set 1o corres-
pond to the power line frequency (50 Hz or 80 Hz}.

Reference Module
EXTERMNAL TRIGGER Input Connector

HP-1B* Address Selection Switeh — refer to Paragraph
3-42.

Cooling Fan

Power Line Voltage Selection Switches — refer to Para-
graph 2-8.

Fuse — 90 V to 126 V — 0B amp, 198 V to 252 V —
0.25 amp.

AC Power Connector.
L P-IB is Hewlett-Packard's implementation of IEEE Sid.

488-1975, ""Standard Digital Interface for Programmable
instrumentation’’.

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

Rev. A 3
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4WIRE MEASUREMENT

QSIGNAL, INPUT GUARD
{2 WIRE ) (2 WIRE}
,::]/
OB,

2-WiRE MEASUREMENT

{1 SIGNAL NP

INPU GUARD
{4 WIRE) (2WiR

T
£)

345584667

Figure 3-2. Ohmmeter Measurement Connections,

chms fuil scale to 10,000 kilohms full scale. Measurement
results are presented in 5-1/2 digits during normal opera-
tion or in 6-1/2 digits when the 3435A is set (o the High
Resclution mode. Resistance may be measured in “4-wire”
configuration for optimum accuracy or “2.wire” configura-
tion may be selected for measurement convenience. Figure
3-2 shows proper connections for making resistance mea-
surements. The nominal output signal current on the 1 kil-
ohm, 1 kilohm and 100 kilohm ranges is .7 mA. The nomi-
nal output current on the 1000 kilohm and 10,000 kilohm
ranges is .7 microamp. Maximum output veltage is Hmited
to less than 5 volis on all ranges. Refer to Table I-1 for
ohm accuracy specifications.

3-12. AC Voliage Measurement,

3-13. The Model 34535A offers a cheice of a true rms ac
converter (standard unit) or an average responding ac con-
verter (Option 001). Both methods measure ac volts from
10 microvolts to 000 volts in four ranges extending from
1 volt full-scale to 1000 volts full-scale. All ranges except
the 1000 volt range have 50% overrange capability and are
protected frem input voltages up to 1000 volts rms.
Measurement resuits are presented in 5-1/2 digits only for
ac measurements. In addition to the AC Velts Function,
the 3455A has a FAST AC Volis Function which allows ac
measurements to be made more rapidly. However, band-
width is reduced when using the ac fast function. Input
impedance of both converters is 2 megohms in parallel with
< 65 pF for rear terminal input or <L 90 pF for front ter-
minal input. The average responding converter has a fre-
guency range of 30 Hz to 250 kHz in the AC Volts func-
tion and 300 Hz to 250 kHz in FAST AC Volts. Frequency
response of the true rms converter is from 30 Hz to 1 MHz
in the AC Volts Function and 300 Hz to 1 MHz in the
FAST AC Volts Function. The true rms converter allows
measurement of ac or ac plus de signals (ac signals super-
mmposed on z dc level}). Selection of ac or ac + de is selected
by a switch located behind the rear panel reference cover.
The average responding converter measures ac signals only.

3-2

Refer to Table 1-1 for accuracy specifications for each
converter.

3-14. Math Feature,

3-15. The math feature of the 34554 allows the measure-
ment value to be offset and/or scaled by known values or to
be expressed in percent of a reference value.

3-16. Scale Mode. The scale mode of the math feature is
described by the formula: result = X2.—2 where x is the
¥
measurement value, z is the offset value, and vy is the scale
factor. This mode allows the measurament value to be mod-
ified by the addition, subtraction, multiplication or division
of a known value. Addition and subtraction are performed
by entering the number tc be added or subtracted in“z”
and entering | in “y”. The scale formula then becomes:

resuit = X —l(i 2) = x — (+ z). Division is perfomed by

€37

entering @ in “z” and the divisor vatue in *“y”. The scale for-
mula then becomes: result = X — @ = X, Multiplication is
¥ Y
performed by dividing the measurement value by the
inverse of the multiplier value; that s, multiplication is
performed by dividing by a fraction. The scale formula
becomes: result = XI”/“" = xy. As an example: to multiply
y
by 10, divide by the inverse of 10 which is 1/10 or .1. An
example application of the scale mode would be to use the
3455A to measure temperature using a linear resistive tem-
perature sensor. Assume that the sensor has a resistance of
1 kilohm at 25°C and changes 5900 ppm/°C. At B°C the
sensor would have a resistance of 852.5 ohm (1 kilohm —
[5.9 ohms] 25). This number is divided by 1000 since the
3455A measurement results are expressed in kilohm and is
entered in the “z” register to remove the offset at 0°C.
The measurement result of the 3455A is scaled to read
directly in degrees centigrade by solving the equation for

[T E

the value of “y”. This is done where the results of the equa-
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tion are equal to 25°C since the sensor resistance is spec-
fied at that temperature. The scale equation becomes:
25:)(‘“2 - 1 KWSSZSK zi475K

¥ ¥ ¥

solving for y: y = 3%—-—% = 0059 K with this number
entered in the “y” register, the 34535A measurement result
will be presented directly in “C.

3-17. % Error Mode. The % error mode of the math
featuse is described by the formula: result in B =X~ ¥ X
y

100, where “x” is the present measurement value and “y”
is the reference value. An application of this feature might
be an inspection test of resistors. The nominal resistor value
would be entered in the “y” register in kilohm (3455A
resistance measurements are presented in kilohm}. As an
example, assume the test is made on a group of 750 ohm
resistors with a tolerance of 5%. The nominal resistor value
(750 ohms) is entered in the “y” register as .750. The %
error equation becomes: result in % =x—.750 x 100. A
750
resistor with an actual value of 790 chms would give 2 mea-
surement result of: % error = 799 — 730 x 100 =
750
5.33333%, indicating the resistor is out of tolerance by
.33333%.

3-18. Enter and Store,

3.19. The “Y" and “Z> ENTER keys have two functions.
When one of the enter keys is pressed, the number present-
Iy stored in the respective memory regisier is displayed on
the front panel readout. This allows the operator to check
the contents of the “Y” or “Z” memory registers. Pressing
the enter key also “shifts” the front panel keyboard, dis-
abling ali keys except those fabeled in blue. These keys can
now be used to enter the desired values to be stored in the
Y oy Y77 memory registers. As the value is entered it is
displayed on the front panel readout. Numerical values
from 000000 to + or — 199,999.9 may be entered in either
the Y or Z registers.

3.20. The STORE keys are used to transfer the number
presently being displayed to the *¥Y” or “Z7 memory
registers and to return the voltmeter to normal operation.

3.21. The foliowing describes how the ENTER and STORE
features may be used:

a. To view the value presently in memory, press the
ENTER key of the appropriate register (ENTER Y or
ENTER Z). To return this number to memory, press the
STORE key of the appropriate register.

b. To enter a new number, press the ENTER key of the
register to receive the number. Enter the desired number
into the display by pressing the keys labeled in blue. Store
the number entered by pressing the STORE key of the
appropriate register.

Section I

¢. To enter a measurement vaiue presently being dis-
played, press the STORE key of the desired register Y
or Z}.

NOTE

The operation of the ENTER and STORE keys
are not mutually exclusive. That is, the number
being displayed may be stored in either the ¥
or 2 register independently of the register
selected by the ENTER keys.

3-22. High Resslution Mode.

3.23. The HIGH RESQLUTION mode increases the mea-
surement integration period by a factor of eight allowing
a measurement presentation of 6-1/2 digits. This changes
the measurement resolution from 10 parts/1.5 million (nor-
mal $-1/2 digit preseatation} to | part/t.5 million. The
High Resolution mode applies to de volts and ohms func-
tions only.

324, Auto-Cal.

3.25. The purpose of the AUTO-CAL feature is to elimi-
nate offset and gain errors which may be present in the
analog circuitry of the 3455A. This is accomplished by
measuring the offset and gain errors and mathematically
correcting the measurement reading to exclude them. Each
error measurement is stored in “memory” by the 3455A
main controller a3z an Aute-Cal constant. These constants
are sequentially updated between measurement readings.
The Auto-Cal feature may be switched off to allow faster
measurement reading rates. When the Auto-Cal feature is
switched off the last set of constants taken are used to
correct the measurement readings, thereby maintaining
short term accuracy.

3-26. Trigger.

3.27. The 3455A has three TRIGGER modes, INTERNAL,
EXTERNAL, and HOLD/MANUAL mode. The measure-
ment trigger is initiated each time the HOLD/MANUAL
button is pressed. In the INTERNAL TRIGGER mode, the
measurement trigger is generated internally. The trigger rate
is dependent upon the function selected and whether the
AUTO-CAL znd HIGH RESOLUTION features are being
used. The EXTERNAL TRIGGER mode allows the mea-
surement trigger to be initiated by an exteraal source. The
external trigger requires a negative going TTL compatible
signal to initiate the measurement frigger. The external
trigger signal is applied through a BNC connector located
on the rear panel.

3-28. Sample Rate.

3.29, The maximum sample rate of the 3455A is depen-
dent upon the function selected, the power line frequency,
and whether the instrument is in the AUTO-CAL and/for
HIGH RESOLUTION operating modes. Table 3-1 lists the
maximum sample rates for the various functions and modes

3-3
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of operation. The sample rate may be decreased by pressing
the DECREASE + 2 button. Each time this buiton is
pressed, the current sample rate is divided by two. The
sample rate may be divided a maximum of six times for a
sample rate of 1/64 maximum sample rate.

