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CERTIFICATION

Hewiett-Packard Company certifies that this product met its published specifications at the time of shipment from the
Sactory. Hewlett-Packard further certifies that its calibration measurements are traceable to the United States Na-
tional Bureau of Standards, 1o the extent allowed by the Bureau’s calibration facility, and to the cafibration facilities
of other International Standards Organization members.

WARRANTY

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

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

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

LIMITATION OF WARRANTY

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

.NO OTHER WARRANTY 1S EXPRESSED OR IMPLIED. HEWLETT-PACKARD SPECIFICALLY
DISCLAIMS THE IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS FOR A PARTICULAR
PURPOSE.
EXCLUSIVE REMEDIES
THE REMEDIES PROVIDED HEREIN ARE BUYER'S SOLE AND EXCLUSIVE REMEDIES. HEWLETT-
PACKARD SHALL NOT BE LIABLE FOR ANY DIRECT, INDIRECT, SPECIAL, INCIDENTAL, OR CONSE-
QUENTIAL DAMAGES, WHETHER BASED ON CONTRACT, TORT, OR ANY OTHER LEGAL THEORY.
ASSISTANCE

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

For any assistance, contact your nearest Hewlert-Packard Sales and Service Office.
Addresses are provided at the back of this manual.
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@/@ HEWLETT

PACKARD
SAFETY SURMRIARY

The following gensral safety pracautions must be oboarved during all phasss of operation, servies, and rapair of this
instrumant. Failura to comply with thase precautions or with specific warnings olsevvhers in this manual violates
gsafety stendards of design, manufacture, and intsnded use of the instrumant. Hewlstt-Packerd Company sssumes no
lighility for the customer's failure to comply with these reguirements. This is @ Safety Class 1 instrument.

BROULID THE INSTRUMENT

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

D0 HNOT OPERATE 1N AR EXPLOSIVE ATRIOSPHERE

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.

HEEP AWAY FROR LIVE CIRCUITS

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

DD ROT SERYICE OR ADJUST ALDRE

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

00 QOT SUBSTITUTE PARTS OR RIODIFY INSTRUMERT

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.

DARGEROUS PROCEDURE WARRIRGS

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

WARNING ]

Dengerouvs voltages, capahle of causing death, era presant in this instrument. Use ex-
trema eaution whea handling, testing, and adjusting.




SAFETY SYMBOLS

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

>

"l
(D

||'—

NOTE:

Instruction manual symbol: the product will be marked with this
symbol when it is necessary for the user to refer to the in§trucli0n
manual in order to protect against damage to the instrument.

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

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

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

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

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

Alternating or direct current {power line).

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

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

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




SECTION |
GENERAL INFORMATION

1-1. INTRODUCTION.

1-2, 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.

1.5. SPECIFICATIONS.

1-6. Operating specifications for the 3455A are listed in
Table 1-1. 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.

17. INSTRUMENT AND MANUAL IDENTIFICATION,

1-8. Instrument identification by serial number is
located on the rear panel. Hewlett-Packard uses a two-
section serial number consisting of a four-digit prefix
and a five-digit suffix separated by a letter designating
the country in which the instrument was manufactured.
(A = US.A,; G = West Germany; 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
prinied, 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 V1I adapts the manual to instruments
with serial numbers lower than those listed on the title

page.

t-10. Part numbers for the manual and the microfiche l:.

copy of the manual are also listed on the title page.

1-11. DESCRIPTION.

1-12. The Model 3455A Digital Voltmeter makes ac
voltage measurements with five digit resolution and dc
voltage and resistance measurements with 5 or 6 digit
resolution as programmed by the user. The 3455A
employs an automatic calibration (AUTQ CAL) feature
which automatically corrects for possible gain and off-
set errors in the analog circuilry to provide maximum
accuracy. A removable reference module permits exter-
nal calibration of the dc 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-1B 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®’.

1-13. OPTIONS.

1-14. The following options are 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: Additiona! 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.

1-17. ACCESSORIES AVAILABLE.

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

Accessory No. Description
11177A 3455A Reference Module
34111A High Voltage Probe (40 kV dc)
10631A HP-IB Cable | meter (39.37 in.)
10631B HP-1B Cable 2 meter (78.74 in.)
10631C HP-IB Cable 4 meter (157.48 in.)
03455-61609 Inguard/Qutguard Service Cable

1-1



Section [

1-19. Recommended Test Equipment.

1-20. Equipment required to maintain the Model 3455A
is listed in Table 1.3, Other equipment may be
substituted if it meets the requirements listed in the
table.

Model 3455A

1-21. SAFETY CONSIDERATIONS,

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

Table 1-1. Specifications.

Ranges Maximum Display

High High High High
Resolution Resolution Resalution Resolution

off On 0ff On
AV — +.148999V —
1V 1V +1.49999V | +1.459998V
10V 10V +14,9999V | +14.99999V
100V 100V +149.999V | £149.9998V
1000V 1000V +1000.00V | £1000.000V

Range Selection: Manual, Automatic, or Remote
PERFORMANCE (HIGH RESOLUTION OFF|

Temperature Coefficient (0°C to 50°C}

0.1V range; +(0.0003% of reading + 0.15
digits}/°C

1V range: +{0.0003% of reading + 0.015
digits)/°C’

10V range: +{0.00015% of reading + 0.01
digits)/°C

100 & 1000V range: +{0.0003% of reading + .01
- digits)/°C:

Accuracy: {1 digit = .001% of range)
24 hours; 23°C =1°C

PERFORMANCE (HIGK RESOLUTION ON}

Temperature Coefficient: (0°C to 50°C}
1V range: +(0.0003% of reading + 0.15
digits{/*C
10V range: +(0.00015% of reading + 0.1
digitsi{/°C
100 & 1000V range: +(0.0003% of reading + 0.1
digits{/°C

10V range: +10.002% of reading + 1 digit)
1V range: +(0.003% of reading + 1 digit)
0.1V range: +10.004% of reading + 4 digits)
100 & 1000V 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}
0.1V range: +10.007% of reading + 4 digits)
100 & 1000V range: +(0.007% of reading + 1 digit}
B months; 23°C £5°C
10V range; +(0.008% of reading + 1 digit)
1V range: +1(0.009% of reading + 1 digit)
0.1V range: +=10.010% of reading + 5 digits]
100 & 1000V range: +(0.010% of reading + 1 digit)
1 year; 23°C £5°C
10V range: +{0.013% of reading + 1 digit)
1V range: x(0.014% of reading + 1 digit)
0.1V range: ={0.015% of reading + 6 digits}
100 & 1000V range: ={0.015% of reading + 1 digit}

DC VOLTAGE

Specifications apply with Auto-Cal ON

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

24 hours; 23°C +£1°C
10V range: =+(0.002% of reading + 3 digits)
100 & 1000V range: +(0.004% of reading + 3 digits)
1V range: +(0.003% of reading + 4 digits)

90 days; 23°C t5°C
10V range: +(0.005% of reading + 3 digits)
100 & 1000V range: +{0.007% of reading + 3 digits)
1V range: #(0.006% of reading + 4 digits)

6 months; 239C £ 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)

1 year; 23°C +£5°C
10V range: +(0.013% of reading + 3 digits)
100 & 1000V range: +(0.015% of reading + 3 digits)
1V range: +(0.014% of reading + 6 digits)

INPUT CHARACTERISTICS

Input Resistance:

0.1V through 10V range: > 1019 ohms
100V and 1000V range: 10 megohm +0.1%
{with Auto-Cal OFF)
Maximum |nput Voltage:

High to Low Input Terminals: + 1000V peak
Guard to Chassis: * 500V peak
Guard to Low Terminal: + 200V peak

Normal Made Rejection (NMRl: NMR is the ratio of the peak normal-
mode voltage to the peak error voltage in the reading.

650 Hz operation: > 60 dBat 80 Hz = .01%
60 Hz operation: > 60 dB at60Hz + .01%

Effective Common Mode Rejection (ECMR): ECMR is the ratio of the
peak common-mode voltage to the resultant peak error volt-
age in the reading with 1 k2 unbalance in fow lead.

AC Input:

50 Hz operation: > 160 dBat B0 Hz + G.1%
B0 Hz operation:. > 160 dB at60Hz + 0.1%

DC lnput:
> 140 dB
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Range Salection: Manual, Autamatic, or Remote

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

PERFORMANCE {HIGH RESOLUTION OFF)

Temperature Coefficient: (O°C to 50°C)

Temperature Coefficient: {0°C 1o 50°C)

1,10 and 100kf! range:
1Q00k(} range:

10,000k range:

0.1k range:

(0.0003% of reading + 0.2

+(0.0003% of reading + 0.2
digits)/®C

+(0.0005% of reading + 0.2
digits)/°C '
+(0.004% of reading + 0.2
digits)/°C

Model 3455A Section |
Table 1-1. Specifications (Gont'd).
Maximum Reading Rate:
60Hz Gate Length 50Hz Gate Length
High High High High
Resolution Resclution Resolution Resolution
0H On Dff On
Local 5 readings/sec. 3 readings/sec. Local 3.5 readings/sec. | 2.5 readings/sec.
Remate 24 readings/sec. 6 readings/sec. Remote 22 readings/sec. 5 readings/sec.
OHMS
R Maui Disnl 1 year; 23°C +5°C
anges Aximum Hepay 0.1kQ range: +(0.006% of reading, + 7 digits)
. : . . 1kf} range: +(0.006% of reading + 2 digits)
High High High High : . e
Resolution [ Resolution Resolution Resolution 10kf range: '0'008:%’ of reading + 3 digits)
ot On - 0ff On 100k range: +(0.005% of reading + 4 digits)
1000k range: +(0.015% of reading + & digits)
J1kD _ 149999k _ 10,000k range: x(0.100% of reading + G digits}
1k{l 1§ 1.49999kQ 1.4999939k%
10k 10kQ 14.9999kG 14.99999kg
100k 100k 149.999kf2 149.9999kQ
1000k 1000kG 1499.99kf 1495.899k0
10000k | 10000k 14999.9k{ 14989.99k0Q PERFORMANCE [HIGH RESOLUTION ON)

digits}/°C Accuracy: 4 wire k ohms* (1 digit = .0001% of range}
1,10 and 100k range: (0.0003% of reading + 0.02
digits}/°C 24 hours; 23°C +1°C o
1000k range: {0.0005% of reading + 0.02 1kf2 range: +(0.0025% of reading + 4 digits)
digitsk/°C 10kQ range: =(0.0045% of reading + 4 digits)
10,000k} range: (0.004% of reading + 0.02 100kQ range: =+ (0.0020% of reading + 5 d?g!ts)
digits)/°C 1000k range: x(0.0120% of reading + 4 digits)
10,000k} range: £(0.1000% of reading + 4 digits)
Accuracy: 4 wire k ohrms* (1 digit = .001% of range} 90 days; 23°C +5°C
24 hours: 239C +1°C . 1kQ rangef +{0.0035% of reading + 5 di_g!ts]
0.1k range: +{0.003% of reading + 4 digits] 10k range:  +(0.0060% of reading + 5 digits)
1k§ range: +{0.003% of reading + 1 digit) 100k range:  +(0.0035% of reading + 6 digits)
10k range: +10.005% of reading + 2 digits) 1000k0 range: +(0.0135% of reading + 5 digits)
100kS range:  +1{0.002% of reading + 2 digits) 10,000k0 range: +(0.1000% of reading + & digits)
1000k} range: +{0.012% of reading + 5 digits) 6 months: 23°C +5°C
10,000kQ range: +(0.1% of reading + 5 digitsi 1k range:  +(0.0040% of reading + 6 digits)
90 days; 23°C +5°C 10kf} range: £ (0.0065% of reading + 6 digits]
0.1k range: +(0.005% of reading + 5 digits) 100k range: +{0.0040% of read!ng + 7 dl_g!ts)
1kQ range: +(0.005% of reading + 1 digit) 1000k0 range: 4 (0.0140% of reading + 6 digits)
10k range: +(0.007% of reading + 2 digits) 10,000kQ range: =+ (0.1000% of reading + 6 digits)
100k range:  £(0.004% of reading + 2 digits] 1 year; 23°C +5°C
1000k range: £ (0.014% of reading + & digits] 1k range: +(0.0045% of reading + 7 digits)
10,000k2 range: +(0.100% of reading + 5 digits} 10k@ range: =+ (0.0070% of reading + 7 digits)
& months; 23°C +5°C 100k range: +(0.0045% of read@ng + 8 d!g?ts]
0.1k range: = (0.005% of reading + 6 digits) 1000kQ range:  +(0.0145% of reading + 7 digits)
1k2 range: +(0.005% of reading + 1 digit} 10,000k range: +(0.1000% of reading + 7 digits)
10k range: *(0.007% of reading + 2 digits} . .
100k range: +(0.004% of reading + 3 digits) Accuracy: 2 wire k ohms
1000k{ range:  £(0.014% of reading + 5 digits) All ecifications are the same as 4 wire k ohms ex-
10,000k range: =+ (0.100% of reading + & digits) EoUTBCY SpRL o oS ar

cept add 0.0004k{ to all readings.
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Model 3435A

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

INPUT CHARACTERISTICS

Maximum voltage ganerated acress unknown:

< 5 volts for open circuit
< 4.7 volts for valid reading

Signal Source Driving Unknown {Nominai):

Punhnown % 1?" ’5"::[“
100k0
M Hi
1000kQ & 10,000k ranges *ww% lgﬁ{f’-’;;“
le

Overload Protection:

0.1kQ, TkQ & 10K ranges

Non-Destructive — + 350V peak

Ranges Maximum Display
High Resolution High Resolution
Dn or Off On or Off
v 1.48998V
10V 14.9999V
100V 149.999Vv
1000V 1000.00V

Range Selection: Manual, Automatic, or Remote
Function Selection: ACV or Fast ACV

PERFOAMANCE
Temperature Coefficient: (0°C to 50°C) for inputs < b0kHz

AC coupled, input > 1% of full scale: £{0.002% of reading
+ 2 digits)/°C

AC coupled, input < 1% of full scale:
+ 6 digits)/°C

AC/DC coupled: +{0.002% of reading + 6 digits)/°C

+{0.002% of ieading

Accuraey: + (% of reading + digits or {% of range}]’
[AC Coupling)?

AC VOLTAGE (RMS CONVERTER)

Maximum Reading Rate:
60Hz Gate Length

High High
Resoluetion Resolution
Dft On
Local 4.5 readings/sec. 2 readings/sec.
Remote 12 readings/sec. 3 readings/sec.
50Hz Gate Length
High High
Resolution Resolution
0ff On
Local 4 readings/sec. 1.8 readings/sec.
Remote 11 readings/sec. 2.5 readings/sec.

FAST ACY? 300Hz-20kHz 2@kHz-100kHz 100kH2-250kHz? 250kH2-500kHz 500kHz IMHZA

ALY J0Hz-20kHz 20kHz-100kHz 100kHz-260kHz? 250kHz-500kHZ? 500kHz IMHZ
24 hrs; 23°C11°C 04% + 40dig. | 0.4% + 80dig. | 1.8% + 200 dig. 4% + 400 dig. 5% + 2600 dig.
(.04%) (.08%) (.20%} (.40%) {2.6%)
50 days; 23°C+5°C .06% + 50dig. | 0.5% + 100dig. | 2.0% + 250 dig. 5% + 500 dig. 6% + 3100 dig.
{.05%] .10%) | {.25%) {.50%) {3.1%}
G mos; 23°C15°C .06% + 60dig. | 0.6% + 130dig. | 2.1% + 300dig. | 5.1% + 600dig. | 6.3% + 3500 dig.
(.06%) {.13%) {.30%) {.60%]) (3.5%)
1 year; 23°C+5°C 07% + 70dig. | 0.7% + 160 dig. | 2.2% + 350dig. | 5.3% + 700dig. | 6.6% + 3900 dig.
{.07%) {.16%) ' {.35%) (. 70%) (3.9%)

1Guard must be connected to low.
Specitications ars only for input levels above 1% of range.
Far AC coupled inputs < 1% of full scale: add 20 digits to above accuracy table ex-
cept for AC coupled inputs above 50kHz and < 5% of full scate; add 170 digits to
above accuracy iable. See foetnote 2 for AC/DC coupled inputs.

teble. except tor an AC/DC coupled input above 50kHz and < 5% of full scale, ade
170 digits 1o above accuracy table.

2Fcu any AC/DC coupled input edd [0.05% of reading + 20 digitsl to above ascuracy

3Frequencies of greater than 100kHz are specilied for the 1V and 10V ranges anly.
4.m:t:mau:v is no1 specified if the voll-hz produc! exceeds 107,
) ) 1500 + |Vin|
For inputs > 500V multiply the above tabled accuracy by —.
1000

For inputs > 500V, accuracy is specified for a time period ol < 2 minutes.

Crest Factor: 7:1 at full scale
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Model 3455A Section |

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

Maximum Headihg Rate:

INPUT CHARACTERISTICS 60Hz Gate Length

Input lmpedanca: - ACV FAST ACY
Front Terminals— 2MQ + 1% shunted by less than 100pF. Local 1.3 readings/sec. | 4.5 readings/sec,
Rear Terminals—2MQ + 1% shunted by less than 75pF. Remote 1.3 readings/sec. 13 readings/sec.

Maximum loput Voltage;

High to Low Terminals: + 1414 volts peak {Subject to a 50H: Gato Length

Gu1a(r)d :ﬁgr-lalizsig?mfg?)rgv peak i FAST ALV

Guard to Low Terminal: + 200V peak Lecal 1.1 readings/sec. | 3.5 readings/sec.
Remote | 1.1 readings/sec. 12 readings/sec.

Rezponse Tima:

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 DPT. 001)

Ranges Maximum Qisplay

High Resolution High Resolution

On or Off On or Off

v 1.49999v
10V 14,9899V
100V 148.999v
1000V 10Q00.00V

Renge Selection: Manual, Automatic, or Remote
Function Selection: ACV or Fast ACV
PERFORMANCE

Temperature Coefficiant: (0°C to 50°C)
+(0.002% of reading + 2 digitsk/°C

Accuracy: + [% of reading + digits or (% of rangel]’

FAST ACV?
ALV

300Hz-500Hz
30Hz-50H2

500Hz-1kHz
50Hz-100Hz

1kHz-100kHz
100Hz-100kHz?

100kHz-250kHz?
100kHz-250kHz?

24 hrs: 23°C+1°C

0.47% + 70 dig.
(,07%)

0.32% + 50 dig.
{.05%)

0.09% + 25 dig.
{.025%)

0.70% + 60 dig.
{.06%)

90 days; 23°Cx5°C

0.50% + 70 dig.
{(.07%)

0.35% + 50 dig.
{.06%)

0.1% + 25 dig.
{.025%)

0.75% + 60 dig.
{.06%)

6 mos; 23°C+5°C

0.50% + 70 dig.
(.07%}

0.40% + 60 dig.
(.06%)

0.1% + 30 dig.
(.03%}

0.75% + 70dig.
{.07%)

1 year; 23°C+5°C

0.50% + 70 dig.
(.07 %)

0.40% + 70 dig.
{.07%)

0.12% + 35 dig.
(.035%)

0.75% + BO dig.
{.08%)

* 1Guard must be connected to low.
Qn the 1000V range, add O.01 ppm/fvoir-kHz.
Specifications are for input levels above 1/100th of range.

2Frequem::ies greater than 100kHz specified on 1 and 10V ranges only.

3Accuracy is not specified if the volt-hesrtz product exceeds 107,
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Model 3455A

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

INPUT CHARACTERISTICS

Input Impedance:
Front Terminais — 2MQ + 1% shunted by less than 100pF.
Rear Terminals— 2Mf} = 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

Scale: (X—_—Z )
Y

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

Maximum Number: {Entered or Displayed)

+199,999.9

ACCURACY:

+{ACCURACY OF X READING +1 DIGIT OF DISPLAYED
ANSWER}T

1 This assumes nc ’Y'* ar 2"’ error.

Maximum Reading Rate:

50Kz Gate Length

ACY FAST ACV
Locai 1.3 readings/sec, | 4.5 readings/sec.
Remote 1.3 readings/sec. 13 readings/sec.
50Hz Gate Length
ACY FAST ACV |
Local 1.1 readings/sec. 3.5 readings/sec.
Remete | 1.1 readings/sec. 12 readings/sec.

Response Tima:

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).

MATH

% Error: (XY;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)
+198,999.9

ACCURACY:

+{ACCURACY OF X READING %+ 1 DIGIT OF DISPLAYED
ANSWER)'

1 This assumas no "'Y*" error.
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Table 1-2. Typical Operating Characteristics.

Section [

Range Selection: Manual, Automatic, or Remote

Function Selection:
DC Vol
AC Volts (ACV or FAST ACV)
OHMS (2 wire kilochm or 4 wire kilohm])

TEST
NORMAL MODE REJECTION (50 Hz OPERATION)
w0
G0
" -
T
g Rl
z 40 -
] h -
z ! l l
a0 ‘
: I TUMEERIT
3 y ,\J’
3 o
o0 EROIGIT ET [ 5 DIGIT

i 100
FREQUENCY {H2}

NORMAL MOLCE REJECTION (60 Hz OPERATION)
L

Hm
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I~

N
N
b

————

REJECTION

=T

A
it
- J/y T K />

l
b2
10 ¥
GoIGIT i I/
! anlr\rlun-\: LT ) LT
L f OFrRATION )]
0 100
FREQUENCY tHr1
nET
Normal Mode Rejection = 20 log
sinTiT

1

Effective Noise Bandwidth = 7

T = 1/80 sec for 5 digit 60 Hz Operation
T =2/15 sec for 6 digit 60 Hz QOperation
T = 1/50 sec for & digit 50 Hz Operation
T = 4/25 sec for & digit 50 Hz Operation
COMMB?N MODE REJECTION {1l KILOHM IMBALANCE)
1

]|
. Jii~, 8

o |

T - \‘
20 A o o

FHEQUENCY tHeY

EFFECTIVE COMMON MODE REJECTION (50 Hz OPERATION}

180
176
160
. mn
2
3 110 BDIGIT ﬁ | I
= IM1-+1] || oPeraTiON \ A
i s
o
2 0
% )
I~
s L LEL
20 QPERATION \} L H
10 = 1

1 12 W00
FREQUENCY (Hr}

EFFECTIVE COMMON MODE REJECTION (60 Hz OPERATION)

180
170
180

=1 150

z

: L

5 kL] 6 DIGIT T

5 b, OPERATIDN \

&
130 T g ‘
120 5 DIGIT ﬂ h

OPERATION U b
1o I
1 mn 100

FAEQUENCY [H/!

