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CERTIFICATION

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

WARRANTY

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

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

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

UMll'Al'llON OIF WARRANTY

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

.NO OTHER WARRANTY IS EXPRESSED OR IMPLIED. HEWLETT·PACKARD SPECIFICALLY
DISCLAIMS THE IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS FOR A PARTICULAR
PURPOSE.

lEXCLUSIVIE lRIEMlEmlES

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

ASSIS']fANCIE

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

For any assistance, contact your nearest Hewlett-Packard Sales and Service Office.
Addresses are provided at the back of this manual.
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To minimize shock hazard, the instrument chassis and cabinet must be connected to an elec
trical ground. The instrument is equipped with a three-conductor ac power cable. The power
cable must either be plugged into an approved three-contact electrical outlet or used with a
three-contact to two-contact adapter with the grounding w.ire (green) firmly connected to an
electrical ground (safety ground) at the power outlet. The power jack and mating plug of the
power cable meet International Electrotechnical Commission (IEC) safety standards.

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

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

DII ~IIIT S~l'llliC~ 1111 6\DJUST 6\UIl~~

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

Oil ~IIIT suasnrura 1'6\111$ all ~ODon mSTIIU~~~T

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

D6\~G~1I0US PIIOC~DUI'l~ Wjll'l~I~GS

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

l WI!.~~mG ~

Dongarous uolugss. cepobla of CliIusing doeih, aro prosani in ihis insirumani. Usa an
trama couiion whsil hondling. tSSiine, end edjusiine.
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SAFETY SYMBOLS

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

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

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

-:- OR @

rh OR .1.

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

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

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

Alternating current (power line).

Direct current (power line).

Alternating or direct current (power line).

•

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

NO TE;

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

The NOTE sign denotes important information. It calls attention
to procedure, practice, condition or the like. which is essential to
highlight.
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1·t. INTRODUCTION.

SECTION I

GENERAL INFORMATION

'·11. DESCRIPTIDN.

1·2. This Operating and Service Manual contains infor
mation necessary to install, operate, test, adjust, and
service the Hewlett-Packard Model 3455A Digital
Voltmeter.

1-3. Included with this manual is an Operating infor
mation 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 perfor
mance specifications and general operating
characteristics of the 3455A. Also listed are available
options and accessories, and instrument and manual
identification information.

'·5. SPECIFICATIONS.

1-6. Operating specifications for the 3455A are listed in
Table I-I. These specifications are the performance
standards 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.

'·7. INSTRUMENT AND MANUAL IDENTIFICATION.

1-12. The Model 3455A Digital Voltmeter makes ac
voltage measurements with five digit resolution and de
voltage and resistance measurements with 5 or 6 digit
resolution as programmed by the user. The 3455A
employs an automatic calibration (AUTO CAL) feature
which automatically corrects for possible gain and off
set errors in the analog circuitry to provide maximum
accuracy. A removable reference module permits exter
na! calibration of the de voltage and resistance func
tions. 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 applica
tions.

NOTE

HP-IB is Hewlett-Packard's implementation
of IEEE std 488-1975, "standard digital in
terface for programmable instrumentation".

'·13. OPTIDNS.

!-14. The following options are available for use with
the Model 3455A:

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

Option 001: Average Responding AC Converter
Option 907: Front Handle Kit
Option 908: Rack Mounting Kit
Option 909: Front Handle and Rack Mounting Kit
Option 910: Additional Set of Operating Informa-

tion and Operating and Service Manuals

1·15. Accessories Supplied.

1-16. A service kit (-hp- Part No. 03455-84411) con
sisting of a PC extender board and a fuse is supplied
with the Model 3455A.

'·17. ACCESSORIES AVAILABLE.

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 = U.S.A.; G = West Germany; J = Japan; U =
United Kingdom.) The prefix is the same for all iden
tical instruments and changes only when a major instru
ment change is made. The suffix, however, is assigned
sequentially and is unique to each instrument.

1-9. This manual applies to instruments with serial
numbers indicated on the title page. If changes have
been made in the instrument since this manual was
printed, a yellow "Manual Changes" supplement sup
plied with the manual will define these changes and ex
plain how to adapt the manual to the newer in
struments. In addition, backdating information con
tained 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. .

Accessory No.

11177A
34111A
10631A
10631B
1063lC

03455-61609

Description

3455A Reference Module
High Voltage Probe (40 kV de)
HP-IB Cable I meter (39.37 in.)
HP-IB Cable 2 meter (78.74 in.)
HP-IB Cable 4 meter (157.48 in.)
Inguard/Outguard Service Cable

I-I



Section I

1·19. Recommended Test Equipment.

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

Model 3455A

1·21. SAFETY CONSIDERAliONS.

1-22. The 3455A is a safety class I instrument (provided
with a protective earth terminal). The instrument and
manual should be reviewed for safety symbols and in
structions before operation.

•
Table t·1. Specifications.

•INPUT CHARACTERISTICS

DC VOLTAGE
Specifications apply with Auto-Cal ON

Accuracy: (1 digit = .001 % of range)

24 hours; 23°C ± 1°C
lOV range: ±!O.002% of reading + 3 digits)

100 & lOOOV range: ±!O.004% of reading + 3 digits)
1V range: ± 10.003% of reading + 4 digits)

90 days; 23°C ± 5°C
10V range: ± 10.005% of reading + 3 digits)

100 & 1000V range: ±IQ.007% of reading + 3 digits)
1V range: ± (0.006% of reading + 4 digits)

6 months; 23°C ± 5°C

10V range: ± (0.008% of reading + 3 digits)
100 & 1000V range: ±(0.010% of reading + 3 digits)

1V range: ± (0.009% of reading + 5 digits)

year; 23°C ± 5°C
10V range: ± (0.013% of reading + 3 digits)

100 & 100QV range: ±(0.015% of reading + 3 digits)
lV range: ±(Q.014% of reading + 6 digits)

, V range:

10V range:

0.1 V range: ± {O.0003% of reading + 0.15
digitsl/OC
± {O.OOO~% of reading + 0.015
digitsl/OC
± (0.0001 5% of reading + 0.01
digitsiioc' .

100 & 1OOOV range: ± (0.0003% of reading + .01
. digitsW'C'

Rang8s Maximum Display

High High High High
Resolution Resolutien Resolution Resolution

Off On Off On

.1V - .149999V -

IV IV 1.49999V ± 1.499999V
10V 10V 14.9999V ± 14.99999V
100V 100V 149.999V ± 149.9999V
1000V 1000V 1000.00V ± 1000.000V

Temperature Coefficient: (DOC to 50°C)

Range Selection: Manual, Automatic, or Remote

PERFORMANCE [HIGH RESOLUTION OFFI

Atcuracy: (' digit = .001% of rangel

24 hours; 23°C ±l°C
10V range: ± 10.002% of reading + 1 digiti

1V range: ± 10.003% of reading + 1 digiti
O.lV range: ± 10.004% of reading + 4 digits)

100 & 1OOOV range: ± 10.004% of reading + 1 digit)

90 days; 23°C ± 5°C
10V range: ± (0.005% of reading + 1 digit)

1V range: ± 10.006% of reading + 1 digit)
0.1 V range: ± 10.007% of reading + 4 digits)

100 & 1000V range: ± (0.007% of reading + 1 digiti

6 months; 23°C ± 5°C
10V range; ± (0.008% of reading + 1 digit)

1V range: ± (0.009% of reading + 1 digit)
0.1 V range: ± (0.01 0% of reading + 5 digits)

100 & 1COOV range: ± (0.01 0% of reading + 1 digit)

year; 23°C ± 5°C
10V range: ±(0.013% of reading + 1 digit)

1V range: ±(0.014% of reading + 1 digit}
0.1 V range: ± (0.015% of reading + 6 digits)

100 & 1000V range: ± (0.015% of reading + 1 digit)

PERFORMANCE IHIGH RESOLUTION ONI

Temperature Coefficient (O°C to 50°C)

1V range: ± (0.0003% of reading + 0.15
digitsUOC

10V range: ± (0.00015% of reading + 0.1
digitsUOC

100 & 1000V range: ±(0.0003% of reading + 0.1
digits(l°C

Input Resistance:

0.1 V through 10V range: > 10'0 ohms
1OOV and 1OODV range: 10 megohm ± O. 1%

(with Auto-Cal OFF)

Maximum Input Voltage:

High to low Input Terminals: ± 1COOV peak
Guard to Chassis: ± 50QV peak
Guard to low Terminal: ± 200V peak

Normal Mode Rejection INMRI: NMR is the ratio of the peak normal
mode voltage to the peak error voltage in the reading.

50 Hz operation: > 60 dB at 50 Hz ± .01%
60 Hz operation: > 60 dB at 60 Hz ± .01%

Effective Common Mode Rejection tECMRI: ECMR is the ratio of the
peak common-mode voltage to the resultant peak error volt
age in the reading with 1 kO unbalance in tow lead.

ACInput

50 Hz operation: > 160 dB at 50 Hz ± 0.1 %
60 Hz operation: > 160 dB at 60 Hz ± 0.1%

DC luput:

> 140 dB •
1-2 Rev A



Model 3455A

Maximum Readil1g Rate:

Section 1

Table 1·1. Specifications IConl'd).

60Hz Gate Length 50Hz Gate length

local

Remote

Hillh High
Resolution Resolution

Oft On

5 readings/sec. 3 readings/sec.

24 readings/sec. 6 readings/sec.

Loeal

Remote

High High
Resolution Resolution

Oft On

3.5 readings/sec. 2.5 readings/sec.

22 readings/sec. 5 readings/sec.

RanllBS Maximum Display

High High High High
Resolution Resolution Resolution Aesolution

Off On Off On

.1 kO - .149999kO -
1kO 1kO 1.49999kO 1.499999kO
10kO 10kO 14.9999kO 14.99999kO
100kO 100kO 149.999ktl 149.9999k!!
1000kO 1000kO 1499.99ktl 1499.999ktl
10000ktl 10000ktl 14999.9ktl 14999.99ktl

OHMS

year; 23°C ± 5°C
0.1 kO range: ± 1O.006% of reading. + 7 digits)

1kO range: ± 1O.006% of reading + 2 digits)
10kO range: ± 10.008% of reading + 3 digits)

,00kO range: ± 1O,005% of reading + 4 digits)
1000kO range: ± 10.01 5% of reading + 6 digits)

1O,OOOkO range: ± 1O.1 00% of reading + 6 digits)

PERFORMANCE IHIGH RESOlUTION ON)

•
Range SelectiDn: Manual, Automatic, or Remote

Function Selection: 2 wire k ohms or 4 wire k ohms

PERFORMANCE IHIGH RESOlUTION OFF)

Temperature Coefficient: lQoC to 50°CI

0.1 kQ range: (0.0003% of reading + 0.2
digitsl/oC

1,10 and 100kU range: (0.0003% of reading + 0.02
digits)/oC

100QkQ range: (0.0005% of reading + 0.02
digitsW'C

1O,OOOkH range: (0.004% of reading + 0.02
digits)/oC

Accuracy: 4 wire k ohms" 11 digit"" .001 % of range)

24 hours; 23°C ± 1°C
0.1 kfl range: ± 1O.003% of reading + 4 digits)

1kfl range: ± 1O.003% of reading + , digit)
1OkO range: ± 1O.005% of reading + 2 digitsl

lOOk!: range: ± 1O.002% of reading + 2 digitsl
1000kfl range: ±(O.012% of reading + 5 digitsl

1a,OOOkO range: ± (0. 1% of reading + 5 digitsI

90 days; 23°C ± 5°C
0.1 kO range: ± (0.005% of reading + 5 digits!

1kfl range: ± (0.005% of reading + 1 digit)
1Okfl range: ± (0.007% of reading + 2 digits!

100kO range: ± (0.004% of reading + 2 digits)
1OOOkO range: ± (0.014% of reading + 5 digits)

1O,OOOkO range: ± (0. 100% of reading + 5 digits!

6 months; 23°C ± 5°C
0.1 kO range: ± (0.005% of reading + 6 digits!

1kfl range: ± (0.005% of reading + 1 digit)
1OkO range: ± (0.007% of reading + 2 digitsl

1OOkOrange.: ± (0.004% of reading + 3 digitsl
, OOOkO range: ± (0.014% of reading + 5 digitsl

1O,OOOkO range: ± (0. 100% of reading + 5 digitsl

Temperature Coefficient (DOC to 50°C)

1,10 and 100kO range: ± 10.0003% of reading + 0.2
digits)/oC

1OOOkO range: ± 10.0005% of reading + 0.2
digits)/oC

1O,OOOkfl range: ± (0.004% of reading + 0.2
digitsl/oC

Accuracy: 4 wire k ohms" 11 diqit > .0001 % of rangel

24 hours; 23°C ± 1 °C
lkO range: ±1O.0025% of reading + 4 digits)

10kO range: ± 10.0045% of reading + 4 digits)
1OOkfl range: ± 10.0020% of reading + 5 digits)

1000kO range: ± 10.01 20% of reading + 4 digits)
1O,OOOkfl range: ± 10.1000% of reading + 4 digits)

90 days; 23°C ± 5°C
1kO range: ± 10.0035% of reading + 5 digits)

10kfl range: ± 10.0060% of reading + 5 digits)
100kfl range: ± 1O.0035% of reading + 6 digitsl

1000kfl range: ± 10.01 35% of reading + 5 digits)
10,000kfl range: ± 10.1000% of reading + 5 digits)

6 months: 23°C ± 5°C
1kfl range: ± 10.0040% of reading + 6 digits)

10kO range: ± 10,0065% of reading + 6 digits)
100kO range: ± 10.0040% of reading + 7 digits)

1000kO range: ± 10.0140% of reading + 6 digitsl
10,OOOkO range: ± 10.1000% of reading + 6 digits)

year; 230C ± 5°C
lkO range: ± 10.0045% of reading + 7 digits)

10kO range: ± 10.0070% of reading + 7 digits)
1OOkfl range: ± 10.0045%) of reading + 8 digits)

1OOOkfl range: ± 10.0145% of reading + 7 digits)
1O,OOOkfl range: ±-IO.l 000% of reading + 7 digits)

• Accuracy: 2 wire k ohms

All accuracy specifications are the same as 4 wire k ohms ex
cept add 0.0004kO to all readings.
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Non-Destructive - ± 350V peak

Section I

Signal Source Driving Unknown lNominall:

Maximum voltage generated across unknown: •
Model 3455A

60Hz Gate tength

50Hz Gate Length

High High
Resolution Resolution

Off On

4 readings/sec. 1 .8 readings/sec.

11 readings/sec. 2.5 readings/sec.

High High
Resolution Resolution

Off On

4. 5 readings/sec. 2 readings/sec.

12 readings/sec. 3 readings/sec.Remote

local

Remote

local

Mall.imum Reading Rate:

Table 1-1. Specifications IConl'd).

"'0OI.A
Ru""""'n 1" 5 ""'",,

'"

' ''0Ru n
"-"''''' I c ~~:,"

" ""'0Run"JO'W" ~"5 volt>

t, ..

< 5 volts for open circuit
< 4. 7 volts for valid reading

0.1 kQ. 1 kO & 1OkO ranges

1GOOkO & 1a,OOOkO ranges

100kn

Overload Protection:

INPUT CHARACTERISTICS

AC VOLTAGE (RMS CONVERTER)

Ranges Maximum Display

High Resolution High Resolution
On or Off On or Off

1V 1.49999V
10V 14.9999V
100V 149.999V
1000V 1000.00V

Range Selection: Manual, Automatic, or Aemote •Function Selection: ACV or Fast ACV

PERFORMANCE

Iempereture Coefficient: (O°C to 50°C) for inputs -c50kHz

AC coupled, input>' % of full scale: ± W.002% of reading
+ 2 digitsW' C

AC coupled, input < 1% of full scale: ± (0,002% of reading
+ 6 digits)! 0 C

AClOe coupled: ± 10.002% of reading + 6 digits)/oC

Accuracy: ± 1% of reading + digits or 1% of range)]l
lAC Coupling)2

FAST ACy4
ACV4

300Hz-20kHz
30Hz·20kHz

20kHz·' OOkHz
20kHz·10UkHz

100kHz-250kHz]
10llkHz·250kHzJ

250kHz·500kHz]
250kHz·50llkHzJ

500kHz·!MHz]
500kHz·!MHzJ

24 hrs; 23°C±1°C .04% + 40 dig. 0.4% + 80 dig. 1.8% + 200 dig. 4% + 400 dig. 5% + 2600 dig.
1.04%1 1.08%1 1.20%) (.40%) 12.6%1

90 days: 23°C±5°C .05% + 50 dig. 0.5% + 100 dig. 2.0% + 250 dig. 5% + 500 dig. 6% + 3100dig.
1.05%) (.10%) (.25%) (,50%) (3.1%)

6 mos; 23°C±5°C .06% + 6n dig. 0.6% + 130 dig. 2.1% + 300 dig. 5.1% + 600 dig, 6.3% + 3500 dig.
1.06%) 1.13%) (.30%) (.60%l 13.5%)

1 year; 23°C±5DC .07% + 70 dig. 0.7% + 160 dig. 2.2% + 350 dig. 5.3% + 700 dig. 6.6% + 3900 dig.
1.07%) (.16%) 1.35%) (.70%) 13.9%)

, Guard must be connected to low.
Specltications ara only lor input levels above 1% 01 range
For AC coupled inputs < 1% of full scale; add 20 digits to above accuracy table ex

cept for AC coupled inputs above 50kHz and < 5% 01 full scale; add 170 digits to
above accuracy table. See footnote 2 lor AC/oC coupled inputs.

2For any AC/oC coupled input add 10.05% of reading + 20 digitsl to above accuracy
table. except lor an AC/OC coupled input above 50kHz and < 5% of Iull scale, add
170 digits to ilbove accuracv table.

3Frequencies 01 greater than 100kHz are specified for the lV and 10V ranges only

4Acculacy is noi specified il the von-he product exceeds 10 7.

1500 + IVinl
F01 inputs ;;0 SOOV multiply the above tabled accuracy by _

1000

For inputs ;;oSOOV, accuracy is specified for a time period ct -c 2 minutes

Crest Factor: 7: 1 at full scale •
1-4 Rev A



•
Model 3455A

Table 1·1. Specifications (Cont'd).

Maximum Reading Rate:

INPUT CHARACTERISTICS 60Hz Gate length

Section I

hlplll Impedance:

Front Terminals- 2MO ± 1% shunted by less than 100pF.
Rear Terminals-2MO± 1% shunted by less than 75pF.

Maximum Input Voltage:

High to Low Terminals: ± 1414 volts 'peak (Subject to a
107 volt - Hz limitation}

Guard to Chassis: ± 500V peak
Guard to Low Terminal: ± 200V peak

Local

Remote

Local

Remote

Response Iime:

• ACV FAST ACV

1.3 "readings/sec. 4.5 readings/sec.

1.3 readings/sec. 13 readings/sec.

50Hz Gate Length

ACV FAST ACV

1 .1 readings/sec. 3.5 readings/sec.

1 .1 readings/sec. 12 readings/sec.

•

ACV and FAST ACV
First reading to <0.1 % of step size when triggered coinci
dent with step change when on correct range. (For AC
signals with no DC component.)

AC VOLTAGE (AVERAGE CONVERTER OPT. 001)

Ranges Maximum Display

High Resolution High Resolution
Onor Off Onor Off

1V 1.49999V
10V 14.9999V
100V 149.999V
1000V 1000.00V

Range Selection: Manual, Automatic, or Remote

Function Salection: ACV or Fast ACV

PERFORMANCE

Temperature Coefficient (O°C to 50°Cl

±(0.002% of reading + 2 digits)/oC

Accuracy: ± [% of reading + digits or (% of ranqell!

FAST ACV'
AC\l3

300Hz·500Hz
30Hz50Hz

500Hz·1kHz
50Hz 100Hz

1kHz·100kHz
100Hz 100kHzz

100kHz·250kHz'
100kHz 25DkHz2

24 hrs: 23°C±1°C 0.47% + 70 dig. 0.32% + 50 dig. 0.09% + 25 dig. 0.70% + 60 dig.
1.07%) 1.05%1 1.025%1 1.06%)

90 days; 23°C±5°C 0.50% + 70 dig. 0.35% + 50 di9. 0.1% + 25 dig. 0.75% + 60 di9.
1.07%1 1.05%) 1.025%1 1.06%1

6 mos; 23°C±5°C 0.50% + 70 di9. 0.40% + 60 dig. 0.1 % + 30 dig. 0.75% + 70 dig.
1.07%) 1.06%1 1.03%1 1.07%1

1 year; 23°C±5"'C 0.50% + 70dig. 0.40% + 70 dig. 0.12% + 35 dig. 0.75% + 80 dig.
1.07%) 1.07%1 1.035%1 1.08%)

f Guard must be connected to low.
On the 1000V range, add 0.01 ppmfvolr~kHz.

Specifications are for input levels above 1I100th of range.

2Frequencies greater than 100kHz specified on 1 and 1OV ranges only.

3Accuracy is nor specified if the volt-hertz product exceeds 107.
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Section I

INPUT CHARACTERISTICS

Table 1·1. Specifications IConl'd).

Maximum Reading Rate:

Model 3455A

•Input Impedance:

Front Terminals - 2Mfl ± 1% shunted by less than 1OOpF.
Rear Terminals-2M\1± 1% shunted by less than 75pF.

Maximum Input Voltage:

High to low Terminals: ± 1414 volts peak (Subject to a
107 volt - Hz limitation)

Guard to Chassis: ± 50QV peak
Guard to Low Terminal: ± 2QOV peak

Local

Remote

Local

Remote

Response Time:

60Hz Gate Length

ACV FAST ACV

1 .3 readings/sec. 4.5 readings/sec .

1.3 readings/sec. 13 readings/sec.

50Hz Gate Length

ACV FAST ACV •

1.1 readings/sec. 3.5 readings/sec.

1.1 'readings/sec. 1 2 readings/sec.

ACV and FAST ACV
First reading to < O. 1% of step size when triggered coinci
dent with step change when on correct range (for AC
signals with no DC component).

MATH

(
X - z)Scale: y

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

Miuimum Number: (Entered or Displayed)

± 199.999.9

ACCURACY:

±IACCURACY OF X READING ± 1 DIGIT OF DISPLAYED
ANSWER)1

, This assumes no "Y" or "Z" error.

1-6

% Erroc (X ~ y) x 100%

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

Maximum Number: (Entered or Displayed)

± 199,999.9

ACCURACY,

± (ACCURACY OF X READING ± 1 DIGIT OF DISPLAYED
ANSWER)'

1This assumes no "Y" error.

•

•



Range Selection: Manual, Automatic. or Remote•
Model 3455A Section I

Table 1·20 Typical Operating Characteristics.

EFFECTIVE COMMON MODE REJECTION (50 Hz OPERATION)

'" ,TTlTImr-"TlmTr-T-TmTITT-,rrn

EFFECTIVE COMMON MODE REJECTION (60 Hz OPERATION)
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•

Function Selection:
DC Valti
AC votts IACVor FAST ACVl
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Effective Noise Bandwidth > 2T
T = 1/60 sec lor 5 digit 60 Hz Operation
T = 2/15 sec 10f 6digit 60 Hz Operation
T ,. 1/50 sec for 5 digit 50 Hz Operation
T = 4125 sec for 6 digit 50 Hz Operation

COMMON MODE REJECTION (l KILOHM IMBALANCE)
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Typical HP-IB Handshake Times:
Accept Data - (3455A addressed to listen or ATN true)

500 nsec per character typical (0 delay source)

Output Data - (3455A addressed to talk)
250 nsec per charcter typical (0 delay acceptor)

General (Auto Cal must be on for 75 seconds to meet all
specificationsl

Overload Indication: OL
Operating Temperature: DoC to 50°C
Warmup Time: One hour to meet all specifications
Humidity Range: <95% RH .. OOC to 40°C
Storage Temperature: - 40°C to + 75°C
Power: 100/1201240 V + 5%, -'0% 48 Hz to 400 Hz line

operation < 60 VA
220 V ± 10% 48 Hz to 400 Hz line operation

< 60 VA
Dimensions: 88.9 mm high x 425.5 mm wide x 527.1 mm

deep 13 1/2 00 high x 16 3/4 00 wide x 20 3/4'0
deep)

Weights: Net - 9 kg (2·' lbs.)
Shipping - 12 kg 126 lbs.l

1-7



Table 1·3. Recommended Test Equipment.

Section I

Instrument Critical Specification Recommended Model Usa

Model 3455A

•DC Voltage Standard voftaqe: 10 mV to 1000 V
Accuracy: ± .005%

AC Calibrator Frequency: 20 Hz to 100 kHz
Output Level: 100 mV to '000 V
Accuracy: ±.1 %
Voltage Stability (6 mos.) ± .02%

Test Oscillator Frequency: to 250 kHz
Output: 3 V rms into 50 n
Frequency Response ± .25%

Resistance Decade Resistance: 100 n to 10 Ma
Accuracy: ± .004%

DC Null Voltmeter Voltage Range: 1 !-tV to 10 V

Reference Divider Division Ratio Accuracy ± .001 %
Output Voltage Range - 1 V to 1 kV

DC Transfer Standard Output Voltages: 1 V, 1.018 V,
1.019V.1QV

Accuracy: ± 5 ppm
Stability: ± .001 % l30 days)

Svstron Donner
Model M107

-hp- Model 745A
AC Calibrator
-bp- Model 746A
High Voltage Amplifier

-hp- Model 652A
Test Oscillator

Gen Rad Model
GR 1433-Z Decade
Resistor

-hp- Model 41 9A

Fluke Model 750A
Reference Divider

Fluke Model 731A
DC Transfer Standard

PAT

PAT

P

PAT

I PAT

PA

PA

Electronic Counter 50 Hz to 60 Hz

Resistance Standard

Bus System Analyzer

Calculator

Oscilloscope

Digital Voltmeter

Resistors

Signature Analyzer

Resistance: 1 kO
Accuracy: ± .0005%
Resistance: 100 K
Accuracy: ± .002%

HP-IB Control Capability

HP-IB Control Capability must serve
as printer for 3455A Output data.

Bandwidth: DC to 10 MHz
Sweep Time: 0.1 fts to 1 sec/civ
Sensitivity: 1 V/div

Voltage Range: 10 mV to 1000 V
Resolution: 10 JlV

Resistances:
1 kO ± 10%
10kn±O.1%
1 MO ± 0.1%

-hp- Model 5300AI5302A
Measuring System

Guildline Model
9330/1 K or 9330AI1 K
Guildtine Model 9330.11 OOK

-hp- Model 59401 A
Bus System Analyzer

-hp- Model 9825A

-hp- Model 180C/D Oscillo
scope with l801A and
1821 A plug-in units.

-hp- Model 3490A

-hp- Part No.
0684-1021
0698·4157
0698-6369

-hp- Model 5004A

P

A

T

OT

T

PAT

P

T

•
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P = Performance Checks
A = Adjustments

T == Troubleshooting
o = Operators Check

•



• SECTION 1/

INSTALLATION

2·1. INTROOUCTION.

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 re~uir~ments•. en
vironmental information, and repackaging Instructions.

2·3. INITIAL INSPECTION.

@
'~~ ~,o.,.nov 'UOv

,00'1 - mv
1:20' 120'1

Zoo Vol!. 220'1,11.

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 con
figuration. If the appropriate power cable is not in
cluded with the instrument, notify the nearest -hp- Sales
and Service Office and the proper cable will be pro
vided.

2-10. Power Cable.

Figure 2·1. Line Voltage Selection.

•

2-4. This instrument was carefully inspected both
mechanically 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 container or cushioning material is damaged, it
should be kept until the contents of the shipment have
been checked for completeness and the instrument has
been mechanically and electrically checked. Procedures
for testing electrical performance 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.

NOMINAL
VOLTAGE

100 volts
120 volts
220 volts
240 volts

OPERATING RANGE
- 10%. + 5% of nominal

90 to 105 volts
108 to 126 volts
198 to 231 volts
216 to 252 volts

FUSE

0.5 A
0.5 A
0.25 A
0.25 A

•

2·5. PREPARATION FOR USE.

2·6. 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
sin~le phase. Maximum power consumption is 60 VA.

2·B. Line Voltage Selection.

2-9. Before connecting ac power to the 3455A, make
sure the rear panel line selector switches are set to cor
respond to the voltage of the available power li~e. as
shown in Figure 2-1. Also, be sure the proper fuse IS In
stalled. The multimeter is shipped with the line voltage
and fuse selected for 120 V ac operation.

Be sure the 50 - 60 Hz rear panel switch is
set jar the proper line frequency for your
location.

2·12. Grounding Requirements.

2-13. To protect operating personnel, the National
Electrical Manufacturer's Association (NEMA) recom
mends that the instrument panel and cabinet be
grounded. The Model 3455A is equipped with a three
conductor power cable which, when plugged into an ap
propriate receptacle, grounds the instrument.

2·14. Bench Use.

2-15. The Model 3455A is shipped with plastic feet and
tilt stands installed and is ready for use as a bench in
strument. The plastic feet are shaped to permit "stack
ing" with other full-module Hewlett-Packard in
struments. The tilt stands permit the operator to elevate
the front panel for operating and viewing convenience.

2·16. Rack Mounting.

2-17. The Model 3455A may be rack mounted by add
ing rack mounting kit Option 908 or Option 909. Option
908 contains the basic hardware and instructions for

2-1



Figure 2·2. Power Cord Configurations.

.
250 V 250 V 250 v 250 V

OPERATION OPERATION OPERATION OPERATION

.~ ~

~ l~
".p--~

~, ~~

'~:;j, "'~'''''''J...;:::;,

PLUG": SEV 1011.1959-24507
PLUG': CEE7·Vl 1 PLUG': CEE22·V1 PLUG': DHCR 107 TYPE 12

CABLE -: HP 8120·1692 CABLE": HP 8120-1860 CABLE': HP 8120-2956 CABLE': HP 8120·2104

125V·6A'· 250 V 250V 250V·6A'· 125V-6A"
OPERATION OPERATION

.-, c-;