3-30. GUARDING.

3-31. Commeon-Mode Voltages.

3-32, Common-mode voltages are those which are gener-
ated between the power line ground point of the source and
the LO input and power line ground point of the 34535A.
Currents caused by common-mode voltage can be included
in the measurement circuit, causing measurement errors.

3.33. Guard Connection.

3-34. Figure 3-3 illustrates three methods of connecting
the 3455A Guard terminal to reduce errors caused by
common-mode voltages. In example A, Guard is at nearly
the same potential as the LO measurement terminal so that
currents caused by common-mode voltage flows through
Guard and not the measurement circuit. In example B, the
3455A guard switch is closed connecting guard to the LO
input terminal. This allows common-mode current to flow
through lead resistance Ry causing some measurement
error. This connection may be used if common-mode voit-
ages are not expected to be a problem. Example C is similar
to A with the exception that connecting guard in this
manner allows any common-mode current generated
between the source low and powerline ground to flow in
the measurement circuis.

Table 3-1. Maximum Sampie Rates.

Funeg High Auto Maximum Sample Rate
Function Resolution Calipration Maximum Sample Rate
DC Volis ON ON 3 readingsfsec {60 Hz}
2.5 readings/sec (80 Hz)
GFF ON 5 readings/sec {60 Hz}
4 readings/sec (50 Hz)
ON OFF & readings/sec (80 Hz)
5 readingsfsec {50 Hz}
OFF QFF 25 readings/sec {60 Hz}
20 readingsfsec (B0 Hz}
Ohms ON ON 1.5 readings/sec (B0 Hz}
1 reading/sec {5O Hz)
OFF ON 2.5 readings/sec (60 Hz}
2 readings/fsec {50 Hz)
ON OFF 3 readings/sec {60 Hz)
2.5 readings/sec {30 Hz}
OFF OFF 12 readings/sec {60 Hz)
10 readings/sec (5G Hz)
AC Volts Not ON 1.5 readings/sec (68 Hz}
Applicable 1.3 readings/sec (54 Hz)
Not GFF 1.5 readings/sec (68 Hz)
Applicable OFF 1.3 readings/sec (50 Hz)
Fast Not ON 5 readings/sec {60 Hz)
AC Volts Appiicable 4 readings/sec {50 Hz)
Not OFF 16 readings/sec {60 Hz!
Anplicable OFF 12 readings/sec (50 Hz)
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A BEST CONNECTION -GUARD COMNESTED TO LOW AT SOURCE.

FLOATING
POWER SUPPLY 34564
RS e

BEST COMNECTION
SUARD & LIW AY
SAME VOLTAGE

NG COMMON MODE CURRENT
GOES THROUGH Ry

h
1 =

JNGTRUMENT QRQUND |
B:' GUARD CONNECTEDR TO LOW AT VOLTMETER,

FLOAT
.
FEES

,__...WWMM
Y
%

SUARD B 10w AT

SAME VOUTAGE
COMMON MODE CURRENT
GOES THRGUGH Ry,
CAUSING  ERRORS

SOURGE BROUD Lngraient s .,
€. GUARL CONNECTED YO LAHTH GROUND.

LOATING
GUER SPPLY 34854

-
. [ a HIGH e
@

e o s s g

LOW @
[, H !

et

SGLID CONNECTION SHUMTS
MUCH OF COMMON MOTEE
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Figure 3-3. Connecting the Guard.

CCAUTION3

Guard should always be connected, either to
the instrument LO terminal or to a point in the
source circuit as indicated in Figure 3-3. If the
guard terminagl Js left open, common-mode
voltages may exceed the LO-to-Guard break-
down rating and damage the instrument.

3-35. Guarding Information.

3-36. More detajled information on purpose and methods
of guarding may be found in -hp- Application Note No.
123, “Floating Measurements and Guarding™. This applica-
tion note is available through your nearest -hp- Sales and
Service Office.

3-37. REMOTE OPERATION.
3-38. General.

3-39. The Model 3455A is remotely controlled by means
of the Hewlett-Packard Interface Bus (HP-IB). The HP-IB
is a carefully defined instrumentation interface which
simplifies the integration of instruments, calculators, and
computers info systems.
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NOTE

HP-IB is Hewlett-Packard’s implementation of
IEEE Std. 485-1975, “Standard Digital Inter-
Jace for Programmable Instrumentation.”

3-40. The capability of a device connected to the Bus is
specified by the interface functions it has. Table 3-2 lists
the lnterface Functions included in the Model 3455A.
These functions are also listed above the rear panel HP-IB
connector (see Figure 3-1). The number following the inter-
face function code indicates the particular capability of
that function as listed in Appendix C of IEEE Std.
488-1675.

Table 3-2. HP-IB interface Capability.

Code Interface Function

SH1 Source Handshake capability

AHY Acceptor Handshake Capability

T8 Talker {basic talker, serial poll, talk only mode,
unaddress to talk if addressed to listen)

L4 Listener {hasic listener, unaddress to listen if
addressed to talk)

SR1 Service Request Capability

Ri3 Remote/l.ocal Capability

PPO No Paratiel Poli Capability

DCt Device Ciear Capability

DTy Device Trigger Capability

CG No Controller Capability

£1 Qpen Colector Bus Drivers
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3455A will output measurement data each time a measure-
ment sample is made. Selection of FUNCTION, RANGE,
TRIGGER, etc. is accomplished manually using the front
panel controls.

NOTE
When the 34554 is connected to a sysrem with

a controller, the TALK ONLY switch must be
set to the off position.

Table 3-3. Bus Messages.

Interface Functions provide the means for a device to
receive, process and send messages over the bus.

3-41. Messages are the means by which devices exchange
control’ and measurement information. These messages
permit communication and/or control between:

Coentroller and Device(s)
Device and Device(s)
Controller and Controller(s)

Table 3-3 lists the Bus Messages and gives a brief description
of each. The messages are categorized by Bus function.

3-42. Address Sefection.

3-43. The “talk”™ and “listen™ addresses of the 3455A are
selected by the INSTRUMENT ADDRESS switch. This
switch 18 a seven section “DIP” switch locatad on the rear
panel (see Figure 3-1). The five switches, labeled t through
5 are used to select a unigue talk and listen address. Figure
3-4 lists the available address codes and the corresponding
switch settings. The 3455A normally leaves the factory
with the switch set to listen address 6 and talk address V
(dechmal code 54).

3-44, Talk Only {No Controller). The 3455A may be used
to provide measurement data to another device, such as
prinfer, without having a controller on the Bus. However,
the device must be HP-1B compatible. The talk only switch
must be set to the TALK ONLY position. In this mode the

Functions Message [escription
Device Data Transters device-cdependent infor-
Communications mation from ¢ne device to ong or
maore devices on the Bus.
Device Trigger Causes a group of selected devices
Control to simultansously intitate a set of
device-dependent actions.

Clear Causes an instrument to he set to
a pre-defined state {a certain
range, function, etc,}.

Remote Permits selected devices to be set
to remote operation, aliowing
parameters and device characteris-
tics to be controlled by Bus
Messages.

Local Causes selected devices 1o return
to local {front panel) gperation.

Lecal Disables local {front panel} ¢on-

l.ockout trols of selected devices.

Clear Returns all devices to logal {front

Lockout panel) controt and simultaneocusly

and clears the Local Lockout Message.

Local

interrupt Require Indicates a device's need for inter-
and Service action with the controller.

Device

Status Status Presents status information of a

Byte particular device; one bit indicates
whether or not the device current-
ly reguires service, the other 7
bits loptional} are used to indi-
cate the type of service required.

Status A single bit of device-dependent

Bit status information which may be
logicaity combined with status bit
information from other devices
by the controller,

Passing Pass Passes bus controlier responsibili-

Control Control ties from the gurrent controller to
a deavice which can assume the
Bus supervisory role.

Bail Abort Unconditionally  terminates Bus

Out communications and returns con-
ol to the system controfier,

33
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3-45, Program Codes.

3-46. All front panel conirols, except the LINE switch,
GUARD switch, and SAMPLE RATE switches, are pro-
grammable from the Bus. The program codes for each con-
trol are listed in Table 3-4. The program cedes can also be
determined from the front panel markings. For multi-con-
trol features such as FUNCTION, RANGE, TRIGGER, and
MATH the program code consists of the combination of the
underlined letter in the control group heading and the posi-

Model 3455A

tion number of the particular control. See the following

TALK
ONILY

example:
CONTROL GROUP CCDE
{UNDERLINED)
FUNCTION
r FAST 2WIRE 4WIRE “
=V e ~y i k) TEST
0O 00 00U
- 3455-5-4T4
POSITION 1 2 3 4 5 8
PROGRAM F1 F2 F3 F4 F5 F6
CODE
INSTRUMENT
ADDRESS

3 POSITION (DOWN]

NOT USED

1 POSITION (UP}

ASC1 Code
Character Address Switches 5.bit
L.isten Talk AL A4 A3 AZ Al Decimal Code
sP @ g o 0 0 0 00
1 A 4] ¢} 8] 0 3 0%
i B o 0 0 H 4 02
# C o 0 0 1 1 03
3 D 0 0 1 0 0 04
% E a4 6 1 0 1 0B
& F o 0O 1 1 0 08
' G v} 4] 1 1 1 07
{ H 0 1 o 0 ¢ 08
} | 0 1 O 4 1 09
* J 0 1 &) 1 ] 10
+ ¥ O i 0 1 1 11
, R 0 1 1 0 0 12
o M 0 1 1 0 1 13
. N 0 1 i 1 g 14
! G 0 1 1 1 1 15
@ P H g o 0 © 16
1 Q 1 c O 0 1 17
2 R 1 a 0 1 0 18
3 8 1 g 0 i 1 19
4 T i o] 1 0o ¢ 20
5 U 1 0 H o 1 21
g8 \% 1 Q 1 1 0 22
7 W 1 G 1 1 1 23
8 X 1 1 c 0 0 24
9 Y 1 1 c 0 1 25
: Z i 1 0 H 0 26
: [ 1 1 0 H 1 27
< kY 1 1 H ¢ O 28
= i 1 1 i 0 1 28
> ~ 1 1 1 1 0 30

Figure 3-4. Address Selection,

3.6
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Table 3-4. HP-1B Pregram Codes.