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

Qutput Data — {3455A addressed to talk}
250 usec per charcter typical (¢ delay acceptor)

General {Auto Cal must be on for 75 seconds to meet all
specifications)

Qverload Indication: OL
QOperating Temperature: 0°C to 50°C
Warmup Time: One hour to meet all specifications
Humidity Range: <95% R.H., 0°C to 40°C
Starage Temperature: —-40°C to +758°C
Power: 100/120/240 V +5%, — 10% 48 Hz to 400 Hz line
operation < 60 VA
220V = 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 (3 1/2" high x 16 3/4" wide x 20 3/4""
deep)
Weights: Net — 9 kg {21 ibs.)
Shipping — 12 kg {26 Ibs.)
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Tabie 1-3. Recommended Test Equipment.

Model 3455A

Instrument Critical Specification Recommended Maodel lse
DC Voltage Standard | Voltage: 10 mV to 1000 V Systron Donner PAT
Accuracy: + .005% Model M107
AC Calibrator Frequency: 20 Hz to 100 kHz -hp- Model 745A PAT
Qutput Level: 100 mV to 1000V AC Calibratar
Accuracy: + .1% -hp- Model 746A
Voltage Stability {6 mos.) = .02% High Voltage Amplifier
Test Oscillator Frequéncv: to 250 kHz -hp- Model 652A P
Qutput; 3 V rms into 50 {2 Test Oscillator
Frequency Response + .25%
Resistance Decade Resistance: 100 { to 10 MQ Gen Rad Model PAT
Accuracy: = .004% GR 1433-Z Decade
Resistor
DC Nult Voltmeter Voltage Range: 1 xV to 10V -hp- Model 4194 PAT
Reference Divider Division Ratio Accuracy + .001% Fluke Model 750A PA
Qutput Voltage Range — 1V to 1 kV | Reference Divider
DC Transfer Standard | Qutput Voltages: 1V, 1.018 V, Fluke Model 731A PA
1.018V, 10V DC Transfer Standard
Accuracy: + 5 ppm
Stability: + .001% (30 days)
Electronic Counter 50 Hz t0 60 Hz -hp- Model 5300A/5302A P
Measuring System
Resistance Standard Resistance: 1 k{ Guildline Model A
Accuracy: + .0006% 9330/1 K or 9330A/1 K
Resistance: 100 K Guildline Model 9330/100K
Accuracy: = .002%
Bus System Analyzer | HP-IB Control Capability -hp- Model 59401A T
Bus System Analyzer
Calculator HP-IB Controt Capability must serve | -hp- Model 9825A oT
as printer for 3455A Output data.
Oscilloscope Bandwidth: DC to 10 MHz -hp- Model 180C/D Oscillo- | T
Sweep Time: 0.1 g5 to 1 sec/div scope with 180tA and
Sensitivity: 1 Vidiv 1821A plug-in units.
Digital Voltmeter Voltage Range: 10 mV to 1000 V -hp- Model 3490A PAT
Resolution: 10 uV
Resistors Resistances: -hp- Part No, P
1kQ £ 10% 0684-1021
10k + 0.1% 0698B-4157
1M £ 0.1% 0698-6369
Signature Anatyzer -hp- Model 5004A T

P
Adjustments

erfarmance Checks

Troubleshooting
Operators Check




SECTION I
INSTALLATION

2-1. INTRODUCTION.

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

2-3. INITIAL INSPECTION.

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 I'V. 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
maierial shows signs of stress, notify the carrier as well
as the Hewlett-Packard Office. Save the shipping
materials for the carrier’s inspection.

2-5. PREPARATION FOR USE.
2-6. Power Requirements.

2-7. The Model 3455A requires a power source of 100,
120, 220, or 240 V ac (+ 5% - 10%), 48 Hz to 400 Hz
single 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 line 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 for the proper line frequency for your
location.

240¢ 240V
2z0v zov
100¥ - 100V
1200 120V

Zag voits 220 volts

/

2a0y zapy

Eam? Eazuvi
oY o0V

1200 V2oV

120 volry 100 Votla

OPERATING RANGE

NOMINAL

VOLTAGE | -10%, + 5% of nominal FUSE
100 volts 90 to 105 volts 056 A
120 volts 108 to 126 volts 05 A
220 volts 198 to 231 volts 0.25 A
240 volts 216 to 252 volts 0.25A

Figure 2-1. Line Voitage Selection.
2-10. Power Cable,

2-11. Figure 2-2 illustrates the standard configurations
used for -hp- power cables. The -hp- part number
directly below each drawing is the part number for a
power cable equipped with a connector of that 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.

2-12. 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 34535A 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 90%. Option
908 comntains the basic hardware and instructions for

2-1



Section [

Model 3455A

250 v 260 Vv
QPEAATION

OPERATION

PLUG*: CEE22-V1
CABLE”: HP 8120-1860

PLUG*: CEE7-VT!
CABLE™: HP 8120-1692

PLUG®: DHCR 107
CABLE*: HF 8120-2956

280 v 250 v
OPERATION OPERATION

E - \-"\

PLUG®: SEV 10111.1959-24807
TYPE 12
CABLE®: HP 8120-2104

125V -6A** 250 v
QPERATION

Y

RS N A7
N l (¥

v

PLUG™: NZS5 198/A5 C112
CABLE*": HP 8120-0696

PLUG*®: NEMA 1-15F
CABLE": MP 8120-0684

OPERATION

PLUG*: BS 1363A
CABLE": HP 8120-1703

250V 260V - 6A*" 125 v -BA**

PLUG®: NEMA 5-15P
.CABLE": HP 8120-1521%

PLUG": NEMA G-15P
CABLE": HP 8120-0693

STD-B-4195 (Rev.)

*The number shown for the plug is the industry identifier far the plug o'nly.
The number shawn far the cable is an HP part number for a complete cable including the plug.
* "UL listed for use in tha United States of America

Figure 2-2. Power Cord Configurations.

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
af IEEF std 488-1975, “‘Standard Digital In-
terface for Programmable [Instru-
meniation”’.

The Multimeter is connecied to the HP-1B 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 systemn 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

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 Lo 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.

(s )

To preveni electrical shock or fire hazard, do
not expose the instrument {0 rain or
moisture,
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3355-5-4800

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 within an am-
bient temperature range of 23°C +5°C (73°F +9°F).
The instrument may be operated within an ambient
temperature range of 0°C to +55°C (+32°F to
+ 131°F) with degraded accuracy.

2-25. The instrument may be stored or shipped where
the ambient temperature range is within —40°C to
+75°C (—40°F to + 167°F). However, the instrument
should not be stored or shipped where temperature fluc-
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%. 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, attach 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 seriaf number of the instrument. In any
correspondence, identify the instrument by
rrodel number and full serial number. If you
have any questions, contac! your nearest
-hp- Sales and Service Qffice.

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.

¢. 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.

2-3/24
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FRONT PANEL

Line Switch, push an/push off

HP-1B* status indicators:
SRQ - indicates that the 3455A “‘requires sarvice’* from
the controller. Refer to Paragraph 3-78.

LISTEN — lights when the 3455A is addressed to
“listen™.

TALK — lights when the 3455 A is addressed to “talk”.
REMQTE — lights when the 3455A is under HP-1B
control.

LOCAL switch — permits the operator to return the
instrument to local (front panel) cantrol.

Display — Indicates polarity and amplitude of the
measurement. Measurement results are presented in either
b-1/2 digits or 6-1/2 digits depending upon whether the
HIGH RESQLUTION feature is off or an. 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, Qhms, Scale or % error measurement
resulys.

Range Selection Keys — permit selection of ranges as
follows: .

DC Volts: 1V, 1V, 10V, 100 V, 1 kV, AUTO

AC Volts: 1 V, 10 v, 100 vV, 1 kV, AUTO

Ohms: 1 K,1 K,10K, 100K, 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 k2, 4 WIRE k£, and TEST. LED's
located in the center of the keys indicate which function
is selected.

Auto Cal switch - allows the Auto-Cal feature 1o be turn-
ed on or off. LED in center of Key indicates Auto-Cal on.
Refer to Paragraph 3-29.

®

® ®

®

®

Data Ready Reguest Indicator - lights when the Data
Ready Request feature is programmed on, Refer to
Paragraph 3-665.

High Resolution switch — switches display from 5-1/2
digit presentation to 6-1/2 digit presentation. An LED
lecated 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 saurce
selected.

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

64

Binary Program Indicator - indicates when the 3455A is
operating in the Binary Program mode. Refsr to
Paragraph 3-66.

Math Controls — Select SCALE (
(X —-Y

X—-Z}

, % ERROR

Y
x 100}, or MATH OFF. The Math feature selected

is indicated bv an LED located in the key {Paragraph
3-19).

ENTER controls - Recali the number stored inthe Y or Z
register to the display, also ‘‘shifts’’ the front pans!
kayboard 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 Termina! Indicator - indicates when the rear input
terminals have been selected.

3-0

Figure 3-1. Front and Rear Panel Features.




Model 3455A

Section 111

SECTION 1l
OPERATING INSTRUCTIONS

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. DPERATING CHARACTERISTICS.
3-4. Turn-0On 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 instailed for the
voltage selected. For rated measurement accuracy, the
3455A should be allowed to warm up for at least one
hour.

3-6. Self Test Operation.

3-7. The internal test function of the 3455A verifies the
operation of the dc analog circuitry, inguard and
outguard logic circuitry, and the front panel indicators
and display. The primary test of the dc¢ 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 compieted, 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 0}. 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 3455A will 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 aperation
of the ohms or ac sections nor the measure-
ment accuracy of the 3455A.
3.10. DC Voltage Measurement.

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

Qhms Signal Terminals - supplies drive signallfor
4-WIRE Ohms measurements {Paragraph 3-12}.

Input Terminals

GUARD switch - internally connects the Guard terminal
to the LO Input terminal {for front pansl operation only,
Paragraph 3-41). ’

GUARD Terminal

REAR PANEL

Ohms Signal Terminals
input Terminals
Guard Terminals

Front/Rear INPUT SELECT switch

HP-1B* Connector - see Paragraph 2-18 and 3-48.

® e ® @G

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

Line Frequency Selectian Switeh — must be set to corres-
pond to the power line frequency {50 Hz or 60 Hz}.

Reference Module
EXTERNAL TRIGGER tnput Connector

HF-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 -
(.26 amp. '

AC Power Connector.

® ® 0 ©®® @

*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 {Cont'd).

3-1
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4-WIRE MEASUREMENT

[ISIGNAL INPUT  GUARD
{4 WIRE) (2 WIRE)

O OF
O O

SIGNAL
CURRENT ¢RX

2-WIRE MEASUREMENT

QSIGNAL INPUT  GUARD
{4 WIRE) (2 WIRE)

Q Op
O

Rx

SIGNAL ___J

CURRENT

3456-B- 4667

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% overrange capability and are overload
protected from input voltages up to + 1000 volts. Input
resistance in the de function is greater than 10'° ohms
on the .1 V, 1 V, and 10 V ranges and equal to 10
megohms on the 100 V and 1000 V ranges. Refer to
Table I-1 for DC Accuracy specifications.

3-12. Resistance Measurement.

3-13. The Model 3455A measures resistance from 1
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-WIRE"’ 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, 1 kilohm and 10 kilohm ranges
is .7 mA. The nominal cutput 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 1-1 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 | 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 RevA

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 1 MHz in the normal ac volts func-
tion and from 300 Hz to 1 MHz in the fast ac volts func-
tion. Both ac signals or ac plus dc signals (ac signals
superimposed on a dc level) can be measured by the true
RMS convertor. Selection of the ac or ac + dc 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 (noc dc 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
rear panel guard connections yourself, if us-
ing the rear pane! input terminals.




Model 3455A

3-19. Math Feature.

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

3-21. 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 *‘z’* and entering ! in “y**. The scale for-
mula then becomes result = X - (* 2} = x - (% 2).
1
Division is performed by entering @ in ‘‘z”’ and the
divisor value in *‘y.”” The scale formula then
becomes: resuit = X -# = X, Multiplication is perform-
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 - 9 = xy As an example: to
1/y
multiply by 10, divide by the inverse of 10 which is 1/10

or .1. Various examples using the scale mode are as’

follows:

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 termmal 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 “‘y"’,
and since zero is stored in ‘“z’’, the scale equatlon
becomes:

X—z V-0 A e
-5 R = | = current in milliamps

where R
\Y%

Resistor across the input terminals
Voltage drop across the resistor

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

Assume that the sensor has a resistance of 1 kilohm at
25°C and changes 5900 ppm/°C. At 8°C the sensor
would have a resistance of 852.5 ohm (1 kilohm - [5.9
ohms] 25). This number is divided by 1000 since the
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3455A measurement results are expressed in kilohm and
is entered in the “*z’’ register to remove the offset at
0°C. The measurement result of the 3455A is scaled to
read directly in degrees centigrade by solving the 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: -

25 = X°% _ 1 K-.8525 K _ .1475K
Ty y oy
solving for y:y = _1.4_75_1( .0059 with this number
’ 25
entered in the *‘y"’ register, the 3455A measurement

result will be presented directly in °C.

¢. Accurate 2 Wire Ghm 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 resmtor 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 1 is stored in “*y’’ and the lead
resistance (R) is stored in ‘*z'’, the scale equation
becomes:

X—2 x—R . .
~ =71 = unknown resistance in ohms

where x = total measured resistance including R
R = lead resistance

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 readmg) 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. ThlS can be ac-
complished as follows:

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

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

therefore, -200,000 = Lower Limit - z
y

= Upper Limit - 2
y

and + 200,000
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This leaves two equations to solve for the unknown ‘‘y*’
and *‘z” constants. The two constants can be found the
following way:

-200,000 (v} _ Lower Limit - z
+ 200,000 (y) = Upper Limit - z
0 = Lower Limit + Upper Limit -2Z

(add these twa equations)
Upper Limit + Lower Limit

therefore, z

2
200.000 Upper Limit - z
y
200,000 (v} = . -
Upper Limit - Upper Limit + Lower Limit
2
_ Upper Limit - Lower Limit
2
and y Upper Limit - Lower Limit
400,000 -

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:

Upper Limit - Lower 30-10

y = ~ 00005
400,000 400,000
, — Upper Limit + Lower Limit _ 30 + 10 = 39
2 2

By entering .00005 into the “‘y'’ 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 volisa *‘+ 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.

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

result in: %o =_%¥ « {00
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 ohin resistors with a tolerance of 5%. The
nominal resistor vatue {750 ohms) is entered in the 'y’
register as .750. The % error equation becomes: result
in WM = Xx-.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%.
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3-23. Enter and Store.

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.

3-25. The STORE keys are used to transfer the number
presently being displayed in the Y’ or *‘Z”" memory
registers and to return the voltmeter to normal opera-
tion,

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

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

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

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

NOTE

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

3-27. High Resolution Mode.

3-28. When the 3455A is used in the HIGH RESOLU-
TION mode, the instrument changes from a 5-1/2 digit
measurement to a 6-1/2 digit measurement. This
changes the measurement resohition from 10 parts/1.5
million (5-1/2 digit mode) to 1 part/1.5 million (6-1/2
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
orthe .1 V DC and 1 K ohm ranges. The reading rate in
the DC and Ohms mode will also increase when the
High Resclution function is turned off, Table 3-1 gives
the various reading rates of the DC and Ohms functions
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with High Resolution turned on or off.

3.29. Auto-Cal.

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.

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.

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 wse. 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.

3-33. Trigger.

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

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.
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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.

¢. 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 ¢ycle 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.

Maxirnum Number of Cal

Function Constant Termination
DC 128
DC (High Resolution) 32
AC Fast 64
AC Normal 8
Ohms 64
Ohms {High Resolution) 16

These numbers are accumlative when Auto-Cal is on.
3.36. Sample Rate (Display).

3-37. The SAMPLE RATE of the 3455A is set internal-
ly and depends on the function selected, the power line
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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 Reselution | Calibration | Maximum Sample Rate
DC Volts QN ON 3 readings/sec {60 Hz}
2.5 readings/sec {80 Hz}
OFF ON 5 readings/sec (60 Hz}
. 3.5 readings/sec {60 Hz)
ON QFF 6 readings/sec (60 Hz}
5 readings/sec (50 Hz}
QFF OFF 24 readings/sec (60 Hz)
22 readings/sec (50 Hz)
Ohms ON ON 2 readings/sec (60 Hz)
' 1.B reading/sec (50 Hz)
QOFF ON 45 readings/sec {60 Hz]
4 readings/sec (50 Hz)
ON QFF 3 readings/sec (60 Hz)
2.5 readings/sec (50 Hz)
OFF QFF 12 readings/sec (60 Hz)
11 readings/sec (50 Hz)
AC Valts 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 Hzj
Fast Not ON 4.5 readings/sec {60 Hz)
AC Volis | Applicable 3.6 readings/sec (60 Hz)
Not OFF 13 readings/sec {60 Hz}
Applicable 12 readings/sec {50 Hz}

3-38. Auto Range.

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 dene
when the reading is 150% of full scale and downranging
at 14% 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 1 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 1 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-
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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-Mode Voltagns,

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 Connection.

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
Rp 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 gquard pushbution applies
only for front penel 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 Gffice.
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Figure 3-3. Connecting the Guard.

Guard should always be connected, either to
the instrument L.O terminal or {0 a point in
the source circuit as indicated in Figure 3-3.
If the guard terminal is left open, common-
mode voliages may exceed the LO-to-Guard
breakdown rating and damage the instru-
ment.

3-48. REMOTE QPERATIDN.
3-49. General.

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

NOTE
HP-18 is Hewlett-Packard’s implemenrtation
of IEEE Std. 488-1975, ““Standard Digital

Interface for Progranunable Instrumenta-
tion.”’
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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.

Table 3-2. HP-IB Interface Capability.

Caode Interface Function

SH1 Source Handshake capabitity

AHI1 Acceptar Handshake Capability

T6 Talker (basic talker, seriat poll, talk only made,
unaddress to talk if addressed to listen)

L4 Listener {baswic listener, unaddress 1o listen if
addressed o 1alk)

SR1 Service Request Capability

RL1 Rempte/Local Capability

PPO No Parallel Pell Capability

bC Device Clear Capability

DTt Device Trigger Capability

co No Controller Capability

E1 QOpen Collector Bus Drivers

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

3-52, Messages are the means by which devices ex-
change control and measurement information. These
messages permit communication and/or control bet-
ween:

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

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

3.53. 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
1 through 5 are used 10 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 1alk address V (decimal code 54),

3.55. Talk Only {No Controller). 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
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Table 3-3. Bus Messages.

Functions Message Description

Device Data
Communicatians

Transfers device-dependent infor-
matipn from one device 10 one ar
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 o be set to
a predefined state {a certain
range, function, etc.}.

Remate Permits selected devices to be set
o remole agperation, allowing
parameters and device characteris-
tics 10 be controiled by Bus
Messages.

Local Causes selected devices (o return
to local {front panel} operation.

Local Disables tocal (front panell con-
Lockout trols of selected devices,
Clear Returns alt devices to local {front
Lockout panel) control and simultaneously
and clears the Local Lockout Message.
Lacal

laterrupt Require Indicates a device's need for inter-

and Service action with the controller.

Device

Status Status Presents status information of 3

Byte particular device; one bit indicatles
whether or not the device current-
ly requires service, the other 7
bits {optionall are used to indi-
cate the type of service required.

Status A singte bit of devicedependent
Bit status information which may Le
logically combined with status bit
information from other devices
by the controller.

Passing Pass Passes bus controller responsibili-

Cantrol Control ties from the current controller to
a device which can assumeg the
Bus supervisory role,

Bail Abart Unconditionatly terminates Bus

Out communications and returns con-
tral 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.

NOTE

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

3-56. Program Codes.
3-57. All front panel controls, except the LINE switch,
3-8
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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:

CONTROL GROUP CODE
(UNDERLINED) -

f rnsTUNc Tiozl?rmnz 4AWIRE
=V ~V ~ 1) ¥ TEST
3455-8-4TH
POSITION 1 2 3 4 5 6
PROCGRAM  F1 F2 F3 F4 F5 FB
CODE
INSTRUMENT
TALK ADDRESS
ONLY 5 1
[+ ] POSITION (DOWN) 1 POSITION [UP)
NOT USED
ASCH Code
Character Address Switches Soit
Listen Talk A5 A4 A3 A2 Al Decimal Coce
sP @ 0 0 ] o] o] u]v]
! A 0 0 ] g 1 n
" B o] 0 0 1 4] 02
# c 60 0 1 1 03
8 o 0 0 1 a 1] 04
% E ] 0 1 4] 1 a5
& F 1] 0 1 ] 0 96
‘ G o a .1 1 1 a7
{ H 0 1 0 0 0 08
) | 4] 1 0 Q 1 09
* J o 1 0 i 0 10
+ K o 1 0 ] 1 11
L o 1 1 0 0 12
- M 1] 1 1 0 1 13
. N o 1 1 L] 0 14
/ 0 o) 1 1 1 1 15
a P 1 o 0 v} 0 18
1 o] 1 o 0 0 1 17
2 R 1 1] 0 1 0 18
3 s 1 o 1] 1 1 19
4 T 10 1 0 0 20
5 u 1 W] 1 u} 1 21
6 \ 1 0] 1 1 0 22
7 w 10 1 1 23
8 X 1 1 0 0 1] 24
9 Y 1 1 Q 0 1 25
H Z 1 1 0 1 0 26
: [ 1 1 0 3 1 27
< A i 1 10 0 b
= ] IS IS T+ B 29
> -~ 1 1 1 1 0 10

Figure 3-4. Address Selection.
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Program
Control Code Examp]e:
DG Vo o control group code
A Volts F2 {underlined)
FUNCTION Fast AC Volts F3 e \
2 Wire k2 F4 ENTER STORE
:‘r;:’t"e ke ;g control codes 7 z L Z
(underlined) D D D D
J R1 3455 -B- 4714
1 R2
10 R3
RANGE 100 R4 program code EY EZ SY 5z
1K AR5 3-60. The program code of the BINARY PROGRAM
10K R& feature consists of only the underlined character in the
AUTO R7 control heading (B).
Internal m
TRIGGER External T2 3-61. Data Messages.
Hotd/Manual T3
3-62. The major portion of communications transmit-
MATH Seale m ted over the Bus is accomplished by data messages. Data
off M3 messages are used by the controller to program the
Model 3455A and are used by the 3455A to transmit
ENTER Y EY measurement data. These functions are explained in the
Z EZ following paragraphs,
Y sY )
STORE z sz 3.63. Programming. The 3455A is programmed by means
of data messages sent over the Bus from the controller.
AUTO CAL oft AQ These messages are composed of two parts — the ad-
.~ _ On Al dress command and the program information. The ad-
| HIGH Off Ho dress command contains the ‘‘talk’ and “‘listen’” ad-
RESOLUTION On H1 dresses of the devices involved; in this case, the talk ad-
dress of the controller and the listen address of the
gggy Ras g’: 3‘1’ 3455A. The program information contains the codes of
: the 3455A controls to be programmed. Syntax of the ad-
BINARY B dress command portion of the data message is depen-
PROGRAM dent upon the controller being used. For the proper syn-

Model 34535A

Table 3-4. HP-1B Program Codes.