~~............~ ;~
~~~

<: /"~~
G-.:j) <, I~'-0/

f .

~" ".~~
~

PLUG':NEMA '-15P PLUG': NZSS 19B/AS C112 PLUG': 8S 1363A PLUG': NEMA G-15P PLUG': NEMA S·lS?
CABLE': HP 8120·0684 CABLE": HP 8120-0696 CABLE -. HP 6120·1703 CABLE"; HP 8120-0698 CABLE': HP 8120·1521

5TO-8-4195 (Rev.)
'The number shown 1m the plug is the industry identifier for The plug only.
The number shown for the cable is an HP pari number lor a complete cable including the plug .
• • UL listed for use in the United States of America

Section II

rack mounting; Option 909 adds front handles to the
basic rack mount kit. The rack mount kits are designed
to permit the Multimeter 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
unobstructed.

2·18. Interface Connections.

2-19. The Model 3455A is compatible with the Hewlett
Packard Interface Bus (HP-IB).

NOTE

HP-IB is Hewlett-Packard's implementation
of IEEE std 488-/975, "Standard Digital In
terface for Programmable Instru
mentation ".

The Multimeter is connected to the HP-IB by connect
ing an Hp·IB interface cable to the 24·pin connector
located on the rear panel. Figure 2-3 illustrates typical
HP-IB system interconnections and shows the
10631A/B/C HP-IB Interface Cable connectors. Each
end of the cable has both a male and female connector
to simplify interconnections of instruments and cables.
As many as 15 instruments can' be connected by the
same interface bus; however, the maximum length of
cable that can be used to connect a group of instruments

2-2

Model 3455A

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
"talk" and "listen" address of the instrument. The talk
and listen address is a 7·bit code which is selected to pro
vide 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" ad
dress 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 external trigger input.
The trigger input is to be driven with TTL level signals.

2·22. ENVIRONMENTAL REQUIREMENTS.

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

•

•



Model 3455A Section II

Figure 2·3. Typical Hp·IB System Interconnections.

•
2·23. Operating and Storage Temperature.

2·24. In order to meet the specifications listed in Table
1·1, the instrument should be operated withinan am
bient temperature range of 23°C ±5°e (73°F ±9°F).
The instrument may be operated within an ambient
temperature range of DoC to + 55°C (+ 32°F to
+ 131°F) with degraded accuracy.

2·25. The instrument may be stored or shipped where
the ambient temperature range is within - 4{PC to
+75°e (-40°F to + 167°F). However, the instrument
should not be stored or shipped where temperature flue
tuations cause condensation within the instrument.

2-26. Humidity.

2-27. The instrument may be operated in environments
with relative humidity of up to 95"7•. However, the in
strument 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 Hewlett
Packard for service or repair, allach a tag to
the instrument identifying the owner and in
dicating the service or repair to be ac
complished. Include the model number and
full serial number of the instrument. In any
correspondence. identify the instrument by
model number and full serial number. Ifyou
have any questions. contact your nearest
-hp- Sales and Service Office.

2-31. The following is a general guide for repackaging
the instrument for shipment. If the original container is
available, place the instrument in the container with ap
propriate 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 instru
ment and protect panel face with cardboard strips or
plastic foam.

c. 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.

2-312-4



Section III Model 3455A

CD
CD

[)

CD

(2)

FRONT PANEL

Line Switch. push on/push off

HP-Ia" status indicators:
SRO - indicates that the 3455A "requires service" from
the controller. Refer to Paragraph 3-78.
LISTEN - lights when the 3455A is addressed to
"listen".
TALK -lights when the 3455A is addressed to "talk",
REMOTE lights when the 3455A is under HP-IB
control.

LOCAL twitch- permits the operator to return the
instrument to local (front panel] co-ntrol.

Display - Indicates polarity and amplitude of the
measurement. Measurement results are presented in either
5·1/2 digits or 6·' /2 digits depending upon whether the
HIGH RESOLUTION feature is off or on. An LED in the
upper left corner of the display indicates sample rate of
the 3455A. Five LED's. located to the right of the dis
play, indicate whether the display is presenting DC Volt
age, AC Voltage. Ohms, Scale or % error measurement
results.

Range Selection Keys - permit selection of ranges as
follows:
DC Volts: .1 V,l V, 10 V. 100 V, 1 kv. AUTO
AC Volts: 1 V. 10 V, 100 V, 1 kV, AUTO
Ohms: ,1 K.1 K. 10 K. 100 K. 1.000 K. 10.000 K. AUTO
LED's located in the center of the keys indicate which
range is selected.

Function Selection Keys - DC Volts, AC Volts, FAST
AC· Volts, 2 WIRE kO. 4 WIRE kil. and TEST. LEO's
located in the center of the keys indicate which function
is selected.

Auto Cal switch- allows the Auto-Cal feature to be turn
ed on or off. LED in center of Key indicates Auto-Cal on.
Refer to Paragraph 3-29.

@

@

@

®

®

®

Data Ready Request Indicator - lights when the Data
Ready Request feature is programmed on. Refer to
Paragraph 3-65.

High Resolution switch - switches display from 5·1/2
digit presentation to 6-1/2 digit presentation. An LED
located in the center of the key indicates High Resolu
tion on when lit,

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

64

Binary Program lndlcator . indicates when the 3455A is
operating in the Binary Program mode. Refer to'
Paragraph 3-66.

Math Controls _ Select SCALE (X - Z) , % ERROR
y

t~ x lOa>. or MATH OFF. The Math feature selected
y

is indicated by an LED located in the key (Paragraph
3·19).

ENTER controls - Recall the number stored in the Y or Z
register to the display, also "shifts" the front panel
keyboard to permit entry of new data to be stored in the
Y or Z registers (Paragraph 3·23~.

STORE Controls - The Store controls transfer the
number presently being displayed into the Y or Z register
(Paragraph 3·23).

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

•

•Figure 3-1. Front and Rear Panel Features.
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SECTION III

OPERATING INSTRUCTIONS

Section III

•

3·1. INTRODUCTION.

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

3·3. OPERATING CHARACTERISTICS.

3·4. Turn·On and Warm·Up.

3-5. Before connecting ac power to the 3455A, make
certain the rear panel line selector switches are set to
correspond to the voltage and frequency of the available
power line and that the proper fuse is installed for the
voltage selected. For rated measurement accuracy, the
3455A should be allowed to warm up for at least one
hour.

3·6. Self Tast Op.ratiDn.

3-7. The internal test function of the 3455A verifies the
operation of the de analog circuitry, inguard and
outguard logic circuitry, and the front panel indicators
and display. The primary test of the de analog circuitry
is the measurement of various Auto-Cal constants. A
logic check is also performed, when all the cal constant
measurements are taken. The logic check consists of a
dummy cal constant calculation made in the outguard

logic of the instrument. When all these measurements
and calculations are completed, the 3455A will display
+ .8.8.8.8.8.8.8. and the self-test operation will start
again. In order to bring the instrument out of this mode,
any other function button must be pressed.

3-8. In the event of a cal constant failure, the Self-Test
operation will stop and the failing cal constant's number
will be displayed (an integer number from 13 to O). If
the dummy calculation fails, a non integer number is
displayed (e.g., 9.998 or 10.002 etc.).

3-9. The Self-Test function can be remotely programm
ed, as described in the programming portion of this sec
tion. The 3455Awill output a 10 upon a successful com
pletion of the test and if addressed to "talk." If the
dummy calculation fails, the answer of the dummy
calculation will be the output (9.998 or 10.002 etc.). If
any auto-cal constants fail, the 3455A will not output
any readings, (times out).

NOTE

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

3·10. DC VallaS. Measurem.nt.

3-11. The Model 3455A measures dc voltage from I
microvolt to 1000 volts in five ranges extending from .1

,e,, .,

@

®
@

@

@
@
@
@
@

@

Ohms Signal Terminals . supplies drive signal for
4-WIRE Ohms measurements (Paragraph 3-'2)'

Input Terminals

GUARD switch> internally connects the Guard terminal
to the LOlnput terminal (for front panel operation only,
Paragraph 3-41 ).

GUARD Terminal

REAR PANEL

Ohms Signal Terminals

Input Terminals

Guard Terminals

Front/Rear INPUT SELECT switch

Hp·IB" Connector - see Paragraph 2-18 and 3-48.

AC or AC/DC Input Selection switch - refer to Paragraph
3-14.

®
@
@
®
®
®
®
®

Line Frequency Selection Switch - must be set to corres
pond to the power line frequency (50 Hz or 60 Hz).

Reference Module

EXTERNAL TRIGGER Input Connector

HP-IB* Address Selection Switch - refer to Paragraph
3-53.

Cooling Fan

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

Fuse - 90 V" to 126 V - 0.5 amp, 198 V"to 252 V ~

0.25 amp.

AC Power Connector.

"HP-IB is Hewlett-Packard's implementation of IEEE Std.
488·1975, "Standard Digital Interface for Programmable
Instrumentation".

Figure 3-1. Front and Rear Panel Features ICont'dl.
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Section "'

4-WIRE MEASUREMENT

INPUT GUARD

RX

2-WIRE MEASUREMENT

INPUT GUARD
(ZWIRE)

Rx

SIGNAL~
CURRENT

3455-8-4667

Mode' 3455A

•

Figure 3-2. Ohmmeter Measurement Connections.

volt full-scale to 1000 volts full-scale. Measurement
results are presented 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 50'70 overrange capability and are overload
protected from input voltages up to ± 1000 volts. Input
resistance in the de function is greater than 1010 ohms
on the .1 V, 1 V, and 10 V ranges and equal to 10
megohms on the lOa V and 1000 V ranges. Refer to
Table 1-1 for DC Accuracy specifications.

3·12. Resistance Measurement.

3-13. The Model 3455A measures resistance from I
milliohm to 15 megohms in six ranges extending from.1
kilohms ful scale to 10,000 kilohms full scale. Measure
ment results are presented in 5-1/2 digits during normal
operation or in 6-1/2 digits when the 3455A is set to the
High Resolution mode. The only exception is that the.1
V range can only take a measurement in the 5-1/2 digit
mode. Resistance may be measured in "4-W1RE" con
figuration for optimum accuracy or "2-WIRE" con
figuration may be selected for measurement conve
nience. Figure 3-2 shows proper connections for making
resistance measurements. The nominal output signal
current on the .1 kilohm, I kilohm and 10 kilohm ranges
is .7 rnA. The nominal output current on the 1000
kilohm and 10,000 kilohm ranges is .7 microamp. Max
imum output voltage is limited to less than 5 volts on all
ranges. Refer to Table I-I for ohm accuracy specifica-
tions. .

3·14. AC Voltage Measurement.

3-15. The -hp- Model 3455A offers a choise of true
RMS (standard unit) or average responding ac conver
tors (Option 001). Both methods measure ac voltages
from 10 microvolts to 1000 volts in four ranges exten
ding from I volt to 1000 volts ranges. All ranges, except
the 1000 volts range, have 50% overrange capability and
are protected from input voltage components up to 1000

3-2 Rev A

volts RMS. Readings taken in the ac function are
display in the 5-1/2 digit mode only. Input impedance
of both convertors is 2 megohms in parallel with
< 75 pF for rear terminal input and < 90 pF for front
terminal input. In addition to the normal ac volts func
tion, the 3455A also has a fast ac volts function. The
fast ac function has a faster ac reading rate than the nor
mal ac function.

3-16. The frequency response of the true RMS conver
tor is from 30 Hz to I MHz in the normal ac volts func
tion and from 300 Hz to I MHz in the fast ac volts func
tion. Both ac signals or ac plus de signals (ac signals
superimposed on a de level) can be measured by the true
RMS convertor. Selection of the ac or ac + de inputs
are chosen by a switch located behind the rear panels
reference cover. Refer to Table 1-1 for accuracy
specifications of each ac mode.

3-17. The frequency response of the average converter
is from 30 Hz to 250 Hz in the normal ac volts function
and from 300 Hz to 250 kHz in the fast ac volts func
tion. Only ac signals (no de component) can be
measured by the average converter. Refer to Table 1-1
for accuracy specification of each ac mode.

3-18. In order to get accurate ac readings (especially
with high voltage inputs at high frequencies), the low in
put terminal (front and rear) should be connected to the
guard terminal (front and rear). Refer to paragraph 3-39
for guarding information. •

NOTE

The front panel guard pushbutton applies
only for front panel inputs. Be sure to wire
rearpanel guard connections yourself, if us
ing the rearpanel input terminals.

•

•
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3-19. Math Feature.

where R = Resistor across the input terminals
V = Voltage drop across the resistor

b. Temperature Measurement: A temperature mea
surement can be made by using a line or resistive
temperature sensor.

.1475 K

Y
I K- .8525 K

Y

unknown resistance in ohms

x-z
y25 =

x-z x-R
"Y" = -1-

Section 111

d. Limit Testing: The Scale mode of the 3455A can
also be used to do Limit Testing. This can be ac
complished since the largest number which can be

displayed is + 200,000 and the smallest number is
-200.00. If the magnitude of the display exceeds
200,000, either a .. + LL" or a "-LL" is displayed.
Therefore, the "y" and "z" constants must be chosen
so that when "x" (the reading) is equal to the upper
limit, the display is + 200,000 and when "x" is equal to
the lower limit, the display is -200,000. This can be ac
complished as follows:

where x total measured resistance including R
R = lead resistance

When x = the Lower Limit, the DISPLAY should
-200,000

When x = the Upper Limit, the DISPLAY should
+ 200,000

c. Accurate 2 Wire Ohm Measurement: When trying
to make an accurate 2 wire ohm measurement, the input
lead resistance and the internal resistance of the 3455A
should be subtracted out from the reading. This is done
by setting the instrument to the desired range and short
the input leads at the measuring point. Store a 1 in "y"
and store the input lead resistance reading in "z". Open
the input leads and connect the unknown resistor to the
leads. With the 3455A set in the Scale mode, the value
of the unknown resistor is displayed without the input
lead resistance. Since a I is stored in "y" and the lead
resistance (R) is stored in HZ", the scale equation
becomes:

3455A measurement results are expressed in kilohm and
is entered in the "z" register to remove the offset at
O°C. The measurement result of the 3455A is scaled to
read directly in degrees centigrade by solving the equa
tion for the value of "y". This is done where the results
of the equation are equal to 25°C since the sensor
resistance is specified at that temperature. The scale
equation becomes: .

solving for y:y = .1475 K = .0059 with this number
25

entered in the "y" register, the 3455A measurement
result will be presented directly in °C.

V . '11'R = current 10 fit lamps
V-O
"R

x-z
y

a. Current Measurement: Accurate current
measurements can be made by using a low value resistor
shunting the 3455A's input terminals. The value of the
resistor is then entered in the "y" register (see
Paragraph 3-22), and zero is entered in the "z" register
With the resistor connected at the input terminal and the
instrument set in the voltage mode. current
measurements can now be made. You can do this by
connecting the input across the resistor and measuring
the voltage drop across the resistor. This voltage drop.is
proportional to the current through the resistor. By
switching the 3455A to the scale mode, the reading
becomes an accurate current reading in milliamps. Since
the resistor value is in kilo ohms (R) and stored in "v" t

and since zero is stored in "z", the scale equation
becomes:

3-20. The math feature of th 3455A allows the measure
ment value to be offset andlor scaled by known values
or to be expressed in percent of a reference value.

3·21. Scale Mode. The scale mode of the math feature is
described by the formula: result = x-z where x is the

y
measurement value, z is the offset value, and y is the
scale factor. This mode allows the measurement value to
be modified by the addition, subtraction, multiplication
or division of a known value. Addition and subtraction
are performed by entering the number to be added or
subtracted in HZ" and entering 1 in "s", The scale for
mula then becomes: result = x - (± z) = x • (± z).

I
Division is performed by entering " in HZ" and the
divisor value in "y." The scale formula then
becomes: result = x - 0 =....:: Multiplication is perform-

y y
performed by dividing the measurement value by the in
verse of the multiplier value; that is, multiplication is
performed by dividing by a fraction. The scale formula
becomes: result = x - 0 = xy. As an example: to

---r7Y
multiply by 10, divide by the inverse of 10 which is 1/10
or .1. Various examples using the scale mode are as'
follows:

•

•

Assume that the sensor has a resistance of I kilohm at
25°C and changes 5900 ppm/? C. At 0° C the sensor
would have a resistance of 852.5 ohm (I kilohm - [5.9
ohms] 25). This number is divided by 1000 since the

therefore, ·200,000

and + 200,000

Lower Limit - z
y

Upper Limit - z
y
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This leaves two equations to solve for the unknown "v"
and "z" constants. The two constants can be found the
following way:

The following is an example of how to use this math
technique. In this example a DC voltage is measured
and compared with a Lower Limit of 10 volts and an
Upper Limit of 30 volts:

By entering .00005 into the "v" register and 20 into the
"z" register, and then pushing the SCALE and DCV
buttons, the 3455A becomes a limit testing DVM. If the
input exceeds 30 volts a "+ LL" is displayed, and if the
input is less than 10 volts a "-LL" is displayed. If the in
put is within the limits set, a number is displayed.

•

•

3·23. Enter and Store.

3-25. The STORE keys are used to transfer the number
presently being displayed in the UY" or HZ" memory
registers and to return the voltmeter to normal opera
tion.

NOTE

3-24. The "Y" and "Z" ENTER keys have two func
tions. When one of the enter keys is pressed, the number
presently stored in the respective memory register 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, disabling all keys except-those
labeled in blue. These keys can now be used to enter the
desired values to be stored in the "Y" or "Z" 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.

Model 3455A

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.

c. To enter a measurement value presently being
displayed, press the STORE key of the desired register
(Y or Z).

3-26. The following describes how the ENTER and
STORE features may be used:

= .0000530 - 10

400,000
Lower Limit 30 + 10 = 20

2

Upper Limit - z

y

Lower Limit - z
Upper Limit - z

= Lower Limit + Upper Limit -2Z
(add these two equations)

Upper Limit + Lower Limit

2

y

200,000

and,

200,000 (y) =
Upper Limit _ Upper Limit + Lower Limit

2

Upper Limit - Lower Limit
2

Upper Limit - Lower Limit
400,000

therefore, Z

400,000

z = Upper Limit +
2

y = Upper Limit - Lower

-200,000 (y)
+ 200,000 (y) =

o

3·22. "70 Error Mode. The % error mode of the math
feature is described by the formula:

result in: % = x-y • 100

Y

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. This 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 resistor with

.750
an actual value of 790 ohms would give a measurement
result of: % error = .790-750 x 100 = 5.33333%,

750
indicating the resistor is out of tolerance by .33333%.

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

3-27. High Re.olution Mod•.

3-28. When the 3455A is used in the HIGH RESOLU
TION mode, the instrument changes from a 5·112 digit
measurement to a 6-1/2 digit measurement. This
changes the measurement resolution from 10 parts/I.5
million (5-1/2 digit mode) to I partlL5 million (6-112
digit mode). The integration period will also change
from 1/60 second (1/50 second for 50 Hz operation) to
8/60 second (8/50 second for 50 Hz operation). The
High Resolution mode cannot be used in the AC mode
or the. I V DC and I K ohm ranges. The reading rate in
the DC and Ohms mode will also increase when the
High Resolution function is turned off. Table 3-1 gives
the various reading rates of the DC and Ohms functions •
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These numbers are" accumlative when Auto-Cal is on.

J·J6. Sample Rate IDisplay).

3-37. The SAMPLE RArE of the 3455A is set internal
ly and depends on the function selected, the power line

128
32
64

8
64
16

Maximum Number of Cal
Constant Termination

DC
DC [Hiqh Resolution)
AC Fast
AC Normal
Ohms
Ohms lHigh Resolution)

Function

After the first measurement cycle is completed, the
delayed trigger will iniate a second measurement cycle.
Only one trigger will be delayed during any given
measurement cycle. Any extra triggers sent during this
cycle will be ignored.

c. Hold/Manual Trigger: This trigger is similar to
the External Trigger, except it can be executed by the
Hold/Manual button. The Hold/Manual button must
be pressed once in order to place the 3455A in the Hold
mode. After pressing the Hold/Manual button the se
cond time, a measurement is taken. When the measure
ment cycle is completed, the Hold/Manual button can
be pressed again for a new reading. It is important to
remember that the Hold/Manual button should be
pushed twice in order to take the first reading. If trig
gered while a measurement is taken, the trigger is
delayed until the measurement cycle is complete. The
delayed trigger will initiate a second measurement cycle,
when the first one is completed. Only one trigger will be
delayed during any given measurement cycle. Any extra
triggers sent during this cycle will be ignored.

3-35. Auto-Cal constants measurements also depend on
the Trigger mode used. An input reading and a cal cons
tant measurement will alternately be taken, when the
3455A is in the Internal Trigger mode. A typical se
quence would be an input reading, one cal constant
measurement, another input reading, the next cal cons
tant measurement, and so on. An attempt of this se
quence (input reading/cal Constant measurement) is
also made when the instrument is in the Hold/Manual
or External Trigger modes. If, however, a trigger is
received while a cal constant measurement is taken, this
measurement is aborted and an input reading is taken.
After this reading, the aborted cal constant measure
ment is then retaken. If a new trigger is received before
the cal constant measurement is finished, the measure
ment is again aborted and a new input reading is taken.
The cal constant measurement can be aborted a number
of times, depending on the function of the instrument.
The table below lists the number of times the cal cons
tant measurements can be aborted. After this number
has been reached, the trigger will be delayed and the
Auto-Cal constant measurement is then completed.

b. External Trigger: When the 3455A is the External
Trigger mode, the user can trigger the instrument from
an external trigger pulse. This trigger pulse has to be ap
plied to the rear External Trigger Connector and should
have a negative TTL edge and must be at least 3
microseconds wide. The instrument will take a measure
ment, when this trigger pulse is received. After the
measurement is taken, the 3455A can be triggered again
for a new reading. If the instrument is triggered while
making a measurement, the new. trigger is delayed.

Model 3455A

3-30 The purpose of the AUTO-CAL feature is to
eliminate offsets, gain non-linearity, and drift which
maybe present in the analog measuring circuits of the
3455A. This is accomplished by measuring the offset
and gain errors and then mathematically correcting the
measurement reading to exclude them. Each of the gain
and error measurements, called Auto-Cal constants, are
stored in the "memory" by the 3455A's main con
troller. These Auto-Cal constants are usually taken be
tween each sample of the instrument and are updated
each time a new cal constant measurement is made.

J·29. Auto·Cal.

with High Resolution turned on or off.

3-31. The reading rate of the 3455A increases when the
Auto-Cal feature is turned off. Table 3-1 gives the
reading rate of the various functions with Auto-Cal on
or off.

J.JJ. Trigger.

3-32. The last set of constants are used to correct
measurements, when the Auto-Cal mode is turned off.
As long as the input amplifier offsets, gain linearity
and drift do not vary the 3455A should remain within
it's accuracy specifications. The time period over which
these parameters will not change may vary from instru
ment to instrument. When the Auto-Cal function is
disabled to obtain faster reading rates, it is recommend
ed to periodically return the 3455A to the Auto-Cal
mode in order to update the cal constants. This can be
done after a block of readings have been taken or when
the instrument is not in use. The instrument will then
update the cal constants for accurate measurements.
Allow about 6 seconds for updating the cal constants, if
the 3455A is in the Hold mode.

a. Internal Trigger: This trigger is generated inter
nally and triggers the 3455A to take a reading, after the
previous operation is completed (a reading or Auto-Cal
measurement). This trigger mode is entered when the in
strument is turned on, when the Internal Trigger button
is pressed, or a Device Clear message is remotely sent.

3-34. The 3455A has three trigger modes. INTERNAL,
EXTERNAL, and HOLD/MANUAL. The following is
an explanation of each trigger mode.

•

•

•.'
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frequency, and use of the Auto-Cal and High Resolu
tion modes. When the Sample Rate buttons are pressed,
the display rate of the reading are changed. By depress
ing the Decrease -;- 2 button on the front panel, the
display rate can be decreased. Each time this button is
pressed, the display rate is divided by two. The rate may
be divided a maximum of six times for a display rate of
1/64 of the maximum rate. The 3455A can be reset to
the maximum rate by depressing the maximum button,
after the display rate has been decreased. Table 3-1 gives
the maximum number of readings the instrument can
display on the front panel, in local operation.

Table 3·1. Maximum Front Panel Reading Rates.

Func High Auto Maximum Sample Rate
Function Resolution Calibration Maximum Sample Rate

DC Volts ON ON 3 readings/sec l60 Hz)
2.5 readings/sec (50 Hz)

OFF ON 5 readings/sec l50 Hz)
3.5 readings/sec (SO Hz)

ON OFF 6 readings/sec (60 Hz)
5 readings/sec (50 Hz)

OFF OFF 24 readings/sec (60 Hz)
22 readings/sec (50 Hz)

Ohms ON ON 2 readings/sec (60 Hz)
1.8 reading/sec (50 Hz)

OFF ON 45 readings/sec 160 Hzl
4 readings/sec (50 Hz)

ON OFF 3 readings/sec (60 Hz)
2.5 readings/sec (50 Hz)

OFF OFF 12 readings/sec (60 Hz)
11 readings/sec (50 Hz)

AC Volts Not ON 1,3 readings/sec (60 Hz)
Applicable 1. 1 readings/sec (50 Hz)

Not OFF 1.3 readings/sec (60 Hz)
Applicable 1.1 readings/sec (50 Hzl

Fast Not ON 4.5 readings/sec (60 Hz]
AC Volts Applicable 3.5 readings/sec (50 Hz)

Not OFF 13 readings/sec (60 Hz)
Applicable 12 readings/sec (50 Hz)

3·38. Auto Ranga.

3-39. The AUTO RANGE feature of the 3455A can be
used to automatically uprange and downrange the in
strument to the optimum range. This action takes place
when an input measurement is taken. Upranging is done
when the reading is 150"l0 of full scale and downranging
at 14"l0 of full scale. The Auto Range operation can be
observed by applying 1.4 volts to the input of the
3455A. The range selected by the instrument is the I V
range. When the input voltage exceeds 1.5 volts, the
3455A upranges to the 10 V range. When the input
voltage is decreased below 1.4 volts, the I V range is
again selected. The uprange points, the downrange
points, and the accuracy of the instrument should be
kept in mind when making a measurement. Time-

3·6
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varient inputs may cause the 3455A to constantly
uprange and downrange. If this happens, manually set
the instrument to the higher range.

3-40. Measurement time may also change, when the in
strument is in the Auto Range mode. If the instrument is
not on the optimum range, a reading is taken and the
3455A will either uprange or downrange. Another
reading is then taken and if the optimum range has been
found the reading will be displayed. If not, the instru
ment continues to uprange or downrange. A reading is
taken on all intermediate non-optimum ranges until the
correct range is found. The measurement time on each
range should be added to the total measurement time.

3·41. GUARDING.

3·42. Common·Moda VoltagAS.

3-43. Common-mode voltages are those which are
generated between the power line ground point of the
source and the LO input and power line ground point of
the 3455A. Currents caused by common-mode .voltage
can be included in the measurement circuit, causing
measurement errors.

3·44. Guard Connaction.

3-45. 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 ter-
minal 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 connec-
ting guard to the LO input terminal. This allows
common-mode current to flow through lead resistance
Rb causing some measurement error. This connection
may be used if common-mode voltages are not expected
to be a problem. Example C is similar to A with the ex-
ception that connecting guard in this manner allows any
common-mode current generated between the source
low and powerline ground to flow in the measurement
circuit.

NOTE

The front panel quard pushbutton applies
only for front panel inputs. Be sure to wire
rear panel guard connections yourself, if
using the rear panel input terminals.

3·46. Guarding Information.

3-47. More detailed information on purpose and
methods of guarding may be found in -hp- Application
Note No. 123, "Floating Measurements and
Guarding". This application note is available through
your nearest -hp- Sales and Service Office.
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3-52. Messages are the means by which devices ex
change control and measurement information. These
messages permit communication and/or control bet
ween:

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

Table ]·2. Hp·IB Interface Capability.

3-51. The capability of a device connected to the Bus is
specified by the interface functions it has. Table 3-2 lists
the Interface 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
interface function code indicates the particular capabili
ty of that function as listed in Appendix C of IEEE Std.
488-1975.

Code Interface Function

SHl Source Handshake caoabit.tv
AHl Acceptor Handshake Capability
T5 Talker (basic talker, serial poll, talk only mode.

unaddress to talk if addressed to listen)
L4 Listener (basic listener, un address to listen if

addressed to talk)
SRl Service Request Capability
RL1 Remote/Local Capebititv
ppo No Parallel Poll Capability

OCl Device Clear Capability
OTl Device Trigger Capability
C@ No Controller Capability
El Open Collector Bus Drivers
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Figure 3·3. Connecting the Guard.

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

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 terminal is left open, common
mode voltages may exceed the LO-to-Guard
breakdown rating and damage the instru
ment.

]·48. REMOTE OPERATION.

]·49. General.

3-50. The Model 3455A is remotely controlled by
means of the Hewlett-Packard Interface Bus (HP-IB).
The HP-IBis a carefully defined instrumentation inter
face which simplifies the integration of instruments,
calculators, and computers into systems.

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

]·5]. Address Selection.

3-54. The "talk" and "listen" addresses of the 3455A
are selected by the INSTRUMENT ADDRESS switch.
This switch is a seven section "Dip" switch located on
the rear panel (see Figure 3-1). The five switches, labeled
I through 5 are used to select a unique talk and listen ad
dress. 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 (decimal code 54).

.'
NOTE

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

]·55. Talk Only (No Controllerl. The 3455A may be used to
provide measurement data to another device. such as a
printer, without having a controller on the Bus:
However, the device must be HP-IB compatible. The
talk only switch must be set to the TALK ONLY posi
tion. In this mode the 3455A will output measurement

3-7
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•

•,

1 POSITION IUP)

4WIRE
'0 TEST

0 0
34~5-B·4714

5 6
F5 FB

4
F4

3
F3

INSTRUMENT
ADDRESS-----5 1

2
F2

TALK
ONLY

Figure 3·4. Address Selection.

ASCII Code
Character Address Switches 5-bil

Listen T<Jlk AS A4 A3 A2 A1 uecto-cr Code

SP @ 0 0 0 0 0 00, A 0 0 0 0 1 01
B 0 0 0 1 0 02

#: c 0 0 0 1 1 03
$ 0 0 0 1 0 0 04
% E 0 0 1 0 1 05
& F 0 0 1 1 0 06

G 0 0 .1 1 1 07
I H 0 1 0 0 0 08
I I 0 1 0 0 1 09

J 0 1 0 1 0 10, K 0 1 0 1 , 11

L 0 1 1 0 0 12
- M 0 1 1 0 1 13

N 0 1 1 1 0 14
/ 0 0 1 1 1 1 15
0 P 1 0 0 0 0 16
1 Q 1 0 0 0 1 17
2 R 1 0 0 , 0 18
3 S 1 0 0 1 1 19
4 r 1 0 1 0 0 20
5 U 1 0 1 0 1 21
6 u 1 0 1 1 0 22
7 W 1 0 1 1 , 23
8 X 1 1 0 0 0 "9 y 1 , 0 0 1 25

Z 1 1 0 1 0 26
[ 1 1 0 1 1 27

< \ , 1 1 0 0 2.
~ I 1 1 1 0 1 29
> ~ 1 , 1 1 0 30

"o,,~~B~B I
NOT USED

CONTROL GROUP CODE
(UNDERLINED) =:::::::::....

( fA5TUNCTl02~IR-'-------~
:":".11 -v ~v HIo 0 0 0

GUARD switch, and SAMPLE RATE switches, are
programmable from the Bus. The program codes for
each control are listed in Table 3-4. The program codes
can also be determined from the front panel markings.
For multi-control 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 position number of
the particular control. See the following example:

POSITION 1
PROGRAM F1
CODE

Table 3·3. Bus Messages.

When the 3455A is connected to a system
with a controller, the TALK ONL Y switch
must be set to the off position.

NOTE

3·56. Program Codes.

3-57. All front panel controls, except the LINE switch,

Functions Message Description

Device Data Transfers device-dependent infor-

Communications mation from one device to one Of

more devices on the Bus.

Device Trigger Causes a group of selected devices
Control to simultaneously intitate a set of

device-dependent actions.

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

Remote Permits selected devices to be set
to remote operation, allowing
parameters and device characteris-
tics 10 be controlled by Bus
Messages.

Local Causes selected devices to return
to local (front panel] operation.

Local Disables toea! (front panel) con.
Lockout trois of selected devices.

Clear Returns all devices to local (front
Lockout panel) control and simultaneously
and clears the Local Lockout Message,
Local

Interrupt Require Indicates a device's need for inter-
,nd 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-
Iy requires service, the other 7
bits (optional) are used 10 indio

cate the type of service required

Status A single bit of device-dependent
Bit status information which may be

logically combined with status bit
information from other devices
by the controller.

Passing Pass Passes bus controller resconsibiti-
Control Control ties from the current controller to

a device which can assume the
Bus supervisory role.

Bail Abort Unconditionally ter rrunares Bus
Out communications and returns con-

trol to the system controller.

data each time a measurement sample is made. Section
of FUNCTION, RANGE, TRIGGER, etc. is ac
complished manually using the front panel controls.

3-8
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Table 3·4. HP·IB Program Codes.

on

L-_ AUTO CALoff

control group code
(underlined)

E~ "'" ~ORE
control COdeS-rr I Z Or Z
(underlined) 0 0

Example:

3-62. The major portion of communications transmit
ted over the Bus is accomplished by data messages. Data
messages are used by the controller to program the
Model 34SSA and are used by the 34SSA to transmit
measurement data. These functions are explained in the
following paragraphs.

heading and the underlined leller of the particular con
trol.

program code EY EZ SY SZ

3-60. The program code of the BINARY PROGRAM
feature consists of only the underlined character in the
control heading (B).

3·81. D.ta M....gas.

3·83. Progr.mming. The 34SSA is programmed by means
of data messages sent over the Bus from the controller.
These messages are composed of two parts - the ad
dress command and the program information. The ad
dress command contains the "talk" and "Iisten" ad
dresses of the devices involved; in this case, the talk ad
dress of the controller and the listen address of the
34SSA. The program information contains the codes of
the 34SSA controls to be programmed. Syntax of the ad
dress command portion of the data message is depen
dent upon the controller being used. For the proper syn
tax refer to the controller manual. Syntax for the pro
gram information portion consists of the program codes
listed in Table 3-4.

L----lO V RANGE

L..__ DC Volts FUNCTION

Program data message using the 9830A Calculator.

5.~-B-471'"

34SSA
"listen" address

Example program data messages:

Address 34SSA Program
Command Information

~ --------------CMD "1 !l §.", <OFl R3 t& Hl M3 T3"

;~;::,; to J II ~~~~e~L
unlisten TRIGGER
command MATH off
controller
"talk" address HIGH RESOLUTION

ao

control code
(underlined)

~~OATA
-CAL R-EADY

Ras~ = off
I =on

Program
Control Code

DC Volts Fl
AC Volts F2

FUNCTION Fast AC Volts F3
2 Wire kn F4
4 Wire kO F5
Test F6

.1 R1
1 R2
10 R3

RANGE 100 R4
1 K R5
10 K R6
AUTO R7

Internal T1
TRIGGER External T2

Hold/Manual T3

Scale M1
MATH Error M2

Off M3

ENTER Y EY
2 E2

STORE Y SY
2 S2

AUTO CAL Off A0
On Al

HIGH Off H0
RESOLUTION On H1

DATA Off 00
READY RQS On D1

BINARY B
PROGRAM

Program Code
(off) M D~

(on) AI D1

3-59. Program codes for the ENTER and STORE
features consist of the Ietter underlined in the control

3-58. 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 control heading and the number """
for off or the number" I" for on. This also applies to
the DATA READY Request feature which is Bus pro
grammable only.

Example:

3·9
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Address
Command

3455A Program
Information

-"--~
wrt 722, "FI R3 N/J HI M3 13"

I I 3455A listen
------- address

output to the (decimal equivalent)
bus, ineludes
the unlisten command
and calculator talk
address

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

redm '~ ;dsp A

lOutputs the contents of
the controller's "A" register
to the display

Specifies the
controller register
to receive the
number

Program data message using the 9825A Calculator.

Enters number
in "Z" Register

Programs the
3455A to store
the displayed
number in the
"Y" Register. •

•

3·66. Binary Program Feature. The BINARY PROGRAM
feature permits the status of the FUNCTION, RANGE,
TRIGGER, MATH, AUTO-CAL and HIGH RESO
LUTION 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 programming. The BINARY
PROGRAM codes can also be read and stored by the
controller to re-program the 3455A at a later time (see
Appendix A). One important thing to remember is to
send a "B" to the 3455A in order to put the instrument
into the BINARY mode. Table 3-5 lists the allowable
BINARY PROGRAM codes for each of the four data
bytes and the front panel keys they control.

WIt 722 , "SY"

j I
Addresses the Returns the number in
controller (9825A) to the 3455A display to the Y
"talk" and the 3455A register
to "listen"

3·65. Data Roody RequBSt. The DATA READY Request
feature permits the 3455A to signal the controller upon
the completion of a measurement. This feature would
normally be used where the 3455A is triggered from an
external source. In this mode of operation, the 3455A is
programmed to the appropriate measurement
parameters (FUNCTION, RANGE, etc.). The con
troller is then free to control other instruments on the
Bus. Upon being triggered, the 3455A makes a measure
ment and outputs a "Require Service" message to
notify the controller that the measurement information
information is ready. Upon receiving the service re
quest, the controller with serial poll the 3455A to deter
mine the nature of the service request. Upon being poll
ed, the 3455A outputs a status byte, in this case the
ASCn character "A" (decimal 65), indicating the
measurement data is ready. The controller then disables
the serial poll and reads the measurement data. The pro
gram codes for the DATA READY RQS feature are:

00 Data Ready Request off
01 Data Ready Request on

sz"123.456 SY EZ 45.6789

I

l- Number to
be entered

Programs the
3455A to enter

L- numerical data

into the display

Address
Command
~

wrt 722 , "EY"

Addresses the J lTransfers the number
controller (9825A) stored in the Y register
to "talk" and the into the 3455A display
3455A to "listen"

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 particular 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:

3·64. Entering MATH ConstanlS (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
~ -----...:::::.,/'-----
(refer to Controller "EY

Manual)

3·10
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Since normally four data bytes are used in Binary pro
gramming, the 3455A may indicate an SRQ condition
when only a "B" is sent.

3-67. The following data message examples illustrate
how to read or program the front panel control of the

Table 3·5. BINARY PROGRAM Codes.

First BINARY PROGRAM Data evte

Controls Affected; SCALE, % ERROR,OFF lMATHI

Program Code

ASCII DECIMAL
To Program: CHAR CODE

OFF 59
% ERROR 6'
SCALE > 62

3455A. To read control status:

wrt 722 "B"

Address theJ-' -L
345SA to
"listen"

Set the 3455A to the
BINARY PROGRAM
mode

The 34SSA, 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 "turn-on"
state, the 34SSA would output the following codes:

red 722

Address the 34SSA~
to "talk"

Set 34SSA to
BINARY PROGRAM
mode

3·66. Meesurement Data. Measurement data is output by
the 3455A in the following general format:

OUTPUT FORMAT: + D.DDDDDDE + DD CRLF

Polarity of measurementJ T
(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 front panel for convenience. The following is an
example of a data message output by the 3455A:

To program front panel controls:

jK/="

lDesired program
codes (see Table 3·S)

>

IDC Volts FUNCTION

1 Volt RANGE
(depends on input applied)

N

MATH OFF-.-J

AUTO CAL ON
AUTO RANGE ON
HIGH RESOLUTION OFF
INTERNAL TRIGGER

wrt 722, "B

Address the I
34S5A to -.-J
"listen" ~

ASCII DECIMAL
To Program: CHAR CODE

'OK 95
, K I 47
'00 7 55
'0 59,

6'
.t > 62

Program Code

ASCII DECIMAL
To Program: CHAR CODE

TEST 95
4 WIRE xn I 47
2 WIRE en 7 55
FAST ACV 59
ACV 6'
OCV > 62

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

Second BINARY PROGRAM Data ave

To Program: PROGRAM CODE

AUTO AUTO HIGH ASCII DECIMAL
CAL RANGE RESOLUTION TRtGGER CHAR coce

Off Off Off Hold/Manual 59
External . 6'
Internal > 62

Off Off 00 Hold/Manual 3 51
External 5 53
Internal 6 54

Off 0, Off Hold{Manual + 43
External - 45
Internal 46

Off 0, 0, Hold/Manual # 35
External % 37
Internal & 38

00 Off Off ManuallHold ( 9'
External I 93
Internal ~ 94

00 Off 0, Manual/Hole;' S 83
External U 85
Internal V 86

00 0, Off Manual/Hold K 75
External M 77
Internal N 78

00 0, 0, Manual/Hold C 67
External E 69
Internal F 70

Control, Affected: 10 K, 1 K, 100, 10,1, ,1 tAANGEI
Program Code

Third BINARY PROGRAM Data Byte

Fourlh BINARY PROGRAM Data Byte

Control, Affected: TEST,4 WIRE en.2 WIRE en. FAST ACV,
ACV. DCV (FUNCTION I

•

,e

3-11



Section III

Input to 3455A: -143.5 volts DC
Output Data Message: -1.435000 E + 02 CR
LF

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 your controller for in
structions.

NOTIE

An overload measurement is indicated by an
E + 16 exponent in the HP-IB measurement
data. The large exponent is the key.

Also, note that the LF character (concurrent
with EOl) is the last character in the data
message and must be handshook from the
3455A to complete the measurement
transfer.

3·SS. lIauica Control llIlassagas.

3-70. Device control messages are issued by the system
controller to manage instruments on the bus. These
messages are controller dependent. For specific infor
mation as to syntax and procedures to transmit the con
trol messages, refer to the Operating Manual of the con
troller being used.

3-71. The following paragraphs describe the 3455A
response to the various control messages.

3·12. Trigger lIIlessage. 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.

3·13. Clear lIIlessage. Upon receiving the clear message,
the 3455A sets the front panel controls to their "turn
on" state. The turn-on state is as follows: .

FUNCTION " DC VOLTS
RANGE AUTO
TRIGGER INTERNAL
MATH OFF
AUTO CAL ON
HIGH RESOLUTION OFF
DATA READY RQS OFF
BINARY PROGRAM OFF

The 3455A 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 ad
dressed to listen.

3·12

Model 3455A

3·14. Remote lIIlessaga. 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
above the display, is lit. During remote operation, the
front panel controls cannot be operated manually.

3·15. Local lIIlassage. 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. Some circuits of the instrument
may also be in local operation when a focal message is
send to another instrument on the HP-IB.

1·16 Local Loe~out lIIlassage. The local lockout message
disables the front panel LOCAL control. In the local
lockout mode, the 3455A cannot be returned to local
operation from the front panel.

3·11. Claar Loc~out and Locallillessage. The 3455A will set
the front panel to LOCAL (manual) operation and
enable the LOCAL control upon receiving the clear
lockout and local message.

3·18. Intarrupt and Oeuice Status lIIlessages.

3-79. The interrupt and device status messages permit
the 3455A to notify the controller when an error in pro
gramming information or measurement output data oc
curs. The 3455A also uses these messages to notify the
controller when measurement data is available if the
DATA READY REQUEST feature is programmed.

3·80. Requira Service lIIlassage. The following conditions
will cause the 3455A to output a Require Service (SRQ)
message.

a. Data Ready. If the DATA READY REQUEST
feature is programmed, the 3455A will output an SRQ
message upon completing the required measurement.

b. Syntax Error. The 3455A will output an SRQ
message if a program code other than those listed in
Table 3-4 is received. For example. the program code
"F7" would cause a syntax error since the FUNCTION
program set only contains codes FI through F6.

c. BINARY PROGRAM Error. The 3455A will out
put 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 programmed to INTERNAL TRIGGER during bus
operation. The front panel SRQ indicator is lit when the
3455A requires service. The Require Service message
can be cleared by serial polling the 3455A or by clearing
the 3455A.

•

•

•
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J-81. Status Byt. M....g•. The status byte message is
output by the 3455A in response to a serial poll and in
dicates, to the controller, the nature of a service request
message (SRQ) from the 3455A. The following is a list
of the basic status byte codes output by the 3455A:

Status ByteCode

ASCII
Decimal CodeCHAR

A 6S Data Ready - Indicates to the con-
troller that measurement data is
available. Applies to DATA
READY Request feature.

B 66 Syntax Error - Indicates improper
program code. Example - Pro-
gram Code UF7" would cause a
syntax. error since the FUNC-
TION program set is only defined
for codes FI through F6.

D 68 BINARY FUNCTION Error - In-
dicates improper BINARY PRO-
GRAM code or incomplete binary
message. Similar to syntax error.

H 72 Trigger too Fast - Indicates the
3455A has been triggered while
measurement data is being output
to the bus. Warns of possible in-
correct measurement information.

It is possible for more than one of the basic status byte
messages to be true. In this case the resulting status byte
code would be the combintation 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 in
dicating the purpose of each relevant' 'bit" .

J·82. DATA OUTPUT CHARACTERISTICS.

3-83. The protocol used by the 3455A to output
measurement data must be followed in order to preserve
proper data transfer over the HP-IB, the following
notes on data transfer over the HP-IB may be helpful:

a. If a reading has been taken and thus resides in the
output buffer, the buffer is not considered busy until
the output handshaking begins. Thus, a new trigger will
indicate a measurement and the new reading will replace
the old reading. The old reading is lostand there is no
SRQ condition.

b. Once the first character of measurement data has
been handshaken out, the buffer is considered busy un
til one of the following occurs:

I. The balance of the reading is handshaken out.

2. "Device" or "Selected Device" clear is given.

3. The 3455A power is interrupted, triggering
while the buffer is busy will lose the new
reading and cause a "Trigger too Fast" SRQ
condition.

c. When triggering and taking measurements in a
loop, sufficient time must be allowed for the 3455A to
perform the entire A-To-D measurement cycle and buf
fer data to become available after the first reading. The
"Wait" statements in many 9800 series calculators are
convenient methods to avoid outputting the previous
buffer contents. This condition shows up as being "One
reading behind" in your measurement sequence.

d. If you know the output buffer is not busy, but
don't know whether it is full or not, sending a "device"
or selected device" clear followed by reprogramming
the desired conditions is a safe way to clear the output
buffer.

STATUS BYTE MESSAGE J-84. 8ail Out M••••g•.

NOTE

TRIGGER TOO FAST

All "bits" are low true; bit 8 is not used.

J-86. Instrument M••surement Tim.s IR.mot. Control).

J-85. Abort. The Abort message unconditionally ter
minates all Bus communications and returns control to
the system controller. Only the system controller can
send the Abort message. Refer to the Operating Manual
of the controller being used for instructions on sending
the Abort Message.

3-87. In the Remote Operating mode, the 3455A takes a
certain amount of time to respond to a trigger message.
The overall time depends on the range, function, and
particular controller used. This time may also vary from
instrument to instrument. Table 3-6 gives the typical
measurement times, using the HP-IB. These times are
not part of the operating specifications of the instru-

SYNTAX ERROR

BINARY FUNCTION
ERROR

~D[2][2]DDDD
I

DATA READYService RequestJJ
(SRQ)

bits 5 and 6 set high

•
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ment, and are only provided as additional information
for HP-IB system use. The following is an explanation
of the various times involved in a measurement se
quence.

Model 3455A

troller), HPL (-hp- Model 9825A Controller) and
Enhanced Basic (-hp- Model 9835A/B and 9845A/B
Controller) languages. The examples in the Appendix
can be helpful when you write programs for the 3455A. •

a. t1 (Typical Input Data Transfer Time): This is the
typical time it takes to transfer input data (set the 3455A
to a certain function and range, etc) from a controller to
the instrument. The transfer time depends on the num
ber of ASCII character send to the instrument and the
response time of the controller. For example, to send an
"FIT3" message to the instrument takes four charac
ters.

b. t2 (Typical Input Settling Time): The instrument
is triggered (HP-IB, External, or Hold/Manual Trigger)
and the 3455A begins to take a reading. This time con
sists of the settling time of the input relays, FETs, and
other circuits.

]-90. OPERATORS CHECKS.

3-91. The TEST feature provides a convenient method
of testing the basic operational capabilities of the Model
34S5A. This test plus an operational check of the Ohms
and AC functions tests the major portion of the 345SA
circuitry. Keep in mind the following checks test only
the operating capability of the 34SSA. They do not
check the performance accuracy.

3·92. BENCH USE.

3-93. The following sequence may be used to manually
check operational capability of the 34SSA.

c. t3 (Typical Measurement Time): The input mea
surement is taken at this time. This includes the A-to-D
conversion time.

d. t4 (Typical Computation Time): When the
measuring and the A/D operations are completed, the
instrument's internal main controller circuits calculates
the correct measurement reading. This time is the
amount of the time it takes to complete the calculation.

d. t5 (Typcial Output Data Transfer Time): The
3455A now sends the reading to the HP-IB output buf
fers 'to be transferred to the controller. This time also
depends on the response time of the particular con
troller.

]-88. Remote Programming Examples.

a. Set the 3455A to AUTO RANGE.

b. Press the TEST button. The display should be
blank while the 34S5A is performing the self test. Upon
successful completion of the test, all front panel in
dicators (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.

c. Connect a short across the INPUT terminals.

d. Press the 2 WIRE kG button, The front panel
display should read .00000 ± 300 milliohms.

e. Press the ACV button. The display should read
.00000 ± 600 microvolts.

]·94.Hp·18 Operation.

•

•Note T,me 13 S auld be used 1o, each range beIng meesured when the 3455A IS In the

Aulo·range mode tsee Parag'aph 3·38.)
345SA T,iggered
alit•• ,ime

Inpu! uara Transfe, Time Input Seuing Time Measurement Time Computation Time O!-'Iput Oat8 T'ansf",
Time

Line " " '3 " "Function FreQuency

OC Volts High Resolution OFF 60 Hl 19 mSBC 12.5mslor.1VI010V
Auto·Cal OFF 50 Hl 22 msec Ranges

High Resolution ON 60 Hl 14 maee 15_5msaclor 100 and
Auto·CaION 50 Hl 12 msee 22 msec 1000 V Ranges

750 mSeC per character
High ReSOlution ON 60 Hz 136 ms plus the response time oj
AlIlo·Cal OFF 50 Hz 162 mSee the conuollar llhe 3455A

High Resolution ON 60 Hz 550 I'sae per characler 136 rnsec output usage consists 01

AUlO·CaION 50 H, plus the response lime 01 162 msee 15 charaele"!.

Ohms High Fiesolution OFF 60 Hl Conlroller 48 maee
Auto-Cal OFF 50 Hz 14 msec 55 msec

High Resolution OFF 60 Hl 12 msee 46 msec
Auto.CalON 50 Hz 14 msee 55 msec

High Resolution 0/1; 60 Hz 17 msac 280 msec
Auto-Cal OFF 50 Hz 22 msee 330 maee

High ResOlulion ON 60 H. 280 maec
Autn·CalON 50 H1 22 msec 330 maee

Normal AC Volts AUlo·Ca' 60 H, s 700 msee
ONr>tOFF' 50 H' 42 msee 930 msec 12 mse" all Range.

Fast AC Valls AUlo·Cal " 57 mse
ON 0' OFF 50 I'll 14 msac 64 msee

"

3-89. Appendix A at the end of this manual has Remote
Programming examples for the 34SSA. These examples 3-95.Figure 3-5 shows the steps necessary to perform
are given in the HP Basic (-hp- Model 9830A/B Con- the 34S5A operators check from the Bus.

Table 3·6 Typical HP-IS Controlled Measurement Times

3-14 Rev A
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4·1. INTROOUCTION.

SECTION IV

PERFORMAN CE TESTS

4·11. PERFORMANCE TEST FAILURE.

Section IV

•

4-2. This section contains performance and operational
verification test procedures which can be used to verify
that the 3455A meets its published specifications (listed
in Table I-I). All tests can be performed without access
to the interior of the instrumen1. The performance tests
in this section do not test the 3455A Math Functions or
HP-1B Interface. These functions can be tested using
the operators test procedures included in Section III.

4·3. EOUIPMENT REOUIREO.

4-4. The test equipment required for the performance
tests is listed at the beginning of each procedure and in
the Recommended Test Equipment Table in Section I.
If the recommended equipment is not available, use
substitute equipment that meets the critical specifica
tions given in the table.

4·5. PERFORMANCE TEST CARO.

4-6. Performance Test Cards are provided at the end of
this section for your convenience in recording the per
formance of the 3455A during either test. These cards
can be removed from the manual and used as a perma
nent record of the incoming inspection or of a routine
performance test. The Test Cards may be reproduced
without written permission from Hewlett-Packard.

4·7. CALIBRATION CYCLE.

4-8. The 3455A requires periodic verification of perfor
mance. The performance should be tested as part of the
incoming inspection and at 90-day or 6-month intervals,
depending on the environmental conditions and your
specific accuracy requirements. Two tests (performance
and opertional verification) are provided in this section.
The operational verification test should be performed as
an incoming inspection of the instrument. The complete
performance test can be used at the 90-day or 6-month
intervals, and following a complete calibration of the In

strument.

4·9. INPUT TERMINALS/CONTROL SETTINGS.

4-10. Unless otherwise specified, the test signals for the
performance tests can be applied to either the front ?r
rear INPUT terminals. All tests must be performed In

the iNTERNAL Trigger Mode with AUTO CAL on and
MATH off. For standard instruments (rms converter)
the rear panel AC - AC/DC switch must be in the ac
position. Other control settings are included in the test
procedures.

4-12. If the 3455A fails any of the performance tests or
operational verification test, perform the adjustments
outlined in Section V. If the problem cannot be cor
rected by the adjustment, refer to Section VIII for
troubleshooting information.

4·13. SPECIFICATION BREAKDOWN.

4-14. The de, ac and ohms accuracy specifications
(Table I-I) are grouped according to the selected instru
ment function, i.e., High Resolution On or Off, ACV
or Fast ACV and 2-Wire or 4-Wire ohms. Within each
group there are three sets of specifications:

a. 24 hour (23°C ± 1°C)
b. 90 day (23°C ± 5°C)
c. 6 months (23'C ± 5°C)

4-15. The time period over which a set of specifications
applies is relative to the time the instrument is initially
adjusted at the factory or is properly readjusted accor
ding to the procedures outlined in Section V. Before
proceeding with the de, ac and ohms accuracy tests, it
will be necessary to determine which set of specifica
tions applies to your instrument. If the instrument has
just been received and is to be tested as part of the in-.
coming inspection, test for the 9O-day specifications. If
the instrument has been readjusted within a period of24
hours, test for the 24-hour specifications. Test limits for
the 24-hour and 90-day specifications are included in the
tables for the accuracy tests. Test limits for the 6-month
specifications must be derived from the specifications
listed in Table I-I. If the instrument is operated outside
for the temperature range for a given set of specifica
tions, the appropriate temperature coefficients, listed in
Table I-I, must be added to those specifications. The
test limits given in the tables for the de, ac and ohms ac
curacy tests do not include temperature coefficients.

4-16. Each set of specifications includes an accuracy
specification for each voltage or ohms range. Accuracy
is specified as a percentage of reading plus an add-on of
one or more digits (counts). For example, the 24-hour
DC Accuracy specification for the l-volt range (High
Resolution Off) is:

± (0.003% of reading + I digits)

At full scale (I V) the least significant display digit,
equal to 10 microvolt, is 0.001 '70 of reading. The full
scale accuracy is therefore:

4·1
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± (0.003%+ 0.001%) = ±0.004% of reading

Similarly, at one tenth of full scale (0.1 V) the least signifi
cant digit (10 microvolt) is equal to 0.0 I% of reading so the
accuracy specification is:

± (0.003% + 0.01 %) = ± 0.013% of reading

These specifications do not include the temperature coeffi
cient that must be added if the instrument is operated out
side of the 22°C to 24 0C range.

4-17. DC ACCURACY TEST CONSIDERATIONS.

4-18. Because of the high de accuracy of the 3455A, a
precision dc calibration standard is required to verify that
it meets its de accuracy specifications. To thoroughly test
the performance on all ranges, the standard must be capable
of delivering outputs within the range of 0.10000 V dc to
1000.000 V dc. The accuracy of the standard must be such
that its errors do not introduce significant uncertainties in
the 3455A test readings. Ideally, the accuracy of the stand
ard should be ten times better than the 3455A specifica
tions being tested - a ten to one error reduction nearly
eliminates measurement uncertainties caused by the stand
ard. To test accuracy specifications on the order of
± 0.005% of reading, however, a standard with a specified
accuracy of ± 0.0005% (5 ppm) would be required. Since
this type of accuracy, over the range needed to completely
test the accuracy of the 3455A, is generally not available
outside of a standards laboratory, some compromises may
be required. If you have access to primary in-house (NBS
certified) standards or have calibrated transfer standards
that are capable of delivering the required output voltages,
we recommend that you use them. If you do not have
access to such facilities you may, depending on your specif
ic accuracy requirements, choose to _do one of the follow
ing:

a. Use a de calibration standard that is four or five
times more accurate than the 3455A specifications .to
be tested. (A discussion of the potential uncertainties is
given in following paragraphs.)

b. Use a highly stable calibrated standard and add the
correction factors (given on the calibration chart) to the
3455A test readings.

c. Send the 3455A to an -hp- Service Center or some
other NBS-certified standards facility for calibration.

4·19. Several of today's commercially available de calibra
tion standards provide the output voltage range and resolu
tion needed to test the performance of the 3455A but they
are not, in general, an order of magnitude more accurate
than the 3455A. When using such standards it is important
to be aware of the uncertainties or "ambiguities" that may
be encountered. These potential ambiguities are described
in the following paragraphs.

4-20. First, consider the case where a digital voltmeter
(DVM) is to be tested for a full-scale accuracy of ± 0.01%

4-2
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of reading on its l-volt range. The DVM is connected to a
de calibration standard whose specified accuracy is ±
0.001 % of setting and with the standard set to + 1.00000 V,
the DVM reads +0.99992 V which is 0.008% low. The de
standard's specified accuracy is ten times better than the
specification being tested and at 1 V its maximum error
contribution to the DVM reading is 10 microvolt or
0.00 I%. If the standard is 0.001 % low the actual DVM
error is - 0.007%; if it is 0.001 % high, the actual DVM error
is - 0.009%. In either case the DVM is within its specifica
tion and, since this measurement is not a calibration but is
only intended to verify that the DVM meets its specifica
tion, the standard's error can be ignored.

4·21. But what if the DVM reading is + 0.999908 V? Here,
the DVM appears to be in tolerance (0.0092% low) but the
margin is only 0.0008% which is less than the 0.001% maxi
mum allowable error contribution of the standard. If the
standard's output is 0.001% low, the actual DVM error is
. 0.0082% rather than - 0.0092% so the DVM is within its
specification. If, on the other hand, the standard's output is
0.001% high, the actual DVM error is - 0.102% and the
DVM is slightly out of tolerance. Chances are good that the
DVM is within its specification but the only way to tell for
sure is to use a more accurate standard. As the example
points out, there are regions of ambiguity even when the
standard is ten times more accurate than the instrument
being tested. With a ten-to-one error reduction, however,
these regions are relatively narrow. In this case, the DVM
could be out of tolerance but if so, its maximum out-of
tolerance error is only - 0.0002%. As long as the DVM
reading is within specified tolerances, the maximum DVM
error that can exist is ± 0.011% which is the sum of the
maximum DVM error and the maximum allowable error
of the standard. A potential deviation of ± 0.001 % from the
DVM specifications could, in many cases, be acceptable.
Also, if the standard has been recently calibrated and is
known to be well within its specification, readings in the
narrow ambiguous regions may reflect marginal DVM per
fonnance or indicate the need for adjustment.

4·22. Now suppose the de standard's specified accuracy is
± 0.0025% - only four times better than the ± 0.01% DVM
accuracy specification. If the DVM reading is + 0.999890
volt, it appears that the DVM Is 0.011% low. However, if
the dc standard is 0.002% low (well within its specification)
the DVM is only 0.009% low and is in tolerance. Con
versely, if the DVM reading is + 1.00081 V the DVM
appears to be 0.0081% high and well within its specifica
tion. But if the standard is 0.0023% low, the actual DVM
error is + 0.014% and the DVM is out of tolerance.

4-23. Figure 4-1 shows how the error tolerances of the
standard combine with those of the DVM to produce the
positive and negative ambiguous regions used in the pre
ceding examples. From Figure 4·1, the following observa
tions can be made:

a. If the DVM reading is in tolerance by a percentage
that is greater than the maximum allowable error of the
standard, the DVM is definitely within its specification.

.-
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Figure 4-1. Ambiguous Regions.

b. If the DVM reading is out of tolerance by a per
centage that isgreater than the maximum allowable error of
the standard, the DVM is definitely outside of its specifica
tion.

c. If the DVM readingis in or out of tolerance by a per
centage that is less than the maximum allowable error of
the standard, it is in one of the ambiguous regions (shaded
areas) shown in Figure 4-1. The DVM mayor may not be'
within its specification and the only way to ten for SUre is
to use a more accurate standard.

4-24. As the accuracy specifications of the standard
approach the specifications of the DVM to be tested, the
ambiguous regions shown in Figure 4-1 become wider and
the uncertainty contributions of the standard become
increasingly significant. If the standard is less than three or
four times more accurate than the DVM, the performance
test is not practical because the ambiguous regions cover
most of the DVM's error range. From a practical stand
point, the de standard should be at least five times more
accurate than the 3455A specifications to be tested. If such
a standard is not available, an alternative approach is to
use a calibrated standard that is extremely stable and (pre
ferably) two to four times more accurate than the 3455A.
When this is done, the correction factors given on the
de standard's calibration chart must be algebraically added
to the 3455A test readings. Test validity depends on the
calibration uncertainties and the short-term stability of
the standard.

4-25. The Reference Divider recommended in the follow
ing DC Voltmeter Accuracy Test is, according to its pub
lished specifications, accurate enough to test all but the
1- volt and 10- volt full-scale 24-hour specifications. The 1
volt and 10-volt full-scale specifications can be tested using
the DC Transfer Standard also recommended in the pro
cedure.

4-26. OPERATIONAL VERIFICATION TESTS.

4-27. DC OPERATIONAL ACCURACY TEST.

4-28. The DC Transfer Standard required for the
following test must be calibrated to a 1.017 V to 1.019 V
standard cell that has been calibrated by the National
Bureau of Standards (NBS). If the 34SSA is to be tested
for its 24-hour accuracy specifications, the Transfer
Standard must be adjusted for optimum l-volt and.

Section IV

IO-volt output accuracy' using NBS-calibrated stan
dards. It is recommended that the Transfer Standard be
calibrated and adjusted just prior to use. After calibra
tion, it should be left on and, if possible, kept in a con
trolled environment where the ambient temperature is
within one or two degrees of the temperature in which it
was calibrated. The following procedure should be per
formed in that same environment.

4-29~ If the recommended DC Transfer Standard or its'
equivalent i~ not available, an NBS-calibrated standard
cell (1.017 V to 1.019 V) can be substituted. If this is
done, check the full-scale accuracy of the 345SA I V and
10 V ranges using the Reference Divider recommended
in the procedure.

4-30. TeSl Procedure.

Equipment Required:

Reference Divider (Fluke Model 750A)
DC Transfer Standard (Fluke Model 73IA)
DC Standard (Systron Donner Model MI06A)
DC Null Voltmeter (-hp- Model 419A)

a. Set the 3455A controls as follows:

FUNCTION DCV
RANGE I V
HIGH RESOLUTION ON
AUTO CAL ON
GUARD ,. ,., ON
TRIGGER ;.... INTERNAL

b. Set the DC Transfer Standard for an output of I
V. Connect the output of the transfer standard to the
34S5A INPUT.

c. The 345SA reading should be within the test limits
listed in Table 4-1, verifying its l-volt full-scale accuracy
with High Resolution on.

d. Set the 34SSA RANGE to 10 V. The 34SSA
reading should be within the test limits listed in Table
4-3, verifying its IO-volt tenth scale accuracy with High
Resolution on.

e. Set the Transfer Standard for an output of 10 V.
The 34SSA reading should be within the test limits listed
in Table 4-1 verifying its IO-volt full scale accuracy with
High Resolution on.

Teble 4-1. DC AccurBcy Tesl 11 V, 10 V Full Scele: High
RBSolulion On).

24 Hour 90 Day
Level Range Test Limits Test Limits

1 V 1 V 0.999966 to 1.00003' 0.999936 to 1.00006'
10 V 10 V 9.99977 to 10.00023 9.99947 to 10.00053

f. Set the 34S5A HIGH RESOLUTION to OFF. The
345SA reading should be within the test limits listed in
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Figure 4·2. DC Accuracy Test.

Table 4-2, verifying its IO-volt full scale accuracy with
High Resolution off.

g. Set the Transfer Standard for an output of I V and
set the 3455A RANGE to I V. Set the 3455A GUARD
to OFF; connect the 3455A GUARD terminal to the
High INPUT terminal.

h. Reverse the 3455A INPUT connection to obtain a
negative I V reading. Repeat steps c through f to verify
the I V and 10 V full-scale accuracy for negative
readings.

i. Disconnect the Transfer Standard from the 3455A
INPUT. Disconnect the GUARD terminal from the
High INPUT terminal and set the GUARD to ON.

j. Using short pieces of number 20 AWG (or thinner)
insulated solid copper wire, connect the Transfer Stan
dard and DC Null Voltmeter to the Reference Divider as
shown in Figure 4-6.

k. Turn off the DC Standard's output. Using 24" (or
shorter) shielded cables equipped with banana-plug con
nectors, connect the DC Standard and the 3455A to the
Reference Divider as shown in Figure 4-2.

I. Set the Standard Cell Voltage controls on the
Reference Divider to correspond to the calibrated
standard-cell setting on the Transfer Standard. Set the
Transfer Standard to output the calibrated standard-cell
voltage.

m. Zero the DC Null Voltmeter on its 3 microvolt
range and then set it to the 300 microvolt range.

n. Set the Reference Divider's Input Voltage switch

4-4

to 1000 V and center its course and fine adjustment con
trols.

Set the Reference Divider's Output Voltage switch to
1000 V.

o. Set the 3455A controls as follows:

FUNCTION DCV
RANGE I kV
HIGH RESOLUTION ON
GUARD ON

The dc standard's output should be turned
on and the voltage adjusted by upranging or
downranging the standard whenever the
standard's output needs to be changed. If a
3455A input voltage greater than 100 V is
needed, the following procedure should
always be followed.

p. Turn the de standard's output on and by the
following method adjust the standard for an output of
+ 1000.00 V:

I. Set the de standard's first decade to "0".

2. Uprange the de standard to the 1000 V range.

3. Increase the standard's first decade so that 1000
V is reached by increasing the voltage in 100 V
increments.

q. Set the Reference Divider's Standard Cell switch
to the Locked position. Adjust the de standard's output

•
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voltage and vernier controls for a zero reading on
null meter.

• r. Downrange the Null Meter and adjust the
~eference Divider's course and fine controls for a null is

obtained on the 3 microvolt range.

s. Set the Reference Divider's Standard Cell switch to
Open. Allow ten minutes for the Reference Divider to
warm-up and stablize.

t. Set the Reference Divider's Standard Cell switch to
Momentary and, if necessary, readjust the fine control
for a null indication. Release the Standard Cell switch.

u. The 3455A reading should be within the Test
Limits given in Table 4-3. (1000 V, I kV range), verify
ing the full-scale accuracy at + 1000 V with High
Resolution on.

NOTE

A UTO-CAL may have to be turned off
when making measurements on the 100 V
and 1000 V ranges. This is only necessary
when using a DC Standard sensitive to a
changing load impedance.

Table 4-2. DC Ace_racy Tast IHigh Rasol_tion Off).

3455A 24 Hour 90 Day
Level Range Test Limits Test Limits

0.1 V 0.1 V .099992 to 1.00008 .099989 to .100011
10 V 10 V 9.9997 to 10.0003 9.9994 to 10.0006

NOTE

Each time the Reference Divider Output
Voltage selling is changed, check for null
and, if necessary, readjust the Reference
Divider's fine control to obtain a null indica
tion.

Always downrange the Reference Divider
before downranging the 3455A. When
upranging, always uprange the 3455A before
upranging the Reference Divider.

Tabla 4·3. DC Ace_racy Tast (High Rasol_tion On).

Divider 3455A 24 Hour 90 Day
Output Range Test Limits Test limits

1000 V· 1000 V 999.957 to 1000.043 999.927 to 1000.073
100 V 100 V 99.9957 to 100.0043 99.9927 to 100.0073
5V 10 V 4.99987 to 5.00013 4.99972 to 5.00028

V 10V 0.99995 to 1.00005 0.99992 to 1.00008

"For positive readings only. Do not apply negative voltages greater
than - SODV de.

Section IV

v. Set the Reference Divider's Output Voltage and
3455A RANGE to each setting (100 V and below) listed
in Tables 4-2 and 4-3 with High Resolution on or off as
indicated. At each setting, the 3455A reading should be
within the Test Limits given in the table. (Be sure to
maintain null when the Reference Divider's output is
changed.)

In the following tests for negative readings,
the input to the 3455A must not exceed -500
V de, due to the ± 500 V guard to chassis
limitation.

w. Downrange the de standard to I V output and
turn off the de standard's output. Reverse the polarity
of the 3455A INPUT connection to obtain negative
readings. Turn the de standard's output back on. Verify
the negative de accuracy for all settings 100 V and
lower. Again, do not apply more than -500 V de to the
3455A INPUT. .

4·31. AC Oparational Accuracy Tast.

4-32. The 3455A ac voltmeter accuracy can be verified
for frequencies up to 100 kHz on all voltage ranges us
ing an AC Calibrator such as the -hp- Model
745A/746A. To minimize measurement uncertainties
for frequencies below 50 Hz and above 20 kHz, the AC
Calibrator should be calibrated and its error measure
ment control should be used to adjust out the errors in
dicated on the calibration chart. For example, if the
calibration chart indicates that the 745A output is
0.040/0 high at I V, 50 kHz, set the 745A error measure
ment control to + 0.040/0 to obtain a precise I V output.
The 745A/746A can be calibrated during a routine per
formance test using the procedures outlined in the
745A/746A Operating and Service Manuals. Calibra
tion charts for these instruments are normally valid for
at least 30 days.

4-33. A Test Oscillator such as the -hp- Model 652A can
be used to verify the ac voltmeter accuracy of the 3455A
for frequencies above 100 kHz (specified for I V and 10
V ranges only). The required accuracy can be obtained
by adjusting the Test Oscillator output so that the