Program
Control Code
DC Voits F1
AC Volits F2
FUNCTION Fast AC Volts F3
2 Wire k2 F4
4 Wire k{2 F5
Test F&
N R1
H Rz
0 R3
RANGE 100 R4
1K R5
186K R6
AUTO R7
internal T1
TRIGGER External T2
Hald/Manual T3
Scale M1
MATH Error M2
Off M3
Y EY
ENTER 7 EZ
Y sY
STORE > sz
Off AQ
AUTO CAL on Al
HIGH Off H@
RESOLUTION On H1
DATA Off DY
READY RGS On X
BINARY 8
PROGRAM

3-47. The program code for single control features which
can only be programmed on or off (AUTO CAL and HIGH
RESOLUTION) consist of the letter underlined in the con-
trol heading and the number “§” for off or the number “1”
for on. This also applies to the DATA READY Request
feature which is Bus programmable only.

Example:
control code
{undeglined)
AuTo DATA
CAL READY
B = off RGS
i =pn : O
3456- f4-4714

Program Code
{off) AQ D@
{on}) Al D1

3-48. Program codes for the ENTER and STORE features
consist of the letter underlined in the control heading and

Section II1

the underlined letter of the particular control.

Example:

control group code
(underlined)

E( \\§TORE
ot Z ¥ z
00 agfd

3455 8-4714

control codes
{underiined)

program code EY EZ 8Y SZ

3-49. The program code for the BINARY PROGRAM fea-
ture consists of only the underlined character in the control
heading {B).

3-50. Data Messages.

3-51. The major portion of communications fransmitted
over the Bus is accomplished by data messages. Data
messages are used by the controller to program the Model
3455A and are used by the 3455A tfo transmit measure-
ment data. These functions are explained in the following
paragraphs.

3-52. Programming. The 3455A is programmed by means
of data messages sent over the Bus from the controller.
These messages are composed of two parts — the address
command and the program information. The address com-
mand contains the “talk™ and “Hsten” addresses of the
devices invoived; in this case, the talk address of the con-
troller and the listen address of the 3455A. The program
information contains the codes of the 3455A controls to
be programmed. Syntax of the address command portion of
the data message is dependent upoen the controller being
used. For the proper syntax refer to the controller manual.
Syatax for the program information portion consists of the
program codes listed in Table 3-4.

Example program data messages:

Address 3455A Program
Command Information
e g,

CMD=1U6", “F1 R3 A¢ H1 M3 137

output io_J [ HOLD/
the bus | MANUAL
unlisten TRIGGER

ommarzd MATH off
controller

“talk”™ address HIGH RESOLUTION
34554 on
“Histen™ address

AUTO CAL off

10 V RANGE
DC Volts FUNCTION

Program data message using the 9830A Calculator.

3-7
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Address 3455A Program
Command Information
. I
wrt 722, “Fi R3 A(Q H1 M3 T3”
l 3455A listen
address

output to the {decimal eguivalent)
bus, includes

the unlisten command

and calculator talk

address

Program data message using the 9825A Calculator.

3-63. Entering MATH Constants (Y and Z} from the Bus.
The following data message illustrates the program informa-
tion necessary to enter numbers into the Y and Z registers:

Address Program
Command Information
P i NN

(refer to Controller « gy 123456 SY EZ 45.6789 SZ”
Manual)

Enters number
in “Z” Register

Programs the
3455A to store
L the displayed
number in the
“Y” Register.

Number to
be entered

Programs the

3455A to enter
numerical data
into the display

addresses controller to
“talk’ and 3455A to “listen”™

The number stored in the Y or Z register can be read from
the Bus by programming the ENTER feature and the par-
ticular register. This transfers the number from the storage
register specified to the display, The number displayed is
output to the Bus by addressing the 3455A to “talk”. The
number is returned to the storage register by programming
the STORE feature and the desired register. The following
example illustrates how to read the numbers stored in the Y
and Z register from the Bus:

Address

Command

wrt 722, “EY”

Addresses the
controller (9825A)
to “talk” and the
3455A to “listen”

Transfers the number
stored in the Y register
into the 3455A display

3-8

Modei 3455A

red 722 A ;dsp A

Outputs the contents of
the controller’s “A’ register
to the display

Addresses

the 3455A

te “talk” and
the controller
{9825A) to
“listen™

Specifies the
controlier register
to receive the
number

Returns the number in
the 3455A display te the Y
register

Addresses the
controller (9825A) to
“talk” and the 34535A
to “listen”™

3-54. Data Ready Reguest. The DATA READY Request
feature permits the 3455A to signal the controiler upon
the completion of a measurement. This feature would
normally be used where the 3453A is triggered from an
external source. In this mode of operation, the 3455A i
programmed to the appropriate measnrement parameters
(FUNCTION, RANGE, etc.). The controlier is then free to
control other instruments on the Bus. Upon being triggered,
the 3455A makes a measurement and outputs a “Require
Service” message to notify the controller that the measure-
ment information is ready. Upon receiving the service
request, the controller will serial poll the 3455A to deter-
mine the nature of the service request. Upon being polled,
the 3455A outpuis a status byte, in this case the ASCIL
character “A” (decimal 65), indicating the measurement
data s ready. The coatrofler then disables the serial poll
and reads the measurement data. The program codes for the
DATA READY RQS feature are:

D Data Ready Request off
D1 Data Ready Request on

3.55. Binary Program Feature. The BINARY PROGRAM
feature permits the status of the FUNCTION, RANGE,
TRIGGER, MATH, AUTO-CAL and HIGH RESOLUTION
controls to be determined or programmed from the bus in
four 8-bit binary words. The BINARY PROGRAM feature
allows faster programming of the 3455A by reducing the
number of program data bytes from a maximum of 12 for
normal programming to 4 data bytes for binary program-
ming, The BINARY PROGRAM codes can also be read and
stored by the controller to re-program the 3455A at a later
time. Table 3-5 lists the allowable BINARY PROGRAM
codes for each of the four data bytes and the front panel
keys they control.
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3-36. The following data message examples illustrate how
to read or program the front panel control status of the

Table 3-5. BINARY PROGRAM Codes.

First BINARY PROGRAM Data Byte

Controls Affected: SCALE, % ERROR, OFF (MATH]
Program Code

ASCH § DECIMAL
To Program. CHAR CODE

OFF B 59
% ERROR = &1
SCALE > 562

Second BINARY PROGRAM Data Byte

Controls Affected: AUTO CAL, AUTO RANGE, HIGH RESOLU
TION, HOLD/MANUAL, EXTERNAL, INTERNAL

To Program: PROGRAM CODE
AUTO AUTO HIGH ASCH | DECIMAL
CAL AANGE § RESOLUTION TRIGGER CHAR CODE
Off Off Off Hold/Manual H 59

External = 81
interngt b4 62
Off Off On Hold/Manual 3 51
External & 53
Internal & 54
Otf On Off Hold/Manual + 43
External - 45
Inwernal - 46
Off On On Hotld/Manuai £ 36
Externat % 37
Internai & 38
Cn Off Off Marual /Hoid [ 241
E xternal 1 83
internal -~ 94
On Off On Manual/Hotd S B3
Exrernal U 85
nternat A 86
On Cn OFFf Banual/Hotd K 75
External M 77
{nternal N 78
On On On Manual /+oid C 67
External & 89
internal ¥ 70

Third BINARY PROGRAM Dats Byte

Gontrols Affecred: 10 K, 1 K, 100,10, %, .1 {(RANGE}
Program Code

ASCH | DECIMAL
To Progran CHAR CODE
10K — 95
TK 1 a7
100 7 55
10 ; 89
1 = 61
1 b 62

Fourth BINARY PROGRANM Data Byte

Controls Attected: TEST, 4 WIRE ki, 2 WIRE k2, FAST ACY,
ACY, DCV (FUNCTION)

Program Code

ASClH | DECIMAL
To Program: CHAR CODE
TESY - g5
4 WIRE k&2 / 47
2 WIRE k&2 7 58
FAST ACV ; 59
ACV = 61
DCv > 62

Section Iil

3455A. To read conirol status:

wrt 722, “B”

Address the Set the 3455A to the
3455A to BINARY PROGRAM
“listen” mode

red 722

Address the 3455A
to “talk”

The 3455A, after receiving the “talk” command, will out-
put the front panel control status codes (4 bytes). As an
example, if the front panel controls were in the “furn-on”
state, the 3455A would output the following codes:

MATH OFF
AUTO CAL ON

DC Volts FUNCTION

AUTO RANGE ON
HIGH RESOLUTION OFF
INTERNAL TRIGGER

1 Volt RANGE
(depends or input applied)

To program front panel controls:

wrt 722, B K="
Address the

3455A te

e | Desired program
listen

codes {see Table 3-5)

Set 3435A to
BINARY PROGRAM
mode

3.57. Measurement Data. Measurement data is output by
the 34554 in the following general format:

QUTPUT FORMAT: £ D.DDDDDDE + DD CRLF

Polarity of measuremem]
{does not apply to ACV
or OHM measurements)

Terminates
message
Measurement reading

expressed in scientific

notation

This format is printed in the lower left corner of the 3455A
frant panel for convenience. The following is an example of
a data message output by the 3455A:

Input f0 34535A: — 1435 volts DC
Output Data Message: - 1.435000 E+ 02 CR LF

Rev. A 3.9
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The 3455A will output a measurement data message when
addressed to “talk”. The syntax for addressing the 3455A
is dependent upon the controller being used. Refer to the
Operating Manual of vour controller for instructions.