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 **1’* for on. This also applies to

Section 111

heading and the underlined letter of the particular con-
trol.

tax refer to the controller manual. Syntax for the pro-
gram information portion consists of the program codes
listed in Table 3-4.

Example program data messages:

the DATA READY Request feature which is Bus pro- Address 3455A Program
grammable only. Command Information
M
Example: CMD “2U6", “Fl _Q Hl M3 T3~
control code output to I. HOLDY
{underlined) the bus MANUAL
unlisten TRIGGER
AUTO DATA
0= off CAL READY command MATH off
1= gn D o controlter ' )
“talk” address HIGH RESOLUTION
P C d 1455~ g-atia 3455A on
rogram Lode “listen’ address
(off) AP DO sten addres AUTO CAL off
Al [
. (on) : 10 V RANGE
- DC Volts FUNCTION

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

Program data message using the 9830A Calculator.
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Address 3455A Program
Command Information
P e e ——
wrt 722, “F1 R3 AQ HI M3 T3”
| 3455A listen
address

output Lo the {decimal equivalent)
bus, includes

the unlisten command

and calculator talk

address
Program data message using the 9825A Calculator.

3-64. Entering MATH Constants (Y -and Z) from the Bus. The
following data message illustrates the program informa-
tion necessary to enter numbers into the Y and Z

registers:
Address Program
Command Information

PO e
(refer to Controller «EY 123456 SY EZ 45.6789 SZ”

Manual)

Enters number
in “Z" Register

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

Number to
be entered

Programs the

3455A to enter
numerical data
into the display

addresses controller to
““ralk™ 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:
Address

Command
P NN
wrt 722, “EY”

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

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

3-10
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red 722, A;dsp A

QOutputs the contents of

Addresses onten’s o1
the 3455A the controller’s “A” register
to “talk’ and to the display
the controller Specifies the
§?,825 ‘,\,) to controller register

listen

to receive the
number

wrt 722 , “SY”

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

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

3.65. Data Ready Reguest. 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
ASCII 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:

D@ Data Ready Request off
D1 Data Ready Request on

3.86. 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’’ 1o 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.
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3-67. The following data message examples illustrate
how to read or program the front panel control of the

Table 3-6. BINARY PROGRAM Codes.

First BINARY PROGRAM Data Byte
Cantrols Affected: SCALE, % ERROR, OFF {MATH)
Program Code

ASCIl | DECIMAL
To Program: CHAR | COCDE

OFF : 59
% ERAOR = a1
SCALE > 62

Second BINARY PROGRAM Data Byte

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

To Program: PROGRAM CODE
AUTO AUTO HIGH ASCIl | DECIMAL
CAL RANGE | RESOLUTION TRIGGER CHAR CODE
Off off Off Hold/Manuat H 59
External = 61
Internal > 62
Off [a1} On Hotd/Manual a 51
External 5 83
Internal g8 54
Off On aff Hold/Manual + 43
External — 45
tnternal 46
off On On Held/Manual # 35
External ' % 7
Internal & 38
On off Off Manual/Haold ( 9N
External 1 93
Internal -~ a4
On Off On Manual/Holg 5 83
External ¥} 85
Internal v 86
On On Off Manual/Hold K 75
External M 77
Intermal N 78
On On On Manual/Hold [ 67
External E €9
Internal F 0
Third BINARY PROGRAM Data Byte
Contrals Affected: 10 K_1 K, 100, 10,1, .1 {(RANGE)

Program Code

ASCIt | DECIMAL
To Program: CHAR CODE
10K - 95
1K ! 47
100 7 55
0 H 59
1 = B1
1 > 62

Fourth BINARY PROGARAM Data Byte

Controls Affected: TEST, 4 WIRE k{2, 2 WIRE ki, FAST ACV,
ACV, DCV (FUNCTION]

Program Code
ASCIl | DECIMAL

To Pragram: CHAR | CODE
TEST — a5
4 WIRE k12 ! 47
2 WIRE k2 ? 55
FAST ACV H 59
ACV = 61
Dev > 62
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3455A. To read control status:

wrt 722, “B”

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

Since normally four data bytes are used in Binary pro-
gramming, the 3455A may indicate an SR(Q condition
when only a *“B”’ is sent.

red 722

Address the 3455A
to “talk”

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

]

MATH OFF ——I k

>
I DC Volts FUNCTION

AUTO CAL ON

AUTO RANGE ON

HIGH RESOLUTION OFF
INTERNAL TRIGGER

1 Volt RANGE
{depends on input applied)

To program front panel controls:
wit722, B

Address the
3455A 1o
“listen”

Desired program
codes (see Table 3-5)

Set 3455A to
BINARY PROGRAM ——

mode

3-68. Measurement [ata. Measurement data is output by
the 3455A in the following general format:

OUTPUT FORMAT: £ D.DDDDDDE = DD CRLF

Polarity of measurement]
(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.:

3-11
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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.

NOTE

An overload measurement is indicated by an
E + 1@ exponent in the HP-1B measurement
data. The large exponent is the key.

Also, naote that the LF character (concurrent
with EOI) is the last character in the data
message and must be handshook from the
34554 to complete the measurement
transfer.

3-69. Device Control Riessages.

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.

3-72. Trigger RMessage. 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.

3-73. Clear Message. 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 .....cooviininnnnnn, AUTO
TRIGGER ................ INTERNAL
MATH ..ottt OFF
AUTOCAL ....oivviiiainnnnnn, 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.
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3.74. Remote WMessage. 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.

3-75. Local Message. The local message returns the
3455A to LOCAL (manual) control. The 3455A can
also be returned to local control by pressing the front
panel LOCAL button. Some circuits of the instrument
may also be in local operation when a local message is
send to another instrument on the HP-1B.

7-76 Local Lockout Ressage. 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.

3-77. Clear Lockout and Loca) Rlessage. The 3455A will set
the front panel to LOCAL (manual) operation and
enable the LOCAL control upon receiving the clear
lockout and local message.

3.78. Interrupt and Device Status Rlessages.

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. Require Service Ressaga. The following conditions
will cause the 3455A to output a Require Service (SRQ)
message. S

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 F1 through F6.

¢. 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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3-81. Status Byte Message. 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 Byte Code

ASCII

CHAR Decimal Code

A 65 Data Ready - Indicates to the con-
troller that measurement data is
available. Applies to DATA

READY Request feature.

Syntax Error - Indicates improper
program code. Example - Pro-
gram Code ““F7"° would cause a
syntax error since the FUNC-
TION program set is only defined
for codes F1 through Fé.

BINARY FUNCTION Error - In-
dicates improper BINARY PRO-
GRAM code or incomplete binary
message. Similar to syntax etror,

Trigger too Fast - Indicates the
3455A has been triggered while
measurement data is being ocutput
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 decimnal code
74. The following illustrates the status Byte message in-
dicating the purpose of each relevant **bit’".

STATUS BYTE MESSAGE

bg b7 bg bs ba b3z by by

ED@DDDEII

Service Request _I DATA READY

(SRQ)
SYNTAX ERROR

BINARY FUNCTION
ERROR

bits 5 and 6 set high

— TRIGGER TOO FAST

NOTE

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

Section III

3-82. 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-1B 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 outpui handshaking begins. Thus, a new trigger will
indicate a measurement and the new reading will replace
the old reading. The old reading is lost-and 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:

1. 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.

¢. When triggering and taking measurements in a
loop, sufficient time must be allowed for the 34554 to
perform the entire A-To-D measurement cycle and buf-
fer data to become available after the first reading. The
1“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.

3-84. Bail Out Message.

3-85. 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.

3-86. instrument Measuremsnt Times (Remote Contral).

3-87. Inthe 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-
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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,

a. tI {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
“FI1T3" message to the instrument takes four charac-
ters.

b. 12 (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.

.¢. 13 (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.

3.88. Remote Programming Examples.
3-89, Appendix A at the end of this manual has Remote

Programming examples for the 3455A. These examples
are given in the HP Basic (-hp- Model 9830A/B Con-

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.

3-90. OPERATDRS CHECKS.

3-91. The TEST feature provides a convenient method
of testing the basic operational capabilities of the Model
3455A. This test plus an operational check of the Ohms
and AC functions tests the major portion of the 3455A
circuitry. Keep in mind the following checks test only
the operating capability of the 3455A. They do not
check the performance accuracy.

3-92. BENCH USE.

3-93. The following sequence may be used to manually
check operational capability of the 3455A.

a. Set the 3455A to AUTO RANGE.

b. Press the TEST button. The display should be
blank while the 3455A is performing the self test. Upon
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 k{I button. The froat panel
display should read .00000 + 300 milliohms.

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

3.94.HP-IB Operation.

3-95.Figure 3-5 shows the steps necessary to perform
the 3455A operators check from the Bus.

Table 3-6. Typical HP-IB Controlled Measurement Times.

. N - f:
Input ©a1a Transfer Time input Setting Time | Measurement Time Computation Time Osnput g?r':eTm"s Al
! Line [o——— (———— 2 —— B3 ——— ok 14 Joenall 5 —————F
Function Frequency
0C Volts High Resclution OFF | 80 Hz | 19 msac 12.5ms for.1 Vo 10 V
Auta-Cal OFF 50 Hz 22 msac Ranyes
High Resolution ON 6O Hz 14 msec 15.5 msec lor 100 and
Auto-Cal ON S5C Hz 12 msec 22 msec 1000 V Aanges
750 msec per characier
High Resolutian ON 60 Hz 136 msec plus the respanse time of
Autg-Cal OFF 50 Ha 162 msec the centroller {the 3455A
High Resolution ON €O Hx 550 psec per characler 136 msec OutpuT WSage consists of
Auzo-Cal ON S0 Hr plus the response time o! 162 rsec i5 charactersl.
Ohms High Kesolution QFF 60 Hr Coruroller 12 msec 48 msec
Auta-Cal OFF 50 Hz 14 maec 55 msec
High Resolution OFF 60 Hz 12 msec 48 msec
Auto.Cal ON 50 Hz 14 msec bE msec
High Aesalution ON 60 Hz 17 mssc 2B0 msec
Auto-Cal OFF 50 H: 22 msec 330 msec
High Resolution ON 60 Hz 17 mseg 280 msec
Auto-Cal ON 50 Hz 22 msec 330 msac
Normal AC Volts Aute-Cat 50 Hz | 5 700 mssc
DN gr OFF ¢ 50 Hz 42 msec 830 msec 12 msec all Aanges ’
Fast AC Volis Auto-Cal S0 Hy | 12 msec 57 msac
ON or OFF 50 Hz 14 msec B4 msec

34554 Triggered Note: Tima t3 should be used far each range being measured when the 34554 is in the

2t this time Auta-range mode |see Paragraph 3-38.)

3-14 Rev A
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Section IV

SECTION 1V
PERFORMANCE TESTS

4-1. INTRODUCTION.

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 1-1). All tests can be performed without access
to the interior of the instrument. The performance tests
in this section do not test the 3455A Math Functions or
HP-IB Interface. These functions can be tested using
the operators test procedures included in Section III.

4-3. EQUIPMENT REQUIRED.

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 CARD.

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 or
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.

4-11. PERFORMANCE TEST FAILURE.

4-12, If the 3455A fails any of the perfarmance 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 VIII1 for
troubleshooting information.

4-13. SPECIFICATION BREAKDOWN.

4-14, The dc¢, ac and ohms accuracy specifications
{Table 1-1) 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)
¢. 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 dc, 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 90-day specifications. If
the instrument has been readjusted within a period of 24
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 1-1. If the instrument is operated outside
for the temperature range for a given set of specifica-
tions, the appropriate temperature coefficients, listed in
Table 1-1, must be added to those specifications. The
test limits given in the tables for the dc, 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 chms 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 + 1 digits)
At full scale (1 V) the least significant display digit,

equal to 10 microvolt, is 0.001% of reading. The full-
scale accuracy is therefore:

4-1
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1 (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 0.01% 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°C range.

4-17. DC ACCURACY TEST CONSIDERATIONS,

4-18. Because of the high dc accuracy of the 34554, a
precision dc calibration standard is required to verify that
it meets its dc 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 34554 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
1 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 compietely
_test the accuracy of the 34554, 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 dc 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 dc 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 1-volt range. The DVM is connected to a
dc 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 dc
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
0.001%. 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 nmarrow. 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 telerances, 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-
formance or indicate the need for adjustment.

4-22. Now suppose the dc 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 is greater than the maximum allowable error of
the standard, the DVM is definitely outside of its specifica-
tion.

¢. If the DVM reading is 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 may or may not be’

within its specification and the only way to tell 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 dc¢ standard should be at least five times more
accurate than the 3455 A 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 i-
volt and 10- volt full-scale specifications can be tested using
the DC Transfer Standard also recommended in the pro-
cedure.

4-26. OPERATIDNAL VERIFICATICN TESTS.
4-27. DC OPERATIONAL ACCURACY TEST.

4-28, The DC Transfer Standard required for the
following test must be calibrated toa 1.017 Vo 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 1-volt and

Section [V

10-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 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 1 V and
10 V ranges using the Reference Divider recommended
in the procedure.

4-30. Test Procedurs.

Equipment Required:
Reference Divider (Fluke Model 750A)
DC Transfer Standard (Fluke Model 731A)
DC Standard (Systron Donner Model M106A)
DC Null Voltmeter (-hp- Model 4194)

a. Set the 3455A controls as follows;

FUNCTION ..................... DCV
RANGE ..............ccciiuenL, v
HIGH RESOLUTION ........... .. ON
AUTOCAL ....................... ON
GUARD ............... e ON
TRIGGER ................ INTERNAL

b. Set the DC Transfer Standard for an output of 1
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 4-1, verifying its 1-volt full-scale accuracy
with High Resolution on.

d. Set the 3455A RANGE to 10 V. The 3455A
reading should be within the test limits listed in Table
4-3, verifying its 10-volt tenth scale accuracy with High
Resolution on.

e. Set the Transfer Standard for an output of 10 V.
The 3455A reading should be within the test limits listed
in Table 4-1 verifying its 10-volt full scale accuracy with
High Resolution on.

Tahle 4-1.  DC Accuracy Test (1 V, 10 V Full Scale; High
Resclution On).
24 Hour 90 Day
Level | Range TFest Limits Test Limits

0.989936 to 1.000064
9.99947 to 10.00053

1V 1v
10V 10V

0.999966 to 1.000034
9.89977 to 10.00023

_ f. Set the 3455A HIGH RESOLUTION to OFF. The
3455A reading should be within the test limits listed in

4.3
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Figure 4-2. DC Accuracy Test.

Table 4-2, verifying its 10-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 1 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 | V reading. Repeat steps ¢ through f to verify
the 1 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 Volimeter 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.

. 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 Qutput Voltage switch to
1000 V.

o. Set the 3455A controls as follows:

FUNCTION ..............0000il, DCV
RANGE. ... ... ... ... .ot 1 kV
HIGH RESOLUTION. .............. ON
GUARD .............coo i, ON

The dc standard’s output should be turned
on and the voltage adjusted by upranging or
downranging the standard whenever the
standard’s outpul 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 dc standard’s output on and by the
following method adjust the standard for an output of
+ 1000.00 V:

1. Set the dc 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.

q. Set the Reference Divider’s Standard Cell switch
to the Locked position. Adjust the dc 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.

5. 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, 1 kV range), verify-
ing the full-scale accuracy at + 1000 V with High
Resolution on.

NOTE

AUTO-CAL may have to be turned off
when making measurements on the 160 V
and 1000 V ranges. This is only necessary
when using a DC Standard sensitive to a
changing load impedance.

Table 4-2. DG Accuracy Test (High Resclution Off),

3455A 24 Hour 90 Day
Level Range Test Limits Test Limits
01V 01V 099992 10 1.00008 | .099989 1o .100011
10 v oV 9.9997 to 10.0003 9.9994 to 10.0006

NOTE

Each time the Reference Divider Qutput
Volitage setting is changed, check for null
and, if necessary, readjust the Reference
Divider’s fine control to obtain a null indica-

tion.
feuTion

Always downrange the Reference Divider
before downranging the 3455A. When
upranging, always uprange the 34554 before
upranging the Reference Divider.

Table 4-3. DC Accuracy Test {(High Resolution On).

Divider | 3455A
Ouput | Range

24 Hour
Test Limits

90 Day
Test Limits

1000 v*=} 1000 Vv
100 v 100 v
5V v

999.957 to 1000.043
99.9957 10 100.0043
4.99987 ta 5.00013
0.99995 1o 1.00005

999.927 to 1000.073
99.9927 10 100.0073
4.99972 10 5.00028
0.99992 to 1.00008

.V oV

For positive readings only. Do not apply negative voliages greater

than - 500 V dc.
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v. Set the Reference Divider’s Output Voliage 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 inpur to the 3455A must not exceed -500
V dc, due to the + 500 V guard to chassis
limitation.

w. Downrange the dc¢ standard to 1 V output and
turn off the dc standard’s output. Reverse the polarity
of the 3455A INPUT connection to obtain negative
readings. Turn the dc standard’s output back on. Verify
the negative dc accuracy for all settings 100 V and
lower. Again, do not apply more than -500 V dc to the
3455A INPUT,

4-31. AC Operational Accuracy Test.

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
0.04% high at 1 V, 50 kHz, set the 745A error measure-
ment control to + 0.04% to obtain a precise 1 V output.
The 745A/746A can be calibrated during a routing 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 1 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 1 MHz range using the
expanded-scale meter on the Test Oscillator. If higher
accuracy is desired, an ac-to-dc thermal transfer techni-
que (Figure 4-3) can be used.

4-34. Test Procedure.
Equipment Required:

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

4-5



Section 1V Model 3455A

TEST QSCILLATOR DIGITAL VOLTMETER
hp 6524 hp 34554
ij—O'—JlJJJJJJ:DOE
@ @ P A R T N [ O )
P @ =0 To

IV or 3V {500}
THERMAL CONVERTER™

)
DC STANDARD
SYSTRON DONNER MODEL MIOGA ; Ebﬂ{j

MODE B DG
DIFFERENTIAL VOLTMETEH

g O 0 . —g
QO IO he MODEL 110514 or
o 3 1IOS0A (3) or
U O 0 . equivalent @ o &
0]
o e o 000000

n
—( OUTPUT Y,
_ )

SERGE

3455-p-4758
PROCEDURE:

Apply accurate de 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 lavel for a null indication an the DC
Differential Voltmeter. This makes the rms value of the ac input
to the 345BA 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: Calibrator, verify the 3455A ac voltmeter ac-

curacy for each Test Frequency, Input Level

FUNCTION .......... ... v, ACV and 3455A Range listed in Table 4-4. The

RANGE ....... ... ... ... ..., N O ' 3455A display readings should be within the
GUARD ........... ... .. e ON Test Limits given in the tabie.

INPUTSELECT ............... FRONT

) 2. 3455A Option 001: Using the AC Calibrator,

b. Set the AC Calibrator for an output of 1 V, 30 Hz verify the 3455A ac voltmeter accuracy for each

{(745A | V range). Set the AC Calibrator’s error Test Frequency (ACV), Input Level and 3455A

measurement control to offset the 1 V, 30 Hz error in- Range listed in Table 4-6. The 3455A display

dicated on the calibration chart (745A 0.1 error range). readings should be within the Test Limits given

in the table.
¢. Connect the output of the AC Calibrator to the

3455A front panel INPUT, f. Set the 3455A FUNCTION to FAST ACV.

d. 1. Standard Model 3455A: The 3455A 1V, 30 Hz g. 1. Standard Model 3455A: Using the AC
reading should be within the Test Limits listed Calibrator, verify the 3455A ac voltmeter ac-
in Table 4-4. : curacy (Fast ACV) for each Test Frequency

above 10 kHz, each Input Level and 3455A

2. 3455A Option 001: The 3455A 1 V, 30 Hz Range listed in Table 4-4. The 3455A display

(ACYV) reading should be within the Test Limits readings should be within the Test Limits given
listed in Table 4-6. in the table,

e. 1. Standard Model 3455A: Using the AC 2. 3455A Option 001: Using the AC Calibrator,

4.6
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Table §4-4. AC Accuracy Test 30 Hz to 100 kHz (Standard Medsl 3455A only).

Test Input 34854 24 Hour** 90 Day**
Frequency Level Range Test Limits Test Limits
30 Hz* 1v 1V 0.99920 1o 1.00080 | 0.99900 to 1.00100
100 kHz 1v 1v 0.99520 to 1.00480 | 0.99400 to 1.00600
30 Hz* 5V 0V 4.9940 to 5.0060 4.9925 to 5.0075
100 kHz 5V 10V 4.9720 to 5.0280 4.9650 to 5.0350
30 Hz* 10V iov 9,9920 to 10.0080 9.9900 to 10.0100
20 kHz tov v 9.9920 to 10,0080 9,9900 10 10,0100
100 kHz tov 1oV 9.9520 to 10.0480 9.9400 to 10.0600
30 Hz* 100V 100 Vv 89,920 to 100.080 99,900 to 100,100
100 kHz 100 Vv 100 v 99.520 to 100.480 99.400 1o 100.600
30 Hz* 1000 v 1000 v 998.00 to 1002.00 997.50 to 1002.50
10 kHz 1000 V 1000 v 898.00 to 1002.00 897.50 to 1002.50

* Frequencies below 300 Hz apply to ACV Function only.
**These test limits do not include the tamperature 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 1-1). Derive 6-month test limits

Section IV

from AC Accuracy specifications listed in Table 1-1,

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 1 V, 10
kHz. Set the 3455A FUNCTION to ACV and RANGE
tol 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.

l. 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 1 V.