3455A reading at 10 kHz is the same as the reading ob
tained with the highly accurate AC Calibrator. This
reference level can then be maintained 'to within ±
0.25% over the 100 kHz to I MHz range using the
expanded-scale meter on the Test Oscillator. If higher
accuracy is desired, an ac-to-de thermal transfer techni
que (Figure 4-3) can be used.

4·34. Test Procad_re.

Equipment Required:

AC Calibrator (-hp- Model 745A/746A)
Test Oscillator (-hp- Model 652A)
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PROCEDURE:

Apply accurate dc voltage (1 V or 3 V) from DC Standard to
Thermal Converter and adjust DC Differential Voltmeter for
null. Disconnect the DC Standard and apply the Test Oscillator
output to both the Thermal Converter and the 3455A. Adjust
the Test Oscillator output level for a null indication on the DC
Differential Voltmeter. This makes the rms value of the ac input
to the 3455A equal to the highly accurate output of the DC
Standard. Repeat this procedure each time the Test Oscillator
frequency is changed. •

Figure 4-3. AC/DC Thermal Transfer Measurement (Alternate Frequency Response Test).

a. Set the 3455A controls as follows:

FUNCTION ACY
RANGE I Y
GUARD ON
INPUT SELECT FRONT

b. Set the AC Calibrator for an output of I Y, 30 Hz
(74SA I Y range). Set the AC Calibrator's error
measurement control to offset the I Y, 30 Hz error in
dicated on the calibration chart (74SA 0.1 error range).

Calibrator, verify the 34SSA ac voltmeter ac
curacy for each Test Frequency, Input Level
and 34SSA Range listed in Table 4-4. The
34SSA display readings should be within the
Test Limits given in the table.

2. 34SSA Option 001: Using the AC Calibrator,
verify the 34SSA ac voltmeter accuracy for each
Test Frequency (ACY), Input Level and 34SSA
Range listed in Table 4-6. The 34SSA display
readings should be within the Test Limits given
in the table.

c. Connect the output of the AC Calibrator to the
34SSA front panel INPUT.

d. I. Standard Model 34SSA: The 34SSA IV, 30 Hz
reading should be within the Test Limits listed
in Table 4-4.

2. 34SSA Option 001: The 34SSA I Y, 30 Hz
(ACY) reading should be within the Test Limits
listed in Table 4-6.

f. Set the 34SSA FUNCTION to FAST ACY.

g. 1. Standard Model 34SSA: Using the AC
Calibrator, verify the 34SSA ac voltmeter ac
curacy (Fast ACY) for each Test Frequency
above 10 kHz, each Input Level and 34SSA
Range listed in Table 4-4. The 34SSA display
readings should be within the Test Limits given
in the table. •e. 1. Standard Model 34SSA: Using the AC 2. 34SSA Option 001: Using the AC Calibrator,

4·6
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Table 4·4. AC Accuracy Test 30 Hz to 100 kHz (Standard Model 3455A only).

Test Input 3455A 24 Hour·* 90 Day··
.

Frequency Level Range Test Limits Test Limits

30 Hz· 1 V 1 V 0.99920 to 1.00080 0.99900 to 1.00100
100 kHz 1 V 1 V 0.99520 to 1.00480 0.99400 to 1.00600
30 Hz· 5V 10 V 4.9940 to 5.0060 4.9925 to 5.0075
100 kHz 5V 10 V 4.9720 to 5.0280 4.9650 to 5.0350
30 Hz " 10 V 10 V 9,9920 to 10.0080 9.9900 to 10.0100
20 kHz 10 V 10 V 9,9920 to 10.0080 9.9900 '0 10.0100
100 kHz 10 V 10V 9.9520 to 10.0480 9.9400 to 10.0600
30 Hz" 100 V 100 V 99.920 to 100.080 99,900'0100.100
100 kHz 100 V 100 V 99.520 to 100.480 99,400 '0 100.600
30 Hz· 1000 V 1000 V 998.00 to 1002.00 997.50 to 1002.50
10 kHz 1000 V 1000 V 998.00 to 1002.00 997.50 to 1002.50

"Frequencies below 300 Hz apply to ACV Function only.
"e rnese test limits do not include the temperature coefficients that must be added jf

the instrument is operated outside of the temperature range over which the 24
hour or 90-day specifications apply (see Table '·1). Derive B-month test limits
from AC Accuracy specifications listed in Table 1-1.

Section IV

verify the 3455A ac voltmeter accuracy for each
Test Frequency (Fast ACV), Input Level and
3455A Range listed in Table 4-6. The 3455A
display readings should be within the Test
Limits given in the table.

h. Set the AC Calibrator for an output of I V, 10
kHz. Set the 3455A FUNCTION to ACV and RANGE
to I V.

• i. Record the 3455A reading:,. V.

j. Set the 3455A FUNCTION to FAST ACV. Record
the 3455A reading: .. V.

k. Set the 3455A FUNCTION to ACV and RANGE
to 10 V. Set the AC Calibrator for an output of 5 V, 10
kHz.

I. Record the 3455A reading: .. Y.

m. Set the 3455A FUNCTION to FAST ACV.
Record the 3455A reading: .. V.

terminated in a 50 ohm load, to the 3455A front panel
INPUT.

p. Adjust the Test Oscillator level controls for a
3455A reading as close as possible to the reading record
ed in Step i. Set the Test Oscillator's meter switch to ex
panded scale and adjust the meter reference controls for
a zero reading on the Test Oscillator's meter. Use the
Test Oscillator's level controls to maintain this zero
reading whenever the Test Oscillator frequency is
varied.

q. I. Standard Model 3455A: Set the Test Oscillator
to I MHz (maintain reference level on meter of
Test Oscillator). The 3455A display reading
should be within the Test Limits given in Table
4-5.

2. 3455A Option 001: Set the Test Oscillator fre
quency to 250 kHz (maintain reference level on
meter of Test Oscillator). The 3455A display
reading should be between 0.99240 V and
1.00760 V (24·hour spec.) or between 0.99190 V
and 1.00810 V (90-day spec.).

•

n. Disconnect the AC Calibrator from the 3455A. Set
the 3455A FUNCTION to ACV and RANGE to I V. r. Set the 3455A FUNCTION to FAST ACV. Set the

Test Oscillator frequency to 10 kHz and adjust its out-
o. Set the Test Oscillator for an output of I V, 10 put level for the 3455A reading recorded in step j. Ad-

kHz. Connect the 50-ohm output of the Test Oscillator, just the meter reference controls for a zero reading on

Table 4·5. AC Accuracy Tests 100 kHz to 1 MHz {Standard Model 3455A onlyl.

Test Input 3455A 24 Hour* 90 Day*
Frequency Level Range Test Limits Test Limits

1 MHz 1 V 1 V 0.92400 to 1.07600 0.90900 to 1.09100
1 MHz 5V 10 V' 4.4900 to 5.5100 4.3900 to 5.6100
350 ki-lz 5V 10 V 4.7600 to 5,2400 4.7000 to 5.3000

"These test limits do not include the temperature coefficients that must be added if
the instrument is operated outside of the temperature range over which the 24-hour
or 9O-day specifications apply (see Table 1-1). Derive 6-month test limits from AC
Accuracy specifications listed in Table 1-1.
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Tablo 4·6. AC Accuracy Tost 30 Hz to 100 kHz 13455A Option 001 only).

Frequency Frequency Input 3455A 24 Hour· 90 Day·
IACV) IFAST ACVI Level Range Test Limits Test Limits

30 Hz 300 Hz 1 V 1 V 0.99460 to 1,00540 0.99430 to 1.00570
50 Hz 500 Hz 1 V 1 V 0.99630 to , .00370 0.99600 to 1.00400
250 kHz 250 kHz 1 V 1 V 0.99240 to 1.00760 0.99190 to 1.00810
30 Hz 300 Hz 5V 10 V 4.9695 to 5.0305 4.9680 to 5.0320
100 kHz 100 kHz 5V 10 V 4.9930 to 5.0070 4.9925 to 5.0075
250 kHz 250 kHz 5V 10 V 4.9590 to 5.0410 4.9565 to 5.0435
30 Hz 300 Hz 10 V 10 V 9.9460 to 10.0540 9.9430 to 10.0570
100 Hz 1 kHz 10 V 10 V 9.9885 to 10.0115 9.9875 to 10.0125
100 kHz 100 kHz 10V 10 V 9.9885 to 10.0115 9.9875 to 10.0125
30 Hz 300 Hz lOOV 100 V 99.460 to 100.540 99.430 to 100.570
100 kHz 100 kHz 100V 100 V 99.885 to 100.115 99.875 to 100.125
30 Hz 300 Hz 1000 V 1000 V 994.60 to 1005.40 994.30 to 1005.70
10 kHz 10 kHz 1000 V 1000 V 998.75 to 1001.25 998.65 to 1001.35

"These test limits do not include the temperature coefficients that must be added if the instru
ment is operated outside of the temperature range over which the 24-hour or 90-day specifi
cations apply (see Table 1-11. Derive 6-month test limits from AC Accuracy specifications
listed in Table 1-1.

Model 3455A

•

the meter of the Test Oscillator and use control to main
tain this reading whenever the frequency is varied.

s. Repeat step q.

t. Set the 3455A FUNCTION to ACV and RANGE
to to V. Remove the 50-ohm termination from the Test
Oscillator's output. Connect the 50-ohm output of the
Test Oscillator (unterminated) to the 3455A front panel
INPUT. Set the Test Oscillator frequency to 10 kHz and
adjust its level controls for the 5 volt 3455A reading
recorded in step I. Adjust the meter reference controls
for a zero reading on the meter of the Test Oscillator
and use the level controls to maintain this reading
whenever the frequency is varied.

u. I. Standard Model 3455A: Set the Test Oscillator
to each of the last two Test Frequencies listed in
Table 4-5 (maintain reference level on meter of
Test Oscillator). At each frequency setting, the
3455A reading should be within the Test Limits
given in the table.

2. 3455A Option 001. Set the Test Oscillator fre
quency to 250 kHz (maintain reference level on
meter of Test Oscillator). The 3455A display
reading should be between 4.9590 V and 5.0410
V (24-hour spec.) or between 4.9565 V and
5.0435 V (90-day spec.),

v. Set the 3455A FUNCTION to FAST ACV. Set the
Test Oscillator frequency to 10 kHz and adjust its level
controls for the 5 V 3455A reading recorded in step m.
Adjust the meter reference controls for a zero reading
on the meter of the Test Oscillator and use the level con
trols to maintain this reading whenever the frequency is
varied.

w. Repeat step u.

4·h

Tabla 4·1. TWD·Wira Ohm Accuracy Tast,

Test limits
(High Res. On)

Decade 3455A 24 Hour- 90 Day·Resistor Range

100 kO 100 99.9971 to 100.0029 99.9955 to 100.0045

"These test limits do not include the temperature coefficients
that must be added if the instrument is operated outside of the
temperature range over which the 24-hour or eO-day specifica
tions apply [see Table 1·1l. Derive 6-month test limits from
Ohms Accuracy specifications listed in Table 1-1.

x. This completes the AC Voltmeter Accuracy Test.
Disconnect the Test Oscillator from the 3455A.

4·35. Ohmmotor Accuracy TOSL

4-36. This test requires a calibrated decade resistor with
settings that range from 100 ohms to 10 megohms. The
correction factors indicated on the decade resistor's
calibration chart must be algebraically added to the
3455A display readings to achieve the required test ac
curacy.

4·31. Tost PrDcoduro.

Equipment Required:

Decade Resistor (calibrated General Radio
Model 1433Z)

a. Set the 3455A controls as follows:

FUNCTION 2 WIRE K OHM
RANGE 100
HIGH RESOLUTION ON
GUARD ON

•
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Table 4·8. Four·Wire Ohms Accurecy Test.

Sed ion IV

IAI IS}
Test Limits Test Limits

IHigh ReS. Off) (High Res. On)

Decade 3455A
Resistor Range 24 Hour" 90 Day" 24 Hour" 90 Day·

100Cl 0.1 0.099993 to 0.100007 0.099990 to 0.100010
1 k<1 1 0.999971 to 1.000029 0.999960 to 1.000040
10 kCl 10 9.99951 to 10.00049 9.99935 to 10.00065
100 kO 100 99.9975 to 100.0025 99.9959 to 100.0041
1 MCl 1 K 999.876 to 1000.124 999.860 to 1000.140
10Mn 10 K 9989.96 to 10010.04 9989.95 to 10010.05

"These test limits do not include the temperature coefficients that must be added if the instrument is operated outside of
the temperature range over which the 24-hour or sc-cov specifications apply (see Table t-t l. Derive 6-month test limits
from Ohms Accuracy specifications listed in Table 1-1.

b. Using a shielded cable equipped with banana-plug
connectors, connect the Decade Resistor to the INPUT
of the 3455A. Set the Decade Resistor to 100 K ohms.

c. Algebraically add the Decade Resistor's correction
factor to the 3455A reading. The algebraic sum should
be within the test Limits given in Table 4-7, verifying the
3455A 2-wire ohms accuracy.

d. Set the 3455A controls as follows:

FUNCTION 4 WIRE K OHM
RANGE 0.1
HIGH RESOLUTION OFF

e. Set the Decade Resistor to 100 ohms. Connect a
shielded cable, equipped with banana-plug connectors,
between the 3455A OHM SIGNAL output and theinput
of the Decade Resistor. (Leave the other cable con
nected between the 3455A INPUT and the input of the
Decade Resistor).

f. Algebraically add the Decade Resistor's correction
factor to the 3455A reading. The algebraic sum should
be within the Test Limits given in Table 4-8 (A), verify
ing the 3455A 4-wire ohms accuracy with High Resolu
tion off.

g. Set the 3455A RANGE to I and HIGH RESOLU
TION to ON. Set the Decade Resistor to 1,000 ohms.

h. Algebraically add the Decade Resistor's correction
factor to the 3455A reading. The algebraic sum should
be within the Test Limits given in Table 4-8(B), verify
ing the 3455A 4-~ire ohms accuracy with High Resolu
tion on.

1. Repeat Step h for each additional Decade Resistor
setting and 3455A Range listed in Table 4-8 (B).

• )4.38. DC VOLTMETER INPUT RESISTANCE TEST.

Equipment Required:

DC Standard Systron Donner Model M106A
Resistor (I Mil ± O.OIOJo 1/4 W -hp- part
number 0811-0202)

a. Connect the low output of the DC Standard to the
Low Input terminal of the 3455A. Using short clip leads
insert the I megohm resistor in series between the DC
Standard's high output and the High INPUT terminal
of the 3455A. Connect a clip lead across the resistor.

b. Set the 3455A controls as follows:

FUNCTION DCV
RANGE 10 V
HIGH RESOLUTION ON
GUARD ON

c. Adjust the DC Standard for a 3455A reading of
+ OOסס10.0 V.

d. Remove the clip lead from across the I megohm
resistor.

e. The 3455A reading should be between 9.99900 V
and 10.00000 V, verifying that the input resistance is
greater than 1010 ohms.

f. Set the 3455A RANGE to 100 V; AUTO-CAL off.
Reconnect the clip lead across the 1 megohm resistor.

g. Adjust the DC Standard for a 3455A reading of
+ OO0סס.10 V.

h. Remove the clip lead from across the 1 megohm
resistor.

1. The 3455A reading should be between + 9.0900 V
and + 9.0917 V, verifying that the input resistance is 10
megohms ± 0.1 OJo •

4·39 PERFORMANCE TEST.

4-40. DC VOLTMETER ACCURACY TEST.
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4-41. The DC Transfer Standard required for the
following test must be calibrated to a 1.017 V to 1.019 V
standard cell that has been calibrated by the National
Bureau of Standards (NBS). If the 3455A is to be tested
for its 24-hour accuracy specifications, the Transfer
Standard must be adjusted for optimum I-volt and
1O-volt output accuracy using NBS-calibrated stan
dards. It is recommended that the Transfer Standard be
calibrated and adjusted just prior to use. After calibra
tion, it should be left on and, if possible, kept in a con
trolled environment where the ambient temperature is
within one or two degrees of the temperature in which it
was calibrated. The following procedure should be per
formed in that same environment.

4-42. If the recommended DC Transfer Standard or its
equivalent is not available, an NBS-calibrated standard
cell (1.017 V to 1.019 V) can be substituted. If this is
done, check the full-scale accuracy of the 3455A I Vand
10 V ranges using the Reference Divider recommended
in the procedue.

4·43. Test Procedure.

Equipment Required:

Reference Divider (Fluke Model 750A)
DC Transfer Standard (Fluke Model 731A)
DC Standard (Systron Donner Model M 106A)
DC Null Voltmeter (-hp- Mode!'419A)

a. Set the 3455A controls as follows:

FUNCTION DeV
RANGE I V
HIGH RESOLUTION OFF
AUTO CAL ON
GUARD , ON
TRIGGER INTERNAL

b. Set the DC Transfer Standard for an output of I
V. Connect the output of the transfer standard to the
3455A INPUT.

c. The 3455A reading should be within the test limits
listed in Table 4-9, verifying its I-volt full-scale accuracy
with High Resolution off.

Tobie 4·9. DC Accurecy Test (l 11, 10 11 Full·Scale; High
Rosolution Off).

Input 3455A 24 Hour 90 Day
level Hange Test limits limits

1 V IV 0.99996 to 1.00004 099993 to 1.00007
10 V 10 V 9.9997 to 10.0003 9.9994 to , 0.0006

d. Set the 3455A HIGH RESOLUTION to ON. The
3455A reading should be within the test limits listed in
Table 4-10, verifying its l-volt full scale accuracy with
High Resolution on.

4-10
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e_ Set the 3455A RANGE to 10 V. Set the Transfer
Standard for an output of 10 V. The 3455A reading
should be within the test limits listed in Table 4-10, veri
fying its IO-volt full scale accuracy with High Resolu
tion on.

Table 4·10. DC Acuracy Tast (l 11, 10 11 Full Scale; High
Resolution onl.

level Hanye 24 Hour 90 Day
Test limits Test limits

1 V 1 V 0,999966 to 1.000034 0.999936 to 1,000064
10 V 10 V 9.99977 to 10.00023 9.99947 to 10.00053

f. Set the 3455A HIGH RESOLUTION to OFF. The
3455A reading should be within test limits listed in
Table 4-9, verifying its IO-volt full scale accuracy with
High Resolution off.

g. Set the Transfer Standard for an output of I Vand
set the 3455A RANGE to IV. Set the 3455A GUARD
to OFF; connect the 3455A GUARD terminal to the
High INPUT terminal.

h. Reverse the 3455A INPUT connection to obtain a
negative I V reading. Repeat Steps c through f to verify
the I V and 10 V full-scale accuracy for negative
readings.

i. Disconnect the Transfer Standard from the 3455A
INPUT. Disconnect the GUARD terminal from the
High INPUT terminal and set the GUARD to ON.

j. Using short pieces of number 20 AWG (or thinner)
insulated solid copper wire, connect the Transfer Stan
dard and DC Null Voltmeter to the Reference Divider as
shown in Figure 4-4.

k. Turn off the DC Standard's output. Using 24" (or
shorter) shielded cables equipped with banana-plug con
nectors, connect the DC Standard and the 3455A to the
Reference Divider as shown in Figure 4-4.

1. Set the Standard Cell Voltage controls on the
Reference Divider to correspond to the calibrated
standard-cell setting on the Transfer Standard. Set the
Transfer Standard to output the calibrated standard-cell
voltage.

m. Zero the DC Null Voltmeter on its 3 microvolt
range and then set it to the 300 microvolt range.

n. Set the Reference Divider's Input Voltage switch
to 1000 V and center its course and fine adjustment con
troIs. Set the Reference Divider's Output Voltage switch
to iooo v.

o. Set the 3455A controls as follows:

•

•

•
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Figure 4·4. DC Accurecy Test.

•
FUNCTION DCV
RANGE I kV
HIGH RESOLUTION OFF
GUARD ON

The de standard's output should be turned
on and the voltage adjusted by uprangingor
downranging the standard whenever the
standard's output needs to be changed. If a
3455A input voltage greater than 100 V is
needed, ·the following procedure should
always be followed.

p. Turn the de standard's output on and by the fol
lowing method adjust the standard for an output of
+ 1000.00 V:

I. Set the de standard's first decade to "0".

2. Uprange the dc standard to the 1000 V range.

3. Increase the standard's first decade so that 1000
V is reached by increasing the voltage in 100 V
increments.

s. Set the Reference Divider's Standard Cell switch to
Open. Allow ten minutes for the Reference Divider to
warmup and stabilize.

Teble 4·11. DC Accurecy Teat IHigh Resolution Off).

Divider 3455A 24 Hour 90 Day
Output Range Test Limits Test Limits

1000 V' 1000 V 999.95 to 1000.05 999.92101000.08
500 V 1000 V 499.97 to 500.03 499,96 to 500.04
100 V 100 V 99.995 to 100.005 99.992 to 100.008
0.1 V 0.1 V .099992 to 1.00008 .099989 to .100011

"For positive readings only. Do not apply negative voltages
greater than -500 V de.

Teble 4·12. DC Accurecy Tost (High Resolution On).

Divider 3455A 24 Hour 90 Day
Output Range Test Limits Test Limits

1000 V· 1000 V 999.951 to 1000.043 999.927 to 1000.073
500 V 1000 V 499.977 to 500.023 499.962 to 500.038
100 V 1000 V 99.993 to 100.007 99.990 to 100.010
100 V 100 V 99.9957 to 100.0043 99.9927 to 100.0073
50 V 100 V 49.9977 to 50.0023 49.9962 to 50.0038
10 V 100 V 9.99931010.0007 9.9990 to 10.0010
5V 10 V 4.99987 to 5.00013 4.99972 to 5.00028
1 V 10 V 0.99995 to 1.00005 0.99992 to 1 .00008
0.5 V 1 V 0.499981 to 0.500019 0.499966 to 0.500034
0.1 V 1 V 0.099993 to 0.100007 0.099990100.100010

•
q. Set the Reference Divider's Standard Cell switch

to the Locked position. Adjust the DC Standard's out
put voltage and vernier controls for a zero reading on
the null meter.

r.Downrange the Null Meter and adjust the
Reference Divider's coarse and fine controls for a null
indication. Repeat until a null is obtained on the 3
microvolt range.

..For POSitive readings only. Do not apply negative voltages
greater than -500 V dc.

t. Set the Reference Divider's Standard Cell switch to
Momentary and, if necessary, readjust the fine control
for a nul! indication. Release the Standard Cel! switch.

NOTE

A UTO-CAL may have to be turned off

4-11
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when making measurements on the 100 V
and 1000 V ranges. This is only necessary
when using a DC Standard sensitive to a
changing load impedance.

u. The 3455A reading should be within the Test
Limits given in Table 4-11 (1000 V, I kV range), verify
ing the full-scale accuracy at + 1000 V with High
Resolution off.

v. With the 3455A on the I kV range, set the HIGH
RESOLUTION to ON.

w. The 3455A reading should be within the Test
Limits given in Table 4-12 (1000 V, I kV range), verify
ing the full scale accuracy at + 1000 V with High
Resolution on.

NOTE

Each time the Reference Divider Output
Voltage setting is changed, check for null
and, if necessary, readjust the Reference
Divider's fine control to obtain a null indica
tion.

Always downrange the Reference Divider
before downranging the 3455A. When
upranging, always uprange the 3455A before
upranging the Reference Divider.

x. Set the DC Standard for an output of + 500 V.

y. Set the Reference Dividers Input Voltage switch to
500 V and center the course and fine adjustment con
trols. Set the Reference Dividers Output Voltage switch
to 500 V.

z. Adjust the DC Standard and Reference divider as
outlined in Steps q through t.

aa. Set the Reference Divider's Output Voltage and
3455A RANGE to each setting (500 V and below) listed
in Table 4-12. At each setting, the 3455A reading should
be within the Test Limits given in the table. (Be sure to
maintain null when the Reference Divider's output is
changed.)

bb. Set the 3455A RANGE to I kV and set HIGH
RESOLUTION to OFF.

cc. Set the Reference Divider's Output Voltage and
3455A RANGE to each setting (500 V and below) listed
in Table 4-11. At each setting, the 3455A reading should
be within the Test Limits given in the table. (Be sure to
maintain null when the Reference Dividers output is
changed.)

4-12
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In the following tests for negative readings,
the input to the 3455A must not exceed -500
V de due to the ± 500 V guard to chassis
limitation.

dd. Downrange the de standard to I V output and
turn off the de standard's output. Reverse the polarity
of the 3455A INPUT connection to obtain negative
readings.

ee. Set the 3455A RANGE to I kV and HIGH
RESOLUTION to ON. Set the Reference Divider Out
put Voltage switch to 500 V, turn the de standard's out
put back on, and uprange to 500 V.

ff. Repeat Steps aa through cc to verify the negative
de accuracy for all settings 500 V and lower. Again, do
not apply more than -500 V de to the 3455A INPUT.

4-44. AC Voltmotor Accuracy Tost.

4-45. The 3455A ac voltmeter accuracy can be verified
for frequencies up to 100 kHz on all voltage ranges us
ing an AC Calibrator such as the -hp- Model
745A1746A. To minimize measurement uncertainties
for frequencies below 50 Hz and above 20 kHz, the AC
Calibrator should be calibrated and its error measure
ment control should be used to adjust out the errors in
dicated on the calibration chart. For example, if the
calibration chart indicates that the 745A output is
0.04"70 high at I V, 50 kHz, set the 745A error measure
ment control to + 0.04% to obtain a precise I V output.
The 745A1746A can be calibrated during a routine per
formance test using the procedures outlined in the
745A1746A Operating and Service Manuals. Calibra
tion charts for these instruments are normally valid for
at least 30 days.

4-46. A Test Oscillator such as the -hp- Model 652A can
be used to verify the ac voltmeter accuracy of the 3455A
for frequencies above 100 kHz (specified for I V and 10
V ranges only). The required accuracy can be obtained
by adjusting the Test Oscillator output so that the
3455A reading at 10 kHz is the same as the reading ob
tained with the highly accurate AC Calibrator. This
reference level can then be maintained to within ±
0.25% over the ]00 kHz to I MHz range using the
expanded-scale meter on the Test Oscillator. If higher
accuracy is desired, an ac-to-de thermal transfer techni
que (Figure 4-5) can be used.

4-41. Tost Procaduro.

Equipment Required:

AC Calibrator (-hp- Model 745A1746A)
Test Oscillator (-hp- Model 652A)

•

•

•
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PROCEDURE,

Apply accurate de voltage (1 V or 3 VI from DC Standard to
Thermal Converter and adjust DC Differential Voltmeter for
null. Disconnect the DC Standard and apply the Test Oscillator

,
output to both the Thermal Converter and the 3455A. Adjust
the Test Oscillator output level for a null indication on the DC
Differential Voltmeter. This makes the rms value of the ae input
to the 3455A equal to the highly accurate output of the DC
Standard. Repeat this procedure each time the Test Oscillator
frequency is changed.

•

•
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a. Set the 3455A controls as follows:

FUNCTION ACV
RANGE I V
GUARD ON
INPUT SELECT FRONT

b. Set the AC Calibrator for an output of I V, 30 Hz
(745A I V range). Set the AC Calibrator's error
measurement control to offset the IV, 30 Hz error in
dicated on the calibration chart (745A 0.1 error range).

c. Connect the output of the AC Calibralor to the
3455A front panel INPUT.

d. I. Standard Model 3455A: The 3455A I V, 30 Hz
reading should be within the Test Limits listed
in Table <j.:13.

2. 3455A Option 001: The 3455A I V, 30 Hz
(ACY) reading should be within the Test Limits
listed in Table 4-15.

e. I. Standard Model 3455A: Using the AC
Calibrator, verify the 3455A ac voltmeter ac
curacy for each Test Frequency, Input Level
and 3455A Range listed in Table 4-13. The
3455A display readings should be within the
Test Limits given in the table.

2. 3455A Option 001: Using the AC Calibrator,
verify the 3455A ac voltmeter accuracy for each
Test Frequency (ACY), Input Level and 3455A
Range listed in Table 4-IS. The 34SSA display
readings should be within the Test Limits given
in the lab Ie.

f. Set Ihe 3455A FUNCTION to FAST ACV.

g. I. Standard Model 3455A: Using the AC
Calibrator, verify the 3455A ac voltmeter ac
curacy (Fast ACV) for each Test Frequency
above 100 Hz, each Inpul Level and 3455A
Range listed in Table 4-13. The 3455A display
readings should be within the Test Limits given
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h. Set the AC Calibrator for an output of I V, 10
khz. Set the 3455A FUNCTION to ACV and RANGE
to I V.

2. 3455A Option 001: Using the AC Calibrator,
verify the 3455A ac voltmeter accuracy for each
Test Frequency (Fast ACV), Input Level and
3455A Range listed in Table 4-15. The 3455A
display readings should be within the Test
Limits given in the table.

Section IV

in the table.

Model 3455A

Tabla 4-13. AC Accuracy rast30 Hrto 100kHrlSIBndard Modal 3455A only).

Test Input 3455A 24 Hour"" 90 Day*"
Frequency Level Range Test Limits Test limits

30 Hz" , V 1 V 0.99920 to 1.00080 0.99900 to 1 .001 00
300 Hz , V 1 V

I I
10 kHz 1 V 1 V
20 kHz 1 V , V

50 kHz 1 V 1 V 0.99520 to 1.00480 0.99400 to 1.00600
100kHz 1 V , V I I
30 Hz" 5V 10 V 4.9940 to 5.0060 4.9925 to 5.0075
300 Hz 5V 10 V I

4.9650 .J 5.0350
20 kHz 5V 10 V
100 kHz 5V 10 V 4.9720 to 5.0280
30 Hz " 10 V 10 V 9.9920 to 10,0080 9.9900 to 10.0100
50 Hz· 10 V 10 V
100 Hz" '0 V 10 V
500 Hz '0 V 10 V
1 kHz 10 V 10 V
5 kHz 10 V 10 V
10 kHz 10 V 10 V
20 kHz 10 V 10 V
50 kHz 10 V 10 V 9.9520 to 10.0480 9.9400 to 10.0600
100 kHz 10 V '0 V I I
30 Hz" 100 V 100 V 99.920 to 100.080 99.900 to 100 ..100
300 Hz 100 V 100 V

I I
10 kHz 100 V 100V
20 kHz 100 V 100V
100 kHz 100 V 100 V 99.520 to 100.480 99.400 to 100.600
30 Hz* 1000 V 1000 V 998.00 to 1002.00 997.50 to 1002.50
300 Hz 1000 V 1000 V I I10 kHz 1000 V 1000 V

"Frequencies below 300 Hz apply to ACV Function only,
··These test limits do not include the temperature coefficients that must be added

if the instrument is operated outside of the temperature range over which the
24.hour or 90-dny specifications apply (see Table 1·1>' Derive 6·month test
limits from AC Accuracy specifications listed in Table 1·1.

o. Set the Test Oscillator for an output of I V, 10
kHz. Connect the 50-ohm output of the Test Oscillator,
terminated in a 50-ohm load, to the 34S5A front panel
INPUT.

p. Adjust the Test Oscillator level controls for a 3455A
reading as close as possible to the reading recorded in
Step i. Set the Test Oscillator's meter switch to expand
ed scale and adjust the meter reference controls for a
zero reading on the Test Oscillator's meter. Use the Test
Oscillator's level controls to maintain this zero reading
whenever the Test Oscillator frequency is varied.

•

•

'j, Record the 3455A reading; V.

j. Set the 3455A FUNCTION to FAST ACV. Record
the 3455A reading: __ V.

k. Set the 3455A FUNCTION to ACV and RANGE
to 10 V. Set the AC Calibrator for an output of 6 V, 10
kHz.

I .Record the 3455A reading: __ V.

m. Set the 3455A FUNCTION to FAST ACV.
Record the 3455A reading: __ V.

n. Disconnect the AC Calibrator from the 3455A. Set
the 3455A FUNCTION to ACV and RANGE to I V.

4-14

q. I. Standard Model 3455A: Set the Test Oscillator
to each of the first four Test Frequencies listed
in Table 4-14 (maintain reference level on meter
of Test Oscillator). At each frequency setting,
the 3455A display reading should be within the
Test Limits given in the table.

2. 3455A Option 001: Set the Test Oscillator fre
quency to 250 kHz (maintain reference level on
meter of Test Oscillator). The 3455A display
reading should be between 0.99240 V and
1.00760V (24-hour spec.) or between 0.99190 V
and 1.00810 V (90-day spec.).

r. Set the 3455A FUNCTION to FAST ACV. Set the
Test Oscillator frequency to 10 kHz and adjust its out- •
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Tabla 4·14. AC Accuracy Tast 100 kHz to 1 MHz (Standard Modal 3455A onlyl.

Test Input 3455A 24 Hour " 90 Day·
Frequency Level Range Test Limits Test Limits

110kHz 1 V 1 V 0.98000 to 1.02000 0.97750 to 1.02250
250 kHz 1 V 1 V I I
500 kHz 1 V 1 V 0.95600 to 1.04400 0.94500 to 1.05500
1 MHz 1 V 1 V 0.92400 to 1.07600 0.92000 to 1.08000

110 kHz 6V 10 V 5.8720 to 6.1280 5.8550 to 6.1450
·250 kHz 6V 10 V I I
500 kHz 6V 10 V 5.7200 to 6.2800 5.6500 to 6.3500
1 MHz 6V 10 V 5.5500 to 6.4500 5,4400 to 6.5600

Mouel3455A

Tabla 4·15. AC Accuracy Test 30 Hz to 100 kHz (3455A Option 001 only).

u. I. Standard Model 3455A: Set the Test Oscillator
to each of the second four Test Frequencies
listed in Table 4-6 (maintain reference level on
meter of Test Oscillator). At each, frequency
setting, the 3455A reading should be within the
Test Limits given in the table.

adjust its level controls for the 6 V 3455A reading
recorded in Step I. Adjust the meter reference controls
for a zero reading on the meter of the Test Oscillator
and use the level controls to maintain this reading
whenever the frequency is varied.

s. Repeat Step q.

"These test limits do not include the temperature coefficients that must be
added if the instrument is operated outside of the temperature range ovef
which the 24-hour or sn-crev specifications apply (see Table 1-1l. Derive

Brnontb test limits from AC Accuracy specifications listed in Table
1·1.

put level for the 3455A reading recorded in Step j. Ad
just meter reference controls for a zero reading on the
meter of the Test Oscillator and use the level control to
maintain this reading whenever the frequency is varied.

t. Set the 3455A FUNCTION to ACV and RANGE
to 10 V. Remove the 50-ohm termination from the Test
Oscillator's output. Connect the 50-ohm output of the
Test Oscillator (unterminated) to the 3455A front panel
INPUT. Set the Test Oscillator frequency to 10 kHz and

•

•

Frequency Frequency Input 3455A 24 Hour* 90 Day*
(ACV) (FAST ACVI Level Range Test Limits Test Limits

30 Hz 300 Hz 1 V 1 V 0.99460 to '.00540 0.99430 to 1.00570
50 Hz 500 Hz 1 V 1 V 0.99630 to 1.00370 0.99600 to 1.00400
100 Hz 1.kHz 1 V lV 0.99885 to 1.00115 0.99875 to 1.00125
10 kHz 10 kHz 1 V 1 V

I I
50 kHz 50 kHz 1 V IV
100 kHz 100 kHz 1 V 1 V
30 Hz 300 Hz 5V 10 V 4.9695 to 5.0305 4.9680 to 5.0320
50 Hz 500 Hz 5V 10V 4.9790 to 5.0210 4.9775 to 5.0225
100 Hz 1 kHz 5V 10 V 4.9930 to 5.0070 4.9925 to 5.0075
10 kHz 10 kHz 5V 10 V

I I50 kHz 50 kHz 5V 10 V
100 kHz 100 kHz 5V 10 V
30 Hz 300 Hz 10V 10.V 9.9460 to 10.0540 9,9430 to 10.0570
50 H, 500 Hz 10 V 10 V 9.9630 to 10.0370 9.9600 to 10.0400
100 Hz 1 kHz 10 V 10 V 9.9885 to 10.0115 9.9875 to 10,0125
10 kH:z 10 kHz 10 V 10 V
20 kHz 20 kHz 10 V 10 V
50 kHz 50 kHz 10 V 10 V
100 kHz 100 kHz 10 V 10 V
30 Hz 300 Hz 100V 100 V 99.460 to 100,540 99.430 to 100.570
50 H, 500 Hz 100 V 100 V 99.630 to 100.370 99.600 to 1000400
100 Hz 1 kHz 100 V 100 V 99.885 .to 100.115 99.875 to .100.125
10 kHz 10 kHz 100 V 100 V

I I
50 kHz 50 kHz 100 V 100 V
100 kHz 100 kHz 100 V 100 V
30 Hz 300 Hz 1000 V 1000 V 994.60 to 1005.40 994.30 to 1005.70
50 Hz 500 Hz 1000 V 1000 V 996.30 to 1003.70 996.00 to 1004.00
100 Hz 1 kHz 1000 V 1000 V 998.85 to 1001.15 998.75 to 1001.25
10 kHz 10 kHz 1000 V 1000 V 998.75 to 1001.25 998.65 to 1001.35

"These test limits do not include the temperature coefficients that must be added if the instrument
is operated outside of the temperature range over which the 24-hour or 9O-day specifications

apply (see Table 1-11. Derive 6-month test limits from Accuracy Specifications listed in
Table 1-1.
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Test Limits Test Limits

(High Res. Offl (High Res. Onl

Decade 3455A
Resistor Range 24 Hour" 90 Day· 24 Hour" 90 Day"

10051 0.1 ' 0,099593 to 0.100407 0.099590 to 0,100410
1 kn 1 0.99956 to 1.00044 0.99954 to 1.00046 0.999571 to 1.000429 0.999560 to 1.000440
10 kfZ 10 9.9989 to 10.0011 9.9987 to 10.0013 9.99911 to 10.00089 9.99895 to 10.00105
100kn 100 99.996 to 100.004 99.994 to 100.006 99.9971 to 100.0029 99.9955 to 100,0045
1 Mn 1 K 999.83 to 1000. 17 999.81 to 1000.19 999.876 to 1000.124 999.860 to 1000.140
10Mn 10 K 9989.5 to 10010.5 9989.5 to 10010.5 9989.96 to 10010.04 9989.95 to 10010.05

Section IV

Table 4·16. Two·Wire Ohm Accuracy Test.

"These lest limits do not include the temperature coefficients that must be added if the instrument is operated
outside of the temperature range over which the 24-hour or 90-day specifications apply (see Table i-n. Derive
6-month test limits from Ohms Accuracy specifications listed in Table 1-1.

Model 3455A

.-

2. 3455A Option 001. Set the Test Oscillator fre
quency to 250 kHz (maintain reference level on
meter of Test Oscillator). The 3455A display
reading should be between 5.9520 V and 6.0480
V (24-hour spec.) or between 5.9490 V and
6.0510 V (90-day spec.).

v. Set the 3455A FUNCTION to FAST ACV. Set the
Test Oscillator frequency to 10 kHz and adjust its level
controls for the 6 V 3455A reading recorded in Step m.
Adjust the meter reference controls for a zero reading
on the meter of the Test Oscillator and use the level con
trols to maintain this reading whenever the frequency is
varied.

w. Repeat Step u.

x. This completes the AC Voltmeter Accuracy test.
Disconnect the Test Oscillator from the 3455A.

4·48. Ohmmeter Accuracy Test.

4-49. This test requires a calibrated decade resistor with
settings that range from 100 ohms to 10 megohms. The
correction factors indicated on the decade resistor's
calibration chart must be algebraically added to the
3455A display readings to achieve the required test ac
curacy.

4·50. Test Procadure.

Equipment Required:

Decade Resistor (calibrated General Radio
Model 1433Z)

DC Voltmeter (-hp- Model 419A)

a. Set the 3455A controls as follows:

FUNCTION 2 WIRE K OHM
RANGE 0.1
HIGH RESOLUTION OFF
GUARD ON

b. Using a shielded cable equipped with banana-plug

4-16

connectors, connect the Decade Resistor to the INPUT
of the 3455A. Set the Decade Resistor to 100 ohms.

c. Algebraically add the Decade Resistor's correction
factor to the 3455A reading. The algebraic sum should
be within the Test Limits given in Table 4-I6(A), verify
ing the 3455A 2-wire ohms accuracy with High Resolu
tion off.

d. Repeat Step c for each Decade Resistor setting and
3455A Range listed in Table 4-16.

e. Set the 3455A RANGE to I and HIGH RESOLU
TION to ON. Set the Decade Resistor to 1,000 ohms.

f. Algebraically add the Decade Resistor's correction
factor to the 3455A reading. The algebraic sum should
be within the Test Limits given in Table 4-16(B), verify
the 3455A 2-wire ohms accuracy with High Resolution
on.

g. Repeat Step f for each additional Decade Resistor
setting and 3455A Range listed in Table 4-16(A).

h. Set the 3455A controls as follows:

FUNCTION 4 WIRE K OHM
RANGE 0.1
HIGH RESOLUTION OFF

1. Set the Decade Resistor to 100 ohms. Connect a
shielded cable, equipped with banana-plug connectors,
between the 3455A OHM SIGNAL output and the input
of the Decade Resistor. (Leave the other cable con
nected between the 3455A INPUT and the input of the
Decade Resistor.)

j. Algebraically add the Decade Resistor's correction
factor to the 3455A reading. The algebraic sum should
be within the Test Limits given in Table 4-17(A), verify
ing the 3455A 4-wire ohms accuracy with High Reslu
tion off.

k. Repeat Step j for each Decade Resistor setting and
3455A Range listed in Table 4-17(A).

•
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Test Limits Test Limits

(High Res. Off) (High Res. On}

Decade 3455A
Resistor Range 24 Hour " 90 Day" 24 Hour" 90 Day·

0.099993 to 0.100007 0.099990 to 0.100010100 n 0.1
1 k!l 1 0.99996 to 1 .00004 0.99994 to 1.00006 0.999971 to 1.000029 0.999960 to 1.000040
10 kn 10 9.9993 to 10.0007 9.9991 to 10.0009 9.99951 to 10.00049 9.99935 to 10.00065
100 kn 100 99.996 to 100.004 99.994 to 100.006 99.9975 to 100.0025 99.9959 to 100.0041
1 MO 1 K 999.83 to 1000.17 999.81 to 1000.19 999.Z76 t o 1000.124 999.860 to 1000.140

\0 MO 10 K 9989.5 to 10010.5 9989.5 to 10010.5 9989.98 to 10010.04 9989.95 to 10010.05

•
Model 3455A

Tabla 4·17. Four·Wiro Ohms Accuracy Test,

"These test limits do not include the temperature coefficients that must be added if the instrument is operated
outside of the temperature range over which the 24-hour or 90-day specifications apply (see Table 'l-tl. Derive
6-month test limits from Ohms Accuracy specifications listed in Table '-1,

Section IV

I. Set the 3455A RANGE to I and HIGH RESOLU
TION to ON. Set the Decade Resistor to 1,000 ohms.

NMR = 20 log Peak AC Superimposed Voltage

Effect on Reading (Volts)

•

•

m. Algebraically add the Decade Resistor's correc
tion factor to the 3455A reading. The algebraic sum
should be within the Test Limits given in Table 4-17(B),
verifying the 3455A 4-wire ohms accuracy with High
Resolution on.

n. Repeat Step I for each additional Decade Resistor
setting and 3455A Range listed in Table 4-17(B).

o. Set the 3455A RANGE to 10 K. Set the Decade
Resistor to 14.99 K.

p. Using the DC Voltmeter, measure the voltage
across the Decade Resistor' terminals. The voltage
should be less than 4.7 V de, verifying the maximum
output voltage specification for a valid ohms reading.

q. Disconnect the Decade Resistor. (Leave the 3455A
OHMS SIGNAL output connected to the INPUT).

r. Measure the voltage across the 3455A INPUT ter
minals. The voltage should be less than 5 V de, verifying
the maximum output voltage specification for an open
circuit condition.

4-51. COMMON·MOOE AND NORMAl·MODE REJECTION TEST.

4-52. Effective common-mode rejection is the ratio of
the peak common-mode voltage to the resultant peak er
ror in the reading, with a I kilohm imbalance in the Low
input lead. The formula for calculating effective
common-mode rejection (ECMR) is:

ECMR = 20 log Peak Common-Mode Voltage
Effective on Reading (Volts)

4-53. Normal-mode rejection is the ratio of the peak ac
normal-mode voltage to the peak error it introduces in a
dc voltmeter reading. The formula for calculating
normal-mode rejection (NMR) is:

4·54. Tost Procodure.

Equipment Required:

DC Standard (Systron Donner Model MI06A)
AC Calibrator (-hp- Model 745A)
Frequency Counter (-hp- Model 53OOA)
Resistor (I kll ± 10"10 1/4 W -hp- Part

Number 0684-1021)
Resistor (10 kll ± IOOJo 1/4 W -hp- Part

Number 0684-1031)

a. Connect the I K resistor between the 3455A High
and Low INPUT terminals. Connect the GUARD ter
minal to the High INPUT terminal.

b. Set the 3455A controls as follows:

FUNCTION DCV
RANGE I V
HIGH RESOLUTION ON
GUARD OFF

c. Record the 3455A reading: __ V.

d. Connect the DC Standard (output off) between
the High INPUT terminal and the chassis of the 3455A
as shown in Figure 4-6.

e. Set the DC Standard for an output of + 500 V dc.

f. The 3455A reading should be within 0.000050 V of
the reading recorded in Step c, verifying that the dc
common-mode rejection is greater than 140 dB.

g. This completes the de common-mode Rejection
test. Turn off the DC Standard output and disconnect
the DC Standard from the 3455A. Disconnect the I K
resistor and connect the 10K resistor across the 3455A
INPUT terminals (leave GUARD connected to High).

4-17
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3455-B-4n3

Section IV

DIGITAL VOLTMETER
DC STANDARD hp 3455A

SfSTRONDONNER MODELMI06A
CONNECTED T0 IHOOO~ ~"~"~"n 0 I- CHASSIS GROUND 1 IJ-'J.JJJO ~.~,- J.JJ-l.JJJJJ-l.JJJJ ..-J

I I I I I I I I

--' 000 ~

'---- 000 ~ IK

~:O,~~,~,~

Figur. 4·8. DC Common·Mod. R.j.ction T.st

•

h. Set the AC Calibrator for an output of I V. Con
nect the Frequency Counter to the output of the AC
Calibrator and adjust the AC Calibrator's frequency to
SO Hz or 60 Hz ± 0.1 OJo, corresponding to the power
line frequency being used.

i. Record the 34SSA reading: __V.

j. Disconnect the Frequency Counter and connect the
AC Calibrator between the High INPUT terminal and
chassis of the 34SSA as shown in Figure 4-7.

k. Without disturbing the frequency setting, set the
AC Calibrator for an output of 70.7 V (100 V peak).

I. The 3455A reading should be within 0.000010 V of
the reading recorded in Step i, verifying that the 50 Hz
or 60 Hz ac common-mode rejection is greater than 160
dB.

m. Without disturbing the frequency setting set the
AC Calibrator for an output of 7.07 V (10 V peak).
Disconnect the AC Calibrator from the 34S5A.

n. Remove the 10 K resistor from the 3455A INPUT
terminals. Connect a short jumper between the 345SA

AC CALIBRAT~

hp 745A

High and Low INPUT terminals.

o. Set the 34S5A RANGE to 10 V and record the
display reading: V.

p. Remove the jumper from the 345SA INPUT ter
minals. Connect the AC Calibrator output to the 3455A

. INPUT.

q. The 34S5A reading should be within 00.0100 V of
the reading recorded in Step 0, verifying that the 50 Hz
or 60 Hz normal-mode rejection is greater than 60 dB.

r. This completes the Common-Mode and Normal
Mode Rejection Tests. Disconnect the AC Calibrator
from the 34S5A and disconnect the GUARD from the
High INPUT terminal.

4·55. DC VOLTMETER INPUT RESISTANCE TEST.

Equipment Required:

DC Standard (Systron Donner Model Ml06A)
Resistor (I MO ± O.OIOJo 1/4 W -hp- Part
Number 0811-0202)

•

0 0 0 0 0 0 0 DO ELECTRONIC
@ @ @ @ @ @ COUNTER

hp5300 OIGlT~~ VOLTMETER-o 1 I I 1 I I I 1 ()P h 3455A

~
CONNECTED TO J.JOOOOJ J.JJ.JJJJO o~= = = CHASSIS GROUND I IJJ.J.J-lJO g ,

0 e e e- 0000 J.J.JJJJJJJJ.J'JJ-I ----.J
-

A 10K

r
3455-8-4734

Figure 4·7. AC Common·Mode RBjection T.st
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a. Connect the low output of the DC Standard to the
Low INPUT terminal of the 3455A. Using short clip
leads, insert the I megohm resistor in series between the
DC Standard's high output and the High INPUT ter
minal of the 3455A. Connect a clip lead across the
resistor.

b. Set the 3455A controls as follows:

FUNCTION DCV
RANGE 10 V
HIGH RESOLUTION ON
GUARD ON

c. Adjust the DC Standard for a 3455A reading of
+ 10.00000 V.

d. Remove the clip lead from across the I megohm
resistor.

e. The 3455A reading should be between 9.99900 V
and 10.00000 V, verifying that the input resistance is
greater than 1010 ohms.

f. Set the 3455A RANGE to 100 V; Auto-Cal OFF.
Reconnect the clip lead across the 1 megohm resistor.

g. Adjust the DC Standard for a 3455A reading of
+10.0000 V.

h. Remove the clip lead from across the I megohm
resistor.

i, The 3455A reading should be between + 9.0900 V
and +9.0917 V, verifying that the input resistance is 10
megohms ± 0.1'70.

4·56. AC VOLTMETER INPUT IMPEDANCE TEST.

Equipment Required:

Test Oscillator (-hp- Model 652A)
Resistor (I lY,Ill ± 0.1% -hp- Part Number

0698-6369)
Resistor (100 kll 0.1% -hp- Part Number

0811-1997)

a. Set the 3455A controls as follows:

Section IV

FUNCTION ACV
RANGE I V
GUARD ON
INPUT SELECT (rear panel) FRONT
AUTO-CAL ON

b. Connect the Test Oscillator 50-oh,!! output (ter
minated in 50-ohm load) to the 3455A front panel.Ibl
PUT.

c. Set the Test Oscillator frequency to 50 Hz and ad
just its output level for a 3455A reading of 1.00090 V.

d. Using short clip leads, insert the 1 megohm
resistor in series between the terminated Test Oscillator
output and the High INPUT terminal of the 3455A.

e. The 3455A reading should be between 0.66443 V
and 0.66887 V, verifying that the input resistance is 2
megohms ± 1%.

f. Disconnect the resistor and reconnect the Test
Oscillator output to the 3455A INPUT.

g. Set the Test Oscillator frequency to 20 kHz and
adjust its output level for a 3455A reading of 1.00000 V.

h. Using short clip leads, insert the 100 kilohm
resistor in series between the terminated Test Oscillator
output and the High INPUT terminal of the 3455A.

i. The 3455A reading should be greater than
0.61017 V, verifying that the input shunt capacitance is
less than 100 pF.

j. Set the rear panel INPUT SELECT switch to
REAR. Connectthe Test Oscillator 50-ohm output (ter
minated in 50-ohm load) to the 3455A rear-panel IN
PUT.

k. Repeat Steps c through i to test the input im
pedance at the rear INPUT terminals. In Step i, the
3455A reading should be greater than 0.70822 V verify
ing that the rear terminal input shunt capacitance is less
than 75 pF.
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•
OPERATIONAL VERIFICATION TEST CARD

Hewlett-Packard ModeJ 3455A (Standard)

Digital Voltmeter

Serial No. _

DC ACCURACY TEST

Tests Performed By: _

Date _

3455A 3455A
Input 3455A High Positive Negative
Level Range Resolution Reading Reading Test Limits"

0.1 V 0.1 V OFF
1 V 1 V ON ---
I V 10 V ON ---
5V 10 V ON

10 V 10 V ON
10 V 10 V OFF --- ---

100 V 100 V ON
1000 V** 1000 V ON

*Record 24·hour or 90-day test tlmlts from table designated in test proce
dure. Derive 6-month test limits from specifications listed in Table '·1.

*""For positive readings only. 00 not apply negative voltages greater than
-500 V de.

AC VOLTMETER ACCURACY TEST 30 Hz TO 1 MHz
(Standard Model 3455A Only)

.' 3455A 3455A
I Test Input 3455A Reading Reading

Frequency Level Range IACV) (FAST ACV) Test Limits.....

30 Hz" 1 V 1 V --- - - --
100 kHz 1 V 1 V

350 kHz 5V 10 V
.

30 Hz" 5V 10 V -- - --

100kHz 5V 10 V

1 MHz 1 V 1 V
1 MHz 5V 10 V

30 Hz" 10V 10 V - - - --
20 kHz 10 V 10 V
100 kHz 10 V 10 V

30 Hz" 100 V 100 V --- --

100 kHz 100 V 100 V

30 Hz· 1000 V 1000 V -- ---
10 kHz 1000 V 1000 V

"ACV Function Only

""Record 24-hour or gO-day test limits from the tables designated in the
test procedure. Derive 6·month test limits from specifications listed in
Table 1-1 .

•



OPERATIONAL VERIFICATION TEST CARD (Cont'd).

OHMS ACCURACY TEST

Decade
Resistor

100 II
1 kll

10 kll

100 kO

100 kll
, Mll

10 Mll

3455A
Range

0.1
1

'A
100
100
1 K

10 K

Ohms
Function

4 Wire

4 Wire

4 Wire

4 Wire
2 Wire

4 Wire

4 Wire

Reading Test Limits"

"Record 24·hour or SO-day test limits from table designated in test
procedure. Derive 6-month test limits, from specifications listed in
Table 1-1.

DC VOLTMETER INPUT RESISTANCE TEST

3455A
Range

10V
100 V

Test
Reading

_-V
_-V

2

Test Limits

9.99900 V to 10.00000 V
9.0900 V to 9.0917 V •

•



OPERATIONAL VERIFICATION TEST CARO

• Hewlett-Packard Madel 3455A (Option 0011

Digital Voltmeter

Serial No. _

DC ACCURACY TEST

Test Performed By; _

Date _

Input
Level

3455A
Range

High
Resolution

3455A
Positive
Reading

3455A
Negative
Reading Test Limits"

•

0.1 V 0.1 V OFF

1 V 1 V ON

1 V 10 V ON ---
5 V 10 V ON

10 V 10V ON

10 V 10 V OFF

100 V 100 V ON

1000 V" 1000V ON - - - - -

"Beccrd 24-hour or 9Q..day test limits from table designated in test
procedure. Derive 6-month test limits from specifications listed in
Table 1-1.

**For positive readings only, Do not apply negative voltages greater
than -500 V de.

AC VOLTMETER ACCURACY TEST (OPTION 001 ONLY)

3455A 3455A
Frequency Frequency Input 3455A Reading Reading

IACVI (FAST ACV) "Level Range (ACV) (FAST ACV) Test Limits"

30 Hz 300 Hz 1 V 1 V - -- - -----
50 Hz 500 Hz 1 V 1 V ---
250 kHz 250 kHz 1 V 1 V ---
3D Hz 300 Hz 5V 10 V --- --- --

100 Hz 100 kHz 5V 10 V ---
250 kHz 250 kHz 5V 10 V ---
3D Hz 300 Hz 10V 10 V --- --- -
100 Hz 1 kHz 10V 10 V ---
lOa kHz 100 kHz 10V 10 V ---
30 Hz 300 Hz 100 V 100 V --- --
100 kHz 100 kHz 100 v 100V ---
30 Hz 300 Hz 1000 V 1000 V --- - -
10 kHz 10 kHz 1000 V 1000 V

"Record 24-hour or gO-day test limits from tables designated in the test procedure. Derive {).month
test limits from specifications listed in Table '-1.



OPERATIONAL VERIFICATION TEST CARO (Cont'd).

OHMS ACCURACY TEST

•
Decade
Resistor.

1000
1 kO

10 kO

100 kO
100 kO
1 MO

10MO

3455A
Ra~ge

0.1
1

10

100
100
1 K

10 K

Ohms
Function

4 Wire

4 Wire

4 Wire

4 Win}

2 Wire

4 Wire

4 Wire

Reading Test Llmlts"

"Hecord 24-hour or SO-day test limits from table designated in test
procedure. Derive G.month test limits from specifications listed in
Table 1-1.

OC VOLTMETER INPUT RESISTANCE TEST

3455A
Range

10V
100V

Test
Reading

_-V
_-V

2

Test limits

9.99900 V to 10.00000 V
9.0900 V to 9.0917 V

..

•

•
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PERFORMANCE TEST CARD

Hewlett-Packard Model 3455A (Standard Model Only)

Digital Voltmeter

Serial No. _

DC ACCURACY TEST (High Resolution offl

3455A 3455A

Input 3455A Positive Negative

Level Range Reading Reading Test Limits"

1 V 1 V

10 V 10 V

1000 V** 1000 V ----
500 V 1000 V

100 V 100 V

0.1 V 0.1 V

"Record 24-hour or SO-day test limits from table designated in test procedure.
Derive 6-month test limits from specifications listed in Table 1·1.

·"For positive readings only. Do not apply neqative voltages greater than - 500 V oc.

DC ACCURACY TEST (High Resolution onl

3455A 3455A

Input 3455A Positive Negative

Level Range Reading Reading Test Limits"

1 V 1 V

10 V 10 V

1000 V"· 1000 V ----
SOD V 1000 V

100 V 1000 V

100 V 100 V

50 V 100V

10 V 100 V

5V 10 V

1 V 10 V

0.5 V 1 V

0.1 V 1 V

"Record 24.hour or gO-day test limits from table designated in test
procedure. Derive 6-month test limits from specifications listed in
Table 1·1.

"'For positive readings only. Do not epplv negative voltages greater

than - 500 V de.

Tests Performed By: _

Date _



PERFORMANCE TEST CARO (Cont'd)

AC VOLTMETEA ACCURACY TEST 30 Hz TO 1 MHz
(Standard Model 3455A ontvl

3455A 3455A

Test Input 3455A Reading Reading

Frequency Level Range (ACVI (FAST ACVI Test Limits··

30 Hz" 1 V 1 V ----
300 Hz 1 V 1 V

10 kHz 1 V 1 V

20 kHz 1 V 1 V

50 kHz 1 V IV

100 kHz 1 V 1 V

30 Hz~ 5V 10V

3OO.Hz 5V 10 V

20 kHz 5V '0 V
100 kHz 5V '0 V

30 Hz· 10 V IOV ----
50 Hz" 10 V 10 V ----
100 Hz· 10 V 10 V

500 Hz 10 V 10 V

1 kHz 10 V '0 V
5 kHz 10 V 'OV
10 kHz 10 V 10 V

20 kHz '10 V 10 V

50 kHz 10 V 10 V

100 kHz 10 V 10 V

30 Hz" 100 V 100 V ----
300 Hz 100 V 100 V

10 kHz 100 V 100 V

20 kHz 100 V 100 V

100 kHz 100 V 100 V

30 Hz" 1000 V 1000 V ----
300 Hz 1000 V 1000 V

10 kHz 1000 V 1000 V

110 kHz 1 V 1 V

250 kHz 1 V 1 V

500 kHz 1 V 1 V

1 MHz 1 V 1 V

110 kHz 6V 10 V

250 kHz 6V 10 V

500 kHz 6V 10 V

1 MHz 6V 10 V

·ACV Function Only

"Record 24-haur or 90-day test limits from the tables designated in the
test procedure. Derive 6-month test limits from specifications listed in
Table 1-1.

2

•

•
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PERFORMANCE TEST CARD (Cont'd)

TWO-WIRE OHMS ACCURACY TEST

High Res. Off High Res. On

Decade 3455A
"

Resistor Range Reading Test Limits" Reading Test Llmlts "

100 n 0.1 ---
I kn 1

10 kn 10
100 kn 100 ---
1 Mn 1 K
10Mn 10 K

"Record 24-hour or 90-day test limits from table designated in test
procedure. Derive Bmcnth test limits from specifications listed in
Table '.1.

FOUR-WIRE OHMS ACCURACY TEST

High Res. Off High Res.On

Decade 3455A
Resistor Range Reading Test Limits" Reading Test Limits"

100 n 0.1
1 kn 1

10 kil 10
100 kil 100
1 Mn 1 K

10 Mil 10 K

"Record 24·hour or gO·day test limits from table designated in test
procedure, Derive 6-month test limits from specifications listed in
Table 1-1.

OHMS VOLTAGE TEST

Voltage for Valid Reading: V f< 4.7 V del

Open-Circuit Voltage: V 1< 5 V del

COMMON-MOOE ANO NORMAL-MOOE REJECTION TESTS

Reference Reference 3455A Test limit
Step Reading Test Reading (Relative to Reference)

c. OC-CMR ± 0.000050 V

L AC-CMR ± 0.000010 V
o. NMR ± 0.0100 V

OC VOLTMETER INPUT RESISTANCE TEST
3455A Test
Range Reading Test Limits

10 V
100 V

__V
__V 9.99900 V to 10.00000 V

9.0900 V to 9.0917 V

•
AC VOLTMETER INPUT IMPEOANCE TEST

Front-Terminal Reading (Step el: V <0.66443 V to 0.66887 V)

Front-Terrninat Reading (Step 0: V (>0.61017)

Rear-Terminal Reading (Step el: V (0.66443 V to 0.66887 VI
Rear- Terminal Reading (Step kl: V (>0.70822)

3
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PERFORMANCE TEST CARO

Hewlett-Packard Model 3455A (Option 001 only)

Digital Voltmeter

Serial No. _

DC ACCURACY TEST (High Resolution off)

3455A 3455A

Input 3455A Positive Negative

Level Range Reading Reading Test Limits·

1 V IV

10 V 10 V

1000 V" 1000 V ----
500 V 1000 V

100 V 100 V

0.1 V 0.1 V

*Record 24-hour or 90..(jay test limits from table designated in test procedure.
Derive' 6-month test limits from specifications listed in Table 1-1.

* "Fer positive readings only. Do not apply negative voltages greater than- 500 V dc.

"DC ACCURACY TEST (High Resolution on)

3455A 3455A

Input 3455A Positive Negative

Level Range Reading Reading Test Ltmlts"

lV 1 V

10 V 10 V
1000 V** 1000 V ----
500 V 1000 V

100 V 1000 V
100 V 100 V

50V 100 V

10 V 100 V
5V 10 V

1 V 10 V

0.5 V 1 V

0.1 V 1 V

*Record 24-hour Of 90-day test limits from table designated in test
procedure, Derive 6-month test limits from specifications listed in
Table 1-1.

"For positive readings only. Do not apply negative voltages greater

than - 500 V dc .

Tests Performed Bv: _

Date _



PERFORMANCE TEST CARD (Cool'd)

TWO-WIRE OHMS ACCURACY TEST

High Res. Off High Res. On

Decade 3455A

Resistor Range Reading Test Limits· Reading Test Limits"

1000 0.1 ---
lkO 1

10 kn 10

100 kn 100 ---
I MO 1 K

10MO 10 K

• Record 24-haur or 90-dav test limits from tebre designated "in test
procedure. Derive 6-month test limits from specifications listed in
Table 1-1.

FOUR-WIRE OHMS ACCURACY TEsT

High Res. Off High Res. On

Decade 3455A

Resistor Range Reading Test Limits" Reading Test Limits·

1000 0.1

1 kn 1

10kn to
100 kn 100

1 Mn t K

10Mn 10 K

"Record 24-hour or gO-day test limits from table designated in test
procedure. Derive 6-month test limits from specifications listed in
Table·I-1. .

OHMS VOLTAGE TEST

Voltage for Valid Reading: V « 4.7 V del

Open-Circuit Voltage: V 1< 5 V del

COMMON·MODE AND NORMAL·MODE REJECTION TESTS

Reference Reference 3455A Test Limit

Step Reading Test Reading (Relative to Referencel

•

c.

L
o.

DC·CMR

AC-eMR

NMR

± 0.000050 V

± 0.000010 V

± 0.0100 V

DC VOLTMETER INPUT RESISTANCE TEST
3455A Test

Range Reading Test limits

10 V

100 V

__V

V

9.99900 V to 10.00000 V

9.0900 V to 9.0917 V

AC VOLTMETER INPUT IMPEDANCE TEST

Front-Terminal Reading (Step e):
Front-Terminal Reading (Step il:
Rear-Terminal Reading (Step el:
Rear-Terminal Reading (Step k]:

V 10.66443 V to 0.66887 VI
V 1>0.61017}
V 10.66443 V to 0.66887 V}
VI> 0.70822}

2
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PERFORMANCE TEST CARD (Cont'd)

AC VOLTMETER ACCURACY TEST IOPTION 001 ONLYI

3455A 3455A

Frequency Frequency Input 3455A Reading Reading

IACVI (FAST ACVI level Range IACVI (FAST ACVI Test Limits"

30 Hz 300 Hz 1 V 1 V

50 Hz 500 Hz 1 V 1 V

100 Hz 1 kHz 1 V 1 V

10 kHz 10 kHz 1 V 1 V

50 kHz 50 kHz 1 V 1 V

100 kHz 100 kHz 1 V 1 V

30 Hz 300 Hz 5V 10 V

50 Hz 500 Hz 5V 10 V

100 Hz 1 kHz 5V 10 V

10 kHz 10 kHz 5V 10 V

50 kHz 50 kHz 5V 10 V

100 kHz 100 kHz 5V 10 V

30 Hz 300 Hz 10 V 10 V

50 Hz 500 Hz 10V 10 V

100 Hz 1 kHz 10 V 10 V

10 kHz 10 kHz 10 V 10 V

20 kHz 20 kHz 10 V 10 V

50 kHz 50 kHz 10 V 10 V

100 kHz 100 kHz 10 V 10 V

30 Hz 300 Hz 100 V 100 V

50 Hz 500 Hz 100 V 100 V

100 Hz 1 kHz 100 V 100 V

10 kHz 10 kHz 100 V 100 V

50 kHz 50 kHz 100 V 100 V

100 kHz 100 kHz 100 V 100 V

30 Hz 300 Hz 1000 V 1000 V

50 Hz 500 Hz 1000 V 1000 V

100 Hz 1 kHz 1000 V 1000 V

10 kHz 10 kHz 1000 V 1000 V
250 kHz I 250 kHz I1 V 1 V

250 kHz 250 kHz 6V 10 V

"Record 24-hour or 90-day test limits from tables designated in the
test procedure. Derive a-month test limits from specifications listed
in Table 1-1 .

3
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WARNING I
Maintenance described herein is performed
with power supplied to the instrument, andpro
tective covers removed. Such maintenance
should be performed only by service- trained
personnel who are aware of the hazards in
volved (tor example, fire and electrical shock).
Where maintenance can be performed without
power applied, the power should be removed.



l. Add the voltages recorded in Steps j and k to obtain
the total offset: _

k. Remove the top covers and note the value of
A10RI06 - if there is an RllO installed (see Figure 5-2).
Refer to Table 5-1 and record the Offset Voltage that cor
responds to the current value of AIORllO:__ . (If there
is no AIORi 10, record 0.000000 V.) If RIIO is connected
to the terminal marked "+", the polarity of the Offset
Voltage is negative; if RIIO is connected to the terminal
marked "-", the polarity of the offset is positive.

KI

DC Transfer Standard (Fluke Model 731 A)
Standard Resistor (I kilohm ± 0.0005%; .Guildline

933011 K)

Standard Resistor (100 kilohm ± 0.002%; Guildline
93301100 K)

Equipment Required:

Model 3455A

5-12. DC AND OHMS REFERENCE ADJUSTMENTS.

All of the reference adjustments are screw
driver adjustments and are accessible through
holes in rhe rearpanel of rhe Reference Module
[rear panel of instrument). Adjustment
Designators are marked on the panel The
adjustments should be performed after a 30
minute warmup period with all covers installed.

NOTE

5-13. The DC Transfer Standard required for the following
adjustments must be adjusted for optimum I-volt and'
IO-volt output accuracy using NBS-calibrated voltage
standards. The Transfer Standard should be adjusted just
prior to use. After adjustment, it should be left on and, if
possible, kept in a controlled environment where the
ambient temperature is within one or two degrees of the
temperature at which it was adjusted. The following pro
cedure should be performed in that same environment.

5-14. Adjustment Procedure.

-RIIO-~

02 ». '
r-'-f1-----i""H~

---01--

Figure 5·2. 1 Volt Zero Adjustment.

Section V

•

•

m. Refer to Table 5-1 and locate the Offset Voltage
that is closest to the total offset voltage recorded in Step l.
Obtain a resistor that corresponds to that offset voltage.

n. Remove the original AIORIIO (Figure 5-2). If the
total offset (Step I) is positive, connect the new RllO
between the unmarked terminal and the terminal marked
"."; if the total offset is negative, connect it between the
unmarked terminaland the terminal marked "e".

a. Set the 3455A controls as follows:

FUNCTION DCV
RANGE IOV
HIGH RESOLUTION ON
AUTO CAL ON
GUARD ON
TRIGGER INT
MATH OFF

o. Reinstall the top covers and again allow the instru
ment to run at room temperature for 30 minutes. At the"
end of that period, the 3455A reading should be
0.000000 V ± 4 counts. If it is not, repeat Steps j through
n.

b. Set the DC Transfer Standard for an output of 10 V.
Using short pieces of number 20 AWG (or larger) insulated
solid copper wire, connect the output of the Transfer Stan
dard to the 3455A INPUT.

Table 5-1. DC Zero Adjustment Padding List (A10Rll0).

Offset Resistor
Voltage vatue" -hp- Part No.

0.5~V 3M 0683-3055
1.0 IlV 1.5 M 0683-1555
1.5~V 1.0 M 0683-1055
2.0~V 750 K 0683-7545
2.S,."V 520 K 0683-6245
3.0~V 510 K 0683-5145
3.51lV 430 K 0683-4345
4.0JJ.V 360 K 0683·3645
4.5~V 330K 0683-3345
5.0 IJV 300K 0683-3045

"'All resistors are ± 5%. 1/4 W. carbon.

c. Adjust the 10 V pot for a 3455A reading of
+ 10.00000 V.

d. Set the Transfer Standard for an output of I V. Set
the 3455A RANGE to I V.

e. Adjust the 10: I pot for a 3455A reading of
1.000000 V (± I count).

f. Set the 3455A RANGE to 10 V and set the Transfer
Standard for an output of 10 V.

g. Repeat Steps c through f until optimum adjustment
is obtained.
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SECTION V

ADJUSTM ENTS

Section V

5-1. iNTRODUCTION.

5·2. 'This section contains complete adjustment procedures
for the Model 3455A Digital Voltmeter. After the instru
ment is adjusted according to the procedures given in this
section, it should meet the 24-hour accuracy specifications
listed in Table I-I.

5-3. EQUIPMENT REOUIREO.

5-4. The test equipment required for the adjustments is
listed at the beginning 'of each adjustment procedure and
in the Recommended Test Equipment table in Section 1.
If the recommended equipment is not available, use sub
stitute equipment that meets the critical specifications
given in the table.

5·5. ADJUSTMENT INTERVAL.

5·6. The 3455A adjustments should be performed at 90
day or 6:month intervals depending on the environmental
conditions and your specific accuracy requirements. Adjust
ments should also be performed after the instrument has
been repeaired.

5·7. ADJUSTMENT SE~UENCE.

5·8. The 3455A Adjustments must be performed in the
sequence in which they are presented. If the de and ohms
accuracy of the instrument are"satisfactory, the DC Zero
Adjustments and Reference Adjustments can be omitted
and the RMS or Average Converter adjustments can be
performed to optimize the ac voltmeter accuracy.

5·Y. TEST POINT AND ADJUSTMENT LOCATIONS.

5-10. Test points and adjustments are labeled on the top
inner cover and rear panel (Reference Module) of the
instrument or are shown in figures designated in the adjust
ment procedures.

5·11. DC ZERO ADJUSTMENTS.

Equipment Required:

DC Digital Voltmeter (-hp· Model 3490A or 3455A)

a. Remove the 3455A top outer cover and top inner
cover to gain access to the AID (Mother) board.

b. Set the 3455A controls as follows:

FUNCTION _ _ DCY

10CV
ZERO
ADJ

Figur~ 5-1. 100 Volt Zero Adjustment.

RANGE IOV
HIGH RESOLUTION__ _ .. _ _ .. ON
AUTO CAL OFF
GUARD ON
TRIGGER INT
MATH.. _ _ _ . OFF

c. Set the test DVM to measure de volts (autorange),
Connect the DVM's low input to the AID board ground test
point and the high input to AIOTOI (Figure 5-1).

d. Adjust AIOR66 (Figure 5-1) for a DVM reading of
oV ± 50 microvolt. Disconnect the test DVM.

e. Set the 3455A RANGE to 100 V and AUTO CAL to
ON. The 3455A Reading should be 0.0000 V ± I count. If
it is not, repeat Steps b through d. If this does not correct
the problem. refer to Section VIII for troubleshooting
information.

f. Reinstall the top inner cover with two or three screws
and reinstall the top outer cover (bottom covers must be
installed).

g. Set the 3455A RANGE to I V. Connect a copper
shorting strap across the 3455A INPUT terminals.

h. Allow the 3455A to run at room temperature for
at least 30 minutes.

. i. The 3455A reading should be 0.000000 V ± 4 counts.
If it is, proceed to the DC Reference Adjustments (Para
graph 5-12). If it is not, it will be necessary to change the
value of padding resistor AIORllO as outlined in the •
following steps.

j. Record the 3455A reading:_~_
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h. Disconnect the DC Transfer Standard. Set the 3455A
FUNCTION to 4-WIRE K OHMS and RANGE to I.

i. Using short pieces of number 20 AWG insulated solid
copper wire, connect the I kilohm Standard Resistor to the
3455A INPUf and OHMS SIGNAL tenminals in a 4-wire
ohms measurement configuration.

j. Adjust the I kilohm pot for a 3455A reading of
1.000000 kilohm.

k. Disconnect the I kilohm Standard Resistor and
connect the 100 K standard resistor using the same 4
wire ohm measurement configuration.

1. Set the 34SSA RANGE to 100.

m. Adjust the I megohm pot for a 3455A reading of
100.0000 kilohm (± I count).

n, Set the 3455A RANGE to I. Repeat Steps i through
m to obtain optimum adjustment.

5·15. RMS CONVERTER ADJUSTMENTS (A15 Assy.,
Standard Model 3455A Only).

NOTE

For 3455A Option 001 instruments, refer to
the Average Converter Adjustments (Para
graph5-16).

Equipment Required:

AC)DC Digital Voltmeter (-hp- Model 3490A or
34S5A)

DC Standard (Systron Donner Model 106A)
AC Calibrator (-hp- Model 745A)

a. Set the 3455A controls as follows:

FUNCTION ACV
RANGE IOV
AUTO CAL ON
GUARD ON
TRIGGER INT
MATH OFF
AC-AC)DC(Rear Panel) AC

b. Connect a short across the 3455A INPUT tenminals.

c. Set the Digital Voltmeter (DVM) to measure de volts
(auto range). Connect the DVM low input terminal to TP6
and the high input terminal to TP8.

d. Adjust R65 (PREAMP OFFSET ADJ) for a DVM
reading ofaV ± 10 microvolt.

e. Connect the DVM Low to TP6 and High to TP5.
Adjust R56 (ABS AMP OFFSET ADJ) for a DVM reading
ofa V ± 10 microvolts.

Section V

f. Disconnect the DVM. Connect a clip lead between
TP3 and TP6. Adjust RI6 (INT AMP OFFSET) for a
3455A display reading of a V ± I count.

g. Remove the clip lead from TP3 and TP6. Adjust R29
(LOGGER AMP OFFSET) for a 3455A display reading
between 0.0998 V and 0.1002 V with a 100 mV, 100 Hz
signal applied to the input terminals.

h. Set the rear panel AC - AC)DC switch to AC/DC. Set
the DC Standard for an output of 10 V de. Connect the DC
Standard output (Negative Polarity) to the 3455A INPUT.

1. Note the 3455A reading.

j. Reverse the polarity of the DC Standard's output and
note the 3455A reading.

k. Adjust R51 (AC-DC TURNOVER ADJ) so that the
readings in Steps i and j are equal ± 0.0005 V.

1. Discoonect the DC Standard from the 3455A INPUT.
Set the rear panel AC-AC/DC switch to AC.

m. Set the 3455A RANGE to I V. Connect the DVM
(AC function, autorange) Low to TP6 and High to TPS.
Set the AC Calibrator for an output of I V, 100 Hz. Con
nect the AC Calibrator output to the 3455A INPUf.

n. Adjust R74 (I V, 100 Hz ADJ) for a DVM reading
of 1.00000 V ± I count. Disconnect the DVM.

o. Adjust RI7 (GAIN) for a 3455A reading of
1.00000 V ± 5 counts.

NOTE

If, in the following steps, there is insufficient
adjustment range for the 1 V, 10 Vor 100 V
high-frequency (40 kHz) adjustment, the
adjustment range can be expanded by remov
ing the appropriate jumper wire on the A15
board (see Table 5-2). Refer to the A15
board component locator (Section V1I1) for
jumper locations.

p. Set the AC Calibrator frequency to 40 kHz. Adjust
R75 (I V, 40 kHz ADJ) for a 3455A reading of 1.00010 V
(tolerance = +20 counts).

q. Set the 3455A RANGE to 10 V. Set the AC Calibra
tor for an output of 10 V, 100 Hz. Adjust R73 (10 V,
100 Hz ADJ) for a 3455A display reading of 10.0000 V
± 5 counts.

r. Set the AC Calibrator frequency to 40 kHz. Adjust
R72 (10 V, 40 kHz ADJ) for a 3455A reading of
10.0010 V (tolerance = + 20 counts).

s. Set the 3455A RANGE to 100 V. Set the AC Cali
brator for an output of 100 V, 100 Hz. Adjust R94 (100 V,
100 Hz ADJ) for a 3455A reading of 100.000 V ± 5 counts.
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t. Set the AC Calibrator frequency to 40 kHz. Adjust
C34 (100 V, 40 kHz ADJ) for a 3455A reading of
100.010 V (tolerance = + 20 counts).

u. Set the AC Calibrator for an output of I V, 100 Hz.
Set the 3455A RANGE to I V. Repeat Steps 0 through u
until optimum adjustment is obtalned.

Table 5-2. Jumper Removal (A15 board),

Adjustment Remove

1 V.40 kHz Jumper 2
10 V. 40 kHz Jumper 3
100 V, 40 kHz Jumper 1

5·16. AVERAGE CONVERTER ADJUSTMENTS (A13
Assy., 3455A Option 001 Only).

5-17. The following adjustments require an AC Calibrator
such as the -hp- Model 745A. For optimum adjustment ac
curacy, the AC Calibrator should be calibrated at I V, 10 V
and 100 V at 100 kHz. The AC Calibrator's error measure
ment control should then be used to adjust out the
100 kHz errors indicated on the calibration chart. For
example, if the calibration chart indicates that the 745A
output is 0.04% high at I V, 100 kHz, set the error mea
surement control to + 0.04% to obtain a precise I V
output. The 745A can be calibrated during a routine per
fcrmance test using the procedures outlined in the 745A
Operating and Service Manual.

5·18. Adjustment Procedure.

Equipment Required:

AC Calibrator (-hp- Model 745A)

a. Set the 3455A controls as follows:
FUNCTION ACV
RANGE I V
AUTO CAL ON
GUARD ON
TRIGGER INT
MATH. OFF

b. Set the AC Calibrator for an output of 10 mY,
I kHz. Connect the AC Calibrator output to the 3455A
INPUT.

5-4
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c. Adjust RI2 (DC OFFSET) for a 3455A reading of
0.01000 V ± 3 counts.

d. Set the AC Calibrator to 1 V, 100 kHz (use error
measurement control). Adjust RI3 (I V HI FREQ) for a
3455A reading of 1.00000 V ± 5 counts.

e. Set the AC Calibrator frequency to I kHz (turn off
error measurement control). Adjust R36 (I V LOW FREQ)
for a 3455A reading of 1.00000 V ± 5 counts.

f.. Set the 3455A RANGE to 10 V. Set the AC Calibra
tor to 10 V, I kHz. Adjust R23 (10 V LOW FREQ) for a
3455A reading of 10.0000 V ± 5 counts.

NOTE

If. in the following steps, there is insufficient
adjustment range for the 10 Vor 100 V high
frequency (100 kHz) adjustment, the adjust
ment range can be expanded by removing the
appropriate jumper wire on the AI3 board
(see Table 5-3). Refer to the Al3 board com
ponent locator (Section VIlI) for jumper
locations.

g. Set the AC Calibrator frequency to 100 kHz. Adjust
CIS (l0 V HI FREQ) for a 3455A reading of 10.0000 V
± lO counts.

h. Set the 3455A RANGE to 100 V. Set-the AC Cali
brator to 100 V, I kHz. Adjust R46 (100 V LOW FREQ)
for a 3455A reading of 100.000 V ± 5 counts.

i. Set the AC Calibrator frequency to 100 kHz. Adjust
C34 (l00 V HI FREQ) for a 3455A reading of 100.000 V
± ]0 counts.·

j. Repeat Steps d through i until optimum adjustment is
obtained.

Table 5-3. Jumper Removal (A13 board),

Adjustment Remove

10 V. fOO kHz Jumper 2
100 V, 100 kHz Jumper 1

•
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SECTION

REPLACEABLE

VI

PARTS

Section VI

6-1. INTRODUCTION. parts by their Hewlett-Packard part numbers. Include
instrument model and serial numbers.

•

6-2. This section contains information for ordering replace
ment parts. Table 6-3 lists parts in alphameric order of their
reference designators and indicates the description, -hp
Part Number of each part, together with any applicable
notes, and provides the following:

a. Total quantity used in the instrument (Qty column).
The total quantity of a part is given the first time the part
number appears.

b. Description of the part. (See abbreviations listed in
Table 6·1.)

c. Typical manufacturer of the part in a five-digit code.
(See Table 6-2 for list of manufacturers.)

d. Manufacturers part number.

6-3. Miscellaneous parts are listed at the end of Table 6-3.

6-4. ORDERING INFORMATION.

6-6. NON-LISTED PARTS.

6-7. To obtain a part that is not listed, include:
a. Instrument model number.
b. Instrument serial number.
c. Description of the part.
d. Function and location ofthe part.

6-8. PARTS CHANG ES.

6-9. Components which have been changed are so marked
by one of three symbols; i.e., d, d with a letter subscript,
e.g., d a, or d with a number subscript, e.g., d. o- A d with
no subscript indicates the component listed is the preferred
replacement for an earlier component. A .1. with a letter
subscript indicates a change which is explained in a note at
the bottom of the page. A d with a number subscript indi
cates the related change is discussed in backdating (Section
VII). The number of the subscript indicates the number of
the change in backdating which should be referred to.

6·5. To obtain replacement parts, address order or inquiry
to your local Hewlett-Packard Field Office. (Field Office
locations are listed at the back of the manual.) Identify

6-10. PROPRIETARY PARTS.

6-11. Items marked by a dagger (t) in the reference desig-

Table 6-1. Standard Abbreviations.

F. .. la,lldlll
FET !;'k! .IIK! trensiOlot
Ixd. ,flo'"

Ag .......•;tv.<
AI oluminum
A . . amperelll
Au. . .. gold

GaAI. . gallium atsenide
GH... . g>gahllrtz • 10+ 9 MtU
gel _~l"'l

lie gemllmum
~ ...•.....•...••.••.•.••.• lPounclledl

..••..•..• Optimum Vi'" Yleet'" at loC!Or'V.
1l,,,,,lIglt vllue Ihown lpert "'" bill onW!hodJ

.••..•... no sta"Odard type number~
selected or opocieltyPil

T•........................... unla"'m
TC ....~.tu,. """lficient
Ti02. tit8nium dioxide
Il>Il. . .....•... toggle
1<>1 tolaranee
ttlm. . trimrnItf
TSTR. . .. uen";,"o,

11 •................••........... Ilide
SPOT. . . . .mUht·po,," doublio-Uuow
SPST. .lin;le-pale ....glll-ttuow

TS. . ..... 1........... Ittip
U. ..~

V .• ylOClAfm tut........... bulb. ph0t0celi. etc .
W_ ........•..•..••..•...•..••.. catM
It . . ....• ooo:kot
XOS, . . . Iamphgldar
XF. . ~
y -- aysal
Z. . _

W w.-tl(OI
w/.. . wlll1
wlv _ . _ . worlUng In_ vo/lagll
w/o . . ithou1

..••..••.••............•• wirewouncl

v voll(11
.....cw .••lternetino;l CUrT,"", workinl! vo/lago
.....' . vlriabll
vdcw dire<;< CUt'''''' working voltagll

... ohmlol
. ",de, bV delCl'illtion

. outaide di.meIltf ..

............. nao;;lOtiva paoilNo u,o
I...." lem~'.tur. ~ici8n11

nl rnlnoHCOlldIII • 1O-9 1eCOndl
..... not_,IOle!V ,epI""eeble

~ • . . pqk
pA. . .. l'iCOll""9ltf.tll
pc . . . ~.lnUd cl<cult
~F. . l'icof II) 10-12 loradl
~ . . . .. peaIt in_se ItOIt8ge
rHo.. ..p.an 01
poI. . ..... palitlonlll
pooIy .•.......•..........•.•. po/yIty,-
POI. . . polentiomon",
1)-0 pqk'lo-outc
PO"'.. . oertI PItf minion
PI"".. .. 1I".:llio" It...-atu.e eoelfocient.

Ianu larm liability ar>dlor toIerancal

R . . . .- ,elisl'"
Rh. . rhodium
..". ,oo! n-aq......

,ot ,olarY

s. --....m
_ , . uctionl.l
St. . ... eiIi<:on

,
obel ..
Q'.

... induc.Of
....... linea, .aPltf

. too-ril:hmic .apot'

kUolImhl g 10. J ohrrnl
kilolllm. ~ 10 + J he<U

L

lin.

~....
HI t>o<u (cyel.I.1 per """"ndl NPO ..

10. • i....id.d<.m.'.r
imPll . jmpregRllted
ined . . . Incan<lncenl

...........•....••...... ;R$U!etionledl

/lA ....•..•••_ell' • 10_9_alI
NC . . . . normIlI'( _

Ne.. . '""'loOf>
NO. . "",molly ope-n

mAo .•.•.... milliempe<e-(.l. IO-3.m_
MHZ. . .. m~.rtx • 10+6 he-rtx
MIl. . .. mottIohmlll ~ 10+6_
"'1 11m meulfilm
ml, . manul,ctu,.,
"". . •.... mi.UiuaInd

~~.'.. ····.·.·.·.·.. ·.·.·.;,;;n~(~l,;,·io~=
.F . . metollredlll
.1 . . .. . . .. .. rni<::<ISIK:O<>Ct111
.V rni<::ovoIUI1. 10-6YO/l:o
mv Mylo,@

"'.
~H•..

....

.......-
R._ fih.. 0 11'-'"

_ HR. • heat.. OCR. • .•• tt~-(llode

IC. . Integrated circuit Rjpl ,osiatorjpao::k)
J. . jIA:I< I'lT. . ~'"

It ,e-lay S . . wltch
l- . . induct... T tt .,-.",..,.,
M . . .. ....-tel TS lerminel board
Mil .•.•.•.•.....••..•... mechanicIIl pen TC. . ....•.•......•~
II . • ..•... plug Til. • . fft1 polnI

..... henrvli••,

-~

..... ouembIy
...... __ motor

••.•••••..•.•.••...••.••... b.ltI"'Y
...•.•......••~tor

_dM>de ... thy<iotor
.•.••....... _<IeIeY line

--......~
.. ".,;., .-etronic .,."

..... tuse

de;> . . .•..•• dopoa;tad
DPDT. . . .doublcl·pole double' throw
OPST. . . double-pole .i~.·throw

.1,,,. . . elo<:uolytie
~. • •••• ......",.1' ....., ....

c . . .. c.-PKitor
Cef. cer'''''C
eM! . . coefficient
ocnm. . c_n
comp . . .. comPOSition
c""" . connection

•a
er
o.
CR..
OL. .

'".,,•
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Section VI

nator column are available only for repair and service of
Hewlett-Packard Instruments.

6-12. EXCHANGE ASSEMBLIES.

6-13. Exchange assemblies are factory repaired and tested
assemblies and are available only on a trade-in basis; there
fore, the defective assembly must be returned for credit.