3-58. Devige Control Messages.

3-59. Device controf messages are issued by the system
controller to manage instruments on the bus. These
messages are controller dependent. For specific information
as to syntax and procedures fo transmit the control mes-
sages, refer to the Operating Manual of the controller being
used. -

3-60. The following paragraphs describe the 34554
response to the various control messages.

3-61. Trigger Message. The trigger message causes the
3455A to initiate a measurement cycle. The 3455A must be
addressed to “listen” in order to recognize the trigger
message. The measurement results of the 3455A depend
upon the control settings (FUNCTION, RANGE, etc.) at
the time the trigger message is received.

3-82. Clear Message. Upon receiving the clear message, the
3455A sets the front panel controls to their “turn-on”
state. The turn-ca state is as follows:

FUNCTION . . .............. DC VOLTS
RANGE. ... ... ... .. . ... ... AUTO
TRIGGER .. ... ... ... INTERNAL
MATH. ... .. o o OFF
AUTOCAL .. ... ... . .., ON
HIGH RESOLUTION. . .. ... . ...... OFF
DATAREADYRQS .. ...... ... .. OFF
BINARY PROGRAM. ... ........ .. OFF

The 34535A will respond to the device clear message
whether addressed to “listen™ or not. To respond to the
selected device clear message, the 3455A must be addressed
to listen.

3-83. Remote Message. The 3455A will go to Remote
{Bus) control when the remote message, in conjunction
with its “listen™ address, is received. Remote operation is
indicated when the REMOTE indicator, located sbove the
display, is lit. During remote operation, the front panel
controls cannot be operated manuaily,

3-64. Local Message. The local message returns the 3455A
to LOCAL (manual) control. The 3455A can also be
returned to local control by pressing the front panel
LOCAL button.

3-65. Local Lockout Message. The local lockout message
disables the front panel LOCAL control. In the local
lockout mode, the 3455A caanot be returned to locat
operation from the front panel.

3-66. Ciear Lockout and Local Message. The 3455A will
set the front panel to LOCAL (manual) operation and
enabie the LOCAL control upon receiving the clear lockout
and local message.

3-10
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3-67. interrupt and Device Status Massages,

3-68. The interrupt and device status messages permit the
3455A to notify the controller when an error in program-
ming information or measurement output data occurs. The
3455A also uses these messages to notify the controller
when measurement data is available if the TIATA READY
REQUEST feature is programmed.

3-69. Require Service Message. The following conditions
will cause the 3453A tc output a Require Service {SRQ)
message.

a. Data Ready. If the DATA READY REQUEST
feature is programmed, the 3435A will output an SRQ
message upon completing the required measurement.

b. Syntax Error. The 3455A will output an SRQ
message if & program code other than those listed in Table
3-4 iz veceived. For example, the program code “F7” would
cause 2 syntax error since the FUNCTION program set only
contains codes F1 through F6.

¢. BINARY PROGRAM Error. The 3455A will cutput
an SRQ message if a BINARY PROGRAM code other than
those listed in Table 3-5 is received.

d. Trigger Too Fast. An SRQ message will be output if
the 3455A is triggered while outputting data to the bus.
This condition most commonly occurs if the 3455A is pro-
grammimed to INTERNAL TRIGGER during bus operation.

The front panel SRQ indicator is lit when the 3435A
requires service. The Require Service message can be cleared
by re-addressing the 3455A to “listen” or by serial polling
the 3455A.

3-70. Status Byte Message. The status byte message is
output by the 3455A in response to a serial poll and indi-
cates, o the controller, the nature of a service request
message (SRQ) from the 3455A. The following is a kst of
the basic status byte codes output by the 3455A:

Status Byte Code

ASCH
CHAR | Decimal Code

A 55

Data Ready — Indicates to the con-
trolier that measurement data is
available.  Applies to DATA
READY Request feature,

Syntax Error — Indicates improper
program code. Example — Program
Code “F77 would cause a syntax
error since the FUNCTION pro-
gram set is only defined for codes
F1 through Fo.

BINARY FUNCTION Error — Indi-
cates improper BINARY PRO-
GRAM code or incomplete binary
message. Similar to syntax error.

B 66

D 68

Trigger too Fast — Indicates the
3455A has been triggered while
measurement data is being oufput
to the bus. Warns of possible incor-
rect measurement information.
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It is possible for more than one of the basic status byte
messages to be frue. In this case the resulting status byte
code would be the combination of the basic status byte
codes being output. As an example, the resulting code for
the combination of the syntax error and trigger too fast
messages would be ASCII character J decimal code 74. The
following illustrates the status Byte message indicating the
purpose of each relevant “bit”,

STATUS BYTE MESSAGE

bg b7 bg bs bg b3 by b

OO ooy

Service Request .t DATA READY
(SRQ) ,
SYNTAX ERROR
bits 5 and 6 set high BINARY FUNCTION
ERROR
- TRIGGER TOO FAST

NOTE
All “Bits™ are low true; bit 8 Is not used.
3.71. Bail Qut Message.

3.72. Abort. The Abort message unconditionally termi-
nates all Bus communications and retusns control to the
system controller. Only the system controller can send the
Abort message. Refer to the Operating Manual of the con-
trofler being used for instructions on sending the Abort
Message.

Section 1

3-73. GPERATHINAL V‘EHiFiCATiON CHECKS.

1.74. The TEST feature provides a convenient method of
testing the basic operational capabilities of the Model
3455A. This test plus an operational check of the Ohms
and AC functions tests the mujor portion of the 3455A
circuitry, Keep in mind the following checks test only the
operating capability of the 3455A. They do not check the
performance accuracy.

3-75. Bench Use.

3.76. The following sequence may be used to manually
check operational capability of the 3455A.

a. Set the 3455A to AUTO RANGE.

b. Press the TEST button. The display should be blank
while the 3455A is performing the self test. Upon success-
ful completion of the test, all front panei indicators {except
the REAR TERMINAL indicator) will light and a reading
of + 8888888 with all decimals lit will be displayed. The
self test will be repeated until another function is selected.

¢. Connect a short across the INPUT terminals.

4. Press the 2 WIRE kQ button. The front panel display
should read 00000 £ 300 millichms,

e. Press the ACV butten. The display should read
00000 £ 300 microvolis.

3-77. HP-IB Operation,

3.78. Figure 3-5 shows the steps necessary to perform the
3455A verification check from the Bus.

3-1%
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Connect  Short  Across
INPUT Terminais

'

Address 3455A 1o Vlisten”.
Send Program Codes "F6

R7".

Address 3455A to “talk”.
Read Measurement [ata.

Print  “TEST Function
Ervor”

Address 3455A to “listen”,
Send Program Code "'F4"

)

Address 3458A to Malk™.
Read Measurement Data

" Messurement
Data < 0,38
?

Print  “Chms  Function
Error”

Address 3455 A to “listen,
Send Program Code ""F2"

!

Address 3455A 10 "talk”.
Read Measurement Data.

Measurement

Data < 0003 V
7

Print “"AC Function Error”

End

Figure 3-5. Operational Verification Flowchart.
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430
Cab\e: BLUESTAR
Blue Star Lig
Megakshi Mangian
xx/ 1678 Manatma Ganghi Rd
Cochin 682 036
Ter 32068, 32161, 32282
Telex: {ME-514
Cabfe: BLUESTAR