0. Set the Test Oscillator for an output of 1 V, 10
kHz. Connect the 50-ochm output of the Test Oscillator,

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. 1. Standard Model 3455A: Set the Test Oscillator
to 1 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.).

r. Set the 3455A FUNCTION to FAST ACV., Set the
Test Oscillator frequency to 10 kHz and adjust its out-
put level for the 3455A reading recorded in step ). Ad-
just the meter reference controls for a zero reading on

Table 4-5. AC Accuracy Tests 100 kHz to 1 MHz {Standard Model 3455A only).

Test Input 3455A 24 Hour* Q0 Day™
Frequency | Level Range Test Limits Test Limits
1 MH:z 1V 1V 0.92400 to 1.07600 0.90900 to 1.09100
1 MH: 5V 10V { 44900 10 5.5100 43300 to 56100
350 kHz 5V 10V 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
ar 90-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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Tabla 4-6. AC Accuracy Test 30 Hz to 100 kHz (3455A Option 001 only).

Model 3455A

Frequency Frequency Input 3455A 24 Hour” 90 Day*

(ACV) {FAST ACV) Level Range Test Limits Test Limits
30 Hz 300 Hz 1V 1V 0.99460 10 1,00540 | 0.99430 t0 1.00670
50 Hz 500 Hz 1v 1V 0.99630 to 1.00370 | 0.99600 to 1.00400
250 kHz 250 kHz 1V 1v 0.99240 to 1.00760 0.99190 10 1.00810
30 Hz 300 Hz 5V 10V 4,9695 to 5.0305 4.9680 to 5.0320
100 kHz 100 kHz 5V iov 4.9930 to 5.0070 4.9925 to 5.0075
260 kHz 260 kHz TRY) 10V 4.9590 to 5.0410 4.9565 1o 5.0435
30 H: 300 Hz 10V 10V 9.9460 to 10.0540 9.9430 10 10.0570
100 Hz 1 kHz Qv 10V 9,9885 t0 10.0115 9.8875 t0 10.0125
100 kHz 100 kHz 10V 10V 9.8885 to 10.0116 9.9875 to 10.0125
30 Hz 300 Hz 100 v 100V 99.460 to 100.540 99.430 t0 100,570
100 kHz 100 kHz 100 vV 100 v 99.885 10 100.115 99.875 to 100.125
30 Hz 300 Hz 1000 v 1000 v 994.60 to 1005.40 994.30 10 1005.70
10 kHe 10 kHz 1000 v 1000 v 998.75 to 1001.26 998 65 to 1001.35

*These test limits do not include the temperature coefficients that must be added if the instru-
ment i$ operated outside of the temperature range over which the 24-hour ar 90-day specifi-
cations apply {see Table 1-1). Derive 6-month test limits from AC Accuracy specifications
listed in Table 1-1,

the meter of the Test Oscillator and use control to main- Table 4-7. Two-Wire Chm Accuracy Tast.

tain this reading whenever the frequency is varied.

Test Limits

s. Repeat step q. {High Res. On)

3455A
Ranga

Decade
Resistor

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
adjust its level controls for the 5 volt 3455A reading
recorded in step 1. 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.

24 Hour* 90 Day*

100 kQ 100 99.9971 to 100.0028 99.9955 10 100.0045

*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 90-day specifica-
tions apply (see Table 1-1). 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. Ohmmeter Accuracy Test.

u. 1. Standard Model 3455A: Set the Test Qscillator
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.

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,

4-37. Test Procedurs,

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.). Equipment Required:
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-

Decade Resistor (calibrated General Radio
Model 14332)

a. Set the 3455A controls as follows:

trols to maintain this reading whenever the frequency is FUNCTION ........... 2 WIRE K OHM
varied. RANGE .............c.0iiuui. . 100
HIGH RESOLUTION .............. ON

w. Repeat step u. GUARD ............. .. i ON

4.8
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Table 4-8. Four-Wire Ohms Accuracy Test,

Section 1V

.‘} {A) 8}
Test Limits Test Limits
{High Res. Off} {High Res. On)
Decade 3455A
Resistor Range 24 Hour* 80 Day™* 24 Hour* 90 Day*
100 Q2 0.9 0.099993 to0 0.100007 0.099990 to 0.100010
1 k2 1 0.998971 to 1.000029 0.999960 1o 1.000040
10 k2 10 9.99851 to 10.00049 9.99935 to 10.00065
100 kQ 100 99.9975 to 100.0025 99.9959 to 100.0041
1 M 1K 999.876 10 1000.124 999,860 to 1000.140
10 MO 10K 9989.96 to 10010.04 9989.95 to 10010.05

*These test limits do not include the termperature 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 1-1}, Derive 6-month test Hmits

fromQOhms Accuracy specifications listed in Table 1-1.

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

¢. 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
.i RANGE ...t 0.1
HIGH RESOLUTION ............. OFF

5
b
[
i

e. 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).

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 ! 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-wire ohms accuracy with High Resolu-
tion on.

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

4-38. DC VOLTMETER INPUT RESISTANCE TEST.

Equipment Required:

DC Standard Systron Donner Model M106A
Resistor (1 MQ + 0.01% 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 1 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 ................ ..., DCY
RANGE ...............oi it 10V
HIGH RESOLUTION .............. ON
GUARD ... ... ON

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

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

e. The 3455A reading should be between 9.99900 V
and 10.00000 V, verifying that the input resistance is
greater than 10'? 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
+ 10.00000 V. '

h. Remove the clip lead from across the 1 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%.

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 toa 1.017 V10 1.019V
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 l-volt and
10-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 1 V and
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 M106A)
DC Null Voltmeter (-hp- Model 419A)

a. Set the 3455A controls as follows:

FUNCTION ...............cc00ht DCV
RANGE ............. .. .. ..., 1V
HIGH RESOLUTION ............. OFF
AUTOCAL ....................... ON
GUARD ......... .. ON
TRIGGER ................ INTERNAL

b. Set the DC Transfer Standard for an output of 1
V. Connect the output of the transfer standard to the
3455A INPUT.

¢. The 3455A reading should be within the test limits
listed in Table 4-9, verifying its 1-volt full-scale accuracy
with High Resolution off.

DC Accuracy Test {1 ¥, 10 V Full-Scale; High

Table 4-9.
Resolution Off),
Input 3455A 24 Hour 90 Day
Level Hange Test Limits Limits

Y 1V j0.899996 to 1.00004 [0.99%93 to 1.00007
10V 10V'| 8.9997 to 10.0003 | 9.9294 to 10.0006

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 10-volt full scale accuracy with High Resolu-
tion on. .

Tahle 4-10. DG Acuracy Test (1 ¥, 10 V Full Scale; High
Resolution On}.

24 Hour
Test Limits

90 Day

Level Kange Test Limits

1V 1V ]0.999966 to 1.000034(0.999936 to 1.000064
10V 10V] 9.99977 t0 10.00023{ 9.99947 to 10.00063

f. Set the 3455A HIGH RESOLUTION to OFF. The
3455A reading should be within test limits listed in
Table 4-9, verifying its 10-volt full scale accuracy with
High Resolution off.

g. Set the Transfer Standard for an output of 1 V and
set the 3455A RANGE to 1 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 1 V reading. Repeat Steps ¢ through f to verify
the 1 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.

l. 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-
trols. Set the Reference Divider’s Qutput Voltage switch
10 1000 V.,

0. Set the 3455A controls as follows:
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Figure 4-4. DC Accuracy Test,

FUNCTION ..................... DCY
RANGE ... ..................... 1 kv
HIGH RESOLUTION ............. OFF
GUARD ...t ON

Euu’noni

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 u
3455A input voltage greater than 100 V is
needed, the following procedure should
always be followed.

p.- Turn the dc standard’s output on and by the fol
lowing method adjust the standard for an gutput of
+ 1000.00 V:

1. Set the dc 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.

g. 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.

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

Table 4-11. DC Accuracy Test (High Resolution Off).

Divider | 3455A 24 Hour 90 Day
Qutput | Range Test Limits Test Limits
1000 v*[1000 V| 999.95 t0 1000.05 | 999.92 10 1000.08
500 v |1000 V] 499.97 t0 500.03 499.96 to 500.04
100V | 100 V]| 99.995 t0 100.006 | 99.992 to 100.008

0.V 0.1 v|.099992 1o 1.00008 [.099989 t0 .100011

*For positive readings only. Do not apply negative voltages
greater than -B00 V dc.

Table 4-12. DC Accuracy Test (High Resolution On).

Divider 3455A 24 Hour 90 Day

Output Range Test Limits Test Limits

1000 v* 1000 v 999 957 to 1000.043 999,927 ta 1000.073
500 V 1000 v 499.977 1o 500.023 499 962 o 500.038
100 v 1000 v 99.993 o 100.007 99.990 to 100.010
100 v 190 v 99,9957 1o 100.0043 99,9927 to 100.0073
50 Vv 100 v 49.9977 to 50.0023 49.9962 to 50.0038
10V 100 v 9.9993 10 10.0007 9.9990 10 10,0010
5V oV 4.99987 1o 5.00013 4.89972 ta 5.00028
iv 10 v 0.99985 to 1.00005 0.99992 1o 1.00008
05V 1V 0.499981 to 0.500013 | 0.439966 10 0.500034
0.1V 1v 0.099992 (o 0.100007 | 0.099990 10 0,100010

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

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.

NOTE

AUTO-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, | kV range), verify-
ing the full-scale accuracy at + 1000 V with High
Resolution off.

v. With the 3455A on the 1 kV range, set the HIGH
RESOLUTION to ON.

w. The 3435A reading should be within the Test
Limits given in Table 4-12 (1000 V, 1 kV range), verify-
ing the full scale accuracy at + 1000 V with High
Resolution on.

NOTE

Each time the Reference Divider Ouiput
Voltage setting is changed, check for null
and, if necessary, readjust the Reference
Divider’s fine controf to obtain a null indica-

tion.
;CAUTION?

Always downrange the Reference Divider
before downranging the 3455A. When
upranging, always uprange the 34554 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 Qutput 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 34535A RANGE to | kV and set HIGH
RESOLUTION to OFF.

cc. Set the Reference Divider’s Qutput 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-i2
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ECAUTION 3

In the following tests for negative readings,
the input to the 3455A must not exceed -500
V dc due to the + 500 V guard to chassis
fimitation.

dd. Downrange the dc standard to 1 V output and
turn off the dc¢ standard’s output. Reverse the polarity
of the 3455A INPUT connection to obtain negative
readings.

ee. Set the 3455A RANGE to 1 kV and HIGH
RESOLUTION to ON. Set the Reference Divider Qut-
put Voltage switch to 500 V, turn the dc standard’s out-
put back on, and uprange to 500 V.

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

4-44. AC Voltmater Accuracy Test.

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
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
0.04% high at 1 V, 50 kHz, set the 745A error measure-
ment control to + 0.04% to obtain a precise 1 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.

4-46. 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 1 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 | MHz range using the
expanded-scale meter on the Test Oscillator. If higher
accuracy is desired, an ac-to-dc thermal transfer techni-
que (Figure 4-5) can be used.

4-47. Test Procedure.
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
nufl. Disconnect the DC Standard and apply the Test Oscillator
autput 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 gutput of the DC
Standard. Repeat this procedure each time the Test Oscillatar
frequency is changed.

a. Set the 3455A controls as follows:

. Figure 4-5. AC/DC Thermal Transfer Measurement (Alternate Frequency Response Test).

e. 1. Standard Model 3455A: Using the AC

FUNCTION ................... 0. ACV
RANGE ......... ...l I v
GUARD ............... ...t ON
INPUT SELECT ............... FRONT

b. Set the AC Calibrator for an output of 1 V, 30 Hz
(745A 1 V range). Set the AC Calibrator’s error
measurement control to offset the 1 V, 30 Hz error in-
dicated on the calibration chart (745A 0.1 error range).

¢. Connect the output of the AC Calibrator to the
3455A front panel INPUT.

d. 1. Standard Model 3455A: The 3455A 1V, 30 Hz
reading should be within the Test Limits listed
in Table 4-13.

2. 3455A Option 001; The 3455A 1 V, 30 Hz
(ACY) reading should be within the Test Limits
listed in Table 4-15,

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 (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.

f. Set the 3455A FUNCTION to FAST ACV.

g. 1. Standard Model 3455A: Using the AC
Calibrator, verify the 3455A ac voltmeter ac-
curacy (Fast ACV) for each Test Frequency
above 100 Hz, each Input Level and 3455A
Range listed in Table 4-13. The 3455A display
readings should be within the Test Limits given

4.13
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Table 4-13. AC Accuracy Tast 30 Hz to 100 kKz (Standard Model 3455A only).

Test Input 3485A 24 Hour** 90 Day**
Frequency Leve! Range Test Limits Test Limits
30 Hz* 1v 1V 0.99920 1o 1.00080 | 0.99%00 to 1.00100
300 Hz v 1V
10 kHz 1v iV
20 kHz 1V TV
60 kHz 1v 1V 0.99520 to 1.00480 | 0.99400 to 1.00600
100 kHz 1v Y
30 Hz* 5v 10V 4.9340 to 5.0060 4.9925 to 5.0075
300 Hz 5v 10V
20 kH:z 5V 10V
100 kHz 5v oV 4.9720 10 5.0280 4,9650 10 5.0350
30 Hz* 10V oV 9.9920 10 10,0080 9.9900 to 10.0100
50 Hz* 10V m0ov
100 Hz* oV 10V
6500 Hz nov 10V
1 kHz 10V 10V
5 kHz 1ov 10V
10 kHz 10V 10v
20 kHz 10V 10 v
980 kHz 0V 10v 9.9520 to 10.0480 9.9400 to 10.0600
100 kHz v 10V |
30 Hz* 100 v 100v 99,920 to 100.080 99.900 to 100,100
300 Hz 100 v 100 v
10 kHz 100 v 100 v
20 kHz2 100 v 100 v
100 kHz 100 v 100 v 99,520 to 100.480 929.400 tc 100.600
30 Hz* 1000 v 1000 v 998.00 to 1002.00 997.50 to 1002.50
300 He 1000 v 1000 v
10 kHz 1000 v 1000 v

*Frequencies below 300 Mz apply to ACV Function only,

*%Thege test limits do not include the tempearature coefficients that must be added
if the instrument is operated outside of the temperature range aver which the
24.hour or 90-day specifications apply {see Table 1-1), Derive B-month test
limits from AC Accuracy specifications listed in Table 1-1.

in the table.

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.

h. Set the AC Calibrator for an output of 1 V, 10
khz. Set the 3455A FUNCTION to ACV and RANGE
tolV.

‘i. Record the 3455A reading; V.

j. Set the 3455A FUNCTION to FAST ACYV. 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.

1 .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 RANGEto 1 V.

4-14

0. Set the Test Oscillator for an output of 1 V, 10
kHz. Connect the 50-ochm output of the Test Oscillator,
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 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.

g. 1. 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 0.99130 V
and 1.00810 V (90-day spec.).

r. Set the 3455A FUNCTION to FAST ACYV. Set the
Test Oscillator frequency to 10 kHz and adjust its out-
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Table 4-14. AC Accuracy Test 100 kHz to 1 MHz (Standard Modai 34554 only).

Model 3455A

Test Input 34554 24 Hour* 90 Day*
Frequency Level Range Test Limits Test Limits
110 kHz 1V 1V 0.98000 to 1.02000 | 097750 to 1.02250
250 kHz 1V 1v |
500 kHz 1v 1v 0.95600 to 1.04400 0.94500 to 1.05500
1 MHz v 1v 0.92400 to 1.07600 0.92000 to 1.08000
110 kHz 6V 10V 5.8720 to 6.1280 5.8550 10 6.1450
260 kHz 6V 10V I
500 kHz 6V 10V 5.7200 to 6.2800 5.6500 to 6.3500
1 MHz BV 10V 5.5500 to 6.4500 . 55,4400 to 6.5600

*These test limits do not include the temperature coefficients that must be
added if the instrument is operated outside of the temperature range gver
which the 24-hour or 90-day specifications apply (see Table 1-1). Derive
B-month test limits from AC Accuracy specifications listed in Table

141,
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.

5. Repeat Step q.

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-ochm 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 6 V 3455A reading
recorded in Step 1. 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. 1. 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.

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

Frequency Frequency Input 34554 24 Hour* 90 Day*
{ACV] {FAST ACV} | Level Range Test Limits Test Limits

30 Hz 300 H:z Y 1V 0.99480 to 1.00540 | 0.9843C to 1.00570

50 Hz 500 Hz 1v 1v 0.99630 to 1.00370 | 0.99600 to 1.00400

100 Hz 1 kHz iv 1V 0.99885 t0 1.00116 | 0.99875 to 1.00125

10 kHz 10 kHz 1v 1v

50 kHz 50 kHz 1v iv

100 kHz 100 kHz 1V iv

30 Hz 300 Hz 5V 0oV 4 9695 to 5.0305 49680 to 5.0320

50 Hz 600 Hz LAY (LAY 49790 10 50210 4.9775 10 5.0225

100 Hz 1 kHz 5V 1oV 49930 to 5.0070 4.9925 to 5.0075

10 kHz 10 kHz 5v 10V

B0 kHz B0 kHz 5V 10V

100 kHz 100 kHz 5V 10V

30 Hz 300 Hz oV jLtAY) 9.9460 10 10.0540 9.9430 to 10,0570

50 Hz 500 Hz 10 v 10V 99630 to 10.0370 9.9600 to 10.0400

100 Hz 1 kHz 10V 0oV 9.9885 to 10.0115 9.9875 10 10,0125

10 kHz 10 kHz 10V iov

20 kHz 20 kHz 10V 10V

50 kHz 50 kHz 10V MoV

100 kHz 100 kHz 10V 10V

30 Hz 300 Hz 100 v 100 v 95,460 10 100,540 99.430 10 100,570

5] Hz 500 Hz 100 Vv 100 vV 99.630 to 100370 99.600 to 100.400
100 Hz 1 kHz 100 v 100 V. 99.885 10 100.115 89.875 to 100.125

10 kHz 10 kHz 100 v 100 v

50 kHz 50 kHz 100 v 100 v

100 kHz - 100 kHz 100 v 00 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 t0 1003.70 996.00 1o 1004.00

100 Hz 1 kHz 1000 v 1000V 993.85 t¢ 1001.156 998.76 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 90-day specifications
apply (see Table 1-1}. Derive 6-month test limits from Accuracy Specifications listed in
Table 1-1.
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Table 4-16. Two-Wire Ohm Accuracy Test.

(al} (B}
Test Limits Test Limits
{High Res. Off} {High Res. On}
Decade 3455A
Resistor Range 24 Hour* 90 Day* 24 Hour* 90 Day™

0.099590 to 0.100410
0.99954 to 1.00046

0.999571 to 1.000429

0.999560 to 1.000440

100 2 0.1 ’ 0,099593 to 0,100407
1 k2 1 0.99956 10 1.00044
10 kD2 10 99989 to 10.0011
100 kO 160 99.996 to 100.064

1 M2 1K 999 .83 10 1000.17

10 M2 10 K 9989.5 te 100105

3.9987 10 10.0013
99.994 10 100.008
999.81 to 1000.19
98895 to 100105

9.99911 1o 10.00089
99,9971 to 100.0029
999.876 10 1000.124
9989.96 to 10010.04

9.99895 to 10.00105
99.9955 1o 100,0045
999 860 to 1000.140
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 90-day specifications apply (see Table 1-1). Derive
6-month test limits from Obms Accuracy specifications listed in Table 1-1.

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 ACYV., 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. Ohmmater Accuracy Test.

4-49. This test requires a calibrated decade resistor with
settings that range from 100 ochms 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. Tast Procedure.
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 ..........cociiiiiniinnn, 0.1
HIGH RESOLUTION ............. OFF
GUARD ................ ool 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 chms.

¢. 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(A), verify-
ing the 3455A 2-wire ohms accuracy with High Resolu-
tion off.

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

e. Set the 3455A RANGE to 1 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 ..... ...l 0.1
HIGH RESOLUTION ............. OFF

i. 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}.




Model 3455A

Tahle 4-17. Four-Wire 0hms Accuracy Test.

Section IV

(A} {8)
Test Limits Test Limits
{High Res. Off} {High Res. On}
Decade 34554
Resistor | Range 24 Hour* 90 Day* 24 Hour* 90 Day*
100 Q2 .1 0.099993 to 0.100007 1.099990C to 0.10001¢
1k 1 0.99996 to 1.00004 0.99954 to 1.00006 (.999971 to 1.00G029 0,999960 to 1,000040
10k 10 99993 to 100007 9.9981 t¢ 10,0008 9.99951 to 10.00049 999935 to 10.00065
100 k2 100 99,996 to 100.004 99.994 to 100.006 99.9975 to 100.0026 95,9959 to 100.0041
1 MO 1K 999 .83 to 100017 999.8t 10 1000.19 999.276 to 1000.124 999 .860 to 1000.140
10 MQ 10K 99895 to 10010.5 99895 to 1Q010.5 9988.96 t0 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 90-day specifications apply (see Table 1-1), Derive
6-month test limits from Ohms Accuracy specifications listed in Table 1-1,

l. Set the 3455A RANGE to 1 and HIGH RESQOLU-
TION to ON, Set the Decade Resistor to 1,000 ohms.

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 1 for each addition'al Decade Resistor
setting and 3455A Range listed in Table 4-17(B).