For this reason, assemblies required for spare parts stock
must be ordered by the new assembly part number listed in
Table 6-3.

6·14. For service convenience, the Processor Assembly
(A3) and Reference Assembly (All) may be replaced on an

Model 3455A

exchange basis. Use the following part numbers and descrip
tions when ordering the exchange assemblies.

Processer Eschange Assembly (A3), -hp- parr number
03455~69503.

Reference Exchange Assembly (All), -hp- part num
ber I II 77-69501

6-15. SERVICE KIT.

6-16. A service kit is available to aid in the repair of the
3455A. This kit contains Processor and Reference Assern
blies (A3 and All) and selected components necessary for
efficient repair. The Service Kit may be ordered through
your nearest Hewlett-Packard Office. Order Service Kit
Number 03455-69800.

•

Table 6-2. Code List of Manufacturers.

Manufacturer
Number Manufacturer Name Address

FROO2 EFCO Components Saint-Malo France 35
GM077 Amp Deutschland Germany
00000 U.S.A. Common Any Supplier of the U.S,
0011J Jermyn Industries
0022U United Chemican Inc
01121 Allen-Bradley Co Milwaukee, WI 53212
01295 Texas lnstr Inc Semicand Cmpnt Div Dallas, TX 75231
02735 RCA Corp Solid State Div Sommerville, NJ 08876
03888 KDI Pyrofilm Corp Whippany, NJ 07981
04713 Motorola Semiconductor Products Phoenix, AZ 85008
07263 Fairchild Semiconductor Div Mountain View, CA 94040
11236 CTS of Berne Inc Berne, IN 46711
11237 CTS Keene Inc
11502 TRW lnc Boone Div goone, NC 28607
14140 Edisoo'Elek tnv McGraw-Edison Manchester, NH 03130
15818 Teledyne Semiconductor Mountain View, CA 94040
16365 Dayton Rogers Mfg Co Minneapolis, MN 55407
17856 Seliconix Inc Santa Clara, CA 95050
19701 Mepco/Electra Corp Mineral Wells, TX 76067
24226 Gowanda Electronics Corp Gowanda, NY 14070
24355 Analog Devices Inc Norwood, MA 02062
24546 Corning Glass Works (Bradford) Bradford, PA 16701
24931 Specialty Connector Co Inc Indianapolis, IN 46227
27014 National Semiconductor Corp Santa Clara, CA 95051
27264 Molex Products Co Downers Grove, I L 60515
28480 Hewlett-Packard Co Corporate HQ Palo Alto, CA 94304
32997 Bourns Inc Trimpot Prod Div Riverside, CA 92507
34335 Advanced Micro Devices Inc Sunnyvale, CA 94086
56289 Sprague Electric Co North Adams, MA 01247
71785 TRW Etek Components Cinch Div Elk Grove Village. IL 60007
72136 Electro Motive Corp Sub lEe Willimantic, CT 06226
73138 Beckman Instruments Inc Helipot Div Pulltetton. CA 92634
74970 Johnson E F Co Waseca, MN 56093
75915 Littelfuse Inc Des Plaines. IL 60016
79727 C-W Industries Warminster, PA 18974
8G464 Bergquist Co Minneapolis, MN 55420
91637 Dale Electronics Inc Columbus, NE 68601
91833 Keystone Electronics Corp New York, NY 10012
99800 Amer Prcn lnd Inc Delevan Div Aurora, NY 14052
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•

•



• Tabla &·3. Raplac8abla Parts
..

Reference HP Part Cty Description Mfr Mfr Part Number
Designation Number Code

Al 03455-66501 1 P.CASSfM6LY. OUTGO M8 2a~80 031t55-66501

Al[; 1 0160-0362 , CAPA~[TOR-FXD SlOPF .-5~ JDOWYOC MICA 28't80 016D-0362
AU;£ 0180-0291 21 CAPAl;ITOR-FX'O lUF_lO; HVDe: fA 56289 150DI05)(90)5A2
Al(;3 O180-0374 5 CAPACITOR-FXO lOUF_IO; zovac TA 56Z89 1500106:1:9OZ 1182
Ale4 0180-0197 7 CAPACITOR-FXO 2.2Uf+-lO~ zovac 'A 50289 15QD225X90lOAZ
411:5 0180-1735 5 CAPAC~TOR-FXO .22Uf+-lO; 35VOC fA 56289 150022't)(903542

AICb 0180-0197 CAPACLIUR-FXD 2.2Uf+-lOl zayac: TA 56289 l!ioOD225X9QZOAZ
Ale 1 0160-1135 CAPACITOR-Fxo .22Uf+-lO: 35VOC TA 56289· 150D22U9035AZ
Al1,;6 OUG-U374 CAPACITOR-FlO lOUF+-IO~ ZOVOC fA 50289 1500106X902082
41e9 OlSo-OlH CAPACITOR-FXO Z.ZUF+-IOI lovac fA 56289 150D225X9020A2
AICa 0160-1735 CAP4ClTOR-FXO .22UF+-IOI 35VDC 1A 56289 150022ltX90HA2

All;.l<1: 0180-0374 CAPAl;.lTOIl;-FXO 10UF+-IO' ZOVOC U. 56Z8') 1500106)(.902032
AIC,U 0160-0128 I CAPAC,[TOIl;-FXD Z.ZUF +-20~ 50~vDC CE' Z8~8D 0160-01Z8
AI04 O18l1-0374 CAPAC,iTOA-FXD lOUF+-IO' zovoC, TA 56289 1500106X90l08Z
All;.lb 01tio-O.<191 CAPAC1TOA-FXO lUF~lO~ ]SVDC fA 56289 1500105x9035A2
A1(;17 lIUllI-O;:'H CAPACITOR-FXD lUF+-10: 3svDe TA 5bZ89 15001Q5X9035A.2

AILlb cr ec-ceva , CAPAC.lTOR-FXD lOOOUF+,o-lOI 25VOC Al OOZ2U asvast.ruoe
Al[.19 0180-02.2.8 I CAPAC[lOR-FXO Z2UF+-I0~ 15VOC TA 56Z89 1500226X90158Z
AIC.Zl 01So-0Z91 (;.APAC.1TOR-FXO lUF+-lO~ 3SVOC fA 56289 1500105X9035A2
AIC.22 O16Ct-0694 1 CAP",'IlOR-FXO 7500UF+IOo-10% llyO' AI 28480 0180--0694
Ail;.Z3 OUo--02.H CAl'AC.1TOR-FXD lUF.-10: 35VOC TA 56289 1500105X9035A2

Al'.24 OUo--OZ91 CAPAC1 TOR-FXD LUF+-I01 HVDC TA 56289 1500105X9035A2
Al':'i; 018D-Ol91 CAl'AC nOR-FXO lUF.-10% 35vac TA 56289 1500105XIHHSAl
A1L.Z& ,.11"00-0.198 Z CAl'AC(TOR-FXO ZOOPF .-51 ~oO~VOC MICA 12U~ IlM15F4:0 IJ 0300ll'VICit.
Alr..U 0160-0291 (;.APA(;.lTOR-fXO lUF.-l0t 35yoc TA 5t.Z89 15001G5X9035AZ
AIL..<18 0160-4:204 5 CAPACITllR-FXO 100Pf .-5~ JOOWVOC M.ICA 28 .. 80 0160-2204

Ale.2.;; 0180-1735 CAPACITOR-FXD .l2UF+-IOZ 35VOC fA 562S9 150DZl4X9035A2
A1C}1 0180-02.91 CAPACITOR-FXO lUF_I0: 35VOC TA 56269 15001 ()5x9035A2
A1L..J<: IJ.A 018(;-1735 l CAPACiTOR-FXD '.22 UF+-10% 35 VDC TA 56289 lJOQ224X9035A2·
Ai!,;);! c i ec-acos • CAl'A,nOR-FXD .02UF .80-201 25WVOC CEil. 2646a 0160-2605
AIC~4 0160-0.;102 CAl'AC l TOR-FXD 5l0PF .-51 3~OWVOC MICA Z8480 016()--0362

Al~.il:' 01 ao-02.9 1 CAPA' I TOR-H-D lUF+-lO; 3,VOC TA 5&269 150DI05X9035Al• Al~36 015O-00'H Z CAPACITOR-Fxa .0IUF +S0-20% 100WVOC CER Z8480 OI5()--0093
AIC31 UI60-031'>2 CAF'AC ITOR-FXO 510PF +-5~ 300~VOC MICA 28ltBO 016()--O362
AICJ8 Ul1!o-0291 CAl'ACIIDR-FXD lUF.-I0'C 35VOC fA 56289 1500105x9035A2
Ai!';3i1 0180-0£91 CAPA;ITOR-FxO lUF+-10% 35VOC. TA 56289 1500105X'903542
A1C41 0160--0195 1 CAPACITOR-FXD 1000PF +-20% 250WVAC CER ''''''0 0160-0195
A1C42 0180-0291 CAPACITOR--FXD 1UF +-1(1% 35VDC TA 56289 150D105X9035A2
A1C436.s 0180-0291 CAPACITOR-FXD 1UF -+-HI% 35VDC TA 04200 150Dl05X9035A2
A1C44 ec 0180-1701 CAPACITOR-FXD e.aur +-20% 6VDC TA 04200 150D685XOOO6A2
All;Rl 1901-0.<1.00 • OIOOE-PWR RECl 100V 1.5A 04713 SR1846-9
AICKZ 1901-1)200 0100E-~KR Rc,r 100y 1.5A 010713 SRI846-'9
A1I':1Ui 19DI-0050 ., DIODE-SWiTCHING 80V 200"A lNS' 00-7 Z8480 1901-0050
A1CR, 19<i1-(J050 OiOOE-SWJTCHING 80'0' ZOOMA lNS 00-1 Z848.0 1901-00S0
A1{.itb lo,lC1-0050 OIaaE-swITCHING 80V 200MA lNS 00-7 Z8480 1901-00,0

A1l;;1t7 19l)l-0631 , OIOOE-LNR IN53518 110V 5% PD=5W TC=.15% ooHn IN53S1S
AIC.RIl 1901-0028 " DIOOE-PWR REeT 400V 150MA a0-29 28480 1901-0028
AICR9 1901-0028 OiOOE-PWR REeT 400'0' 150HA 00-29 28480 1901-0028
AlCRll 1901-0050 OIO~E-SWITCH~G 80y 200MA 2NS 00-7 28lt80 1901-0050
AICk12 1'102-0049 5 OIOOE-LNR 6.19V 5~ 0D-7 PD~.4~ TC~••022: 2:8460 1902-0049

Al1;.I(13 1902-0126 I OIOOE-lNR 2.01V 5% OD-1 PO=.4W T(=-.013% 04713 sz 10939-14
A1CR14 1902-0631 01~aE-LNRIN53518 14V ~% PD=5W TC=.15~ 04113 1It53518
Al(,;itl:i 1901-0US() DIODE-SWITCHiNG SOV ZOOHA 2ltS 00-1 l8480 1901-0050
A1I;Rll> 1902.-313b I OIOJE-LHR 8.06V 51 00-1 PO=.4W TC=•• OSZ. 04113 S2 10939-155

Al.H 1251-:3195 l C.O~NEC.TUR 4-I!1N 11 POST TYPE 272641 09-6D-IQ41IZlt03-0U I
AIJ.2. 1251-'0313 I C.ONNECTOR l1-PIN M POST T.YPE Z126~ 22-04-1.181
AU3 1251-3270 l CONNECTOR 6-RIN M POST TYPE 2126~ 09-b()--1061
AIJ5 1251-3216 CONNECTOR 6-PIN M POST TYPE 27264 09-60--1061
ALJ6 1251-2035 , CONNEC.TOR-PC EDGE 15-CONT/ROR 2-ROWS 11765 252-15-30--300

AlJ 1 1251-4315 I CONNECTOR 7-PIN K POST TYPE 2Tl6~ 22-04-l081
AUt:! 1251-4314 1 CONNECTOR 15-PIN H POST TYPE Z1Zblt 22-04-2161

AIL 1 9140-0137 l CO[L-"~O IMH 5~ Q=60 .190X.~G 5RF=3J1lHl 99800 2500-28

Al.U 1853-0010 5 TRANSISTOR PNP 51 To-.-18 PD=360Mw l8461) 1853-0010
Alw2 1854-0l10 , Til.ANStSTOR NPN 2N221Z SI TO-Hi I'D: 500MIII Ott113 4:NZUZ
AhU 1854-0110 TRANSI SHIR NPN 2N2222 51 ru-re P0=500"'1II 04113 2N1221
AL"4 1853-0010 TRA:oISISTOR PNP 51 TO-18 PO=360"W 281080. 1853-0010
Al1.15 1854-0l10 Ti!ANSJSTOR NPN 2N221Z SI TO-18 po=SOOM." 04113 2NZ2ZZ

A1iJ6 1853-0010 Til,ANSISTCR PNP Sl TO-18 1'0"=360"111 Z8 ...80 1853-0010
AIQ7 18 ~3-00l0 15 TII.o\IlISISTOR PNP 51 P~300MW FT=150HHl 26~80 1853-0020
AI08 1853-00l0 H.lINSISHIR PN' 51 PO=300MW FT=150MHl 28 ...80 1853-0020
AHi9 1853-0020 TRANSI STOR PNP 51 PO=300Kw fT=150MHl 28UO 1853-0020
AI0111 1853-0409 a TRANSISTOR PIlP SI OAII.L Ta-220A8 PO~60111 26480 1653-0409

• C46AG 0180-3622 CAPACITOR-FXD .1UF +80 -2O'lll100vDC CER 28480 0160-3622

'A SEE NOTE ONSCHEMATIC 8.
AB see NOTEONSCHEMATIC 10.
"C see NOTEONSCHEMATIC 10.
"G SEENOTEON SCHEMATIC 10.

See introduction to this section fOJ ordering infonDation
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Reference
Designation
A1012
AHH3
AJioI.l.4
0\1'0115
All,;llb

HP Part
Number

1853-04{ISI
1853-O'tOSl
1653-0409
J851-0409
J853-01o')11

Tabla &-3. Raplacaabla Parts (Cont'd}

Description

TRANSISTOR ,PNP SI DARl T0-22.0AB PO:6011
TRANSISTOR PNP 51 OARL T0-220A8 PO~60~

TRANSiSTOR PNP 51 CARL TO-2.20"'8 PD~60W

TRANSISTOR PNP 51 DARl TG-2204B PD=60"
TRANSISTOR PMP 51 OARL 10-220AB PD=60W

Mfr
Code

28480
28480
26480
28480
28480

Mfr Part Number

1853-0409
1853-O't09
1853-O't09
J853-O't09
185'),-0409

•

t.A SEE NOTE ON SCHEMATIC 10.
"'B SEE NOTE ON SCHEMATIC 10.
"'I SEE NOTE ON SCHEMATIC 10.

4Hll1
ALIas

AIRJ
Alil.2
AlIl.3
AIR...
A111.5

AlR6
A1II.7
Ull.8
41i1.9
AllI.H

A.1kl2
AliU3
A111.1'1
AliUS
AlIUb

AlilL1
AJrr.18
A!KHI
41K21
AlkU

AIKl.3
AIK2't
AIR25
AJAil>
Alil.27

Alii26
A.l.1i.29
A1R~1

AU(,3'<:
1,111.33 AI

41i1,3'1
0\111.35
Alil.3b
4111.31
Atil3!!

AIM.39
AlK40
AIK.lt1
Allt42
4111.43

AIil.44
Al1l,4:l
AIK4l>
UK41
Alil."t6

AliVt9
Alil.51
AI1<.52
0\111.53
A11<5...

Alil,5~

AlIt5b
Al1\51
Al1I.5l:\
AlK:;9

AlIt61
All<.602
0\111,0)

AIH.bli.
AliU>5

A111.t>l>
A11l.t>7
A1R68 t.A
A1R69 t.8
A1Sl
Ai ...1
AW2
A1lJJ
A1oJ4
A1';~

1853-0409
HI 53-- O't09

0757-02>10
0757-02.73
0757-0290
07.57-0213
0757-02.113

0757-02.90
0757-02.73
0757- 0290
0757-0273
0751-0420

0757-0801
OlJ98-101o81o
01~7-03109

0757-Q289
0757-0·'t19

0757-04b5
OH7-03109

0757-0289
0751-0419
0157-0465

0698-448..
0757-0289
0757-0't19
0157-04&5
0698-4484

0757-0349
0757-0410
0157-0't65
0757-0283
0757-0ff~Q

0151-0l60
0757-0r.42
U157-0263
0157-02a3
0757-0263

0757-0263
1811)-0055
0757-0199
01 !iT-Ol'}"
0757-0213

0157-0442
0696-4453
0151-0401
0151-0366
0157-0407

0757-0407
0757-0429
0151-02110
0757-042.9
07 ~7-0407

0698-4123
0151-0283
0757-02.63
0157-0263
0157-026;)

0757-0280
0757-0261)
0757-0421)
1)151-02.80
0751-0280

0757-0280
0157-0<180
1)757-0442
0757--0401
3101-1973
1620-1200
1820-1197
1821)-1053
1820-1112
1820-14!OO

••
1l

3

1
3
3
3
3

8

•

1
a

1

1
3

z

1
a
7
1
5

TRANSiSTOR PtiP SJ OARl T0-220AB PD=&OW
TRANSISTOR PNP SL OARL T0-220AB PD=6Q.W

RESISTOR 6.191<. U .125" F TC.=0_100
RESISTOR 3.0LK II .125" F TC~O_lOO

RESISTOR 6.19K 11 .12.511 F TC=0+-100
RES-ISfOR 3.01K l' .125" F TC=O~JOO

RESISTOR 21<. 1% .12511 F TC=0+-100

RESISTOR 6.19K 1; .125W·F 1(;:0+-100
RESISTOR 3.011<. It .12.5" F TC=0+-100
R~SISTOR 6.19K It .125" F TCaO+-IOO
RESISTOR 3.01K l' .12511 F TC:0+-100
RfSlSHR 750 U .12511 F TC"0+-100

RESISTOR 150 1••5" F TC=a.~100

RESISTOR 19.1K 1: .125',1 F T£:0+-100
RESiSTOR ·22.6K .U: .125li F 1C:0+-IOO
RESI STOR 13.3K U .125li F TC:0_l00
RESISTlll. 661 11 .125101 f IC=0+-100

RESISTOR lOOK It .125.. F T(;~a.-l00

RESISTOR 22.~K 11 .125" F )£'=0+-100
RESISTOR 13.3K 11 .12.511' F TCaO+-100
RESISTOR 681 11 .125" F TC.=0+-100
RESISTOR lOOK 11 .125. F IC=0+-100

RESISTOR 19.1K II .125" F 1(;=0+-100
RESISTOR 13.3K 11 .12511 F T(;=0+--100
RESISHlR 681 11 .1251it f TC=0+-100
RESJSTOR 1001<. 11 .125" F TC=0+-100
R~SISTOR 19.1k II .12511 F T'=O+-IOO

RESISTOR 22.6K II .125W F TC=0+-100
RESISTOR 301 11 .125W F IC=0+-100
RESISIOR 100k'11 .12511 f J(;=O+-IOO
RfSISIOR 2K 1% .125li F TC=0+-100
R(SI STaR :'lK U .125101 F T(;"'O+-100

RESISTOR lK 1; .125W F TC:0+-I00
RESISTOR 10K 1% .125101 f TC~O+-lOO

RfSiSTOR 2K I' .IZ5W F T(=0+-100
RESISTOR 2K II .125li F TC=0+-100
RfSISTOR 2K I' .125li F TC=0+-100

RESISTOR 2K n .125" f lC~0+-100

NET~ORK-RES 9-PJN-SIP .15-PIN-SPCG
RESISTOR Zl.5K n .1,5" F rC=0+-100
RfSISIOR Zl.5K I~ .125101 f rC:0+-I00
RESISIUR 3.01K 1% .125~ F 1C:0+-IOO

RESISIOR 10K It .125101 f TC=0+-100
RESISTOR 402 It .1,5" F TC=0+-100
RESISTOR 100 11 .125101 F TC=O+-lOO
RESISTOR 34 1~ .125101 F Te-O+-IOO
RESISTOR 200 11 .125~ F TC~0+-100

R~SJS1OR ,00 II .12511 F T(=0+-100
RESISJOR 1.82K 1% .125101 f TC:O+-IOO
RESISTOR lk I~ .12511 ~ JC~0+-100

R~SISTUR 1.6ZK II .1~5W F T(.=O+-.OO
RESISTOR 200 1t .J2511 F TC=0+-100

RESISTOR 499 It .125101 F TC=O~-IOO

RESISTOR 2K 11 .125101 F J(:O+-IOO
RESISIOR 2K 11 .125W f 1(=0+-100
RESISTOR 21<. I~ .125w F TC=O+-IOO
RESISTOR lK 11 .125101 F T(:O+-IOO

RESISTOR IK 11 .125101 F T(=O+-IOO
RESISTOR lk It .125101 f TC~O+-IOO

R~SISTOR·750 It .125" F TC=O+-IOO
RESIST(Il; lK n: .125li F TC=O+-IOO
RESISTOR II<. Ii .125li F T(:0+-100

RESISTOR lK IX .125W F TC:O~lOO

RESISTOR lK l~ .125W F r(:0+-100
RESISTOR 10K 1% .125W
RESISTOR 100 1% .125W F TC-O+-',l00.
SWITCH-SL 7-1A-NS OIP-SLtDE-ASSY .1A
IC-DIGUAt.. SN71tlSQ5N TYl lS HEX 1
H.-OIGIlAl SN74LSOON TTL U QUAD 2 NAHO
Ie-DIGITAL SN7414N TTL HEX 1
Ie-DIGITAL SNHLS7ltH TTL i s DUAL
IC-OlGJUl $N7'tl505N TTL LSo HEX 1

28480
28480

J9701
245460
19701 _
24546
24546

19701
2454/)
19701.
2451ft1l
24H/)

19701
24546
24546
245460
24546

245411
24546
2454ft
210541>
245411

24546
245'tft
245411
2"'54ft
2454/0

2454/0
245411
24541>
2...5411
2454/l

24510/0
2454/0 .
210541>
245 .. 11
245411

245411
28480
2454/)
24H/)
245-\6

2454/0
245460
245460
2454/'1
2454/1

245"'1>
<1:454/11
2"'5460
24541>
24':i411

2451!t!>
245411
2454ft
2105"'6
24541>

24546
2-\0541)
2454/1
ZloS4!>
245411

2454!l
24541>
03292
03292
11237
01295
01295
012:95
01295
01295

185'),-0'l009
1853-0409

HF4Clf6-TG-6191-F
e4-IJ8-TO~30l1-F

HF4Clf6-TG-6191-f
C.4-lf8-T(l-,31111~F

C4-I/8-TG-2oo1~F

"F4CIJ8~T0-6191-F

C4-I/8- TO-3011-F
MF4CJf6-TO-6191-F
1:4-1I8-TG-3011-F
C4--lf8-TO-751-F

HF7C-lfZ-TO-151-F
C4-lIB-TO-UJ2-F
C4-lIS-TG-2262-F
C4-1IB-TO-1332-F
C4--1fB-fG-68IR-F

(;4-1I6-TO-l003-r=
C4-1/ft-TO-2262-F
C4-1I8-TG-133Z-F
C4-1f8-TO-681R-F
C4-1/8-TO-I003-F

C4-1/8-TG-1912-F
C4-I/B-To-l332-F
C4--1/8-TG-6BIR-F
C4-1I8-TG-J 003-F
C4-1/8-10-1912-F

C4-IIB-TO-2Z62-F
C4-I/S- ID-3 Q.IR-f
(4-1/8-TO~1003-F

C4-I/&- T0-2(]01-f
C~1/8-TO-IQD2-F

C4-1/8-TG-l001-F
C4--1I8-ID-I002-F
C4-I/8-TD-2001-F
C4-1/8-JO-2001-F
C4-I/8- T0-:2OOl-f

C't-1/8-TO-2o.01-F
1810-0055
C4-lIB-TO-2152-F
C4-1/8-JO-2152-F
C4-1/8- TO-3011-:-F

C4-1/B-To-1QOZ-F
C4-1/8-TO-4Q2R-f
C4-1I8-TO-IOI-F
C4-1/8-TO-34RG-F
C4-1I8-TO-201-F

C4-1I8-TG-2O,J.-F
C4-1/8-TO-1821-F
C4-1I8-TG-IDDI-F
C4-1/8-TO-1821-F
C4-1/8- T()-2 Ol-f

C4-1/8-TG-499R-F
C4-1/8-To-2001-F
C4-1/6-TO-2:o.01-F
C4-1f8-TD-200J-F
C4-1/8-TD-I00J~F

C4-1I8-TD-I001-F
C4-1/8-TO-I001-F
C4-1I8-To-75J-F
C4-1/8-TD-IOOI-F
C4-1/8-1o-1ODI-F

C4-1/8-To-1001-F
C4--1/8- To-I001-F
C4-118-TO-l002-F
C4-1/8-TO~101-F

206 TYPE
SHIUS05N
SN14lS00~

SN141~t1l

SNl4{. SHN
SNl41.S05N

•

•
6-4 Rev A
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TabIB6·3. RBplaCBBblB Parts (Cont'd)•

•

Reference
Designation
AliJ6
Al1,)7
AW6
Alu'J
AI.nO

All111
Allll.2
Al"l::'
AlIJi"
Al,,15

AltJJ.b
AIU17
AltHo
AHH9
41iJ20

AliJ2!
A1U2(;
AliJ.H
Alu2....
AliJ.l~

AJ.iJ2b
Alu.,.l
AHa.o
AWl9
AhJ,ju

Al.JJI
AWl"
Al(JJ:'
A!U:::>4
AliJ3;,

AliJ3t1
AliJ301
AlIJ:l8
A1ll3\o1
A1IJ40

Al<.141
AIU...;':
AILl't-3
41,,44
AW't-S

411.146
AlU'tl
A1lJ4~

Al';49
AliJ50

AlUSt
AiU~l

AliJ53
Al:.1S'"

. AllJS~

A1U5b
AllJS7 &4
ALU:;;o
A1.U~'J

AIUbO

AIU61
AWol
AHtid
AILlb't
AIUbS

AI.UbO
AWol
41\.108
A1<..l69
AHJlO

HP Part
Number
HI~O-lS5a

1820-120t.
18Zlr1l99
1.820-1558
18Zl>-U':l9

1820-1196
18~1558

1820-1201
1820-1191
1820-1198

18';::0-1198
1820-1198
1820-1198
1820-119b
1820-1"19b

HIZo-lSba
HilO-1566
1820-1196
ld2O-119b
1820--1196

1820-1112
1901>-0075
1820-1280
182o-1196
UI;r:o-lZ80

!820-1L9b
1820-1206
1820-1216
1820-1506
10620-1566

182Q-1432
1810-1.1032
1820-1201
1820-1199
182lr1UZ

1B ZO-l-<:16
18.2lr1568
HIl()-1561:1
H1l8-0199
1818-0199

11:120-1198
1820-1201
18Zo-14.<::6
1820-1199
UI.2o-U97

1820-1196
1820-1199
1820-l2.00
1820-1196
18lo-1191

la20-1.24~

1820-0987
1820-119&
1820-1196
1820-1196

Ullo-1L91
1620-1bO~

182V-1196
1820-1.245
1820-1196

J.8 ;:0-1196
1820-119&
lS2o--1196
1620-1196
11320-1196

Oty

J
a,

s

9

6

1,

z

z

1

Z
1

Description

1C-0IGITAl MC3441P Ttl.. QUAD
lC-OI GIUl SN74LS2TN TTL L5 TPl 3 NOR
IC-OIGITAl SNH'-S~N TTL l5 HEX 1
IC-OIGITAl MC3441P TTL. QUAD
lC-OIGITAl SNHLS~N TTL lS HEX 1
i

Ie-OIGtlAl SN7ltLSl1ttN TTL LS HEX
Ie-DIGITAL Mt3,,",,"IP TJl. QUAD
ro-ot GIT AL SN1'olS08N TTL L5 QUAD 2 AND
IC-~IGI_TAl 5NHl500N TJL L5 QUAD 2 NAND
IC-OIGITAL 5HHlS03N TJl lS QUAD 2 NAND

lC-01GITAl 5N7~lS03H TTL lS QUAD 2 NAHD
IC-iHGITAL SN7~lS03N Ttl lS QUAD 2 NAND
Ie-DIGITAl SH7ItlS03N rn lS QUAD 2 NAND
[C-DIGJTAl 5N74lSl1~N TTL 1.S HEX
IC-Ol.GHAl SH741511~N TTL i s HEX

It-DIGITAL S!U4lS1.z5N fa lSi QUAD 1 BU5
le-OIGITAL SN74LSI2SN TIL 1.5 QUAD 1 BUS
lC-l)lGITAl SN7,"-S174N r n, L5 HEX
IC-OIGIJAL 5N74l5174N TTL l5 HEX
le-OIGITAL 5N7'tl5174N TTL i-s HEX

it-DIGITAL SNHl51"tN TTL LS DUAL
(HOOE ARRAY
rc-or Gil AL Sft74lS181N TTL r s
Ie-DIGITAL SN741.5174N r n, L5 HEX
rc-er ctre, 5N74l5181N TTL lS

Ie-DIGITAl SN74f.SI74H HL L5 HEX
Ie-DIGITAL 5N74lS32N TTL L5 QUAD 2 OR
IC-OIGITAl SN141SU8N TTL L5 3
I(-DIGITAL 5N7415125N TTL l5 QUAD 1 BU5
IC-DIGITAL SN7~l5125N JJl lS QUAD 1 BU5

IC-DIGIlAl 5N74-lS163N TTL lS BIN
It-DIGITAL 5HHl5163N TTL rs BIN
It-DIGITAl 5N741.S08N TJl LS QUAO 2 AND
le-OIGITA.L SN741.S04N r n, lS HEX 1
Ie-DIGITAL 5N74lS74N TIl-lS DUAL

lC-ijIGITAl SN74LS138N TIL LS 3
le-OIGIlAl 5H14lS12.5N TTL t s QUAD 1 BUS
It-OIGITAl 5N14tSl2.5N TTL lS QUAD 1 BUS
IC.AH9112APC lK RAM NMOS
It 4H9112APC lK RAM NMOS

IC-OIGITAl SN74lS03N r n. r s QUAD 2 NAND
It-DIGITAL 5N74lS08H TJl 1.5 QUAD Z AND
le-iHGITAl SiN741.SiI23N TTL cs DUAL
rc-crcrr sc SN74L504N TTL LSi HEX 1
It-DIGITAL 5N74L500N TTL lS QUAD 2 NAND

Ie-DIGITAl SN14l5174N TTL lS HEX
Ie-aIGHAl SN14L504N TlL lS HEX I
le-DI61IAl SN74l527N TTL lS IP1. 3 NOR
le-()lGIJAl SN7ItlS114N fTl lS HEX
IC-OIGITAl SN741S00N TTL l5 QUAD 2. NAND

ie-DIGITAl SN741.5155N TTL rs DUAL ;2
rc ENCOR TIL L 8-INP
Ie-DIGITAL 5N7415L74N rn, lS HEX
IC,""OIGJJAl 5N1ltlS03N TTL i s QUAI) 2 NAND
1;-DIGITAl SH74lS03N TTL LS QUAD 2 NANO

Ie-DIGITAl. SNl41S00N JJl L5 QUAD 2 NAND
IC..,OIGlTAl SN741S48N HL t s 4
Ie-DIGITAL SN7~51HN r n, 1.5 HEX
le-HGITAL 5N7415155N JTl r s DUAL 2.
IC.-OIGIlAl. 5N741.5114N Hl lS 11EX

Ie-DIGITAL 5/1174l5114N TTL lS HEX
IC-(HGITAl SNHlS174N TJl t s HEX
Ie-I>l.GHAl SH74l.S114N rn, lS HEX
IC-OIGITAl SN74lS174N JIl lS HEX
IC-()IGITAl SH141S174N TIL r s HEX

Mfr
Code

DIt1U
01295
01295
04113
01Z95

01Z95
04113
012n
01295
01295

01295
01295
OlZ95
01295
012.95

Oll95
01295
01295
01295
OU9S

01295
28480
01295
01Z95
01295

01295
01295
01295
01295
01295

01295
01295
01295
01295
01295

01295
01295
OU9S
34335
3lt335

01295
01295
01295
01295
01295

01295
01295
01295
01295
0129~

01295
02237
01295
01295
01295

01295
01295
01295
01295
01295

01295
01295
01295
01295
D1295

Mfr Part Number

. MC3441P
SNI41SZ1N
SNHol504N
f1tC3441P
5N14lS04N

SN1ltl S174N
MC34ltiP
SNHoLSOBN
5NHL50ON
5N14LS03N

5Nl4L503N
5N14l5D3N
SN74lS03N
SN14lS174-N
5N74l 51 14/11

SNlltlS125/11
5N74lS125H
SH14L S114N
5N74L SI14N
5N1.ftlS174H

5N74LS14N
1906-0075
5N74lS181N
5N14lS174N
SN14lSI81N

SN14LSI74N
SN7US32N
51(14l SHaN
5N74L51l5N
SN14lS125N

5NH-LSl63N
5N74l5163N
SN14lS08N
SN14LS04N
SN74LS74N

SN141.S138N
5N74LSI2.5N.
5N14lS125N
AM9112APC
AM9112APC

5N14LS03N
SNl4LS08N
5N14lS12.3N
SN14l504N
5N14L500N

SN74L5114N
SN74LS04111
5Nl4LS27N
SN14lS174N
SN14LSOON

SN741S155N
93l18PC
5N14L$174N
5N14l SOlN
SN14lS03N

SN7lflSOON
SN14lS4BN
5N74LSI HN
S/II14l5155N
SN141. S114'"

5Nl4tSl14H
5N74l5174H
SN1ltlS114tol
5N74l5174H
5N7oltLSI14H

6.A SEENOTE ON SCH1EMATIC 1.0.•

AWll

Aui

1820-171"00

0410-1001

1200-0.. 85
1200-0.. 73

OHo-OoS6
oaeo-oeet
5040-0170

1

l
a

z
;
a

It-aIGITAL OS8863N HOS.

CRY5TAl, QUARTZ 1.3 MH2

5D~lET:IC 14~PIN pe MOUNJING
50CKEJ-IC 167CONT DJP-StOR

.6U5 8A!l-H823
eaus BAR-Ma23
GlJl{)E:PlUG-IN PC BOARD

DSPL ORYR 210H

l8UD

28480
28480

OODDCt
00000
28480

056B63o't

0410-1001

1200-0485
1200-0413

aBa
ceo
504D-OI10

See introduction to this section for ordering information
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Table &·3. Replaceable Parts (Cont'd)
Reference HP Part Oty Description Mfr Mfr Part Number
Designation Number Code

" 03 ...55-60502 1 PC ASSEMBlY. DISPLAY 28,..60 OHS5-bb5Q2

AlColU 1990-05H .- lEO-VISIBLE LUM-I NT=2HCD If:lOMA-ItAX 26460 1991)-0541
A,-:;kl 1'190-0541 LED-IIISIBlE LUK-INT'"ZMCO IF=ZOMA-HU 28480 199~05'tl

AZC.IU .9<30-0541 lEu-VISIBLE t:.UM-INT=2Mc.O IF-ZaMA-MAX 28.80 19'JlrOS41
A,<;il;4 1'19O-0~41 lEO-ViSI8LE UJM- JHT=ZMCO IF=NMA-MAX 28460 1991)-0541
A.ZCIt5 1'l'ilIJ-05H lEO-y(SlBLE lUM-INT=2"CO IF:20MA-II4AX aaveo 1990.-0547

A2CH,o 1990-0547 lfO-VISI8L£ I.:UM-INT=2MCD IF=20JIIA-I(AX 28480 1990-05,"
.42(.((1 1"'i~0541 LED-VISIBLE LUM-INT"2MCO If-ZOfllA-HAX 261t80 1990:-0547
A2CR6 1'1'30-0547 lED-III SIBLE lUM-INT'"2MCO .IF"'20MA-MAX Z8ltSO 1990-050\7
42CIl.>l 1990-05101 LEO-III SIBLE LUM-INJ=2MC.O IF"'20MA-I'lAX 28480 199Q-051t7
A02CIU,1) 1991>-OSlt1 LED-VISIBLE lUf+-LNl::2KCO IF=201'tA-I4AX 2B~a() 1990-a5~1

Al(.;IUl l'iJ'.lo-05't7 lED-VISI8LE LU,...INY=lMCD IF'<20MA-:"U 29~9O 19~o-05U

Al<;.au 19':10-05'01 lEO-VI SIBLE lUM-INY-2HCO IFw20I'tA-MAX 284130 199(l,-05.tt1
A2CkU 1990-0541 LEO-VISI8lE lUH-INY'"2HCO IF=20HA-MAX 28~ao 199()-05~1

A,CR14 1990-0541 LEO-VISIBLE lUM-INT"02HCO IF'"20HA-MAX 2B4SJ 199G-O,It1
AlCiU!> 1990-0541 LEO-VISIBLE lUK-INT" ZMCO IF=20/llA-"'AX 28~SO 199(1-:0,41

A2CI(lc> 1990-05U \.ED-VISIBLE I:.UPl-INT::2MCD IF"'20I'tA-~AX 28~80 199O-05~7

A2(.all 1':1':10-05H LEO-VISIBLE lUM-INT*ZM,a IF::20HA-I4AX 28,.80 1990-0541
A21:1I.1I:I 1':1':10-0541 LED-VISI BLE WK-INT=2MC:O IF-.20M.......I4AX 2B~80 1990.-0547
A2CIU9 1990-05./07 LED-VISIBLE LUK-INT=,ZMC:O IF=20"'A-I4AX 28481) 199D-054.1
A2.L.1I.;o0 1990-05./07 lEO-VISJ8lE lUlt-l NT=214CO IF::20MA-I'IAX 28"80 199u-.05~1

Alell..'l 190;00-0541 lEO-VISI8lE lUf+-IHT"'Y4CO IF"'20HA-MAK 2B480 1990-0541
~2';K2.l I ':I'iO-O~41 1I::0-VISI8LE UJ/'l-iNT"2MCO IFw20MA-I4AX Z8480 1990-05oU
A2L:R2;, 1990-0547 lEO-VISIBLE lUflt-I,Hi=2MCO If=20HA-HAX Z8/"oo80 1990-0541
A"CR2't 19'30-0541 LEO-VI SI8LE LUK-INT"'2J11C:O IF'=ZOMA-MAX 'l84110 1990-0,47
A2C"'25 1990-0547 lEO-VISIIlLE !.UK-INT= 214CO IF=20MA-MAK 28481> 1990-0547

AZC:"Zf> 1990-0541 lEO-VISI8LE CUf+-IlIlT"'ZMCD IF"'.20MA-MAX 28480 1990--,0541
Ale,,21 1990-0541 LEf)-VISISl.E LUM-INT"2MCO I F"'20MA-MAK 28480 1990:-0541
A2(;R"d 1990-0541 LED-VISIBLE LUI+-INT"2MCO IF=2.0KA-HAX 2.8480 1990-0547
A2CRU 1990-0541 lEO-VISI8U, lUM-1 NT"'2MCO IFw.20MA-If.u Z8480 1990-0541
AlCR30 1990-0541 lEI)-VISI8LE LUf+-lNT=ZHCD IF=lOMA..,M.X 28 .. 80 1990-05.1

A2CltJI 1990-0541 lED-VISI8l.E LUflt-INT"'ZMCO IF=ZOMA-MAX 28oft80 1990-0561
A2.CR3, 199O-05'tl LED- VI SI 8lE L.UM-INT=ZMCD IF"'20HA-MAX 2.8480 1990-0541
A2.Ck.:H 1':1':1<l-05't1 LED-VISI8LE 'UK-INT=2MCO If=20MA-MAX 28,.80 1990-0541
A2CR3r. 1990-0;;;47 LED-VISIBLE LtJK-INT:2MCO If"'20MA-MAX Z8480 19':10:-0541
A2Ci<J:> 1990-0547 LEO-VI SIBLE LUK-INT=2HC:O IF-20MA-MAX 28480 1990-0541

A2P~/'l1 1990-0:;39 1 OISPl.AY~NUH SEG ~5-C.HAR ~40a-H 28480 1990-0539
AZoJSJoIl 1 ':10;00-05....0 1 OISPLAY-NUM SEG I-CHAR .43-H 28480 1990-0540
A2u:il13 1990-05'+0 DISPLAY-HUM SEG I-CHAR ..43-H 28480 1990-05....0
Alv5i'4-'t 1990-0!>40 DISPLAY-HUM SEG l-CHA/ot ..43-H 28480 1':190-0540
A2il51115 1990-0540 OISPLAY-NUH SEG I--eHAR .. 43-H 28481> 1990-0540

AZOSoHb_DSM8 19.. 0-0540 OISPLAY-NUH SEG I-CHAR 443-H 28.-.80 199(1-0540
A2P1 NO PAAT NUMBER;SEE A2W1
A2P2 1251-4340 1 CONNECTOR 16--PIN F POST TYPE 27264 22_01_2161

1251-3476 CONTACT-CONN urw POST TYPE FEM CRP {P/O P21 2&180 1251-3476
A.i:'U 0683-2015 4 RESISTOR zoo 5; ..~5W FC 'C~-r.00/.600 01121 (82015
A2k2 0083-Z:.:15 , RESISTOR 220 5; ~25111 F( 1(,;:-400/+600 01121 (B2215
A<!R) il6d3-22H RESISTOR 220 51 .25W FC TC::-400/ ...600 01121 C82215
"U.'t 0683-3305 , RESISTOR 33 5:1 ~25W Fe lC"-.-.OO/+'OO 01121 C83305
Alii:; 01:>83-3305 RESI SJOR 33 5:1 ~25W Fe 1Cw- ....00/ ...500 01121 C83305

A2K'" 0':'83-3305 RESISTOR H ,. .25W FC T(';"'-400/+500 011ll C8330,
A2ll.7 0683-:n05 RESISTOR H ,. ~251ol sc '1;=-400/+500 01121 C83305
A'll.8 0663-:B05 RESISHlR H " .2511I FC n:=-400/+500 01121 . C83305
A2R9 0683-3305 RESISTOfl. H ,. .25" FC "=-4001+500 01121 _ C83305
Alk.lO !?f>S30-3305 R"SlsrOR H " 425W FC rc.. ,..400/+500 01121 C8H05

AiKU 0683-3305 RESISTOR 33 5:C .. 25W FC YC.:-400/+50(l 01121 C:83305
A2:l<.ll 1810-022'1 5 NEIWORll-RE 50 a-PUt-SIP .. l-P!H-SPCG 112J& 750-81-RHO
A21<. I) 1810-0229 NETWORK-RES 8-PIN--SIP, 41..,PIN-SPCG 11236 150-81-R33D
AZRI4 1610-022s ~EllllORll.-RfS 8-PIN-SIP .1-P!N-SPC6 112]6. 7So-Bi-RBD
A2iB:> 1610-0229 NETiWRK-RES &-PIN--SIP .1-:PIN-SPC6 11236 15O-81-RHO

AZklo 181(1-0.!.29 NETWORK-liES &-PIN-SIP .i-PIN-SoPt!.> 1123& 75O-81-RBO
A211.11 o!lA 181D- 0206 2 NETWORK-RES 8-PIN-SIP .1-PIN-SPC6 02483 . 7SO-81-Rl0K
Ali'UIl t:.A 1810- 0206 NEJWORK-RES 8-PI.N-SIP ..1-PIN-SP{.G 02483 75Q-..81-R10K

AcSI_S28 506Q-94l6 28 PU5HBUHON SWIlCH 28'80 506Q-9ft36

A2 .. 1 a 120-2l54 1 .CABLE ASSEHBlY. OISPLAVliNCLUOES 1'1) 28UO 81Zo-Z254
11.2.2 031t55-01601 1 CAUE ASSEM6LY. KEY80ARO(lNCLUOES P2) 28,.80 03455-61&01

1200-0508 • sccse r-rc 14"ONI OIP-SLOR 28~80 IlOo-OSOS

" SEE NOTEON SCHEMATIC 10.

See introduction to this section for ordering information

•

•

•
6-6 Rev A



Table &-3. Replaceable Perts (Coofd)• Reference
Designation

HP Part
Number

Qty Description Mfr
Code Mfr Part Number

A' 03''t55-60503 1 P.C~ ASSEMBLY. PROCESSOR 28"'60 0)lt55-66503
03455-69503 RfBUIlT EXCHANGE A$SEMBl Y 28480 03455-69503

Ale 1 0180-0210 , CAPACITOR-fXO J.3Uf+-ZO% 15VOC ra t628IJ 15D0335X00l5A2
Ale2 01 aO-iJ210 CAPACITOR-fXQ 3.3UF+-20l 15VOC TA 56269 150D335XOO15AZ
A~O Ql80-0lHl CAPACITOR-FXD 3.3UF+-201 rsvnc fA S6Z8'l 150Q:U5XOO15Al

A3itl, R2 OBI-0l6) RESISTOR. 211. U .125W F 1'=Ot-l00 Z"t54& C1-1/8-1O-Z001-F
_A3k3 AH PADDING LIST

G69S-3J.55 a RESISTIlk ·"",641( IS .1Z5W F rC=O+-lOOI5.0Vl 2.5"'60 C4-1/B-TG-40··-F

A3lJl 1820-1201 Ie-OIGITAL SN1'tLS06N TTL IS QUAD Z AND 01295 SN74LSOBN
4JiJL 1820--1.201 IC-DIGHAl SN14lS08N TTl IS QUAD 2: AND 01295 SN74lS0BN
A3u3 H:lZo-U<J8 IC-OIGIJAl SN74LS03N TTl IS QUAD 2: NAND 01295 SH14lS03N
A;JU4 IB2D-U99 IC-!HGIJ Al SN741S04N TTl Vi HEX 1 01295 SH74lS0,N
A)U!;> Itl2o-U95

. 1 It-DIGITAl SN7~S17SN TH. i s QUAO 01295 SN71t1.S175N

A~U" 11116-02b6 1 erc , ROM-MOS 281080 1816-0266
A)U7 181a-026~ I *lC.• RaM-MaS 28480 1818-0265
A3UII 1<1 18-0.2blo 1 .IC~ ROM-MOS 28480 1818-0264
AllJ9 18;W-lt.91 2 Ie-DIGITAL "0> 28480 1820-1696

4041)-0148 • EXTRACTOR-PC 60 BlK POUC .062-8D-THKNS 26480 4040-0148

AID 03455-';(,510 1 P.C. ASSEMBl't. INGO M6 264flO 03455-66510

AlOCI 0160-4479 1 CAPACITOR-FXD .22OPF +--10'l1'. 28480 0160--4479
AWC" OIba-US7 4 CAPAC 1rue-s xc 10PF +-5t SOO_VOC CfR 28480 016G-22S1
AWC3 0100-34bo , eAPACITOR-fXO 100PF .-101 1000WVOC eER 28480 0161>-:3466
A10(;4 'c 01W-0159 2 CAPAeITOR-fXO 6800PF .-10' 200 voe POlYE 28480 0160-0159
AlOes 0160-0134 1 CAPACITOR-fXD 220PF .-5~ 300WVDC MICA 28460 0160-0134• AWl..';' 01~o-O(J71 2 CAPACITOR-FXO 400Pf .-SI 1000:olVOC CEO 28480 0150-0011
Alul.:7 OI50-007l CAPAC I TOll-fX[I 400PF ...-" lQOOWVOC CE' 28~80 015O-0a7l
AI0C8 UlllO-O:'::30 " CAPAClTOll-FXO lUf+-201 sever TA 56289 15001DSXOll5:JA2
AIOl.::;1 o 180-0230 !;APACITOll-fXO lUf+-201 ~OV[)C TA 56289 1500105xa050A2
AI0C11 01BD-0229 , CAPAClTOR-FXO 33Uf+-10l 10VDC TA 56289 ISD0336X9010a2

Al",{;I4: ,J10Cl-Old 2 CApA(;J TOR-fXO LUf .....,ZOl 25'o1VO{; CER 28480 0160-0127
AolOLb u i ec-a-ee CApAClroR-Fxo lOOPF .-1.0~ lOOOWVDC CE' 28480 016G.-3466
AlOCH [)1~34bb CAPAC1 TOR-f XD lOOPF .-101 lOOOWVOC CEll 26480 Olb()-3466
A10Cl$ ur ec-aace 2 CAPAC I rca-sxo 27pf .-51 300JjVDC I([CA 28480 0160-2306
AluCl~ 0140-0204 1 CAPAC I TOR-fXD 41pf "'-5~ ,OOWVOC MICA 72136 OMl5oE410JOSJOlllV1CIl .

AliJC17 01QQ-2204 CAPAC I TOR-fXD lOOPF ~-Sl 300WVDC MICA 264ao 0161>-:2204
AilJC1S o i eo-oaso CAPAC I TOR-fXO lUft-20': sovcc " 562&9 150alosxD050A2
410C19 o 111D-0,230 CAPAC I JOR-FXO lUf"'-20i: sovcc TA 562fl9 ISDalDSXOOS042
AluC21 0160-44&1 1 CAPAt I TOR-f XO 150PF ~l.51 160WVOC POLYP 28480 0160-4461
A10 .. ~l OIW-;lZ57 eAPAeJHlll-FxO 10PF +-5' 500~VOC CER 28480 O16ll-22S7

AI0C2~ 0160-0l54 CAPACLTOll-fxo 2l00pf "'-101 200WVDC POlYE S/::I289 292P22292:
AHI~l't u 1 60-2306 CAPACITOR-fXO 27PF '-SI 300WVOC HICA 284.8D 0160-2306
A10':L5 01 eO-0195 1 CAPAC I TOR-fXU .330F"'-20~ 3SVOC " 5/::1269 lS00334X0035A2
AllJ':.<:.6 Ul60-3847 a CAPAelTOR-FXO .010f .100-ot SDWVOC CER 26460 0160-3841
AWI:.27 0160-381t7 CAPACITOR-FXO .01Uf .100-0' 50WVOC CEll 28480 0160-3841

AI0':0::.0 ur co-oaz-, CAPAC1 TOR-F XO lOUFf--IOl 20VDC TA 56269 1500106X9020a2
ALu{;.i!.'1 0160-2055 " CAPACITOR-fXO .01Uf .80-201 100wvac CEll 26460 016Q..,2055
AHIC~l 0160-20S5 CAPAC I TOk-fXO .01Uf +-80-201 100WVDC CEil. 284flD 0160-2055
AL;JC.:t2 0180--02)0 CAPACI T::IR-FXO lUF"'-20t sovcc TA 5/::1289 150010SXOOSOA2
AluL3;) 01bO-3Q41 CAPACITOR-fXO .OlUF .100-01 50WVOC CER 28480 0160..,3841

U<.lC:i''o 01eO-0230 CAPACITOR-Fxa lUf+-Z01: sovoc TA 56289 1500105XOOSil.\2
AlllL35 0160-2055 CAPAC I TOR-FXO .OlUF "'60-20i lOO_VOC C£k 26460 0160-2055
AI0t:::'tJ 0160-2055 Ct."ACI TOK-fXo .OWF .60-20t 100i('lot C£k 26480 01b0-205S
Al.J':l7 0160-2055 CAPAC) TOll-fXO .OlUf "60-20' lOOlo'VOC CE' 28480 D160-20S5
AWw,8 01 bO-llJ55 CAPACLTOR-f XI) .DIUf "60-20'.1: 10OloiVOC CE' 26480 0160-2055

Al:JLj,:/ 0160-2U5'> CAPACI TOR-FXD .0lUF HiO-20' lOOWVOC C£k 28480 0160-2055
AlOe't1 01(,0-2055 CAPACI TOR-HO .OlUf -+80-20' 100loiVOC CE' 28460 0160.-2055
AluC.'" 0160-20S5 CAPACITOR-FXO .01Uf .60-20", .lOOo/VOC CH 26480 01£:>1)--2055
Ato.iI;... ~ o 160-lu5S CAPACITOR-f;(D .0IUf .80-20' 100~VOC C;ER 26480 0.160-2055
A10':44 OlQO-34bo CAPACITOR-fXD lOOPf ~lOl looowvoe CfR 2848Q 0160-)466

AIJ,:<t:> 0180-0230 CAPACITOR-FXD 1UFf--20~ SOVOC TA '56Z:8~ 150DI05X005JA2
A10C40 0160-0229 CAPAC I TOR-FXD HUf+-IO' lovac TA 5626~ 1500336X9Q1Oll2
A~01;41 0160-Z05:; CAPACITOR-FXl) .01Uf "'So-ZQt tvo.voe <ER 2a4S0 O.l6G-2055
AI0l.:4,g 016G-Zil5S CAPAClTOll-fXO .01Uf ...6G-ZO; lOO.VUC ce, 26~ao 0160-2055
AUlL't9 nL 60-2055 CAPACITOR-fXO .OIUf "'8o-2iJ~ 100.Vot CE' 26480 0160-2055• 4c SERIALNUMBERS 1622A01806 AND ABOVE.REPlACES 0160-0159.

4H SEE NOTE1N SCHEMATIC 8. I I

See introduction to this section {or ordering information
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Table &-3. Replaceable Parts (Coofd)
Reference HP Part Oty Description Mfr Mfr Part Number
Designation Number Code
uue>l 0160-2055 CAPACI TOR..,.FXO .O!Uf +80-20% lOOWVDC CER ZSio8G O16Q-2055
1,10(;,£ IH60-2605 CAPAt I TOR-f XO .02UF +6o-20~ 2SWVOC CEa ZBUO 0160-2605
AIOC5~ iJl11>O-2605 CAPACIl'OR-FXO .OlUF +60-201 ,SilVO' CER 264M 0161>-2605
A1UC:Oor. Ol80-0"HJ CAPAC I 1OR-FXO lUF'-201 SOVDe fA 56289 1500105XOO50Al
AW(.>5 0160-0121 CAPAC I TOR-FXO IUF _20:1 25il1VOC CER 2S.80 O16()-O127

410C.50 0180-0230 CAPAC! tce-sxo 10F+-201 sovae 1A 56289 15001(5)(00501,2
A.lDC!>1 0160-2&26 2 C.APAC1TOR-FXO 220UF+50-10: SOyce AL 28~80 0180:-2628
41;.1(;56 0180-2&28 CAPACITOR-FXD 220UF+5O-10~ soyae Al aeean 01S0-2628
AlOCS" 01 eo-caac CAPAtITOR-FXD 1UF+-201 sovoe TA 56269 1500105,x0050A2
410(.Ol. 0160-0693 CAPACllOR-FXO loaOUF .. SQ-10'l ,!iva, At. oozzu l5V6511000

AJ,;Il;i>2 0180-0693 CAPACIIOR-FXO 1000Uf.5O-10~ 25VDC At. 0022U 2!loVaSllOOQ
AlOl;.&J 01SO-0HO CAPAC110R-FXO lUF'-20~ sovoe fA 5628~ l!loODI05XOO50AZ
A10(;6') 01 aO-Ob95 I (APACITOR-FXD 420cUF.IOG-IOI 12VDC Al 28./t80 0180-0695
AJ,ULob 01.010-0230 CAPACIIOR-FXO lUF+-20~ 50V!)e fA S6Z8~ 1500105XOO50A2

AlOCK1 1901-058b , OIOOE-GEN PR~ 30V 25MA T0-72 28480 1901-0586
AIOCk2 1901-0586 0100E-GEN PRP 30V 25MA T0-72 Z8~80 1901-0586
AI0Cl<3 1902-3104 2 OIOOE-lNR 5.62:" 5~ 00-7 PD=.~~ Tc= •• aI6~ 158U _ CO 3563~

AI0(;i(4 1901-0050 DIODE-SWITCHING 80V ZOOIlA 2NS 00-1 Z8~80 1901-0050
AlilCR:> 1901-0050 OIOOE-SWJTCH!NG 60V 200MA 2NS 00-7 28ltBl) nOl-0050

410Lko 1901-0050 0100E-SWIT(HIN(; ecv ZOOll4 2NS 00-7 26~ao 1901-005D
AlOUt7 1902-D184 , 0IiJDE-lNR 16.2" 5:C 00-1 PO"'.'tW 1(=+.0601 0lt113 5Z 10939-2~2

AlUek6 1901-0050 DIOiH-SIilITCHING 60V 200MA 2NS 00-1 26~8() 1901-0050
A1;JCR'J 1902-0184 OIOOE-ZNR 16.2V 51 00-7 PO*.4W fC:+.Q6t.1 04713 Sl 10939-2+2
AluLIUI 1'iOZ-011i4 OIaOE-lNR 16.2V 51 00-7 PO:.4W lC:+.0661 04713 51 10939-242

A1uUUl 1901-0050 OIOUE-SWITCH~G 80V 200l'lA 2NS 00-1 28~80 1901-0050
A10Ci'{lj 1901-0050 0100E-SWITC~ING 80V lOOKA 2NS 00-.7 28tt80 1901-0050
4';'OCiU4 1902-)002 I OIOOE-lNR 2.37V 5100-1 PO'=.ltil "=-.0142: 158l!l CO 35526
AiuLkl5 19 02-0049 DJOOE-lNR 6.19V 51 00-1 P~.4~ T(.=+.0221 28480 1902-0049
A1ll(.1l.1:. 1901-0U50 UIOj)E-SIoIITCHJN(; BOY 2001'14 INS 00-7 28"80 190J-00'iO

It lOCI(.17 1901-0050 010~E-SIoIITCHIN(; liD" 200llA 2NS 00-1 28480 1901-0050
It 1.0CiU. 8 1901-0580 OIOOE-GEN PRP. 30V ,Z5MA To-72 28~80 1901-0586
A1",CR19 1901-0580 OIOOE-GEN PRP 30V 25MA T0-72 28~80 1901-0586
AllleR;!1 19 01-0580 OIOOE-GEN PRP. 3D" 25MA TO-1Z 28460 1901-058&
AHH.:lI.ll 19 01-0~86 OIOOE-GEN PRP JOV 25MA T0-12 28460 1901-0586-

AHI(.II.<::3 1901-0050 OIOOE-SWfTCHING 80y ZOOKA 2NS 00-7 Z8460 1901-0050
A1;J(.Rl4 19C.l-QIl50 DiODE-SWITCHING SOY ZOGMA ZNS 00-7 28'+80 1901-00!i0
A1uCkl5 1901-0050 OIOOE-SIIIlTI:HING 80Y 200MA 2NS 00-1 28'+80 1901-0050
Al:.H;.Rit> 1901-0aso OIOiJE-SWnCHLNG 80" 200l'lA 2N:' 00-7· 28460 1901-0050
AWCil.2 7 19111-0376 • OIOOE-GEN PRP 35V 50MA 00-7 26480 1901-0316

AJ.UCII.2d 1901-0:Hi> OIOOE-GEN PRP 35Y 5D"A Oll:"l 28460 1901-037i>
AWCR2." 1902-018'+ DlODE-lNR 1b.U 51 00-7 PD=.4W 1C=••066'; 04713 'Z 10939-2~2

AJ,O":'iOI 19 02:-0184 OIOOE-lNR 16.2" 5~ 00-7 PO=.IoW H;: •• 066'; 0.ro1U 'Z 10939-Z'+2
AI0CR);! 1901-0050 OIOI>E-SWJTCHLNG 60V 2:00MA 2NS 00-1 28'+80 1901-0050
AIIJC~H 19(;1-00:;0 OIOOE-SWITI:HING SOV 200MA 2NS 00-1 26480 1901-0050

AiU(.1I.34 19 01-0050 01 OOE- SWITCH VI(; auv 200MA 2N, 00-1 28+60 1901-0050
A1QLk.b 1901-0050 OIODE-SWI T(.HING acv 200MA 2N' 00-1 28460 1901-D050
A10(.k.j:' B01-00S0 m 00£- SIIIJTCHING aDV lOOMA 'NS 00-1 28.80 1901-0050
All1eR:H 1901-0050 OIOOE-SWITCHING aDV 200M ZN' 00-1 28480 1901-0D50
410Ck.H\ 1'.101-000;0 OIOOE-SiilTCHtN(; aDV 200."A IN' 00-7 2:8480 1901-0050

AlGLR1'J 1901-0(,150 OIOOE-SWJTCHI"'l(; aDV 200."A 2N' 00-1 2:8'+80 1901-0050
A!OCR41 1 '.I01-0<l 50 OIOOE-SWITCHLN(; SDV ZOOKA 2N' 00-7 28480 1901-0050
AlOC.ll.4.! B01-0U50 01 OOf-SIIII ILHING SDV ZOOIlA 'N' 00-1 28480 1901-0050
A10(.1(4.j 1901-0\l50 OIOOf-SWJTCHIN(; SOV 200MA 2N' 00-1 28'080 1901-0050
AI0CII.44 1901-0050 OIOllE-SwlT(.HING SDV ,ZOOKA 2N' 00-7 28480 1901-0050

AI0I,;R4'i 1'.101-0050 OIOOE-SWlTeHLNG SDV 20a"A 2N' 00-1 2:8"060 1901-0050
AlOCII.-.o 1901-0050 DIODE-SWITCHING SOV ,ZOO"A ZN' 00-1 28'+60 1901-0050
AlOCR4"l 19 CI-0050 OIOOE-SwlTCHIN(; 80V ZOO"A 'NS (I(}-'1 Z84!!0 1901-0050
AlJCK46 1901-0iJ28 OIOOE-PWR REC.T 400Y 750MA 00-29 28'+80 1901-0028
AIOCR4S! 1901-0028 OIOOE-PWR REeT 400" 750MA 00-2.9 28480 1901-0028

A1aCil.H 190.1-0026 DIOOE-PWR REeT 400V 750J0lA 00-29 28.80 1'.101-0026
A10l;.R~2 19C1-OU28 OIOOE-PlfR RECiT ./tOOV 750MA 00-29 28'+80 1901-0028
AIUl;II.:;"; 1 '.I01-002!! OIOi:lE-PWR RECT 400V 150MA 00-29 28460 1901-0028
A10Lll.54 1901-0028 OIOOE-~R RECl '+OOV 750MA 00-29 Z8480 1901-00Z8
A1(,1CII.55 1901-0028 OlOaE-PlfR RECT 400" 150llA 00-Z9 28lt81) 1901-0028

A.l.OLil.Joo 1901-002B OIOOE-PWR Il.EU 400V 750l1A ll0-29 Z8480 1901-0028
AlOCR51 19 C1-0u2d OloaE-PWR RECT ...DOY 150MA 00-29 28480 1901-0028
Al(JC1I.5d 1901-0028 DIOOE-PWR RECT 400V 150MA 00-29 28480 1901-0028
A10[.i.:~9 1901-0USO DIODE-SWITCHING SOV·200HA 2NS 00-1 Z8480 1901-005a
AlJCkbl 1902-0049 DlOOE-VlR 0.19'0' 51 00-7 POE.~W TC=·.022::C 28't80 1902-0049

AlOl;Il.l>2 1901-020Q DIOOE-PW& RECT 100" 1.54 04113 Sa1846-9
A1i)Ci<.6;; 19 CI-0.!00 OIOOE-PWR RECl 100V 1.5A 04113 ~1846-9

AlOCRo4 1902-0110 2 DJOiJE-lNR (o,7.5V 5:; 00-15 PO=IW TC: ••08t:l: 0401U Sl-lt213-3H
Al(JO,o:. 1 vee-cess OIOOE-LHR 6.19'0' 5l 00-1 PO=.'ilW TC=•• OZ2:1 284/10 1902-0049
AI0Li\.bt> 1902:-0176 OIOilE-lNR ...7.5'0' 5' 00-15 PO=lW TC=·.08U; ,)'+113 SZ-1l213-335

See introduction to this section for ordering infonnati'on
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• Tabla &·3. RaplacaablaParts (Cont'd)

Reference HP Part Oty Description Mfr Mfr Part Number
Designation Number Code
4101.:1\1>{ 1902-3104 DIOOE-lHR 5.62V 51 00-7 PO~~4~ 7C"'+.0161 15818 to 35634
AIUl.k .... 1902-0631 OIOOE-LNR IN53518 loftV 51 PO:5W 7C=+751 Olt7B IN53'H8
AWCRo9 1901-0050 OIOOE-SWITCHING SOY 200MA 2NS 00-7 26480 1901-0050
A1OCR71, 72 .1 1901-0050 DIODE-5WITCHING sov 200MA 2NS 00-7 2B480 1901--0050
AlOEI 1910-0011 1 _SURGE V PTCTR 28olt60 1910-0017
aroez 8110-0052 1 WI~E-RES 2.6-QHM/FT .01-0IA 28loBD 8UO-0052

1110.. 1 1251-2035 CONNECTOR-PC EDGE IS-CONT/ROW 2-ROWS 71185 252-15-1o-30Q
A.W.)2 1251-20H CO~NECTOR-PC EDGE 15-CON1/~UW Z-ROWS 11185 252-15-30-330 '
1110.,13 1251-4199 1 CO~NECroR-PC EDGE 15-CONT/ROW 2 ROWS
1110.,14 1251-4325 1 CU~NECJDR lO~PIN " POSJ rYPE 2841U. 1251-4325
A1U,J~ 125J,.-3192 1 CONNECTOR 3-RIN H POST TYPE 272M 09-&0-103112403-0lAJ

AtOM 0490-0140 1 RIOLAY,:REEO 28480 ()o\.9G-0740
AlOK2 0490-0663 11 RELAY-RHO lA 100KA 1000voe SliDe-COIL 28460 0490-0663
Al.JK:i 0490-0663 RELAY-REED lA 100,KA 1000voe svcc-con 26480 0490-0&63
AI0~4 U490-0664 • RELAY-REED lA 100HA 250VOC 5VDe-co1L 28480 0490-0664
AI0K:> 0490-0663 RELAY-REED lA LOOMA 1000VOC SVDC-COIL 28480 0490-0663

oHOKI> 0490-0663 REl4Y-RfEO 1A 100HA 1DOOVOC SVOC-COIL 28lt80 a..9D-0663
All1K7 0490'-0664 RELAV-REEO 1A 100HA 250VOl; SVDC-COll 28480 0490:-0664-
AluKd 0490-0664 RELAY-REED lA 100HA 250VOC 5YDC-COIL 28480 049()-0664
III0K9 0490-0664 RELAY-REED 14 100HA 250VOC SIIOC-COll 28480 0490-0664

AWl! 91~1641 1 COIL-IIIlO 240UH S' Q:6S .lSSIlX.375LG 24226 1512..3
A10P1 1251-4311 1 CONNECTOR a-PIN F POST TYPE 27264 22-01-2081

1251-3476 CONTACT-CONN oweosr TYPE FEM CRP IP/O P1) 28480 1251-J476
A10PJ 1251-4310 , CONNECTOR 2-PIN F POST TYPE 27264 22-01-·1021

AI0"'1 SOSa-l028 • iRANSISTOR, fH 28480 5088-7028
AllJo,i, 5088-7028 TR4NS1 STOR, FET 28480 5068-7028
11.10"'3 en 5090-'704'7 9 TR4NSlSTOR, FET 26480 5090":701+7
AlOH.l4- en ,5,0:9.0-70.1t7 TR4HSlSTOR. FET 28480 5090-7-047
AIU"S Illo5S-0306 1 TRANSlSTOR-JFET DUAL N-CHAN o-MOOE 51. 28480 18550-0308

AlQ"'6 18 55-0,,41 > 1UHSISiOR-JfiET DUAL N-CHAN o-MOOE To-11 28"100 1855-0241
ALOOl 1854-0071 19 TR'NStSTOR NPH SI P0=>3001'1.., FJ""200HHI 26480 185.... 0071
ALOU6 185l-0086 1 r~ANSI5TOR PNP Sf PD:310HW fT"'''uHHI 28480 1853-0066
A.1I,)I.I9 18ST-0020 TkANS1SiaR ProP SI PO=3:l0"W fJ"'150MHl 28,UO 1853-0020
Aluo,ill 1854-0011 TRANSISTOR NPN SI PO"'300MW FT"'200MHI 26460 1854-0071

UiJi,jU 185lt-0087 a TUNSl STOR NPN SI 1'0=36011I'" FJ=7S"HI 26480 1854-0087• Alvuij 5066-1028 TRANSISTOR, FET 26480 50Ba-l02a
A10"14 5088-1UZR TRANSI STOll.. FET 2848U 5088-7028
Al:Jl.ll:i ao SO,90-7047 TRANSISTOR. FET 28480 S090-70ti7
A,hHlll> eu 5090-7047 TRANSISTOR. PET 28480 50S0-T047

AIU"11 1855-024& 2 TUNSISiOR-JHT DUAl N-CHAN D-HOOE 10-71 28480 1855-02 ..6
AliHllll " 5090-7047 TRANSI STOll., FET 28480 5090-7047
AHl"liI cu 50<]0-7047 TRANSISTOR, FET 26460 5090-7047
AHilolZ1 eo 5090-701+7 TKANSISJOR, fEY 2M·60 5090-7047
AIUuZ.2 1855-042:0 11 TRANSISTOR J-FET 2N4391 N-CHAN D-MOOE 04113 2N4391

AH.lU~3 1854-0087 TI<4NSISTOR NPN SI PD:360NW FT=75MHZ 28480 1854-0081
Ali)~2.4 165ft-0071 TRANSISTOR NPN Sf PD=300M~ fT=200NHZ 28460 1854-0011
AliJUZ;i 1654-0071 TRANSISTOR NPN SI PO~300"W FT~200HHZ 28lt80 18:;~001l

Ahli.lll> 18~3-0020 iRANSISTOR PNP SI P0=300MW fT~IS0"HZ 28480 1853-0020
AW"17 18~5-0368 • TRANSISTOR ~~ET N-CHAN O-"OOE J0-72 >l 28480 1855-0368

AHlI.Wl 1855-0368 TRANS15TOR J~H N-CHAN D-"ilOE TO-12 sr 28lt80 1855-0368
A10l.l211 11155-0368 TRANSISTOR J-FET N-eHAN O-HooE TO-72 51 28480 1855-0368
A Uiw.:H 1855-0.24" 2 _TRANSISTOR, JFET N-CHANNEL IN4857 26460 1855-0244
oII.li.hU2 Ul55-0244 *TRANSlSTOR, JFET N-CHANNEL ZN4857 28480 1855-OZ44
AhHbj 1855-0420 TKANSISTOR J-FET 2Nit391 N-CHAN o-"OOE 04113 2N4391

A1(;U.:>4 1855-042.0 JRANSISTOR J~ET 2N4391 N-CHAN O-MODE 04713 2N4l91 .
AI1J1oi3, 1655-0368 TRANSISTOR J-FET N-CHAN o-~OOE TO-72 SI 28lt80 1855-03&8
AlUU:ao Il:lS5-C:H>S HtANSISTOR J-:-FET N-CHAN lH40DE To-72 SI 28480 1855-0368
Ali10:aJ • 1855-04&0 1 Til,ANSISTOR-JnET DUAL N-CHAN G-MOOE TD-71 28480 1855-04GO
A10030 zn 5090-701+7 TRANSISTOR. FH 28480 SOgO-7047

AI0U3i1 'D 5090-70lt7 Tll:A~SISTOR, FET 28"80 5090-7047
A1;JU4:J 18~5-0368 TRANSISTOR J-FET N-CHAN o-ItODE T0-72 Sl 28"80 18S5-0368
AI0U41 1853-00.20 TRANSI STOR PNP SI P0=300MW ff= IS0KHZ 28480 1853-0020
AlaQ4l 1853-0020 TRANSISiOR PiliP SI P0=300"W FT= 15OHH.l 28480 1853-0020
A1I)~J 18 ~3-0020 nANSI SIOR PNP 51 PO=300lllW fT=150HHI 284.80 1853-0020

AI0044 i a e--oor; TUNSISTOR NPN SI PO=300KIj FT:200KHI 28480 1854-0071
AW.. 45 135ft-007l TRANSI STOR NPN SI PO"'300Kll' FT-=200lllHZ 26480 1854-0071 .
Al'llJlot(, l853-00,O TR..tNSISTOR PNP SI P0=300Mw FT;lS0MHI 284-80 1853-0020

Alu~l OB lJ-OO}2 2 RfSlSHR SOK 5'1 5W PW TC=()+-20 91637 ''''S
A1Ok2 081J.-OO32 RESISTOR 50~ S: 5W PW T(=0+-20 9l/r37 RS-5
AHI'" 0696-8737 12 RESI STOR lOOK 5; .2S11 CC TC=-400/+800 Ol1ll (81045
AIJk.... 0096-8737 RESISTOR lOOK 54 .2511 CC TC=-400/+800 0112"l C81045
Al;J;"S 0683-15lS • RESISTOR 15K S: .25W FC TC=-400/+800 01121 C81535

AIUl\o 06053-2445 2 Ri::'SISIQR 240K 5~ .25W FC TC=-800/+900 01121 C82445
AIurr.7 0683-2445 RESISTeR Z40K 5'1 .lS. FC TC=-800(+900 011.21 (82445
Al,JH,& 0157-0446 2 RESISHR 15K I: .125W f TC=O+-IOO 2454; C4-1I8-TD-150l-f• AIJIio" 0151-0446 RcSISHR 15K 11: .12511 F TC=0+-100 245",6 C4-1/8-To-I502-F
Alukl1 oc Ob83-1325 9 RI::SI S TORI:3K 5:1: .2511 FC T(=-400/+700 a1607 C81325

oc SERIAL NUM8ERS 1622A01806 ANDABOVE. REPlACES0883-2025.
00 SEE NOTEONSCHEMATIC 1.

_0 0;0011$ CR71 aroj CR12 apply only to serial numbtlnl 1822AOO411 aM above.

See introduction to this section for ordering information
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Table 6·3. Replaceable Parts (Cont'dl
Reference HP Part Oty Description Mfr Mfr Part Number
Designation Number Code
A.l.ORU 0683-332:;; 1 RiSISTOR 3.31. 5~ .25W Fe TC~-~OO/.70a 01121 CBHZS
A!lHU:s 06<;;6-8731 RESISTOR lOOK 5~ .l5W c, rC:-400/+800 GUZl CBIMS
4ll'Io:.14 0683-1015 2 RESISTOR 100 5~ .25W Fe 1(;=-400/+500 cu ar CB1015
AlilR15 Q683-a,u.5 1 RfSJSTaI. 8.21(, 5:( .25'" Fe. 1(;:-400/.100 011ll 1;88l25
411)11.10 Oo8l-1535 RESISTOR 15K 51 .25W FC 1(;:-400/.800 01121 C61535

AlOkl1 0083-2035 e RESISTOR 20K 51 .25W Fe l'~-"OO/+800 DUll (,82035
Al(~f(la 0698-4479 2 RES.tSTOll ... u: .125" F TC",0--100 24546 C4-1/a-rO-140l-F
A.I..)Rl'il Ot>98-JH6 1 RESISHR 17.8K IX .125W F 1(=0+-100 24546 (4-118- TG-118Z-F
Al()Kll Ob!G-5625 3 RESISTOR 5.61'. SI .25W Fe 1C:-400/.100 01121 (;85425
Aliik2£ 0683-5625 RESISlOR 5.61. 51 .25" Fe rC=-400{.700 01121 t85625

A1JIl.Z3 0683-1535 RESIS10R 15K 5t .2S111 FC 1CK-~OO/+800 011ll CIl1535
A1iliL( .. 0696-6771 8 RESI~JQR. FXO 1000 OHM .05 Z1l48G. 0698-8111 .
All)l1.0:::1 06'18-~479 RESISTCil ". It .IZ5111 f 1C~a.-l00 z"s.rt C4-1/8-TD-l~02-F

AIIlR.l& 0683-1825 1 RESISJOR 1.81l S& .25111 Fe T(;=-4001 +700 01121 caieas
AliJKl1 06a.l-'''15 RES[STOR ,20 5~ .25W FC TC=-400/+000 crrai C82llS

A10;;''<:0 0683-5145 7 RESHTOR s10K 51 .25111 Fe TC"-800/+900 01121 C8S1~S

AliJR211 06'16-613 7 RESHTDR lOOK 5' .25111 CC T(;"-400/+80Q. 01121 C81045
AI,UOI 068l-1035 15 RESISTOR 10K 5' .25111 FC TC=-400/+700 011Z1 C81035
AHJR31. 0683-5625 RESISTOR 5.bK S~ .. Z5111 FC 1C:-4001+100 Oll2l C8562.5
Al.\.UI.:H 0683-9U5 1 RESISTOR 910 5t .25111 FC Te:-400/+600 01121 CB9115

AIOR34 0690-8731 RESISTOR 10011. 5' .25111 cc Tc=-400/+800 01121 C81045
AI0R35 0811-3415 1 RESISTOR 16.. 8 l' 1W Pill 1(;=0+-20 911131. RS-IA
AlOR36 0698-8176 1 *RESISTOR. FXO 10 OHI( ..05 28't80 0698-8710
AI0K31 068l-2035 RESISTOR 20K 5t .25111 FC Tt"-4001+800 01121 1;62035
A10tU8 U698-S711 RESISTOR. FXO lOOO OHH .05 28'tSO 0698-8111

AlOil.3">l 0098-8131 RESISTOR lOOk, 5t .25111 CC TC=-~oo/+aOD 01121 (BID4!!
AJ.u .... 1 0698-8093 2 RESISTOR 20K l' .ll5111 F TCaO+-25 03888 PME55S
AlaR.. 2 069tH1692 1 RESISTOR 160K n .125111 F T'~0+-25 03888 PfltES5S
1\1\,1/0;.....3 0698-8693 RESI STOR 2.' It .125\11 F TC=O+-Z5 03888 Pf'tE55S
AI01('t4 0698-8137 RESISTOR lOOK 5' .25111 CC TC=-400/+800 01121 CB1045

AWII.4';i 0683-5135 1 RESISTOR 5111. 5' .25111 FC T(~-4QO/+800 01121 C85135
AluR41:> 06096-8711 ReSISTOR. FXD 1000 OHM .05 26480 0698-811-1
AlOR41 U811-3%1 2 RESISTlVE S.eT. 10M/IOO KOHM (INCLUDES R6Jl 28fo80 081l-3~01

All)l/,40 1810-0,,32 2 NETWlIRll.-QES a-PIN-SIP. .1-PIN-SPC.G 7X1OOK 56289 216CHI0foX9PIt
AllH/, ...c 1810-0232 NET~ORK-RES 8-PIN-SIP .l-PI N-SPCG 7X1OOK 56289 216CHIO ....(9PH

Al~I(=:>1 0(»98-813 7 RES ISTaR 100~ '" .25'1 CC 1(:.-400/+800. 01121 C.Sl045
AJ.(H,S' Ob63--Z025 RESISTOR ZK 5~ .25W Fe TC=-400/+100 1)1121 e82025
AlORj3 0683--6225 1 RESISTOR 6.2K 5t .25W FC T(=-400/+700 01121 (B62.25
AJ.(JR~4 0098-Hn 2 RESISTOR ,M n .125. F ""'0_100 19701 ~F5Cl/a-To-I004-F

A.lUn5~ 06':18-7332 RESISTOR ,M n .125111 f 1C:0_IOO 19701 MF5CI/8-TQ--,100+-F

AliHl.56 0063-5145 RESISTOR 510K 5% .25M Fe 11;=-800/+900 01121 (85145
AtOIl.5'1 00 98-63Z 0 s RES t STCR •• .it .125111 f TC=0+-25 03888 PI(E55-1/8-T9-5001-8
AHlR58 0698-63Z0 RESISTOR 50 .1' .125W F TCwO+-25 03888 PI(E55-1/a-T9-5001-~

AIUk5i1 Oo9l-104l 2 RESISHJR lOOK 10' 2111 CC 1c=0+882 01121 H81041
A.l.iJlU>l 06'93-1041 Rl:.SlSfOR lOOK 10' 2111 ~c 1C=0+882 01121 H1I1041

A1(1Kb..l 00'>8-8737 RESIHOR ·lOOK 51 .25W cc TC=-400/+800 01121 c61045
AI0tl.td 08 U-3461 RESISTIYE se r, 10"' lOO KOHM (INCLUDES R47) 2a~80 0811-3461
II10Rb4 06':18-t1111 RESIHOR, FXO 1000 OHf4 .cs 28it80 0698-8771
Ahlii./;J) 068J.-753S. 1 RESISTOR 75K 5~ .25W Fe JC=-400/+800 01121 (67535
1IJ.IJl{60 2100-3383 1 RESlsrOR-1RNR·50 101: ( TOP-AOJ 1-TRN 73138 72-101-0

A10k.b7 0683-2025 RI:SI STOlt ZK 5':1: .2511 Fe T(;=-itOO/+100 01121 CEl2025
A10/(0& 06':18-8737 RESISTOR lOOK ,5' .25111 CC 1C=-400/+800 01121 CBI045
A10ll.bil 0757-~65 RESISlCR lOOK It .12SW F 1C=0+-100 2454!.1 C4-1/8-TD-I003-F
Al<,lR71 0751-~1.5 RESISTOR LOOK it .ll5W F T("O+-IOO 2-'>546 (4-1/8-TO-1003-F
ALiJk1l 06tlJ-2015 RESISTOR 200 51 ..Z5W Fe JC=-400/.600 011ll (B2015

A1OR13 0157":0460 • RESISTOR bJ..9K It .125W F lC=0+-100 2454-6 c4-1/8-To-6l9Z-F
4.lOK14 00$3-4(25 6 RESISHlR 4.7K 51 .25W Fe lC:.-400/+ 100 01121 C84125
AWk75 0083-1035 RESIHOR lOll. 51 .25111 Fe TC=-foOO/+100 0112l t61035
Al(1K1(» O6ob3-Z035 RESISTOR 20K 5t .25111 F( TC"-400/+800 Oll21 (82035
AlOft1J 0083-4725 RES) s rca 4.1K 5";( .15i( FC T~=-400/+ 700 01121 (64125

UllII.18 0683-4725 RESISTOR ~.1K 5t .25'1 Fe TC=-400/+100 01121 (84125
A101l.19 0698-8777 RESISTOR FXD 1000 OHM ',05 28480 0698-8777
AIUKdl 0683-202!i RESlS10R 2K 5'l6 .25W FC TC=400/+800 01121 C62025
A101(8"- 0663-9l45 1 RESISTOR 910K 51 .25W Fe T(=-800/+900 0.1121 C89145
ALIJkD3 06098-8137 RESISTOR lOOK 51 .25i( (C TC=-400/+800 01121 C810_45

AJ.;Jk8~ 0083-1035 RESISTOR 10K 51 .25'1 Fe T(--itOO/+100 Oll2l t81035
AIJRD5 0098-8737 RESISTOR lOOK 5t .251l CC TC"-400/+800. 01121 C81O:.Io5,
A.i.Oil.Oo 0698-8717 RESISTOR. FXO 1000 OHM 405 28480 0698-871J
AHJRll1 0098-8771 RESISTCR. FXO 1000 OHM 405 28~80 0698-8111
AHHHlb Ob8l-S115 2 RESISTOR 510 5l .25W FC TC=-400/+600 01121 CBSll5

AlUKb\i 0683-5115 RESISHR 510 5t .25. Fe TC:-400/.600 OU21 (85115
AlvKill Otol!3-21135 RESISTOR 20K 51 .Z5W Fe TC=-400/+800 01121 t82())5
Arcasz 0633-~035 RESISTOR 20K Sl .25\11 Ft T':-400/+800 01121 t62035
Aluii.'iI;j O('1l3-3025 • RESISTOR ,. 51 .25W Fe T(:.-400/+100 01121 C83025
AlUk~4 0683-2025 R~SJ SJOR '" 5: .25~ F( TC:-400/+100 OUZI 1;8202 5

See introduction to this section (or ordering infonnation
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• Reference
Designation
A.lOII.9,
....l.,JK90
Allltl.;,il
AlDtl.'ilo
A.lv~99

A10A10l, Rt02
A10R103
A10R104
A1Rl05 eo

HP Part
Number

00/33-201;
06133-2015
0683-2025
u6ar2025
0698-8777
0683-2035
0683-4725
0683-1335

Table &·3. Replaceable Parts (Coot'd)

Description

RESISTOR 200 5••25W Fe 1(=-400/+600
RESiSTOR 200 5z .25W Fe TC=-~OO/.600

RESISICK 2K 5¥ .15W Fe rCc-~OOI.100

RESISTOR 2K 51 .25M Fe lC=-400/+100
RESlsrm FXD 1000 OHM .05
RESISTOR 20K 5% .25W Fe TC=-400!+800
RESISTOR 4.7K .5% .25W Fe TC" -400/+800
RESISTOR 13K S% .2SN Fe TC-.400/+8QO

Mfr
Code

01121
OU21
01121
OU21
28480
01121
01121
01'21

Mfr Part Number

C82015
CB2015
C8Z015
C82025
0698--8777
C820JS
C84725
C81335

A lUlU ce 0757-02H RESISToo',-J.• 2J.K 11 ,• .l25~ F T(=0_100 24546 C4-lIS-TD-llU-f
410...101 Oc.tG-2025 RESISTOR2K 51 '.Z5W Fe TC=-400/+700 011Zl C.82025
AIOIUOI:I 06lU-41lS RESISTOR 4.1K 51 .25W Fe IC=-400/+10Q OU21 (84125
A luOl.l u'J 0083-472.5 RESISTOk 4.7K 5~ .25W FC T'=-~00f+70Q IUl21 [;8~725

A10Rt11 ;)A 0683-4725 RESISTOR 4.7K 5% .25W FC TC--400!+700 01121 CB4725
AlO~l ., 04<>0-0bOl 1 SWITCH-MAG REED FORM A 3VA 1200V CONt 28"'80 049o-oa02

AlIlTl s i ec-cere 1 TII.ANSfQIUlflh PUlS-1: 281"080 9l00-0618
AJ.OI2 9100-3619 1 T.H.ANSFORMER. PULSE 281"080 9100-3819

A10Ul 1826-03H 2 rc M' 1436COP AMP 04113 MC143bCG
Aluul 1826-0109 2 IC itA 2625 OP AMP 28~80 1826-0109
AliJlJ) t 1826-0371 I rc LF 256H 011 AMP nOlllo IF"256H
Al.;)U4 1826-0341 s -c, , COMPUTER 1M339 SPEC. 28480 1826-0341
AllJLi:> 18 ~tr-0341 ,C. J COMPU·, Ell IJll339 SPEC.. 28480 1826-0341

Alau", 1826-0341 rc, J COMPuTER lM339 SPEC. 28480 1826-0347
AI0U7 1826-0471 1 tc OP AMp LOW-DRIFT TO-99 02180 OP-07CJ
AIUU~ LS.:£tr-O)·H to. J COMPUTER l"339 SPEC. 281"080 1826-0347
AIUU9 L826-0J,H to. J COMPUTER LH339 SpEC. 28480 1826-0341
AllJUll 1820-1196 1[;-OIGITAL SN74lS114N TIL l5 HEX 1)J295 5N14l51 nN

AllJU12 18,20-1196 IC-IHGIfAL SNl41S114N rn IS HEX 01295 SN141S1 nN
ALOuD 1820-1196 IC-l)IGl.TAL SN14lS114N HI 15 HEX 01295 SNl41S174N
AliJUlfo. L80io--,L2:1b U:-DLGUAl 5,.14L5138N TTL 15 a 012:95 SNHLS138N• A1OU.Lj 1820-1196 tc;.-DIGHAl SN14l5I1<Wt HI 15 HEX 01295 SN14LSI14N
A.ll:lUl b 1620-1196 1~-OIGITAL SN141S114N TTL IS HEX 01295 5N14L51 Hi'll

UUUll 18:£0--1196 IC-iHGHAL SNl41SI74N TTL 15 HEX 01295 5N14L S114N
AU,lul.ll 1820-0343 II: MC IH6C OP MtP 04113 MC1436CG
AluU19 lalO-0471 • Ie-DIGITAL SN1406N TlL HEX 1 012:95 SN1406N
AliJU21 1820-1l91 Ie-DIGITAL SN74l500N JTl LS QUAD 2: N"O 01295 SN14LSOON
AiOUl<: 18.;l{)-U99 IC-DIGITAl SN74L504N r n, lS HEX I 01295 SHl41S0~

A10U2':1 1820-1420 z IC-{HGIJAl 5H14L592N TTL as OIV-X-12 G1295 SNJ.4LS92N
AlilU.<::4 L820-0...11 Ie-DIGITAL 5Nl~bN ITL HEX 1 01295 5N1406N
AHH,IL:; ld18-2270 I rc, "OS-ROM 28480 1618-2270
AliJU./:'.o 03455-62501 NANOpROCESSOR ASSY INCLUDES Al0R1OS- ,28480 03455-62501
AIUU2.l 1<lLG-1l98 IC-nGITAl SN1-'oLSOlN HL LS QuAD 2: "NO 01295 SH14lS03N

AHhiZllo 16Ztrl199 re-ar s rr At SNl41S04H TTl 15 HEX 1 01295 SN14tS04N
AI>JUZ'< 1820-1191 H;-OIGHAL SNHLSQON TTL 15 QUAD 2 NAND 01295 SN14LSOON
410;.);'1 16 ZO- 14.<'0 rc-cr Gil Al SN74-l592N TTL 15 DIV-,lt-12 01295 SN14lS9ZH
AHIU3.<:: 1820-1112 IC-OIGIJAL SN1itl514H TTL IS OU"- 01295 SN1US1't"l
A10U3~ la,2~1l12 JC-QIGlTAL 5Nl4tS74H TTL 15 auAI 01295 5N14LS71tN

A10u3-+ 19O;~0511 2 QPla-ISOLATOR lED-PDIO/XSTa If=50MA-MAX 28480 1990-0511
AhlUl5 19'90-0577 O.,lo-ISOLATOR lED-PDIO/XSTR If=50HA-14'u 28480 1990-0511
AHhHg. HIZb-OJ.50 1 to V RGLTR 27014 5L28683-24
.0.1,,10,1::>1 U126-0299 1 rc V RGLTR 27014 LM32OT-24
AllluJIl 18£0-0396 1 Ie lelse v RGLTR 02237 : 78t!iUC

AIDu}\l 1826-0211 I rc LM. 3Z0 V RGlTR 210110 L"-320T-15
1205-0309 4 HEAT SINK SGL To-220-PKG Z8480 1205-0309

.0.1.,;';1 03o(,55-b1607 1 CAaLE ASSf"'BLY. L.I.(fNCLUDES PH 28460 03455-61601

.0.10\112 03 ..55-0160b , CA8U' • • OJ I DIVIOER 28480 03455-6160S

A1O",L 1200-0466 1 SUCKET-IC o(,O-CONT DIP-SLOR OOIIJ A-23-2030Y

AWYl Oo(,-l~0063 , CitYSTAL. QUART t: 4915.200 k.Hz .2:8480 0410-0663

50~O170 «nus :PlUG-lN PC BOARD 28480 5040-0110

All ;)C 11177-69501 1 ASSEMBLY, REfeRENCE· Z8IoS)

NOT fiELD REPAIRABLE.
RESUILT EXCHANGE ASSEMBLY

111776 REPLACEMENT ASSEMBLY

• 6.0. RESISTOR A10R111 APPUES ONLY TOSERIAl NuMBERS 1622.0.00411 ANDABOVE.
loS REEDSWITCHA10S1 APPUESONLY TO SEAIAl NUMBERS 1622.0.00410 AND SElOW.
toe REPlACE WITH.11.20 ASSEMBly PART NUMBER 111178 FORREPLACEMENT OR EXCHANGE.
too SEE NOTEON SCHEM.o.nc 11,

See introduction to this section (or ordering information

Rev A 6-11



Table 6·3. Replaceable Parts (Cont'd)

Reference HP Part c Oty Description Mfr Mfr Part Number
Designation Number D Code

A12 034SS-6liS 12 I PC ASSEMBLY, OHM CONVERTOR 28480 03455-6&512
AIle} 0180-0230 CAPACITOR-FXQ IliF +-20\ sovae TA 56289 150DI05XOG50A2
Al:2C2 0160-0i64 I CAPACITOR-fXO .039UF +-10\ 100VOC 28480 01£'0-011;4
Al20 <'>B 0160-0157 I CAPACITOR-FXO 4700PF +-10\ 200VDC 28480 01&0-0157
A12CRI-CR4 lgOI-0050 DIODE-SWITCHING Bov 2QOMA 2NS 00-7 28480 1901-0050

Al2eRS 1902-0177 I OIOOE-ZNR lN82S b.2V 5\ 00-7 ?D=.25W 04713 IN8H
AI2CR6,CR] 1901-0050 DIODE-SWITCHING BOV lOOMA 2NS 00-7 28480 19111-0050
AlleRS 1901-003£, I OIODE-HV REel lKV 600MA DO-29 28480 1901-0031)
A12CR9 1902-313I:J I DIODE-ZNR S.lSV 5\ DO-7 PO=.4W 1C=+.053\ 04713 sz 111939-lSB -
A12CRll-CRlS 1901-01)50 DIODE-SWITCHING 80V 200MA 2NS 00-7 28480 1901-0050

A12Ql 1855-0247 TRANSISTOR-JFET DUAL N-CHAN D-MODE TO-71 28480 1855-0247
Al20Z 1853-00Z0 TRANSISTOR PNP SI PD=300MW FT=150MHZ 2&480 1853-0020
A12Q3 1854-0087 TRANSISTOR NPN SI PO=360MW FT=75MHZ 28480 1854-0087

_A12Q4 1854-0079 , TRANSISTOR NPN 2N3439 SI TO-5 PD=IW 02735 2N3439
A12C15 1855-0247 TRANSISTOR=JFET DUAL N-CHAN D-MODE TO-71 28480 1855-0247

A12Rl 0683-1115 I RESISTOR 110 " .2511' FC TC=-400/+600 01121 C61115
A12R2 0683-4325 I RESISTOR 4.3K 5% .2511' FC TC=-400/+700 01121 CB4325
A12R3 0757-0059 I RESISTOR 1M 1\ .511' F TC=0+-100 19701 MF7C1/2-TO-I004-F
A12R4 OE83-2735 , RESISTOR 27K ;\ .2511' Fe TC=-400/+800 01121 CB2735
A12R5 0698-44G8 I RESISTOR 1.13K l' .125\1' F TC=0+-100 24545 C4-1/8-TO-1131-F

A12RG 0698-4202 , RESISTOR 8.87K 1\ .125\11 F TC=O+-IOO 24545 C4-1/8-TO-8871-F
A12R7,R8 hA ha 0757-0442 6 RESISTOR I" I' ,12511' F TC=0+-100 03292 C4-1/8-TO-I002-F
A12R9 0683-1235 s RESISTOR 12K 5\ .2511' FC TC=-400/+800 01121 CB1235
A12Rll 0683-4715 a RESISTOR 470 5% .2511' FC TC=-400/+600 01121 CB4715
A12R12 0683-21<25 I RESISTOR 2.4K 5\ .2511' FC TC=-400/+700 01121 CB2425

A12R13 0683-3035 I RESISTOR 30K 5\ .2511' FC TC=-400/+800 01121 C83035
A12R14 0698-31<51 I RESISTOR 133K I' .12511' F TC=+-100 24545 C4-1/8-TO-1333-F
A12R15 0683-2735 RESISTOR 21K " .2511' FC TC=-400/+800 01121 C62735
A12R15,R17 hA ha 0757-01<42 RESISTOR I" I' .12511' F TC=0+-100 03292 C4-1/8-TO-I002-F
A12RIB 0683-4335 s RESISTOR 'J' " .25W FC TC=-400/+800 01121 CB4335

A12R19 0683-1535 RESISTOR I" " .2511' Fe Tc=-400/+800 01121 ca1535
A12R21 0683-1235 RESISTOR 12K " .25W Fe Tc=-400/+800 0112 I CB123 5
A12R22 0683-1125 I RESISTOR 1.IK 5\ .2511' Fe TC=-400/+700 01121 C6 112 5

OA SEE NOTE ON SCHEMATIC 4.
0' see NOT~ ON SCHEMATIC 4.

•

•

•
6-12

See introduction to this section for ordering information
*Indicates factory selected value



• Table 6·3. Replaceable Parts (Cont'd)

Reference HP Part Oty Description Mfr Mfr Part Number
Designation Number Code

It1lR2.~ 01 tD-OU09 I RESI SHR lOOK 21 H' ''0 lC=0+-200 U5DZ RG32

AUTl s i co-cere I TRANSf'ltM.EA.. PULSE 28480 910D-Db19

AllUl 1820-0223 Z rc toM 301A DO' AH' 21010' L"3010\1'1
AlZUO:: 18ZQ-02Z3 Ie LH .lOlA DO' AH, nOH. 1I00lAIt

AU 03455-66513 I P.C. ASSEMBl.Y. AC CONVERTER 28·UO. O)"'5~665i13

A13Cl 0160-2199 • C.APACITOR-FXO 30PF '-51 100~VO' MICA 28480 0160,-2199
Ai:loC2 0160-4404 I CAPACITOR-fXQ .15UF +-101 lOQWVOC POLVP 28480 0160-'"04
AUCl 0160-4401 , CAPACITOR-FXO .Oll.lf _lOl roosvcc POLYP ZBIltSO 0160-'"01
Auelo OI60-"OZ I CAPACIIOR-fXQ .IUF +-IOX lOOWYOC POLrp ZStoSQ 016Q-,"OZ
Al),5 0160-2199 CAPAC I TOR-FXO )OPf +-51 30QWYUC MICA 28480 016D-2199

ABel/> 0160-"'398 , CAPAC I 'Oll-FXQ .OB2UF .-101 200WYOC POLYP 28480 0160-4]98
A13e7 0160-4398 CAPAC I TEJR-fXO .082Uf +-10* 200l/VOC POLYP 28ft80 01bQ.-ft398
AUCtl 0160-4401 CAPAC I TOR-fXO ~OlUf +-iOI iOOI/VOe POLYP 26ft80 016G-ftlt01
AHC." 0160-+40J. CAPACITOR-FXO .01Uf +-101 100WVOC POLYP 260\80 0163-ftltOI
ABCll 0180-0229 CAPAC [fOR-F XO 33UF+-101 10VDC TA 562811 1500336X9(.o. J8Z

ABe12 0180-0197 CAPACITOR-FXO 2.2Uf+-101 ZOVDC TA 56Z89 150D225X9QZQol.2
Ancu 0130-1735 CAPAC I TOR-FXO .22Uf+-l01 35VOC TA 56289 150022ftX9035A2
A13Cl"" 0160-2199 CAPACITOR-fXO 30Pf +-5~ lODWVOC MICA Z8UO 0100-2199
A13LH . 0121-0432 I eAPAC(lOR-V TRMR-AIR 1.7/14.1PF 350V 11!t970 189-505-125
aracre 0160-076) I CAPACITOR-FXO 5PF +-101 500WVOC ~ICA 28480 01t>o-Olb)
A13C17 0160-0363 1 CAPACITQR-FXD 620PF +-5% 300WVDC MICA 28480 0160--0363
A13C18 0180-1746 1 CAf'ACITOR-FXD 151JE+-lO'If.,2OVOC TA·_ 562119 1.50D156X9D20B2
A13C19 0160-3949 2 CAPAClTO~FXD 346P1'-+-t% SOOWVDC,PORC 284Sl> 0160-3949
A13C21 0150.-0093 CAPAClTOR,-FXD .01UF +80-20%' 100wvOC-'CEB 21l4lIO . 0150-0093
A13C22 0180-0197 CAPACITOR-FXD 2.2l:lfl+-10% 20VDQ Til.. 562119 \iOD225X9020A2
A13C23 01.60-3134 2 CAPACrroR-FXD .01UF +-10%. 100wVOC CER 28480 0160-:-3134
A13C24 0180--0197 CAPACITOR-FXD 2.2UF+-10% 20VDC TA 562.. ·150Q225X9020A2
A13C25 AA 0160-0378· CAPACITQR-FXD 27PF +-591> 500\!DC MICA 284aO 0160--0161.

0160-2150 CAPACITOR-FXD 33?F +-591> 300wVDC MICA 28480 0160--2150
0140--0190 CAPACITOR-FXO 39?F +-591> 300wVDC MICA 28480' 0140-0190

A13C2G 0160-3945 z CAPACITOR-FXD 39?F +- 1,*, 500WVDCMICA 28480. 0161)..:.3945
A13C27 0150-0096 1 CAPACITOR-FXD .05UF +80-20% 100wVOC CERo 28480; D.lSQ.,.()(ll6

ABC2£> 0J.60-21'19 CAPACITOR-Fxa lOPF +-5; 300WVOC ~ICA 28'o8D 01t>Q.-2199
A.,U(,;.<!i1 01 bO-3916 1 CAPACllOR-FXQ 10PF +-11 lOOOWVAC PORe 284BO 0160-3916• AUC31 0160-3971 I CAPACITOR-fXO 970PF +-J.l J.OO~VOC PORC 26ft60 016G-3977
ABC3l 0J.40-0202 I CAPAClfOR-fXO' 15PF +-51 SOOWVOC "lCA 72136 DM15C1SOJOSOOWVICR
AUCH 0.160-3930 I CAPACllDR-FXO 10PF +-ll Z500WVOC PORC 2B480 0163-3930

A13C3'o 0121-0'f3b Z CAPACllOR-V TRHR-AIR 2.4/24.SPF 350V 1",,970 169-509-125
A13C35 011:0-3581 Z CAPACllOR-FXO .1UF +-20~ t>30WVOC MET H002 0011a.6Q

AUCkl 19DZ-3231 a OIOOE-LNR 20Y 5~ 00-1 PO;.4W TC;+.0131 D4113 sz 1093'1-209
AUCil.Z 1901-0033 Z OIDDE-GEN PRR 18DY 200KA 1JL)-1 28""80 1901-0033
ABCill 1901-00'00 z. aIOOE-SWITCHING 30Y 50HA 2NS 00-35 28480 1901-0040
A13l:Rft 1901-0033 OIOOE-GEN PRP. 18DY 200HA 00-7 28'080 1901-0033
AUCRS 1901-0518 s DIODE-SCHOTTIl;Y 28"060 1901-0518

A131:;U. 1901-0518 OIODf-SCHOTlIl;Y 28'080 1901-:0518
A13t"l J.902:-3128 I OIODE-LNR 7. 32V 5100-7 PO=.4W TC.;+.048~ 04113 sz 10'B9-H3
AUtR8 1901-0040 OIOOE-SWITCHJNG 30V 50".0. 2NS 00-35 28'180 1901-00ftO
A13Citii 1901-001t0 OlOOE-SWITCHIJ'iG 30Y SOMA 2NS 00-35 28480 1901-0040
ABCklt 19CI-0040 DIOOE-SWITCHJNG 30Y 50~A 2NS 00-35 28'180 1901-004~

AllCR l..:! 1901-0040 OIOOE-SWITCH'NG 30V SOMA 2NS 00-35 28ft80 1901-0040
AHelHl 1901-308tl , OIOOE-lNR 4.15Y 2~ 0D-7 PO=.+w JC=-.0191 04113 sz 10939-90
AI3C>ll .. 19 Cl2-308tl OliJOE-LNR 4.7SV 2~ 00-7 PO=.4W IC=-.0191 D41l3· sz 1093.'1-90
AUCiH5 1901-0040 Ul(I()E-SifITCHING 30Y 50"A 2NS 00-35 28't80 1901-0040
ABCK10 1901-0040 OIOOf-SWITCHING 30V 50HA 2NS 03-35 28480 ,1901-00"00

ABCRl1 190L-0041 Z DIODE-SWITCHING 2" 15MA IONS 28"080 190J.-00"o1
ABCR18 1901-0041 OIOOE-SWlTCHLNG Z., 75MA IONS 28't80 1901-0041
ABCkH 1901-0040 DIODE-SWITCHING ,., 50HA 2NS 00-35 l8ft80 1901-0040
A13CA<! 1 1901-004G OIOOE-SWITCHING aov 50"A 2NS OG-.lS 28480 1901-0040
A13CK22 1901-0640 OIODE-SWJTCHING ,., SOMA 2NS 00-35 28480 1901-0040

ABU 0490-0683 RELAY-REED 14 100"A 1000VDC 5YDC-COIL 28'180 0490-:0683
AUK.<! 0490-0683 RELAY-REED LA 100MA rooovoc svoc-con, 28480 0't90-0683
AUIO 0490-Obt>3 RELAY-REED LA 100MA lOOOVOC 5VO,--cOIL 28ft80 0490-0(6)

AU~l 18 54-0011 TRANSISTOR fWN SI PO;300MW Ff;200ltHL 28480 1854-0071
AllQl 185'0-0071 TRANSISTOR MPN SI PO=300"~ fT"'200HHZ 28ft80 1854-0011
AUQ3 18 es-cses • HiA~SISTOR J-FfT lN4)9 1 N-CHAN o-~ODE 04113 2Htt391
A\.3lJol1o 18 es-oaee TRANSISTOR J-FET 2N't392 N-CHAN o-"OOE 04713 2N4392
A13U5 18SS-0Hb TRANSISTOR J-FET 2N4392 N-CHAN o-~ODE D41U- 2N439Z

A!.SUO Hl5S-03a", Til.AIrilSISIOR J-FET 2N't392 N-(;HAN o-HOOE 04713 . 2'1"0392
ABUT 185'0-0351 Z TRANSiSTOR NRN SI To-18 PlP)60"" 28480 1854-0351
Auue 18~3-0010 TRA~SISTOR P~ SI To-18 PO" 3tiOMW 28480 1853-0010
4DOl9 18~S-0420 TRANSI STOR J-FET ZN4391 tf-CHAN [)-ftOOE 04713 ZHft391
AJ.3Qll 1354-0351 TRANSISTOR NPN SI To-18 PiF360~W 28480 185'1-0351

• 4A SEENOTEON

I
SCHEMATIC 2.

See introduction to this section for ordering infonnation
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Table 6-3. Replaceable Parts (Coot'd)

IJ.A SERIAL NUMBERS 1622A06231 AND ABOVE. NOTE cIJ.81 ONSCHEMATIC 6.
toe SEE NOTE ONISCHEMATIC 6. I I

Reference
Designation
A 13(,;112
AL:H,Ul
A nul4.
ALhH5

Al,jIU
U31l.2
A1:;11.:)
11.1311,10
Allll.5

ALiKe
Al3kl
AUl\8
A13l(j
AnkH

A.l3iHZ
AURH
A1-,k14
6.1::'lI.I5
A.L:lIUt>

Al.JU7
Al~al.,

A13flU
A 131l,21
ABk2.1

Allll2.l
AUK2-"t
AUk,:;
Al)II.<!tl
AlllI.U

A1::11\2.0
AUKlII
AUk::H
IHJII.32
Il.UR33

A1311.34
ADIOS
A13K:J,O
Ab,,)1
AlJk)ll

,U3M39
A.I.31<.. 1
A13k4,,
AUW.3
ADaH

ALHJl
AUUZ
AhUJ
A13U4
A13U5

Al)Ub

."
AI:'tl.l
A!'tC.Z
Aht,;}
A.J.4CIo
A1..'5

Al'tWl.l
Al't'1l.2 lJ.A,t.c
Il.l ..Ck3
4.1-10(,.11..
"heR5

AHCll.o 6A, lie
Al"t'R7
Al'tC,l,Il
Al4Ck'J
Al/tCIUO

HP Part
Number

1853-0010
1850'0-0011
1855-O't2.0
11155-0202.

0083-5145
0083-2235
0683-2235
0098-3'058
OO98-3't58

0757-04605
0757-0270
Of>lU-2235
06B3-10J5
Oo6J-5l't5

21(1)-3300
2l00-3309
0698-4461
0683-1035
01 51-O"tOl

at>98-3122
0653-21FtS
00./13-510,
0151-0453
0098-4488

2100-3308
Ooal-Z025
0098-8215
0683-20:.<5
0683-1015

0683-2415
0083-4!2;J5
0i>Sl-1035
Ob63-51"5
0757-O'r...2:

0083-12:l5
0 .. 83-3025
2:1 li0-330b
0.. 83-...715
0098-8.215

0098-4.20.2
Ob9<l-4~02

Db ,,*,-4£02
Ob9<l-82.15
0098-82.16

0098-8~1.g

2.1l)()-33U

182.t.-0059
182.t.-OU59
1810-02.50
1826-0059
1.826-0109

1600-0515
"t04G-01"ta

03"t5r-66514

0150-0084
0160- ..398
01'tO-Ol"'9
01SO-00B4
0150-0064

016i)-2204

1902-3.231
1901-00l.iO
1901-0040
1901-0376
1901-0376

1901-00l.iO
1902-3231
19CI-0040
1901-00ita
1901-00ita

Oty

8

a

3
1
1

1
z,
1
1

3

3

•

3

1

1
1

3

Description

TRA~SI5TOR PNP 51 TO-18 PD:3 ..0MV
TRANSISTOR MPH 51 PD=300MW fT=200"Hl
TRANSISTOR ~-FET 2H4391 N-eHAN o-"OOE
TRANSISTOR-~fET DUAL N-(HAN D-~OE SI

RESISTOR 510K 5••25~ FC TC~-800/+90G

RESISTOR 22K 5••25W FC TC=~,,00f+8ao

RESISTOR-22K ,~ .25W FC TC=-400/+800
RESISTOR-348M. 1~ .IZ5111 f T':=0+-100
RESISTOR 34811 I' .12.5111 f TC~O+-100

RESISTOR 100M 1% .125W f TC-0+-l00
RESISTOR 2~9K 1~ .125W f Te~0+-100

RESISTOR-22K 5~ .25W FC tC=-"00/+800
RESISTOR 10K 51 .Z5W Fe Tt=-"OO/~10D

RESISTOR 510K 5' .25W FC TC~-8001+900

RESISTOR-TRMR SDK,101 C SIOE-AOJ 11-TRN
RESISTOR-TR~R 2K 101 C SIOE-AOJ I1-TRN
RESISTOR 1.0511 1; .125111 F 1C=0+-100
RESISTOR 10K 5~ .25W FC TC=-400/+100
RESISTOR'lOO 11 .125W F lC-Ot-l00

RESISTOR ~12 11 .125W F ,,"'Ot-100
RESISTOR lOOK 5~ .25w Fe 't=-800/+~00

RESISTOR 51 51 .25W FC TC=-~OO/.SOO

RESISTOR 30.1K 1'1 .12'W f 1C.=0+-100
RESISIQR 26.1K 11 .125W F fC~0+-100

RESISTOR-TRMR 5K 101 C. SJOE-ADJ 17-TRN
RESIHOR 2K 51 .25w Fe TC=-~1J0/+100

RESI STOR 54K .5%IPJO MATCHED SET R25,38,43)
RESlSTal ZK 5; .25" FC TC=-41J0/+100
RESISTOR 100 5~ .25~ FC TC~-~OOI.500

RESISIOR 240 51 .25W Fe 1C.~-4001.600

ReSISTOR 22K Sl .25111 FC 1C=-400/.800
RESISTOR 10K 5~ .25W FC TC=-400/.100
RESISTOR 510K 5& .25W Fe 1C=-BOO/+90n
RESISTOR 10K n .1.l5W F T(;=0+-100

RESISTOR 12K 5& .25101 FC TC=-~OO/.aoo

RESISTOR }k 5: .25'" Fe TC=-400/+100
RESt STal-TlUtR 50K 101 c SIOE-AOJ l1-TRN
RESISTOR 410 51 .25101 Fe TC=-400/+600
RESISTOR 487K .5% (P!OMATCHEDSET-R25,38A3J'

RESISJOR 8.61K 11 .12.5W F TC=0+-100
RfSISTal a.elK 11 .12:5W F TC=O+-IOO
RESISTOR a.87K 11 .125W F TC=O~100

RESI s rca 2M .5% {P!a MATCHED SETR25,38,431
RESl STOR 2O.2K .5%(P/OMATCHEDSET R44, R45)

RESISTOR 2M.~ (PJOMATCHED SET R44, R45l
RESISTOR-TRMR 500 101 C SIJE-ADJ 17-TRN

It LK 20lA OP AMP
tc lit lOlA UP AMP
rc, FINE LINE CHIP
Ie LK 20lA OP AMP
rc HA 2625 UP AMP

IC-OI~ITAL SN1406N TTL HEX 1

STAMPING. 8RS .020- THK
EXTRACTOR-pC 80 aLK PULVC .062-80-THKNS

p.e. ASSEKBLY t AD C.ONVERTER

CAPACI10R-FXO .IUF +80-201 roowvoc eER
CAPACITOR-FXO .082UF +-10120IlWVOC POLYP
CAPAtITOR-fXO ~10PF +-5~ 300~VOC MltA
CAPAtITOR-FXO .IUf .aO-20% lUowVDC CER
CAPACITOR-FXO .IUF .aO-20~ 100~VDC C~R

CAPAeJTDR-fXD 100PF ~5' 3~0~VOC MICA

OHJI)E-ZHR 20V 5:& 00-1 Pll=.4W r ce•• 0731
OJOaE-S)!ITCHING ,30Y SOl~A 2NS 00-35
DiODE-SWiTCHING 30Y 50KA 2HS 00-35
OIOOE-GEN PRP 35V SOMA 00-1
OI~DE-GEN PRR 35V SOMA 00-1

DIODE-SWITCHiNG· 30Y 5NtA :ms 00-35
OIOOE-ZHR 20V' 5' 00-7 PO=.4W TC=•• 0131
OIOJE-SWITCHLNG lOY SOMA 2NS 00-35
OJOD~-SWITCHJNG 30V 50MA 2NS 00-35
DIODE-SWITCHING 30V 50MA 2NS 00-35

Mfr
Code

28480
28~80

OoH13 .
11656

Ollli
OU21
OU21.
91&31
9Ib31

2'5~!lo
2~5~6

OUll
01111
OUlI

lU91
32'191
24546
01121
24546

03888
01121
01121
2'5~t.

24-5'&

32991
01121
28~80

01121
01121

OU21 .
01121
01121
01121
2'5~&

01121
01121
32991
01121
28'80

2~54&

2~5-\6

2~5it6

28480
2.6~80

281t80
32991

270H
21014
284-80
270H
28,.80

01295

16365
28480

284-80

28lt80
2Blt80
12IH
26~80

28'80

28UO

Oitl13
2.8480

. 2.8-\80
28480
28UO

28UO
04113
284BD
28UO
28UO

Mfr Part Number

La5j-00lO
La51t-00ll
2N~391

H21

C651~5

C62235
C82235
CMF-55-1. r-l
CKf-55-1o r-r

t4-1I8- TO-I OOl-F
C4-1/8-To-24~3-F

CB2235
C81035
C85H5

3006P-1-503
3006P-I-20Z
C4-1/8-TO-I051-F
CBI035
C4-I/B- TO-I Ol-F

PME55-1/8-TO-412D-F
CB2045
CB'HD'S
C4-1/8.,...·TI)-30tZ-F
C4-1/6-1[)-Z&lZ-F

3006P-I-502
C62025
0698-8215
CB2a.zS
C81015

C82415
t82235
ta1035
CB51~5

C4-1/8-To-I00Z-f

CB1235
C831125
300bP-I-503
C84115
0698-8215

C4-1/e-TO-8811-F
C4-1I8- TD-8811-F
t4-1/8-TO-S8TI-F
0(>98-8215
0698-8216

0696-8216
3006P-1-501

Ut201AH
lJt20110li
Lal0-02S0
LM201AIi
1826-0109

SNh06~

080
40ita-0148

03"t55-66514

0150-0084
0160-4398
OM1SF~11JOlOOMYleR

0150-0084
Ol5O-00Blt

016o-Z20lt

St 10939-:2609
1901_0040
1901-0040
1901-0376
1901-0316

1901-0nltO
sz 1093'1-2(>9
I~Ol-OO"O

1901-0040
1901-00~

•

•
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• Tabla 6·3. Replaceabla Parts ICont'd)
Reference HP Part Mfr
Designation Number Oty Description

Code
Mfr Part Number

A14C.RU 1901-0518 DIOOE-SCHOHK't' 28~80 1901-,.0518
1\l4Ckl, 190J.-OO'tO DIODE-SMircHING lOV SOMA 2NS 0o-3~ 28~BO 1901-0.)40

Aalill 185.)-0020 TR4NSISTOR PNP 51 PD=300MW FT=lSOMHZ 2.8"-80 1853-0020
AHril~ lB53-00H 1 TRANSISTOR PNP 51 To-I8 P0=360HW 28~80 1853-00:n
Alitril3 1855-0420 TMANSISTOR J-fEr 2N4391 H-CHAN D-ItDDE DUU 2NH91
AHOlt 1855-0033 1 TUNSISTOR J-:-FH N-CHAN D-HODE T0-72 51 28UO 1855-0033
A1'tU5 1855-0246 I TRANSISTOR-JF.EJ DUAL H-CHAN D-MODE TO-71 28480 1855- 0246

U40b 1853-0020 TIl.AHSISTOR PNP SI.PD=30DMW fl=1501tH.l 28480 185)-0020

Al/tRl floB 0683-1036 I A,EStSTOR 1QK 51 .25" Fe r(.=400/+100. 01607 CB1035
U4Re:: Q683-2OZ5 RESISTOJI. 2K 5' .25M Fe lC--+OO/+100 01121 C82Q25
AlItR3 0698-3155 RESl STOll. 4 ..641< it .us.. F r(=0_100 24546 ''''118- TD-'t6H-F
A1.k4 0811-2.511 2 RESISTOR 10K .11 .125W PWW 1C=0'-2 ItHltt) lZ7Crl/UrA-lOOZ-8
AHR:i 0757-0436 I RESISTOR It.32K 11 .125W F JC:0'-100 l~5U C'-1/8-10-~3l1-F

Alltllb 0157-0';<80 RESI STOJI. " 1~ .• ll5w F TC=0'-.100 2~5ltft C.-1I8-TI)-1001-F
AlItK7 00 98-322ft I RI;SISIOR 6.1t9K 11 .IZ5W F lC=0.-100 2.54r. C~I/8-TI)-6lt9I-F

414148 0757-0440 1 RESISTOR 7.5K n .lZ511l F TC=0+-100 245ltr. C~I/8-TI)-1S01-F

A141i.9 0151-0462 1 RI;SISTOR 75K 1~ .12~W F rC=Ot-l00 2,.,lo!!o C~I/8-TO-1S02-F

A.1'tK13 0757-04"'0 1 RESI STOR 2.ZLK U; .12511 F rC=0_100 2.5lt6 C~I/8-TO-2211-F

AhI/.! 1 06'518-3511 1 RI;SISHII. ·6b5 U .12511 F JI:=0+-100 2lt5ltrt· C~I/8-TO-665R-F

AhRll 0683-3025 RES. HOR ·3K 5% .2511 FC TC=-.00/+700 01121 C8-3025
4l/tk13· 0683-2265 1 RE:.SISHlR 22" 5t .2511 FC T(--900/+1200 01121. C82265
Al1olU4 0157-0442 RESlSHIl. 10K 11 .12511 F TC.O+-IOO 2ltSlt6 C4--1/8-To- I 002-F
Alit"l:' OS 11-3011 1 RESI STOll. 19.8k I; .125W PWW TC=0+-5 litho. 1350-1/ &-(-1 982-F

AI'tIU6 0151-0441 1 RESU.HJl 8.25k I' .125W F rC=0_100 2ltS4r. t4--1/B-T0-82H-F
Ahlt.11 0157-04605 RESISTOR lOOK It .IZ5W F T~:O+-100 ZItSItr. C~1I8-To-I003-F

AL'tltld 0' 0157-0273 RESISTOR 3.01K It .t2S~ f TC:O+-IOO 03292 C.-1/8-10-3011 -F
A14IU9 0' 0698-4460 1 RESISTOR 64B 11 .125101 F TC=0+-100 03282 [;~1I8-Ta.,Q49R'-F

AI4Kc:iJ 0' 0698-3226 RESISTOR 8;49KIl .IZ;W F rc=0+-100 03292 C'-1I8-T0-6491 ·F

A14oU:.1 081.1-2,11 RESI STQR 10K .IS .125101 PWII TC=0+-2 Hilt:> 1214--11<l&-&, -1002-~
AhK2Z 06 <.i8-JJ,55 RESISTOR 4.6ltK II .125101 F 1C=0+-100 2lt54r. Clrl/8-To-lt6U""'F
AHo{O::l Ob83-8215 1 RESISTUR 820 5; .2SW FC TC=-400/t600 01121 t8S215
AI4i1-2't 0' 068J-l035 RESISTOR 10K 5i .25W FC TC--400/~700 01607 C81035
Al'o1t2; 0' 0063- 1035 ReSISTOR 10K 51 .25W FC TC=-ltOO/+700 01607 CBlO35

• A.14lol.lb 0098-3260 2 RESISTOR lt64K II • .125101 F TC=0+-100 91631 CI(F-S5-h '-1
AlitttU 009&-604'51 2 kl::SISTOR 1':26M .1-% .25W F IC=0'-25 19101 MF52C-l
Al'ttt.28 ,)683-2735 RI;SlSTOR 27K 5t .25101 FC TC=-400/+800 01121 C82735
Al'tK29 068l-392S I RESISTOR 3.9K 5~ .25101 FC rC=-400/+100 01.121 C83925
Ahk3v 0693-8t.49 Rl:S (S roa 1.28H .U .25101 F n:-0+-25 19101 MF5ZC-l

AHk31 0696-3260 RESISTOR 46ltl(. It .125101 F rC"'0+-100 91637 . CI(F-55-1. r-r
AI4R::'2. 06098-3"99 3 RESlSTOR 40.2k I; .125101 F TC=O.-IOO 2"5lt6 tfo-1/&- To-ft022-F
A.l'tR.H 069&-3499 RES I STOR ltO.2K II .125101 F 1C:0+-100 Zlo54~ C+-lf8-TO-lt022-F
A141l.34 0663-.1025 1 RESISTOR lK 5t .25101 FC TC=-400/+600 01121 C8102.5
AlitR3; lJo98-l't99 RESISTOR ltO.2K I; .125101 f TC~O+-IOO Z4S"'r. C+-1/8- Ta-It012-F

A1'dUe. 06-83-2435 1 Rt:SISTOR 24K 51 .25101 FC TC:-400/+800 01111 (82lt35
Al ...."31 0683-10.35 RESISTOR 10K S••25101 FC TC=-400/+700 OU21 C81035
41 ....aJiI 0(8),-304' I RE$IST(JI. 300K 5% .2'i1ol Fe rC=-800/+900 DUll (830lt5
AlloK~9 OtlB3-302S RESISTOR 3K 5' .25W FC TC=-4QOf+l00 01121 C8.3025
Al't>!.'t!) 0751-Qlt42 RESISTOR 10K 1~ .125W f '(;=0+-100 2.546 C4-1/8-ro-1002-f

4.1'tK41 0151-Qlt't2 RES I S TCIl 10' Ii .12'W F TC~0+-.100 l"'S46 Clt-l/8-TO-I002-F
A141tltl 0083-4135 1 RESISTOR ." " .lSW F' ".=-loOO/+SOO 01121 CQ473'i
U4R"~ 0683--2035 RESISTOR 20' " .25W FC TC.=-400/+S00 01121 C9Z0lS
414"'41t °A Ob83- 2055 3 RES I STOR 2M " .25loi FC TC=-900/+1100 01607 CB2055
Ai'tK45 0683-.1065 RESISTOR 10M " .2511l FC IC=-900/+1100 01121 (;S10-65

AH0l.46 0683-1065 RESISIOR 10M 51 .25W FC T'=-'5I00/+II00 01121 C91065
A.1lok41 0695-4-415 I RESISTOR 9.761{ U .12511 F tc-ce-rcc 03886 PI(E55-1fS·rQ-9761-f
A14R4iJ 07~1-0407 I Rl::SISltR 182K U .125W F TC=0+-100 03292 C~1I8-TO-1823--F

_1lt-Ul 1906-0070 2 OHIOE-AS!.RAY 28lt80 1906-0070
Al ....U2 19(;0-0010 OIOI1E-ARAAY 28ltClO 1906-0010
A14U} t 1826-0309 2 rc AD~·51-S-.J·:'OP Al-IP 24355 Ai:l51SJ
Al'o·U't 1826-0309 IC AO 518J OP AMP 24355 AOS18J
AI'tU5 UI.w-0203 1 ". AHPl.OPff(ATIONAL 158Ul HICEO!)9

Ahub 1820-0138 1 rc LH 339 COPtPARATOR 210n LlO}9H

SO"'Q-ba43 2 EXTRACTOR. P.C. SOARD 28480 S()lt(),-684)
5000-9~3 2 PIN:P.(. 80A.1U> EXTRACTOR, 28.80 SOOa-90lt}

• IJ.A SI;E NOTE ONSCHEMATIC 6.
IJ.B SERIAL rUMBERS 16ZlA052Jl fO ABOVE

j
SEENOTE ON SCHEMATIC 6.

See introduction to this section for ordering information'
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Table 6·3. Replaceable Parts (Cont'd)

Reference
Designation

A15

AISCl
AI5C2
Al5CJ
AI5C"
AISC5

A15C6
AI5C?
Alsea
AI')Cq
AI5Cll

AI5C12 AQ
AI5C1; t>Q
A15Cllj,Cl5
A15Cl6 lIQ
A15C17-19,C21

AI5C22::

AISC23,C24

AI5C25
A15C26
A15C2]
A15C28
A15CZ'l,C30

A15CH
A15CH lIQ
A15CB 6p
A15C:;4
AIS05 llQ

A15C36-38 AA
Al5C40 lIJ
A15C41 IIQ

A15CRl,2,3
A15CR4,5 t
A15CR6
AI5CR]
AI5CR8,CR'l
AI5CRll-CR13

A15Kt,K3 lIA
A15K2,K4

A15Ql
A15Q2-Q4
AISQ5
Al5Q6
A15Q7

A15Q8
A15Q9,Qll
AISQl2
A15Q13
A15Ql4

AISQlS
A15Q16
AISQl?
A15QIB
A15Q19,Q20

A15Rl
A15R2
A15R3
Al5R4
A15RS

A15R5::

A15R7

HP Part
Number

03455-66515

0150-0121
0170-0066
0170-0038
0150- :;094
0150-3134

OlDQ-2035
0100-2204
0100-0163
0100-3686
OHO-226ll.

OlOO-4084
OlOO-22!tB
01BO-0291
OlGO-226lt
0150-0121

0100-2257
0150-2259
0150-2251
0150-0121

0150-391.+9
0150-0121
0150-3945
0150-0121
0150-1.+1.+80

0150-391.+8
0150-2150
0150-3986
0121-01.+35
0150-0378

0160-2055
01£,0-0128
01[,0-0127

1901-001.+0
1901-0915
1901-0040
1901-0585
1902-3073
1901-0040

0490-0583
01.+90-0683

1854-0071
1855-0420
1855-0062
1851.+-0071
1853-0020

1855-0420
1854-0753
1853-0020
1854-0071
18,3-0089

1854-0215
1854-0071
1853-0020
1855-0081
1855-01.+20

0683-1035
0683-2235
0683-5145
0683-22H
0683-5145

0698-4470
0757-041.+4
0598-1.+3(18
0757-01.+49

c
o Qty Description

PC ASSEMBLY, AC RMS

CAPACITOR-FXO .IUf ~80-20\ 50wvec CER
CAPACITOR-FXe .027 UF 200V
CAPACITOR-FXD .22 UF 20QV
CAPACITOR-FXD ,1UF +-10% 100WVDC CER
CAPACITOR-FXD ,0lUF +-10\ 100WVDC CER

CAPACITOR-FXD 750PF +-5% 300WVOC MICA
CAPACITOR-FXO 100PF +-5\ 300WVOC MICA
CAPACITOR-FXO .on UF 200V
CAPACITOR-FXO .27 UF +-10\ 50WVOC MET
CAPACITOR-FXO 20PF +-5\ 500WVDC CER

CAPACITOR-fXD .IUF SOVOC
CAPACITOR-FXO 4.3 PF
CAPACITOR FXD lUF +-10\ 35VDC TA
CAPACITOR-FXO 20PF +-5\ 500WVDC CER
CAPACITOR-FXD .IUF +80-20\ 50WVOC CER

PADDING LIST
CAPACITOR-fXO IOPF +-,\ ,0Dwvec
CAPACITOR-FXD 12PF +-5\ 500WVDC
CAPACITOR-FXD 15PF +-5\ 500WVDC
CAPACITOR-FXD .IUF +80-20\ 50wvec CER

CAPACITOR-FXD 31.+6PF +-1% SOOWVDC PORC
CAPAC1TOR-FXD .1UF +80-20% 50wvec CER
CAPAC1TOR-FXD 39PF +-1% 500WVDC PORC
CAPACITOR-FXD .1UF +80-20% SOWVDC CER
CAPACITOR,FXD 10PF 100V

CAPACITOR-FXD 970PF +-1\ 500WVDC PORC
CAPACITOR-FXD 37PF +-5\ 300WVDC
CAPACITOR-FXD .22UF +-10\ 400VDC
CAPACTTOR-V TRMR-AIR 2.1.+/24.5PF 350V
CAPAClrOR-FXD 27PF SOOWVDC

CAPACITOR-FXO ,0IUF +80-20\ 100voe CER
CAPACITOR-FXO 2.2UF +-20% 500VDC CER
CAPACITOR-FXD lUF 25V

DIODE-SWITCHING 30V 50MA 2NS 00-35
OIOOE
DIODE-SWITCHING 30V 50MA 2NS 00-35
DIODE, GEN PRP 30V 25MA TO-72
OIOOE-ZNR ~,32V 5\ DO-7 PD=~W TC=-.035\
DIODE-SWITCHING 30V SOMA 2NS DO-35

RELAY-REED IA 100MA 1000VOC SVDC-COIL
RELAY-REED IA 100MA IOOOVOC 5VDC-COIL

TRANSISTOR NPN 51 PO=300MW FT=200MHZ
TRANSISTOR J-FET 2NI.+391 N-CHAN O-MOOE
TRANSISTOR J-FET N-CHAN O-MOOE SI
TRANSISTOR NPN OJ _PO=300MW FT=200MHZ
TRANSISTOR PNP SJ PO=300MW FT=150MHZ

TRANSISTOR J-FET 2N~391 N-CHAN O-MOOE
TRANSiSTOR, AD818
TRANSISTOR PNP S1 PD=300MW FT=150MHZ
TRANSISTOR NPN S1 PO=300MW FT=200MHZ
TRANSISTOR PNP 2N49I7 SI PD=200MW

TRANSISTOR NPN 51 PD=3S0MW FT=300MHZ
TRANSISIOR NPN SI PD=300MW FT=200MHZ
TRANSISTOR PNP 51 PD=300MW FT=150MHZ
TRANSISTOR J-FET 2N5245 N-CHAN O-MODE SI
TRANSISTOR J-FET 2N4391 N-CHAN D-MODE

RESiSTOR 10K 5\ .25W FC Tc=-1.+00/+700
RESISTOR 22K 5\ .25W FC TC=-400/+800
RESiSTOR 510K 5\ .2SW FC TC=-800/+900
RESISTOR 22K 5\ .25W FC TC=-400/+800
RESISTOR 5InK 5\ .25W FC -TC=-BOO/+900

PADDING LiST
RESISTOR 5,98K 1\ .125W F
RESISTOR 12,IK 1% ,125W F
RESISTOR 16.9K 1% ,125W F
RESISTOR 20K 1% .125W F TC=O+-IOO

Mfr
Code

28480

281180
28480
28480
28480
28480

28480
28480
28480
281180
28480

28~80

28480
56289
281180
281.+80

281180
281.+80
281.+80
28480

28480
281180
281180
23480
28430

28430
28480
281.+80
71.+970
28480

28480
28480
281.+80

28480
28480
28480
28480
04713
28480

28480
28480

28480
04713
28480
28480
28li80

Oli713
28480
281.+80
28480
07263

04713
28480
28480
01295
04713

01121
01121
01121
01121
01121

21.+51.+6
21.+546
21.+51.+6
03292

Mfr Part Number

031155-!;&515

0150-0121
0170-0066
0170-0038
0160-3094
0150-3134

0160-2035
0160-2204
0160-0163
0160-3686
0160-2264

0160-4084
0160-2248
150010SX9035A2
0160-2264
0150-0121

0160-2257
0160~2259

0160-2261
0150-0121

0160-3949
0150-0121
0160-39~5

0150-0121
0160-4li80

0160-3948
OHiO-2150
0160-3986
189-509-125
0160-0378

0160-2055
0160-0128
01&0-0127

1901-001.+0
1901-0915
1901-0040
1901-058&
S2 10939-71
1901-0040

0~90-0683

0490-0683

1851.+-0071
2N4391
1855-0062
1854-0071
1853-0020

2Nlt391
1854-0753
1853-0020
1851.+-0071
2N49J7

SPS3&11
1854-0071
1853-0020
2N52lt5
2NI.+3g1

CB1035
C62235
C651115
C62235
C85145

C4-l/8-TO-6891-F
C4-1/8-TO-1212-F
CI.+-I/B-TO-1592-F
C4-1/8-TO-649R-F

•

•

!J.A SEE NOTE ONSCHEMATIC 3.
D.J SEE NOTE ONSCHEMATIC J.
!J.p SEE NOTE ONSCHEMATIC 3.

• a see acre aNT'MAn". •
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Table 6·3. Replaceable Parts ICont'd)

Reference HP Part c Qty Description Mfr Mfr Part Number
Designation Number 0 Code

A15R8 0698-86<)2 I RESISTOR 160K " .12;101 ,
TC=-~-25 07716 CEA-993-N330

A15R9 0698-3262 I RESISTOR 40.2 " .125w F TC=O+-lOO 24546 C4-1/8-TO-4022-F
A15Rll 0698-3159 I RESISTOR 26.1" " • 125',1 F TC=O+-IOO 2lt54& C4-1/8-TO_2612_F
A15Rl2 0683-2455 I RESISTOR 2.!lM " .25',1 Fe 1(=-900/tll00 01121 C82455
A15Rl3 0698-3456 I RESISTOR Z8n " .125W F TC=O+-lOO 2454& C4-1/8-TO-2873-F

A15R14 0683-1035 RES (STOR 10K 5\ ." SW Fe TC=-400/+700 01121 CBI035
AlSRl5 0683-2235 RES ISTOR 2ZK 5\ ." 5',1 Fe TC=-400!t800 01121 (82235
A15Rl6 2100-3161 RESISTOR TRMR 20< lot c SIDE-ADJ 17-TRN 32997 300f>P-1-203
A15R17 'c 2100-3056 RESISTOR-TRMR >K 10\ C 5 IDE-ADJ 17-TRN 03741j 3006P-!-S(l2
A15R1B 'L, 'N 0698-8350 RESISTOR 7321: " .12'W F TC=O+~lOO 03292 MC,C-l/8-TO-7323-F

AI,R19 07,7-0417 RESISTOR '" 1% • I Z5W , TC=0+-100 21+,'1+6 C4-1/8-TO-,62R-F
AI5R21': PADDING l-IST

0683-181+5 RESISTOR 180K " .25W rc 01121 C81845