Biue Star oie

1-£-11341

Sarojini Hew Agad
Secunderabad 500 003
Tea TO126, 70427
Cable: BLUEFAGST

Yoo 453
Bigs Stae L18
2/34 Kooambaksan High Road
Madras 600034

Tei 32056

Tetex: 041-378

Cable: BLUESTAR

Blut Star 1

Hathea) Mansions
Znd ﬁaur dishuny
Jamshedpur B3 00t
Tei: 7182

INDORESIA

BERCA lndonesia P.T

P.0 Box 498

4l Floor L Cikini Raya &1
Jekarta

Tel 55038 40369, 40885
Telex: 42895

Cable BERCACON
BEACA srdoassia P .1

63 JL. Rays Gubeng
Surabaya

Tel, 44308

ISRAEL
Eiectrames & Engineering Hiv

of Maotorokz fsrael Lid
17, Kramenotski Stregt
b0 Box 25016
Tel-Aviv
Tel 38371
Teigx: 33569
Cable: BASTEL Tel-Awiv
JAPAN
Yokogawa-Hewtatl-Packard L
Onashi Buisding
391 Yoyogi 1-Chome
Sninuya-al, Takyo 151
Tel 03-370-2081:92
Telex: 237-2024YHF
Cable: YHPMARKET TGK 23-724
Yokogawa-Haw! ackard Lig
Seiko Ibaraks

i
. Iharakesh

Tl 10745 233643
Teiea: 5332-385 YHP OSAKA

Yokagaws-Hewlet-Packasd Lig.
Nakama Building

24 Rani Sasalima-cha
Nakas1lsra-bl, Negoya 450
Tet 3052) 571-5171

Yokegawa- Hewlet-Paokard Lid
Tanigaws Building

2-24.1 Tsurdya-cho
Kanagawa-xu

Yokohama. 271

Tel G45-337-3952

Trlgx: 382-3204 YHP YK

Yokogawa-Hewlett-Packary Lid
it Mitsu Buitding
03, Chame 1, Sas-no-maru
Mito, IBaragl 310
Tl G292.25-7470
Yexogawa-Hewiel- Packard LiE
Inoue Budding
$348-3. Asani-che, I-Ghome
Atsugi, Kanagawa 243

i DAE2-24-0457
Yoxpgawa-Hewiel-Packard Lid.
Kimara Building
Ird 001 20
2-chome. Ysukuba
Kumragaya, Satama 360
Tes: (433-24-6563
KENYA
Teehacal Engineering Services

{EALLIE..
7.0, Box 3831
Nairobi
Tul: B57726/656762
Luble. PROTON
Madicai &mrf
Intersational Aesadio{E A jied
PO B z

Talex 222D! 22361
Catde. INTAERID feausbi

KOREA

SamSuH ctrongs Lo L
20th FI. Dengpang Bl 250, 2-K,
£.20, fox 2775
Taapyung-Fo. Chung-Kal
Seoul

Tel. (23) 685!

Telex: 22575

Cable: ELEKSTAR Secut
MALAYSIA

Teknik Mutu Sdn. gha

2 Lorgng $3EA

Secxon 13

Petaling Jaya. Selangor
Yol 54984/54916

Telex: M8 I7E05

Protet Engineansg

PO fox W7

Lot 260, Salox Road
ycning, Sarawak

Tel 2490

Cabie: PROTEL ING
MOZAMBIQUE

A% Gongaives, Lia

B2, 17 Apt. t4 Av. 3 Luis
Caa Postal 407
Lourance Margues

Tel: 27091, 27114

Telen 8-203 NEGON Me
Cable: KEGON

NEW ZEALAND
Hewiet-Packard {N.2.3 Lid
P (3. Hox 9443

Courtney Piace
Wallington

Tei 877 WQQ

Telex. N7 383

Cable: HEWPACK welingtor:

Hewtelt- Packard (8.2.) L1d
Parurangs Professional Gentre
267 Pakiranga Highway
Bax 53092
Pakuranga
Tel 563-651
Talex: NI 3823
Cable: HEWPACK Aucxland
AratytoaiMedical Gaiy
Medical Supplies N2 Lt
Scenti: Divisios
79 Carltor Gose Rd.. Mewmarke!
P D Box 1234
Auckland
Ted: 75-289
Telex: 2958 MEDISUP
Gabie: DENTAL Aucidand
Anatytical:Medica Dnly
Megical Supplies N2 Lis
24 dox 1984
1467151 Tary 51
Wamngton

£ 850-799

TE!EK 3858
Cuble: DENTAL, Wellingtan

Analytical/Mecicat Only
Medical Suguhes NE LG
#.0. Box

238 S%anmore Roag
Chrigtehurch

Tet 32-019

Gable: DENTAL, Christehussh
AnalyticaliMadiaat Dty
Medecal Supplies N2, Ligt
303 Greal Kang Street
F.O. Hox 233

Dunedin

Tak 88-817

Cabte. DENTAL, Denedin

NIGERIA

The Eectronics
!nstrementabons Lid

NGBS 7D Gyo Road

Jluseun Hoirse

BMB 5407

hadar

Tei: 51577

Teiex: 11231 TER Nigena

Cable: THETELL Ibadan

re Eec"nmcs Iastruments
tiang

144 Agege Weotor fioad, Mishn

P.C. Box 8845

Lagos
Cafie: THETEEL Lagos

FAKISTAN

Mushko & Company, Lid
fasman Chambers
Ab.ﬁuxiah Harzan Road

ci 5 1@2? 992927

Talex: XRA%

Caie: CODPERATOR Karachi
Stushko & Company, Lic
368, Satetde Town
Rawaipindl

Tel 414894

Lapie FEMUS Sawalping

PHILIPPINES

The {mine Advansed Systems
Corporaiion

G Fleor, Yujui Co. Blag

560 Crantin Paredes St
Binonds, Manila

Tel" £8-71-49, 48-68-53

in Makati: 853541, 85-34-91
Telex: 3274 ONLINE

AHOBESIA

Figlg Technical Sales
45 #elvin Road ¥astn
PO Hox 3258
Sallzbu

Tei: 705231 14 Enas)
Telex: R 4122

SINGAPORE

Hewistl-Packaid Singagore
(Prey bud

3841F, Jaian Bukis Merah

B\k 2, Btk Foor, Jaizr
e usirial Estaie

Awexanara PO, Box 58,

Sln%apofe 3

Tel

Telex: HPSG RS 21385

Cabie: HEWPACK, Singapore

SOUTH AFRICA
Hewleti-Fackard South Alrica

Py i Lto,
Private Bag Wentywood
Sandien, Transvasl 2144
Hewlett-Packard Senter
Baphne Streel. Wensdyweod,
andxon‘ Transvasi 2144

i 802-1040%8

Ee,ex 8-4782
Capie: HEWPACHK JOHANKESBLRG
Servies Dapastreent
Hpwiatt-Packart South Alrica

Gramigy, Sa
451 Wynsierg £ E!'\SBQYS 3.
Sandicn, 2007

Tel" G35-818652

Telex: §-239%

Hewlett- Packast Souh Africz

.P! Lid
éux 120

Huward Flace, Lape Province. 7450

Sine Park Gecter, Forest Drive.

Pinetands, {ape Province, 7400

Tel §3-7955 the 9

Telex: 57-0006

Service Jepartment

Hewlell-Packa:g Sowin Mnez
Pyt Lid

P4 Box 3709¢

Gverpart. Durhan 4067

Braby House

643 Ridge Road

Durban. 4001

Tei: @8-7478

Telex: 67954

TAIWAN

Hewlett- Packasd Far East Ltd.,
Taiwar Branch

38 Chuag Shian West Roag
Sec. 1, Tth Floos

Taipei

Tel: 3819160-4

Telex: 21024 REWPACK
Cahle: HEWPAGK TAiPE:
Hewiett-Packard for Tast L
Taiwasn Branch

EB 2 C**unq Cheng Ard. Apad

5 (O?] 24‘3318 Kaohsiung
Anaiylicat fay
San Kwaag b nsteumew s Co.. L.,
fa. 26, Yang Su Road
Taipet
Tet BF%aI.» 4 {5 ras)
Teian: 22894 SARKWARG
Cable SANKWANG TASPEI

TANZANIA

Medical Galy

International Aeradio (£.A 3 Lid
PG Box 16t

Lar es Salagin

Tel: 21254 Fxr 265

Tetex. 41030

THAILAND

HIMESA Co., L.
Elcom Researen Buildng
Bang\ax Sukdmvs( Aup

?e\ gE?SB" 330338
Cabde: UNEMESA Bangkek

UGANDA

Medigat Gniy

Iatermationa Aeradio(E A.). L.
Bax 2377

Kampaia

Tel: 54385

Cabie. INTAERD Kampaks

ZAMBIA

R.J Tiloery (Zambiz) L
P4 fBox 2792

Lusaka

Ter 73783

Canle: ARJAYTEE. Lusaka

OYHEH AREAS NOT LISTED, CONTACT:

f-Packan irercontinentat
3206 Halfvsvw Ave
Palo Aho. Cakitorniz 4304
Tei: 435] 4931501
'WX F10-373-3767
ble: HEWPACK Pan Al
TE\EK 024-8304), (:34-8493

CANADA

AL BERTA

Hewlett-Packard {Canada) Lid.
116704 - 168 Street
EdmontonT5M 318

Tef; (403} 452-3670

TWE 510-831.2437 EQTH
Hewigh-Packard (Canagda) Lt
91542 Ave S.E. Saite 102
Latgary 7245 171

Ted: {403} 287-4672

Tw: 5I0-821-Hidt

BRITISH COLUMBIA
Hewtett-Packard (Canaday L
§3F £ Cordewa Streg!
Vancouver Véd 3R2

Tel [B04) 254-0031

TR 6109225059 VGR

MANTTOBA
ﬁewieﬁ-Pac-«asrq {Cznaga) L1
i

(204} 1
Tl AE-67 5355

NOVA BCOT!A
Hawleti-Packard {Canada) L1
800 Wiaomdl Ruan

0 Bex 8331

Dartmouth 82Y 374

Tei: (G072 459—

520
TWX BH)-2M-4482 HEX

ONTARIO

Rewiett-Packars (Canada) Ltg
1528 Maerison Or

Ottawa 24 8K7

Tel: (613) 825-6483

TWH. §10-513-1636
Hewietl-Packard Canadas Lid.
B&TT Geweway Drve
Mississauge 14V ™E

Ted: {415} 678-9430

TWX: 1) 482-4240

QUEBEC
Hew\en Packass (Canacal Lig

R 1567
?