0. 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 dg, 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-MODE 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 1 kilohm imbalance in the Low
input. lead. The formula for calculating effective
common-mode rejection (ECMR) is:

ECMR = 20 log .P¢ak Common-Mode Voltage
Effective on Reading (Volis)

4-33. 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:

NMR = 20 log Peak AC Superimposed Voltage
Effect on Reading (Volts)

4-54. Test Procadure.
Equipment Required:

DC Standard (Systron Donner Model M106A)

AC Calibrator (-hp- Model 745A)

Frequency Counter {-hp- Model 5300A)

Resistor (1 k@ = 10% 1/4 W -hp- Part
Number 0684-1021)

Resistor (10 k1 + 10% 1/4 W -hp- Part
Number 0684-1031)

a. Connect the 1 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 ............... . ..s. DCV
RANGE ..... e 1V
HIGH RESOLUTION .............. ON
GUARD ........... ..o, OFF

¢. Record the 3455A reading:

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 d¢ common-mode Rejection
test. Turn off the DC Standard output and disconnect
the DC Standard from the 3455A. Disconnect the 1 K
resistor and connect the 10 K resistor across the 3455A
INPUT terminals (leave GUARD connected to High).

4-17
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Section IV

OC STANDARD
SYSTRONDONNER MODEL MIOGA

|

DIGITAL VOLTMETER
hp 34554

CONNECTED T2
CHASSIS GRCUND

3000 9 [ T RS [ S S i

I T
_ X | 24 a2 33 2 a3 02
I — —
A R R
L gouo — K
* o000 -
O —
o L1
3455-8-4733
\ )

Figure 4-6. DC Common-Mode Rejection Test,

h. Set the AC Calibrator for an output of 1 V. Con-
nect the Frequency Counter to the output of the AC
Calibrator and adjust the AC Calibrator’s frequency to
50 Hz or 60 Hz + 0.1%, corresponding to the power-
line frequency being usexd.

i. Record the 3455A reading: V.

j. Disconnect the Frequency Counter and connect the
AC Calibrator between the High INPUT terminal and
chassis of the 3455A 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). .

1. 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 3455A.

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

High and Low INPUT terminals.

0. Set the 3455A RANGE to 10 V and record the
display reading: V.

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

q. The 3455A reading should be within 00.0100 V of
the reading recorded in Step o, 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 3455A and disconnect the GUARD from the
High INPUT terminal.

4.55. DC VOLTMETER INPUT RESISTANCE TEST.
Equipment Required:
DC Standard (Systron Donner Model MI106A)

Resistor (1 MQ + 0.01% 1/4 W -hp- Part
Number 0811-0202)

AC CALIBRATOR

{

hp 745A
o o o o o 0 000 ELECTRONIC
B B8 8 8 &8 & COUNTER
hp 5300
© oo O o -
[m I I3
o =1c) HoNeNS 1

DIGITAL VCOLTMETER
hp 34554

CONNECTED 70 towaoa Jdasa330 2 |
CHASSIS GROUNG 3312010 @ ]
S R Y S T O [ s L0 R | _J

10K

8

3455-B- 4734

Figure 4-7, AC Common-Moda Rejection Test.
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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 1 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 ................ ... e 10V
HIGH RESOLUTION .............. ON
GUARD ....... ..o ON

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

d. Remove the clip lead from across the 1 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.
Recennect 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 1| 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%.

4.56. AC VOLTMETER INPUT IMPEDANCE TEST.
Equipment Required:

Test Oscillator (-hp- Model 652A)

Resistor (1 M2 + 0.1% -hp- Part Number
0698-6369)

Resistor (100 k? 0.1% -hp- Part Number
0811-1997)

a. Set the 3455A controls as follows:

Section IV

FUNCTION ... ACV
RANGE ..., 1V
GUARD ..., ON
INPUT SELECT (rear panel) .... FRONT
AUTO-CAL ... .ovtreiinnnnnnnns ON

b. Connect the Test Oscillator 50-olim output (ter-
minated in 50-ohm load) to the 3455A front panel IN-
PUT.

c. Set the Test Oscillator frequency to 50 Hz and ad-
just its output level for a 3455A reading of 1.00000 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. Connect'the Test Oscillator 50-chm output {ter-
minated in 50-ohm load) to the 3455A rear-panel IN-
PUT.

k. Repeat Steps ¢ through i to test the input im-
pedance at the rear INPUT terminals. In Step i, the
3455 A 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 Model 3455A {Standard)

Digital Voltmeter

Serial No.

DC ACCURACY TEST

34554,
Positive
Réading

Tests Performed By:

Date
3455A
MNegative
Test Limits*

Input 3455A High
Level Range Resolution

otV 01v QFF
v 1V ON
1v 0V ON
5V iov ON
nov i0v ON

nyv 0oV OFF
100 v 100 v ON
1000 v** 1000 v ON

Reading

*Record 24-hour or 90-day test limits- from table designated in test proce-
dure. 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 30 Hz TO 1 MHz

(Standard Model 34554 Qnly)

3455A
Reading
{ACV)

3455A
Reading

{FAST ACV) | Test Limits**

Test Input 3455A
Frequency Level Range
30 Hz* 1V 1V
100 kHz 1v 1V
350 kHz 5V 10V
30 Hz* 5V iov
100 kHz 5V oV
1 MHz 1V 1v
1 MHz 6V 10V
30 Hz* 10V tov
20 kHz 1av 10V
100 kHz 10V 10V
30 Hz* 100 v 100 v
100 kHz 100 v 100 v
30 Hz* 1000 v 1000 vV
10 kHz 1000 v 1000 vV

*ACV Function Only

**Record 24-hour 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.



OPERATIONAL VERIFICATION TEST CARD (Cont'd).

OHMS ACCURACY TEST

Decade 3455A Ohms

Resistor Range Function Reading Test Limits*
100 0 0.1 4 Wire
1 kQ 1 4 Wire
10 k2 10 4 Wire

100 kG 100 4 Wire
100 k2 100 2 Wire
1 MQ 1K 4 Wire
10 MQ 10K 4 Wire

*Record 24-hour or 90-day test limits from table designated in test
procedure. Derive 6-month test limits fram specifications listed in
Table 1-1.

DC VOLTMETER INPUT RESISTANCE TEST

Range Reading

3455A Test
Test Limits

[V ‘ _—V ‘ 9.99900 V to 10.00000 V
100V —_— 9.0900 V to 9.0M7 v




OPERATIONAL VERIFICATION TEST CARD

. Hewtett-Packard Madel 3455A {Option 001) Test Performed By:
Digital Voltmeter Date
Serial No

DC ACCURACY TEST

3455A 345bA

Input 3455A High Positive MNegative
Level Range Resolution ~ Reading Reading Test Limits™

[N Y 0.1V OFF

1V v ON

1V 10V ON

Y 10V ON

10V 10V T ON

10V 10V OFF

100V 100 v ON

1000 V=~ 1000 Vv oN @ | e | ==~ =

*Record 24-hour ar 80-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.

AC VOLTMETER ACCURACY TEST (OPTION 001 ONLY)

34554 3455A
Frequency Frequency Input 3455A Reading Reading -
- (ACV) (FAST ACV) ‘Level Range {ACV) (FAST ACV} | Test Limits*
30 Hz 300 Hz 1v 1V —
50 Hz 500 Hz 1V 1V
250 kHz 250 kHz 1v 1V
30 Hz 300 Hz CRY wyvy | — . } =—===
100 Hz 100 kHz sV 10V
250 kHz 260 kHz 5V 1oV
30 Hz 300 Hz 10V 10V == =
100 Hz 1 kHz 10V 10V
100 kHz 100 kHz 10V 10V
30 Hz 300 Hz 100 v 100V == —=c=
100 kHz 100 kHz 100 Vv 100V
30 Hz 300 Hz 1000 vV 1000 V o—— =
10 kHz 10 kHz 1000 vV 1000 V

*Record 24-hour or 90-day test limits from tables designated in the test procedure. Derive 6-month
test fimits from specifications listed in Table 1-1.



OPERATIONAL VERIFICATION TEST CARD (Cont'd}.

OHMS ACCURACY TEST

Decade 3455A Ohms

Resistor Range Function Reading Test Limits*
100 02 0.1 4 Wire
1 k0 1 4 Wire
10 kQ2 10 4 Wire

100 kQ 100 4 Wire
100 kQ 100 2 Wire
1 MQ 1K 4 Wire
10 MQ 10K 4 Wire

*Record 24-hour or 90-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 Test

Range Reading l Test Limits

v 1 — Vv 9.99900 V to 10.00000 V
100 v —_V 9.0900 V to 9.0917 V




PERFORMANCE TEST CARD

Hewlett-Packard Model 3455A {Standard Model Only}
Digital Voltmeter
Serial No.

DC ACCURACY TEST (High Resolution off}

3455A 3455A

Input 3466A Positive Negative

Level Range Reading Reading | Test Limits*
v 1v
v 10V
1000 v** 1000 Vv N —===
500 v 1000 Vv
100 v 100 vV
[IEIRY o1V

*Record 24-hour ar 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 negati(;e voltages greater than - 500 V de.

DC ACCURACY TEST (High Resolution an)

34556A 3455A

Input 3455A Positive Negative
Level Range Reading Reading | Test Limits*

iv 1V

nov 10V

1000 v** | 1000 V o

500 v 1000 vV

100 VvV 1000 V

100 v 100 Vv

50V 100 vV

10V 100 vV

5V 10V

1V 10V

05V v

oav 1V

*Recard 24-hour or 90-day test limits from table designated in test
pracedure. 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 By :

Date




PERFORMANCE TEST CARD (Cont‘d)

AC VOLTMETER ACCURACY TEST 30 Hz TO 1 MHz
{Standard Model! 3455A only)

3455A 34556A
Test Input 3455A Reading Reading
Freguency Levei Range {ACV) (FAST ACV) | Test Limits®*
30 Hz* 1V 1v e ———
300 Hz 1V 1V
10 kHz 1V iv
20 kHz 1V 1V
50 kHz 1V 1v
100 kHz 1V - 1v
30 Hz* 5V 10V tdswaliva
300 Hz 5V 10V
20 kHz BV 10V
100 kHz 5V wov
30 Hz* 10V 10V [ —
50 Hz* oV nov i —
100 Hz* 0V 0oV e —
500 Hz 10V 10V
1 kHz 1oV v
5 kHz 10V 0V
10 kHz 10V 10V
20 kHz 1oV Qv
50 kHz 10V 0oV
100 kHz 10V 0V
30 Hz* 100 v 100 v = =
300 Hz 100 v 100 v
10 kHz 100 v 100V
20 kHz 100 v 100 v
100 kHz 100 v 100V
30 Hz* 1000V | 1000V ==
300 Hz 1000 v 1000 V
10 kHz 1000 v 1000 V
110 kHz 1V 1V
260 kHz 1V 1V
500 kHz 1V 1V
1 MHz 1V 1V
110 kHz 6V 10V
250 kHz 6vV 10V
500 kHz 6V v
1 MHz 6V 10V

*ACV Function Only

**Recaord 24-hour or 30-day test limits from the tables designated in the
test procedure. Derive 8-month test limits from specifications listed in
Table 1-1.




PERFORMANCE TEST CARD (Cont'd)

TWO—-WIRE OHMS ACCURACY TEST

High Res, On

- High Res. Off
Decade 3455A .
Resistor Range Reading | Test Limits™® Reading | Test Limits*
100 2 01
T k2 1
10 k&2 10
100 kD2 100
1M 1K
10 M&2 10K

*Record 24-hour or 90-day test limits from table designated in test
procedure. Derive B-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®
100 & 0.1
1k 1
10 k& 10
100 k§2 100
1M 1K
10 M2 10 K

*Record 24-hour_ or 90-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:
Open-Circuit Voltage:

V{< 4.7 V dc)
V(< 5V dc

COMMON-MODE AND NORMAL-MODE REJECTION TESTS -

Reference | Reference 3455A Test Limit
Step Reading Test Reading |{Relative to Reference)
c. DC-CMR + 0.000080 V
i ACCMR + 0.000010 V
o. NMR + 0,0100 V

DC VOLTMETER INPUT RESISTANCE TEST

3455A Test

Range | Reading Test Limits

10V -V | 999900 V ta 10,00000 V
100 v V | 9.0900V t09.0917 V

—

AC VOLTMETER INPUT IMPEDANCE TEST

Front-Terminal Reading {Step e):
Front-Terminat Reading (Step i):
Rear-Terminal Reading (Step e}:
Rear- Terminal Reading (Step k):

—— Vv {0.66443 V to 0.66887 V)

Vv (>0.61017}
——V1{0.66443 V to 0.66887 V)
Vv {>0.70822)




PERFORMANCE TEST CARD

Hewlett-Packard Modet 3455A (Option 091 only) Tests Performed By:
. Digital Voltmeter Date
Serial No.

DC ACCURACY TEST (High Resolution off)

3455A 3465A

Input 3455A Positive | Negative

Level Range Reading | Reading | Test Limits*
1V 1V
10V v
1000 V** | 1000V ===
500 V 10600 Vv
100 V 100 v
01V (VA Y)

*Record 24-hour ar 90-day test limits from table designated in test procedure.
Derive 6-manth test limits from specifications listed in Table 1-1.

* *Far positive readings only. Do not apply negative voltages greater than - 500 V dc.

DC ACCURACY TEST (High Resolution on}

3455A 3456A
.‘. nput | 3465A | Positive | Negative
Level Range Reading Reading | Test Limits*

1V 1v

10V 0V

1000 v*+ | 1000V ===

500 v 1000 V

100 vV 1000 vV

100 v 100 v

50V 100V

10V 100 v

5V 10V

1V 10V

05V 1v

01V 1V

*Record 24-hour or 90-day test limits from table designated in test
procedure, Derive 8-month test limits from specifications listed in
Table 1-1.

**For paositive readings only. Do not apply negative voitages gre.ater
than - 500 V dc,



PERFORMANCE TEST CARD {Cont'd}

TWO—WIRE OHMS ACCURACY TEST
High Res, Off High Res. On

Decade 3485A
Resistor Range Reading Test Limits* Reading Test Limits*

100 2 a1
10 1

10 k&2 10
100 k2 100
1M 1K

10 MS2 10K

"Record 24-hour or 90-clay test limits from table designated in test
procedure. Derive 8-manth 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*®’

100 & 0.1
1 k2 1

10 k&2 10
100 k2 100
1 MQ 1K

10 M@ 10K

*Record 24-haur or 90-day test limits from table designated in test
praocedure. Derive 6-month test limits fr__om specifications listed in
Table 1-1.

OHMS VOLTAGE TEST

Voltage for Valid Reading: _ _______V (< 4.7 V dc!
Dpen-Circuit Voltage: V (< 5Vdc)

COMMON-MODE AND NORMAL-MODE REJECTION TESTS

Reference | Reference 3455A Test Limit
Step Reading Test Reading |(Relative to Referencel
c. — _ |DCCMR | . |+0.000050V
i —  lAaccwmr | £0.000010 V
o. —_— . |NMR |t 00i00V

DC VOLTMETER INPUT RESISTANCE TEST

3455A Test

Range Reading Test Limits

10V Vo1 999900 V to 10.00000 vV
100 v V | 90300 V108097V

AC VOLTMETER INPUT IMPEDANCE TEST

Front-Terminal Reading {Step e): V 10.66443 V to 0.66887 V}
Front-Terminal Reading (Stepi): V(> 0.61017}
Rear-Terminal Reading {Step e): V (066443 V to 0.66887 V}
Rear-Terminal Reading {Step k): vV {>0.70822}




PERFORMANCE TEST CARD (Cont'd)

AC VOLTMETER ACCURACY TEST (OPTION 001 ONLY)

3455A 34554

Frequency Frequency Input 3455A Reading Reading

(ACV) (FAST ACV) Level Range {ACv) | {FAST ACV}) | Test Limits*
30 Hz 300 Hz 1V 1V
50 Hz 500 Hz 1V 1V
100 Hz 1 kHz 1V 1v
10 kHz 10 kHz 1V 1V
50 kHz 50 kHz 1v 1V
100 kHz 100 kHz 1V v
30 Hz 300 Hz sV 10V
50 Hz 500 Hz Y 10V
100 Hz 1 kHz 5V 10V
10 kHz 10 kHz 5V 10V
50 kHz B0 kHz 5V v
100 kHz 100 kHz BV 10V
30 Hz 300 Hz 10V 10V
50 Hz 500 Hz 10V iov
100 Hz 1 kHz 10V 1oV
10 kHz 10 kHz 10V oV
20 kHz 20 kHz w0ov v
50 kHz 50 kHz LAY 10V
100 kHz 100 kHz 10V LAY
30 Hz 300 Hz 100 V 100 Vv
50 Hz 500 Hz 100 v 100 vV
100 Hz 1 kHz 100 V 100 Vv
10 kHz 10 kHz 100 v 100 Vv
50 kHz 50 kHz 100 v 100 V
100 kHz 100 kHz 100 vV 100 v
30 Hz 300 Hz 1000 V 1000 V
B0 Hz 500 Hz 1000 Vv 1000 vV
100 Hz 1 kHz 1000 v 1000 V
10 kHz 10 kHz 1000 Vv 1000 Vv
250 kHz 250 kHz 1v 1V
250 kHz 250 kHz 6V 10V

*Record 24-haur ar 90-day test limits from tables designated in the

test procedure. Derive B-month test limits from specifications listed

in Table 1-1,



‘ WARNING I

Maintenance described herein is performed
with power supplied to the instrument, and pro-
tective covers removed. Such maintenance
should be performed only by service-trained
personnel who are aware of the hazards in-
volved (for example, fire and electrical shock).
Where maintenance can be performed without
power applied, the power should be removed.
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Figure 5-2. 1 Volt Zero Adjustment.

k. Remove the top covers and note the value of
AlOR106 — if there is an R110 installed (see Figure 5-2}.
Refer to Table 5-1 and record the Offset Voltage that cor-
responds to the current value of AIOR110: . (If there
is no A10R110, record 9.000000 V.) If R110 is connected
to the terminal marked “+", the polarity of the Offset
Voltage is negative; if R110 is connected to the terminal
marked *-”, the polarity of the offset is positive.

L. Add the voltages recorded in Steps j and k to obtain
the total offset:

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 A10R110 (Figure 5-2), If the
totat offset (Step 1) is positive, connect the new RI110
between the unmarked terminal and the terminal marked
“.7.4f the total offset is negative, connect it between the
unmarked terminal and the terminal marked “+".

0. 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
I

Table 5-1. DC Zero Adjustment Padding List (AT0R110).

Offset Resistor
Voitage Value* -hp- Part No.
0.5uv M 0683-3055
10uv [ 15M 0683-1555
1.5uv 1.0M 0683-1066
20 uv 750 K 0683-7545
25 uV 620 K 0683-6245
3.0 uv 510 K 0683-5145
35uv 430 K 0683.4345
40 uv 360 K 0683-3645
4.5 pV 330 K 0683-3345
s0pv | 200K 0683-3046

*All resistors are + 5%, 1/4 W, carbon,

5-2
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5-12. DC AND OHMS REFERENCE ADJUSTMENTS.

5-13. The DC Transfer Standard required for the following
adjustments must be adjusted for optimum’ 1-volt and’
10-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.
Equipment Required:

DC Transfer Standard (Fluke Model 731A)

Standard Resistor (1 kilohm £ 0.0005%; .Guildline
9330/1 K)

Standard Resistor (100 kilohm % 0.002%; Guildline
9330/100K)

NOTE

All of the reference adjustments are screw-
driver adjustments and are gccessible through
holes in the rear panel of the 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.

a. Set the 3455A controls as follows:

FUNCTION ., . .................. BCv
RANGE. . .......... ... . ... .... 10V
HIGHRESOLUTION. . .. ........... ON
AUTOCAL ... ... ................ ON
GUARD . ....... ... ... ... ... ON
TRIGGER. . ... ... ... ... ..., INT
MATH. ... .. .. ... ... L. OFF

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.

¢. Adjust the 10 V pot for a 3455A reading of
+ 10.00000 V. :

d. Set the Transfer Standard for an output of 1 V. Set
the 3455A RANGE to 1 V.

e. Adjust the 10:1 pot for a 3455A reading of
1.000000 V (£ 1 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

SECTION V
ADJUSTMENTS

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 1-1.

5-3. EQUIPMENT REQUIRED.

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 L.
If the recommended equipment is not available, use sub-
stitute equipment that meets the critical specifications
given in the table.

5-56. 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 SEQUENCE.

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 aresatisfactory, 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.

5-9. 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 A10Q (Mother)} board.

b. Setthe 3455A controls as follows:

FUNCTION . .. .. ... ... ... .. ... bCv

RANGE. . ... ... ... .. .. ... ... 10V
HIGH RESOLUTION. . . . ... ........ ON
AUTOCAL ... ....... ... ... ... OFF
GUARD ..... ... ... ... ... ... ON
TRIGGER . . ... .. ... i, INT
MATH. ... ....... ... ... ... ... OFF

c. Set the test DVM to measure dc volts {(autorange).
Connect the DVM’s low input to the A10 board ground test
point and the high input to A10TO! (Figure 5-1).

d. Adjust A10R66 (Figure 5-1) for a DVM reading of
0 V £ 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 % | 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
instatled).

g. Set the 3455A RANGE to 1 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 AIOR110 as outlined in the
following steps.

j. Record the 3455A reading: ____ . ?

5-1
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h. Disconnect the DC Transfer Standard. Set the 3455A
FUNCTION to 4-WIRE K OHMS and RANGE to 1.

. Using short pieces of number 20 AWG insulated solid
copper wire, connect the 1 kitohm Standard Resistor to the
3455A INPUT and OHMS SIGNAL terminals in a 4-wire
ohms measurement configuration.

j- Adjust the 1 kilohm pot for a 3455A reading of
1.000000 kilohm.

k. Disconnect the 1 kilohm Standard Resistor and
connect the 100 K standard resistor using the same 4
wire ohm measurement configuration.

. Set the 3455A RANGE to 100.

m, Adjust the 1 megohm pot for a 3455A reading of
100.0000 kilghm (% I count).

n. Set the 3455A RANGE to 1. Repeat Steps i through
m to obtain optimum adjustment.

515. RMS CONVERTER ADJUSTMENTS (A15 Assy.,
Standard Model 3455A Only).

NOTE

For 34554 Option 001 instrumenis, refer to
the Average Converfer Adjustments (Para-
graph 5-16).