0683-2245 RESTSTOR 220K " .2SW rc 01121 C6224'5
0683-21+1+5 RESISTOR 240K " .2SW rc 01121 C62445

0683-3045 RESISTOR 300K " .25W rc 01121 C6301+5
0683-3645 RESISTOR 360K " .2SW r-c 01121 (6,645
0683-5145 RESISTOR S10K " .2SW rc 01121 c6Sl4;.
0683-7545 RESISTOR 750K " .25W sc 01121 C67545
0683-18S5 RESISTOR 1. 5M " .25W Fe 01121 CB1555

A15R22 0757-0401 I RESISTOR 100 I' .125W , TC=0+-100 2451+6 C4-1/8-TO-I00R~F

AI5R23 'c 0683-1045 RESISTOR lOOK " .25W FC TC=-400/+800 01607 CBI045
A15R24 'c 0683-2235 RESISTOR 22K 5\ .25W FC TC=-400/+800 01121 CB2235
A15R25 J698-70S2 2 RESISTOR IO(lK .1% .125W r TC=0+-25 (13292 NE55
A15R25 0698-4429 RESISTOR 1.87K 1% .12SW r TC=0+-100 24546 C4-1/8-TO~1871-F

A15R27 0698-3279 RESTSTOR 4·9'1K l% .125W r TC=0+-100 24545 C4~1/8-TO-4991-D
A15R29 2100-3161 RESISTOR-TRMR 20' 10% C S I DE-ADJ 17-TRN 32997 3006P-1-203
A1SR31 IlL,IlN,"'Q 0757-0487 RESISTOR 82SK l% .125W F TC=0+-100 03292 MC5C-l/8~TO-8253-F

A15R32 0698-0084 I RESISTOR 2.15K I' ,125W , TC=0+-100 24546 C4-1/S-TO-2151-F
A15R33 0698-3492 I RESISTOR 2.67K 1% .125W , TC=0+-100 21+546 C4-1/B-TO-2671-F

AI5R34 0757-0417 RESISTOR ,,, I' · 12 5W F TC=0+-100 24546 C4-1/8-TO-552R-F
A15R35 0757-0280 RESISTOR I' 1% .125W F TC=0+-100 24546 C4=1/8-TO-I001-F
AI5R36 0698-4460 I RESISTOR 649 1% .125W F TC=0+-100 03292 C4-1/8-TO-649R-F
AI5R37 0683-5105 RESISTOR 'I " .25W FC TC=-400/+500 01121 CB5105
A15R38,R39 0683-5105 RESTSTOR 'I " .25W Fe TC=-400/+500 01121 CB5105

A15R41 0757-0413 I RESISTOR 392 l% .125W F TC=O+-IOO 2451+6 C4-1/8-TO-39ZR-F
A15R42 0698-4429 RESISTOR I.87K I' .125W F TC=0+-100 2451+6 C4-1/8-TO-1871-F
AI5R43 o698~4478 I RESISTOR 10.7K l% .125W F TC=0+-100 24546 C4-1/8-TO~1072-D

AI5R44 0683-5105 RESISTOR 'I " .2514 FC TC=~400/+500 01121 C85105
A15R45 0698-4429 REStSTOR 1.87K I' .125W F TC=0+-100 24546 C4-1/8-TO-1871-F

A15RI+6 '0 0698-4419 I RES(STOR 210 I' .125W F TC=0+-100 24546 C4-1/8-TO-210R-F
A15RI+7 'Q 0698-1+427 I RESISTOR 1. 65 1% .115W r TC=0+-100 24546 C4-I/B-TO-1651-F
A15R48 'Q 0757-0442 RESISTOR 10K 1% .125W F T(=0+-100 2454& C4-1/B-TO-I001-F
A15R49 0698-3279 RESISTOR 4.99K I' .12511' F TC=0+-100 2454f, C4-1/8-TO-1+991-F
A15R51 ac, IlQ 2100~3122 I RESISTOR-TRMR 100 10% C S I DE 03744 3006P-I-I01

A15R52 'c 0698-6630 I RESISTOR 20K .1% .125W F TC=0+-25 03292 NES5
A15R53 'c 0698-6360 RESISTOR 10K .1% .125w F TC=0+-25 03292 NE55
A15R54 0698~3431 I RESISTOR 23. 7 I' .125w F TC=0+-100 03888 PME55-1/8-TO-23R7-F
AISR55 0698-6320 RESISTOR 'K .1% .125w F T(=0+-25 03888 PME55-1/8-T9-;'001-B
A15R56 2100~3161 RESISTOR-TRMR 20K 10% C SIDE-ADJ 17- TRN 32997 30D!iP-1-203

A15R57,RS8 0683-1505 RESISTOR I' " .25W FC TC=-400/+500 01121 CB1505
A15R59 t.A 0683-101+5 2 RESISTOR lOOK " .25W FC rc 01607 CBI045
A15R61 0683-1035 RESISTOR 10K " .25W FC TC=-400/+700 01121 CBI035
A15R62 0757-01+17 RESISTOR '62 I' .125W F TC=O+-IOO 24546 C4-1/8-TO-502R-F
AI5R03 0757-0487 RESISTOR 825K I' .125W F TC=0+-100 24546 NA4

A15R64 0698-6320 RESISTOR 5K . I' .125W F TC=0+-25 03888 PME55-1/8-T9-5001-B
A15R65 2100-3161 RESISTOR-TRMR 'OK 10% C SIOE-ADoJ 17- TRN 32997 3006P-I-203
A15R66 '0 0683-163S RESISTOR 16K " .2514 FC TC=-400/+800 01007 CB1635
A1SR67 '0 0683-1335 I RESISTOR 13K " .2514 FC TC=-400/+800 01607 CBIB5
A15R68 0683-1035 RESISTOR 10K " · HII' FC TC=-400/+700 01121 C81035

A15R69 0683-1035 RESISTOR 10K " .2511' ,C TC=-400/+700 01121 C81035
A15R71 0757- I RESISTOR saa
AI5R72 '8 2100-3122 2 RESISTOR-TRMR 100 10% C ,oe 03744 3006P-I-I0l
A15R73 2100-3056 RES] STOR-TRMR 5K 10% C SIDE-ADJ 17-TRN 01885 43PS02
A15R74 2100-3306 RESISTOR-TRMR ,0< 10\ C SIDE-ADJ 17-TRN 32997 3006P-1-503

AI5R75 '8 2100-3154 I RES1STOR-TRMR I' 10\ C SIDE-ADJ 17-TRN 03744 3006p-1-102
Al5R76 0698-8782 RESISTOR 220K • S% (p/o MATCHED SET R76,86, 28480 0698-8782

9Il
A15R77 0757~O487 , RESISTOR 825K 1% .125W r TC=0+-100 24546 NA'
A15R78 'G 0757~O280 RESISTOR IK I' .12511' F TC=O+-lOO 03292 C4-1/8-TO-1001-f
A15R79 0683-1S05 RESI STOR 15 5% .25W FC TC=-400/+500 01121 CB1505

'A SEE NOTE ON SCHEMATIC 3.
'B SEE NOTE ON SCHEMATtC 3.
'e SEE NOTE ON SCHEMATIC 3.
'G SEeNOTE ON SCHEMATIC 3.
at. 4 N SEE NOTE ONSCHEMATIC 3.
'0 SEE NOTE ON SCHEMATIC 3.
'G SEE NOTE ON SCH~MAnc 3.

See introduction to this section for ordering information
*Indicates factory Selected value Rev A 6-17



Table 6·3. Replaceable Parts ICont'd) •Reference HP Part c Mfr
Designation Number 0

Qty Description Code Mfr Part Number

A15R81 AH,IIQ 0757-0lt38 1 RESISTOR 5.11K " .1W F TC=0+-10 28480 0757~1)438

A15R82 '" 0698-8963 1 RESISTOR 16.9K " .IW F 1C=0+-IO 28lj8a 0698-8963
A15R83 '" 0698-8965 s RESISTOR 1.87K

"
.IW F TC=0+-10 ZSlJ.80 0698-8965

A15R84 0757-01133 RESISTOR 3.}2 Ie " .125W F TC=O+~lOO 24546 Clt-l/B-TO-3321-F
AISRB5 '" 0698-8966 RESISTOR '" " .1W F TC=IH--IO 281<80 0698-8966

Al5R86 0698-8782 RESISTOR i.gaM .5% (P/O MATCHED SET R76, 18lJ.8Q 0698-8782
86,91)

AI5R88 0683-1505 , RES I STOR " " .25W Fe TC=-400/+500 01121 CB15DS
AISR8g ll 'A PADDING LIST

0698-4,08 RESISTOR 16.91< " .12SW F TC=0+-100 03292 Clt-l/B-TO-1692-F
0698-H36 RESISTOR 17.81< " .12SW f TC::-+-IDO 03292 Clt-I/B-TO-1782-F

0757-0'148 RESISTOR 18.2K " .125W TC=O+-roo 03292 C4-1f8-TO-1882-F
0698-4483 RESI 5 TOR 18.7K 1\ .125W F TC=O+-100 03292 C4-1/8-TO-1872-F
0698-4484 RESISTOR III .IK " .125W F TC=O+-100 03292 C4-1/8-TO-1912-F
0757-0449 RESISTOR 'OK " .125W F TC=O+-IOO 03292 C4-1/8-TO-2002-F

A15R91 0698-8782 , RESISTOR SET, MATCHED 2M .5% (P/O MATCHED 28480 0698-8782
SET R76,R86,R91)

A15R92 0698-8216 RESISTOR 2M .5%(P/0 MATCHED SET R92,R93) 28480 0698-8216
AI5R93 0698-8216 RESISTOR 20.2K .5teP/0 MATCHED SET R92,R93 28480 0698-8216
A15R94 2100-3311 RESISTOR-TRMR 500 10% C SIDE-ADJ 17-TRN 32997 3006P-I-501- OOO-F
AI5R95 0757-3557 1 RESISTOR 806 " .125W F TC=O~-100 284-80 0757-H57
AI5R96 'A 0698-554-0 , RESISTOR l.lM 5\ .25W FC TC 01607 C81155

A15R97 'A 0683-1045 RESISTOR lOOK 5\ .25W FC TC 01607 CB I 045
A15RIOO tQ 0757-0346 , RESISTOR 10 " ,125W F T(=0+-100 32997 C4-1/8-TO-I02
Al SRI 02 tQ 06fJ8-4lt62 , RESISTOR 768 " .12SW F TC=O+-10 32997 C4-1 / 8- TO-7£>8

AI5UI 1826-034-0 , lC, OP AMPl. lF356 284-80 1826-0340
AI5U2 1820-04-78 1 It LM 308 OP AMP 27014 LM308H
A15U3,U4 'H t 03455-62502 a rc 357 OP AMP TO-99 28480 03455-62502
AI5U5 1820-1}4-71 It-O!GITAL SN7406N TTL HEXI 01295 SN7406N
A15U6 1826-0357 1 Ie LF347H OP AMP 27014 lF3'.>7H

4040-0748 a EXTRACTOR-PC 80 BlK PLOY( .062-BD THKNS 28480 404-0-0748
1205-0090 , HEAT SINK-SEMICONDUCTOR 28480 120S-0090
1205-0002 1 HEAT SINK TO-5/TO-39-PKG 28480 1205-0002 •A201l 11177-69501 1 ASSEMBLY, REFERENCE

NOT FIELD REPAIRABLE ORDER
~EPlACEMENT ASSEMBLY ACCESSORY NO. 11177B

6-18

SEE ,NOTE ON SCI:lEMATIC 3.
SEE NOTE ON SCHEMATIC 3.
SEE NOTE ON SCHEMATIC 3.
SEE NOTE ON SCHEMATIC 3.
SEENOTEON 'rEMATIC 5.

Rev A
See introduction to this section for ordering information:
"Indicates factory selected value
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Table &·3. Replaceable Parts (Cont'd)•

•

Reference
Designation

61

C l-C6

CRI

Fl

JI

J'
J3

""J5

PI
P2
P3

P3
es

52, S3
54

55
se

57

Tl

UI

U2
U3

WI
W2
W3
W5

XFI

HP Part
Number

3160-0266
31$0-0300

0131}-Q291

19911-0S4]

2110-0201
2110~0012

5061-1131 liB
1250-0083
1251-3283
0380-061+3
9100-HID
5060-7lt54

1251-3201
1251-3957
1251-4312
1251-3476
1251-3277

1251-3275
1251-3275

3100-3380
0370-1103
3030-0007
3101-0961
3101-2042

3101-20lt2
3101-2216
50ltO-7023
3101-1299
OHO-OG83

9100-0680

1820-0430
0340-0580
1200-0456
1826-0181
1826-0117
1200-0479

03455-61603
03455-61604
03455-61606
03455-61605

21l0-0!+70
SOli!-0309 t:.
5041-0139
5041-0318 tJ
5041-01li4

5041-0267 tJA
5041-0450
5040-6897
5041-0375 tJA
5040-6898

7120-6410
7120-5911

c
o Qty

I
17

I

I
2
I

21
I

I
2
I,

11

Description

CHASSIS MOUNTEO PARTS
FAN-TBAX OCV

FILTER, AIR

CAPACITOR-FXD 1UF +-10\ 35VDC TA

LED-VISIBLE LUM-INT=2MCD iF=20MA-MAX

FUSE .25A 250V SLO-BLO 220/240V OPERATION
FUSE .5A 250V FAST-BLO 100/120V OPERATiON

TERM ASSEMBLY, REAR INPUT
CONNECTOR-RF BNC FEM SGL-HOLE-FR 50-OHM
CONNECTOR; 24-CONT; FEM; MICRORIBBON

STANDOFF, LG STUDMOUNT (METRIC THREAD)
FI LTER-LINE
TERM ASSEMBLY, FRONT INPUT

CONNECTOR 3-PIN F POST TYPE
CONNECTOR 10-PIN F POST TYPE
CONNECTOR IB-PIN F POST TYPE
CONTACT-CONN U/S POST TYPE FEM CRP(P}O P3)
CONNECTOR 4-P[N F POST TYPE

CONNECTOR 6-PtN F POST TYPE
CONNECTOR 6-PtN F POST TYPE

"SWITCH, ROTARY INPUT SELECT
KNOB
SCREW-SET 4-40 .125-IN-LG
SWITCH-SL SPOT-NS M1NTR .SA 12SVAC/DC PC
SWITCH-SL OPDT-NS STD 2A 250VAC SLDR LUG

SWITCH-SL OPDT-NS STD 2A 250VAC SLOR LUG
SWiTCH-PB DPDT 4A 250VAC

PUSH ROD
SWITCH-PS DPDT AUNG .1l5A 115VAC PC
PUSHBUTTON, OLIVE BLACK

TRANSFORMER, POWER

IC LM 309 V RGLTR
INSULATOR-XSTR RUBBER RED
SOCKET-XSTR 2-CONT TO-3-PKG
IC LM 323 V RGLTR
IC 7812C V RGLTR
SOCKET-XSTR 2~CONT TO-3 SLOR-TUR

CABLE ASSEMBLY, VOLTS
CABLE ASSEMBLY, OHM
CABLE ASSEMBLY, HP-IB (INCLUDES J3 AND P3)
CABLE ASSEMBLY, POWER

FUSEHOLDER-EXTR POST 20A 200V UL/1EC
KEY CAP-UNL PTYGRY

KEY CAP-Vi'lL MG (OBS)
KEY CAP-L PTYGRY
KEY CAP-L MOSGRY

KEY-CAP Vi'lL
KEY CAP-L SEABLU

LENS, LEO
KEY CAP-UNL
LITE PIPE

WARNING LABEL: 50-60 HZ SELECTION
WARNING LABEL: HP-IB

Mfr
.code

28li80
28480

56289

28li80

75915
04703

281j80
24931
28480
0046A
28480
28480

27264
27264
27264
28'180
27261l

27264
27264

281180
28480
28480
79727
28480

28480
28480
28480
28480
28480

281180

27014
8G464
281180
27014
07263
9i833

28480
28480
28480
281180

75915
28480
28480
28480
28480

28480
28480
28480
28480
28480

28480
28480

Mfr Part Number

3160-0266
~150-0300

150D105X9035A2

1990-0547

313.250S
312.500

50&1-ltH
28JR-130-1
1251-3283
08D*
9100-3910
5060-71l5lj

09-50-7031
22-01-2101
22-01-2181
1251-3476
09- 50-7041

09-50-7061
09-50-7061

3100-3380
0370-lt03
3030-0007
G-124-0013
3101-20"2

3101-2042
3101-22i6
5040-7023
3101-1299
0370-0683

9100-0680

LM309K
7403-10-02
1200-01l56
LM323K
7812KC
11601

031l55-61603
03455-61604
03455-61606
03455-61605

345003-010
501l1-0309
501l1-0t39
5041-0318
50!l1-0t4l>

5041-0267
5041-0450
5040-6897
5041-0375
5040~6898

7120-6410
7120- 5911

•
I

01 SERIAL NUMBERS 1622.4.00411 AND ABOVE. REPLACES PARTS 5041-0139 AND 5041-0144.
4.4, SERIAL NUMBERS 1622.4.02436 AND ABOVE. REPLACES 0345!>-0430J,

•• SEAlAl NUMBERS r'A05." ANO ATVEI REPlACES

I
PART 5060·7454.

See introduction to this section for ordering information
"Indicates factory selected value
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Table 6·3. Replaceable Parts ICant'1I)
Reference
Designation

HP Part
Number

c
o Qty Description Mfr

Code Mfr Part Number •

tiA FORSERIALNUMBERSlB22A07666 AND ABOVE. REPLACES PART 03455-00101.
tiB FORSERIALNUMBERS IB22A07666 AND ABOVE. REPLACES PART 034S5·00102.

M",

M'1
Me>
M"
Meo

Meg
Meo
Me]
MeB
Meg

MPIO
MPl1
MP12
MP13
MPllj. 'A

MPlS
MP16
MPl7
MP18 'A

MP19 '8

MP20
MPH
MP22

MPB

MP24
MP25
MPZ6
MPZ6

MP27
MPZ8
MP29
MP30
MP3!

MPH
MPB
MP34
MP35

5020-8801
5020-8832
5020-8802
50£'0-9835

5060-9847
501l0-9876
5060-980ft
5040-7219
501+0-7220

5040-7201
1460-1345
5001-0'0138
5040-7202
03455-04303

03455-00204
411'+-0641
03455-00401
03455-00104
0403-0141
0403-0152
1600-057lt

03lt55-0010S
0403-0152
03*55-00603
031+55-01203
031+55-04107

031+55-01201
0403-0141
03455-00602
03455-04102
03455-04101
03455-04108
OJltSS-04106

OJll55-0120lt
03455-01101
03lf55-00103
SOltO-80S1
03455-0lJ.301

03'f55-00liOl
031t55-01202
03455-00301
03455-0lt-I03
2360-0113

4
1
1
1
1

1
1
1
4
1

MECHANICAL PARTS
"FRONT FRAME
SIDE STRUTS
"REAR FRAME
TOP COVER

BOTTOM COVER
"SlDE COVER ASSEMBLY
STRAP HANDLE, 18"
STRAP HANDLE, CAP, FRONT
STRAP HANDLE, CAP, REAR

FOOT
WIREfORM 1.54-W 5-LG SST
TRIM STRIP
TRIM, TOP
PANEL, FRONT, DRESS REV',

SUB-PANEL, FRONT
:'WINDOW DISPLAY
GUARD ASSEMBLY
GUARD, MAIN
GUIDE-PC BD BLK POLYC .06l-BO-THKNS
GUIDE-PC BO BlK POlYC .O&2-BD-THKNS l-LG
:'LOCKING STRAP

GUARD, SlOE
GUIDE-PC BD BLK POLYC ,Ool-BD-THKNS 1-LG
SHIELD, A.C. CONVERTER
BRACKET, FT TERM
COVER, VOLTAGE REGULATOR

BRACKET, REFERENCE
GUIDE-PC BO BlK POLYC .05l'"aO-THKNS
SHIELD, LT ISOLATOR
COVER, BOTTOM GO
COVER, TOP GO (AVERAGE AC CONVERTER)
COVER, TOP GUARD (RMS AC CONVERTER)
COVER, AC CAL

MOUNTING BRACKET, OUTGO
HEAT SINK
GUSSET
INSULATOR, SLIDE
PLATE, SLIDE .

COVER, LINE
BRACKET, TRANSFORMER
PANEL ASSEMBLY, REAR
DOOR" REFERENCE
FASTENER-CPTVE SCIl: ASSY PANEL THKNS

28480 5020-881)1
2B480 5020-88J2
28480 5020-8802
28480 5060-9835

28480 5060-9847
28480 5060-'1876
28480 51)60-9804
28480 5040-7219
28480 5040-7220

28480 5040-7201
28480 1460-1345
28lt-80 5001-0438
2Blt-80 5040-7202
28480 05455-04303

28480 OJlt55-00204
28480 4114-0641
28480 03455":'00401
28480 03455-00104
28480 0403-0141
28480 0403-0152
28480 L600-0574

28480 03455-00105
28480 0403-0152
28480 03455-00603
28480 03455-01203
28480 03455-04107

28480 03455-01201
28480 0403-0141
28480 03455-00£>02
28480 03455-04102
28lj80 03455-04101
28480 03455-04108
28lj80 03455-04106

28480 03455-0120lj
28480 03455-01101 •28480 03455-00103
28480 5040-8081
28480 03455-04301

28480 03455-00601
28480 03455-01202
28480 03455-00301
28480 03455-0ljl03
28480 2360-011]

Me<

MPIB

MP24.

M""
MPI5

MP14

MPIJ

.""

MPJo"

MPJl '

.""
.""

M""

:\~MPI1
MP10

M'"
.",

MP34:

""

•
6-20 Rev A

See introduction to this section for ordering information
*Indicates factory selected value
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Model 3455A

SECTION VII
MANUAL CHANGES

7-1. INTRODUCTION.

7-2. This section of the manual normally contains informa
tion necessary to adapt this manual to instruments for
which the content does not directly apply. Since, at this
printing, the manual does apply directly to instruments
having serial numbers listed on the title page, no change
information is given here.

Section VII

7-1/7-2



•
Model 3455A

SECTION VIII

SERVICE

Section VIII

8·1. INTRODUCTION.

8-2. This section contains theory of operation, trouble
shooting procedures, safety considerations, and gene-ral
service information for the Model 3455A Digital Volt
meter.

8-3. SAFETY CONSIDERATIONS.

is likely to make the instrument dangerous.
Intentional interruption of the protective
grounding conductor is strictly prohibited.

8-6. It is possible for capacitors inside the instrument to
still be charged even if the instrument has been discon
connected from its power sources.

8·4. Although this instrument has been designed in accor
dance with international safety standards, this manual
contains information, cautions, and warnings which must
be followed to ensure safe operation and to maintain the
instrument in safe operating condition. Service and adjust
ments should be performed only by qualified service
personnel.

8-7. Be certain that only fuses with the required current
rating and of the specified typed (normal blow, time delay,
etc.) are used for replacement. The use of repaired fuses
and the short-citcuiting of fuse holders must be avoided.

WARNING'

•
8·5. Any adjustment, maintenance, and repair of the
opened instrument while any power or voltage is applied
should be avoided as much as possible, and, when inevit
able. should be carried out only by a skilled person who is
aware of the hazard involved.

WARNING I
Any interruption of the protective grounding
conductor (inside or outside the instrument) or
disconnection of the protective earth terminal

The service information presented in this
manual is normally used with the protective
covers removed and power applied to the
instrument. Energy available at many points
may, ifcontacted, result in personal injury.

8·8. RECOMMENDED TEST EQUIPMENT.

8-9. Test equipment required to maintain the Digital Volt
meter is listed in Table 1-3. Equipment other than that
listed may be used if it meets the listed critical specifica
tions.

VOLTI\t>f:
REFOlENC<:

liP-IS
INPUT/OUTPUT

1_ - - - - - - t - - - -~ - - - - - - - - - - - - - - - -,,,,,,

[

1- ;

GUARD'
0-4

""" ',
"'

INPUT I

"'

•
Figure 8·1. Function Block Diagram.

8·1



Section V1lI

THEORY OF OPERATION

Model 3455A

.--
8·10. INTROOUCTION.

8-11. The following paragraphs contain both a general and
detailed description of the methods and circuits used in the
Model 3455A Multimeter. The general description explains
the basic purpose of each block of the functional block
diagram shown in Figure 8·1. The detailed description
describes the methods and pertinent circuitry used to
accomplish the function of each block of the detailed block
diagram.

The "Input" terminals are connected to the. de preampli
fier input on the .1 V dc through 10 V de and all "Ohms"
ranges by relay KI and FET switch QI. Relay K5 connects
the input to the operational attenuator on the 100 and
1000 V de ranges. Output of the Attenuator is connected
to the input of the de preamplifier by FET switch Ql5 on
the 100 Vdc range and by FET switch QI6 on the 1000 V
dc range. The AC Converter output is connected to the de
preamp input by FET switch Q3.

8·12. INPUT SWITCHING ANO DC ATTENUATOR. 8-17. Operational Anen"ator.

8·13. General.

8-14. The front or rear input terminals of the 3455A are
selected by a two-section rotary switch located on the
rear panel of the instrument. Reed relays are used to per
form all internal input switching where voltages greater
than 17 voits may be encountered. All other input switch
ing is done with FET switches.

8-15. Detailed Description.

8-16. Refer to Figure 8·2, Simplified Input Switching Dia
gram. The front or rear inputs for "Volts", "Ohms" and
"Guard" are selected by rear panel switch 51. Relays K3
and K9 connect the Ohms Converter to the "Ohms Signal"
terminals. Relays K2 and K4 are used to convert the Multi
meter from 4-wire to 2·wire ohms measurement capability.

8-18. The Operational Attenuator provides a fixed attenu
ation of l Ovto-l on the 100 V dc range or 100-to-1 on the
1000 V de range. Figure 8-3 shows a simplified diagram of
the attenuator. The circuit operates as a conventional oper
ational amplifier with fractional gains of .1 and .0 I. A gain
of I is selected by FET switch Q38 when the attenuator is
not in use. The amplifier input is protected from overload
by diodes CR27 and CR28. Output of the amplifier is
limited to approximately plus or minus 17 v de by protec
tion diodes CR29 through CR31.

8·19. AUTO CALIBRATION-DC VOLTAGE.

8-20. General.

8-21. The purpose of the Auto Calibration sequence is to
eliminate offset and gain errors which may be present in the

•

•

'''''' cs

'"TIl CONVERTER

"CONIlffiTER

f'-= .,,,
Lr"'lJ

"~ ~
(JVERLOtlO

PROTECTIOIII

e"

,""
e'5

"X" 900K

03' e35

K2 K4

~~ l~

~E'"
I~PUT'''''''INPUT

HIGH ()----,:" >--------{)

o--------r>. >--------{)

. ~/ ~

('
,,

LOW~ ------0
~I '-- + __,----,
,
,

I
,,,,,,
I

""'~':J1/ K3

f '"""='+-.....---l--- TIl "'""
I LFlJ CQfNERTER,

LOW~ 0-----------{)
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Figure 8-4. Basic Voltmeter Diagram.

A basic equation describing a measurement of one of the
three inputs is: V( ) = (E( ) + EO)G; where V( ) is the par
ticular output, E( ) is one of the three inputs, EO is the
internal offset error, and G is the circuit gain. Closing
switch 81 applies the internal reference voltage. The circuit
output would be: Vref = (Eref + EO) G. The offset error is
measured by closing S2, grounding the input. The resultant
output would be Vo = EoG. Measurement of the external
input would yield Vin = (Ein + Eo)G. The equation describ
ing the Auto-Calibration is:

Output Reading = Vin - Vox Kr
v-r v;

Substituting the basic equations into the Auto-Cal
equation would yield:

. (E' +E )G-E GOutput Reading = 10 0 0 x Kr

(Eref + Eo) G - EoG
This equation reduces to:

E·
Output Reading =....ill x K,

Eref
or: the output reading is equal to the ratio of the

THEORY OF OPERATION
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Figure 8~3. Operational Attenuator Diagram.

Model 3455A

analog circuitry of the Voltmeter. This is accomplished by
measuring the offset and gain errors and mathematically
correcting for them. Each error measurement is stored in
"memory" by the main controller as a constant. These
constants are sequentially updated. The output reading of
the Voltmeter is computed by the Main Controlier and is
equal to the ratio of the external input to the internal refer

ence, times a range factor. Figure 8-4 shows a very basic
diagram of the Voltmeter.
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external input voltage to the internal reference volt
age times the range factor (Kr).

8-22. Circuit Description.

8·23. Figure 8·5 shows a simplified schematic of the auto-

Model 3455A

cal switching circuitry. The following paragraphs describe
circuit operation for the various auto-cal measurements.

8-24. 10 V de Input Offset Error Measurement. Figure 8·6
illustrates the circuit configuration for making the 10 V de

•
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•
Figure 8-6. 10 V de Input Offset Error Measurement.
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Figure 8·7. 1 V de Input Offset Error Measurement.
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Offset Error Measurement. The DC Preamp input is
grounded through a 100 kilohm resistor by FET switch
AIOQ2.'A DCPreamp gain of XI is selected by FET switch
AIOQI9. The resultant measurement is the offset voltage
present on the 10 V de range. This number is stored by the
main controller for use in correcting measurements made
On the 10 V dc range.

8·25. 1 V de and .1 V de Input Offset Error Measurement.
Offset error measurements On the I V dc and .1 V de ranges
are made in the same manner as the 10 V de range except
for DC Preamp gains of XIO for the 1 V de range and XIOO
for the .1 V de range. The circuit configuration for the I V
de Offset Error Measurement is shown in Figure 8-7. A DC
Preamp gain of XIO is selected by FET switch AIOQ21.
Figure 8-8 shows the circuit configuration for making the
.1 V dc Offset Error Measurement. In this case, the feed
back path for the DC Preamp is through Amplifier AIOU3,
which has unity gain, FET switch Q27, the precision 10'10
1 divider (All R7 and All R8) and FET switch AIOQI8 for
a gain of 100. The resultant measurements arc stored by the
main controller to correct measurements made on the, 1 V
dc and I V de ranges.

8-26. 100 V de and 1000 V de Input Offset Error Measure
ment. On the 100 V de and 1000 V de ranges the input of
the operational attenuator is grounded through a 100 kilo
ohm resistor by relay AIOK6 and FET switch AIOQ34 (see
Figure 8-9). On the IDa V de range, the feedback of the
operational attenuator is selected by FET switch AIOQ35
(attenuation of lO·to·I). The output of the operational
attenuator is applied to the input of the DC Preamp

Section Vlll

through FET switch AIOQI5. Attenuator feedback on the
1000 V de range is selected by FET switch AIOQ39 (atten
uation of IDa to I) and is applied to the DCPreamp input
through FET switch AIOQI6. DC Preamp gain is XI for
both error measurements.

8-27. 10 V de Gain Error Measurement. On the 10 V de
range the gain error measurement is made by applying the
internal reference voltage (+ 10 V de), through a 100 kil
ohm resistor and FET switch AIOQ4, to the input of the
DC Preamp (see Figure 8-10). A DC Preamp gain of XI is
selected by FET switch AIOQI9. The measurement result
is stored by the main controller as the 10 V de full scale
constant.

8-28. .1 V de and 1 V de Gain Error Measurement. On the
I V de range, the reference voltage is applied to the DCPre
amp input through the precision ten-to-one divider (All R7
and R8) by FETswitches AIOQ31 and AIOQI6 (see Figure
8-11). The lower end of the ten-to-one divider is held at
virtual ground by closing FET switch AIOQ38. Output of
the ten-to-one divider is I V de, A DC Preamp gain of XIO
is selected by FETswitch AIOQ21. The measurement result
is stored by the main controller as the I V de full scale
constant.

8~29. A separate gain error measurement is not made for
the .1 V de range. Since the only difference between the
I V de and .1 V de circuit configuration is a precise gain of
ten, the .1 V de gain error constant is computed by the
main controller.
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8-30. 1 V de Reference Offset Error Measurement. Since
the 1 V de full scale reference was derived by dividing the
internal reference by the precision "ten-to-one divider, a

Model 3455A

separate offset Error measurement is made to include any
offsets present in the ten-to-one divider and associated
circuitry. Figure 8-12 illustrates the circuit configuration •

1000 V de f 100 V dct
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Figure 8-10. 10 V de Gain Error Measurement.
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for the 1 V de Reference Offset Error Measurement. The
input of the DC Preamp is grounded through the ten-to-one
divider by FET switch AIOQI6. Preamp gain is X10.

Sect ion VIII

8-31. 100 V de and 1000 V de Gain Error Measurement.
Figure 8-13 shows the circuit arrangement for making the
100 V de gain error measurement. The reference voltage is
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connected to the input of the operational attenuator
through FET switch AIDQ33 and relay AlOK6. The attenu
ator is set to a gain of 0.1 (10 to 1 attenuation) by FET
switch AIOQ35. The output of the operational attenuator

Model 3455A

is connected to the DC Preamp input by FET switch
AIDQI5. A DC preamp gain of XlO is selected by FET
switch A1DQ2l. The measurement result is stored by the
main controller as the 100 V de gain error constant. •
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8-32. A separate gain error measurement is not made for
the 1000 V de range. Since the only difference between
the 100 V de and 1000 V de circuit configuration is a
precise attenuation difference of 10, the 1000 V de gain
error constant is computed by the main controller.

8·33. 100 V de Reference Offset Error Measurement.
Since the reference voltage for the 100 V de range is
divided by the operational attenuator; a separate offset
error measurement is made to include any offsets which
might be associated with the attenuator and FET switches
used. Figure 8-14 illustrates the circuit configuration for
this' measurement.

8-34. AUTO...:.CALIBRATION - OHMS.

8-35. General.

8·36. During the ohms function the ohms converter sup
plies a current through both the unknown resistance and
the reference resistance (see Figure 8.15). Since the same
current flows through both resistors, their respective volt
age drops are proportional. As with the DC Auto-Cal
sequence, the offset errors are measured and subtracted
from the unknown and reference resistance measurements.
The voltage developed across the unknown resistor is mea
sured by closing SI while the reference voltage, developed
across the reference resistor, is measured by closing 82. The
value of the unknown resistance is computed by the main
controller. An equation describing this computation is:

-[(VRx+EoIG,-EoG,l
Ax = KR

(VREF + Eol G2 - Eo G2

Section Vlll

so

REFfR(NCE
FlESIS1ANC£

.J

Figure 8-15. Basic Ohms Measurement Diagram.

where Rx is the unknown resistance value, VRx is the volt
age drop across the unknown resistance, VR ref. is the volt
age drop across the reference resistance, Eo is the input
offset error, G I and G2 are the circuit gains of the particu
lar measurements, and Kr is the range factor. This equation
simplifies to;

VRx GI
Rx = Kr

VREF G2

8-37. Circuit Description.

8-38..1 kn, 1 kn, 1 Mn Offset Error Meas4rements. The
offset error constants derived for the .1 V de and 1 V de
ranges are also used for the .1 kn, I kn, and I Mn offset
error constants, since the circuit configurations are the
same. Refer to Paragraph 8-25 for a description of these
offset error measurements.

8-39. 10 kn, 100 kn, 10 Mn Offset Error Measurements.
Two additional offset measurements are made to cornpen
sate for errors which might be present when making mea
surements on the 10 kn, 100 kn, or 10 Mn ranges. Figure
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Figure 8-16. 10 kn. 100 kn, 10 Mn Offset Error Measurement.
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Note 11 VOLTAGE L1MITEDTD5V.

8-16 illustrates the circuit configuration for these measure
ments. The DC Preamp input is grounded through a 100 k[,
resistor by FET switch AIOQ2. The feedback path for the
X2 gain is through FET switches AIOQ22 and AIOQ2I.
Feedback for X20 gain is through AIOQ22, isolation amp
lifier AIOU3, switch AIOQ27, the precision lu-to-I divider
and switch AIOQI8. A separate measurement is made for
both gains and the results are stored by the main controller.

840..1 k.ll. 1 k.ll. 10 k.ll Reference Measurements. The
ohms reference voltage is developed across the reference
resistance. On the .1 k.ll through 10 k.ll ranges the refer
ence resistance is I k.ll (see Figure 8·17). The .7 rnA
current source is connected to the 1 kn reference through
relay AIOK7. The 999 kl1 reference resistor is shorted
by the combination of relay AIOK7 and AIOK8. The refer
ence voltage is applied to the DC Preamp input through

FET switch AIOQ13. The reference is measured prior to
each measurement of the unknown resistance.

8·41. 100 kl1. 1 M.ll. 10 MI1 Reference Measurements. On
the 100 k.ll range, AlOK7 is opened and the .7 rnA current
source is applied to the combination of RI and R5 (1 MI1).
The reference voltage developed across R I and R5 is ap
plied to the DC Preamp input through FET switch
AIOQI4. On the 1 M.ll and 10Mfl ranges, relay AlOK8 is
opened and the .7 IlA current source is applied to the 1 Mfl
reference resistance. The reference voltage is applied to
the DC Preamp input through AIOQI4.

8·42. AUTO CALIBRATION-AID CONVERTER.

8-43. Two Auto-Cal measurements are made to correct
errors which might be generated in the AID Converter. One
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Figure 8·18. Simplified AID Converter Diagram.

8·10



THEORY OF OPERATION

•
Model 3455A

measurement is made to correct for offsets. The second
measurement is made to correct for any difference between
the plus and minus "run-down" current references.

8-44. Circuit Description.

8-45. Offset Error Measurement. Figure 8-18 shows a
simplified schematic of the AID Converter. During the
offset error measurement all input switches to the inte
grator are opened. During the integration period, the inte
grator is permitted to charge to a voltage equal to any off
set current present in the integrator circuit. At the end of
the integration period the integrator is "run-down" and
the offset digitized and stored as the AID Converter offset
error by the main controller.

Section VIIl

expression describing, the measurement of an rms level is
V output =,j V in' which states that the output voltage
(Vo) is equal to the square root of the average of the abso
lute value of the input vollage (Vin) squared. The circuitry
used in the rms converter solves for the expression

,j I Vinl' which is identical to,j Vin'.

8·50. Circuit Description.

8-51. AC Input Attenuator. The input attenuator of the
rms converter is an RC circuit which provides a fixed
attenuation of 100-to-1 on the 100 V ac and 1000 Vac
ranges. Attenuator switching is performed by reed relays
which are controlled by the inguard controller.

8-46. Current Ratio Measurement. During the current
ratio measurement the plus and minus references are
applied to the input of the integrator through diode switch
Uld and U2d. The references are switched at a 1 milli
second rate during the integration period (I33 milli
seconds). At the end of the integration period, the accumu
lated charge on the integrator is "run-down" digitized and
stored as the current ratio constant. The purpose of this
measurement is to correct for any imbalance between the
positive and negative current references.

8-47. TRUE RMS AC CONVERTER.

• 8-48. General.

8-52_ Input Amplifier. An operational amplifier with fixed
gains of xl and xO.·1 is used as the input amplifier. The
combination of amplifier gain and input attenuation are
used to maintain a full-scale output of I V rms from the
input amplifier. Table 8-1 shows the input attenuation and
amplifier gain combinations used on each range.

Table 8-1. AC Converter Ranging.

Input
Voltage Attenuation Amplifier Total
Range Factor Gain Gain

1 V 1 1 1
10 V 1 0.1 0.1
100 V .01 1 0.01
1000 V .01 0.1 0.001

8.49. The rms converter uses operational circuitry, rather
than a thermal element, to convert the ac signal to a de
level equivalent to the rms value of the input signal. Use of
the operational rms converter permits faster ac measure
ment rates. The frequency range of the true rms converter
is 30 Hz to 1 MHz during normal operation and 300 Hz to
I MHz during fast ACV operation. Full scale output of the
rms converter is 6.6667 V dc. Figure 8-19 is a simplified
schematic of the true rms converter. The mathematical

8-53. Absolute Value Amplifier. The absolute value ampli
fier, as the name implies, solves for the absolute value.of
the signal input to it. The operation of this circuit is similar
to a full wave rectifier. That is the negative portion of the
signal is inverted and combined with the positive portion.
The resultant positive signal is applied to the input nf the
squaring amplifier.

220K

,.

237K 2.4M

.08'

u,

Figure 8-19. Simplified True RMS Converter.
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8-54. Squaring Amplifier. The squaring amplifier is a log
amplifier circuit which takes the log of the input voltage, or
in this case since there are two transistors (Q9A and QIIA)
in the feedback loop, takes twice the log of the input
voltage. Therefore, the output of the squaring amplifier is
equal to z log IVinl or log IVinl'.

8-55. Square Root and Averaging Amplifier. The square
root amplifier reverses the action of squaring amplifier.
The input to the amplifier- is through logging transistors
QIIB and Q9B. Output~the square root amplifier is
equivalent to 1/2 log I V in I' or log ..; IVUi I'. The
operations of the square root amplifier and the averaging
amplifier are simultaneous and inter-dependent. The corn
bined output of the two circuits is a de level proportional
to the rrns value of the input signal.

8·56. AVERAGE RESPONDING AC CONVERTER
(Option DOl).

8·57. General.

8-58. The average ac converter is an average responding cir
cuit calibrated to the rms value of a sinusoidal input. Full
scale output of the converter is 6.6667 V de for all ranges.
Figure 8·20 shows a simplified schematic of the converter.

8·59. Circuit Description.

8·60. AC Input Attenuator. The ac input attenuator is an
RC circuit which provides a fixed attenuation of 100·to·1
on the 100 V ac and 1000 V ac ranges. Attenuator switch
ing is done by reed relays which are controlled by the
inguard controller. Input resistance of the AC Converter is
approximately 2 megohms.

Model 3455A

8-61. Converter Amplifier. The converter amplifier uses a
dual FET input stage to maintain a high input impedance.
An operational amplifier provides the ·necessary gain to
drive the output stage of the converter amplifier. The out
put stage of the amplifier is a current driver circuit. Two ac
feedback paths provide fixed gains of lor 0.1. An integrat
ing amplifier (U4) is used to maintain a de level of 0 V de at
the output of the Converter Amplifier. The integrating
amplifier also determines the low frequency cut-off point
of the Converter Amplifier. (The cut-off frequency is ap
proximately 300 Hz on the FAST ACV mode and 30 Hz on
the ACV mode.) A diode protection circuit is used to limit
the output of the Converter Amplifier to approximately
± 6 V peak to prevent saturation of the amplifier.

8·62. AC Ranging.. AC ranging is accomplished by attenu
ating the input signal and changing the gain of the converter
amplifier. The.input attenuator provides a fixed attenuation
of 100 to 1. The Converter Amplifier has fixed gains of I
or 0.1. Table 8·1 shows the various combinations of amp
lifier gain and input attenuation necessary for the input
voltage ranging. Full scale output of the Converter Amp.
lifier is approximately 1 volt rms for all ranges.

8·63. Rectifier and Filter Amplifier. The output of the
Converter Amplifier is applied to a rectifier circuit which
produces both a positive going and a negative going half
wave rectified signal output (see Figure 8·20). The rectified
signals are summed to provide ac feedback for the Con
verter Amplifier. The Filter Amplifier has a fixed gain of
approximately 6.6. The feedback circuitry of the Filter
Amplifier provides one pole of filtering. The output of the
Filter Amplifier is applied to a one pole RC filter network
for FAST ACV operation and a two pole RC filter network
for ACV operation.
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Figure 8-20. Simplified Average Responding AC Converter.
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8·64. Output Buffer Amplifier. An Operational Amplifier
with unity gain is used to isolate the output of the AC Con
verter. Full scale output of the AC Converter is + 6.6667 V
de for all ranges.

8-65. OHMS CONVERTER.

8-66. General.

8·67. The Ohms Converter is a voltage limited current
source which supplies a constant current through the
unknown and reference resistors until the output voltage
reaches approximately 4.75 volts de. At this point the con
verter becomes a constant voltage source. During the cur
rent mode of operation the converter supplies a constant
current of .7 rnA on the lOa ohm through lOa kilohm
ranges or .7 microamps on the 1 and 10 megohm ranges.
The converter becomes a constant voltage source when
measuring resistance greater than 5.8 kilohm on the 10 and
100 kilohm ranges and greater than 5.8 megohm on the 10
megohm range. Since the same current flows through both
the unknown resistance and the reference resistance, the
voltage drops across them are directly proportional. The
unknown resistance value is the ratio of the voltage drop
across the unknown resistance times circuit gain to the
voltage drop across the reference resistance times circuit
gain multiplied by the range constant; or

VRx GI
Rx = Kr

VREF G2

Section VIII

8-68. Circuit Oescription.

8-69. Ohms Converter Power Supply. An inverter circuit
is used to derive power-for the ohms converter. The inverter
operates at a frequency of 30.72 kHz on 60 Hz operation
or 25.6 kHz on 50 Hz operation. Transformers AlOTI and
A12T1 provide complete isolation of the ohms converter.

8-70. Current Source. Figure 8-21 shows a simplified sche·
matic of the current source used in the ohms converter. The
circuit is designed to provide an output current of .7 rnA or
.7 p.A. Output current is determined by resistors R3, R5,
and R6. During the .7 rnA mode of operation, (100 ohm
through 100 kilohm ranges) relay K8 shorts resistor R3.
The output current is then determined by R6 and is equal
to the reference voltage (+ 6.2 V) divided by the resistance
of R6, or 10 = 6.2(8.87 K = .7 rnA. During the .7 p.A mode
of operation, (I megohm and 10 megohm ranges) both K7
and K8 are open. Resistors R5 and R6 form a divider which
divides the + 6.2 V reference to + .7 V. The output current
is now determined by the .7 V across R3 or 10 =.7 V(I M
= .7 p.A. Operational Amplifier VI drives output transistor
Q4 and provides the gain necessary to maintain the proper
output current, Relay K7 is used to select a reference
resistance of I kilohm for the .1 kilohm through 10 kilohm
ranges or I megohm for the 100 kilohm through 10
megohm ranges. Both the reference resistance and the
unknown resistance are in the feedback circuit of the
operational amplifier.

K7

I ..---; I

I
~-T-<LI ' " ~IJ-""

Ke~[

•

R5
1.131<

.6.2V

R'12K

RI2
2.4K

-B.Jv

c

03

RII
470

CRI5

..6.2v

RI8
43K

CR7

R2l
12K

-8.3V R22
I.IK

-8.3v

R,

Figure 8-21. Ohms Converter Current Source.
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8-71. Voltage Limit. Figure 8-22 shows a simplified sche
matic of the voltage limit circuit used in the ohms con
verter. During the current mode of operation the non
inverting input of U2 is positive, as referenced to ohms
ground. In this mode the positive output of U2 is blocked
by CRI4, making the voltage limit circuit inoperative. As
the resistance of Rx is increased the collector voltage of Q4
becomes more negative. This change is coupled to the non
inverting input of U2 through the voltage divider composed

of RI4 and R23. As the input of U2 approaches 0 V the
output reverses polarity and forward biases CRI4. At this
point U2 takes control of output transistor Q4 and main
tains a constant voltage of approximately. 4.7 V de at the
collector. During the time the ohms converter is in the volt
age limit mode, transistor Q3 supplies the feedback neces
sary to balance the current seurce circuit (see Figure 8-21).
The converter operates -as a voltage source when measuring
resistances greater than 5.8 kilohm on the 100 ohm through
100 kilohm ranges and greater than 5.8 megohm on the 1
megohm and 10 megohm ranges.

8-72. Overload Protection. The ohms converter is pro
tected from the accidential application of high voltage to
the ohms terminals by diodes CRI, CR2, CRII and CRI2_
These diodes provide a current path through R23 and the
ohms reference resistance to dissipate the applied voltage.'
High voltage diode CR8 prevents current flow through Q4
when a negative voltage is applied to the "High" ohms
terminal. High voltage transistor Q4 is biased off to pre
vent current flow when a positive voltage is applied.

8-73. DC PREAMPLIFIER.

8-74. General.

8-75_ The DC Preamplifier provides the necessary isolation
and amplificiation of signals from the de input, ac or ohms
converter, and Auto Cal circuits for use in the A-to-D Con
verter. The DC Preamplifier is designed to provide high
input impedance and linear gain characteristics.

8-14

8-76. Circuit Description.

8-77. Input Circuit. A dual FET (Q 17) is used as the input
to the DC Preamplifier to provide high input impedance.
The seurces of Q17 are driven by a current source (Q24) to
maintain linear circuit operation. Operational amplifier U2
provides the gain necessary to drive the output circuit of
the preamplifier.

8-78. Output Circuit. The output circuit of the DC Pre
amplifier consists of an amplifier (Q7 and Q8) and a current
source (QI2). Operation of the output amplifier is similar
to that of an inverting operational amplifier with a gain of
approximately 30 (see Figure 8-23). The amplifier controls
the output by shunting current from the current source.
The output circuit drives the DC Preamplifier feedback cir
cuitry and the AID Converter.

8-79. Feedback Circuit. The feedback circuitry for the DC
Preamplifier consists of two 10-to-1 resistive dividers, a
buffer amplifier, and FET switches. Figure 8-24 shows a
simplified schematic of the feedback circuitry and lists the
various switch closures necessary for the particular pre
amplifier gains. Buffer Amplifier U3 is a precision XI Amp
lifier used to isolate the output divider from the precision
IO-to-l divider.

8-80. Overload Protection. The preamplifier circuit is pro
tected from saturation by diodes CR4 and CR5. These
diodes limit the voltage difference between the drains of
Q 17. The output of the preamplifier is limited to approxi
mately ± 17 V by zener diode CR7 and diode CR6 clamp
ing the output stage of U2.

8-81. Switch. Bias Amplifier. The switch bias amplifier sup
plies a gate bias voltage for the FET switches to make the
gate-to-source voltage equal to zero during the time the
FET switches are ON. The bias amplifier has a unity gain
and uses an FET input to prevent loading of the input
signal. Output of the bias amplifier is coupled through 100
kilohm reistors to the gates of the input switching FEr's.

•

•
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Figure 8-23. Equivalent DC Preamplifier Output Circuit.•
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8-83. General.

Figure 8-25. Simplified Voltage Reference Diagram.

•

g-90. The period during which the digital counters are
"counting" occurs during the td cycles. The total number
of "counts" is therefore dependent upon the number of td

8-87. ANALOG-TO-OIGITAL CONVERTER (A/D).

8-88. General.

the operational amplifier. These resistors are a fine-line cir- •
cuit contained in an Ie package and are composed of the
basic resistances plus padding resistors to match the divider
to the particular reference diode. Resistance Ra also
includes a potentiometer which is used as the "fine" adjust-
ment for calibrating the + 10 V de output. The circuit is
returned to the - 15 volt supply to reduce ground currents.

8-89. The 3455A Multimeter uses a multi-slope integration
technique to convert analog input signals to digital informa
tion. This method permits relatively high speed. high accur
acy measurements. The following explanation of the AID
Converter operation uses the integrator output waveform
pictured in Figure 8-26. The waveform shown is for a nega
tive input voltage. For positive inputs the integrator output
would range between 0 and - 10 volts. This waveform can
be divided into three major portions: the integration period
(time TI). the run-down period (time T2) and the auto-zero
period (time T3)- During time T I. the input voltage is inte
grated and the most significant digits of the output reading
are determined. During time T2 the input voltage is re
moved and the charge remaining on the integrator capacitor
is used to determine the least significant digits of the
output reading. During time T3, the integrator is reset to
approximately 0 volts and readied for the next reading. At
time Til, the input voltage from the DC Preamp is applied
to the AID converter and causes the integrator capacitor to
charge (period tcj ), The rate at which the integrator capac
itor charges depends upon the amplitude of the input volt
age applied (see Figure 8-27). If the voltage at the output of
the integrator reaches plus or minus 10 volts the 10 V com
parator is enabled and interrupts the inguard controller.
The controller switches in a reference current opposite in
polarity amount of time (period td) and causes the inte
grator to discharge. At the end of period td, the reference
voltage is removed allowing the integrator to again charge
(period tc). This charge. discharge sequence may be
repeated throughout integration period T I.

-JSV

29.3V

RI5
I. 15K

RI.
2.21K

•
u2 +IOV

R,

8-86. The ohms reference circuit is an adjustable resistive
network which supplies a precise 1 kilohm or I megohm
reference. The precision ten-to-one divider is an adjustable
resistance divider used to produce the 1 volt reference volt
age and a precise ten-to-one division for use in the opera
tional attenuator and DC preamp feedback circuitry. Figure
8-25 shows a simplified diagram of the reference voltage cir
cuit. The reference for this circuit is a package which con
tains a reference diode and heater plus associated circuitry.
An operational amplifier (U2) provides the necessary gain
to supply a stable + 10 V de output. Resistors Ra and Rb
form a voltage divider to provide the proper feedback for

RI3
3.01K

8'85. Circuit Description.

8-82. REFERENCE ASSEM8L Y.

8-84_ The reference assembly for the 3455A contains the
components and adjustments for the ohms converter refer
ence resistance, the precision ten-to-one divider, and the
+ 10 V de reference voltage. The reference .assembly is
designed to be removed from the Multimeter for calibration
and contains all adjustments for the DCV and OHMS func
tions.

-=i If I-- "-=iTl-! Jf'------~T2----..4--T3 •
- --- - - - ...O..2V

OV

, [
I I
I I
I I
i I I I I

~'dt- ~tdf- I
I I I I I
: !-'c-: I-tc----!
I I I I (
I 1 I I I

Figure 8·26. Integrator Output Waveform.
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Figure 8-27. Integrator Output Waveforms for Different Input Voltage Levels.
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cycles. The number of charge-discharge cycles depends
upon the input voltage applied (as shown in Figure 8.27)
and whether the voltmeter is in the 5 or 6 digit readout
mode: For the 5 digit mode, time Tj , is 1/60 second (l/50
second for 50 Hz operation) and approximately 16 charge
discharge cycles occur for a full scale input. During 6 digit
operation, time II is increased to 8/60 second (8/50
second for 50 Hz operation), allowing approximately 127
charge/discharge cycles to occur for a full scale input.

8-91. At the end of time TI, the input voltage is removed
and the reference voltage applied. The integrator is quickly
discharged at a fixed rate to approximately 0.2 volts
(period tf). During period ts the discharge rate is slowed to
allow accurate zero detection (point of complete dis
charge). This type of run-down permits both speed and ac
curacy. The "counts" accumulated during the run-down
period (I2) are scaled and added to those made during time
II for the final measurement.

8·92. Circuit Description.

8-93. Input and Reference Switching. The A/D input and
reference switching is controlled by the inguard controller.
The input from the DC Preamp is applied to the integrator
input through a 19.8 kilohm resistor (R15) and FET switch
Q3. The integrator charge current due to the input voltage
is established by RI5 and is equal to the input voltage
divided by 19.8 kilohms. FET switch Q3 is closed through
out the integration period (time TI, Figure 8-26) and is
open during periods T2 and I3.

8-94. There are four separate current references in the AID
Converter. Two of these are positive references and are used
when the A/D input voltage is negative. The other two
references are negative references and are used for positive
inputs. In Figure 8·28 the positive references are shown
above the integrator input line and the negative references

HOY +lOV

Ulo Uib

R3 R26

+20V
4..64K 464K +20V

R4 R27
10K 1.28M

CR2 Ule
SWITCH SWITCH
INPUT INPUT C2

..082

Uid Ule
03

INTEGRATORRI5
INPUT FROM 19..8K
DC PREAMP

U3

U2d U2. +

CR6 U2e
SWITCH SWITQi
INPUT IM'UT

R21 R30
10K 1.28M

R22 R21
4.64K 464K

-20v -20V

• U20 U2b

)4~8-441'2

-lOY -lOY

Figure 8-28. Simplified AID Input and Reference Switching Diagram.
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are below. Both the positive and negative references have a
"fast" discharge reference-and a "slow" discharge reference.
The fast discharge. references are used during the td cycles
of the integration period to discharge the integrator and are
also used for the "fast run-down" period (time tf). The
"slow" discharge references are used during the "slow run
down" period (time ts) only. Diodes arc used to switch the
references because of their high speed switching ability.
The following description uses the positive "fast-discharge"
reference, consisting of UIa, R4, CR2 and Uld, to explain
the reference switching operation. Except for different
input levels to the negative reference switches, operation of
all reference switching is identical. .

8-95. During the time the switch is turned "off', diode
CR2 is forward biased by approximately - 2 V de on the
cathode. Current flows from the + 20 volt supply through
R4 and CR2_ Under this condition the voltage at the anode
of Uld is negative (approximately - L5 V de) which reverse
biases Uld, holding it off. (The cathode of Uld is held at
virtual ground by the integrator.) During the "on" condi
tion, CR2 is reverse biased by appiying approximately
+ 3 V dc to the cathode. Diode Uld become, forward,
biased and allows the current to flow through R4 to the
integrator input. The purpose of diode Ula is to compen
sate for the voltage drop across switching diode Ul d by
raising the reference voltage by one diode drop. The refer
ence current is determined by the voltage across R4 (10 V
de/! 0 kilohrns = I rnA).

8·96. Integrator. The voltmeter uses a conventional inte
grator circuit with a dual FEr input stage for isolation.
Operational amplifier U3 provides the gain necessary to
keep the input voltage at a V (see Figure 8-29).

8-97_ Slope Amplifier. The purpose of the slope amplifier
is to increase the speed of the "auto-zero" function and

Modei 3455A

reduce sensitivity to offsets in the zero detect comparator.
The slope amplifier is a conventional non-inverting operat
tional amplifier with a gain of 100 and is used to drive the
auto-zero circuitry and zero detect comparator. Sensitivity
at the output of the integrator is approximately .5 milii
volts per count of output reading.

8-98. Auto-Zero. The purpose of auto-zero is to reset the
integrator to a known level. During this mode of operation
FET switch Q4 is closed, eompieting the auto-zero ioop
through slope amplifier U4. The integrator capacitor (C2)
is used as the auto-zero capacitor and stores a charge
equai in amplitude and opposite in poiarity to any offsets
in the integrator and slope amplifier circuits. This charge
effectively cancels the offset errors generated by these
circuits.

8-99. Zero Detect Comparator. The output signal of the
zero-detect comparator is used to determine the polarity of
the output reading and which integrator discharge refer
ences to apply. The output of this circuit is approximately
+ 5 volts for negative inputs and near 0 volts for positive
inputs to the AID Converter.

8-100. Absolute Value Amplifier. As the name implies, the
absolute value amplifier is a unity gain circuit which pro
duces a positive output for either a positive or negative
input. During positive inputs, the negative output of U5
forward biases transistor Q6 allowing it to conduct. For
negative inputs transistor Q6 is biased off and amplifier U5
conducts through diode CRI2.

8-101. 10 volt Detect Amplifier. The purpose of the 10
volt Detect Amplifier is to detect when the charge on the
integrator has reached plus or minus 10 volts. This informa
tion is used by the inguard controller in determining when
to appiy the discharge references during the integration per-
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Figure 8-29. Simplified AID Converter Diaqrarn.
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iod (time TI, Figure 8-26). For inputs Iess than 10 volts
the output of the 10 voit Detect Amplifier is near 0 volts.
As the input reaches 10 volts the output switches to
approximately + 5 volts.

8-102. 0.2 volt Detect Amplifier. The purpose of the _2
volt Detect Amplifier is to detect when the integrator has
discharged to approximately .2 volts during period T2
(Figure 8-26). This information is used by the inguard
controller in. determining the point to remove the "fast··
discharge" reference and apply the "slow-discharge"
reference.

8·103. INGUARD CONTROLLER.

8-104. General.

8-105. Figure 8-30 shows the basic steps performed by the
inguard controller. The inguard controller receives data con
taining range, function, and resolution information from
the main controller. This data, containing 36 bits of infor
mation and a parity bit, is transferred serially at a rate
determined by the main controller. The inguard controller
decodes the information, sets the input and auto-cal
switches to their required states, and selects the appropriate
range, function, and sample time for the resolution indi
cated. During the measurement process, the inguard con
troller manages the analog-to-digital conversion sequence
and stores the digital equivalent of the AID input voltage.

8-106. Upon completion of the measurement, the digital
information is transferred from the inguard controller to

Section VIII

the main controller. This information contains the measure
ment value and polarity plus a parity bit and is transferred
serially at a rate determined by the main controller. The
inguard controller is reset to receive more information by a
reset pulse from the main controller.

8·107. Circuit Description.

8-108. Transfer Circuit. Figure 8-31 shows a simplified
diagram of the data transfer circuitry between the inguard
and main controllers. The direct control lines, DCIl through
DC3, of the processors are used for communication. The
inguard and main processors are electrically isolated by
optical isolators. Control lines DCIl and DCI are driven by
the main controller. During the inguard to main transfer
mode, Line DCIl is used to indicate when the main control
ler is ready to receive data. Control Line DCI is used for
the transfer-clock signal during both transfer modes. Con
trol Lines DC2 and DC3 are driven by the inguard control
ler. Control Line DC2 is used by the inguard controller to
indicate whether it is in a "send" or "receive" state. Transi
tion from the receive to the send status indicates to the
main controller when the inguard controller is ready to
send data. Control Line DC3 is used by the inguard con
troller to indicate when it is ready to receive data during
the main-to-inguard transfer mode and to send data during
the inguard to main transfer mode.

8-109. Transfer signals for both data transfer modes are
illustrated in Figure 8-32. During the main controller to

Figure 8·30. Simplified Inguard Controller Flowchart.
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Figure 8-31. Controller Data Transfer Circuit.
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tion, composed of 6 bits of trigger information, 30 bits of
range and function information and a parity bit, to the
inguard controller. The inguard controller transfers 25 bits
of information, composed of 1 bit of polarity information,
23 bits of measurement data, and a parity bit, to the main
controller.

8-110., Reset Circuit. The reset line is driven by the main
controller to reset the inguard controller to the beginning
of its program routine. Figure 8-33 shows a simplified
schematic of the reset circuit. A pulse transformer is used
to electrically isolate the reset line between the inguard and

. outguard sections of the voltmeter. The reset pulse applied
to the preset input of flip-flop U32A sets the "Q" output
high. The high output of U32A causes the output of U27B
to go low. The output of U27B sets the "interrupt request"
input of the inguard processor. Upon receiving interrupt
request, the processor stops driving its data Lines (D~

through D7), allowing them to go high and sets the inter
rupt acknowledge line high. This signal allows the output
of U27C to go low which puts the "start" address on that
processor's data bus. The processor (after reaching its
"start" address) sets the interrupt acknowledge line low to
remove the output of unc from the data bus and to reset
the interrupt circuit to its normal state.

~"oi~~,TL----NJ--Jl--J
omT:':r<SFER in n n n n rlk-, n n n n

cU>C': -+J U U U U Uj DU U U U L

INGUA~ ~IlOI.l-E~J i 1';r/-------
STATVS (RECEIVE) I

1~~:~~&W'li_' -JI

Section VIII

Figure 8·32. Data Transfer Signals.

inguard controller transfer mode, data is valid during the
positive portions of the clock signal and changed during the
negative portions. During the inguard controller to main
controller transfer mode, data is valid during the negative
portions of the clock signal and changed during the positive
portions. The main controller transfers 37 bits of informa-

8-111. AID Converter Control Circuitry. Figure 8-34
shows the control circuitry between the inguard processor
and the analog-to-digital converter. There are six output
lines from the inguard controller which control the input,
reference, and auto-zero switches in the AID Converter.
Each output line controls one of the six switches in the
converter. Switching information for the A!D Converter is
set on the processor's data bus (outputs D~ through D5)

•
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•Figure 8-33. (nguard Controller Reset Circuit.
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and transferred to the converter through output latch UIS.
Table 8·2 describes the purpose of each of the AID Con
verter switch signals and the "true" state of each. The three
"detect" outputs of the AID Converter are returned to
"direct control" lines DC4 through DC6 of the processor.

8-112. The "polarity detect" output of the converter is
also applied to the input of the "zero detect" circuit. The
zero detect circuit is used to detect the end of the "slow"
run-down period. At the beginning of the slow run-down
period, the "Q" output of U32B is set to the same state as
the polarity detect signal by a pulse from U14. The inter
rupt enable signal from the processor is set high to enable
the zero detect circuit. As the charge on the AID Integrator
passes through a volts, the polarity detect signal changes
state and causes the output of the zero detect circuit to go
low. The low output from the zero detect circuit sets the
processor's interrupt input to stop the AID Conversion pro-

Section VIII

Table 8-2. AID Converter Switch Control Signal
Descriptions.

True
. Signal Description State

LVIN Ala Converter input switch signal Low
(A14Q3)

LNRS Negative slow-discharge reference switch signal Low
(A14U2cl

HPRS Positive slow-discharge reference switch signal High

HAZ Auto-zero switch signal (A1404) High

HPRF Positive fast-discharge reference switch signal High
(A14CR2)

LNRF Negative fast-discharge reference switch signal Low
IA14CR6J

cess. Upon completion of the AID Conversion process, the
processor sets the interrupt enable signal low to disable the
zero detect circuit.

U28E
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Figure 8-34. Simplified AID Converter Control Circuit:
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Figure 8-35. Simplified Program ROM Circuit. e
8-113. Program ROM. Figure 8-35 shows a simplified sche
matic diagram of the program ROM circuitry used in the
inguard controller. The program ROM contains the opera
tion instructions for the inguard controller routine. There
are 512 eight bit program storage locations contained in the
ROM which are addressed by nine input lines (10 through
18). The ROM output is connected to the processor data
lines ~ through D7. The output of the ROM is enabled
only when the signal level applied to I8 is the complement
of the level applied to 18. This function is accomplished by
gates U29C and U29D and occurs when the processor sets
the "program gate" signal high.

communication between the front panel, HP·IB interface,
display and inguard section of the multimeter and to per
form mathematical calculations to correct measurement
data and provide measurement scaling or percent error
readings. The following is an explanation of the operations
performed by the main controller as illustrated in Figure
8-37.

a. The .main controller reads and stores the status code
of the front panel switches (local operation) or HP-IB buf
fers (remote operation) to determine measurement para
meters, such as range, function, mode, and sample time.

8-114. Output Circuit. The output circuit of the inguard
controller controls all inguard switching of the voltmeter.
Switch control signals are transferred through six latches
(see Figure 8-36). Each latch is set individually to output
the proper switch signals. The inguard processor sets the
switching information for the latches on the data bus (pro
cessor output D0 through D5) and the select code for the
particular latch to accept the information on device select
lines DS0 through DS3. Transfer of information from the
processor to the latches is synchronized by the clock input
to the processor and the device select decoder U14.

8-115. MAIN CONTROLLER.

8116. General.

8-117. The purpose of the main controller is to control

b. Using the status information, the main controller
generates switching information for the analog section and
transfers this information to the inguard controller.

c. During the time the inguard controller is setting the
switches and making the required measurements, the main
controller computes the constants used to correct the mea
surement data. This step is shown in Figure 8·37 as "per
form preliminary math calculations" and involves combin
ing the offset error and full scale error readings, relevant to
the measurement being made, into two constants.

d. The main controller. receives the measurement data
from the inguard controller, applies the correction factors
found .in the previous step and computes the corrected
measurement answer.

e,
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e. The main controller next checks to see if one of the
math functions have been selected. The math functions pro

x -z
vide either a scaled answer (-y-l, where x is the measure
ment answer and y and z are values entered by the opera-

x - y
tor, or a percent error answer (-y-- x 100), where x is
the measurement answer and y is a reference value entered
by the operator. If the math function has been selected, the
main controller computes the math answer.

f. The main controller next checks to see if the HP-IB
buffers are active (outputting data to the bus). If the HP-IB
buffers are not active, the main controller loads the answer

Section VIll

into them. If the buffers are active the controller bypasses
this step.

g. The main controller loads the final answer in the dis
play buffers and returns to the start of the program.

8·118. Circuit Oescription.

8-119. ROM Circuit. The main controller uses three
ROM's to store the programs necessary to control the var
ious functions and operations of the voltmeter. Each ROM
is capable of storing 2048, eight bit "words" of program
information and is divided into two "pages" of 1024 words
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Figure 8·37. Simplified Main Controller Flowchart.
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each. Five of the six pages contain the programs necessary
for the normal operation of the voltmeter while the. sixth
page contains a test program to aid in troubleshooting and
to verify proper operation. This test feature is not program
mabIe from the front panel. The ROM's are addressed by
the main processor through the program address bus (pro
cessor outputs PA~ through PA9). The program inforrna
tion is, sent to the processor throughthe processor data bus
(lines D~ through D7). All ROM's receive the address in
formation. The particular program information received by
the processor is determined by the program address code,
the page select signal, and which ROM is enabled.

8·120. Figure 8·38 is a schematic of the ROM circuitry.
During normal operation,. the test connector 11 is con
nected as shown. This connection disables the upper page
(test program) or ROM U8 and allows ROM's U6 and U7 to
be enabled. Removing the jumper permits only the upper
page (test program) of U8 to be enabled. Connecting the
jumper between ground and the "disable" connection dis
ables all ROM outputs to aid in testing the main processor.

8·121. During normal operation, the ROM's are enabled in
the following manner. At turn on, only the lower page of
U8 may be enabled. This is because the normal turn on
state of address line PAlO is low which allows U8 to be
enabled and "holds off' the enable circuitry for ROM's
U6 and U7. To enable ROM's U6 or U7, the following
sequence is used.

a. The code to select the desired ROM and page is set
on data lines D~ and DI. Line D~ is used to select the page
and is set high for upper pages and low for iower pages.
Line Dl is used to select the particular ROM and is set high
to select ROM U6 or low to select U7.

b. The device select code to select output YS of U31 is
set on device select lines DS~ through DS3.

c. Address line PAlO is set high to disable ROM U8 and
allow ROM's U6 and U7 to be addressed.

d. The READfWRITE line is set high (write).

The above outputs are synchronized by the clock signal.
The combination of the output from the device select
decoder U33 and the WRITE output from the processor
causes a pulse at the clock input of US and sets the QI and
Q2 outputs to the levels of data lines D~ and DI (page and
ROM select data). Once US is set the processor data lines
(D~ through D7) and READ/WRITE line are reieased for
other operations. Address line PAlO remains high as long as

. ROM U6 or U7 are to be addressed. The output of the
ROM and page selected is then enabled when the Program
Source Gate is set high. To return to the lower page of U8
it is only necessary to set address line PAI0 low.

8-122. At the beginning of an "interrupt sequence" the
processor enables gates U3A and U3B by activating output
YS of the device select decoder and setting the READI

•

•

•
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Figure 8·38. Main Controller ROM Circuit.
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WRITE output low (READ). The outputs of U3A and U3B
are then sent to the processor through data lines D~ and D I
and represent the page and ROM that was active at the
time of interrupt. The ROM and page information along
with the address code are stored by the processor so that
after the interrupt routine it can return to that step in the
program,

8-123. RAM Circuit, The RAM's are used to store temp
orary data such as auto-cal constants, display data, front
panel and HP·IB status codes, math computations and
references; and control status codes. Figure 8-39 is a sche
matic diagram of the main controller RAM circuit. The
RAM's can be set to a particular address by the main pro
cessor or are automatically incremented to the next mem
ory address each time data is stored or read. This method
allows groups of data to be transferred between the RAM's
and main processor without having to address each step and
results in higher operating speed.

8·124, The RAM's are addressed by the main processor in
the following manner:

a. The processor sets the desired address code on data
lines D~ through D7, sets the proper code on the device

select lines (DS~ through DS3) to activate output Y4 of
device select decoder U41, and sets the Read/Write output
high (write),

b. The outputs of the processor and the device select
decoder are synchronized by the clock signal.

c. The Read/Write signal enables buffers U34 and U42
to apply the address code to the inputs of presettable
counters U36 and U37,

d. The negative-going pulse from output Y4 of device
select decoder U4l is applied, through gates U38B and
U38D, to the "load" inputs of U36 and U37 to load the
address code into them, The code which has been loaded
into the presettable counters is then applied to the address
inputs (lines A~ through A7) of the RAM's (U44 and U45
U45),

8-125. Data is stored in the RAM's as follows:

a. The processor sets the data to be stored on data lines
D~ through D7, sets the proper code on device select lines
DS~ through DS3 to activate output YI of device select
decoder U41, and sets the Read/Write output high (write).
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Figure 8-39. Main Controller RAM Circuit.

b. The ReadfWrite signal enables buffers U34 and U42
to apply the data to the RAM's I/O lines and is also applied
to the R/W input of the RAM's to enable the write ampli
fiers. The negative-going pulse from output YI of U41 is
applied to the CE inputs of the RAM's to enable them to
store the data. Output YI of U41 is also applied to the
"clock" inputs of U36 and U37 (through U38) to incre
ment the address code by one upon completion of the
"store" operation.

8-127. ALU Circuit. The Arithmetic Logic Unit (ALU)
provides added computational capability to the main con
troller for computing Auto-Cal constants, measurement
data corrections, and "scale" and "% error" math func
tions. The ALU also provides logic functions which are used
for certain control operations. The ALU performs Arith
metic or Logic operations on two, 22 bit binary numbers in
eight bit segments starting with the eight least significant
bits.

•
8-126. The processor "reads" data from the RAM's as
follows.

a. The processor sets the code necessary to activate out
put YI of U410n device select lines DS\! through DS3, and
sets the Read/write line low (read).

b. The Read/Write signal is inverted by U4F and applied
to the RAM's RfW input to enable the output buffers. The
negative-going pulse from output YI of U4l is applied to
the CE input of the RAM's to enable their outputs. The
RAM output data is applied to the inputs of buffers U35
and U43 which are enabled by the low output of gate
U46A.

8·128. Figure 8-40 shows a schematic diagram of the ALU
circuit used. The numbers to be entered into the ALU's are
8 bit binary codes and are entered as follows:

a. The processor sets the numerical data on data lines
D\! through D7, sets the READfWRITE line high (write),
and sets the device select lines DS\! through DS3 to the
code necessary to activate the proper output of device
select decoder U33 (output YI for number "A", Y2 for
number "8").

b. The outputs of the processor and device select
decoder are synchronized by the clock signal.

c. The data is read by the processor on data lines D0
through D7_

d. As with the "store" sequence, the negative pulse
from output Yl of the device select decoder is applied,
through gate U38D, to the "clock" input of counters U36
and U37 to increment them to the next address.

c. The READfWRlTE signal enables buffers U34 and
U42 to apply the binary information from the processors
data output to the ALU input latches. The information is
set in latches U29 and U3l (number "A") or U24 and U25
(number "B") by the signal from device select decoder
033.

d. The ALU operation instruction is a 6-bit binary code •
8-26



8-129. The output of the ALU's is read by the processor in
the following manner:

e. The operation instruction is entered into the ALU's
in the same manner as the numerical data except, only pro
cessor data lines D\l through DS are used to output the
data.

composed of a 4-bit instruction code, 1 bit of mode infor
mation to determine whether the operation is to be an
arithmetic or logic function, and 1 bit of "carry" inforrna
tion.

Section VllI

used to strobe the front panel display. The Interrupt Cir
euit has been designed so that the Interrupt Signals are
assigned priorities. In the event of two or more Simultane
ous Interrupt Signals, the one with the highest priority wili
be handled first. The Hp·JB Interrupt is assigned the highest
priority and will be serviced before the external trigger or
front panel interrupts. The external trigger interrupt is
assigned the second highest priority and will be serviced
before the front panel interrupt. All three interrupt signals
have priority over the display strobe signal. The turn-on
interrupt occurs only at initial turn-on of the voltmeter.
Figure 8-41 is a simplified schematic of the Main Controller
Interrupt Circuit.

THEORY OF OPERATION

lIlFl'ERL- ----.J

-~,:. I
"::i :

Figure 8-40. Main Controller ALU Circuit.

OEYlCE
SELECT

~

UI&8

Model 34SSA

•

•

•

a. The processor sets the READ/WRITE line low
(READ) to disable buffers U34 and U42 and sets the
proper code on device select lines DS\l through DS3 to
activate output Y4 of U33.

b. Output Y4 of U33 enables the ALU output buffers
U21 and un and the data is read by the processor on data
lines D\l through D7. In the event that a "carry" occurred
during the ALU operation, the carry output (CN + 4) of
U28 is output through gate U16B to set F4 of the proces
for.

8-130. Interrupt Circuit. The Interrupt Circuit is used to
signal the main processor when the front panel switch data
has been changed, when an external trigger has been
applied, when the HP-IB (Hewlett-Packard Interface Bus)
needs service, or at "turn-on". The Interrupt Circuit is also

8-131. HP-IB Interrupt. When the HP-IB requires service,
it sets the HP-JB Interrupt signal high. This signal is applied
to the input of US3B. The output of US3B is applied to
U47B to disable the front panel interrupt circuit and
through US2A to the interrupt gates which set the proccs
sors interrupt input. The HP-IB interrupt input is also
applied to U46D to set the interrupt address. Upon recog
nizing the interrupt input, the processor sets the interrupt
enable low, to remove the interrupt input, and sets the
interrupt acknowiedge high, to enable address gates U47D
and U46D. The address gates set the interrupt address on
the processors data bus. It is possible for both the external
trigger interrupt and the HP·IB interrupt to occur simultan
eously and set their respective interrupt address code on the
processor data bus. When this occurs, the processor is pro
grammed to vectnr to the HP·IB Interrupt address to main-
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Figure 8-41. Main Controller Interrupt Circuit.

tain priorities. After accepting the interrupt address, the