LA 05821521 H:’C\

FOR CANADIAN AREAS NOT LISTED:

Lontack Hewiatt-Packard (fanadat
L1g. 1 Mizsissaugs

CENTRAL AND SOUTH AMERICA

ARGENTINA
Hewlgti-Packard Argentina
SA

Au. Leandro N. Alem 822 - £
1001Buenos Aires

Tei: 31-6063.4.5.5 and 7
Teiex: Public Bosth N° §
Cable: HEWPACK ARG

BOLIVIA
Stambuk & Mark (Balivia) Lida.
Aw Mariscal, Santa Cruz 1347

a Paz

Tek 406826, 53163, 57421
Teiex: 3560014

Tapte: BUKMAR

HRAZIL

Hewdett- Pacxam n Brasil
1.8.0. Lig

Avenida H 0 Negio, 960
Afphaviie

{6400 Barueri Sao Paulo
Tel: 429-2148:/5.429-2118/9

Hewlatt-Packard do Brasi
. it

G Lida

Rua Padre Chagas, 32
90000 -Parto Alegre-95

Tel: {0512} 22-2968, 22.5521
Cahte HEWPAZK potto Alegre

Hewlen Packard go Brasd
1 6., Lttda

Aua S\queua Campos, 53
Cupacabana
20400-Rio de Janeiro
Tel: 257-86-34-D0% [G21)
Telex: 390-212-3%05 HEWP-BR
Cabse: HEWPALK

fip de Jansire

CHILE

Caicagn: y Matealle Ltda.
Alameda 58G-0f. §07
LCasillg 2118

Santiago, 1

Tel: 398613

Teiex: 3520001 CALMET
Cable: GALMET Santiage

COLOWMBIA
Instiumentacidn
Hensix A. Langebaek & Kier S.A
Gariera 7 No. 48-75
Apariado AE'ED 6287
Bogotd, | D.E.
& 69-86-77
Cadble AARIS Hagotd
Taex: 0dd-40G

COSTA RICA

Cientifica Costarricense S.A
Gaile Sertral, Avenidas 1y 3
Apartado 103158

San Josd

Tet: 21-86-13

Cable: GALGUR San José

ECUADOR

Medical dnly

AF Viscatno Gompala Luda.
&v Rin Ainazonas Mo 238
Ll G Box 2925

Quil
el 242 150247433034
Capie Astar {uito

Caicuiators Oniy
Computadoras v Equipos
Electrdaicos

PO Bon 7645

936 Teigdo (y Eevdern)
Quita

el 525-982

Teles: 02-2113 Sagia Td
Cable: Sagita-Gusto

EL. SALVADOR

ingtrsmEntacion y Protesamiento

Elettronicn de gi Salvago:
Bulewar e tos Heroes [1-48
San Sahvador
Talw 252787

GUATEMALA

IPESA

Avenida La Reforma 3-48.
Zona 9

Guatemata Ci

Tel: 63627, f47

Telgx: 4192 Tetetro Gu

MEXICO
Hewiatt-Fackan Mesdcana,
S.A. de C.V

forreg Adalid No 23,
Col. sel Valle
Mamco 2.0

(805} 543-42.32

Teéex 07742507

13% Pisp

Hewtett-2acaarg Mexicana
V

H.L
Tei 48-71-30, 48-71-84
Telex 035-843

NICARAGUA
Roberts Terdt G
Apanado Postal 685
Edificio Terdn

Managua

Tel: 25118, 23412234354

Caple: ROTEAAN Managuz

PANAKA

Eiectidnico Balsoa. 5.4

P03 Hox 497%

Cafe Samiel Lows

Cuidad de Panama

Tel: £4-2700

Teiex: 3431103 Curensa,
Canat Zone

Cadle: ELECTRON Panama

PARAGUAY
2.0 Welamed S R.L
Divisige: Agaralos y Gquipes
Medices
Devisidn Aparatos y Equipos
Ciantiicos y de investigacion
£.G Box 676
Chifi dB? Eﬁz’scwe Victora
As
91 2?;
Cdt}l:, RAMEL

PERU

Compahia Electio Meoiss S.A
Los Flamencos 145

San |5 Casila 1030

91-27%

325

LMED Lima

PUERTO RICO
Hewlpst-Packare intes-Amedicas
Puerts Rice Branch Gffice
Salie 272,

o 203 urg Cdmalry Cluh
Caralina G324

“Ted {809) T62-7285

Tripx: 345 0514

URUGUAY
Papio Ferrando 5.4
Lomergst g Incustrial
Avenida Maa

{asi#a de Curreo 370
Monlsvndeo

Tei 40-3102

Cabte, RADI

VENEZUELA
Hewlih-Packard de Venezuely

2.0, Box 50933

Caracas 105

1,08 Ruices Norte

Ja Transversal

Eeificia Hagre

Caracas 107

ef 35-00-11 (20 lnes)
Tetex: 25145 HEWPACK
Cabie HEWPADK Caracas

M Mortgvites

#QF! AREAS NOT LISTED, CONTACT:

v‘»
Cale: HEW?ACK Falg Alig
Teigx 034-8308, (548483



EURGCPE, NORTH AFRICA AND MIDDLE EAST

AUSTRIA
Hewiet-Fackars Ges.m &.H.
Handeiskar 52

A-

Te {0722‘ 351e?§ n 27
calie: BEWRAK vienng
Teien: 72923 hewpak z

BELGIUM
ch eﬂ F-acka!r Benelux

Avem.a ue Coi-vert. 1.
é&ruenxraag\aam

13170 Brussels
Tel: (02) 672 22 49
Cagla: PALOBEN Brussels
Telex: 23 434 paroben bry

CYPRUS

Kypronics

18, Gregotios & Kenepocles Bd
PO Box 1152

CY-Hicosla

Tel: 45628:29

Caﬁle KYP'%O’MCS PANDERIS
Trime: 01

CZECHOSLOVAKIA
Uyyojova @ Proveral Zakladna
Vyzy maygh
CS57-25047
Bechovice u Prahy

Teh 09 53 41

Teles, 121333

Ingtiyte of Medical Hipnics

Wyskumny Ustav Lekarsie] Bioniky

Jedlova B

$5-68346 Bratislava-Kramare

ok 44.551/45-541

Fo _CNJ"Q]?S"\SU‘H{ Meinsherg

Waldhe:m; Heinsberg
Tep 37 &

Tetex E‘PMa

Export Contact AG Zuerich
Gelerthier Forgher
Schlegelstrasse 15

1340 Barlin

Tak 47-74-17

Teiex: 111885

DENMARK
t-packard WS

D ve) 57

DK-MGU Birkerod
Tei ((32) B! 66 40
Gable: HEWPACK AS
Tetex: 188 A0 hpas
Hewlatt-Packard A5
Maveragj !

GH-88J0 Silkaborg
Tek {061 82 71 66
Teiew: 186 49 npas
Cable HEWPACK AS

FINLAND

Hewiett-Packard Y
shougenhe 5

0. Bex £

SF-G021t Helsinid 29

Ter 30} 632307

Catle: REWPACKDY Helsisnki

Teiex: 12-1563 HEWPA 5F

FHANGE
Hewlett-Packarg Hance
Guartier di GJ'Ialmms'
Soite Postaie Bo
F-01401 Orsay Lénex
Yel. {11 307 78 25

Ustavy v Bachovicich

iCklunigedabor der T Deesden

Hewlest-Packard France
Agency Regioanie

e Sagun

Chesren des Moulles
B.P 152

1
Canie H EWPACK kceﬁy
Toiew: 31 06 1

Hewiett-Packard France

Agenge Régionale

& de g Tepigre

4e ta Cépidre, 20
31300 Toulouse-i.o Mirail

) &
¢ HEWPALK 51957
Talex: 510957
Hewlett-Packard France
Agence Réginnaie
Adrogort prn
Varse&lsf arigaaie
£-15771 Marignane
Tei: (91) 8012 35
Cabie. HEWPACK MARGN
Telex. 410770
Hewbett -Fackard Frange
Agence Réginnale
6, Av?me de fochester
B.F 1124
35031
Tei: 9
Labie HEWRALK 74912
Felex: 7409%2
awiet-Packard Francy
Agenice Rdgionala
74, kikée e iz fobertsay

F-B7400 Slrasbourg
Tel (B8 35 23 22T
Telex: 89012
Cabie: HEWPAE'( STREE
Hawinti-Packard France
Agﬂrscr’ fegianalg

Sentre Vauban
- rud Cothert

de

Rennes Cédex
ma

a8 A2
000 Lille

H
e (ag) 51 4414

felex 820744
Hawlett-Packard Frangg
Centie 0 Affaires Pasis-Noed
Banmen: Amngdre
Rue de La Commune 48 Paris
4. 306
F-G3153

e Blanc #esnil Codex
Tel. (G193 88 50

GERMAN FEDERAL
REPUBLIC
Hewiett-Paciase GmbH
Verrighszentraie Frankduint
Berapestrasse 17
Fostiach 560 140

D-6000 Frank!un L
HARG 50 84
baI'HE H
Telex: 04 13249 Rphis
sHpwistt-Pagkard GmDH
Teshnisehes Buero Bon\mgez;
Hertenbergesstrasse 110