Equipment Required:

AC/DC Digital Voltmeter (-hp- Model 3490A or
3455A)

DC Standard (Systron Donner Model 106A)

AC Calibrator (hp- Model 745A)

a. Set the 3455A controls as follows:

FUNCTION . ... ... ... . ... ... ACV
RANGE. . .. ... ... . ... ... ..... 10V
AUTOCAL . ... ... ... ... ..... ON
GUARD .. ... ... ... .......... ON
TRIGGER .. .. .. ................ INT
7 Y 2 OFF
AC-AC/DC(RearPanel)}. .. .......... AC

b. Connect a short across the 3455A INPUT terminals.

c. Set the Digital Voltmeter (DVM) to measure d¢ volts
{auto range). Connect the DVM low input terminal to TP6
and the high input terminal to TP8.

d. Adjust R65 (PREAMP OFFSET ADI) for a DVM
reading of 0 V £+ 10 microvolt.

e. Connect the DVM Low to TP6 and High to TP5.
Adjust R56 (ABS AMP OFFSET ADJ)} for a DVM reading
of 0 V % 10 microvolts.

Section V

{. Disconnect the DVM. Connect a clip lead between
TP3 and TP6. Adjust R16 (INT AMP OFFSET) for a
3455A display reading of 0 V £ 1 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 d¢. Connect the DC
Standard output (Negative Polarity) to the 3455A INPUT.

i. 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.

l. Disconnect the DC Standard from the 34554 INPUT.
Set the rear panel AC—AC/DC switch to AC.

m. Set the 3455A RANGE to 1 V. Connect the DVM
(AC function, autorange) Low to TP6 and High to TP8.
Set the AC Calibrator for an output of 1 V, 100 Hz. Con-
nect the AC Calibrator output to the 3455A INPUT.

n. Adjust R74 (1 V, 100 Hz ADJ} for a DVM reading
of 1.00000 V % 1 count. Disconnect the DVM.

o. Adjust R17 (GAIN) for a 3455A reading of
1.00000 V £ 5 counts.

NOTE

If, in the following steps, there is insufficient
adjustment range for the I 'V, 10 Vor 100V
high-frequency (40 kHz) adjustment, the
adjustment range can be expanded by remov-
ing the appropriate jumper wire on the Al5
board (see Table 5-2). Refer to the AlS
board component locator (Section VII) for
Jjumper locations.

p- Set the AC Calibrator frequency to 40 kHz. Adjust
R75 (1 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 ADI) for a 3455A display reading of 10.0000 V
1 5 counts.

r. Set the AC Calibrator frequency to 40 kHz. Adjust -

R72 (10 V, 40 kHz ADJ} for a 3455A reading of
100010 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 Vv, 40 kHz ADJ) for a 3455A reading of
100.010 V {tolerance = + 20 counts).

u. Set the AC Calibrator for an output of 1V, 100 Hz,
Set the 3455A RANGE to 1 V. Repeat Steps o through u
until optimum adjustment is obtained.

Tahle 5-2. Jumper Removal {A15 board).

Adjustment Remove
1V, 40 kHz Jumper 2
10V, 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 1 V, 10V
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 1 V, 100 kHz, set the error mea-
surement control to + 0.04% to obtain a precise 1 V
output. The 745A can be calibrated during a routine per-
formance 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. . .. ... ... ... ... .. ... Y
AUTOCAL .. ................... ON
GUARD . ................. .. ... ON
TRIGGER . ..................... INT
MATH. ............ . ... ..... OFF

b. Set the AC Calibrator for an output of 10 mV,
1 kHz. Connect the AC Calibrator output to the 3455A
INPUT.

54
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¢. Adjust R12 (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 R13 (1 V HI FREQ) for a
3455A reading of 1.00000 V £ 5 counts.

e. Set the AC Calibrator frequency to 1 kHz {tumn off
error measurement control). Adjust R36 (1 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, 1 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 V or 100 V high-
frequency (100 kHz) adjustment, the adjust-
ment range can be expagnded by removing the
approprigte jumper wire on the Al3 board
{see Table 5-3). Refer to the A13 board com-
ponent locator (Section VIII} for jumper
locations.

g. Set the AC Calibrator frequency to 100 kHz. Adjust
C15 (10 V HI FREQ) for a 3453A reading of 10.0000 V
1 10 counts.

h. Set the 3455A RANGE to 100 V. Set.the AC Cali-
brator to 100 V, 1 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 (100 V HI FREQ) for a 3455A reading of 100.000 V
1 10 counts. -

j. Repeat Steps d through i until obtimum adjustment is
obtained.

Table 5-3. Jumper Removal (A13 board).

Adjustment Remove
10 v, iOO kHz Jumper 2
100 v, 100 kHz Jumper 1
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Section VI

SECTION VI
REPLACEABLE PARTS

6-1. INTRODUCTION.

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.)

¢. 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.
64. ORDERING INFORMATION.
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

parts by their Hewlett-Packard part numbers. Include
instrument model and serial numbers.

6-6. NON-LISTED PARTS.

6-7. To obtain a part that is not listed, include;
a. Instrument model number.
b. Instrument serial number.
¢. Description of the part,
d. Function and location of the part.

6-8. PARTS CHANGES.

6-9. Components which have been changed are so marked
by one of three symbols; i.e., A, A with a letter subscript,
e.g., Ay, or A with a number subscript, e.g., &;9. A A with
no subscript indicates the component listed is the preferred
replacement for an earlier component. A A with a letter
subscript indicates a change which is explained in a note at
the bottom of the page. A A 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.

6-10. PROPRIETARY PARTS.

6-11. Items marked by a dagger (1) in the reference desig-

Table 6-1. Standard Abbreviations.

RHZ. ..o kilpheriz = 10+ 3 hertz

.......... inductes

....... liroar taper
................ dupositad
doubls-pols double-throw

.. .megahertr = 10+ 0 hertz

ARREEVIATIONS
(27 S, hastz (Cyclalst par sacond) NPO. ..o ragitive pokithve zare B e slida
{rerc temperature cowtficieni) single-pohe doukds- throw
. e e ingide diamater [ nanosecondlyl = 10— 9 gecands .sing!n-pole wingle-throw
.. .. impregnated NE ..o e e not separately rapleceable
...incandescent Tl eiiiaa e tantalum
ingutationtedl B ... ... ohrmisl . .tempearature  costficient
obd. L. order by description . .titanium dioxice
KD................ klichmis} = 10+30hms  OD...... .. .outside diamater. ... .......

logarithmic taper

DPST. . .. .. ..double-pola single-thiow mA. ... millismpers(s) = 10— 3 gmopsres.

......... togohe
1

................... voltial
Hernating current warking voltkge
variable

wirtti{s]

.................. with

............. mounting without
millivott(s) = 10~ 3 voits wizewound

......................... nacrofaradist
....................... enicrosacond|at
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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
assembiies and are available only on a trade-in basis; there-
fore, the defective assembly must be returmed 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 (A11) may be replaced on an

Model 3455A

exchange basis. Use the following part numbers and descrip-
tions when ordering the exchange assemblies.

Processor Eschange Assembly (A3), -hp- part number
03455-69503.

Reference Exchange Assembly (A11), -hp- part num-
ber 11177-6950!

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 Assem-
blies (A3 and A11) and selected components necessary for
efficient repair. The Service Kit may be ordered through
your nearest Hewlett-Packard Qffice. 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
GMOo77 Amp Deutschland Germany
00000 U.5.A. Common Any Supplier of the U.S,
Q011 Jermyn Industries
00220 United Chemicon lnc
01121 Allen-Bradley Co Milwaukee, WI 53212
01295 Texas Instr Inc Semicond Cmpnt Div Dallas, TX 75231
02735 RCA Corp Solid State Div Sommerville, NJ 08876
03888 -KDI Pyrofilm Corp Whippany, NJ 07981
04713 Motorola Semicpnductor Products Phoenix, AZ 85008
07263 Fairchild Semicanductar Div Mountain View, CA 94040
11236 CTS of Berne Inc ’ Berne, IN 46711
11237 CTS Keene Inc
11602 TRW Inc Boore Div Boone, NC 28807
14140 Edison Elek Div McGraw-Edisan Manchester, NH 03130
tr818 Teledyne Semiconductor Mountain View, CA 94040
18365 Dayton Rogers Mfg Co Minneapolis, MN 55407
17866 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 Sarmiconductor Corp Santa Clara, CA 95051
27264 Molex Products Co Downers Grove, IL 60515
28480 Hewlett-Packard Co Corporate HQ Palo Alto, CA 94304
32997 Bourns Inc Trimpot Prod Div Riverside, CA 92507
34335 Advanced Microc Devices Inc Sunnyvale, CA 94086
56289 Sprague Electric Co North Adams, MA 01247
71788 THRW Eiek Components Cinch Div Elk Grove Village, IL 60007
72136 Electro Motive Corp Sub IEC Willimantic, CT 06226
73138 Beckrman Instruments Inc Helipot Div Fuliterton, 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
81833 Keystone Electronics Corp New York, NY 10012
59800 Amer Pren Ind Inc Delevan Div Aurora, NY 14052




Table 6-3.

Replaceable Parts

HP Part _— Mfr : .

Reference Qty Description : Mfr Part Number
Designation Number Code ,
Al 0345566501 L P.C ASSEMBLY, OUTGD MB 28480 03455-466501
Albl 01 60-0362 3 CARACITOR=FXD SLOFF +=53 300WMYDC MICA 28480 0160=0362
akC2 0180-0291 21 CAPACITOR-FXD 1UF+10% 35VOC TA 56289 150D105X303542
AiC3 DLBO-0374 5 CAPACITOR~FXO lOUF+—10X 20v0C TA 56289 150D10&X902 082
ALL% 0180-0197 7 CAPALITOR-FXO 2,2UF+-10% 20VDC FA 56289 150D225X902 A2
ALLS 0160-1735 5 CAPACTTOR-FXD -22UF+-10% 35V0C TA 56289 L50D224X9035A2
ALL6 05 80-0197 CAPACITUR-FXD 2.2UF+—10% ZOVDC TA 56289 150D225X902 082
ALLT 0180~1735 CAPACITOR-FXD .22UF+-10% 35VDC TA 56289 | 150D0224X9035A2
ALCH 01800374 CAPACITOR-FX0 1QUF+—10% 20VBL TA 56289 15001 06X502 082
AkC9 0130-0137 CAPACITOR=FXD 2.2UF+#=10T 20VOC TA 56289 1500225X9020A2
ALCLL Q1 60-1735 CAPACITOR-FXD .22UF#-10% 35V¥0C TA 56289 150D224X9035A2
AlCiz 01800374 CAPACITOR-FXD LOUF+-10% 20VDC TA 56289 .| 1500106X302932
AlCL3 L &0—-0128 L CAPACITOR-FXD Z.Z2UF +—20% S0WVDC CER 28480 01500128
AlCLS 0180-0374 CAPACIVOR-FXD 10UF+]10% 20VDC TA 85239 150DL06X902082
AlLlS Q100291 CAPACLTOR—FXD 1UF+-10X 35¥DC Ta 56299 150D L05X903 542
ALLLT 0L80-0291 CAPAL1TOR-FXO 1UF+-10% 35VDC TA 58289 15004 05X9 03542
ALULS 01800693 3 CAPACITOR-FXB 1GOOUF+50-10% 25¥0C At 0022v 25¥BSLLODO
ALLLY 01800228 L CAPACITOR-FXD 2ZUF+—10% 15VDC TA 56289 1500226X9201532
alczl 01 80-0291 CAPALITOR-FXD LUF+-10T 35VDC TA 56289 1500105%903542
alg22 01800694 i CAPACITOR-FXD 7500UF+100-10% 12VDL AL 28480 0180- 0694
Aic23 0180-0291 CAPACITOR-FXD 1UF+-10% 35¥DC TA 56289 15001 05X9 03 5A2
Ali24 01 80-0291 CAPACLTOR-FXD 1UF+-10% 35¥DC TA 562689 1500105X903542
Allgh d180-029]1 CAPACITOR-FXD JUF+-10% ASVYDL TA 56289 1500105X903542
AlLZe Q1400198 2 CAPAL LTOR-FXO ZODPF +—5I 3004VDC MICA 12136 DMLSF2Z01J0300VECR
aluz? 0180-0291 CAPACITOR-FXD LUF+—40% 35VDC T4 56289 1500105X903542
AlLZE Gieb-2204% 5 CAPACITOR-FAD 100PF +—5% 300WVDL MICA 28480 D160-220%
ALL2Y 01801735 CAPAC I TOR-FXD .22UF+-10% 35v0C TA 56289 1500224 X903 5A2
ALC3L 0180-0291 CAPACITOR-FXD 1UF+—10% 35VDC T4 556269 1500105X9035A2
ALC3Z Aa 01 806~1735 1 CAPAC ITOR-FXD ©,22 UF+—10% 35 VDL TA 66289 1500224 X8036A2-
ALL33 01&0-2005 4 CAPACITOR-FXD LO2UF #80-20% 25WYDC CER 28480 | 0160-2605
AlC34 01 60-0362 CAPACITOR-FXD 510PF +-5% 300WVDL MICA 28480 0160-0362
AlG3S 0180—0291 CAPACITOR-FXD 1UF+103Z 35V0C T4 56289 1500105X703542
AlL36 Q1500093 2 CAPACITOR-FXD .OLUF +BD-20% LQOWYDC CER 28480 ‘0150-0093
alcar Ul &-0302 CARACITOR-FAD 510PF +—5% 300WVDC MICA ‘28480 0160-0362
AlC38 U1 80-0291 CAPAL I TOR-FXD LUF+—10% 35VDL [A 56289 L5001 05X903 542
alu3d 0180-0291 CAPAZ ITOR-FAD 1UF+=i0X 35vDC Ta 56289 150D105X903542
AtC4 01600195 1 CAPACITOR—FXD 1000PF +-20% 250WVAC CER 28480 0180-0195
AlC42 0180029t CAPACITOR-FXD 1UF +—10% 35vDC TA 66289 150D 105X9036A2
A1C43 ag 0180—0291 CAPACITOR—FXD 1UF +—10% 35VDC TA 04200 150D 105X9035A2
AICH Ag 01801701 CAPACITOR—FXD B.BUF +—20% BVDC TA 04200 1500685X 000642
ALCKL L901-0200 4 DIGDE-PHR RECF 100V 1.5A 04713 SR1B46-9
AICR2Z 1201~4200 0I{OBE-RKK REET 100V 1.5A 04713 SA1E&6-9
ALLRS 1901-0050 45 DIDDE-SWITCHING 80V ZOOMA 2NS DO-7 28480 1201-0050
ALCRS 19Gl-0053 OIGDE-SWITCHING 80V 200MA 2NS 00-7 28480 19¢1-0050
ALl b 19¢i-0050 OIDDE-SWITCHING 80Y ZOOMA ZNS DO-F 28480 1901-0D 50
ALCRT 1902-0631 3 DIDDE-ZHNR LN5351B 14Y 5% PD=5W JC=+75X 04713 LNS5351B
ALCRE 1901-0028 i2 DIODE-PWR RECT 400Y 7S0MA D0-29 28480 1901-0028
ALCRY 19G1-0028 DIDGE-PWR RECT 400V T50MA DD-29 28480 1901-90028
ALLRLL 1991-0050 DIODE-SWITCHING BOV 200MA 2NS DD-7 28460 1901-0050
alCr12 1902-0048 5 DIODE-2ZNR 6.19¥ 5% DO-T7 #D=.4W T{=+,022% 20480 1902-0049
ALCRL3 1502-0126 1 DIQDE~INR 2.61¥ 5% DO-7 PU=.4W TC=—,073% 04713 SI 10939-i4
AlCRLG 1902-0&31 DIJBE—ZINR 'LN3S351B 14V 5% PO=5H TC=+753% 08713 1M53518
AlCRLS 1901-00V50 DIODE-SWITCHLNG 80V ZOOMA 2WS DO-7 28480 1901-0050
AlLRLo 1902-3138 L DIODE—INR 8.06V 5% DO—F PU=.4% TC=+.0%23 Dati3 SI 10939-155
AlaL 1251-3195 1 CONNECTUR 4—BEN M POST TYPE 27264 G9-60-1041[2403-D4A).
Alsz 1251-43L3 1 CUNNECTOR L7-PIN M POST LYPE 2726% 22-04-2181
AL 1251-3276 2 CONNECTOR &6—RIN M POST TYPE 27264 09-460-1 061
alas 1251-3276 CONNECTOR 6-PIN M POST TYPE 27264 09-40-1061
alib 1251-203% 3 CONNECTOR—PC EDGE L5—CONT/RON 2-ROMWS 71785 252-15-30-300
alar 1251-4315 1 CGNNECTOR T-PIN M POST TYPE 21264 22-04-2081
alsd 12514314 1 CONNECTOR 15—PIN M POSF TYPE 27264 22-04-2161
ALLL F140-0137 i COLL-MLD 1HH 53 0=60 .19DX.4%4LG SRF=3IMH 99800 2500-28
ailal 1853-0010 5 TRAMSISTOR PNP SI TO-18 PD=360MW 285480 1853-0010
Alyz 18540210 3 TRANSISTOR NPN ZN222Z 5F TO-15 PB=500Ma g4T13 2N2222
ALa3 18 540210 TRANSISTOR NPN 2N2222 SI Ta-1d PD=S500Md 04713 | - 2nz222
ALQH 1853-0010 TRANSISTOR PNP 51 TO—18 PD=350MW 28480.| 1853-0010
Ald5 1854-0210 TRANSISTOR MPN 2N2222 SI TO-18 PO=S00MM 04713 2H2222
aAlus 18536010 TRANSISTOR PNP 51 TO-18 PO=36OHW 28480 1853-0010
alQ7 1853-0020 15 TRANSISTOR PNP SI PD=300MH §£T=150MH2 28480 1853-0020
ALDB 1853-4020 .| TVRANSISTOR -PNP SI PD=300MW FT=150MHZ 28480 1853-0020
ALLY 1853-0020 TRAMSISTOR PKP SI PD=300MN FT=150MHZ 28480 1853-0020
Alatl 18 53- 0409 8 TRANSISTOR PHP 51 DARL TO-22048 P0=60W 28480 1853-0409
C6AG 016802622 CAPACITOR-FXD 1UF +80 —20% 100vVDC CER 28480 0160-3622

AA  SEE NOTE ON SCHEMATIC 8.

4B SEE NOTE DN SCHEMATIC 10.

AC  SEE NOTE ON SCHEMATIC 10.

. Te )

SEEINDTE_DN SCHEMATIC 19.

See introduction to this section for ordering information
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Table 6-3. Replaceable Parts (Cont'd)