processor sets the interrupt acknowledge line low to disable
address gates U46B and U46D. The processor then services
the HP-IB to clear the interrupt input.

8-132. External Trigger Interrupt. Operation of the Exter
nal Trigger Interrupt is the same as the HP·IB Interrupt
with the exception of the interrupt address gate activated.
During External Trigger Interrupt, address gate U44B is
used to set the interrupt address on the processor's data
bus.

4-13'3. Front Panel Interrupt. When the status of the front
panel switches is changed, the switch status interrupt signal
is set high. This removes the "clear" signals from U40A and
U40B and triggers the monostable multivibrator U48A. The
output of the multivibralor is a negative pulse approxi
mately 6 milliseconds in duration. This negative signal is
applied to interrupt gates U55B and U55C to disable the
interrupt input to the main processor. This insures that the
processor is not interrupted by the other interrupt signals
while the front panel is being serviced. The negative output
of U48A is also applied to the "preset" input of U40B to
set output '0 low. Output 0 of U40B is applied to U47D to
disable the interrupt address gates and through U39B to set
the inputs of U47A and U55C high.

8-134. As the output of multivibrator U46A returns high,
the following occurs:

a. The front panel output latch is set to the new switch
status code.

b. The positive-going Esnal is applied to the "clock"
input of U40A to set the Q output low. This signal, applied
through U478 and U39C, disables the input of U48A to
prevent premature retriggering.

c. Interrupt gate U5SC is enabled to set the main pro
cessor interrupt input.

8-135. Upon recognizing the interrupt signal, the main pro
cessor sets the interrupt enable output low to remove the
interrupt signal and sets the interrupt acknowledge signal
high. The interrupt acknowledge signal enables gate U47A
which enables the front panel output buffers allowing them
to set the new switch status code on the processor's data
bus (D~ through 07).

8-136. Upon accepting the switch status information, the
processor sets the interrupt acknowledge signal iow. This
signal is applied to U47 A to disable the front panel output
buffers !!,nd through U39A to the clock input of U40B to
set the Q output high. This removes the disable from U47D
and applies a disable signal to U55C and U47A.

8-137. When the front panel switch is released, the front
panel interrupt signal is set low. This resets the trigger
enable input of U48A and sets the "clear" inputs of U40A
and U40B to return the circuit to its "ready" state.

8-138. Display Strobe Circuit. When no interrupts are pre
sent, the interrupt circuit is used in the display function of
the voltmeter. Monostable multivibrator U48B is triggered

•
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Figure 8-42. Simplified Turn-on Interrupt Circuit.
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by output Y2 of device select decoder U41. The output of
U48B is a negative pulse approximately 1 millisecond in
duration and is applied to the strobe inputs of the display
driver decoder to enable it. As tbe output of U48B returns
high, gate U53B is enabled. The low output of U53B is
applied through U52A to the interrupt gates to set the pro
cessor's interrupt input of the processor. Upon noting the
interrupt, the processor sets the interrupt enable signal low
to remove the interrupt input and sets the interrupt
acknowledge high to enable the interrupt gates. The pro
cessor then checks the data bus (D0 through D7) for the
interrupt address. In this case all data inputs are high which
the processor recognizes as the display function interrupt
address.

8-139. Turn-On Interrupt. The purpose of the "turn-on"
interrupt is to start the main processor at a known program
address when power is initially applied to the voltmeter.
Figure 8-42 shows a simplified schematic of the turn-on
interrupt circuit. At turn-on, a negative-going pulse is
applied to the "preset" input of latch U26B from the RC
network composed of R31 and C19. This sets the "Q" out
put high and the "Q" output low. The Q output is applied
to U47C which sets the interrupt input to the processor.
The Q output is applied through inverter US to the pro
cessor data bus (D2 through D7) to set the starting address.

8·140. Upon recognizing the interrupt signal, the processor
reads the start address from the data bus and sets the inter
rupt acknowledge output low. The interrupt acknowledge
signal is applied through inverter U39A to the "clock"
input of U268. This sets the Q output low and' the Q
output high, disabling the turn-on interrupt circuit.

8·141. Hp·IB CIRCUIT.

8·142. General.

8-143. The Hewlett-Packard Interface Bus (HP·IB) is a
carefully defined instrumentation interface which simplifies

the integration of instruments, calculators, and computers
into systems. The HP·IB employs a le-line Bus to inter
connect up to 15 instruments. Normally, this Bus is the sole
communication link between the interconnected units.
Each instrument on the Bus is connected in parallel to the
16 Bus lines. Eight of the lines are used to transmit data
while the remaining eight lines are used for communication
timing (Handshake) and control. Data is transmitted on
the eight data lines as a series of eight-bit characters
("bytd'). Normally, a seven-bit ASCII code is used with
the eighth bit available for a parity check. Data is trans
ferred by means of an interlocked "handshake" technique
which permits asynchronous communication over a wide
range of data rates. Figure 8-43 lllustrates the HP-IB inter
face connections and overall Bus structure. Bus communica
tion is controlled by the five general interface management
(control) lines. These lines determine how information wlll
be interpreted by devices on the Bus. The data bus (lines
DIO I through DI08) is used to transfer information be
tween devices on the Bus. The three data byte transfer
control (handshake) lines permit synchronization of the
data transfer on the data bus.

8-144. Circuit Description.

8-145. Initial Turn-On, (Refer to the Hp·IB Schematic for
"the following" descriptions.) The interface circuit is initial
ized by the main controller at "turn-on". After completion
of the turn-on sequence and before tbe Bus is active the
following conditions exist:

a. The outputs of latches UIl, U19, U20, and U26A are
low.

b. Signal inputs to buffers U1S, U16, UI7 and UI8 are
low.

c. Inputs to interrupt' gates U7A and U7C are low caus
ing the interrupt output (U2A pin 3) to be low (false) .

d. All driver inputs and receiver outputs of Bus Trans
ceivers U6, U9 and U12 are low.

8·29
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Figure 8-43. Interface Connections and Bus Structure.

NOTE

It is possible for the interface circuit to momen
tarily drive the Bus lines low (true) before the
tum-on sequence has been completed.

8-146. Circuit Response to Bus Commands. The following
description explains the Voltmeter interface circuit re
sponse to command statements received from the HP-IB
(Hewlett-Packard Interface Bus). This description is divided
into five parts as follows:

a. Acceptance of the command data.

b. Voltmeter execution of the command.

c. Completion of the "handshake" sequence.

d. Receive Data.

The ATN signal is input to the Voltmeter interface circuit
through inverter V3E and is applied to the input of buffer
VI5A and inverter U3B. The iow output of U3B disables
qualifier gates U2D, UI4B, UI4D and UI3D and is applied
to V2C to set its output high. The high output of U2C sets
the enable inputs of UI3A and U13B. The high output of
Ui3B is applied to the driver B input of transceiver V9 to
set the NDAC output iow (true). This indicates to the
HP-IB controller that the Voltmeter is ready to accept data.

8-149. After allowing time for the data on the DlO lines to
"settle", the HP-IB controller sets the DAV (data valid) line
iow (true). The DAV signal is input to the interface circuit
through transceiver U9 and is appiied to the signal input of
qualifier gate UI3A. The high output of VI3A is coupled
through gate U2B and inverter UiOD to the inputs of
buffer UI5D and interrupt gate U7C. The low (true) output
of U7C is applied to the input of U2A to set the interrupt
signal to the main processor. .

•

e. Output Data.

8-147. Acceptance of the Command Data. The follow
ing describes the sequence performed by the Voltmeter
interface circuit to accept command data, This sequence
applies to all command statements received from the
HP-IB.

8-i48. The controller in charge of the HP-IB sets the code
of the command data to be transferred on data lines DlO i
through Dl08 and sets the ATN (Attention) line low (true).

8-150. Upon recognizing the interrupt signal, the main pro
cessor enables buffers V15 and UI6 to read the status
word. In this case, bit 3 is set, indicating valid data is on the
bus, bit 5 must be set to enable the voltmeter to go to
remote operation, and bit 6 is set to indicate the message is
a command statement. The main processor enables buffers
VI7 and VI8 to read the data byte.

8-151. After reading the data byte, the processor sets the
"nrfd" output (IQ) of latch VI I high (true). The nrfd •
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signal is applied to the enable input of qualifier gate Vl3C
and the driver A input of bus transceiver U9. Transceiver
V9 drives the NRFD bus line low (true), indicating the
Voltmeter has accepted' the data. The processor next sets
the "ndac" output (6Q) of latch VII high (false). The ndac
signal is applied through inverter VIOA to the enable input
of V2B and the signal input of V13B. The low output of
VI3B is applied to the driver B input of transceiver V9 to
disable it and allow the NDAC Bus line to go high (false).

8·152. Execution of Command Instructions. After the
command data has been accepted, as previously described,
the main processor deciphers the data to determine the
nature of the command. This section describes the interface
circuit response. to the following Bus commands:

a, "Listen" Command
b. "Unlisten' Command
c. "Talk" Command
d. "Untalk" Command

8-153. Listen Command, When the processor receives a
listen address from the HP-IB it enables inverter Uland
reads the address code the Voltmeter has been set to. This
code is determined by the settings of switch SI. The pro
cessor compares this code with the one received to deter
mine if it has received its listen address. Upon recognizing
the listen address of the Voltmeter, the processor sets the
output (pin 10) of V70 low to turn A2CR2 (listen enunci
ator) on (see Front Panel Assembly Schematic). The pro
cessor next sets the "mla" output (4Q) of VII high (true).
The mla signal is applied, through inverter V8D, to the
input of qualifier gate V2C to maintain its output high. At
this point the Voltmeter has been addressed to listen and
enabled to receive data messages.

8-154. Unlisten Command. Upon recognizing the "un
listen" command, the processor sets the output (pin 10) of
latch V70 high to turn A2CR2 (listen enunciator) off (see
Front Panel Assembly Schematic). The processor next sets
the "mla" output (4Q) of latch VII low (false) to return
the interface circuit to the "tum-on" state ..

8-155. Talk Command. When the processor receives a
"talk" address from the HP-1B it enables inverter V I and
reads the address code the Voltmeter has been set to. This
code is determined by the settings nf address switch SI.
The processor compares this code with the one received
from the HP-1B to determine if it has received its talk
address. Upon recognizing the talk address of the Volt
meter, the processor sets the output (pin 7) of latch V70
low to turn A2CR3 (talk enuncaitor) on (see Front Panel
Assembly Schematic). The processor next sets the "dav
req" output (5Q) of latch VII high (true). This signal is
applied to the enable input of qualifier gate VI4C. At this
point the Voltmeter has been addressed to "talk" and is
awaiting the removal of the ATN signal by the HP-IB
controller before outputting measurement data .

8-156. Untalk Command. Upon recognizing the "untalk"
command, the processor sets the output (pin 7) of latch
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V70 high to turn the "talk" enunciator (A2CR3) off (see
Front Panel Assembly Schematic). The processor next sets
the "dav req"output (5Q) of latch VII low (false) to return
the interface circuit to the "turn-on" state.

8-157. Handshake Completion. After all instruments on
the HP-1B have accepted the command data (the NDAC Bus
line has gone high) the HP-IB controller sets DAV high
(data is no longer valid). This sets the receiver D output of
transceiver V9 low. The low output of V9 is applied to the
input of V13A and through inverter VIOC to the input of
qualifier gate VI3C causing its output to go high. The out
put of VI3C is applied to the signal input of buffer V15C
and to the input of interrupt gate V7A_ The low output of
V7 A is applied to the input of gate V2A to set the interrupt
signal to the processor.

8-158. Upon recognizing the interrupt signal, the processor
enables buffers VI5 and VI6 and reads the interrupt code.
In this case bit 4 is set, indicating the completion of a data
byte. The processor determines the nature of the interrupt
and sets the "ndac" output (6Q) of latch Ull low (true).
The low output of VII is applied through inverter V IOA to
the inputs of V2B andVl3B_ If the ATN signal or the mla
signal is true the output of Vl3B will be set high. The high
output of VI3B is applied to the driver B input of trans
ceiver V9 to set the NDAC line low (true). The processor
next sets the "nrfd" output (IQ) of Ull low (false). The
low ontput of VII is applied to the driver A input of V9
to set the NRFD output high (false) and to the input of
VI3C to disable it and remove the interrupt signaL This
completes the sequence for accepting and executing com
mand statements.

8-159. Receive Data. Data received from the HP-IB is used
to remotely program the Voltmeter's front panel controls
(range, function, math, etc.). The Voltmeter must have pre
viously been addressed to "listen" and set to remote con
trol before it will respond to program data messages.

8-160. The following paragraphs describe the interface cir
cuit response to program data messages. The HP-IB control
ler sets the program information on Bus lines DIal through
Dl08. After allowing time for the information to "settle",
the controller sets DAV (data valid) low (true). The DAV
signal sets the receiver D output of transceiver U9 high
(true). The high output of V9 is applied through inverter
VIOC to the input of qualifier gate Vl3C to disable it and
to the input of VI3A. The output of VI3A is coupled
through gate V2B and inverter VIOD and applied to the
input of buffer VI5D and interrupt gate V7C- The low out
put of V7C is applied to the input of gate V2A to set the
interrupt output to the main processor.

8-161. Upon recognizing the interrupt signal, the processor
enables buffers U15 and Vl6 and reads the status word.
After determining the nature of the interrupt, the processor
enables buffers U17 and VI8 and reads the program data.
If the processor has read the first byte of program data
(two bytes are required for each program step) it sets a nag
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and retains the first data byte information. If the processor
has read the second byte of information it stores the com
posite of the first and second bytes and sets the appropriate
output of enunciator latches U6S through U70 low (true)
to light the enunciator pertaining to the program informa
tion. The processor next sets the nrfd output (IQ of latch
U11 high (true). The output of UII is applied to the enable
input of qualifier gate Ul3C and to the driver A input of
transceiver U9 which sets the NRFD bus line low (true).
The processor next sets the ndac output (6Q) of latch UII
high (false). This signal is applied through inverter UIOA
to the input of qualifier gate U2B to disable it and remove
the interrupt signal to the processor. The ndac signal is also
applied to the input of gate U13B. The low output of U13B
is applied to the driver B input of transceiver U9 which
stops driving the NDAC bus line (allows it to go high). This
indicates to the HP·IB controller that the Voltmeter has
accepted the data and is ready for more data.

8·162. Sensing that the Voltmeter has accepted the data,
the HP-IB controller sets the DAV line high (data on the
DIO lines is no longer valid) and prepares to output the
next data byte. The DAV high signal sets the receiver D
output of transceiver U9 low. The low output of U8 is
applied to the input of gate U13A to disable it and through
inverter UIOC to the input of gate UI3C. The high output
of UI3C is applied to the signal input of buffer UlSC and
to the input of interrupt gate U7A. The low output of U7A
is applied to the input of gate U2A to set the interrupt out
put to the processor. The processor recognizes the interrupt
signal and enables buffers UIS and UI6 to read the bus
status word.

8-163. Upon determining the nature of the interrupt, the
processor sets the ndac output (6Q) of latch UII low
(true). The output ofUl1 is applied through inverter UIOA
to the input of qualifier gate U2B and to the input of gate
UI3B. The high output of UI3B is applied to the Driver B
input of transceiver U9 which sets the NDAC Bus line low
(true). The processor then sets the nrfd output (IQ) of
UII low (false). This signal is applied to the driver A input
of U9, which sets the NRFD bus line high (false), and to
the input of qualifier gate UI3C to remove the interrupt
signal. This completes the sequence for accepting one byte
of program data.

8-164. Output Data. The following paragraphs describe
the sequence followed by the interface circuit to output
measurement data to the HP-IB. The voltmeter must have
previously been addressed to "talk" and the HP-IB must
NOT be in the command mode before the voltmeter can
output measurement data.

8·165. When the Voltmeter is addressed to talk the "dav
req" output (SQ) of latch UII is set high (true). As the
HP-IB exits the command mode (the ATN signal is re
moved) and all bus instruments are ready to accept data
(NRFD is high) the output of qualifier gate UI4C is set
low. The output of UI4C is applied to the input of buffer
Ut 6C and the input of interrup.t gate U7C. The low output
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of U7C is applied to the input of U2A which sets the inter
rupt output to the processor.

8-166. Upon recognizing the interrupt signal, the processor
enables buffers U I5 and U 16 to read the status word. After
determining the nature of the interrupt the processor sets
latches U20 and U19 to the code of the first byte of mea
surement data. The outputs of UI9 and U20 are applied to
the driver inputs of transceivers U6 and U12. The processor
next enables transceivers U6 and U12 to output the mea
surement data to the HP-IB data bus (DIO I through DlO?).
After the measurement data has had time to "settle", the
processor sets the "dav" output (2Q) of latch UII high
(true). The dav signal is applied to the input of qualifier
gate UI4A and gate UI3D, The high output of Ul3D is
applied to the driver D input of transceiver U9 which sets
the DAV Bus line low (true). The processor then sets the
dav req output (SQ) of latch UII low (false). This signal is
applied to the input of qualifier gate UI4C to disable it and
remove the interrupt signal. When the measurement data
byte has been accepted by the receiving instrument(s) the
NRFD line is set low and the NDAC line is high. The NDAC
signal sets the Receiver B output of transceiver U9 low.
This output is applied to the input of qualifier gate UI4B.
The high output of Ul4B is applied to the input of gate
UI4A to enable it. The low output of UI4A is applied to
the signal input of UI6D and to the input of interrupt gate
U7C. The low output of U7C is applied to the input of
U2A to set the interrupt output to the processor.

8·167. Upon recognizing the interrupt, the processor
enables buffers UI6 and UIS and reads the status word.
After determining the nature of the interrupt, the processor
sets the dav req output (SQ) of latch UII high. The proces
sor then sets the dav output (2Q) of UIO low (false). This
signal is applied to the input of gate UI3D to remove the
DAV signal from the Bus and to the input of qualifier gate
UI4A to remove the interrupt signal. This completes the
output of one data byte. The sequence is repeated until
each byte of measurement data has been output.

8-168. FRONT PANEL OPERATION.

8-169. Circuit Oescription.

8-170. Control Switches and Ennunciators. Refer to the
Front Panel Assembly Schematic for the following descrip
tion. Pressing a front panel key sets one of the input lines
to priority encoder US7 low. The output of the encoder is
the octal equivalent of the input line selected that is, the
output when line "]7" is set low is Ill, when line "12" is
low the output is 010, etc. The encoder also sets the gate
output (pin 14) low to initiate the processor interrupt cir
cuit. The outputs of US7 combined with the outputs of
gate USOA and inverter U49A are applied to the inputs of
latch US8. The inputs to US8 make up a code which repre
sents the key pressed. The interrupt circuit, after a time
delay of approximately 6 ms, sets the clock input (pin 9)

•
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of U58 high to latch the switch codc and also sets the inter
rupt input to the main processor.

8-171. Upon recognizing the interrupt input, the processor
sets the interrupt enable output high to enable buffers U59
and U60 and reads the switch code. This code represents a
vector address to the. processor. The processor performs the
program routine contained at the address indicated which
includes transferring thc new switch data to the inguard
controller and outputting data to the front panel to change
the necessary enunciators.

8-172. The new enunciator data is output to the data bus
(Jines 00 through 07) by the main processor and applied to
the inputs of latches U65 through U70. The new enunciator
code is contained on lines OIl through 05_ Lines 06 and D7
are applied to the select inputs of decoder U64 and arc used
to determine which output of U64 will be set low. Outputs
I Y0 through 1Y3 are enabled by the signal from device
select decoder U41. Outputs 2Y0 and 2YI are enabled by

Section VIII

8-173. Display. Measurement data is transferred to the
display one number at a time. The polarity or numerical
data is applied to the input of latch U54 and the digit (or
position in the display) and decimal information is applied
to the input of latch U63. The output of device select
decoder U41 is applied to the clock input of U54 and U63
to latch the information. The position information is ap-

device select decoder U33. The outputs of U64 are acti
vated by the delayed clock signal from U52F and applied
to the clock inputs of latches U65 through U70. All
outputs of U64 are high except the one driving the latch
which is to accept the data. The enunciators are lit when
the output of the latch driving them is set low.

plied to the select and data inputs of U56 to determine the
proper display driver to be activated. The outputs of U56
are applied to the display drivers (Q11 through Q18) and
are enabled by the signal from U48B (interrupt circuitry).
The display is scanned from left to right one number at a
time.
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8·174. IrnTllilDUCTIDrn.

8-175. The following portions of this manual contain
information to aid in troubleshooting and .repair of the
3455A. This information consists of a General Block
Diagram Theory of Operation, a Preliminary Trouble
shooting Check, and eight Service Groups. An instru
ment block diagram and schematics are also included in
this section of the manual.

8·176. General I3loc~ Diagram Theorv oi Operation.

8-177. Read this subsection if you wish to become
familiar with the internal operation of the 3455A. Refer
to the simplified block diagram (Figure 8-44) for the
following discussion.

8-178. To understand the basic operation of the 3455A,
the instrument can be divided into two sections. These
sections of the Outguard Section and the Inguard Sec
tion.

8·179. llluiguard Section.

8-180. The Outguard Section consists of most logic cir
cuits and their power supplies. These circuits function as
the internal main controller, HP-IB interfacing, and
front panel interface of the instrument.

8-181. The main controller circuits are used to control
communication between the front panel. HP-IB inter
face, and the Inguard Section. The controller also per
forms mathematical calculations to correct measure
ment data, and to provide instrument scaling or percent
error readings.

8-182. The heart of the main controller circuits is a pro
cessor (referred to as the nanoprocessor) used in con
junction with the main controller ROMs. The processor
and ROMs are located on the A3 board. The ALUs are
used for calculations and are located on the AI mother-·
board.

8-183. The front panel is used for the manual operation
of the instrument and to display readings. By pressing a
pushbutton on the front panel, the controller receives a
message to do the operation requested by the operator
(DC. AC, etc.). The main controller then sends a
message to the inguard controller to do the operation.
After the operation is completed, the inguard controller
then sends information back to the main controller. The
information is then converted and displayed on the
front panel.

8-184. The HP-IB circuits are used to communicate bet-,
ween the HP-IB and the instruments main controller.
Information can pass either from the HP-IB to the main
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• Figure 8·44. Simplified 8loc~ Diagram.
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controller or from the main controller to the HP-IB. Ex
ample: the main controller receives a message from the
Bus to read DC. After a reading is taken, the main con
troller sends the reading to the Bus. It should be noted,
as with the front panel, the bus circuitry can interrupt
the main controller whenever necessary (to clear inter
face, etc.).

8·185. Inguard Section.

8-186. The Inguard Section consists of the measuring
circuitry, a controller, and power supplies. The main
function of these circuits is to perform Auto-Cal, DC,
AC, and Ohms measurements. These circuits are con
trolled by an inguard controller, which in turn are par
tially controlled by the outguard controller.

8-187. The circuits used for Auto-Cal and DC
measurements are basically the same. The Auto-Cal
measurements consists mostly of gain and offset
measurements of various op-amps and FETs. The Auto
Cal function can be turned on or off, as desired by the
operator.

converted to digital readings and passed on to the main •
controller. The reading is then calculated by the main
controller to an ohms reading to be displayed on the
front panel.

8-191. The 3455A offers a choice of either a True RMS
or an Average Responding AC Convertor. Both conver
tors changes an AC voltage to a DC voltage with an'
amplitude of approximately + 6.7 V for a full scale in
put. This resultant DC voltage is then processed by the
DC circuits, as explained in paragraph 8-188, with the
exception of the DC attentuator circuits. The attenua
tion is done on the AC convertor board. The main con
troller receives the digital information from the inguard
controller and is then processed to be displayed as an
AC reading on the front panel. The following is an ex
planation of the differences between the convertors.

a. True RMS Convertor: The True RMS Convertor
can either be AC or DC coupled. Using operational cir
cuitry, the input voltage to the convertor is changed to a
DC level proportional to the RMS value of the input
voltage.

8-193. For a more detailed explanation of the 3455A's
circuitry, refer to the Theory of Operation Section in
this manual (paragraph 8-10).

8·194. PRELIMINARY TROUBLESHOOTING CHECK.

8·195. INSTRUMENT HALF·SPLlTTlNG TECHNIOUES.

8-192. The inguard controller controls the operation of
the inguard section after receiving instructions from the
outguard controller. The inguard circuits being control
led are used to perform the various measurements.

b. Average Responding Convertor: The Average
Responding Convertor is only AC coupled. An average
responding circuit calibrated to the RMS value of a
sinasoidal input voltage, is used in this convertor. The
resultant DC output of the convertor is a voltage pro- •
portional to the average value of the input voltages ab-
solute value.

•

8-196. Before proceeding to a particular service group
for troubleshooting the 3455A should be half-split. This
is done to determine if the failure is in the inguard or
outguard section of the instrument. The following pro
cedure can be used.

I. With each 3455A turned off, disconnect the
AlOWI InguardlOutguard cable assembly from
the outguard connector (AIJ7) on each 3455A.

a. Half-splitting can easily be accomplished with an
InguardlOutguard Service Cable (part number
03455-61609) and a working 3455A (a second in
strument) as follows:

8-190. The ohms convertor is used to supply the current
for an ohms measurement and in turn causes a voltage
drop across the unknown resistor. The voltage drop
depends on the value of the unknown resistor and the
range of the instrument. This voltage is measured along
with a voltage drop across a reference resistor, by the
DC circuits of the 3455A. The DC readings are then

8-188. The following procedure outlines a typical DC
measurement.

c. The AID convertor changes the analog signal to a
digital signal and sends the digital signal to the inguard
controller. The inguard controller then transfers this in
formation to the outguard controller.

a. A DC signal is applied to the input of the 3455A.
This signal mayor may not be attenuated by the input
attenuator circuits.

8-189. Auto-Cal measurements are taken in the form of
Auto-Cal constants and are used to compensate for in
ternal measurement errors. To help generate the cal con
stants (gain and offset), stable reference voltages (±
10 V) and stable resistive divider (I kll, 100 kll, 900 kll,
and I Mil) are used. These circuits are located on the
reference module. The reference voltages are also used
for the operation of the AID convertor.

b. The signal is next applied to the Main Amplifier
through the Auto-Cal and Measurement Switching cir
cuits. After pre-amplifications by the Main Amplifier,
the signal is applied to the AID convertor (10 V DC for
full scale).

d. The outguard controller processes the information
and displays the reading on the front panel.
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2. Plug the Inguard/Outguard Service Cable
from one instrument's outguard connector (AU7)
to the other instrument's Inguard/Outguard cable
assembly (WI). The instruments are now effec
tively half-split with one unit's inguard section
connected to the other unit's outguard section {see
(Figure 8-45)

3. Turn on the instrument with the active in
guard section and "then turn on the instrument
with the active outguard section. The display from
the unit with the active outguard should become
energized. If the instrument malfunction has
disappeared, then the portion of the defective in
strument used (inguard or outguard) is working.
Consequently, if the malfunction remains, the sec
tion of the defective instrument used is in
operative.

4. The defective section can be verified by
reversing the Inguard/Outguard Service Cable

Section VIII

and repeating steps 2 and 3. Make sure the
3455A's are turned off, when switching connec
tions. Reversing the service cable should verify the
defective section of the inoperative 3455A and
also the working section.

NOTE

Make sure the power supplies of the in
operative 3455A are good.

b. Onceit has been determined in what section the
defective is located (lnguard or Outguard), the correct
Service Group can be used for component isolation (see
Paragraph 8-198 for a summary of the Service Groups).

8-197. If an extra 3455A or an Inguard/Outguard Ser
vice Cable is not available, use the method described in
Service Group H; Figure 8-H-2. This method is not as
complete as the half-split technique.

•

Figur. 8·45. Ingu.rd-Outguard Conn••tions.

•
8·198. Service Group Summary.

8-199. The following is a summary of the various ser
vice groupsand should be used in conjunction with
Table 8-3.

a. Turn-On Circuitry (Service Group A): Turn-on

failures show up as an inoperative front panel "and" a
blank display, at turn on. Use this service group if both
of these symptoms are observed. The turn-on circuitry is
working properly, if there is any indication on the
display and the front panel is operative.

b. Auto-Cal and DC Troubleshooting (Service
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Ser~ice
Ser~ice Group Description Location Assemblv SchemeticGroup

A Turn-On Failures (Inguard, Outguardl Paragraph 8-A-l A 1. A 10
InguardlOutguard Isolation Paragraph 8-A-3 Al A10
Outguard Troubleshooting Paragraph 8-A-5 A1. A3 8
Inguard Troubleshooting Paragraph 8-A-6 A1O,A14 6,7
A 10 Board Troubleshooting Paragraph 8-A-8 A10 5, 6, 7
AID Board Troubleshooting Paragraph 8-A 10 A1O,A14 5,6
Inguard/Outguard Transfer Troubleshooting Paragraph 8-A-l 2 Al. A10 7,8

B Auto-Cal and DC Troubleshooting (Inguardl Paragraph 8-B-l A10
Auto-Cal Constants Paragraph 8-B-3 A10
DC Inoperative Paragraph 8-B-17 A10 1
General Noise Paragraph 8-B-30 A10
DC Noise Paragraph 8-B-32 A10 1

C AC Convertor Troubleshooting Paragraph 8-C-l
True RMS Convertor Servicing Paragraph 8-C-3 A15 3
AC Noise Paragraph 8-C-12 A15 3
Miscellaneous Troubleshooting Paragraph 8-C-16 A15 3
Average Responding AC Convertor Paragraph 8-C-l 7 A13 2

0 Ohms Troubleshooting Paragraph 8-0-1 A1O,A12 1.4
Ohms Noise Paragraph 8-0-11 A1O,A12 1, 4

E AID Convertor and Inguard Logic Troubleshooting Paragraph 8-E-l A1O,A14
AID Convertor Servicing Paragraph 8-E-2 A1O,A14 6, 7
AID Noise Paragraph 8-E-8 A14 6
Inguard Logic Troubleshooting Paragraph 8-E-1O A10 7

F Outguard Logic Troubleshooting Paragraph 8-F-l Al, A3 8, s. 1O
Main Controller Troubleshooting Paragraph 8-F-3 Al, A3 8
Front Panel Troubleshooting Paragraph 8-F-4 Al, A2 10
HP-IB Troubleshooting Paragraph 8-F-8 Al 9

G Miscellaneous Troubleshooting Paragraph 8-G-l
Power Supplies Paragraph 8-G-2 A10 11
Reference Assembly Paragraph 8-G-3 AlL A20 5
Turn-Over Errors Paragraph 8-G-4 A1O,A14 1, 5, 6
Other Troubleshooting Paragraph 8-G-6 Al,A3,A10 8, 11

H Troubleshooting Diagrams Paragraph 8-H-l
General Troubleshooting Diagram Paragraph 8-H-3 Al, A10
Inguard Troubleshooting Diagrams Paragraph 8-H-4 A10
Outguard Troubleshooting Diagrams Paragraph 8-H-6 At
Schematics Figure B-H-28 All 1 to 11
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Table 8-3. Ser~ice Group Listing.

Model 3455A

•

•

Group B): Use this service group if an OL (overload)
condition is observed at turn-on, or the instrument fails
its self-test (see paragraph 3-6), or the de mode is in
operative. A self-test failure is indicated if an integer
number or non integer number is displayed, when the
3455A is in the self-test mode. A display of an integer
number indicates an Auto-Cal failure and if only a non
integer number is displayed, the failure is in the logic
circuits. Use the half-split technique to isolate the in
guard and outguard logic sections and go to Service
Group E for the inguard logic troubleshooting and Ser
vice Group F for the outguard logic troubleshooting.

c. AC Convertor Troubleshooting (Service Group
C): Use this service group if the ac function is defective.
Before using this service group, however, the instrument
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should operate correctly in the de function and Auto
Cal mode.

d. Ohms Troubleshooting (Service Group D): Use
this service group if the ohms function is defective.
Before using this service group, the de function and the
Auto-Cal mode of the 3455A should operate correctly.

e. AID Convertor and Inguard Logic Trouble
shooting (Service Group E): This service group can be
used when it has been determined by the half-split
technique that the inguard section of the instrument is
defective. A faulty AID Convertor or a faulty inguard
can also be determined by an indication of strange
readings on all functions and ranges, This service group
can also be used if a defective AID board has been •
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isolated by substituting it with a good AID board.

f. Outguard Logic Troubleshooting (Service Group
F): This service group should be used if a defective
outguard section has been isolated by the half-split
technique. Helpful hints for the Signature Analysis (SA)
method are mainly given in this group.

• g. Miscellaneous Troubleshooting (Service Group
G): This service group can be used for troubleshooting

Section VIII

power supplies, reference assembly, turn-over errors,
and others. The troubleshooting information in this
group does not fit in the other groups.

h. Troubleshooting Diagrams (Service Group
H): Troubleshooting Diagrams may be used to service
the 3455A in place of the other service groups. This
group also contains a detailed block diagram and all the
schematics of the circuits used in the instrument.
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SERVICE GROUP A

B·A· I. TURN·ON CIRCUITRY lINGUARO AND DUTGUARD).

Model 3455A

•

T

8-A-2. Turn-On failures will show up as an inoperative front panel and a blank display. Because of
the RAM's timing, the LED's which first light up will vary with instruments and also on the same
3455A each time it is powered up. Therefore the front panel will usually give no clues to the reason
for any turn-on failures.

B·A·3. Inguard/Outguard Isolation.

8-A-4. Assuming that the power supplies of the 3455A are good, the Instrument Half Splitting
Technique (paragraph 8-176) should be the first step in isolating turn-on failures. Either the inguard
or the outguard section could hang up the 3455A's turn-on sequence. The front panel indication does
not tell where the fault is located. Therefore, the Half-Splitting Technique should be used to isolate
the fault between inguard or outguard section of the 3455A. If an extra 3455A and an In
guardlOutguard Service Cable is not available, the method described in Figure 8-45 may be used.
When it is determined which section of the 3455A is at fault, go to the appropriate troubleshooting
section in this service group (see paragraph 8-198 and Table 8-3).

B-A-5. Outguard Troublashooting (Schamatic BI.

a. Check for a clock signal at A3TP5_ If no signal exists or the signal level is below 4 V(peak to
peak), then troubleshoot the outguard clock circuit.

b. Add AIC46 (part number 0160-3622) if the 3455A does not have one (schematic 8).

c. Troubleshoot the outguard turn-on circuit (AIU5, U26, and associated components). Check for
a pulse at turn-on, as shown below, which can be seen at U26 pin 9. This pulse connects to inverter
U5 which holds data lines 02 through 07 low for the duration of the pulse. The processor should
turn on at the trailing edge of that pulse.

,---------,

14 150-Z50mSEC--+!

d. Check the Nanoprocessor interrupt circuit for correct operation _The IN ENA line should be
held high and the IN REQ line should either toggle from high to low to high, or remain high. If these
conditions do not exist, then troubleshoot the interrupt circuit (AI U46, U47, U53, and U55). The
turn-on circuit (AI U26) must be working before troubleshooting the interrupt circuit.

e. Using the Signature Analysis routines in Figure 8-H-20 to 8-H-27, troubleshoot the outguard
logic. If any difficulty is observed using the signature analysis routines, go to Service Group F,
paragraph 8-F-I for troubleshooting hints.

r. Using the information in Service Group F paragraph 8-F-I, troubleshoot the outguard logic.

B·A·5. Inguard Troublashooting ISchmatic 5, 6, 7).

8-A-7. The Inguard Mother Board (AW) and or the AID Convertor Board (AI4) may cause turn-on
failures. To isolate One from another swap a good AID convertor board (AI4) with the one in the in
operative 3455A. If a known good AI4 board is not available, use the one from the 3455A which was
used in half-splitting the instrument.

B-A-B. Al0 Motharboard Troublashooting (Schamatic 5. 6, 71.
8-A-9. Use the following steps in the order they are presented to troubleshoot the Inguard Mother
board (AW).
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a. Check for a clock signal at AIOU26 pin 27. If no signal exists or the signal level is below 4 V
(peak to peak), troubleshoot the inguard clock circuit.

•b. Check the ± IOV reference voltages at AIOTP8 for + 10 V ± 100I'V, and at AIOTP7for -10 V
± 20 mV (schematic 5). If these voltages are too low, the 3455A may not complete the Auto-Cal
routine and lock up.

•
Model 3455A SERVICE GROUP A Section VIII

•

•

c. Pin 29 of AIOU26 should, under normal condition, be toggling. At turn-on it should have a 20
msec negative going pulse. If these signals are not present, then troubleshoot the inguard processor
turn-on circuit. This circuit consists of U24, UI9, U9, and their associated circuits. Normally U9 pin
II should have a 2 V signal with some ripple and about I .2 V at pin 10. At turn-on U19 pin 2 should
have the approximate pulse as shown below.

d. A 300 nano second negative pulse for each interrupt should be observed at U32 pin 4. Since it is
difficult to observe the pulse, this interrupt circuit can be checked by manually clocking TPIO. This
can be achieved by pulling TP 10 low and then releasing it. U26 pin 29 should then toggle. If no toggl
ing is taking place, troubleshoot the interrupt circuit consisting of U32A and U27. If there is toggling,
check T2 or the outguard section (AI).

e. Check for an AID waveform (see Service Group E). If none is present, toggle TPIO again and
look for an A-D waveform. If the waveform appears, then troubleshoot the interrupt circuit con
sisting of U32A and U27.

f. Check for toggling outputs on pins 2, 4, 6, 8, 10, and 12 of U22.

g. The outputs (pins 9 to 15)of UI4 should also toggle with 500 nano second wide negative pulses.

h. Check operation of latches U11 to U13, UI5 to UI7, and ROM U25.

i, Make sure that the zero detect signal (U32B pin 12) is not loaded down by anything on the AIO
board.

B·A·' O. AID Board Troublashooting (Schamatic 5, 61.

8-A-II. A couple of checks can be made to troubleshoot the AID board (AI4). One check is to make
sure that the ± 10 reference voltages are correct. AIOTP8 should be + 10 V ± 100 I'V and AIOTP7
should be -10 V ± 20 mV. Another check, is to make sure that there is a zero detect signal at AI4 pin
5. If these checks are good and the 3455A is still inoperative, go to Service Group E for further
troubleshooting.

B·A·12. Inguard/Outguard Transtar Circuit Troublashooting (Schamatic 7, B).

8-A-13. At turn-on the outguard processor starts the operation of the inguard processor. The in
guard then enables the outguard. Since timing is very critical, the InguardlOutguard Transfer circuit
may cause turn-on failures. Depending on where the failure is located, it could show up as either an
inguard or an outguard malfunction. When half-splitting the 3455A, the following checks should be
made to troubleshoot the transfer circuit.

a. The signals at AIOU26 pins 34 to 37 (inguard) should be the same as those on A3TP4 to TPI
(outguard). The only exception is the signal at A3TPI. This signal should be the same as the signal at
AIOU28 pin 9. If the signals do not agree, check for malfunctions in the inguard light isolators
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AIOU34 and U35, plus associated circuits. Lines F0 and FI transfer data from outguard to inguard
F0 is the data transfer line and FI is the data transfer rate line), while F2 and F3 send data from in
guard to outguard (F2 is the handshake line and F3 is the data transfer line).

b. HAZ line must be high, if not, check TPIO.

c. Use the Inguard/Outguard transfer circuit troubleshooting diagram (Figure 8-H·I7) for further
troubleshooting.

d. The inguard power supply regulators (IOU36 to U39) can also cause transfer problems. The
outguard should power up after the inguard. Check for a slow (more than 200 msec) inguard power
supply.
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SERVICE GROUP B

B·B·l. AUTO·CAL AND DC TROUBLESHOOTING (INGUARO).

Section VIII

•

•

8-B-2. All 3455A input signals travel through the main de amplifier and Auto-Cal circuits. In order
to troubleshoot D.C. and Auto-Cal malfunctions, a good fundamental knowledge of the 3455A's
Auto-Cal and self-test routines are required.

8·B·3. Auto·Cal Constants.

8-B-4. There are 14 cal constants used in the 3455A, which are usually zero and full scale voltage
H readings " . These account for most offsets, gain, and drift of the input op-amps. The "readings"
are taken periodically when the 3455A is in the Auto-Cal mode. A condensed description of all the cal
constants are in Table 8-B-1. If a more detailed description of the cal constants is desired, refer to the
appropriate paragraph in the Theory of Operation section of this manual.

Table 8·B·l. Auto·Cal Constants
~onstllnt Constant Description Circuits Detailed
Number Used Oneratlon

13 10, no tnout - AID offset measurement - - - - Paranreoh 8-45

12 I±. I ratio - ± , 0 V reference input, AID - - - - Paragraph 8-46
current ration measurement.

11 10 V offset - X 1 gain with amplifier input Figure B-B-l Paragraph 8-24
tied to ground. Input attenuator at Xl
gain.

10 10 V Jain - X 1 gain with amplifier tied to Figure 8-B-2 Paragraph 8-27.
+ 10 V reference. Input attenuatar at Xl
gain.

9 Ohms and .5 V offsets - X20 gain with Figure 8-B-3 Paragraph 8-39
amplifier input tied to ground. Input atten-
tuator at X 1 gain.

S Ohms and 5 V offsets - X2 gain with Figure 8-8-4 Paragraph 8-39
amplifier input tied to ground. input at-
tenuator of X 1 gain.

7 100 V offset #2 IX1) - gain with amplifier Figure 8-6-5 Paragraph 8-26
input tied to 10: 1 attenuator with top of
10: 1 attenuator tied to ground.

S 1000 V offset - Xl gain with amplifier Figure 8-8-6 Paragraph 8-26
tied to 100:1 attenuator with top of
100:1 ettenuator tied to ground.

5 100 V gain - Xl 0 gain with amplifier tied Figure 8-B-7 Paragraph 8-31
to 10: 1 attenuetcr with top of 10: 1 at-
tenuatcr tied to Xl 0 V reference.

4 100 V offset #1 (X101 - X1D gain with Figure 8-B-8 Paragraph 8-33
amplifier input tied to 10:1 attenuetor
with top of 10:1 attenuator tied to
ground .

3 .1 V offset -Xl00 gain with amplifier in- Figure 8-B-9 Paragraph 8-25
put tied to ground. Input attenuator of Xl
gain.

2 1 V offset II 1 -X 10 gain with amplifier in- Figure 8-B-l 0 Paragraph 8-25
put tied to ground. Input attenuate- of Xl
gain.

t 1 V offset # 2 -X 10 gain with amplifier in- Figure 8-8-11 Paragraph 8·30
put tied to 10:1 divider. Top of divider
shorted to ground. Input attenuator at Xl
'lain .

0 1 V gain -X1D gain with amplifier tied to Figure 8-B-12 Paragraph 8-28
10: 1 divider with 10 V at the top of the
divider. lncut attenuator at X catn.
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8-B-5. When pressing the TEST button of the 3455A. each cal constant is measured. The first cons
tant measured is constant number 13. If constant 13 is within certain limits (which are internally set)
the 3455A will automatically measure the next constant. If constant 13 is out of its limits the self test
operation will stop. A number 13 will be displayed on the front panel of the 3455A. In order to
measure the next cal constant. the TEST button needs to be pressed again. If all the cal constants are
good, a logic check will be performed. The 3455A will then display + .8.8.8.8.8.8.8 when the self-test
operation is completed. After the self-test operation is finished it will automatically start again. To
bring the 3455A out of this loop, any function key other than TEST needs to be pressed.

8-B-6. When the 3455A is in the self-test mode, and it fails this test. it will stop and display an integer
number. This number is the number of the cal constant that fails. To continue the self-test operation.
press the TEST button again. After all the cal constant measurements are taken. and the 3455A is still
in the self-test mode, another measurement is taken. A dummy cal constant calculation is performed
in the outguard section of the 3455A. If this calculation is correct (answer should be 10), nothing will
be displayed. The instrument will then finish the self-test operation. If the dummy calculation is in
correct, a non-integer number (e.g., 9.998 or 10.(02) will be displayed on the front panel. Again. to
continue the self-test operation the TEST button needs to be pressed.

8-B-7 When the 3455A is used with the HP-IB system and if any of the cal constants fail. the 3455A
will not output any readings. If only the dummy calculation fails then the dummy calculation answer
will be output on the bus. If the 3455A passes its self-test then a 10 will be output on the bus.

8-B-8. The 3455A should not be troubleshoot for Auto-Cal malfunctions in the self-test mode. If any
cal constants fails. including the dummy constant, use the cal constant service procedure (paragraph
8-B-IO) for troubleshooting. If only the dummy constant fails try replacing the ALU's (AIU28, 30).
and their associated circuits, in the outguard section (schematic 8). If the dummy constant still fails.
go to the Outguard Troubleshooting Service Group (Service Group F).
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8-B-IO. Various tables are included in this service group which can be used as troubleshooting aids
for Auto-Cal failures. Table 8-B-2 shows the closed switches for the measurement of Auto-Cal cons
tant II to O. The function of several gates used in the Auto-Cal mode of the instrument are shown in
Table 8-B-3. To find the switch drive voltage levels for Auto-Cal constants 13 to 0, Table 8-B-4
should be used.

B·B·9. Auto·Cal Switch Clusuras. (Schamatic I, 5. 6. 7).

Section VIII SERVICE GROUP B Model 3455A

•
8·B· t t. Cal Constants Sarvica Procadure.

8-B-12. When the 3455A is in the Auto-Cal mode, the instrument measures one or more cal constant
between each sample. The number of cal constants measured depends on the sample rate. In order to
reach a certain cal constant measurement, use the following procedure.

a. Press the DCV and HOLD/MANUAL buttons and then the AUTO CAL button of the 3455A.
The instrument should now be stopped at a certain cal constant.

b. Make sure the 3455A is out of the Auto-Cal mode. Press the AUTO CAL button again, if
necessary (the light in the AUTO CAL button should be off).

c. To locate the desired cal constant or to go through the cal constants completely, briefly press the
AUTO CAL button twice to turn Auto-Cal on and off. Each time Auto Cal is turned on and off, the
Auto-Cal circuitry will attempt to decrement through the cal constants from 13 to 0, and the return to
constant 13.

NOTE

The A UTO CAL button should not be pressed on and off too fast or too
slow, because the 3455A may remain in the same cal constant or advance
past more than one cal constant. A few tries may be necessary to decre
ment one cal constant step each time.

Table 8·B·2. Auto·Cal Switch Closuras.

Test

11 10 9 a 7 6 6 4 3 2 1 0

Al0Q2 X X X X X
Al0Q4 X
Al0Q15 X X X
AlOQ16 X X X
Al0Q18 X X
Al0Q19 X X X X
ATOQ21 X X X X X X
Al0Q22 X X
AT0027 X X
Al0Q2a x x
Al0Q29 X
Al0Q31 X
Al0Q32 X
Al0Q33 X
Al0Q34 X X X
Al0Q36 X X X
Al0Q36 X
Al0Q38 X X X X
Al0Q39 X
Al0Q40 X
Al0K6 X X X X

x = Closed (ON)

8-50

•



SERVICE GROUP 8 Section VIII

Table 8 8 3 Gate Function in Auto Cal..
Gates Function
Used

019 Xl Gain
021 Xl0 Gain
022 X2 Gain
028,028 X1 Buffer
029,031, 032 TV Reference
036 10: 1 Input to Ground
018 + 100 Gain
038 10: 1 Victual Ground
039 100: 1 Attenuator
035 10: 1 Attenuator
015 10: 1 Attenuatorto Input
016 100: 1 Attenuator to Input
033 + V Reference to Attenuator
034 Attenuator Input to Ground
02 Low Voltage Input to Ground
04 + V Reference to Input

Model 3455A

•

Tabla 8·8-4. Switch Drivar Voltage Levels.

•

•

Pin Test Pin
Designator No. 0 1 2 3 4 5 6 7 B 9 10 11 12 13 No.

U4 1 0 0 0 0 -24 -24 -24 -24 0 0 0 0 0 0 1
2 -24 -24 -24 -24 -24 -24 -24 -24 0 0 -24 -24 -24 -24 2
5 L L L L L L L L H H L L L L 5
7 H H H H L L L L H H H H H H 7
9 L L L L H L H H L L L L L L 9

10 L L L L H L H H L L L L L L 10
13 +9.5 +9.5 +9.5 +9.5 -24 +9.5 ·24 -24 +9.5 +9.5 +9.5 +9.5 +9.5 +9.5 13
14 -24 -24 -24 -24 0 -24 0 0 -24 -24 -24 -24 -24 -24 14

U5 1 -24 -24 -24 -24 -24 -24 -24 -24 -24 -24 -24 -24 -24 -24 1
2 -24 -24 -24 0 -24 -24 -24 -24 -24 0 -24 -24 -24 -24 2
5 L L L H L L L L L H L L L L 5
7 L L L L L L L L L L L L L L 7
9 H H H L H H L L H L L L H H 9

11 L L L L L L H H L L H H L L 11
13 -24 -24 -24 -24 -24 -24 0 0 -24 -24 +9.9 0 -24 -24 13
14 +1 0 0 -24 0 +1 -24 -24 0 -24 -24 -24 +1 +1 14

--
U6 1 +1 0 -24 -24 -24 -24 0 -24 -24 -24 -24 -24 +1 +1 1

2 -24 -24 -24 0 -24 -24 -24 -24 -24 0 -24 -24 -24 -24 2
5 L L L H L L L L L H L L L L 5
7 H H L L L L H L L L L L H H 7
9 L L L L L L H L L L L L L L 9

11 L L L L L L L L L L H L L L 11
13 -24 -24 -24 -24 -24 -24 -24 -24 -24 -24 +9.9 -24 -24 -24 13

" -2' -24 -2' -24 -24 -24 0 -24 -2' -2' -2' -2' -24 -2' "
UB 1 -2' -24 -2' ·2' -2' -24 -24 -24 -2' -24 -2' -2' -24 -24 1

2 -24 0 -2' -2' -2' -24 0 -24 -2' -24 -24 -24 -24 -24 2
4 H L H H H H L H H H H H H H 4
7 L L L L L L L L L L L L L L 7
9 L L L L L L L L L L L L L L 9

11 B B H H B B B B H H B H L L 11
13 -2' ·2' 0 0 -24 -2' -2' -24 0 0 -24 0 -2' -24 13
14 -2' -24 -2' -2' -2' -2' -2' -2' -2' -24 -24 -24 -24 -2' 14

U9 1 -2' -2' -2' -24 0 ·1 -24 0 -2' -24 -2' -24 -2' -2' 2
2 -24 ·2' -2' -2' -2' -2' -2' -2' -2' '24 -24 -24 -24 -2' 2
5 L L L L L L L L L L L L L L 5
7 L L L L H H L H L L L L L L 7
9 H L L L L L L L L L L L H H 9

11 H H H H H H H H H H H H H H 11
14 +9.5 ·2' -2' -2' -2' -2' -2' -24 -2' -2' -2' -24 +9.5 +9.5 "

The symbols Land H refer to TTL loglc Ievets where L is < .8 V de and H is > 2.2 V de.
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d. To determine which cal constant is measured, connect a high input impedance DVM (10 V
range input impedance> 1010 ohms) to one of the points shown in Table 8-B-5.

Section VIII SERVICE GROUP B Model 3455A

•e. By stepping through the cal constants from constant 13 to 0 and monitoring one of the points in
Table 8-B-5, every cal constant step can be located.

NOTE

The voltages listed in Table 8-B-5 are approximate and should only be us
ed to locate Auto-Cal constants and for troubleshooting.

8-B-13. By using the cal constants stepping procedure in conjunction with Table 8-B-5, anyone cons
tant step can be located. When using this method and the 3455A is malfunctioning, or possibly two
conditions in Table 8-B-4 may be inoperative. (Example: Readings at AIOTP4 and TP2 are bad). It
is very unlikely, however, that all four conditions are inoperative. If this should occur, then check the
+ 10 V reference and/or the inguard logics.

Table B·B·5. Cal Constant Monitoring Points.

13 12 11 10 9 8 1 6 5 4 3 2 1 0

Approximate A 1OTP4 <8 <8 0 10 0 0 0 6 -10 0 0 0 0 10
Voltage

Voltage at the Multiplexer -- -- -- 10 -- _. -- -- -- -- -- -- -- --
Mode {Source of A 1DOll

Voltage at the Junction of -- -- -- -- -- -- -- _. 9.9009 -- -- -- -- --
Al0K6 and Al0R47

A 1OTP2 Voltage <8 <8 -- -- -- -- -- -- -- -- -- -- -- 10

B-B·14. Switch Closure Teble.

8-B-15. Most of the switch closures used in the 3455A are listed in Table 8-B-6. This table lists the
previous closures dependent on the range, function, and Auto-Cal mode of the 3455A. For
troubleshooting malfunctions of the various operations of the instrument, this table may be very
helpful.

B-B·16. Auto·Cal Troubleshooting (Schematic 1. 71.

8-B-I7. Most Auto-Cal failures also show up as de failures and should be repaired first. These
malfunctions usually show up as a failure in the self-test mode of the 3455A. The following are a cou
ple of hints to troubleshoot these malfunctions.

a. Set the 3455A to the self-test mode and find out which cal constants are failing. Take the 3455A
out of the self-test mode (press any other function button). Using the cal constants service procedure,
go to the bad cal constant. While refering to the various tables and figures in this service group,
troubleshoot the bad constant.
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DC '00 DC a a , a 1 0 0 0 a 1 0 a 1 a x a 1 a a a a a a a 0 1 X X a a a
DC 1000 DC a a , a 1 a a a , 1 , a a 0 x 0 0 0 0 a a a a a a 1 x x a 0 a

U-2 1 K Vnk. 1 a 1 a 1 0 0 0 x 0 0 1 1 1 X a a a a a a a 1 x , 0 1 1 a , a
1j·2 1 K R" 1 a 1 a 1 a 1 a x a a a 1 1 X a 0 a a a 1 a a x , a 1 1 1 1 a
12-2 1 K Unk. 1 0 , 0 1 a 1 a x 0 0 a 1 1 X 0 0 0 0 a 0 0 1 X 1 0 1 1 a 1 a
0·2 1 K R" 1 a 1 a 1 a 1 a x a 0 a 1 1 X 0 a a a a 1 a a x 1 a 1 1 1 1 a
0-2 10K "0' 1 a , a 1 a 1 a x a a a 1 1 X a 0 1 a a a a 1 x 1 a , 1 0 1 a
il.2. 10K A"

, 0 1 0 1 0 0 0 x a a 1 1 1 X 0 0 1 0 0 1 0 0 X 1 a 1 1 1 1 a
{l·2 100 K Unk. 1 a 1 a , a a a x a a 1 1 1 X a 0 1 a a a a 1 x 1 a 1 a a 1 a
U-2 100 K R" 1 a 1 a , a 1 a x a a a 1 1 X a a 1 0 a a 1 a x 1 a 1 a , 1 a
1l:-2 1M Unk. 1 a 1 a 1 a , a X a a a 1 1 X 0 0 a a a a a 1 x , a 0 0 a 1 a
u.a 1M ReI. 1 a 1 a 1 a 1 a x a 0 a 1 1 X a a a a a a 1 a x , a 0 a 1 1 a
11-2 10M Unk. 1 a , a , a 1 a x a a a 1 1 X a a 1 0 a 0 a 1 x , a 0 a a , a
U-2 10M Ref. 1 a 1 a 1 a a a x a a 1 1 1 X a a 1 a a a 1 a X 1 a 0 0 1 1 a

il-4 1 K Unk. , a , a 1 a a a x a a 1 1 1 X 0 0 0 0 a 0 0 1 X 1 a , 1 a a 1

1l·4 .1 K A" 1 a 1 a 1 a 1 a x a a a 1 1 X a a a a a 1 0 0 x , a 1 1 1 a 1

11-4 1 K Unk. 1 0 1 a 1 0 1 0 X a a a 1 1 X a 0 a a 0 0 0 1 X , 0 1 1 0 0 1

1}·4 1 K Ref. 1 a , a 1 a 1 a x a a a 1 1 X a a a a a 1 a 0 x , a 1 1 1 a ,
{l·4 10K Unk. 1 a , a 1 a 1 0 X a 0 a 1 1 X a a 1 a a a a 1 x , a 1 1 0 a , -~,,
0-4 10K A" 1 0 1 0 1 0 0 0 x 0 0 1 1 1 X 0 0 1 0 0 1 0 0 X 1 0 1 1 1 0 , .,

02
U-2 100 K Unk. 1 0 1 0 1 0 0 0 x 0 0 1 1 1 X 0 0 1 0 0 0 0 1 X 1 0 1 0 0 0 ,

8~
11_4 100 K A" 1 0 1 0 , 0 1 0 X 0 0 0 1 1 X 0 0 1 0 0 0 1 0 X 1 a 1 a 1 0 , 5.~
11-4 1M Unk. 1 0 1 0 1 0 1 0 X 0 0 0 1 1 X 0 0 0 0 0 0 0 1 X , 0 0 0 0 0 1 <
{}·4 1M A" 1 0 1 0 1 0 1 0 X 0 0 0 1 1 X 0 0 0 0 0 0 1 0 X 1 a 0 0 1 a 1

0-4 10M "0' 1 0 1 0 1 0 1 0 X 0 0 a 1 1 X 0 0 1 0 0 0 0 , X 1 0 0 0 0 0 ,
t!-4 10M ReI. 1 0 1 0 1 0 0 0 X 0 0 1 1 1 X 0 0 1 0 0 0 1 0 X 1 0 0 0 1 0 ,
CAL 10 No Input @@@@@@ @0@@0@ @ @@@@@@ @0@@@ @ @@@@@@ 13

CAL " I Aillio @@@@@@ @00000000 00 @@00<&i<&i@ @OO@@@ @ @0@@@@ 12

CAL IOV Of heI @@@ @@@ 0 0 X 1 0 0 1 1 X 0 a 0 0 1 0 0 0 0 @ 000<&i<&i<&i@ "CAL IOV Gain @@0@@@ 0 1 X 1 0 0 1 1 X 0 0 0 0 0 0 0 0 0 @ 000@00000 10

CAL .s V Offset - u @@@ @@@ 0 0 0 0 0 1 1 1 X 0 0 1 0 1 0 0 0 0 @ 000@@(iI@ 9

CAL 5V OfBet·1l @@@ @@@ , 0 X 0 0 0 1 1 X 0 0 1 0 1 0 0 0 0 @ 00<X>@00<X><&i B

CAL 100 V Offset #2 Xl <&i@@ @@@ 0 0 0 1 0 0 1 0 1 0 , 0 0 0 0 0 0 1 @ @<X>@@(iI@ ,
CAL 1000 V Offset @@@ @@@ a 0 1 , , a a 0 1 0 0 0 0 0 0 0 , 1 @ @<X>@@@<X> 6

CAL 100 V Gain @®® ®@@ 1 0 0 0 0 0 1 0 0 0 1 0 0 0 0 0 0 1 @ 00@<&i00@<&i 5

CAL '00 V Offset #1 Xl0 @®@ @@@ 1 0 0 0 0 0 1 0 1 0 1 0 0 0 0 0 0 1 @ OO@@(iI<&iOO ,
CAL .1 V Offset @@@ @@@ 0 0 0 0 0 , 1 1 X 0 0 0 0 1 0 0 0 0 @ OO@<X>@<X>@ J

CAL 1 V Offset #1 @@@ @@@ 1 0 0 0 0 0 1 1 X 0 0 0 0 1 0 0 0 0 @ @@OO@@OO 2

CAL 1 V Offset #2 @@@ @@@ 1 0 0 0 1 0 0 1 X 0 0 0 0 0 0 0 0 0 @ <X>@<X>@@<X> 1

CAL 1 V Gain @@@ @@@ , 0 0 0 1 0 , 1 X a a a 1 a 0 a a a @ @<X>@@®@ 0

•

•

•

Model 3455A SERVICE GROUP B

Table 8·B·6. 3455A DVM Switch Closures.

Note" X Indicates "Dan', Care."

® lndic.lIes thai the control line will be set the same i15 the prior measurement state.

Section VIll
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Section YIII SERVICE GROUP 8 Model 3455A

b. If unable to repair the AUla-Cal failure, Table 8-B-6 may be helpful if applicable. The de in
operative section paragraph 8-B-18 in this service group may also be helpful.

B·8·18. DC Inoperative (Schemetic 1).

8-B-19. When the de function of the 3455A is inoperative, it can also show up as an Auto-Cal
failure. These failures should be serviced using the information in paragraph 8-B-3 to 8-B-15 in this
service group. Some of de and Auto-Cal failures may be serviced by using the following procedures.

Teble 8·8·7. Possible Auto·Cel Failure Ceuses.

Cal Constants Failed 3455A Display Possible Cause

13 12 11 10 9 8 7 6 5 4 3 2 1 Shorted A14U 1d
12 10 5 4 3 0 .0757 Open A14C2
12 9 5 4 3 A1OQ36 Shorted

11 10 9 8 7 6 5 4 3 2 1 0 .0007 Gate Bias
11 10 9 8 7 6 5 4 3 2 1 0 .0000 DC Pre-amp
11 10 9 8 7 6 5 4 3 2 1 0 .0074 DC Pre-amp
11 9 8 7 6 5 4 3 2 1 0 9.8438 A1OQ4 Shorted
11 10 7 6 .0000 A1OQ19 Open
11 9 8 3 2 Al0U3

10 9 5 3 9.7650 A1OQ16 Shorted
10 5 0 .0000 A14Q30pen
10 9 3 0 A1OQ15 Shorted
10 6 5 1 0 A1OQ18 Shorted
10 9 5 0 9.5703 A1OQ2 Shorted
10 2.5026 Al0Q4 Open
10 A1OQ21 Shorted

9 8 3 2 Al0Q2 Open
9 7 6 5 4 3 1 0 A1OU18 or A1OQ37
9 7 6 5 4 3 1 0 Reference Supply
9 7 6 5 4 3 2 1 0 A1OQ29 andlor A1OQ31 Shorted
9 5 3 0 A1OQ39 Shorted
9 3 A1OU3 or Open A1OQA18
9 3 0 A1OQ35 Shorted
9 Al0Q27 Open
9 Al0Q27 Open

8 5 4 2 1 0 Al0Q21 Open
7 5 4 0 Al 0027 Shorted
7 5 4 A10015 Open
7 4 Al003 Shorted or A1OKS Open

6 1 0 A1OQ16 Open
5 4 0 Al OQ28 Shorted
5 0 Al0Q22 or Al 0019 Shorted
5 Al OQ35 or A1OK6 Open
5 Al0Q33 Open or A1OQ38 Shorted'

6.7542 A14 Board or Al OQ34 Shorted
X.XXXX Where X is any nu mber go to Service

Group 6

8·8·20. Leekege end Other Various Melfunctions.

8-B-21. The following quick leakage test may be used to isolate most leakage failures.

a. Set the 3455A to the DCY function 10 V range, with Auto-Cal off.

b. Short and then open the input terminals of the instrument and note the change in readings on
the display.
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c. If the reading changes faster than .25 V per second, there is leakage on the multiplex node. If
the reading on the display changes positively, either AIOQ5 or QI7 may be leaky. If the change is
negative, AIOQ2, Q3, Q4, QI3, Q15, or QI6 may be leaky.•

Model 3455A SERVICE GROUP 8 Section VIII

•

•

8-B-22. The test in the above paragraph, paragraph 8-B-21, is a quick leakage test and should find
most leakage failures. A more thorough test involves checking zero and full scale voltages on all de
ranges. Start with the 10 V range and the other ranges in the following order: I V, 100 mY, 100 V,
and 1000 V ranges. The following paragraphs contain the procedures which should be used for
leakage failures.

8·8·23. 10 V Ranga or Constant 10 and 11 Fail.

a. Set the 3455A to the 10 V range, Auto-Cal on and short the input terminals. If the reading on
the display is positive (more than 5 counts), AIOQI may be leaky. If the reading is negative (more
than 5 counts), Q2 may be leaky. To doublecheck for a defective QI and Q2, note the reading on the
I V and 100 mV ranges. Thebad reading should also be present on those ranges.

b. Apply + 10 V or -10 V to the input terminals of the 3455A. Make sure the readings are within
specification. Check the reference voltages and adjust them, if necessary. AIOTP8 should be + 10 V
± 100 p.V and TP7 should be -10 V ± 20 mY. If the reference voltages are good and the instruments
readings is low, AIOQ4 may be leaky.

8·8·24. 1 VRanga or Constant 0, I, and 2 Fails.

a. For the I V range check, do the procedure as explained in paragraph 8-B-23a.

b. For the I V range full scale check, do the following:

I. With the 3455A set the I V range and Auto-Cal off, apply + I V to the input terminals. A
voltage of + I V should appear on the multiplex mode and + 10 V should be at AIOTP4. If the
multiplex mode reading is bad; troubleshoot the input circuit. If the reading at TP4 is bad,
make sure AIOQ21 is turned on. Check for leaky Q22, CRI2, CRI3, or a defective U3. If TP4
reads good, set up the 3455A for the self-test mode by pressing the TEST button. Check for cal
constant 0 failing and if it does, troubleshoot the failure by using the procedure of paragraph
8-B-IO. Continue with the next step if constant 0 does not fail.

2. By using the procedure of paragraph 8-B-IO, step to cal constant O. Adjust the active at
tenuator for a zero reading, as read at AIOTPI (adjust R66). Measure the voltage at 13 pin 9 for
exactly + IV. If the reading is low, Q39 or Q18 may be leaky. If the reading is good, check the
operation of Q36. This can be done by changing the high voltage amp offset. The I V reading at
13 pin 9 should change, because the gain of the I V range is changed.

8·8:25. 100 mV Range or Constant 3 Fails.

a. For the 100 mV range zero check, do the procedure of paragraph 8-B-22a.

b. For the 100 mV range full scale check do the following:

1. Apply + 100 mV to the input of the 3455A. The instrument should be set to the 100 mV
range with Auto-Cal. Measure for approximately + 10 Vat AIOTP4 and 1/10 of this voltage at
TP5. TP2 and TP6 should read approximately the same as TP5. If the reading at TP5 and TP6
are incorrect, check the power supplies of U3 (pins 4 and 7). The supplies should have approx
imately the voltage at TP6 ± 5 V. Troubleshoot U3 and associated circuitry if necessary.

2. Adjust the high voltage amp (AIOUI8) to zero, as read at TPI (adjust R66). Measure the
voltage at the 10:1 divider (13 pin 9) for exactly 1110the voltage at TP2. If this voltage is incor
rect, QI6 or Q21 may be leakly.

8·8·26. 100 V Range or Constants 5, 4. and 7 Fail.

a. The active allenuator can be checked by applying + 10 V to the input of the 3455A. With the in-
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strument set to the 100 V range and with Auto-Cal on, measure for any readings at AIOTPI. If this
voltage is incorrect, check the bias of the input FErs by shorting the drains of Q38 to the sources of
Q38. TP I should now read zero. The drains of Q37 should be approximately + 10 V and the sources
of Q3 should read between + I V and + 2 V. Troubleshoot the active attenuator, if the readings are
bad.

Section VIII SERVICE GROUP B Model 3455A

•
b. For the 100 V range zero check, set the 3455A to the 100V range with Auto-Cal off. Adjust R66

for a zero reading at TPI. If unable to adjust for a zero voltage, check for a leaky C21, C22, C26,
CR32, or Q37. Ifthe zero reading is good, the 3455A should display 0 V ± 1 count, a short time after
Auto-Cal is turned on. If an offset remains on the display, Q36 may be defective.

c. For a 100 V range full scale check, observe for a cal constant 5 failure, when the 3455A is in the
self-test mode. If cal constant 5 fails, troubleshoot its circuitry by using the procedure of paragraph
8-B-ll. If cal constant 5 passes, step to cal constant 5 by using the procedure of paragraph 8-B-ll. If
cal constant 5 passes, step to cal constant 5 by using the procedure of paragraph 8-B-l1. Measure
TP2 for approximately -I V and measure for approximately -.1 Vat the 10:1 divider (pin 9 of 13).
Check for exactly + 10 V at the junction of R47 and Q33, and for + 9.9 Vat the junction of R47 and
K6. If + 10 V is measured at R47 and K6 instead of + 9.9 V or R63 may be open.

8·B-27. 1000 V Range or Constant 6 Fails.

a. For the 1000 V range zero check, remember that some of the same circuits are used in the 100 V
range. The 100 V range zero and gain should be working before troubleshooting the 1000 V range.
Check for the proper switch closures used in cal constant 6 (use the procedure of paragraph 3-B-l1 to
locate constant 6).

b. For a 1000 V gain check, use the procedure of paragraph 8-B-24b.

c. Set the 3455A to the 1000 V range with Auto-Cal on, and apply 1000 V to the input terminals. If
the reading on the display changes intermittently from 100counts to 200 counts, A1OK5or K6 may be
breaking down. K5 and K6 can be checked by connecting channel A of an oscilloscope (set to 20
VIdiv) at the junction of R47 and K6.

I'--W-AR-N-IN-G--'I

For safety, connect the scope probe to the 100 K resistor R47.

Connect channel B of the scope (2 VIdiv) to pin 10 of U24. Set the scope to the chop mode and trig
ger on channel B. If channel B indicates a 5 V spike when arcing occurs, as seen on channel A, then
K6 may be breaking down. If the indication on channel B appears to be good, K5 may be defective.
C21, C23, or the input node of Q37, may also be defective.

8-B-28. Various Other Malfunctions.

8-B-29. Shorted FErs.

a. Occasionally FET's on the multiplex node may short. Two ways can be used to isolate shorted
FET's.

I. Measure the gate to on resistance with an ohmmeter.

2. Short the input of the 3455A and turn the high resolution and Auto-Cal functions off.
While monitoring A1OTP3 step through all the de ranges (1 V, 10 V, etc.) and ac functions.
Make sure Auto-Cal is turned off after every range and function change. If TP3 dips to -24 V, a
FET may be shorted. Usually, the defective FET is normally turned off in that particular range
or function.

b. If AIOUI gets very hot Ul, Q2, Ql3, or Ql4 could possibly have their gates shorted to their
can.
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c. Shorted FET's and VI may show up as on "OL" indication on the display of the 3455A. This
condition can be checked by measuring the voltages at TP4. If the voltage reads approximately + 16
V or -16 V, then measure TP3. If TP3 appears to be floating or is at a -24 V level, short the multiplex
node to ground. If the "OL" condition disappears, a FET on the multiplex node is shorted. Use the
procedure of paragraph 8-B-29a, b to find the shorted FET. Some possible FET failures may be Q3,
Q4, Q15, Q19, or Q21.

•
Model 3455A SERVICE GROUP B Section VIII
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8·8·30. Other Troubleshooting Hints.

a. If either AIOK5 or K6 sticks closed, it may damage the other relay. Both should be replaced.

b. A sticking K5 could also damage R47, when K6 closes.

c. If 9.9009 V is displayed on the 100 V and 1000 V ranges of the 3435A with the input open,
AIOK6 is probably shorted.

d. AIOL! should not be too close to R63. Arcing could occur for 1000 V inputs.

e. With Auto-Cal on and AIOR66 adjusted, the instrument should temporarily indicate an offset
on either the I V, 100 V, or 1000 V ranges. If the offset remains, Q36 may be open.

f. If all tests pass and the 100 mV range is out of tolerance, then AIOQ28 may be open.

g. If all tests pass the 3455A reads zero volts on the 1000 V range with an input voltage, Q39 may
be open.

h. If all tests pass and then 100 rnV, I V, 100 V, and 1000 V ranges are out of tolerance, then
AIOQ29 or Q31 may be open.

i. If all tests pass and the 100 V and 1000 V ranges are out of tolerance, then AIOQ4 may be open
or K6 may be shorted.

j. If Auto-Cal constant 5 fails and the 100 V and 1000 V ranges are way out of tolerance, then
AIOR46 or R63 could have changed value.

k. If 17 V appears on the multiplex node, check for a defective AIOQ15, Q18, CRI2, or V12.

8-B·31. General Noise.

8-B-32. Noise in the 3455A may show up in one or more functions. If more than one function is
noisy it usually indicates de noise. The dc noise source should be found first, before troubleshooting
any ac or ohms noise. Go to Table 8-3, to find the correct service group for ac and ohm noise.

8·B·33. DC Noise (Schematic 1. 5, and 6).

a. Equal amount of noise on all ranges: Noise of this nature is usually caused by the output of the
dc amplifier (AIOU2), the reference assembly (Allor A20), or the AID convertor (AI4). The follow
ing two methods can be used to find noise causing circuits.

I. Try replacing the AID convertor board (A14) with a known good one. If the noise disap
pears, go to Service Group E paragraph 8-E-14 for further troubleshooting. If the noise is still
present or a good AID board is not available, use the next-procedure.

2. Set the 3455A to the 10 V with Auto-Cal off. Using a high impedance DVM (10 V input
impedance> 1010 ohms), measure the 10 V reference at AIOTP8. If the reference voltage is
noisy, replace the reference assembly (Allor A20). If TP8 is good, unsolder R38 at the
multiplex node. With a clip lead, connect TP8 to the unsoldered end of R38. Measure the
voltage at TP4. If TP4 is noisy, U2 and its output circuit may be noisy. If the voltage at TP4 is
quit, the AID convertor is most likely noisy. Go to Service Group E paragraph 8-E-14 for fur
ther troubleshooting.
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b. Noisy on all ranges.

SERVICE GROUP B Model 3455A

I. Check the + 10 V reference voltage at AIOTP8.

2. Check all inguard power supplies for oscillations. Clock ringing on the supplies are nor
mal and should be ignored. A defective AIOU36 may be noisy.

c. Noise on positive input voltages only: Check the -10 V reference voltage at AIOTP7 for noise.
The 3455A should be in HOLD/MANUAL and with Auto-Cal off. The noise should not be greater
than the + 10 V reference noise measured at TP8. If the -10 V reference is too noisy, replace U7.

d. Readings at 1/10 scale noisy and several counts low on any range: AI4C2 may be defective.

e. Noise on the 100 mV range: Short the input of the 3455A with Auto-Cal off. Measure the
voltage level at AIOTPI. It the voltage is noisy, try replacing R69, R71, U18, or Q37. If TPI is not
noisy, measure with a DVM across TP5 and TP6. The low input of the DVM should be connected to
TP6 and the high input to TP5. If excessive noise is measured, replace U3.

f. Noise and 5 counts to 10 counts turnover on the I V range: Replace AIOR41 to R43.

g. 1000 V de noisy: AIOK5, K6, or R63 may be arcing inside. If K5 or K6 are replaced, replace
both of the relays.

h. Various other possible noise repairs.

I. AIOQ7 or Q8 may occasionally oscillate. Care should be taken when measuring with an
oscilloscope. A probe connected to the output of U2 or the emitter of Q7 may cause oscillation.

2. AIOU2 or Q6 may also cause noise.

3. Clean the front/rear input switch (SI).
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SERVICE GROUP C

s.et. AC CONVERTOR TROUBLESHOOTING.

a-C·2. True RMS Convertor Servicing (Schemetic 3).

Section VIII
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8-C-3. Before troubleshooting the 3455A's True RMS Convertor, the instrument should operate
properly in the de mode. Verify for the correct operation of the de section, before servicing the ac
convertor. The following procedure should be followed before troubleshooting or repairing the ac
convertor.

a. Check the de operation of the 3455A. Verify for correct full scale and zero scale readings on all
ranges.

b. Set the 3455A to the 10 V range, ac function, and short the input.

c. Check for approximate zero levels at AI5TP8 and TP5, with the low input of the meter con
nected to TP6 (go to paragraph 8-C-4 or 8-C-6 if bad).

d. Short TP3 to TP6 and measure the voltage at TPI. TPI should read approximately zero.
Remove the short (go to paragraph 8-C-8 if bad).

e. Check for proper biasing of A15U2. The voltage at U2 pin 2 should be between -2 mV and -3
mY. Repad R21 if necessary (R21 padding list is in the parts list).

f. Remove the short form the input of the 3455A. Apply a 10 V, 100 Hz sinewave at the input ter
minals. Check for the following voltages.

J. With an oscilloscope, check for a sinewave at AI5TP8. The amplitude of the sinewave
should be approximately 2.8 V peak to peak with no shift in the de level (go to paragraph 8-C-4
if bad).

2. A halfwave rectified sinewave should be observed at TP5. The amplitude of the
waveshape should be approximately 1.4 V peak to peak, with no shift in the de level (go to
paragraph 8-C-6 if bad).

3. The waveshape shown below with an approximate + .75 V de level, should be observed at
TP4 (go to paragraph 8-C-8 if bad).

I V -

OV

4. The waveshape shown below with an approximate -I V dc level, should be observed at
TP3 (go to paragraph 3-C-8 if bad).

OV

-I V

5. Check for approximately + .5 V de at TP2 (go to paragraph 8-C-8 if bad).

6. Check for approximately + 6.67 V de at TPI (go to paragraph 8-C-8 if bad).

7. Check for approximately zero volts at TP7 with the 3455A in the 10 V or 1000 V ranges.
This voltage level should change to approximately -15 V when the instrument is switched to the