QALKS/\ imﬂx‘m

Teb [0VO31) 66

Lable: HEFAK Bamlrgen
Teign: 7265739 Bbn
Hewlat!-Packare Gmeh
Taghnisches Buern
Emanusi-Lsilze-5i
D-400G I tdorf 11

gfoor!
egstar}

030 Bdblin en Wittenserg

Hewlet:-Packarg Gimes
Techrisenes Buerg Hannaver
A‘“ Erassinaskt &

2-3000 Hannover-Kleofeid 91
46 60 01

Tel: {0511

Tetex: D42 2259
Hewlet-Packars GmbH
Techaisches Buero Nuremberg
Neusmayar Str. 80

1-8500 Nuremberg

Tet {6911} 36 30 8385
Telex: 0623 BRO
Hewselt-Packard GmaH
Techiisches Buero Minchen
tjnterhachinger Strasse 28
1SAH Caater

3-8012 (Mtobrunn

Tel: {0491 601 30 647
Cable: HEWPACKSA Binches
Telen: 0524885
Hewlett-Packard Grmah
Technisches Buero Berkr
Keith Strasse 2-4

D-1300 Berlin 30

Tet: (B30} 24 90 86

Teigx: 18 3403 hobln ¢

GREECE

Kosias Karayaanis
18, Brmou Street
GR-Athens 126
Tel: 3237731
Cabie. RAKAR Atha
Telex: 21 58 62 rkar g
Ana\v al Only

. Pepatnanassior & Lo
Agrni 17
GR - Athens 13
Tel: 522 1915
Cahiz: INTEKNIKA Atiens
Tedex: 21 5329 INTE GA
Medical Only
Toghnamer Hallas Lid
§2.5koufa &
Gf . Athens 133
Ted: 362 G972, 363 3830
abincetalzy athens
Telex: 21-4693 ETAL GR

HUNGARY
MTA

Adszerdgyi ds Merdstenhnka:
Szoigatatz

Lenin K. 67

1391 Budapest V|

Tei 42 53 38

Telex. 22 &1 t4

CELAND

Medical Inly

Eiing Yrar ng Company ing
afuas’wu Trygpvainty
\ﬁ Reyk,avak

{;an\s ﬂDM&G Reyljavik

[[:2.1:3
Hewlem Packasd fran Lad
Mo 13, Foutteents St
Mirerad Avenie
P.O. Box 412416
IR-Tehran

i Bo1G82-7
Teiex 2i3405 HEWP IR
IRAG
Hewistt-Packard Fading Go
Mansaor Bity

Tep (9211 58911
Telex: 98586 533 npee

Tel: 5517827
Taiex: 2455 Hepairag ik

IRELAND
Hewislt-Packard 114

King Street Lane

G% Wlnmrsh Wokmgrarﬂ

Telex: 8/‘73781548179

ITALY
Hewlef-Packard stalanz 9.p.4
Wiz Amerigo Vespiecs 2
Casetla postale 3643
1-20100 Milana
Ted: {23 6251 (19 lines)
Cabie: SEWPACKLT Miaro
Telex: 33045
Hewleti-Packard taliana 5 p A
Via Pietro Marancesi 40
{ang. Via Visentin]

135100 Padeva
Ter {49) 66 48 08
Tatax: 41812 Hewpacki
Megical anty

Hewlait-Packard Hatians $ p A
Wiz o Aghiargi, 7

1-56100 Pisa

# {1501 2 32 94

Telen: 32046 viz Milany
Hewiett-Packard itzhana 5.5.4
viz G Armefling 10

1-00143 Roma

o {05) 54 B§ &I

Tetex: 51514

Cable: HEWPACKIT Romz
Hewatt-Packard aiiana § p A
Cosso Sigvann: Langz 4
1-10430 Torine
Ter {011) BB2245/659308
Medical:Caicutatars Only
Hewtett-Packard Hatiana 5.p.4
Ve Principe dicola 43 GG
i-93126 Catania
Ted ((95; 37 05 04
Heweott-Packard tabana 5.0 A
Wiz Amergo Vespucsd 9
-80142 Mapoli
Tei {0B1) 33 77 1%
Hewlatt- Packard faieana 5 p A
Wia £ Masi, 3B

1-40137 Bolox?;
Tei {051) 30 7B &Y
KUWalt
Al-Khaldipz Trading &

Contractizg G

P.C. Bex 830

Kuwait
Tei: 42 48 10
Cavie: VISCOUNT

LUXEMBURG
Hewiet-Packasd Benaiizx
SAMNY

Avenge du Doi-vert. 1,
.Grt.em aagiaans

‘e ex 23 494

MCROCCO

(Garep

390, Blvd, Beahimy Roudani
Casablancs
25.15-75125-40-9%
Cable: Gergg-Casa
Teiex 2373%

NETHERLANDS
rewiett-Packard Be:
van Hepven Goedhariaan 121
" ] ch 667

i

ROAWAY
Howlett-Packard Norge A5
Nesveien 13
Sox 1§
N-1344 Haslum
Tel. 07 53 83 80
Telen: 18621 npmas »
POLAND
Baizo ntoemaci Techmczast
Hew\ez' Packarﬁ

Ut Stawii 2 £
00-950Warszawa

i 3059621395187
%3 hena o

UNIPAN
Fawlad Beswxddcumv

e

Prag *(n’ﬁu'w'; Pasyskie] &
80.097

Tel 33' 41 33#-83

PORTUGAL

Teiectra-Finpresa Técnica g8
uipamentos Botricos S.a.r

Rua Retrigo da Forsecz 103

i Box 2531

F-Lishon 1

Tel: {319 ’78 #0 7Y

Cagle TELECTHA Lishon

Telex: 12598

Medical aniy

abie Maadial ge Soméroe

3

Ay J\ A de Ageiar 135
P.0 Box 275!

? Llsbon

18] 53 21
Cable. NTERCAMBIG Lisbon

RUMANIA
Heselatt- Packa:d Reprerentants
Bd. N, Balcascs 16
Buchare

i{R1C
Ilz‘re;zuréwe
Intietinered

Hspa'aze& Uldajeior ve Salsw
duf prof {
Hucharest-Geclonl 2
Ta 1284 30
Teten: 11746

SJAE}DI ARABIA

P.O. Bz 2725 .‘Eﬁrm 8 fenter)
h

6232
Lanl? FAOFED

SPAIN
Hewlest-Packard Espadols. 5.4
Jarey Wo. 3
E Madtld {6

it 408 28 00 (10 sees)
023515 apn
Espafioia S A
3

Hewiatt- Packam fsoano\a RS
Edificio A\J\.s B

Bibay

23 83 UG 73 67 06
Caizalatars Oniy

Hewlett- Packard £spanola S A

Gras Viz FEffsaneo £l Catdlice, 67

i Valencia-

Tel 326 67 784'320 a5 a5
SWEDEN
Hawlett-Faciare Sverige AR
Erighetsvagen 1-3

Fack

b 153 20 Bromma 20
(08} 735 03 50

Cahm MEASUEEMENTS
Stickpin

Trlex: 1072¢

Hewlett-Fagkard Svenge Af

Dstra virtergatas 27

3702 40 Crebro

Tek (013 14 07 20

Hewlet-Patkasy Sverige AR
fritalisgatan 30

8-421 32 Vdstra Frdiunda
Tei: 10313 49 39 90

Teiex £672% Via Bromma Office

SWITZERLAND
Hewiett-Packard (Schweiz) AG
Zisrcherstrasse 2

7.6, Bog 307

(#:8552 Schlleren-Zurich
Tel: 501 730 52 405736 18 23
Casle HPAG CH

Telex; 53333 hpag on
spwieh-Packars ischweiz) AG
Chateau Bloe 19

CH-1213 +o Lrgnon -Geneva
Tel: {0221 §6 03 22

Cabie: HEWPACKAG Genaovs
Telex: 27 333 hpag ch

SYRIA

Medicailaloiator only

Sawan & Co

Pigge Agme

B.P. 2308

SYR-Damascus

Tei: 16367, 19697, 14788
Cable: SAWAN, Damasess
TURKEY

Tasgkom Engineering Bureay
P.0. Box 437

Heyodh

TR-1stanbal

Tal: 4§ 40 45
Cab# EMATIGN istanbui
Telex 23608

Radical anly
EM A

W' einislik Kogaklil Sirseli
Agakaln Sokax 4174
TA-Anxara

Tel: 175622

Anaiybea! ooy

az Dryurek

i Muttatas Gad No. 1646
Kizilay

TH-Ankara

Tei: 25 03 09

Telex. 43578 Grek tr
UNITED KINGDOM
Hewiett-Packasg Lid

King Stree! Lane

B Wlnnersh WGK nghaim
Berks, AGY 5
Tei: (G734 78 47 74
Lavie' Hewpie Lendon
Telen 347178/
Hewietl-Packard LI

Hewlstt-Packard Lid
Lygon Cour

Hereward Rise

Duitey Road
Halesower:,
Wes’[@M\d}\anﬂs 362 850
Teiex: 339705

Hewkett-Packard Lo
Waige House

749, Lendor Road
GE-Thoraton Heath
Surrey CR4 GAL

Tel: 81} 684 (1838
Tetar: 346825

Bewiett Packad Lid

in Makre

Serviceholesale Ceatre
ustrial Estate

Washngion

GB-New Town. County Durnam
Tel: Washington 464657 gxt. 57/58

Hewistt-Packard Lt

10, Wesley 5¢
GE-Castlelord

West Yorkshire WF15 1AE
Tel: {89774 50402
Teles. 557355

Hewlen Packard it
1. Watlace Way
GB HMchln

?el 10452) SERZ4BETEY
Talex: 825561

USSR
|ew ett-Packard

Representaiive Gftice USSR
Pokrovsky Boudevard 4112-KW 12
Mogcow 101008
Tei:204. 2024
Teiex: 7825 Rewpak si