HP Part s Mfr
Refgrenc:e Qty Description Mfr Part Number
Designation Number Code
a1012 1853- 0409 TRANSISTOR PNP SI DARL T0~2204B PD=540W 28480 1853~0409
Alyl3 1853~ 0409 TRANSISTOR PNP SI DARL T0-22048 PO=560W 28480 1853~ 0409
Aldis 1853- 0409 TRANSISTOR -PNP SI DARL TO-2204B PD=60W 28480 1853-0409
Aluls 18530409 TRANSISTOR PHNP SI DARL TO—-220AB PD=50MW 28480 1853—0509
Aldla 1853-0439 TRANSISTOR PR ST DARL 10-220AB PU=60W 284890 18530409
41017 18530409 TRANSISTOR PHP S DARL TO-220AB PD=&OW 28480 18530409
41018 1853- 0409 TRANSISTOR PNP SI -DARL TO-220A8 PuU=50M 28480 1853-0409
ALR] ¢757-0230 4 RESISTOR 6419 1% +125W F TC=0+100 19701 MF4L1/8-T0~6191-F
AlRZ Q757-9273 6 RESISTOR 3.01K 1X .125W F TC=0+4-100 24545 C4-1/8-T0-3011~F
ALR3 a757-0290 RESISTOR 6.19K LT .125W F TC=04-100 19701 .| MF4CL/8-TO-6191-F
AlR% 07571-0213 RESISIOR 3.01K 1% .125W F TC=0+100 24546 C4&-1/8-TD-301L-F
ALRS 67 57-0283 il RESISTOR 2K 1% .125%d F TC=0+100 245456 C4-1/B-TD-2001~-F
AlR6 0757-0290 RESISTOR 6.19K 1% -125W-F 1C=0+100 19701 MF4CL/8=T0-6191=F
Alx7 0757-0273 RESISFOR 3.0lK 1% .125W F TC=0+-100 24545 C4-1/8-T0-3011-F
Alas 0757- 0290 RISISTOR 6.19K LT .125W F TC=0+-100 19701 .| MF4C1/8-T0-5191-F
Fyet] 9757-0273 RESISTOR 3,01K 1% .i25W F TC=0+-100 24545 C4-1/8-T0-3011-F
Aldll 0757-0420 3 RESISTOR 750 1% .125W F IC=0+-100 24545 C4-1/8-TD-781-F
ALA12Z 0T57-0801 14 RESISTOR 150 {% .5W F TC=0+-100 19701 MFTL-1/2-T{—151-F
AlRL3Z Qo 98- 4484 3 RESESTOR -19.1K 1T .125W F TC=04+100 24546 C4—1/B-TD-1912—F
ALHL% 0757-0449 3 RESISTOR -22.6K L% .125W F TC=04—100 24545 L4 L/B-TO-2282—F
ALH1S 07570289 3 RESISTOR 133K 1% .125M F TC=04=100 24545 C4-1/8-T0-1332-F
AlR16 AT ET-0419 3 RESISFOR 681 1% .125W F TC=04-100 245446 C4-1/8-T0-6818-F
ALRLT 0757-0455 8 RESISTOR 100K 1% .125W F TL=0s-100 26545 C4-1/8-T0-1003-F
Alil8 GT57-0349 RESISTOR 22.6K LT .i25W F TC=0+-100 24545 C4-1/8-TD-2262-F
Alnls 0757--0289 RESISTOR 133K 1T +125W F TC=0+~100 24546 C4-1/8-T0-1332-F
Aln2l 0T 57-0419 RESISTOR 481 1% .125W F TC=0+-100 26545 C4-1/8-TO-6818-F
AlW22 07T 57- 0465 RESISTOR 100K 13 .125W F FC=0+—100 26546 C4-1/8-TO-1D003—F
Alk23 D& SB—44B4 RESISTOR 19.0K L% .125d F TC=0+—100 24546 C4-1/8-TO-1912-F
ALk 07570289 RESTSFOR 133K 1% 125K F TC=04-100 24545 C4-1/8-T0-1332-F
AlR25 0757-04l% RESISTOR 681 1% .125W F TL=0+-100 24545 C4-1/8-TO-631R-F
AlRgs 0T 57T-0465 RES[STGR 100K 1% .125W F T(=0+-100 248545 C4~1/8-T0-1003~F
AlA27 36 98-5484 RZSISTOR 19.1K 1% .125W F TC=0+-100 24545 C6-1/8-TO-1912—F
4lR28 07570349 RESISTOR 22.6K 13 .125H F TC=0+-100 245456 C4-1/B-TD-2262-F
ALK2% 07T 57— 0410 1 3 RESISTOR 301 1T .125W F TC=0+-100 265%%58 C4—1/8-TO-30LR-F
ALRSL 07 57-0485 RESISTOR 100K 1% .125W £ T{s0+-100 24545 C4-1/8-T0-1003-F
. ALR3Z 0T57-0283 RESISTOR 2K 13 .125¥ F TC=0+-100 24546 C4-1/8-T0-2001-F
41R33 Al 0757~ 0k%G 1 RACSISTOR :7K L% .1254 F TC=0+-100 24545 C4-1/8-TO-LO02-F
ALR34 87 57-0280 RESISTOR 1K 1% .12SM F TC=0#-100 24546 C4-1/8-TO-L001~F
AlA3b 07 57— 0442 ] RESISTOR 10K 1% .125W F TC=0+—100 26545 ° C&4-L/B-T0-1002-F
_ALR36 L7 57-0283 RESISTOR 2K 1% .125W F TC=0+4-100 24545 C4—L/8-T0-200L-F
AlR37 0757-0283 RESISTOR 2K 1T .125W £ TC=9+-100 24545 C4—L/8-TO-2001-F
ALHAH B757-0283 RESISTOR 2K 1% 1258 F TC=04-100 24545 C4-1/8-T0~2001-F
Aln39 0757-0283 RESISTOR 2K It .125W F TC=0#-100 24545 C4-1/3-T0~2001-F
ALA4D 1610-0055 1 NETWORK-RES 9-PIN-SIP .15-PIN-SPCG 28480 1810-0055 -
AlR4) aT57-0199 2 RESISTOR 21.5K 1% .125W F T(=0+100 24545 C4—-1/B8-TD-2152-F
AlR4%2 QTST-0139 RESISTOR 21.9K 1% .125W F IC=0+100 2454956 C4—1/8-TD-2152-F
Aln43 075702173 RESLSTOR 3.01K 1% .125W F TC=0+—100 24545 C4~1/6-Y0-3001-F
ALidddh U7 57-0442 RESISIOR 10K 1% 125w F TC=D+—100 24545 C4-1/8-T0-1002-F
Ald4s 06 SB—4453 I3 RESISTOR 402 1% 1250 F TC=0+-100 24548 C4—1/8-TO-4028~F
Aln4s o1 57- 0401 RESISTOR 100 1T 1258 F TC=04-100 24545 C4-1/8-TO-L01-F
Alne? 0T57-0368 1 RESISTOR 34 LI .1254 F TC=04~100 24546 C4-1/8~T0-34R0-F
A1Hd4B 07 57- 0407 3 RESISTOR 200 13 .125e F TC=0+—100 24545 C4-1/8-T0-201-F
Ali49 0T ET-340T RESISTOR 200 1% .125W F TC=0+—100 26545 C&6-1/8-T0-201-F
AlRrB) QT5T-0429 F4 RESISTOR 1.82K 1% .1254 F TC=0+100 24548 C4-L/B-TO-1821-F
Aln52 GT51-0285 RESISTOR 1K 1% .1254 F TC=0+-100 24545 C4—1/8-TO-1LOQD1-F
ALHSE3 07 57-0429 RESISTUR 1.B2K L% .125M F TC=04—}00 24545 C4-1/8-T0-1821-F
AlKk54 G 51-0407 RESISTOR -200 1% .125W F TC=0+4-L00 24545 Co—-1/8-T0-20L-F
AlR3b CH98-4123 1 RESISTOR 499 1% «125W F TC=0+—100 24545 C4—~L/B-T0-499R-F
ALuSe 0757-0283 RESISTOR 2K 1% .125N F TC=04-100 245446 C4-1/8-T0-2001-F
- ALAST 0757-0203 RESISTOR 2K 1T .1254 F TC=04-100 24545 | C4-1/8-T0-200L-F
AlRSE 0757-0283 RESISTOR 2K 1% L1254 F TC=0+-100 24545 Co~-1/8-T0-2001-F
Aln59 0T57-0280 ] AESISTOR 1K 1% .125¥ F TC=0+-100 24545 C&6-1/8-T0-1001-F
alasl DT57-0280 RESISTOR 1K 1% .1254 F TL=0+-i00 24545 C4—1/8-T0~-1001-F
AlRO2 9757~ 0280 RESISTOR 1K 1% .1254 F TL=0+~100 24545 C4—1/9-T0-1001-F
4lRo3 0757-0420 1 RESISTOR- 750 1% .125W F TC=0+-100 24545 C4-1/8-TQ-T51-F
Alube 07 5¢-028D RESTISTOR 1K 1% ,125W F T{=0+-100 24545 Cé~1/8-TO-100L-F
Aldod o151-0280 RESISTOR 1K 1% ,125W F TC=0+100 24545 C4—-1/8-TO-1L0I-F
AlR&d 0T 57-0280- RESISTOR 1K 3% 1258 F TC=0+100 24545 C4—1/8-TO-10D1-F
ALLGT 0757-0280 RESISTOR 1K 1% L1254 F TC=04—100 24544 C4~L/8-T0-L001—F
ATRBA 4p 0757-0442 RESISTOR 10K 1% .125W 03292 C4-1/8—-TQ-1002—F
A1RED ag 0757-0401 RESISTOR 100- 1% .125W F TC=0+-100. 03292 CA-1/8-TO-101-F
A151 3101-1873 1 SWITCH-SL 7-1A-NS DIP-SLIDE-ASSY .1A 11237 206 TYPE
Aldl 18201200 2 IC-OlGITAL SNT4LSOSN TTL LS HEX 1 oL295 SHT4L SG5N
aLuZ 1820-1197 7 IL-DIGITAL SN74LSOON TTL LS QUAD 2 NAND 01295 SNT4LSOON
ALl 1820-1053 1 1C-DIGITAL SN7414N TTL HEX 1 Q1295 SNTAL4N
alus 1820-1112 5 IC-DIGETAL SNT4LST4N TTL LS DUAL 01295 SNTAL 5T4N
ALud 1820-1200 IC-DEGITAL SN74LS05N TTL LS HEX 1 01295 SNT4L 505N
45 SEE NOTE ON SCHEMATIC 10.
AB  SEE NOTE ON SCHEMATIC 10.
4|  SEE NOTE OM SCHEMATIC 10.

See introduction to this section for ordering information
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Table 6-3. Replaceable Parts (Cont'd)

4p  SEE NOTE ON SCHEMATIC 10.

HP Part L Mfr
Reference Qty Description Mfr Part Number
Designation Number : Code
AlLUe 18201558 3 IC-DIGITAL MC3441P TTL* QUAD 04713 - MC3441P
awT 1820-1204 2 FC-DIGITAL SN74L32TH TTL LS TPL 3 NOR 01295 SHTALSZTN
alug 1820-119% -] IC-DIGITAL SNI4LS04N TTL L5 HEX 1 01295 INT&L 504N
Alug . LB20—-1556 IC-DIGITAL MC3441F TIL® QUAD 04713 MC3441P
AlJlQ 1820-1199 l'%-DIGlTM. SNT4LS04N TTL LS HEX 1 01295 SNT4L $O4N
Alull L820-1196 2% IC-DIGITAL SNT4LS1T4M TIL L5 HEX 04298 SNT4L SLTSN
Alyli 1820~-1558 IC-DIGITAL MC3441P TIL# QUAD D&eT13 MC3441P
Alyls 16 20-1201 & IC-0IGITAL SHT4LSGBN TIL L5 QUAD 2 AND 01295 SNT4LSOEN
Aluls 1820-1197 1C=21GITAL SNT4LSQON TTL LS QUAD 2 NAND 0L295 SNT4L500N
AlLuddSs 1620-119a 9 IC-DIGITAL SN74LS03N TTL LS QUAD 2 NAND 00295 SNT4L 503N
Alulé 13zZ0-11938 IC=DIGITAL SNT4LSQ03N TTL LS QUAD 2 NAND 01295 SNT4LS03N
AlUl? 1820-11%8 IC-0IGITAL SNT4ALS03N TTL LS QUAD 2 NAND 01295 SNT4L 503N
Aluly 18201198 IC-0IGITAL SHT4LS03N FIL LS QUAD 2 NAND 01295 SNTALSD3N
Alul9 Laz-1196 IC~DIGITAL SNTSLSIT4N TTL LS HEX 01295 SNT4LSL 74N
ALU2D 1820-11%6 IC-OIGITAL SNT&LSLT4N TTL L5 HEX 1295 SNTSL51T4N
41u2i 1820-15b4d [} IC-OIGITAL SNI4LSLZ5M TTL LS QUAD 1 BUS 01295 SNT&LS125N
ALlUZ2E L820~-1568 IC-DIGITAL SN74LS125H TIL LS QUAD 1 BUS Q1295 SNTALSL25N
Aldes 1820-1196 [C-DIGITAL SH74LS1T74N TTL LS HEX 01295 SNT&L 5] T4N
AlJde 1820-11%s 1C-DIGITAL SNT4LS1T4N TTL L3 HEX 0L295 SNT4L SLT4N
ALUZS 1820~1196 IC-DIGITAL SN74LS174M TTL LS HEX 012953 SKHT4LSL 74N
Aluzn 1820~1112 [C-DIGITAL SNT&LST4N TTL L5 DUAL 01295 SNTALST 4N
Aluz? 19Qe-3075 1 DIODE ARRAY 28480 1906-0075
ALzt 1820-1280 2 IC-0IGITAL SM7ALSIBLIN TTL LS 01295 SNT4LSLEBLN
Aluzy 1820-1196 1C-DIGITAL SNT&LSL74N TTIL LS HEX 01295 SNTSLS1T4N
LYUE ] 18 z0—1280 IC-DIGITAL SN74LS18LN TTL LS 01295 SNT4LS1BIN
AkJd3l la2n-11%6 IC-DIGITAL SNT4LSIT4N TIL LS HEX 01295 SNT4LS1 T4N
Alu3dz 1820-1208 1 IC-OIGITAL SNT4LS32N TTL LS QUAD 2 OR 0129% SN7T4L 522N
LYUEE] 1320-12156 2 IC-0IGITAL SNT4LSI3EBN TTL LS 3 01295 SNT4L 513BN
Alude 1820~1566 1C-DIGITAL SHT4LS125N TTL L5 QUAD 1 BUS 0L295 SNT4L5L25N
AlU3a> 1820-1568 IC-DIGITAL SNT4LS1Z5N TTL L3 QUAD 1 BUS 01295 SHT4LSL25N
Aludn 1820-1432 2 IC-DIGITAL SNT4LS163IN TTL LS BiN 01295 SNT4AL 51 63N
ALUST 1320-1432 IC~DIGITAL SNT4L3163N TTL LS BIN D1295 SNT4AL5LG3N
ALU3Y l1820-1201 IC-DIGITAL SN74LSO0BN TTL LS QUAD 2 AND 01295 SNT4L508N
LYUEL LB20-1192 IC-DIGITAL SNI&LS04N TTL LS HEX 1 Q1295 SNT4LSDAN
AlLJGQ Lg20-1112 IC-DIGITAL SMT4LST4N TIL LS DUAL 01295 SNT4LST4N
CALUSL 18201216 IC-DIGITAL SHT4LS138M TTL LS 3 QL295 SNT4L 51308
AlUag 18 20-1568 IC-DIGITAL SH74LS125N TTL LS QUAD 1 BuUS 01295 SNT4L5125N
Alual 1520-1568 IC-DIGITAL SNTS&LS125N TTL LS QUAD 1 BUS L1295 SNT4LS125N
Aldad 1818-0199 2 1C.AMZL1L2APC LK RAM NMOS 34335 AMG112APC
Aluas 1618-019%9 IC AMILLZAPC 1K RAM NMOS 24335 AMO112APC
Aluas L820-1198 IC-DIGITAL SNT4LSO3N TIL LS QUAD 2 NAND Q1295 SNT4L503N
Alu4t 18201201 IC-DIGITAL SNT4LSO8N TTL LS QUAD 2 AND 01295 SNTALS08N
Alydd 1820-1423 1 IL-DIGITAL SNT4LS1Z3N TTL LS DUAL 01295 SNTAL 51 23N
Alisg 1820-~1199 IC-CIGITAL SHT4LSO4N TTL LS HEX 1 01295 SNT4LS04N
Alusu L820~1197 IC-DIGRTAL SNT4LS00ON TTL LS QUAD 2 NAND 01295 SNT4LS00N
A1U51 L320~11%6 IC-DEGITAL SNT4L5LT4N TIL LS HEX 21295 SNT&LSL 74N
AlUS2 1820~il99 IC-0IGITAL SN74LS04N TTL LS HEX 1 01295 SNT4LS04N
ALUS3 1320-12086 1C-DIGITAL SNT4LS2TN TTL LS TPL 3 NOR 01295 SNT4LS2TN
ALJ54% 1820-1196 IC-DIGITAL SNTALSLIT4N TTL LS HEX 01295 SNT4ALSL 74N
YU 1820-1197 IC-DIGITAL SNT4LS00N TTL L5 QUAD 2 NAND 012%5 SNT4ALS0ON
ALUSE 1320-124% 2 IC-DIGITAL SHT4LSLISSN TTL LS DuaL 2 01295 SNT4LS155N
ALUST Ap 1820-0987 1 IC ENCDR TTL L B—INP 02237 S3L1BPC
ALUSH la2-119a IC=DEGITAL SNT4LSLTAN TTL LS HEX 01295 SNTALS1 TN
ALUSI 1820~11%8 1C-DI1GITAL SNTALSQAN TTL L5 QUAD 2 NAND 01295 SNT4L 5038
ALUED la20~1198 IC-DIGITAL SNT4LS03N TTL LS QUAD 2 NAND 01295 SHT4LSO3N
Alusl 1820-1197 IC-DIGITAL SNZ4LSOON TTIL LS QUAD 2 NAND 012958 SNTLL SOON
LYY 1820-160% 1 IC-DIGITAL S5N74L348N TIL L5 4 01295 SN74L 54BN
AlUos 1820~-1196 IC-DIGITAL SNT4LSL74N TTL LS HEX 01295 SNTALSLT4N
Alubs L320-1245 IC-DIGITAL SNT4LSI55N TTL LS puaL 2 01295 SNT4LSL55N
Aluas 1320-1196 IC-DIGITAL SNT4LSLT4N TTL L3 HEX 01295 SNT4L 51 TN
ALUGG 18:0-1196 IC-DIGITAL SNTALSLITAN TTL LS HEX 1295 SNT4LSLTGN
AlUel 1820—-1195 IC-D1GITAL SNT4LS174N TTL LS HEX 0L295 SNT4LSLT4N
Alvab 1820-1196 IC-DIGITAL SNT4LSLT4N TTL LS HEX 01295 SNT &L S1T4N
Alus9 L820-11%a IC-DEGITAL SN74LS174N TTL LS HEX 01295 SNTSLSLTSN
A41U70 1320-1196 IC=DLGITAL SN7&LS1T4N TTL LS HEX 01295 SNT4L 51 74K
LYIVESY 1820-1750 1 IC-DIGITAL D5S8863N MOD5#* DSPL DRYR 27014% D5OBO3N
airi 04 }0~- i001 1. CRYSTAL, QUARTZ 1.3 MHZ 28480 0410-1001

1200-04485 1 SOCKET:IC 14-PIN PLC MOUNTING 284380 12000485

1200-0473 2 SOCKET-1C 16-CONT DIP-SLOR . 28480 1200-0473

Q3&0-0686 Z *YUS BAR-HB23 o00a0 0o

03 &0-00a7 5 *3U5 BAR-Mg23 00000 08D

S040-0170 2 GUiBE:PLUG-IN PC BOARD 28480 S5040-0110

See introduction to this section for ordering information



Table 6-3. Replaceable Parts (Cont'd)

4A  SEE NOTE ON S{I‘JHEMATIC 10,

' HP Part _ Mfr -
Reference Oty Description Mfr Part Number
Designation Number Code
A2 0345566302 } PLC OASSEMBLYs DISPLAY 28480 03455-66502
AZCR1 1990-0547 34 LED-VISIBLE LUN-INT=2ZMCD IF=20MA-MAX 28480 1990-0547
AZLRZ 1950-0547 LED—VLISIBLE LUM—INT=2MCD IF=20MA~MAL 28480 L990—-0547
AZCR3 LS50-0547 LEQ-VISIBLE LUM-INT=2M{D IF=20MaA-MAX 28480 19900547
AZCRG 1950-054&T LEQ-VISIBLE LUM—INT=ZMCD ]F=20MA-MAX 28480 1990~0547
AZLRS 1990-0547 LED-VISIBLE LUM—INT=ZMCD KF=20MA-MAX 28680 1994-0547
AZCHE 1990-0547 LEQ-VYISIBLE LUM—INT=ZMCD IF=ZOMA-MAX 289480 19900547
AZLRT LSS0-054T LEC—YISIBLE EUM-INT=2MCD [F=20MA—MAX 28480 1990¢=0547
AZCRE 19900547 LED—VISIBLE LUM— INT=ZMCD . IF=20MA-MAX 28480 19900547
A2CHI 1990-0547 LED=Y1SIBLE LUM—INT=ZNCO JFa2QMA-RAX 28432 L990—0547
AZCRLD 1990—-054%7 LEG—YISIBLE LUM-LINT=2MCD 1F=20MA-MAX 28430 1990-0547
AZLHLL 1990-0547 LED-VISIBLE LUM=INT=2MCD 1F=Z0MA—=MAX 28480 1990—-0547
AZuRlZ LI990-0547 LED-VISIBLE LUM-INT«2MLD [F=20MA—MAX 28430 1990-0547
AZ2CR13 1390—0547T LED-VISIBLE RUM—INT=2MCO IF=20MA—¥AK 28430 1990-0547
ARLR14% L390- 0547 LED=VISIBLE LUM—INT=2M[D IF=20MA=MAX 284%43) . 1990-054T
AZLRLY 1990-0547 LED=VISIBLE LUM-INT32ZMCO IF=20MA-MAX 28430 1990-0547
AZ2CR1S 1990-0547 LED-VISIBLE LUM~INT=2ZMCD EF=20MA-=MAX 28430 1990-054T
AZLRLT LI50- 0547 LEO—VISIBLE LUM—INT=2MCD 1F=20MA—MAX 28430 19%90=-0547
A2LR1Y  1990—0547 LED—VISIBLE LUM~INT=2MCO TF=20MA-MAX 28480 1990-0547
AZLRAG 1990=-0547 LED-VISIBLE LUM-INT=ZMLD IF=20MA-MAX 28480 19900547
AZLREZO 1990=-0547 LED-VISIBLE LUM=INT=2MCO IF=20MA—MAX 28480 19900547
AZLRZ] L9S0~-0547 LED-¥ISIBLE LUM-INT=2MCO [F320MA-MAX 28430 1990-0547
W2 REL L950-0b4T LED-VISIBLE LUM-INT22ZMCD IF=20MA-HAX 28480 1990-0547
AZURZ: 1990—-0547 LEO-YISIBLE LUM-INT=ZMCD IF=ZOMA=MAX 28480 1990-0547
ALCR2 1990-0547 LEQ=¥ISIBLE LUN—INT=ZMCD IF=2QMA-RAX 28440 1990-0547
AZLAZE 1990-0547 LED=YISIBLE LUM-INT=ZHMCD IF=20Q0MA-MAX 28430 1990—0547
A2CHZE 1986=0547 LED-VISIBLE LUM=INT=2ZMCD 1F=20MA—MAX 28480 1990-0547
A2LR2T 1990-0547 LED-VISIBLE LUM=[NT=2ML0 IFa20MA—MAX 28480 L99%- 0547
AZURE 19900547 LED—¥ISIBLE LUM-INF22HMCO IF=20MA—-HAX 28480 1990~0547
A2(RZ? 19900547 LED-VISEBLE LUM-INT=Z2MCD IF=20MA-MAX 28580 1990—-0547
AZCR3ID 1990-0547 LED=-ViSIBLE LUM-INT=ZMCD IF=20MA-MAX 28480 1990-0547 .
AZCRIL 1990-054T LED=VISIBLE LUM—INT=2MCD [F=20MA-KAX 284%80 1990—0567
AZLR3Z 1990-0547 LED-VISIBLE LUM=INT=2MCD IF=20HA—MAX 28480 . 1990-054T
AZLRd3 19590-05%7 LED~-VISIBLE LUM-INT=2MCD 1F=20MA—MAX 28480 19900547
AZLR3S L9990 0547 LED-VISIBLE LUM—INT=2MCD IF=20MA=-MAX 28430 1990~-054T
AZLR3ID 1990-0547 LED=VISIBLE LUM-INT=2MCD jF=20MA-MAX 28430 1990~ 0547
AZDSML L990-0%439 1 DISPLAY=NUM SEG .5-CLHAR .%08~H 28480 1990—-0539
AZuSMZ 1950=0540 T OISPLAY-NUM SEG 1-CHAR .43-H 28480 19900540
LR E 1990-0540 OLSPLAY~NUM S5EG 1-CHAR .43-H 28480 1990-0540
A205ME 1990-0540 DISPLAY—NUM SEG A—CHAR .4&3-H 28480 19900540
AZDSM5 1990—-05%0 DISPLAY-NUM SEG I—CHAR .43-H 28480 19900540
A205Mb_DSMS 1990-0540 DISPLAY=-NUN SEG 1—CHAR .&3~H 28480 1990-0%40
A2P1 NO PART NUMBER; SEE A2W1
A2P2 1251-4340 1 CONNECTOR 16—PIN F POST TYPE 27264 22-01-2161