I V or 100 V ranges (troubleshoot gain switching circuit, if bad).
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g. If all the above checks are good and the 3455A displays approximately 10 V ac (with 10 V, 100
Hz input), the RMS convertor should be ready for calibration. If the reading is incorrect, AIOQ3 may
not be turned on or may be defective.

Section VIII SERYICE GROUP C Model 3455A

•8-C·4. Preamplifier and Input Attenuator Circuitry.

8-C-5. The waveshape at TP8 appears to be incorrect, try the following checks (except where noted,
the input signal should be a 10 V, 100 Hz sinewave).

a. Check for the correct power supply voltages at U6 pins 4 and 7. Pin 4 should have approximate
ly -15 V and pin 7 should have approximately + 15 V.

b. Set the 3455A on the 10 V range and short the input terminals. Make sure TP8 can reach zero
volts, when adjusting R65. If unable to reach zero, try changing R77 to 412 kll (part number: 0698
4540). If R77 is a 412 K resistor already, replace U6.

c. If the signal at TP8 is riding on a high de level, make sure CR7 and Q20 are not touching any
shielding. Also make sure QI9 is not touching the heat sink of U6. Check CR7 and Q20 for shorts.

d. If the zero reading at TP8 is good on the 10 V and 1000 V ranges and bad on the I V and 100 V
ranges, try the following checks.

I. Check the gain switching circuitry of QI6 to QI9, and U5. Make sure TP7 reads approx
imately zero volts on the 10 V and 1000 V ranges. On the I V and 100 V ranges TP7 should read
approximately -15 V.

2. If the gain switching is correct, lift the drain or source of Q19. Check for a zero reading at
TP8 with the 3455A in the I V range. If the reading is good, replace Q19.

3. If the reading at TP8 is still bad, short the drain to the source of Q18. If the reading is then
good, replace Q18.

4. If the reading at TP8 is still bad, short TP8 to the junction of R86 and R87. If the reading
is corrected, troubleshoot the feedback network.

e. If the 3455A has a history of bad Ql9's replace KI, K3, and Q18. QI8 may be damaged if QI9
has been damaged. The timing of KI and K3 could be incorrect, causing QI9 to be destroyed by a
1000 V input. Check ac calibrator output for any spikes and make sure the 107 V Hz limit has not
been violated.

f. If it becomes necessary to replace the matched set of resistors R76, R86, and R91, the new set
should be properly aged. Do the following procedure.

I. Set the 3455A to the 10 V range and apply a 10 V, 100 Hz signal to the input. Note the
reading on the display.

2. Apply a 1000 Vat 100 Hz signal to the input. Leave the 1000 V connected for about two
minutes.

3. Remove the 1000V signal and reapply the 10 V at 100Hz signal to the input. After a cool
ing down period (less than 2 minutes), the reading on the display should have not changed more
than 25 counts from the reading in I above. Replace R76, R86, and R91 if necessary.

g. If it becomes necessary to replace the matched set of resistor R91 and R93, they also need to be
aged. Use the procedure in f above. The only exception to the procedure is to have the aging done on
the 100 V range rather than the 10 V range. A 100 V at 100 Hz signal should also be applied in place
of the 10 V signal.

h. Other circuits on the AI5 board may cause preamplifier malfunctions. The preamplifier can be
isolated from the other circuits by lifting R52 and R64. If the preamplifier is working correctly, after
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lifting R52 and R64, the other circuits are causing the malfunction (absolute amp, squaring amp,
etc.).•

Model 3455A SERVICE GROUP C Section VIII
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a·C·6 Absolute Amplifier Circuitry.

8-C-7. If the waveshape at TP5 appears to be incorrect, try the following checks (except where
noted, the input signal should be a 10 V, 100 Hz sinewave).

a. To check if other circuits on the AI4 board causes failures in the absolute amplifier, the ab
solute amplifier can be isolated. This can be accomplished by lifting R52 and R53. The amplifier
should now be operating correctly. Troubleshoot the amplifier circuit, if defective.

b. Check the power supply voltages at pins 4 and 7 of V7. Pin 4 should be approximately -15 V
and pin 7 approximately + 15 V.

c. Check' for an approximately 2.8 V peak to peak sinewave at V4 pin 6. Troubleshoot V6 and
associated circuitry, if necessary.

d. If the sinewave at V4 pin 6 has oscillations, reduce C22 to 10 pF (part number in parts list). Do
not reduce C22 below 10 pF, as the frequency response of the ac convertor may be affected.

e. The cathode/anode junction of CR5 and CR4 should have a sinewave with slight distortion at
the zero crossover point. Replace CR4 or CR5, if necessary.

f. If the signal at TP5 is distorted, CR4 may have leakage. CR4 and CR5 can be interchanged.

g. If QI4 or QI5 appear defective, check with an ohmmeter and replace, if necessary .

a·c-a. Squaring Amplifier. Integrator. end Antilog Circuitry.

8-C-9. The squaring amplifier, integrator, and antilog circuits are connected by feedback paths.
Isolation of these circuits may be difficult. There are, however, some checks used to help
troubleshoot these circuits (except where noted, the input signal should be a 10 V, 100 Hz sinewave).

a. In some cases it is possible to isolate the integrator from the other circuits on the AI5 board.
This can be accomplished by shorting TP6 to the cathode of CR3. The reading at TPI should be ap
proximately zero. If there are great offsets at TPI, troubleshoot the integrator.

b. Apply a 100 mY, 100 Hz sinewave to the input terminals of the 3455A. The instrument should
be in the 10 V range and display approximately .1000 V. Check for de readings of + .82 V at TP4, -9
Vat TP3, -.48 V at TP2, and + .067 V at TPI. These readings may be helpful in isolating the squar
ing amp, integrator, and antilog circuits.

c. Reapply a 10 V, 100Hz sinewave to the input of the 3455A. The instrument should be on the 10
V range. Check for de readings of approximately + .66 V at TP4, -1.15 Vat TP3, -.6 V at TP2, and
+ 6.7 Vat TPI. Again, these readings may be helpful in isolating the squaring amp, integrator, and
antilog circuits.

d. Check the power supply voltages of VI, V2, and V3. Pins 7 of the op-amps should be approx
imately + 15 V and pins 4 should be approximately -15 V.

e. Check for a voltage drop of approximately + 3.3 V across R36. If this voltage drop is incorrect,
QI2 or QI3 and their associated circuitry may be defective .

f. For parasitic oscillations at TP3 change R36 to 649 {l (part number: 0698-4460).

g. If the display of the 3455A indicates an overload condition with a good waveshape at TP5,
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short C13. The squaring amp circuit should now act like an emitter follower with a gain of one. Short
the input of the 3455A and if the display indicates zero, Q9A or QIIA may be defective. If the instru
ment is still in overload, short the cathode of CR3 to TP6. If the overload condition disappears, the
square root amp (U2 and associated circuits) or QII B may be defective. If the overload condition re
mains, troubleshoot the integrator (UI and associated circuits).

h. IfQ9 or QII are replaced, R6 may need padding. With a I V, 100 Hz sinewave applies to the in
put of the 3455A, adjust RI5 for a I V reading on the display. If RI7 is out of range, R6 needs pad
ding. If the reading is low, increase the value of R6. If the reading is high, decrease the value of R6. A
change of 4 K ohms should change the reading about .50/0 (padding list is in the parts list).

a·C·IO. AC/OC Operation.

8-C-II. When de coupling is used with an ac input signal, the specifications of the True RMS conver
tor become wider. Make sure the instrument meets specifications before troubleshooting the ac con
vertor in de coupling. Some troubleshooting hints for the aclde operation are given below.

a. Large differences between an ac and de input signal with the 3455A set for acldc operation:
Match the betas of Q9 and QII. To further help the performance of the ac convertor in de coupling,
add C40 (2.2I'F capacitor, part number: 0160-0128). A short procedure for the addition of C40 is as
follows.

I. Remove CR3 and install pins into the eyelet holes where CR3 has been removed.

2. Solder both CR3 and C40 to the pins. Make sure CR3 is mounted in the correct direction.

b. Difficulty in balancing ac and de input signals with the 3455A set for acldc operation: Try
changing R55.

c. Large differences with the 3455A set for ac and acldc operation: change R95 to 806 ohms (part
number 0698-3557).

a·C·12. AC Noise ISchematic 3).

8-C-l3. Before checking for ac noise, verify that the de readings are good. Troubleshooting for any
de noise must be done before troubleshooting for any ac noise.

8-C-14. Most noise on the ac convertor board can be isolated into certain areas of the board. The
following procedure may be used to isolate those areas.

a. Apply a 10 V, 100 Hz sinewave to the input of the 3455A. Set the instrument to the 10 V range
in the ac normal function.

b. With a DVM, measure the ac signal at TP8. It may also be possible to check the signal of TP8
with anoscilloscope, if the noise is great enough. If the signal is noisy, troubleshoot the input and
preamplifier circuits of the ac convertor.

NOTE

Sometimes it is possible to check noise at TP8 with a DVM in the de
mode. The input 0/the 3455A has to be shorted with the D VM connected
to TP8. There should be very lillie deviation noted.

c. With the 10 V, 100 Hz sinewave applied to the input terminals, measure the voltage at TP5 with
a DVM in the ac mode. Again, it may be possible to measure the voltage with an oscilloscope. If the
signal is noisy, troubleshoot the absolute amplifier circuits.

NOTE

1I is also possible to check/or noise at TP5 with a DVM in the de mode.
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Again, the input of the 3455A should be shorted and very lillie deviation
should be noted.

Section VIII

•

•

d. Short the input of the 3455A and measure the de voltage at TP3. If the voltage is very jumpy,
troubleshoot the squaring amplifier circuits.

e. Short the cathode of CR3 to TP6 and measure the voltage at TPI. This voltage may jump
around a little more than at the other test points. If the voltage is extremely jumpy, troubleshoot the
integrator circuit. If the voltage is relatively steady, the antilog or square root circuit may be noisy.

8-C-15. The above procedure (paragraph 8-C-14) should isolate most areas on the ac convertor
board that may cause noise. A few other hints and checks, given below. may be helpful for specific
noise.

a. Noise on all ranges with the input shorted: Check for -2 mV to -3 mV at U2 pin 2. If the voltage
is out of the correct range, it may cause a noisy zero indication. The padding resistor (R21) may have
little or no effect in padding U2. This condition is usually caused by a leaky Q9B or CR2. Replace Q9
or CR2, if necessary.

b. Noisy when low frequency signal is applied to the 3455A: The fast ac switching circuitry may
be defective. The following checks can be made to troubleshoot this circuit.

1. Apply a I V, lPO Hz signal to the input of the 3455A, with the instrument set to the I V
range and to the normal ac function.

2. With an oscilloscope, check the signal at TP1. The signal should be approximately + 6.7
V de, with no ripple. If the signal has ripple on it and the de level is incorrect, perform the next
step.

3. Setthe 3455A to the fast ac function. Measure the voltage at the junction of R4 and R5
and the gate levels of Q2 and Q8. The voltage should be approximately - 15 V de. Next, set the
3455A to the normal ac function. The gate levels of Q2 and Q8 should be approximately zero,
and the junction of R4 and R5 should be approximately + 15 V de. The gate levels of Q3 and
Q4 should be complimentary to the gate levels of Q2 and Q8.

c. Noisy in the fast ac mode: Check for a defective R9.

d. Other noise: If the 30 V regulator (AIOU36) is defective, it may cause bursts of RF with heat.
This may show up as noise on all functions and ranges of the 3455A. It would be, however, more
noticeable in the ac function.

B·C·lB. Miscellaneous Troubleshooting (Schematic 31.

a. 10 kHz reading high: Check for the correct high frequency padding of R89. In order to obtain
optimum accuracy over the entire frequency range of the 3455A, R89 should be padded approximate
ly 4000 counts high with a I V, 1 MHz input. Use the following procedure.

J. The 3455A should be turned on and warmed up for at least 1/2 hour. All shields and
covers should be in place.

2. Perform the RMS convertor adjustment in Section V of this manual.

3. Apply a 1 V, I MHz sinewave to the input of the 3455A. Pad R89 for a reading approx
imately 4000 counts high. Check the accuracy of the ac convertor.

b. General hints: Give the ac convertor board a good mechanical inspection. Make sure all relays,
op-arnps, capacitors, and FETs are not touching the ground plane, shields, or each other.

c. Reading above 100 V erratic: Check for relay cases touching the ground plane.

d. Arcing at 1000 Vac: Check for capacitors touching the shield or ground plane.
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C32, C34 modes away from the shield, may raise the reading.
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•f. The 100 V and 1000 V ranges inaccurate: The R92 and R93 resistor divider may have changed
value. KI - K3 contacts may be resistive.

g. Overload indication with a 1000 V at I kHz to 10 kHz sinewave applied to the input: AIOKl,
K2, or K5 may have developed leakage. The leakage can be isolated by removing the orange jumper
from the front/rear switch connected to KI and K5. If the overload condition disappears, KI or K5
may be defective. If the overload condition remains, remove the jumper from K2 and connect the
jumper directly to the input of the AI5 board. If the overload condition disappears, K2 may be defec
tive.

h. I V and 10 V ranges inaccurate and out of calibration: Al5K3 may be shorted.

i. Full scale readings go high with an increase in temperature: AI5Q9 or QII may be defective.

j. 1500 counts error on the higher ac ranges: Connect guard to low.

k. Differences in high frequency readings between the front and rear input terminals: Short the
rear terminals' guard to low.

I. The ac convertor should be calibrated with the guard cover in place.

8·C·17. Average Responding AC Convartor (Schematic 2).

8·C-18. Due to the simplicity of the average responding ac convertors, only a few pertinent
troubleshooting hints are given.

a. Component location and layout may be critical to the convertor's freqency response.
Capacitors, especially in the input circuit, should not be too close or too far from the PC board.
Make sure the relays are not touching the ground plane.

b. The ac convertor should be calibrated with the inguard cover in place.

c. AI3Ql5, U4, U5, and associated circuitry may occasionally fail.

d. To help flatten the frequency response of the convertor, especially at 10 kHz, C25 is usually
padded with a 33 pF capacitor (pad list in the parts list). If unable to bring the level down at 10 kHz, a
28 pF capacitor may be used.

e. To help in troubleshooting the ac convertor, the following checks can be made.

I. Apply a I V, 100Hz sinewave to the input of the 3455A, with the instrument set to the I V
range.

2. U5 pin 6 should have a I V peak to peak sinewave and TPI should have a 5 V peak to peak
sinewave.

3. A 6.67 V de voltage should be read at TP2. If this voltage is good and there is an incorrect
reading on the display, AIOQ3 may not be turned on or may be defective.
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8·0·1. OHM TROUBLESHOOTING (SCHEMATIC 1,41.

8·0·2. Ohms Circuit Isolation.
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8-0-3. Before troubleshooting the ohms convertor, the 3455A should be operating correctly in the de
mode. Because some of the de and Auto-Cal circuits are used in ohms, there circuits should be check
ed before working on any ohms circuit. The procedure below may be helpful in isolating the ohms
section of the instrument.

a. With the instrument set to the de function, check the zero and full scale reading on the display.
These checks should be made on all ranges (100 mV, I V, 10 V, 100 V, and 1000 V ranges). If any
malfunctions occur, go to Service Group B for further troubleshooting.

b. Using the self-test mode of the instrument (see paragraph 8-B-3 for an explanation of the self
test), check for any Auto-Cal constant failure. Go to Service Group B if any constants fail.

c. If the de readings on the instrument are good and the self-test passes, continue with this service
group for ohms troubleshooting.

8·0-4. Ohms Servicing.

8-0-5. The following checks may be useful if the ohms function is completely inoperative.

a. Set the 3455A to the 2 wire ohms function, I K ohms range, and Auto-Cal off.

b. With no load applied to the terminals of the 3455A, check the voltage across the input ter
minals. The voltage should be approximately -4.7 V de (typically -4.5 V to 4.8·V). If the voltage is in
correct, the ohms convertor board (AI2) or the input relays may be defective. Go to paragraph 8-0-6
for further troubleshooting.

c. When approximately -4.7 V is observed at the input terminals, the ohms convertor is in voltage
limit. This is a correct indication with an open circuit input. Connect a I K ohm resistor across the in
put terminals of the 3455A. Measure the voltage drop across the resistor. The voltage should be ap
proximately -.7 V de and indicates correct constant current operation of the ohms convertor. Go to
paragraph 8-0-6 if the voltage is incorrect.

d. The above steps should isolate malfunctions in the current source circuitry of the ohms conver
tor. If all the steps indicate correct ohms operations, the miscellaneous troubleshooting section of
this service group may be helpful (paragraph 8-0-8).

8·0-6. Ohms Convertor Troubleshooting (Schamatic 1, 4).

8-0-7. Ohms convertor malfunctions may be caused by the ohms convertor board itself, or by the
AIO mother board. It is important to remember that the mother board and ohms convertor have in
terconnecting ohms circuitry. Try the following procedure to troubleshoot ohms malfunctions.

a. With a de voltmeter, measure the voltage across AI2CI. The low side of the meter should be
connected to TP - V and the high side connected to the plus side of CI. The meter should read + 19V
de. If the reading is low by .5 V or more, AI2Tl or AIOTI may be at fault.

b. With an oscilloscope, measure the ripple across AI2CI. The ripple should not be more than .1
V peak to peak. If the ripple is too high, check AIOTl, AI2Tl, C3, CR4, or Cl.

c. If the voltage across A12Cl is very low or zero, look for an approximately 30 V peak to peak
square wave at the anodes ofCR3 and CR4. This signal should be around 31 MHz with the 3455A set
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for 60 Hz line frequency. If the signal is nonexistant, check for an approximately 3 V peak to peak
signal at AIOV33 pins 9 and 12. If there is a signal at these pins, troubleshoot the circuit between the
outputs of AIOU33 and the secondary of AI2Tl.

d. If there is no signal at AIOV33 pins 9 and 12, make sure the divider V31 and V33 are operating
correctly. Also make sure V33 is enabled by line HIOO. The inguard logic (Latch V12) may be defec
tive, if the HI06 line is low.

e. If all the above checks are good and the power supply voltages at AI2TP . V and TP + V are
good, the other ohms circuits may be defective. Troubleshoot the ohms circuits on the AIO mother
board first. Make sure the correct relays and PETs are turned on. Troubleshoot the current amplifier
circuit and the voltage clamp amplifier circuit or the ohms convertor board.

8·0·8. Miscellaneous Ohms Troubloshooting Hints.

a. Table 8-D·I may be helpful in troubleshooting various ohms malfunctions. The table gives
various gain and reference resistor connections for all the ohms ranges.

b. I K range to 10 K range inoperative: Check for the correct operation of AIOQI3.

c. 100 K range to 10 M range inoperative: Check for the correct operation AIOQI4.

d. 2 wire ohms and 4 wire ohms not zeroing properly and the reading changes 100 counts when the
3455A is tapped: Check for a dirty front/rear switch.

e. 10 K and 10 M ranges read low: Check AIOQ27, Q22, or V3.

8·0·9. Ohms Offsets.

8-D-IO. The following information may be helpful in isolating ohms offsets. Again, make sure the
3455A works correctly in de.

a. If there is a 150 counts to 200 counts offset on the I K ohm range, check AIOK9. This relay
should only be closed when the reference resistor is measured. If the 1 K ohm reading is low K9 may
always be open. If the reading is high, K9 may be shorted.

Table 8·0·1. Ohms Gain and Switch Configuration.

Range Ref Ref Unk Res I V V Unk Relays Unk Res
in K Ohms Res Gain Gain (fs) Ref (fs) Closed for V L

0.1 1 K Xl0 Xl00 .7 mA 0.7 0.07 K7, 8 (> KI
1 1 K Xl0 Xl0 .7 mA 0.7 0.7 K7, 8 (> KI
10 1 K X20 X2 .5 mA 0.5 5 K7, 8 I> KI
100 1M X2 X20 5 J'A 0.5 K8 0 I> 01
1 K 1M X10 X10 .7 J'A 0.7 0.7 (> M)
10 K 1M X20 X2 5 J'A 0.5 5 (> M)

fs: denotes full-scale 2 Wire Ohm: K2, K4 Closed
VL: denotes Voltage Limited 4 Wire Ohm: K3 Closed

b. A quick offset check: Short either AIOR59 or R61 and observe the reading of the 3455A. If the
offset disappears with R59 shorted, AIOQI3 and its associated circuitry may be leaky or defective. If
the offset disappears with R61 shorted, AIOQI4 and its associated circuitry may be leaky or defec
tive.

c. If there is an offset on the 100 K ohm range, remove the blue wire connected to AIOR59. If the
offset disappears, QI3 may be leaky.
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8-0-12. To prevent possible damage to sensitive components being measured, the ohms current
source of the 3455A is limited to 5 V. Lower currents are used to keep this voltage low. Because of the
small currents, the ohms section of the instrument may be susceptible to noise.

8-0-13. Before troubleshooting for any ohms noise, make sure the de noise level is good. Check for
noise on all de ranges of the 3455A. If the de operation is good, troubleshoot for ohms noise. A few
troubleshooting hints for servicing ohms noise are given below:

a. Excessive noise on all ranges: Check for a 19 V de voltages across AI2CI. If the voltage is low
by .5 V, AI2Tl or AIOTI may be at fault.

b. Readings decrease on each successive sample and then suddenly jump back. with the procedure
repeating. The case of AIOR63 may be touching the case of Q37.

c. Noise on the .1, I, and 10 ranges: AIOK9 may be defective.

d. Possible noise on the 100, I K, and 10 K ranges with very high readings at 1/10 scale: AI2CR7
may be defective.

e. 1/10 scale reading on the 100 K range is noisy and low: Check for oscillation at AIOTP4. This
can be accomplished by setting the 3455A to the ohms function. The instrument should be on the 100
K range. with Auto-Cal off, and placed in Hold/Manual. TP4 should be monitored with an
oscilloscope. Press the HOLD/MANUAL button and observe for any oscillation at TP4. If any
oscillation is noted, try changing AIOC4 to .00681'F (part number 0160-0159) and AlORII to 1.3 K
(part number 0757-0426).

f. Noisy at I M and/or 10 M ranges: Push all wiring away from the ohms board and all input
wiring away from the top guard cover. place the red wire, connected between the front/rear switch
and the AIO board, next to the guard sheet metal. All wires should be kept away from transformers
and transistors.

g. 10 M range very noisy: Make sure the 50/60 Hz switch is in the correct position.

h. Noise on the I K range: If noise shows up on older instruments, make sure on 18 guage teflon
coated wire is installed in the instrument. The wire should be connected between pin E of A1013and
the cardinal ground terminal located between K7 and K9. The wire may reduce noise on the I K ohms
range as well as the I V ac and de ranges.

i. Noise in ohms function: To reduce external noise in ohms function, shielded cables are very
useful. When measuring resistance in the 2 wire and 4 wire ohms function, connect the resistor to the
3455A with one or more shielded cables. The shields should be connected to each low terminal. Most
noise, associated with external body capacitance, should be shunted to ground rather than through
the measuring instrumentation. The cables should not be reversed (the shields connected to the high
terminals and the center conductor connected to the low terminals), or no shielded cables should be
used. No shielded cables or reversed cables may cause excessive noise in ohms .

8-67



Section VIII

SERVICE GROUP E

a·E-1, AID CONVERTOR AND INGUARD LOGIC TROUBLESHOOTING.

a·E-2_ AID Convertor Servicing (Schematic 6, n
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8-£-3. Before troubleshooting the AID circuits make sure the outguard section of the 3455A is
operating correctly. Use the half-splitting method of paragraph 8-195. The following procedures may
be used to check the correct operation of the AID circuits.

a. Turn the 3455A off, and disconnect the AIOWI Inguard/Outguard Cable assembly from the
outguard connector (AIJ7).

b. Remove the analog test jumper (from AIOU27 pin 10), and connect test point AIOTP9 to
ground.

c. Apply -10 V de to the input terminals of the 3455A and turn the instrument on.

d. With an oscilloscope measure the waveform at AIOTPI. The waveform should look like
top waveform in Figure 8-E-1.

e. The correct waveform at TPI generally indicates correct AID operation. If, however, the AID
waveform is good and the AID circuit is still inoperative. go to paragraph 8-£-7 for troubleshooting.

10V-----

Signal at A14 TPl lAID wevetcrmi.

•
5V-]
o V 1

Signal at A 14 pin 5 (zero detect signal).

5V----- r-e-

o V

Signal at A 14 pin 14 1.2 V detect signa!).

5V'..-----

OV-------

Signal at A 14 pin 15 (10 V detect signal).

Note: The Signals are a Negative 10 V Input with 3455A set to 60 Hz Operation.

Figure a·E·1. AID Waveforms.
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f. For no AID waveform at TPI, go to paragraph 8-E-4 for troubleshooting. For an incorrect
waveform go to paragraph 8-E-6.

8·E·4. ruo AID W8~eform.

8-E-5. Since the AID waveform is dependent on various circuits in the 3455A (input, main amplifier,
etc.), isolation of these circuits is necessary. The method used is simply a signal tracing method with
limited operational checks.

a. Set up the 3455A using the procedure of paragraph 8-E-3a, b, and c.

b. Measure the voltage at the multiplex node (sources of AIOQI, Q2, Q3, and Q4). If the voltage is
not -10 V dc, the input circuit may be inoperative. The multiplex node may also be loaded down by
one or more FETs.

c. Measure for a -10 V dc voltage at AIOTP4. If the voltage is incorrect, troubleshoot the main
amplifier circuit. Make sure AIOQl9 is turned on.

d. Measure the instrument's reference voltages. AIOTP8 should be + 10 V ± 100 ~V and TP7
should be -10 V ± 20 mV. If the reference voltages are incorrect, troubleshoot the reference assembly
(Allor A20) andlor U7. The reference voltages are used on the AID board and should be correct for
proper AID operation.

e. Short across capacitor AI4C2 and measure the voltage at Al4TPl. The voltage should be ap
proximately zero. If there are any great offsets, troubleshoot Al4U3 and associated circuits. If the
voltage at TPI is good, remove the short from C2 and continue with this procedure.

f. Short Al4TPIto ground and measure the 0 detect, 10 V detect, and .2 V detect levels. The table
below gives the correct detect levels. Remove the short from TPI and apply v l OV to TPI. Measure
the levels of the 0 detect, 10 V detect, and .2 V detect. See the table below for the correct levels.

A14TP1 Shorted A14TPI at -10 V

o Detect Level - 5V - OV
10 V Detect Level - OV '" 5V
.2 V Detect Level - OV - OV

If the levels in the table are incorrect, troubleshoot AI4U4, 5, 6 and their associated circuits.

g. Other circuits on the AID board may affect AID operation. These circuits are the input circuits
and diode array #1 and #2 and their associated circuits. Also make sure A14Q3, Q4, and their
associated circuits are operating correctly. If these circuits appear to be working correctly, the in
guard logic may be at fault. Go to paragraph 8-E-1O for further troubleshooting.

8·E·6. Incorrect AID We~eform.

a. Check for a leaky A14C2, Q5, U3, or U5 and associated circuits. Circuits past U4 may
also be defective.

b. Circuitry preceeding the integrator may also cause an incorrect AID waveform. Make sure
AI4Q2, Q4, and their associated circuits are operating correctly.

c. Check for correct operation of the detect circuitry. Paragraph 8-E-5f may be helpful in
troubleshooting these circuits.

8-E·7. Correct AID W8~eform •

a. If the AID waveform is correct and the AID board is still inoperative, check the zero detect cir
cuit. Make sure the zero detect signal is stable with the correct voltage levels (approximately 0 V or 5
V).
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1. Change AI4R44 from a IOM ohm resistor to a 2 M ohm resistor (part number 0683-2055).

2. Change A12R7, R8, R16, and RI7 from 4.99 K to IO K ohm (part number 0757-0442).

c. Check for the correct operation of AI4U5 and its associated circuitry. Since U5 'and its
associated circuitry is an absolute amplitifer, the output of the amplifier (emitter of U6) should be the
same as the signal at TPI. Therefore, pins 14 and 15 of the AI4 board should also show the absolute
value of the signal at TP1. The correct signals for a - IO V input to the 3455A are shown in Figure
8-E·1. If the signals at AI4PI pins 14, 15, and S are incorrect, troubleshoot the detect circuits.

d. Make sure any oxidation layers have not formed on the pins of the Al4 board. The pins can be
cleaned with a soft lead eraser.

R·E·R. AID Noise ISchematic 61.

8-E-9. AID noise will usually show up in all ranges and all functions of the 3455A. Two circuits to
check for noise on the AID board are the integrator and the input circuits.

a. Check for a noisy AI4Q5 or U3. Make sure there are not oscillations present at TP1.

b. Check for a stable zero detect signal at A[4U6 pin 1. If the signal is unstable, U4 or U6 may be
noisy.

c. Check for a noisy A14Q3.

R·E·10. Inguard Logic Troubleshooting ISchematic 7).

8-E-11. Before troubleshooting the inguard logic make sure the outguard logic is operating correctly.
Use the half-splitting technique of paragraph 8-[95.

a. Check the back gate bias voltage (B.G.) of the processor (AIOU26 pin 387). The voltage should
be within ± .25 V of the voltage marked on the processor. If the voltage is incorrect, check for the
correct value of pad resistor AIORI05 (pad list in parts list). If the pad resistor is the correct value and
the bias voltage is incorrect, replace the processor.

8·E-12. Inguard Logic Troubleshooting with no AID Waveform.

a. The signals at AIOU26 pins 34 to 37 should be the same as those on A3TP4 to TPI. The only ex·
ception is the signal at AIOU28 pin 9. If the signals do not agree, check for malfunctions in the in
guard light isolators, AIOU34 and U35, plus their associated circuits. Line Fll and FI transfer data
from outguard to inguard (Fll is the data transfer line and FI is the data transfer rate line).

b. If pin 9 of AIOU28 is different than pin 37 of U26 and the HAZ line (pin I of U27) is low, the
pulse transformer andlor associated circuits may be defective. This interrupt circuit can be checked
'by manually clocking AIOTPIO, and can be achieved by pulling TPIO low and then releasing it. [f no
toggling is taking place, troubleshoot the interrupt circuit consisting of AIOU32A and U27. [fthere is
toggling, check T2 or the outguard section (AI).

c. The interrupt request lines at pin 29 of AIOU26 must be high. Troubleshoot the interrupt cir
cuitry if necessary.

d. Data lines Oil to 07 (pin 18 to 35 of U26) and program address lines (PAll to PA 7 pins I to 8 of
U26) should have voltage levels from approximately zero to approximately + 4.5 V. Check-for any
circuits causing these lines to be loaded down. It is possible and normal to observe sharp peaks of 3 V
to 3.5 Von some lines of U26. These peaks are present when the line is in a tri-state mode. This is a
possible and normal operation.
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Table a·E·1, Mnemonic Definitions.

P FF N

Poliarity JTTIndicator L Specific Line

(H = High True Indicator
L = Low True)

Function
Indicator

Section VIII

e. The clear line of AIOUI5 pin I should have an approximately + 5V level. Troubleshoot U9,
UI9, and their associated circuits.

•

••

Mneumonlc

HAC
HAC1
HAC2
HAD1
HAD2
HAD3

HAZ
HI01
HI02
HIP3
HI04
HI05
HI06

HMA1
HMC1

HMC2
HMC3
HMC4
HMD1
HMD2

HM01
HM02
HPD1
HPD2
HPD3
HP01
HPRF
HPRS

HR12
HR24
HR34
LACF
LAC3

LAC5
LNRF
LNRS
LVIN

Definitions

High True AC (AC Enable)
High True Auto Cal 1(100 V, 1 kV Auto-Cal Constant [Cal Constant 4,5,6,7])
High True Auto Cal 2
High True Analog DC 1 (.1 V, 1 V, 10 V Range and Ohms)
High True Analog DC 2 (100 V, 1 kV Rangel
High True Analog DC 3 (1 k V Range)

High True AID Zero (Enables or Resets AID)
High True Input Ohms 1 (2 Wire Ohms Enable)
High True Input Ohms 2 (Connects 4 Wire and Current Source)
High True Input Ohms 3 (Ohms Ref Low Measurement)
High True Input Ohms 4 (1 K Reference Resistor Select [with H105])
High True Input Ohms 5 (.7 WA Current Source Select)
High True Input Ohms 6 (Ohms Current Source Enable)

High Measure AC 1 (Output from AC Converter Measured)
High True Measure Constant 1 (Measures Ohms, .1 V and 1 V Offsets [Cal

Constant 2, 3, 8, 9, 11])
High True Measure Constant 2 (Measures 10 V Gain [Cal Constant 10])
High True Measure Constant 3 (1 kV Range Enable [Cal Constant 0, 1, 6])
High True Measure Constant 4 (Measures 1 V Gain [Cal Constant 0])
High True Measure DC 1 (100 V Range)
High True Measure DC 2 (.1 V 1 V, 10 V Range and Measure & Unk)

High True Measure Ohms 1 (Measure Ohms Ref, Range 100 K, 1 M, 10M)
High True Measure Ohms 2 (Measure Ohms Ref, Range .1 K, 1 K 10K)
High True Pre-Amp DC 1 (x 20 and x 100 Gainl
High True Pre-Amp DC 2 (x 1 Gain)
High True Pre-Amp DC 3 (x 10 Gain)
High True Pre-Amp Output (x 2 and x 20 Gain)
High True Positive Rundown Fast (For Negative Input Voltage)
High True Positive Rundown Slow (For Negative Input Voltage)

High True Range 12 (Sets AC Converter Range 1, 10)
High True Range 24 (Sets AC Contertor Range 10, 100)
High True Range 34 (Sets AC Converter Range 100, 1000)
Low True AC Fast (AC Fast Enable)
Low True Auto Cal 3 (100 V, 1 kV Auto-Cal Constants [Cal Constant 4, 5, 6,

7])
Low True Auto-Cal (1 kV Range and 1 kll, 1 V Offset [Cal Constant 1, 6])
Low True Negative Rundown Fast (For AID Positive Input Voltage)
Low True Negative Rundown Slow (For AID Positive Input Voltage)
Low True Voltage Input (Enables AID Input)

r
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Section VIII SERVICE GROUP E Model 34SSA

f. Check for a clock signal at AJOUIS pin 9. If the signal appears to be good, the processor (U26)
and/or the ROM (U2S) may be defective. If the clock signal is missing, check for SOO nano second
pulses at the device select lines of U26 (pins 12 to IS). If the pulses are good, UI4 may be at fault.

8-E·13. Inguard Logic Troubleshooting with an A/O Waveform.

a. Check the light isolators and associated circuits as explained in paragraph 8-E-12a.

b. Check for a defective AlOU26.

c. Check for an open AlOCR41 and CR42. These diodes may cause glitches on U26 pin 29, causing
the processor to be interrupted continuously.

8·72
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SERVICE GROUP F

Section VIII

B·F·1, OUTGUARD LOGIC TROUBLESHOOTING (SCHEMATIC B, 9, 101.

8-F-2. Outguard logic troubleshooting should be done using the Signature Analysis Routines (SA) in
Figures 8-H-20 to 8-H-27. If any incorrect signatures are observed, the following checks may be
helpful.

a. If any incorrect signatures are observed check for a I I'F capacitor across AI U49. Install one if
missing (part number 0180-0291). The capacitor should be installed to the underside of the AI
motherboard, with the + terminal to pin 14 of U49 and the - terminal to pin 7 of U49.

b. If no stable signature can be located and the A3 board has been replaced. check the IC signals.
Make sure they are toggling with good logic highs and lows (approximately 4 V peak to peak).

--------- --
~--....

IY-- --------- ---------
14-" 1.4 ms.c~

c. Check for the waveform shown below at the junction of AI C29 and R42. If this signal is miss
ing, C29 may be defective. U48 may also cause the missing signal.

2 V----------- ---------

•
OY

B·F·3. Main Controller Troubleshooting (Schematic B).

a. Data lines O~ to 07 (pins 18to 25 of U3U9) and program address lines PA0to PA9 (pins Ito 8
of U9) should have voltage levels approximately + 4.5 V peak to peak. Check for any circuits that
may cause loading.

b. Sharp peaks of 3 V to 3.5 V may be observed on some lines of the processor (A3U9). This is
normal. The peaks are present when the processor is in a tri state mode.

c. Check the back gate bias voltage (G.B.) of the outguard processor (A3U9). If the voltage is dif
ferent from the voltage marked on the processor (by ± .35 V) check for the correct value of the pad
ding resistor A3R3. If R3 is the correct value and the bias is incorrect, replace the A3 board. The cor
rect value of R3 is listed in the following table.

G.B. A3R3 -hp- Part No.

-5.0 V
-4.5 V
-4.0 V
-.3.5 V
-2.5 V

B·F·4. Front Panal Troublashooting.

B-F·5. Front Panal Operation Check.

4.64 kll
2.87 kll
1.96 kll
1.00 kll
715 II

0698-3155
0698-4436
0698-0083
0757·0280
0698-3700

•
a. Turn the 3455A off. Place the instrument in the SA mode by disconnecting the test jumper on

the A3 board and disconnect the plug from AIJ7.

b. Turn the 3455A on. Half of the instruments from panel LEOs should alternately turn on and
off with the other half.

c. At the time the instrument is turned on and half the front panel LEOs turn on, a 0 should be in
dicated on the left side of the display. The 0 should move one position to the right each time the LEOs
change. When the 0 reaches the far right of the display, a.O will start at the left and move to the right.
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d. The same operation takes place for I, .1, 2, .2, 3, .3, after the .0 has moved to the far right of
the display. If any of the LEOs do not light, replace them or troubleshoot their drive circuits. If some
numbers of the display are bad, troubleshoot the display and associated drive circuits.

Section VIII SERVICE GROUP F Model 3455A

•
8·F-6. Front Panel Servicing (Schematic 10J.

a. If the display blanks out any zeroes, try replacing AIU62.

b. The proper operation of the front panel buttons can be checked by monitoring AI U5? pin 14.
The level at pin 14 should golow (TTL) low, any time a front panel button is pressed. If this is not
observed, try replacing U57.

c. If the front panel buttons do not operate, check for a high level (TTL high) at AlJ8 pins 2 and
3. A high level at any of these pins will disable some of the front panel buttons. Check for the correct
operation of AI U51, U50, or U53.

d. If the front panel has a sticky switch, try the following: With a low temperature soldering iron,
heat the solder connection of the LED within the switch. While the solder is warm, push the button in
and out several times. This should straighten out the LED and relieve any pressure on the switch.

e. If the procedure in the precendent paragraph does not relieve sticky switches, change LEOs
A2CR5 to CRII, CRI9to CR22, and CR24 to CR35 from -hp- part number 0990·0547 to -hp- part
number 1990-0665. These changes should be made for instruments with serial number 1622A01336
and below. A procedure for changing or replacing LED's are in paragraph 8-F-7.

f. A modification to reduce key bounce is as follows: Change Al U57 from a 9318 to 98Ll8 (part
number: 1820-0987), A2R17 and RI8 from a 2.2 K ohm resistor pak to a 10 K ohm resistor pak (part
number: 1810-0206). This change should be made for instruments with serial number 1622A00906
and below.

NOTE

Switch bounce can be observed by pressing the ENTER Z button and
then pressing the MATH OFF button only once. If two 2's are displayed,
the 3455A has key bounce.

g. For all other front panel malfunctions use Troubleshooting Diagram 8-H-26.

8·n. Front Pansl LED's Switch, and Key Cap Replscemant Procedure.

a. Removal Procedure.

I. Remove front frame which is held by 8 screws.

2. Disconnect two connectors between front panel and left side of instrument.

3. Remove front panel and ON/OFF switch.

4. Remove II screws holding Display/Switch board to front panel and remove Display/
Switch (D/S) board.

5. Pull key cap off switch body.

6. With knife or punch, cut off or punch through the red switch body mounting studs (dean
excess plastic off to prepare holes for new switch).

7. Hold display board upside down with key facing down and heat LED terminals to let bad
LED fall out.

8. Suck out solder holes to prepare for new LED.
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I. Mount the switch body on the DIS board and be sure the body is aligned with the other
switches (NOTE: very important as the switch may bind if it is not straight).•

Model 3455A

b. Replacement Procedure.

SERVICE GROUP F Section VIII

•

•

2. Using a medium temperature, broad, tip soldering iron or woodburning tool, carefully
melt the plastic studs down into a little dome to secure the switch body.

3. Insert LED with shorter leg toward top of board. Make sure LED is flush with the board.

4. Replace key cap.

5. Depress key all the way to seat LED in place, and then solder LED using a minimum of
solder.

6. Hold DIS board so keys point up and reheat LED terminals to allow solder to flow away
from switch.

7. Depress key several times to make sure key does not stick. if it sticks,"repeat (6).

8. Remount DIS board on front panel frame.

9. Plug both connectors back into main board.

10. Remount front panel to chassis.

II. Replace ONIOFF switch.

NOTE

Remember to try steps (6) and (7) of "Replace" before replacing switch;
it could save time. It is important to use a low or medium temperature tip
soldering iron, as exposure to 500 OFfor over 3 seconds could damage the
LED's.

B·F·B. Hp·IB Troubleshooting (Schematic 91.

8-D-9. Before troubleshooting the HP-IB section of the 3455A, verify that the 3455A is malfunction
ing and make sure the "problem" is not due to-external programming (see Section III of this
manual).

a. If incorrect data is sent over the HP-IB lines, make sure the data is different than what is
displayed on the front panel. If the data is the same, the instrument's HP-IBSection is not at fault.

b. Check for a bad connection between the instrument's HP-IB connector (13) and the connector
of the HP-IB cable. Clean both connectors, if necessary. Use a good freon based contact cleaner.
Also, make sure the HP-IB cable external to the instrument is good.

c. Use the HP-IB SA Troubleshooting Diagram (Figure 8-H-27) for most of the HP-IB Section of
the 3455A. SA can check most of this section, except for the HP-IB lines themselves. Use the 5940IA
Bus System Analyzer for these lines.

d. Check decoders AIUI9, U20, or UII.
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SERVICE GROUP G

8·G·l. MISCELLANEOUS TROU8LESHOOTING.

8·G·2, Power Supplies (Schemetic 111.

Model 3455A

•

•

a. In many of the 3455A's power supplies, the voltage reference of one supply is the output of
another. This arrangement ties the voltages of the two supplies together. A shift in one supply is
reflected in the other supply.

b. To isolate dependent supply circuits, the reference supplies should be separate from each other
and from the circuits they supply. The following steps may be used.

I. Use external supplies to provide a reference to dependent supplies.

2. Use external supplies to drive circuits in place of internal supplies.

c. Following are some voltages of the inguard power supplies.

I. Main power supply voltages.

AIOTPll: + 9 V to + II V
AIOTPI2: + 19.5 V to + 23.5 V
AIOTPI3: -19.5 V to -23.5 V
AIOTPI4: + 38 V to + 44 V
AIOTPI5: -38 V to -44 V
AIOTP + 9: + 8.1 V to + 9.9 V (Inguard processor must be installed).

2. Ohms supply voltages

AIOTI pins 1 and 3: 10 V rms (20 V peak to peak) square wave.
AIOTI and Al2Tl connection: .2 V rms (.25 V open circuit) square wave.
AI2Tl pins 1 and 3: 40 V rms (80 V peak to peak) square wave.

3. Allowable noise on the ohms supply as measured with a true rms voltmeter.

+ 6.2 V supply: 30I'V noise
-6.2 V supply: 60 I'V noise

d. If the fuse of the 3455A keeps opening, check the AIO board power supply breakdown diodes
(AIOCR64, 66, etc.), Also, make sure the 3455A has been switched to the correct line voltage.

e. Table 8-G-1 lists the various components and assemblies which uses the individual power sup
plies. This table may be useful if a power supply is loaded down by a defective component or
assembly.

Table 8·G·l. Power Supplias locations.
Po,. .. UI 10 U3S lIalq,taltd O"""illalld OP Amps) " ....mbtJ" TnlMl<lorsIQ)

Supplin , z • s • , • • u u u " " " " " " " " il " " " " " " " " " ~ JS AID ." AC " " ..
~ JOV x x x
." v x

t 15 V x x x x
«s v
<s v x x x x , x x x x x x x x x x x x x x x x
·24 V x x x x x x x x
re v x x x x
.z v x

8·G·3. Raference Assembly (Schematic 5).

a. The reference assembly of the 3455A is on the exchange program and should be returned to the
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nearest -hp- Service Office, if inoperative. The only checks that can be made are the following.

I. If the reading on the display jumps 10 or 100 counts when adjusting any adjustments on
the reference assembly, the wiper of the pot may be dirty. Work the adjustment screw of pot
back and forth to clean the wiper.

2. Make sure an oxidation layer has not formed on any pins of the assembly printed circuit
board. The pins can be cleaned with a soft lead eraser.

3. Typically, the maximum noise allowed on the reference voltages (use a DVM with input Z
> 1010) are 20 p.V for the + 10 V reference and 30 p.V for the -10 V reference. Replace the
assembly if excessive noise is present.

4. The + 10 V reference voltage at AIOTP8 should be adjustable to + 10 V ± 100 p.Vand
the -10 V to -10 V + 20 mV. Replace the assembly if both the + 10 V and -10 V are not ad
justable. Replace AIOU7 if only the -10 V reference is incorrect.

8·G·4. Turn-Ilver Errors (Schematic I, 5, end 6).

8-G-5. Turn-over errors are present when, for example, a positive input reading is good and the
negative input reading is out of tolerance. This can be checked by taking a positive reading and then
reversing the input leads. The following are a few turn-over checks and hints.

a. When checking for turn-over errors, the 10 V range and zero offsets should be the first things to
check.

b. Check the A/D converter (AI4) if turn-over differences are observed. Replace, if necessary.

c. Turn-over errors on all ranges: Unsolder CRI and CR2 from the AIO board. If the error disap
pears, CRI and/or CR2 may be leaky. Make sure the + 10 V and -10 V references are good (AIOTP8
should be + 10 V ± 100 p.V and AIO TP7 should be-IO V ± 20 mY).

d. Turn-over differences on the 10 V range: Check AIOUI, U2, Q7, or Q18. Other possible causes
may be KI, AI, Q2, Q4, QI9, and their associated circuits.

e. Turn-over errors on the top three ranges: Check AIOK6 and Q15.

f. Turn-over differences on the 100 V and 1000 V ranges: Lift AIOQ9 and CR29. If the error
disappears, CR31 and/or CR29 may be leaky. Do the same with CRI6 and CRI7. Q8 may also be
defective.

g. The FETs connected to AIOTP2 may cause turn-over errors, if leaky. Q40 may also be leaky.

h. If the negative readings are good and all positive readings above 20 V are unstable on the 100 V
range, check AIOQ36.

8-G-6. Other Troubleshooting ISchemetic 8 and Ill.

a. If the instrument fails to sample in the de volt; high resolution mode and the ac volt normal
resolution mode, check AIC29 or U48.

b. If the HP-IB operation is intermittent with the instrument's LED's dim, make sure the 50/60
Hz switch is in the correct position.

c. If the fan refuses to spin after repeated turn-ons, change AIRI5, 19, and 24 from 11.8 kll to
13.3 kll (0757-0289). This change should not be made on operating fan circuits.

d. A good fan measures approximately 30 II between the brown and yellow wires of the fan. A
defective fan will usually measure between 10 II and 15 II.
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SERVICE GROUP H

a·H·1. TROUBLESHOOTING DIAGRAMS.

Model 3455A

8-H-2. The following diagrams in this service group may be used to troubleshoot the 3455A in place
of the other service groups. These diagrams are separated into three groups. The first group is a
General Troubleshooting Diagram which can be used to isolate the two main sections of the instru
ment (Inguard and Outguard), The second group deals with the Inguard section and the third group
can be used for Outguard Troubleshooting.

a·H·J. Generel Troubleshooting Diegrem.

8-H-4. The General Troubleshooting Diagram (Figure 8-H-2) may be used in place of the Half
Splitting Technique of paragraph 8-196. Since this method is not as complete as the Half-Splitting
Technique, use it only if an extra 3455A or if an Inguard/Outguard Service Cable is not available.

a·H·5. Inguard Troubleshooting Diagram.

8-H-6. Diagrams 8-H-3 thru 8-H-I9 in this group can be used to troubleshoot the Inguard section of
the 3455A. A troubleshooting procedure for the Inguard/Outguard Transfer Circuitry is also indud-'
ed.

TP8:
+10 V

Reference•

•

'",

SEll. NO· 1622...00410
liN;) aElOW

TP1

TP3

A10
03455-66510

Rev. C

TP6

TP10
(Refer To Figure 8-101

TP9

TP7:
-1OV

Reference

SER. NO. 1622"'00411
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Start

Tur" The Innrument Off.
Remove TIle A14 Assem·
erv. Disconnect The Brown
Tett Jumper On The A3
Assembly. Dtsconnecr The
Brown Test Jumper t.o
catea Between Al0U27
And U28. Use A CUp Lead
To Short Al0J2 Pin 14 To
lnguard Ground. Turn The
Instrument ON.

Measure The Switch Drive
Signals On A1QU16, Pins
2,6,7.10,12 And 15.

gecteee Or 'rrcubres-ccr
The AID COnverter lA14
Assembly). The Problem Is
Most Likely In The SWitch
ing Circuits tA14Ul. U2,
03, Q4 And AssQci;lted
Components.

Troubiesbcot TM Jnguard
Logic Circuit (A10U15,
un, U26 And Associated
Components.)

--------------------

Troubleshoot The Device
select Circuit (Al0U14.
U26 And Associated cern
ponenrs).

3~55-B-1

Figure8-H-3. Inguard Troubleshooting Procedure Diagram,
Auto-Cal Circuitry TEST 1:3.
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c

Turn The instrument OFF.
Remove The A 14 Assem
bly. Disconnect The Brown
Test Jumper On The A3
Assembly. Disconnect The
Brown Test Jumper Lo
cated Between Al0U21
And U28. Use A Clip Lead
To Short Al0J2 Pin 14 To
Inguard Ground. Turn The
Inurumeot ON.

Use An Oscilloscope To
Measure the Switch Drive
Signals On Pins 2, 5, 7.
10,12 aM 15 Of Al0U15,"

•

Troubleshoot The Device
Select Circuit IAl0U14,
U26 And AS$Ociated Com
ponents}.

Use A DVM To Measure
The + 10 V Reference At
Al0TPS And The· 10 V
Reference AI AlOTP7.

Replace Or Troubleshoot
The AID Converter (A14
Assembloy). The Problem Is
Most Likely In The Switch
ing Circuits (A14Ul, U2.
03, Q4 And As~ocialed

Componellts).

Troubleshoot The Inguard
Logic Circuil (A1QU15,
U22. U26 And Associated
Components).

Troubleshoot The Refer
ence CircuilS (A11 Assem
etv. Al0U7 And Associ
ated Components).

C-'..)

3455-8-2

Figure 8-H-4. Inguard Troubleshooting Procedure Diagram,
Auto-Cal Circuitry TEST 12.
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'- YES"The nnve
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GVdc7
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Troubleshoot The Gate
Bias Amplifier Circuit
{A10Ul. 05 And AssoCi
ated Components}.

Trouble.hoot The Gate
Bias Amplifier Circuit
(A 1OU1, Q5 And AiiSocia
ted ComPOnentsl.

Troubleshoot The Logic
Circuit lAtOU12, U:22,
u26 Alld ~ociated cern
pol'lenul.

NO

TrOUbleshoot The Logic
Circuit (A10U16. uaa.
U26 And Associated Com
ponents).

Troubleshoot The DeVice
Select Circuit (Al0U12,
U14, U26 And Associated
Componenlsl.

Troubleshoot The Device
Sl;tleCI Circuit (A1OU1S,
U14, U26 And Associated
Componentsl.

3455-8-3

Figure 8·H-S. Inguard Troubleshooting Procedure Diagram.
Auto-Cal Circuitry TEST 11.
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Voltage On Pin 13 Of
A10US.

Check A1QUS And Associ
ated Components.

FET's
A~oci-

NO

TroubleshoOI The Gale
Bias Amplifier Circuit
1A.10U1. OS And Anoci·
sted Components.

NO

YFS

Check A1OU6 And Associ.
arec Components.

Troubleshoot The L.oglc

Circuli CA.l0Ula. U22.1••I---------------'''-'''1
U26 And Associated Com ....
portents}.

TroubleshOot The Gale
Bias Amplifier Circuit
IA10U1, as And Associ
ated Components).

YES

NO

Troubleshoot the Device
Select Circuit [Al0U16, I_ I
U14, U26 And Associated
Components).

3455-8-4

Figure 8-H-6. lnguard Troubleshooting Procedure Diagram,
Auto-Cal Circuitry TEST 10.
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SUlrt

With A Display Reeding
or "7" (TMt 7 FaUUle),
Mh$ura The SWitch Drive
VlIhag8 On Pin t4 Ol
A10U41.

Cheek A10U5 And AucI,i·
aled COmponents.

NO

Check Switehing FEr,
A1001S, 01$, 03ot, 035.
Amv A10K6 And Auocl·
Bted Compo,,",u.

NO

Check A 10US And Auo... ·
8U~d ComponBnts.

NO

YES

NO

Cheek A1OU2'! And Ana·
dated COffil)Onenl$.

NO

•
TI18 Swllcll Drive lY£S .r
Voltage AI Pin 10

01 A10U24 Allpro~.

lJVdd

NO

Check Al0U4 And A150,1·
"'lcd ClImPQnents

'ES

NO

NO

Troubl..hODl The Lo;ic
Circuit lA10U16, uza.
U26 And Aosociate;d cem.
ponenll!.

T,oubleshoot TIl' Gate
Bla. Amplifier CIrcuit
JAIOUI. as, And A$sQC;i·
ared ComllO/lllnul.

Tro~b1Ol$lloot T~e Gate
81a, Amplifier Circuit
[Al0UI. as And AslOci·
eted Component:;).

Troublt$'ho"t The L"IIic
Circuit (A10U1J, U22,
U26 And A~wci"1Cd Com
ponunlS!.

NO

Tto~ble,hoot TI18 Logic
Circuit lAIOU12, U22.
U28 And As.socleted Com_
ponenl$l.

Troublnhoot Tile [)eyice
seeer Cjrc~il IAIOU12,
U14, U28 And Associ·
ated Componenll).

Troublesh\)cl The LOlIie
Circuli (AlOU1J, 022,
U26 And Associated Com,
!lonentsl.

TrOlJbluhOOI The Device
Sflen Cireuit IA10U13,
U14. U28 And Antlc;.
aled ComPQllenTs!.

Troobltshoot The Oe";te
sellct Circuit IAIOU13.
U14. U26 And A$$Ociated
Compone",s).

TfOWleihoOl TM Device
Select Circuli (Al0U16.
VI", U26 Md ASsoci.
ated CompCNll"tsl.

3455-0-5

Figure 8-H-9. InguardTroubleshooting Procedure Diagram,
AUio-Cal Cin;uilrY TEST 7.

8-95/8·96
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,...,
Wi,h A O;oI'I.V ~....a'jng 01
"6" (Tnt 6 F;ilorel. Mea·
o.u.. Th. Swllch on....
\for18~ On Pln ,. Of
A10U4.

C/leck A'\OU5 Md AUoO·
,f[lldC""'POtlClII':

B·91tS-98

T,ou!>lo>ho"" TIl~ LOlIi~

Ci,cu], (Al0U16. U22,
U26 At'Id A"""O.Ucd Compo,,,,,,,,]

C~eck Switching FEr..
.01.10016. 019. 034. Q39.
AOlay A10K6 And A1loc:l
,tid Coml>Ollen'l.

Figure 8-H-1O. Inguard Troubleshooting Procedure Diagram,
Auto-ea.l Circuitry TEST 6.

'0

CIl~k AlOU6 And Auo.;·
alod CQmpan~nLl.

Troubleshool The Logic
elr....i. iA10U16. U22,
U26 And Auocilll.d Com·
POtIon,.)

YES

""

..
Tho $wl'dl O1i'OV

VollaP' At Pin I 01
AIOU6APprOlC.

gVd<:r

'0

CIlrckA1OU6 And """ci·
1IIcd~ntnll.

.--,--.--.--'''-'''-~---'-~----'------~----

Trollb'"h'XH Th. Logi<:
Cirwi, IAIGUI6, U22.
lJ26 And Alsodalcd ccm
PC1llmtll.

YES
..

Th. Swil.:h OrlWl
V~A,PinI4

01 Al0U6 ApprQ~.

iii Viler

"0

'0

TroubltsllOOl Tile lOgic
O'Cuil IAlOUl2, U22.
U26 AIId Auocitled Com·
po""",,).

Che<;k AlOtJ24 AI'I(j ASlOC
ilI1cd Components.

'0

'0

..
The S\«lll:h DrlY8 ;'JYES {

VOlta9' AI "it> 10 Of •
AI0U21 Apprc~.

iii VIle1

TrQubleshoo, Th. Logic
Cirellil !Al0UI3, U22.
U26 ........ J\l.S(>ci;l • .cl COm·
POnlnuJ.

~""k A tOU4 And ,,"0";·
ned CnmllOMnll.

--..... YES

'0

'0

..
TM O,ivt

Volla~ APprQ~. ... Ii
IiIVdCl

"3455 -0-7



Stefl

With A Display Rqdiog
Of "S" {Tnt 5 F.,ilureJ.
Mee...... Tha $witch Dr"'"
YoUaga On Pin 13 01
Al0U4.

L

!ill

II.i
I I

Ch80Ck A10U5 And Alsocl.
ated Components.

NO

TroubleshOOt Tha Logic
Circuit IAl0UI6, U22,
U26 And A$!;()(:iated Com_
pon8flnl.

Troubleshoot The Gata
81a' Amplllier Circuit
(A10UI. 05 And A"Oci'
lIted Companen,,!.

Check Switclllnll FErs
Al0015. 021. 033, 035.
Relay Al0K6 And ~socl,

ated Componanu,

NO

Troubleshoot The ne-ree
sereee Circuit IAl0UlS,
U14, 026 And As,oci
ated ClmPOnentsl.

Check AfOU9 And AUoci
ated Componants.

Troublestloot The L.o9ic
Circuit IA10U13, U22.
U26 And Auociated Com
panents!.

Troubleshoot Tha a.tll
Slas Amplifill, Circuit
IA10UI. 05 And Associ.
ated CompanlmlS).

..
The Switch DrlVll ,YES .r

Voltage At Pin 1 01
AIOU9 Approx.

-1 Vdc1

NO

TrOubmhoot TM Device
select CirCl.llt (Al0U13,
U14, 026 And Auoeiated
Coffil)onennJ.

Check A10U24 And Asso·
clated COmpOnlln1l.

TroUbleshOOt T1Ia Logic
Circuit (Al0U12. 022.
026 And Anociated Com.
POnIlntsl.

Troubleshoot The Device
Salect Circuit (AIOUlt.
U14, 026 And Associated
ComPOnenn).

Trou1)leslloot The Ulillc
Circuit 1,6,10U13. U22,
U26 And Anoeiated COm
POnelluJ.

CllacIo: AtOU4 AI1d Associ·
'lied COmPOnan".

341515-0-7

Troubleshoot rtJe Oevla.
Soef&t:t Circuit IAIOU13.
U14. U26 And Anod·
aled ComPQnenlSJ.

II

i'l

Figure 8·H·11. Inguard Troubleshooting Procedure Diagram.
Auto-Cal Circuitry TEST S.
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,
r

Start

With A Display Reading Of
"4" ITest 4 Failure). Mall
sure The Switch DriYll
VOltillJ8 On Pin 14 Of
Al0U4.

Check A1QUS ArId Alsoci·
8ted comPOnems.

I,
TI\e Gate Bias

Vollage' AI AtOTP3
ApPfolC.a V de,

00

Check Switching FET's
AIOQ15. 021,034,035.
Relav A IOK6 And Assoel.
"led Companenl$_

NO

"Tha Dr'lv. IllPuI ,YES
Voltage Al Pin 9 Of
Al0UF»4Vdc

1

"The Switch 0,1\111
Voltagll AI Pin 14 Of

A 10US APPfn"
13 V de?

Check A101)9 Aod A$:$O<;·
lared Components.

'NONO

NO

"The Switctl Drive "1YES II{
VOltage AI Pin 1 Of

A10U9 Approll..
o vccz

Check A.tOU24 And ASSoc
iated Components,

NO

NO

"The SWitch DrIve ~ Y£S tf
Voltage AlPin 10 01

A10U24 Approx.
(I Vde?

Chikk Al0U4 AnQ Associ
ited Comj>Onenl$.

YES

NO

Troubleshoot The Gale
Bias Amplifier Circuit
IAJOU1, 05 And Associ
ated Componentsl.

TroubleshoOI The Logie
Circuit fAl0U16. U22.
U:z6 And Atsociated Com
POllents).

NO

"'rne cevtce serece
Signal At Pin 9 01

Al0U16>4V
Peak·To-Peak,

TrOubleshoot The Logic
CirCUit (AIOU13, U22.
U26 Am:!Assoeial'd Com
P<;>fle'n1$J.

Troubleshool The Galt
mas Amplifier Circuit
jAlOU1, 05 And esscet
ated Componan"!.

NO

""TheDevice Select
Slll"el Al Pin 9 Of

A10U13:>4V
Peak·To·f>e<,1<,

TroubleshoOI The Logic
Circuit (A1QUI2, U22,
026 And Associallld Com·
po~msJ.

"The Deviea Salet:!
Signal At Pin 9 Of

A1QU12 >4 V
Peak-Tohak

'/
NO

Frcvbleshcut The Device
Select Circuil (AIQUt2,
U14, U26 And A$$od·
ated ComPQnentsl.

TroUble,hOOl The Logic
Circuit IA10U13. U22.
U26 And ASSDCiated COm.
POnennl.

NO

TrOUbleshoot The oevice
Soieci Circuit (A1OU13.
U14. U26 And Associated
Componenul.

3455-0-8 Troubleshoot The Deviee
$elect Circuit IAl0U13.
U14. U26 And Associ.
aled CornPOnentd.

Troubleshoot The Device'
Select Circuit fA1QU16,
U14, UZ6 And /usod·
aled Componemd.

F1gure8-H-J2. Inguard Troubleshooting Procedure Diagram.
Auto-Cal Circuitry TEST 4.



Slart

Wilh A Dhplay Readin~Of
"3" (Test 3 Failuret Mea
wr(J Thlt Switch Drive
Vohaga On Pin 13 01
A1CUa,

Check A IOUe And Alsoel·
am COmponenu.

"Thll Voltage
At AtOTP6

ApPt'ox.Q V de
1

110

Check SwitchinlJ FEr,
At002, 018. 027. 028,
Q38 And Auocialel;$ Com
ponents,

Trollble$hOol The Feed·
bad<. Amplifier {Al0U3,
09, 011, 025, Q26 And
Auoclsted Componenlsl.

YES

110

"The Driller Input
Vollll\le AI Pin 5

OfAl0U6>4lJde,

"The Switcll Driw
VolUlge At Pin 2 Of

AlDUS APprox.
I;J Vd'l:7

Check AIOUS And ASiOcl
ated ComPOnllnts.

YES"The Gate Bi..,
VOl1801l' At A10TP3

ApprolC.O V de,
NO

Trolo'tlle,hoot The- G8te
Bills Amplifier Circuit
IA10Ul. as And AuocI_
eted COmPOnenu).

YES

110

"The SWltd'l Dri~
Vohage AI Pin 2 Of

Al0U5 Appro:>:.
1;1 V-del

"The Ddver InPUI
vcmae AI Pin 5 Of
A10U5>4Vde,

Check A10U4 AM Anoel
/fte'; Components.

;YES"The Gete 8ias
Voltage At A10TP3

App.roK_G \,Ide,

TroubleshOOt The Gate
Bias Ampl1fler Circuit
tAIOU1, Of) And Associ
ated ComponenUI.

YES

110

"The Swltdl Drive
Vollaso At Pill 1 Of

Al0U<l ApprO:>:.
g Vdc]

"The Driwr Inpul
Vollese At 1""11'1 7

QfAl0U4>4\,1dc,
Check AICUS And Auoei
eted Cotl'lQOnent~.

Troubleshoot Tha Gale
Bias Amplifier Clreuit
Al0Ut, 05 Ano AlSO..i
at~ ComPOn8nlSl.

YES

NO

NO

TroubleshoOt The Logic
Circuit lAtOU12, U22.
U26 And AMoclated Com
ponenm.

""TheOevlce Select-
Signa! At Pin 9 Of

Al0U13 > 4 \,I
Peek-To-Peak

'/
NO

TroubleshOot The Logie
Clreuit (Al0U13, U22,
U26 And AS$Oclated ccm
POf\t'nl$),

"The Device Select
Signal AI Pi!) 9 Of

Al0U16>4 V
~1<_To_Pe..",

·NO

'E'
TrO<lbleshool The LoOlc
Clrel.lit fAIOU16, U22,
W6 And Associated corn.
ponents}.

"The ue-rce Selecl
Silltlal At Pin 9 Of

A10Ut6>4V
Peak-To·Peak

'/
NO

,YE
TrOubleshoot TM LOlJlc
Ci",u;1 (AIOUtS, U22,
U26 And Anoclated Com
ponent'),

Troubleshoot 1M Device
Selecl Cirwit IA1OU12.
U14, U26 And As$Oclated
ComPOnentsl,

TrOubleshOOI The Oevice
Select Cl,cuit (A,10U13,
U14, U26 And Associatad
Compoflllt\uJ.

Troubleshoot Tha neaee
Selecf CirCUit (AIOU16,
U14, U26 And Associ
,ned Com~enu).

Troubleshool The Device
Select Cireuit (A,10UtG,
U14, U26 And AIllioei8wd
ComPOnenuL

~4e;e;·D-8

Figure 8-H-I3.lnguard Troubleshooting Procedure Diagram.
Auto-Cal Circuitry TEST 3,
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With A Dhiplsy Aeadino Of
''2'' (Ten 2 failure) Mea·
sure The Switch Drive
Vottege On Pfn ta at
Al0US.

Yl':S

NO

"The Glite Bias lvES
VOltBgl At A10TP3

ApprOlC.9 V de,
NO

Troubleshoot The Gate
Bias Amplifier Circuit
[Al0Ul, as And Associ
ated ComPOnenuL

Troubleshoot The Logic
Clr~lt [AIOU12. U22,
U26 And ASSOCiated Com.
POl18ntsl.

CheclCA10U8 And Auoc;·
eted Corrwoneots.

NO

ts
The Oriver Input

Vollilge A1 Pin 9 Of
Al0US>4Vdc,

NO

""The DeviceSefeo;t
Signlll At Pin 9 01

Al0U16>4 V
Peak·To-PttlIk

'/
NO

,YE

CheCk Switching FEn
A1002, 021 And As;ocl·
ated ComPQOIltlU,

TrQubleshool The Gete
Biss Amplifier Circuit
(A10U1, as And Asloci
.ted ComPOnen,sl.

Troubleshoot The LogiC
Circuit lAl0U16. ora.
U26 And Associated Com
pgnent$J.

Check A10US And Assod·
eted Components.

TrOubl~hoot Tne Device
seteei Crcult tA1OU12,
U14, U26 Md Auocltled
CompovlenuJ.

3455-8-9

Troubleshool The Oevice
sereee rnrecn tA10U16.
U14. U26 And As5OCi
Bted Components).

Figure 8-H-14. Inguard Troubleshooting Procedure Diagram,
Auto-Cal Circuitry TEST 2.
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'nn

Wi,,, A OifpllY R_lng 01
''0'' £Ten0 F.U...... Mea·
",r. Th. SWl{cJ> Dol..
VOh"gII On Pit> 14 01
",'OW.

CMclr. AIOUS And ARoci·
ned ComPDnonll,

Cheek SwitChi"9 FEr,
A10016. ~1. 029. 031.
032. 038 And Associ·
...dCom_...

T.o<tlllshool Thl LogIC
Ci.cull {AtDUI6, U22,
U28 And Asw<iIIled COm·
PDncnlll.

o

NO

Ctleclr. Al0U& Anel A...,ct·
..edCon'll'O""'''',

Troub~hOOI T'" LolIic
Circuit, II\IOUI6. U22.
U26 And At5O(:lIled Com·
POn.nl~1.

YES

NO

C""k AIOlJ4 And _ci.
:ned,CompoMnll.

YES""TheVollagol'
Al Al0TPI

ApprOJl, r,IV de.,
NO

Troub!-Woo. The A""nu'
""or C1tcult (Al0U18,
03S. 037.038, 039. 0-0
And Aaof;!l1<'d Com·
Ildn.n131.

T<OUI>ltsI\o<l' The I..Dglc
Clrcuil IAl0U13. U22.
U26 And Assocla,ecl Com.
~""ul.

YES

YES

NO

"Til" Swit<:h On""
"oltag. AI Pin 1 01

Al0U4 Apt"o".
... Vdc7

.0

"The Orhl£< Inpu.
'11011."" Al Pin' 01

AI0U4>4Vdc,
Check "'101./9 And Anocl'
.,ed Compgnen\S.

T'Olbln_. T'" Logic:
Circult 11\10U13. uaa.
1J26 And Auocialed Cam·
PO-'l$l.

........ YfS

NO

NO

b
TI>8OrlW

Vol"ge ApprOJl. ./ 'I
.. 'OVcle?

!4!l'-P-1O

Figure8-H,16. Inguard TroublcshootlDB Procedure Diagram.
Auto-Cal atcuhry TEST S.
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S'o't
J

Chttk lng_d p(OmlOr.
Al0U26 Md AI0Q43.

Cb8<.k '~d Pro.::eIlO'
Al0U26 And 1',100'12.

Inguard Troubleshooting Procedure Diaaram.
InsuardlOutguardTransferCirwitf)'.

8-11118·112

rl$Ufe 8-H-17,

Aeoon",,~ Tho' Tut
Jv........ 1.0....." e.._n
A10U27 Alld uae. Con.
rIIoet T1Ml~ll_TO

A3TP3.

(;0 To Ou'YUat<l Trouble·
shoOIl"" $eellon.

Go Til O"ly,,"'d Tt(lublo·
shoodng $Il;Ilon.

YES

Tl'Oubfnhoot Thu Tr~nsl",

tn, ..tup, CI"".. i, IA107.
Al0T2.AIOU32,A10U27,
ATOU2$ At>d Asoo~I.lld

C<:o".",.,~.nt.J.

•

TrouDlGllhool U26 TUIn
an Circuli lA JOU24. J~
OJ.

Go To O..null"d 71'0<11>1.·
mool;'" S~lon.

"A Po,hlve Pula,
A"",o.Irn:aI~ly2 Pl.e

In Out"lon And
>4 VP·To·P

Non I ;;-....".7" /
T1Pm Signals AIT Dllfkul/ fa ObSUVil <: -----"" ~s
On An ~~II/QKoP" An Air."'.'. ___
lilt/hod To Dtrum/M If Th. SigJk1lr At' ____
fTW':trllYuu!d B. To Us. A (o~k.

PiOlt, SUdI.AS -~M .hp. "led" I0525T.

A

,..
Is Th8

In R~Q Hiah
o. TO\l¢inll AI

U26Pln 29,
NO"W.""lo.m1

Pt....n'A.
A14TP1

'/ves

Turn Th, Inlttllm.II' OFF
And Rocol'InI:=t 1ha ""\I
To Aln.R.mo.... ThoOip
Lead From A10TPS. Con·
... ~I Tho Q~io_ To
A1071'9. Turn lnotrurnent
ON.

Tum Th.lnolrUm4ll, OFF.
OIKO",,"ct TI'tt Tat
J"""p,:r ~~ed 811l...,n
AI0U27 And U2t. u.. A
Clip Le,)(l To Connt<:t
A10TPQ To Inguard
G.ound. 8& CWI.i" Thot
Th. T... .JumPO't On Tho
A3 Autmblv 10 Oiooon·.....<t" And Tl>o P11JO 1$
Di$conllKtod Fn>M AU'.
Tho- FIORI PI.... I GUARD
Swllcll SIlOllld ae ~In~

Connecting GUARD ......
INPUT Low. CoMOet The
~IOf<'OPO' To AI4TPI.
Tum Instrumertt Ott.
UoI"ll A Oli> Lead.
mcmtnl.riIy Shorl
Al0TP10 To i"llllird
Ground. AppII' _ 10 \I ,,~

ToTh.3455A INPUT.

Tho- Mojorlt\, 01 Thcllng.\l"d Log;c And
Tile 1',/0 CO....-'.r I. WorkinsJ. Tho
Following Procodu" Tel" The IfIOUatdl
OU'Iuard TlIImlM Ci(CUill'V.

W.¥efOfm 1

'o"/Do ~Ji~~W;,j;)ll;<di:-,>'
,. 1~·,,;;iI,t?L'·""'i""")'" i"""'" '

"~~I;rt~~M;f;,j
TlrM/Oiv.,-

)

·,j

r-,

:)

-----~-.-~~-----------_ ...._ .._._-----_.._-
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TtOubl.!.hoot n.. Int ...•
rupt Clrcult IAtOU9. 19.
21. 24. ;1.7 28. 32 And
Assocrated Cotncl«lOnh).

TrOlJblflhoot T!lII I/O Clr.
eull IA10U11. 12.13. 15.
16, 17.22. 26,26,27 And
A_e••led (t,,"pl;ln8nul.

W_fonn2

NO

ov

Vl;Ilto/Olv

'.0

YES

B

YES

"The Interrupt
SIgMl At Pin 29
Of A10U26 Held
Huh or Toggling,

. T",...b/nhcot Cloct C1r
eul.t (A10U21. Al0U23,
AIOUZ8 And Alsoctettd
CO~n.nUJ.

YES

,.,
T1'Ieo.tt$I8'\llI'

On Pins 18 T~rwgh

250fA,I0U26>4
Voln; Pal:·To-Pe8k,

NO • U28 May Hew. A;tod AAd
R.._

.0

T~I\oCl' The IIljI\Wd
Power 8IJPpll.,.

NO

NO I I

"" 8Iu Voltlllll'"
On PIn 311 01 The
ICSocketWltfatn
t 3 'lOlls or 11111
V.lue Muted 0",

In"

·2.oV-7JJ11cn
·2.sY"6.o4k.Q
·3.0 V "'4.75 ktl
-3.ll V .. 3.92 en
-4.0Y-3.32kO
-4.5V"2BOkfi
-5.oY-231tn

"-AIOR10S The
PrO!Ml'V"uef'<,r

Ttle V01toVO "'-riled
On AIOU2S1

YES

YES

_.-
Tho 8IlI'

Volle", On PIn 38
01 A'OU26. ,t

Ttl'1 VolUlIlO W1lhln
:l .25 Volts or The

VlIlueMlrlled

0. "'",

A
~su... Th'

lngu.rd Power
StlDDlie. 161.l1befllll
Test PoIntt On The

A10 Aaemblyl.
Are The VOlteg.,.

Within :I: S~ Of Thto
Merited Vllhtfls

Also Menure ± tOY
n"f""'nell SuppA"",

(

( "'.,,' J)

c 3455-9-13

Figure 8-H-18. Inguard Troubleshooting Procedure Diagram,
Power Supply ami Controller Clrcultry,
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Troul)leshoot The 10 V
D8tt'ct And Ab$olutc!
verue crcuns IA14V5,
US, as And At.sociatltd
COmpoOOflUlI.

TrOUblhhoot The G OoteCl
Circuit (A14U6 And
AJlOeleted Componfmtsl.

NO

YES

h
The Voltage At

PinSOfTheA14
.AUetnbly Ql Volts

*.3Vd~?

If, At Thb PoII'l1, The Problem HasNot
Been ISOlated TO A Circuit, Reelleck TlIe
SYmPtoms To Be certain Th9 Problem
II In The rn;uard seencn Of The Iesuu
menl. ReIer To Tha Theory Of Opera··
tlori And S,"".~tlCJ To LoCiilt. Prob·

Io"" N•• C<>~. " ....ON.

Troubleshoot The Inta
gratorClrCYJt (A14U3,U4.
as, Q4 And Asso~I.tltd

CompgrwntJJ.

Troubl8$hoOt Tlla 10 V
Dlnect Ami Absoluta
Valuu Circuits IA14US,
ua, Q6 And Associated
Componennl.

Trouble,lI00t Tho .2 V De
tect And Absoluta Value
CUeull$ IA14US. UB, a6
And Associated Compo
nents!,

TroUbleshoot ThaI) Detect
Cftc:ult (A14U6 And
A~SOClalEid COmponents).

-YES

YE$

Force -rne Inlqrator To .
A"10..zero By eo"n<lC1lnll
A Clip Laid Between The
Cathode Of A14CRa Artd
Inguard ~und.

Troubleshoot The DC
Preemp And Input Switch.
Ing CiteUlli'V' [Sctlematlc
No: 11: Be C«taln That
• 10,V de Is APplIed To
The 3456A Input T,rml
nals.

T((lublfllloot The AID
Swttehln9 Circuit
IAl0U15. A14Ul. U2. 01
Ttlrousll Q4 And AA,er·
aUld Comp.OOenu).

Treublll$hool Tllo Device
Selee!: Clrwlt (Al0U14,
U26 And Associated Com.
POn,nlsl,

Tum Tile IrtnrtlmGnt OFF.
Reconnect The Plug To
At J7. Be Certain That -rne .
Ten Jumpqr On Tho A3
AltomblV Is O\$COnnected.
Tum The l_rumen1 011I.

I

"Tho Deul"'"Saleet
SlQI>alP=emAt
Pln90fAl0U151

IThlsSlgnall, A [NO
Negatlw-GolngP..,ln,
AJIl)rOldmately1 p:sec

In Duration And
')0 0$ Volt, PeBk-To

PGakJ

B

YES'

NO

Turn Th'ln$l;(u~l OFF~

'Disable The lf19uardClock.
6." DbecllnlilcUng The T$$1
Jumper Located: Betweon
Al0U23 And ,AIOR19.
Tum InstrulTlMt ON.

TroublllShoot The Minus
Rehlrenee Supply IAl0U1,
A14U2 And A1isoclatll'd·
Componentsl.

Troubleshoot Tht RllIer
enee Supplies lAl1 Amm
bl ..., Al0U7. A14Ul. U2
And Associated Compo
nenDI.

-YES

Remove TIle CUP Lead
From A14CRa And
InglJard Ground .6.nd Con'
"ect It AerO$$ A14C2.

I

Troubleshoot The tnte
gretor CIr;ult (A14U3, U4,
04, 06 And Anoclatetl
Componuntd.

: ..
,

"The Voltell't At
Pin 14 Of The AI4
Assembly Ij Volu

-I; .3 Voluo;?

Troublll$hoot The ..2 V
Detect ·.6.nd Abrolute
Value ClrcullS (A14U5,
U6, 06 AfId AssoeJated
CornpgnentaJ,

----------- ._..__...

3455,:,,"0-12

Figure 8-H-19. Inguard Troubleshooting Procedure Diagram.
A-lOoD' Convertor Circuitry.
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SET S 1 SWITCHES
TO "0",

.. 5V: 4F53 (START/STOP AT A3TP11
CH29 (START/STOP AT A3TP21
02C2 (START/STOP AT A3TPJI
79FU (STAAT/STOP AT A3TP4) Al

03455·66501
Re v, D

Al0. Componen1 LoeatorTable.

Componenl Co' eofTlPOfIeflI Co' Companllf'lt Co> <eo""onent 00' Component

CI • CfU·2 • " co 01·5 C "''-3 C 3-. 0 , e.e • 0 ,
• 0 • e , A 7·9.11 , 34
50 e 7-' , • e.c ta , 1.g.11
1·9,11 , 9.11 • e , 1)·16 C 12·19

" • 12·13 0 17-18 CO 21·21
'3.15 C " e 19, 21022 0 28·29.31·n
te 0 15 , "'29 e ae

" A 11>-17 • JM1·2 , 31-32 F 39.4144
18-19 s 18-19.21,22 C 3 0 mae • ..
21·22 A ZJ , 37,39 A ..
23·25 • ,. • KI·2 A ''', • "26·27 C 25" C 3 • '2<3 e ..
28-29. :11 0 27·28 A e-s A 44-45 A ..
"" s 29,31 C • • .. • 51-58
353. F 37·39 0 7 A·' 59.61-62
)7·39,41-49 C 41"'2 0 • • sa
OS 0 " ... A • A_' 64·65.. • .547 • 66-69.71·72

" CO 48"'9.61-!'.i6 C " A ".. 0 57·58 A 14·78•• e .. • 79,81
51 F 61-$4 C 82·83
52·53 • .... 0 ..
64,57 C •• F 65
58-59.61 0 "·72 0 36·89,91·92
62'63.66 e eaee.. F EO A 97·99

E2 (&tlow 1(91 A-' 101·102
103
104.105
106·101,111
108-109
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Model 3455A

8·H·7. OUTGUARD TROUBLESHOOTING.

SERVICE GROUP H Section VIII

8·H-8. This section contains information and procedures to aid in troubleshooting the digital
(outguard) portion of the 3455A.

8-H-9. A Signature Analyzer (-hp- Model 5004A) is required to perform the Outguard
Troubleshooting procedures. If one is not available, it is suggested that the 3455A be returned to an
-hp- Sales and Service Office for repair.

8-117/8·118
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Or Check The + 5 V
Signature For CH29. (An
Alternative Quick·CheckJ

Go To The ALU Trouble
shooting Procedure.

Go To The Main Controller
Troubleshooting Proce
dure.

NOTE:

NO

Signature

6A09
5042
U330
9954

PPos
AH54
530U
2A69

Connect The Signature
Analyzer, START And
STOP Inputs To A3TP2
And Check The Following
Signatures:

Go To The Device Select
Troubleshooting Pro
cedure.

Location
A1U34
Pin2
Pin 5
Pin9
Pin 12
A1U42
pin 2
Pin'5
Pin 9
Pin 12

The ALU Circuitry Is Working Correctly.

!

The RAM Circuitry Is Working Correctly.

Go To The Main Controller
Troubleshooting Proce
dure.

NO

Signature

184P
7FPH
AFOP
UHUC

P6PH
P961
PH16
8CPA

Use The Signature Analv
zer To Check The Signa
tures At The Following
Points:
Location
A1U34
Pin 2
Pin 5
Ping
Pin 12
A1U42
Pin 2
Pin 5
Pin 9
Pin 12

YES

Turn The Instrument OFF.
Disconnect The Test
Jumper On The A3 Assem
bly. Disconnect The Plug
From A1J7. Set All HP·IB
Address Switches To The
"0" position (down), Turn
The Instrument ON.

Connect The Signature
Anelvzer As Follows:
1. STAAT Input to

A3.TP1.
2. STOP Input To A3TPl,
3. CLOCK Input To

A3TP5.
4. GND Input To Chassis

(See NOTE 1 For Signa
ture Analyzer Control
Settings.)

Proper Operation Of The Outguard Test
Routine Is Indicated By A Number Or
Character Being Strobed Across The
Display And The Front Panel Enunci
ators Being Alternately Lit.

r•I
I
I

Or Check The + 5 V
Signature For 4F53 IAn
Alternative Quick-Check)

NOTE:

LINE, •.••..•.• ON (IN)
START• • • • • • . • '\. (IN)
STOP, .•..•• . .f (OUT)
CLOCK• • • . . .• .f (OUT)
HOLD . • . . . ..OFF (OUT)
SELF TEST ••• .OFF(OUT)

NOTE 1

The Signature Analyzer Controls
Should Be Set As Follows For This
Test.

L -+ '" .' 3455-a-17

Figure 8-H-20. Preliminary Outguard Troubleshooting Procedure Diagram.
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Turn The tnsnumem OFf.
Remove The A3 Assembly
From The Extender Beard
And Replace It In The
Instrument. (Be Sure To
Hemcve The Tape from
The Extender acerd.l Turn
The Instrument ON.

A1U34 Pins 5.9. 12
A1U42Pins2.5.9,12

Use An Oscilloscope To
Measure The Amplitude Of
The Signals On The Proces
sor Data Bus lines At The
Following Points:

3455-C-18

The Main Controller Test Routine
Operating Properly.

The Processor Input Data Bus
Operating Properlv.

Figure 8-H-21. Outguard Trout
Main Controller

Replace The A3 Assembly.

Reptilee The A3 Assembly.

Replace The A3 Aeeemofv.

+5 V: 02C2

+5 V: 79FU

!'l0

Pin SignatUre
4 -USP6
7 23f9
9 2A6F
10 3A9f
11 6242

Connect The Signature
Analyzer START And
Stop Inputs To A3TP4
And Check The Following
Signatures:

Pin Signature
B CHC4
C BCOP
o A43P
E 129C
F OC93
H CP65
J F517
K 6P03

Use An Oscilloscope To
Measure The Amplitude Of
The Waveforms At A3TP1 ,
TP2. TP3, And TP4.

Connect The Signature
Analyzer START And
STOP Inputs To A3TP3
And Check The Following
Signatures:

Replace The A3 Assernbtv.

Replace The A3 Assembly.

+5 V: CH29

+5 V: 02C2

+5 V: 4F53

NO

NO

Pin Signature

B 3A9C
C H3FH
D P2F8
E 62PP
F 7078
H F757
J 15FU
K 97C6

"rne . Signature
'Analyzer START And
STOP Inputs To A3TP3
And Check The following
~,ignatures:

Pin Signature
B . PC79
.C A102·
o 7AAU.
E OC52
F 6UAO
H H8CH
J lP29
K' U478

Connect The Si'gnature
Analyzer .. START And
STOP Inputs To A3TP2
And Check The Following
Signatures:

Pin Signature
B 8AAF
C 693A
D C304
E 4F60
F C43U
H 4CHH
J 6C93
K 9H95

Use The Signature Analy
zer To Check The Signa·
tures On The Following
Pins Of The A3 Assembly:

Resistance

4.64 k.n .
2.87 kn
L96k.ll
1.37 kSl
1.00 kn
7\5 n
511 on·

'J

Voltage

·5.0 V
.4.5 V
.4.0 V
-3.5 V
-3.0 V
-2.5 V
·2.0V

'rrouctesnoot The' CI\lck
Circuit (Schematic'S):

Troubleshoot The Power)
Sucones. If The Voltage
At A1JG Pin Lis Incor
rect, Be Certain That
A3R3 Is The Proper Value
For The Voltage Stamped
On A3U9.

NO

Pin Voltage

A +5Vi.3V
M +9Vi.5V
L Equal To The

Voltage Stamped
On A3U9 ±.3 V.

Turn The Instrument OFF,
Warning: Make Sure -The
3455A Is Turned Off Or
Incorrect Signatures May
Be Present When 'The A3
Board Is Reconnected.
Remove The A3 Assem
blV And Connect It To An
Extender Board; Place
'rene Acc-ess Pins B
Through K IS Pins. Of The
Extender Board (To Break
The Data Bus Connec
tions) And Insert It In
A 1J6. Connect The Sig~

nature Analvzer START
And STOP Inputs To
A3TP3, Connect The
CLOCK Input To A3TP5
And The GNO To The
"chassis, (See NOTE 1 For
Signature Analyzer Con
trol' Settings. Turn In
struments ON.

Check The Following Pins
On A1J6 For The von
ages Listed IA3 Assembly
Plugged In):

YES

Be Certain That: The Test
Jumper On The A3 Assern
bly Is Disconnected, The
Plug Is Disconnected From
A1J7 And The Hp·IB
Address Switches. Are All

. Set To The "fJ" position.
Turn The Insuument ON.

I

AlU59
AIU60

Time/Dlv.
.5 Ilsec

WAVEFORM 1

. W4''''"';l''?''ili'''~r'''"'r

fill i~'il~~
8~~ ~;;~~]~~~
~~~0 ~iJ~hf !1;f~.