YUGOSLAVIA
isura-standato/Hewlst-Packard
Mektasicava 3811
§1000 Lgubiana

Yol 31 88 7932 16 74
Teimx: 31583

SQCIALIST COUNTRIES
HOT SHOWN PLEASE
CONTACT:
Hewiet-Packard Ges.m .z i
P{ Bon 7

A-1205 Vienna, Austriz
Tal: {02227 35 16 21 10 27
Cable: HEWPAK Vienna
Telex: 75523 newpak z

MEDIYEARANEAN AND
MDOLE EAST COQUNTRIES
HOT SHOWN PLEASE CONTACT:
Hewlet-Fagkard 5 A
Meditesranean and Middle

East Sperations

35, Koiokatron: Strest
Kefallaziow

GHR-Kifissia- Athens, Greace
Tel BO8O337/359i420

Telew: 21-6568

Cabis: HEWPACKSA Ahers
FOR OTHER AREAS

NOT LISTED CONTACT
Hewietl-Packard 5.4

Catile: HEWPACK ; ante: HE !
1;; g,gﬁggmc firsag Hevaali- Pagkarn GmpH C“E:Di:é‘a\giggmv Te. 19291 ;;'?;I"Ee“ : Trafaiger Jousa. 7. sue du Bois-ge-Lan
Toubnmenes Buers Hambirg ) o Cable: PALDBEY Amstertam " Kauagation Fuad B0 Box
Wengenstrasse 23 Telex: 13 216 hepa ol Hewlet-Packard Eypaos. S A Altrincham CH-1200 Meyna 7 - Goneva
1J-2600 Hambur Hamdre y Saal. ¢ Cheshice Watd 1HL Switzeriand
10403 24 33 "‘ Seviiia, plann § Tal: (BE1Y 928 6422 Tel (022) 82 7000
HEWPAEKSA Hamg HAED] Seville 5 Cable: Hewpie Manchester Cabiz: HEWPACKSA Gereva
Telex: 27 63 932 nphh 2 Teir 64 44 54:568 Teiex BEACGER Telex: 2 24 88
ALABAMA 9606 Aere Drive ILLINGIS MINNESOTA NEW YORK PENKSYLVANIA VIRGINA
B290 Whiesburg Br . S | PO Box 73333 570 Tolview Dr 24G0 N ﬂrlar Ave § Aulermation Lane 111 ety Drve PO fox 1207
P.0 Box 4207 Ban Diego G2173 Reling meadows 5058 St. Pau Computes 2 Pittsburgh 15238 Mo, 7 Koger £rec Genter
Tl'_iumsvllle 35802 Tel: (794 2703200 Teb, (312} 255-9505 lb‘E 630 QTBC} Albany 1221 L {4327782-0459 Snte 217
b 05 BRTAR T hon 16181 485 15
B (2097 §81-4591 COLORADO W Y687 226G MISSISSIPPY Tel {518} 458-1555 i fven
Megical Orly 5600 St Ulster Parkway INDIANA - Jackson 201 Sauth Avenue '<1r' of F mss:a ndustraf Fark
228 W, Valley hue Englewcod 5C1 10 7301 Harth Shansians Ave Macica: Sarvice ony Poughisensic 1150 King of Prussia 19408 b B 550 g
Rogm 220 Tar (303) 771-3455 Indianapolisdt Tel (GO G82-9363 Tel, {914% 453-7330 i E) 14 Hurgary Springs Road
Birmingham 15709 “ ol 132718474‘-0{](} 550 t TWX 3*3 ‘J\‘K 513 GHG-2670 Rlchgs?nggigig?é%
Tel {204} 342.206%/2 COMMECTICUT W BI0.2E5. 1757 i UR] a4 Saping " 4}
ARIZONA M Drive ,;d\:efw e 1151 Golgeago e, Rocmbriar 143 o N s WASHINGTON
Z33E £ Magnota 51 TET"’,???‘SQQD\ESE? 1502 Broatway i‘e?"r?sasg';(?% ggég Mx“ 8] 34000 Columbia 28264 Brfieheld Ofice FI
B s WY 710-465-2509 lowa City 2224t WY 91G-771-2097 Fob 1863 782.6483 o 11 s
el | H i 1361 eHevue
2474 East frsqoe A FLORIDA 28-9466 148 Weldon Parkway TENNESSEE Tol {2061 484-2071
Tueso Bﬁ‘ﬂ% = PO Sox 24290 KENTUCKY #aryland Heights 65043 Knoxville TWX §40.445. 2428
Tl e 2806 W. (akizna Park Bl Mezical Caly Tel (3741 567-5455 Wadica; Service ok
el ol -3t 1. Lauderdate 333 Atkinson Spuarn TWX- 913-764-0833 Tai: (615 523502 ;‘#WES‘T\VI??GENIF%
"ARKANSAS Tl i308) 7352020 2961 Atkinsor £, NEBRASKA odbuty 1473 Masison Avenve C;Ua;’:des‘ f;WCa Ay
Megical Servica Only *Jacksonvilie Sonee 207 Mattical finly Te 516 821 03 wemphis 38104 ot (304! 345 1640
£.0. Box 5646 Medical Servics oRl Louisvilie 2071 7171 Mersy Road Ty 50435 ,f’“ (_",5 a7 M
By St Tel {804 396-006 Tet (507) 4561573 L NONTH CAROLI ek (S 2isrere WISCONSIN
irtte Aock 72205 f 5 LiNA y s Wesl Linc ,
PO hor 1330 Omana 65106 NO Nashville G040 Wesl Lincols Ave
T 1501) 370-1644 B177 Lake Shignor B %%”'ﬁfm Tel 412) 392-0545 PO BoxGiBd Megicat Sersice anly West Allis 53237
CALIFORNIA Ortsnde 47808 322333 Wilsoms Doulevare NEW JERSEY 323 Hanh Man Sireel Tei: (E15) 244-5345 Tei (4141 54 1-0850
3 i {3051 659-2308 igh Polnt 27267
T30 East Grangathorpe Ave Kenner 70063 W 320 fenlury 8d et (G191 5855191 TEXAS
Futiertan 52631 £0 Sox 172876 ¥ {5041 4436201 Pacamus 07662 e i i
Tel @734} §70-1000 Pensacaola 37 MARYLAND 01 - : 2B E Arapzho B
3939 Lankershin Boulgvard Tel: (804 476 S707 Whiestse Read c?i%i;%éw 23% Richardson 13030
toste ¢ o L
North Hollywood 27604 GEORGIA Batimors 11237 Crystat Pragk Professins Fleveland | tel 1714] 233610

Tai {233) §77-1282
EV\X B10-49%-2671
G385 Anzana Place
Los Angeles 90045
Tei (273} 8452511
TWX' 910-328-5147
'L0s Angeies

Tel 4213} 776-7500
3003 Seolt Boulbvars
Santa Clara 55050
Tel 1408 249.7300
TWX: 910-338-G518
“Ridgecrest

Tei {714) 4466165
B46 W. Marth Marxet Bivd
Sacramento $L834
i (916} §29.7222

P3O Box 105005
Atlanta 30345

Tel' [4G4) 9051500
TWX:810-766-4890
Medical Service Only
TAugusta 30903

Tel: [404) 736~ %99
P.0 Box 2103
Warper Robms 31098
Tod (§12) 922-044¢

HAWAI

2475 8o King Straet
Hanoluty 30814
Tl (808: 955-4453
Telex: 723-705

Teb (307 044-5400
WX 710-862-8157
2 Chake Cherry Roas
Rockyille 20830
Ta! 1301} 348-6370
TR T10-625-9654

MASSACHUSETTS
32 Haetwell Ave.
Lexingmn 02173

8 b B863-8560
TWX -326-6904
MICHIGAN
23455 Research Drive
Farmingion Hillg 46524
Tel: $313% 4766400

Baiting
Eatortown 07724
Fok20%) 5421384

NEW MEXICO

PO, By 11534

Sratien E

11300 Lomas Bhvd L B E
Altyus uer ue BT
Tei: {005 1336
TS B
156 Wyali [ive
Las Cruces 88001
Toi (505) 526-2484
TWY: 940-883.0550

TWK: §15-323
330 Mogeess R,
Dayton 45443

Tai 48135} H58-6202
47 Kingenull Parkway
bus 13729

4 436-1047%

OKLAHOMA
P.G. Box 32008
Olktahoma City 731
el 1405 72 0200

OREGON

TFER0 SW Lower Bocnes
Ferry Road

Tualatin 97052

Tee 1503) 524-3350

?.G. Bex 27409
S0 Westpark 3'”?

i FBLIE
Ted 15121 43487241

AH
2160 South 3270 Weﬂ Stroet
Salt Lake City &
Tei: (E011 4B7.GTE

FOR U.S. AREAS NOT LISTED:
Contast the segional atfice

nearest you: Allanta, Beorgia...
North Holtywsod. Taornig

Ragkuille, Marylang. . Agiling Meadows,
lizois. Tre
addrasses

*Service Crly