AIVI
A1V15
AJU16
AJU/7
A1UJ8
A lSI

OV

AJU5
AJU21
A1V22
A1U27
A1U34
AIU35
A1U42
AIU43
A1R40

Schematic 8 Scnemortc 9 Schematic 10

The Stenotore Analyser Controls
Should Be Set As Follows For This
Test:

LINE . . . . . . . . . . • ,ON (IN)
START \.. (IN)
STOP. . . . . .. . . .r (OUT)
CLOCK• . • . . . . .. .r (OUT)
HOLD • . . . . . . ..OF!' (OUT)
SEU" TEST OfF (OUT)

NOTE 1

NOTE 2

The Following Is A Lis! Ol Components
Which Are Connected To The rrocessor
Inpu/ Datu Bus.

tv.
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When Troubleshooting The
Processor Data Bus, The
A3 Assembly Should ae
Removed From The Instru
ment. [Be Sure To Remove
The Tape From The
Extander BoardJ

In Most Ca:5es, A Hign
Resolution Voltmeter
It IJ-V Resolution) May Be
Used To Doterminu The
Bad Component. If The
Data Line II Being Hftld
low. Thft Component With
TM LOW8$t Voltage
Reading Will Generally ae
The FaullY Pan. l' The
Line Is BeIng Held High,
Tl'le Bad Pan Will Normal·
ly Have The Highesl
Voltage Reading.

Refer To Schematic 8 To
Determine Which Data Bus
Une (D~ Through 07) Is
Bll'ing Held. Troubleshoot
The ComponenlS Which
Are Connected To This
Line. (See Note 2.1

Replace The A3 A~embIV·

NO

NO

Outguard Troubleshooting Procedure Diagram,
Main Controller Circuitry.

Turn The Instrument OFf.
Remove The A3 Assembly
From The ElClender Board
And Replace It In The
InSlrument. IBe Sure To
Remove The Tape From
The Extender Board.! Turn
The Ins((ument ON.

Use An oscmcsecce To
M~sure The Amplitude Of
The Signals On The Prcees
so"- Data Bus Lines At The
FollOWing Points:

A1U34 Pins 5, 9. t2
A1U42 Pins 2. 5,9, 12

3455-C-16

The Main Controller Test Routine IS
Oparating Properly.

The Processor Input Data Bus 1$
O~e..-ating Properlv.

Figure 8-H-21.

Replace The A3 A6sernbly.

Replace The A3 Assembly.

Re~lace The A3 Assembly.

+5 V: 02C2

-+5 V: 79FU

NO

Pin SIgnature
4 U6P6
7 23F9
9 2A6f
10 3A9F
11 6242

Connect The Signature
Analyzer START And
StOP Inputs 'rc A3TP4
And Cheek The Following
Signatures:

Pin Signature
B CHC4
C 6COP
o A43P
E 129C
F OC93
H CP65
J F517
K 6P03

Use An oscntceccce To
Measure The Amplitude Of
The Waveforms At A3TP1 ,
TP2, TP3,And TP4.

Connect The Signature
Analy~er START And
STOP Inputs To A3TP3
And Cheek The Following
Signatures;

Replace The A3 Assembly.

Replace The A3 Assembly.

-+5 V: CH29

+5 V: 02C2

+5 V: 4F53

NO

NO

Pin Signature

B 3A9C
C H3FH
0 P2FB
E 62PP
F 7078
H F7S7
J 15FU

K 97C6

Connect TM Signature
Analyzer START And
STOP Inputs To A3TP2
And Check The'Foliowing
Signatures: .

Pin Signature
B BMF
C 693A
o C304
E .4F60
F C43,U
H" 4CHH
J 6C93
K 9HgS

Use The Signature Analy·
zer To Check The Signa'
tures On The Following
Pins Of The A3 Assembly:

Connect The Signature
Analyzer START And
STOP' Inputs. To A3TP3
And Cheel< The: Fallowing
Signatures;

Pin SIgnalure
B PC79
C Al02
o 7AAU
E OC52
F 6UAO
H H8CH
J 1P29
K U478

Resistance

4.64 kn
2.87 kn
1.961<n
1.371<U
1.00 kn
7'15n
511 n .

Voltage

·5.0 V
·4.5V
·4DV
·3.5 V
·3.0 V
·2.5 V
·21) V

Troubleshoot The.' Clock
Circuit ISchema,tic 81.

Troubleshoot The Power.
Supplies. If The Voltage
At A 1J6 Pin L Is tocor
recr. Be Certain Ttrar
A3R3 Is The' PrOper Value
For The Voltage Stamped
On A3U9.

N

NO

Pin Voltage

A +5V:t.3V
M +9V±.5V
L Equal To The

Voltage Stamped
On A3U9 i .3 V.

YES

Turn The Instrument OFF.
Warning: Make Sure The
3455A Is Turned Off Or
Incorrect Signatures May
Be Present When The' A3
Board Is Reconnected.
Remove The A3 Assem
bly And Connect It To An
Extender Beard; Place
Tape Accroes Pins B
Through K (8 Pins) Of The
Extender Board (To Break
Tho Data Bus Oonnec
tionsl And Insert It In·
A1J6. Connect The Sig~

nature Analyzer START
And STOP Inputs To
A3TP3. Connect The
CLOCK Input To A3TP5
And The GND To The
Chassis. (See NOTE 1 For
Signature Analyzer Con
trol Settings. Turn In
.strcmeete ON.

cnecx The FOllowing Pins
On A1J6 For The Volt·
ages Liued IA3 As:oembly
Plugged In):

Be Cenain That; The Test
Jumper On The A3 Assem.
crv Is Disconnected, The
Plug Is Disconnected From
A1J7 And The HP·IB
Address Switches Are All
Sat To The "1;1" position.
Turn The Instrument ON,

i

AIU59
A TU60

Tlme/Dlv.
.5 ...c

WAVEFORM 1

.'1t~j:!~t:i~:':it:f
(f':-" ,1' ';W'1 : "",~,.j. ~.'() ~,"
FJ{;'~;':B~~~4~?:l;Jd$,
",,1;.. 11".', <' "'.''':''1' :'1;1.i'1t \l&i:;l!$ilr,t~U"~'1l" l,ilffiM1,,:fj:j~,~ 'N'f-.'; ';~ ~~'~Mt1, :~;h1 r1'

AlUl
AWlS
A1U16
»un r
AlUI8
Alsr

• .••• , "ON(INj
. .. \. (IN!

..f (OUT!

..j (OUT)

..OF,.. (OUT)
.OFF(OUTj

MUS
A/V2'
AW22
A1U27
AIU34
A1U3S
ArU42
A1U43
AIR40

ov

NOTE 1

NOTE 2

LINE •.
START.
STOP •..•
CLOCK, .
HOLD, ,
SELF nST.

Schematic B Schemo/if: 9 Scnemetic 10

The rol/f1wing Is A Ust or Components
Which Are Connected To The frUCeSSQf
Inpul IJuru Bus.

rne SigllQtare Analyzer Controls
Should Be Set As Follows For This
Test:

VOUlOiV,
1.0

8-121/8-122
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I

II1

1

NOTe J

Go TO Tho 0_ S"...
Tf"obl"hootlng p'''oed.

R~pJ~. A /u.;4 And AlUfS,

Sa Sun To Ram~ The 10 kn
Re.l"o' ConMcwi 17''''''<n TIle
S/9ntSrurt AnoJ~ur Prob. TIp Ami
Th~ +S V Tell PoInt.

In Mo>t c.",s. A Hlllh
Rt<olution Vollmeltr
" ~V I'\eIotutlonl MJy 8a
U<ed To D..~'mi... Th.
Ilad CompO... nl. In GOt>·
oral. The ComponO'" 10101d·
1"tI The Li<>. LOW Will
Ho'" The Lowen Vorte!!"
RClidlOa. Whtn Tmuble·
"'""llng The Dol. Bu••
The A3 A,>(lmbly Should
Be R""'oYCd From The
InSlrumtnt.

A 5lgnllu'" 01 0 (lI (lI G
In"lcot... TM Output Data
Bu. Une I. Bein, Holel
low. Tfoublto<hotlt The
ComPOno",. Whi<;f1 A,e
Co"" ....d To TIIi' LI.....
\5<'.N.,.2.1

.YES
.."
T~

Slg...to ....
Correet,

'0

Figure 8·H·22. Outguard Troubleshooting Procedure Diagram, RAM Circuitry,

8-123/8·124

Turn T....lrn1R,rmfnt OFF.
C....ne<:t A 10 Jtn Resistor
Between The +5 V Tm
1'011110" TII.Al A!i'5IImblv
And ree Probt TIP 0' The
Signatu... An.lyar Tum
Th. In••"' ...."I ON,

C~l!Ck Tile Signatu... Al
Tho Following Pol"t"

1.<I(,.tlon Signalur"
A1U44
Socket
PIn 9 70'S
Pin 10 "'"PI" 11 1'757
1'1" 12 16~U

A1U4S
So""••
ema ""PIn 10 ''''Pin 11 HJFH
I'In 12 aesc

Go T. Tilt Oevlar selole,
TraUDllI$l>OO<lng Pro«<!·-.

Go To tee Ot\.l09 ~e.:l

Tro<b!lII!ooting ProulI·
~.

NO

Slgne,ure

AfOP,..,
UHUC
IFPH

Slina''''t

J>H16
SCpA

"""'"

83Af
UGFF
OHAH
...0<
lUFP
FFlI,m
14JA

LcQtlon

"""P'n9
Pin 10
Pin 11
Pin 12
AHJIl5
P'n9

~"
Pin 11
Pin 12

'"T~...
$ltrtOlUrel
C."....
'/

YES

Check Tilt Signew .... At
TIle F.IIOWlngPolnn;

Cheek Tht SI;ftaturll AI
Till Following Poln.. ,

l.OI:Mlon
AH.I44
Sae~

""'".,".3"..".,".,
""'Pin 15

t.oco<Jon SIgn.,,,,,,
..n'"
pln2 "..PinS 7FPH
Pln9 AFOP
PIn 12 UHUC
AlV42

"e' ''''Pin!' ,..,
Pln9 PH16
PIn 12 ece..

~.

nlla ......... NO _I
SllI"Iturlll ~
Cor...c!?

eo""ect The S!gnelure
AnalY'eT STAAT end
STOP Iftputs To A3TP1.
ceneeee The CLOCK
Inpul To A3Tf't) And The
GND To Th. C/Iasl;I.. lS"
NOTE 1 ~or S;a"llt~r&

Ane!Vltr Cor'lttoll Sttliflgl.l

YES

,~

lho Th. Slgnelu,. Anal·
UI' To Cheek The "lAM
O~rp~1 SlgnaltJ... AI 1'11&
FOIlowl1l9 Polon:

lit COrteln Thl! Tile TUl
JumPif 00 Tho A3 Assem·
bly I, Ol>l:Qnneete:1, TI>a
Plug Is Olsconroanld Fmm
"'In And All 1011'·19
A"Ifr"" $whc/ltl Are Sec
To Tha ''0'' POllllolI. Turn
1..."umllrl.ON.

3455-B-2O

The RAM Clreulu -Are Opo'a,lng Cor·
_lV,

S'''~'''''lie8 Schtmoll'lJ Seh.mail' 10
AJW3 AlUff AJUSI
AJV14 AlUlS A1US4
AlU2S AfUt9 A1US3
AI1J19 A'1.I20 A1US4
A lUll A1U26 AI USS
AJU34 A1US6
AlU3S A1US7
AJ(}J6 A/USB
AHJ3' AJUS9
AlIJ42 AIU70
AlU43

NOTE 2

NOTE 1

~ S/gnQlu" Ano!yu, ConlFtJ/r
Should &t S.I AI FoI/iI"" For Thil
T",r:

LINE. • • . , . •ON (IN)
START• • • , , " •.• '\. {IN}
STOP, • • • • . .rcon
CLOCK • • • , •• ,. rtoon
1f()LD •• , , , ••• ,(;IFF (01177
SELF TEST • • . . • ,OFF{OUT}

Tht faffowf"f} Is A List 01 Componnlll
Wbk/l An Conn~et~d To T1l~ OUtPut
()glaB.".

Tlul fonOWlng sl'llnll..... ere for tIM oul'uord RAM elrwh.. TIle
Ilgl>Otu_ en til,",,, with the nert/.,.,p ,"PUts 01 tho slsnetun
eftaly... r otI....eetId toA3TP1.

NOTE
""n.... J!vrwtllm 'l11JJ!, wlNn U# Itrld U4S fire
,emowrJfrom IM/'Ioclltls,

.", abrWn rhls IJgmltutt, (I If) II: rulnor mtHr IH
amneU~d 1H.twt:.n the $ YOIt TP vnd Iha prolH. tID
of tb rlgt7Qflln ~rwfJ'u,.

To d1«~ far PtOPt' I.., tnttt, eanM<r/OM wn.'fy
,ignat",,- of +'S tast D91nr It 41'S:J. TM "pon"", I"

.oSV: 4F53 r1Jf$ s«Uon rollt ~ Of two rtod/rrgs ,a rloblllu.

~ Signalu .. ". Sigrl*11.lQ ". Signature

'"' , "" ,,, ,
"" ".. ,

"'",.., a ""
, "''',.., 3 P6PH·3A9C·.·· 3 '"'""" • P981·H3FH·.·· ,

~~

7FPH , 8(;f'A·PZF8·.·· , IUFP
7FPH e PH1S'6;2PP'," s FF11
0000 ,

"" , 87'",
""

, ceo , ooeo
• "" • ,w, • AFQP·7078·,··

'" "" to "" to 18'lP·91Clj:·.··

" uauc " "" " UHUC·F151·.··

" UHUC " U8FF " lFPH·1l;FU·.··
ra "" ta """ ia eea.. "" " .AO< " 7&2'2

re 1831' ts ,,,..
'"'

, ,.." te 41'53 re ..", "..3 ".. uaa , IPP5• 3A11 e ,W, '"
,

""s ,,~ " F281 a """a 7FPH " '''''' 3 OMAH, ceo " "" • • .0.,
"'"

s lUFP

s "'" '''' ,
"" , FFI1

te 3A71 e .m , (111,.

rt UHUC
, 0000

" UHUC V<3 ,
"" • PH1G"62PP·.··

ta 3A71
, '''' " SCPA'I'2FS',"

" 41'53 3 "'" " P96I'H3:f'W.··,
"" " P6PH·3AgC·.··

'" t 41'63 • "" ra .",
a eae , '''' " 7822
3 AFOp·707S·...

, ecce
" ",..• UHUC·F757·," ,

~" " "", 7FPH·ll;FU·.·· • ~..
e 184P·97CS·.·· " "" '" , ,,,.
r "" t t <lC'A ,

"", ceo " <IC''' 3 ,.."
• ""

ia ""rc ,," " """ 6111'

"" , ,.."ta 1'1'11 ,
""ra IUFP 3 ''''" ,,,..

" .... • ,.."
" " ..

,
"",
"", 0000

a ~..
• ~..
m ,.."
t t ,,,..
" 1l1:P/l,
ra ,.."
" "..
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COMp, SIDE I
CKT. SIDE A

10V {COARSE
ADJ

~O
I~

~~B'.-.1.2 UI

I I
~~
~~

I I

I ~
.. i
I

00000
5 7
E

All
03455-66511

Rev. A

10V {COARSE
ADJ

COr.lp, SIDE I
CKT. SIDE A

5 7
E

All
03455·66511

Rev. B

~Tf5~ II~

Q ~8'C.J~~ ~
ei'~iRZ3R22

'"• I

~
I

W5·
-C!'.>-

00000
"• "s COMR SIDE I

CKT SIDE A
5
5 9 "

" "s

A20
03455-66520

Rev. A

A20
03455-66520

Rev. B

.6. Serial Numbers 1622A016956 and above A20 replaces all, part number03455-66511.

~ Serial numbers 1622A02106 and above replaces 0160-0820 L05 pF) as frequencv compensation
to supress U2 Oscillations.

.6.8 Replaced with A20 assembly only for serial numbers 1622A05871 and above.

8-145



S"~. ~O_ 1b2.Jl0041C
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,
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,.
~,

~IU~

,
RIU9-

Al0
03455-66510

Rev. C

3455 -c _4596

AlD. Component Locator Tebte.

I Co, Com"onenl Go,

A 51 A

B

C T1 B

0 2 r
C Ul-4 D

6 5-6 6

B 7 ,
C B C
0 9 D

C 11 C

6 1213 ,
6 1415 6

C lb·17 C

c.n 1B B, 18 C

C " 0

AB 2223 C

A " C

B 2; u
C 26 t.
0 2729, ~1-~5 e
6 36 Be
e " CD
0 38 0
A J9 DC
6
C W1 c

•
B YC r
C
0

•
6

-

Comoon~nl

61,
j,
79, 1 \
12-19
21-27

2A·29.31.37
ce
39,41-44
45

-s

"""51-58
59,6162

63

66-69,71 72

"74_78

79, 81

3283
B4
66
es 8~, 9192
93-96
9)·99
101 102

to2
104 105
106-107,111

108·109

G4-G!:J

Co,

C
D,
6
C

CO

D
C

6,
A

B
C

A
B

9, 11

npon~m_t-__t- _

16
7·18

9,21 22
,:>9

.3>
3-36
ng
0·41
2·43
4-45

6

CoO Compon~nl D" Component COl Coo

B CR1·2 B J1 CD m·
C 3-5 0 , E·F 6
D 6 6 3 A ,
6 " r 4 BC "6 9, 11 u 6 6 "B 12-13 0 1

C " 6 1
D to C ,
A 16·n B JM1-2 6 31
6 ia.ts 21 22 C 3 D 2
A za , 2

B " B '" A 4
C 2,,-26 C J B ,
D 2728 A 46 A 4
C 29.31 C 6 B 4
6 3<·39 D , AB

C 41_42 0 8 B
6 43-44 A 8 Ae

6 4547 B

C·O 48-49.51-56 C C1 A

D 5758 A

C 59 B
6 61_64 C

B 65 ue 0
C 69 ,
0 " " 0
E
6 C1 A

E2 IB~lo~J Kg} AB

6263,65

66

"'·3
4
5·6
7-9 11

"13·15

"
"1B-1-9

21·22
23-2b
26-21

2829,31
32·34
35-36
37-39,41-49

""""-s
"52·53
54-57
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•
Model 3455A

APPENDIX A

Appendix A

A-I. INTROOUCTION.

A-2. The following section of this manual gives some remote programming (HP-IB) examples for
the 3455A. These examples are given in the HP Basic (-hp- Model 9830A/B Controller). HPL (-hp
Model 9825A Controller), and Enhanced Basic (-hp- Models 9835A/B and 9845A/B) Controller)
languages.

A-3. For effective program writing, it is advisable to write a good algorithm first. Then write the
3455A program using the HP-IB information in Section III of this manual and the appropriate con
troller manual. Most -hp- controller manuals have a summary of the HP-IB messages (usually in the
HP-IB section) in a tabular form. These messages are-written in the respective controller languages
and are given as sample HP··IB operations. This information and the following program examples
can be very helpful when you start writing programs for the 3455A.

A-4. Program Example #1: In this program example, the 3455A is set up to take 50 readings quickly
(with Auto-Cal oro and stores them into an Array. Each reading is printed out after all the readings
have been taken. The 3455A is then set back to the Auto-Cal mode to insure accuracy. The programs
in this example perform basically the same functions using different languages. The first program in
this example is written in the HP Basic language, the second in HPL, and the third in Enhanced
Basic.

• Example # 1 (HP Besic) .

-------- Ends the Program.

Set DVM to DCV (Fl), Autorange (Rl), Hold/Manual (T3),

I.(1[1 I 1"'1 r,[ ~',~i'I ::I ," ,.. ,.. , "" ./ Auto-Cal Off IA01and Data Headv Off 1001,

? U (: 1"1 :U ",':, I.,.I,:~ " , ,,' I: :II? '?I ;? T:,::: I'''' ":, .1,11'1'/ - Begin For. _, Next Loop

::: iJ F(IF: T"I. ",I'~'~J~~'::::;',:,.'-•.-_------ Address DVM to Listen, Controller to Talk,

'10 1..:1"'11.1 "',:'1..16" Format the Output.
~';", 1"01':1"'11'1'1:::[:----------
6U (:) UTF' I.J T <:1 J ~ 1:::11;) >:?~:::; (;; ~I c: ~ ~5 :I. ::::: Trigger the DVM (GET).

'? I;:; Ct'lD ",:;'1,/ ~5 " Set DVM to Talk.

':::' U 1" (I F: 1'1':' T I:: I. :,: " ",; Format the Output {readingl,

,::, 0 I': 1'1 TFI:,: (I. :::,: " :;,: 1,1:' 1":1 [ I ::I Entar the Output into Variable.

11:,1(1 I'"I[:,<T I Complete For~;.Naxt loop.
1.110'1 Ct'lD "':'1.16 , "HI-"- _
1. :;:: I;) F(:1 F: I::::: 1 T(J ~5 (1- Auto-Cal on to Maintain Accuracv (A 1I,

1:,";;' F'F: 11'--1'1" 1::'11:: I :1-- Begin For... Next Loco.

I 'I- CI 1-,1 I::: :,,: T' I - Print the Entire Array.

I ~50 [],11)- Complete Fer. ..Next Loop

A-I
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Example # 1 (HPLI.

Model 3455A

•
"::·u, "

''') "
i ... "

b::

_---------Dimension the Arrev.

ell ('; r:n ~::; Ci :'1- Assign Name to the DVM Address.

d I~:·I•..' ' n1,,';;- " 'I "? ;:: ;~::- Set DVM to DCV (FH. Autorange IR7t, Hold/ManuallT3l,
I.d I" t. ., 11 1.,.1 j"I' J "F 1. F:",;:,I T;;':':: 'l .:::: FII;::IJJ 1:);';----Auto-Cal Off (A0l. Data Ready Off (00)

f" I:) I' I, :::::i. () ~j I~:I Begin For... Next loop.

t. r ':::i ' It I.. ('I '--------------Trigger DVM {GEn.
f" 1:;- (j , JJ 1...1i'!' 'I j:i [' ·'1--- _

1"'1
1
: :' >:: L T Enter the Reading into Variable.

1",1 tnt 'DI.,.lj-q' '; "r:ll Complete For ... Next Loop.

f ',:< d (:: Auto-Cal on to Maintain Accuracy.

I" ':::' I" rx: 1:;:::1 ~j I~)---__ Format the Output.-:I. U ~ I:::' I" r:l[ I 1--_ -----Begin For... Next loop.
11: f'>:>' , T_

.. ..!: " -_______ -r-Prmt the Entire Arrav.
:i. ~::: ~ c 1. r ",UI.,.:j't l__

:i. ::::::: .'" 1"'1''' c::: ==---------==ComPlete For.. .Next Loop.

:I. ,,::!.:: ;:~;:I'.::II:::i~ --Clear the DVM [set to turn on statal, (SOCl-

I,::??U:: ---=====::;:~~::~::;::. Spaces,

Example # 1 (Enhanced Basic!

1U
:>.1
:30
4U
~) CI
(;0
"?O
UU
.)(\

100
110
J20

•

Note: Refer tel Controller Manual for Explanation of Option Base

A-5. Program Example #2: When the 3455A is in the Binary mode, another feature called the
"Learn Mode" can be used. With this feature, the set-up of the instrument (FlT3, etc) can be learned
by the controller to be used later on in the program. This can be accomplished by sending the 3455A
an ASCII "B" in the Data Mode and reading the next four bytes output by the instrument into a str
ing variable. The instrument can then be reprogrammed to the previous set-up by using the string
variable instead of program codes. It is important to remember to program the 3455A into the Binary
mode by sending an ASCII "B". The instrument can transfer its set-up information to the controller
in the Binary mode only. The following programs show how the "Learn Mode" feature can be used.
These programs are written in the HP Basic, HPL, and Enhanced Basic languages. ,

A-2
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Model 3455A

Example # 2 (HP Basic)

Appendix A

•

•

Dimension Variables.

Store 20 into "Y"and ·69100 into "Z" Registers of DVM

1.1.1 1111'1 1''11 11.'11" I:".1' [ ;' II I . ~/ ~:~~~t~~OO~~~H~)~ )A~~:.I~~~o~·I~~\~/~;~~~~:~, I~i~~
,','."1.'.1 I:: I'I.D "" II, " , I'" '..','" 1"1 '; '.' I'? ..... (; "':, '1 1"'11"'1 :":'?/ / and Binarv Program IBI .•• 1 __ '", I _~ __ ,. _

;1' :;; : n::: :::; ~::~ ::; " "1" 11'1 I~::r:::St~.V:u::u~i.st.n
:'; D I:: DI;: 1'1 FIT ,'II:" F(, " U- ------Ent.r Output into String Variabla.
6D ENTER (13,50)8$
'?FI [:::1::[ ~~) ]::::[::i::[ 1:;;;: :I . Enter First four Characters-of Output into String Variable

:.:: 1:1 1:,1'1 Ii ",',1.1 6" " "I' ,,: 1'1 .,.: F:? e." ser OVM to ACV IF31, Math Off IM31••nd Autoranqe on
IR7).':il,1 1"(11: 1·1 1(1 10 -- _

I U0 (,1'''1Ii "':" 1.1 i', " Bagin For... Next Loop.

:I. 1.1~l F' [I F~ ["I HT :::;: E: Address DVM to Listen, Controllor to Talk.

:1. ::::: ? I:~~ 1:;1 ~!.' F' UT' <1:'::: ~ :!. :i. ('I >::::: ~5 (: :1 s :1 ~:::i :I. :;::~--- F~rmat the Output .

.l '",' U 1...111.1 "'? 1,/ ~5 " -............ Tngger the DVM (GEn.

J'I('I F'(JI?I"'lfIT F' J J"""-~ --Set DVM to Talk.
1:'; 1'1 I': 1'1'1 I': I;,: 'I ,:" :: 41'1,' 1"1 [ I 1 ___
J (; ('I 1'·1 I:: >cr 1_ ------------ Format the Output Ireadingl,

I '?' ('I I"0 F'.J '"'' :I T(, :";(~-- ------- Enter the Output of the DVM into varleble.

I :;:::0 1.,.11'::1 I T I. DO \ - Complete For... Next Loop.

1") iii [I I :,,: I" .J jl Local Controller Operancn without DVM,
;::('11j IH:::-: T .1
::: :11;:'1 C1'1:[1 ""'1.1(; ,,__...:....----------S.t DVM to Listen.

;": :': D I' (IF: I'II:IT "I,: ,'------------ Format to set DVM into Binary Mode.

;;;:: :::: 0 ()1...1 TP1...I"r (1. :;:: :1 ;;:? U) [:::1::------- Set up DVM to Binary Information in String.

;:>10 l::ItD' ';'1.J6 "'-------------- Set DVM to Listen. Controlier to Talk.
;,' :'''; ('I I"o1": 1"'1 H'I :I [:---.--------- Fermat the Output,
:;:~ I::: I~) o1...1 TPU''1'' <:I. :::: ~I ;;;::!5 1.::1 >;? !5 (::: 'I ::::::1 !j 1;;::: - __ Trigger the DVM IGETI.
;;:::"? 0 C\.,.\ D "? 1",I~:i ',-'- ----------- Set DVM to Talk.
28U FORMRT 1'13,6
;"")0 E: If1EJ' 'I '.:: ":,:: :::: 1,;;1 'I Format the Output Ir••ding).

31'II"i F'IJ 1": I "" I. T' 0 :1 ('1-- - Enter Output into Variable.

'::: I D F'0 1": 1'1 frl I" I ::: " :':;-- - Begin For.c.Next Loop.

,,: ;,: 1,1 1".1 HIT I:: '. ': I. s""C: 11'1 :;. 1"'1 [ T1-----':- --Formet the Default Printer,
3,: ('I IH ',,' TI ______
]41;:) I:::'I~:::'/ HT' - Print the Entire Array.

:':::10 FIJI;:I':II:!'I .1" I::: ,:.I:I'~ '~comPlete For...Next Loop.

::::: 61~j !:~I t:~:[ I !:::: I:,:l ~:) ~I :,::: ~:) 1(1 ,) I..,:~=----------------- Skip a Space on Default Printer.

::;:? l~, f:' f:: :~ H_\~ -------~ Format the Default Printer,

:::: f: 1;::1 f'" r·,:~ .I. ~',I r ., .. ---- Print Value in Variable.
:::')0 1",1"'111 "":'11"" "-----=====____ ___
41!11!1 I"'· 0 j:n,a'i T . I,,:;~~ Skip a Space on Default Printer,

'''!- I D I') IITelIT "I :.': " 01- D1"1 )':;' ~..;",,; " "'I.' '" I ';..' -- Skip. Space on Defeult Printer.
,'1-;:: D Iji.D~· ... . . .... "..... .... J ,..J . , ...~ Set DVM to Listen, Controller to Talk,

_______ ~ Formet the Output.

~ Cle.r the DVM Iset to turn, on state). ISDC',

Ends the Program,
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Example # 2 (HPL) •

•11:,,1-:-----_A

___________Dimension Variable.

"I------==--~ASSign Name to the DVM Address.

Ilf ',11,,11 f: I,I,~I~ r: 20 into"Y" and-69100 into'·Z" RlBglsters of DVM.

'1 II" : '1-: "'11 'I" I' '11111' 7~Format Output .
I II 'I r I 'I,' "

I It _...' I Set DVM to DeV [Fll, Hold/Manual 113), High Resolution

,:.," " F' 1'T :::.:.: "I.:.: 1",11:;'11"11 F:::: F:~~~If IH0J. SealolM 1), 10 V Rango (R3J. and Binary Program

1:::1 :L f;" ~

(:1 i:::' I.)

1.,,11"'1".

1'1,,1:.

Ii} rt,
f :"'"1 t------------------Reformat to Turn-On Condition.

r I::: c:i J"i ..1('"I " ~I L: :l:---__-------
1,1,1 I' t ' D.) I"i " F:"::;:: 1"1 :::;: i?"? " Entire Binary Characters into String .

.1'_ ,.; ' I'" j" ' I 1:::1_ Set-up DVM to ACV (F3), Math Off lM3), and Autorange

".,' .•. 1 ...•..,.,.,.," ....~ IR71.L I'" ':;:1 ________

I" ~:: d "T.I I) ('i" :1 F'I ["1::.1 ----==-~ Begin For ... Next Loop.

I"I~:: :,:'t.. I- _ _______Trigger the DVM (GETI.

I' ';';:I':j i~:,:"..., -,...,.,.,,~. Enter Output of DVM into Variable.

:ll:':i~.'l "'iiL"'ilt}----~~::~:~;:~~:Next Loop.

Local Controller Operation without DVM.
["If: .: t
1...1I "I.!,"I ' F: " ~I [:::1:: Set-up DVM to Binary Information in String.

'I: I"' :::1 ' Ii '..' :"1 ' Trigger the DVM lGET),

I' c: 1,:1 "',[1 '.. i'Oj :1 [: Enter Output into Variable.

":} ~

11,1 "
1 1
1;::
1:.::
1,:1·

I. ~::i

1',;
I? ,:
I, Ie:: ::

I,"! ::
:~:,~ I~j :',
.:' 1 ::

..:' "
, "

l::' "
•..1 "

.-", "
,:... "
..) "
-.-' "

:;:~ :::: ::
;:14::
;::~ ~::i ::
;;:~C ::

•
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Example # 2 (Enhanced Basic)

Model 3455A

•

•

•

:I. CI
?D
3D
31
40
~:il]

60
?U
eel
9CI
IOU
:I. 10
1:::0
:1.::0
1·ID
1s0
160
1. '?CI
1::::0
:I. :::: 1
1 '::'0
191
;~:: 121 0
,;) I U
;~:~ :::: Ci

o1::::"1 I oi".i C: Hs[ ---'~~~~~~~~~~~~~~~~~~~~=-~~::;:i~::~:::::.for Array teee Note).

Ii J 1'1 1"''''11''':[:;' t 1.. 1(:1", >:: Ilj )- Us. Variable for DVM Address,

----------------=====Ends the Program.

Note: Refe r to Controller Manual for explanation of Option B8S8.

Appendix A
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