12613476 CONTACT-CONN UMW POST TYPE FEM CRP (P/C P2} 28480 12561-3476
AcRl a6B3~-2015 % RESISTOR 200 5% 258 FC YC==400/4600 glr1zi. cB201s
AZK2 GeBi-2215 3 RESISTOR 220 5T .25W FC TC=~400Q/+600 0l121 cazz1s
ALZR3 doEI=2215 RESISTOR 220 5T .25K FC T{=~4DO/+860Q0 aLiza CB221S
aZRy 0683-3305 8 RESISTOR 33 5% .25W FL FL=-400/+500 oL1ZL L£B3305
LALRS 0&E3-3305 RESISTOR 33 5% ,25W FC T(i==400/4500 o112zl €83305
AZRS 0083-3345 RESISTOR 33 5% .25W FC TC==400/+500 oLLZl CB3205
AZHT 0&B83-3305 RESISTOR 33 5% .25M FC TC=-6400/+500 L1221 [A-EX1117
AZRE 06B3-3305 RESISTOR 33 5% .25W FC TC=-400/+50Q oLl21 . CB33D5
AZRY 0683-3305 RESISTOR 33 5T .25W FC TC=—400/+500 oL1z§ . CB3305
AZiiD 49683-3305 RESISTOR 33 5% ,25W FC TL==400/+500 oL121 CB33D5
AZRLL Q683-330% RESISTOR 33 8% .25W FC TC=—400/+500 pliz1 CB3305
AZKLE 1810-0223 g NETWORK—RES 8-P{N-SIP ,1-PIN-5PCG 11235 750-B1-R330
AZR13 18100229 NETWORK~RES B—PIN-SIP .1-PIN-SPCG 11236 750-81-R33D
AZR14 1610-0229 NETWORK-RES B-PIN=5IP .1-PIN-SPLG 11234 750-B1-R330
AZRLY 1810=-0229 NETWORK-RES B=-PIN=5IP .1-PIN-SPCG 11236 750-81-R330
AZKkle 1810-042% NETHWORK-RES B—PIN-SIP .1-PIN-SPLG 11235 T50-BL-R330
AZWLT Aap 1810- 0208 2 HETWORK-RES B-PIN~SIP -1-PIN-SPCG 02483 - 750-B1-R10K .
AZR 1Y Ap 1810~ 0206 NETWORX—RES 8-FPIN-S1P .1-PIN-5PLG 02483 750-—-81-R10K
AZ51-528 S5Q60-9436 28 PUSHBUTTON SMITCH 28%80 5060-9434
A2wl 8120-2254 1 *CABLE ASSEMBLY, DISPLAY(INCLUDES P1} 28%80 . BlZ0—225%
Alwed 03 455~al601 1 CABLE ASSEMBLY, KEYBOARDIINCLUDES P2) 28480 03455-615601

1200-c508 8 SOCKET-IC L4~CONMT DIP-SLDR ZB84BD 1200-0508
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Table 6-3. Replaceable Parts (Cont'd)

HP Part . Mf
Fleﬂ_zrenqe Oty Description r Mfr Part Number
Designation Number Code
A3 Q3455=66503 1 P.C. ASSEMBLY, FROCESSOR 29480 03455-66503

03465—-639503 REBUILT EXCHANGE ASSEMBLY 28480 0345569503
A3C1 0180-0210 3 LAPACITOR-FXD 3.3UF+=203% L5VDC TA 56289 150D335X0D015A2
AlL2 01 80-02190 CAPACITOR~FXD 3.3UF+-203 15VD{ TA 56289 1500335X0015A2
A3LS 2180-02k0 CAPACITOR-FXD 3.3UF+-20% 1lHVOL TA S6283 1500335X00L 5A2
A3til. R2 Q71571-0283 RESISTOR 2K 1% .125W F TL=0+100 245456 C4=~1/8~T0~2001-F
A3kl "aH PADDING LIST

36983155 3 RESLSTOR - 4.64K 1X 125N F TC=0+—100Q(5.0V) 24545 C4—L/8-TO=4041=F
A3UL 1820-1201 1C=-DIGITAL SNT4LS08N TTL LS QUAD 2 AnD 01295 SNT4LSOBN
AJe la20—-1201 IC-DIGITAL SNT4LLSOBN TTL LS QUAD 2 AND 01295 SNT&LSOBN
A3u3 1l820—1193 IC-DIGITAL SK74LSO3N TIL LS QUAD 2 NAND 0L295 SNT4L S03N
AdUde 1820-119%9 IC-DIGITAL SNT&LSO&N TTL LS HEX 1 01285 SNT4L 504N
A3Us 14201195 1 IC-DIGITAL SNT&ALSITSN TTL LS QUAD 01295 SNT4LSL 75N
A3lia 18 18-0266 i *iC, ROM—MOS 28480 1818-0266
AJUT 1818-0245 1 *1C 4 ROM=MAOS 284860 1818-0265
AdUH 181l8-0264 1 »[Cy ROM=MOS 28480 1818=-0264
AU 1820=1491 2 1C=-DIGLITAL MOS 28480 1820~-1656

40400743 & EXTRACTOR-PL BO BLK PULYC .062-BD-THXNS 268480 4040-0744
Al0 03 4553-06510 1 PoCe ASSEMBLY, INGD M8 Z84B0 03455-66510
Al1OCL 0160—-4479 1 CAPACITOR—FXD .220PF +-10% 28430 0160—4479
AloC2 0160-2257 4 CAPACETOR-FXD LOPF +=5% S0GwvDC CER 284380 0L60=-2257
ALLCE Uiel=-3460 4 CAPACITOR=FXD 100PF #~10% LO00QWVDL CER 28480 0L160=3466
ALOGY AC 31 &0~-0159 2 CAPACITOR—FXD BBQOPF +-10% 200 VDL POLYE 28480 0160—D158
ALUCS | 3160=-0134 1 CAPACITOR=FXD 220PF #=51 300WVDC MiCA 28480 0150-01 34
ALOLE a1l 50—~0071 2 CAPACITOR-FXD 400PF +-53 13004VDC CER - 28480 0150-007T1
ALOLT J150-0u7l CAPACITOR-FXD 400QPF +-5% 1000WVDC CER 28480 0150-0071
AJUCH 41 8U0~0230 13 CAPACITOR-FXD LUF+ZOZX 50VDLC TaA 56289 1500 105X0053A2
Alacy O 180-0230 CAPACITOR-FXD 1UF+20% 50YDL TA 56289 15001GSX0050A2
AlOCLL a180-0229 3 CAPACITOR-FXAL 33UF+—10% 10VDE TA 56289 1500336X9301082
Alulle Qlod=0L2? 2 CAPACITUR=FXD LUF +=20% 25#VDL CER 28490 01560-0127
ALOLLS 416034646 CAPACITOR-FAD 100PF +-10% 1000WV0OL CER 28480 0150=3465
ALUEL % O160=3566 CAPACITOR—FXD LO00PF +-103 LOQOWYDL CER 28480 0163-3466
ALlQCLS U1e0-2306 2 CAPACITOR—FXD Z7PF +—5% 300WVDC MICA 28480 0160-2306
AjuCio 01 40-0204% 1 CAPACITOR-FXD 4IPF +~-5% S00WYOC MICA 72136 DHL5E4T0JO5I0MVLICR -
ALUCLY 0160=-2204% CAPACITOR~FXD 1Q00PF +~53% 3)0WVODL MICA 26430 0160-220%
AjuCla 01 80-0¢30 CAPACITOR-FXD 1UF+20Z% SOVDC 1A 56289 150D105XD050A2
AlOC1Y Q1800230 CAPACEITOR-FX0 1UF+-20% SOVDL TA 54289 1500L05X005042
AluC2i 01 604461 1 CAPACITOR~-FX0 1S0PF »—2.5% L&OWVDL POLYP 28480 D160 4461
AlowLzé a1 6D-2257 CAPACITUR-FXD 1OPF +5% 5004VDL CER 28460 0160=-2257
AlULZs U1 60—-0L54% CAPACITOR-FXE 2200PF +-10% 200WVDOC POLYE 56289 292p22292
AfaCZe V1e0-2306 CAPACITOR-FXD 27PF 5% F00WVDL MEICA 28480 0150=2306
AlUCZS Gl 80—-0L95 1 CAPACITOR-FXD .33UF+=20% 35V0C TA 562389 1500334 X0035A2
AlUCzd U 160=3847 3 CAPACITOR=-FXD .OlUF #100=-0% 50WYDC CER 28480 01460~3847
AbGL27 0160-3847 CAPACITOR-FXD .QlUF «100-0% SOWVDC CER 28480 0150-3847
AlUCzs Ul L0—-0374 CAPACITOR-FXD 10UF+=10% 20¥DC TA 55289 1500106X%302Q32
ALUCES DLED=2055 15 CAPACITOR—FXD LOLUF +80-2Q% 1QOWVDL CER 28480 OL60-2055
AlOC3) g1ad-2055 CAPACITOR~FXD .DIUF +B0—20% 100x#¥DL CER 28580 0150-2055
AldC a2 T 01800230 CAPACITOR-FXD JUF+-20% 50vDL TA 56289 150D105X0050A2
Alui 33 ale0-3547 CAPACITOR—FXD OLUF +100—0Z 50MYDL CER 28430 DL&EO-384T
AlUC3S 0180-0230 CAPACITOR-FAD 1UF+20T S0VDC TA 56289 150D105X005342
ALUL3S ol &0-2055 CAPACLITOR—FXD OLlUF +80-20% LOO0WVDC CER 28480 0160~2055
AilOC30 ale6d-2a55 CAPACLITOR-FXD OlUF +30-20% LOOQWYDC CER 28480 0lo0-2055
ALJC3T a160-2055 CAPACITOR-FXD OLlUF #80-20& LOOWYDC CER 28430 0L60=-2055
ALOL3S 21 60-2055 CAPACLITOR-FXD .0LUF #806-20T LOOWYDL CER 28480 01602055
AlDLAd Q1 6l—205% CAPACITOR-FXD .O1UF +50-20£ 100WVDL CER 284B0 0160-2055
AlOC%L a1460-2055 CAPACITOR-FXD ~OLUF +80-20% L00WYDL CER 28480 Q160-2055
AlUla2 QL2055 CAPACITOR—FX0D .GIUYF #80-2035 L0ONVDLC CER 28&BQ 0160-20%5
ALl 0160-2u055 CAPACITOR-FAD L,OlUF +80-20f 100WYD( CER 28430 0L50-2055
ALQCed 31603408 CAPACITOR-FXD 100PF # 10X 1090WYDL CER 28480 01503460
Aldced G180~0230 CAPACLYOR-FXD LUF+-203 50V0DC Ta 562853 }50D105X0053A2
AOC4E Ql80-0229 CAPACETOR-FXD 33UF+10% 10¥DC TA 56283 150D336X901082
ALQLST D1 E-20Q35 CAPACITOR-FXD LOlUF +80-20% i100wWvYDC CER 23480 0L50~-2055
ALOCS%o U1 60-£055 CAPACITOR-FXP LOLUF +8G~-20% L00SvUC CER 28480 D160-2055
AlOL %9 a1 &60-2055 CAPACITOR-FXD OIlUF #80-20% 100u¥YDL CER 28480 0160-2055

AC SERIAL NUMEERS 1622A01806 AND ABOVE. REPLACES 0160-0159,
4AH SEE NOTE ON SCHEMATIC 8.

See introduction to this section for ordering information
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Table 6-3. Replaceable Parts (Cont'd)

HP Part " fr

Reference Qty Description M Mfr Part Number
Designation Number Code

AdluLsl 21 &0~2055 CAPACITOR-FXD -OLUF +80-20L LOQWVDL CER 28480 0160—2055
ALDLHe QL&0-2605 CAPACITOR-FXD +O2UF +80-20% 25wWVDC CER 28480 0l&60~2605
ALOLS3 J1 el-2605 CAPACITOR-FXD .02UF +B0=-20T 25WVDC CER 28480 01&60-25605
ALULS% al 80230 CAPACITOR-FXD 1UF+-30T SOVDL TA 5628% 1500105X005042
ALOLSS al&s-o127 CAPALITUR-FXD 1UF +-20% 25#VYDC CER 28480 0150~0127
ALOLSo 31 80-0230 CAPACITOR-FXD 1UF+20% 50VDC TA 56289 1500105X0050A2
ALOCHT 0l g0—2628 2 CAPACITOR-FXD 220UF+50-102 S0VDC AL 28480 0180—2628
ALJLSB U1 80-2628 CAPACITOR-FXD 220UF+50=-10% 50VOC AL 28480 0180-2628
ALULSY Q1 80—-0230 CAPACITOR-FXD lUF+-20% 50VDC Ta 56289 1500105X005042
ALOCHL ULBO-0693 CAPAL ITOR-FXD IOQOUF#30-10% 25VDL AL go22v 25vasL1000
Aloced 01800693 CAPALLTOR-FXD 10COUF+50—10% 25VDC AL QBz2u 25¥B35L1000
ALOCGS Ql80-0¢iQ CAPACITOR-FX0O LUF+20% 5S0VDC FA 56283 1500105X0050A2
AlOCbY 01 80-0695 1 CAPACITOR-FX0O 4200UF+100-10% 12VDC AL, 28480 0180-0&95
AULbE 01800230 CAPACITOR-FXD 1UF+20% 50VDL TaA 5628% 1500105XD05042
ALOCKRL L9 01-0584 L) DI00E~GEN PRR 30V 25MA TO-T2 28480 1901~-0536
ALGCR2 1901=-053856 DIODE-GEN PRP 30V 25MA TD-T72 . 28480 1901L-0%86
A10CK3 1502-3104 2 DIDDE-ZNR 5.62V 5% DO-T7 PD=.4W TC=+.4Q16% 15313 - LD 35863%
ALOCRS 1901-0059 OIDDE-SWITCHING B8OV 200MA ZNS DO-T 28480 1901-0050
AloCRa 1901-0020 DIODE-SHITCHING BOY¥ Z00MA ZN5 DO-7 20480 1901-0050
ALQLRES L901=-0050 DIODE-SWITCHING BOV 200NMA 2NS DO-7 ZB%80 190L-0050
ALULRT 1902-0184 5 DIJOE=-INR 16.2Y 53 DO~T7 PO=.4d TC=+.0661 0471 SZ L0939-242
ALUCKE 1901-0050 CIDDE-SWITCHING 8O0V ZOOKA ZN5 00-7 26480 19G1-0050
AlUCRY 1902-0184 DIODDE-ZNR 16,2V 5% DO-7 PD=.4M TC=+,066% 04713 SZ L0939-242
ALUCklLl 19 R-0i84% DIDDE-INR 16.2V 5% DO-T7 PD=, 4N TC=+.066% 04713 5L 10939-242
ALOCRLZ 1901—-00G50 OIODE-SWITCHLNG 80V 200MA ZNS DO-T 2B%80 1901-0050
A10CKR13 1901-0050 DIODE-SWITCHING 80V 200MA 2ZNS 00-7 X 28440 1901-0450
ALOCRILG 1902-3002 i DIGRE-INR 2.37V 5% DO=T7 PD=.4W TC=-.074% 15813 Lo 35524
ALOLR1D 1902-0049 PIODE-INR 6,19 53 DO~7 PD=.4W TL=+.022% 28430 1902=-0049
ALOCKHL 1901-8050 LIO2E-SNITCHING BOY 200MA 2N DO-7 28430 1901-0050
ALBCR1T 1901-0050 DIQUE-SWITCHING BOV 200MA 2NS OO0O-T 284B0 1901-00350
ALOCRLE 19010586 DIODE-GEN PRP 30V 25MA TO-T72 28580 1901-0585
ALQCRLY 1901-05%80 DIODE-GEN PRP 30V 25MA TO-T72 28480 19D1-0586
AlDCRZL 1901-0Us8s6 DIDCE-GEN PRP 30V 25MA TO=72 28480 1901-05806
ALDCRZZ 1901-0584& DIODE-GEN PRP 30V 2Z5MA TO-T2 26480 1901-0588
ALUCRZS 1901-0350 CHODE-SWITCHING 80V Z0Q0MA ZN3 DO-7 284E0Q 1901-0050
ALICRZ%4 1L9L1-0050 DIODE-SWITCHING 30V 200MA 2N5 DO-7 28480 1901-Q050
ALUChZD 15 Cl=0050 DIOVE-SWITCHING BOV 200MA 2N5 DD-T 26480 1901-00450
ALICRES 1941-9250 DIODE-SHITCHING 80V ZOOMA 2NS DO-T. 284B0 1901-0D059
ALDCRZT i90-0376 & OIODE-GEN PRP 35Y SOMA DG-T 28480 1901-03 78
ALUCRZd 1%01-03i76 DIOCE-GEN PRP 35Y 50MA DO-T 284EQ 1901-0376
ALICREY 19020184 DEQDE-INR L&a2V ST DO-7 PO=a4W TCz+ 066X 24713 SZ 10939-2Z42
AlOLH3] 1902=-0184 DEQBE~INR 16.2V 5T DO-7 PO=.4N TL=+.046% 04713 $Z 10939-2%2
AlQCR2Z 1L9GL-0050 OIDDE-SWITCHING 80V 200MA 2NS DG-7 28480 1901-0050
ALUCR 33 19C1-00332 CIODE-SWITCHING 80V 200MA 2N3 DO-7 28480 190L-0050
ALULK3S L9 0L-0u50 GIODE-SWITCHING B0V 200MA 2NS DO-T 28480 1901~9050
ALOLK3S 1901-0050 DIGDE-SWITCHING 8OV ZODMA ZNS DO-7 28480 190L-DD 5D
ALOCKRAS 196L=-0050 DIODE~-SWITCHING BOV ZO0MA 2NKS DD~7 285B0 130L-0050
ALUCR3T 190i-0050 D{ODE-SWITCHING 80V 200MA 2N5 DO-7 28480 190%-0050
ALJICKR3H 19010050 DEODE~SWITCHING 80V 200MA 2N3: DO-7 23480 1901-0050
ALOUR3Y 19Q1-0ua0 DIUDE-SWITCHING BOV 200MA ZNS DO-7 28480 1901-0050
ALOCH4L 1901-0450 DICDE-SWITCHENG 80V Z0GMA 2ZNS DO-7 28480 1901-0050
ALOLRG 2 190L-0u50 DIODE-SWITCHING B8OV ZOOMA ZNS DD-7 28480 1901-00650
ALDLRGS 19C1-0050 OLUDE-SWITCHING A0Y ZOONA 2NS DO-7 Z44B0 1901-0050
AlOCR44 19401~-0450 DIODE=SWITCHING B0V Z0O0MA 2NS DO=T 28480 19010050
ALULRSS 1901-Q0590 DIODE-SKWITCHLNG 80V Z00MA ZN5 DD-7 28480 1901-0650
ALULR&o 19C1-005u DIODE-SWITCHING 80V ZOOMA 2N3 DO-7 28480 1301-0050
A1QCR4T 19C1=-0050 UI0DE-SWITLHING BOV ZDOMA ZNS DO-7 28480 1301-0050
ALUCR48 19¢i=-0028 DICDE-PWR RECT 400V TSOMA DO-29 284B0 1%01-0028
ALUCR4S 190Q1-0028 DIQDE-PWR RECT 400V TS0MA DO-29 28480 1901-0028
ALDCREL 19¢l-0028 DHODE-PWR RELT 400V 750MA DO-29 28480 1961-0028
ALULRSZ 19CI—-0028 DIQDE-PWR RECT 200V 750MA [00-29 28480 1901-0028
ALUCRI S 1941-0028 DIQDE-PRR RECT 400V TS50MA DD-29 28480 1901~-0028
ALULRD4 1941-0028 CIODE-PWR RECT #0QV 750MA DO-29 28480 1901-0023
ALULKSS 1901-0028 DIODE-PMR RECT 400V T50MA DD-29 28480 1901-G028
ALULRIS 19di-ovzs DIODE~-PWR RELY 400V T50MA DO-29 23480 1901-00289
ALUCRET 19¢L~Qu2a DIODE-PHR RECT 400V T50MA DOD-29 28480 1901-0028
ALUCHES 1941-Q028 DIODE~PWR RELT 400V T50MA DOD-29 28480 1901-0028
ALOCR 59 19¢€1-0050 DIODE~-SWITCHING &0V - Z00MA 2NS DO-7 28480 1901-04050
ALDCKEL 1902—-00%49 DEODE-INR 6.1%V 5% D07 PD=.4W TC=+,022% 28430 1902-0049
AlDLRG2 1941-0z00 DIODE-PWR RECT LOQOV .54 04713 S5R1846-9
AL0CKB3 L96Gl=-uZ00 DIOJE—PHR RECT 100V 1.54 04713 3R1846~%
ALUCR &4 15Q2=01T76 2 DIJJE-INR 4T.5V 5% DO-195 PO=1W TE=+.0BLZ 4713 32-11213-335
ALUCABY 1902-0049 DIOOE-INR 6419V 5% D0-7 PD=.4W TC=o+.022% 28480 1902-3049
AlOLnbL 19G2-0L75 DIODE-ZNR 47.5V 5% DO-15 PD=1W T =+.081% ﬂﬁ]’_l.! 5Z-11213-335

See introduction to this section for ordering information



Table 6-3. Replaceahle Parts (Cont'd)

AC SERIAL NUMBERS 1822401806 AND ABOVE, REPLACES 0683-2025.
AD SEE NOTE ON SCHEMATIC 1.
e 8 Dindes CR71 and CA72 #pply only to sarizt numbers 1622400411 and above.

HP Part .. Mfr
Reference Qty Description Mfr Part Number
Designation Number Code
ALGLRGT £902-3104 DIODE-INR 5.62V 5% DO-7 PD=.4W TL=+,016% 15818 CD 35634
AlULRod 1902=0631 OIODE=ZINR 1MS351L8 L4V 53 PD=5W TC=+75% 04713 - 1NS35]18
ALULRGY 19010050 OIODE-SWITCHING 80V 200MA 2NS DO-7 28480 1901-0050
AWCRT1, 724 19010050 DIODE-SWITCHING BOV Z00MA 2NS DO-7 28430 19010050
ALOEL 1970-0077 1 *SURGE ¥V PTCIR 28480 1970-0077
ALOEZ 81 10-0052 1 WIRE-RES 2.6-0HM/FT ,01-DlA 284BD 8110-DD52
A1041 - 1251-2035 CONNECTOR-PC EDGE 15-CONF/RON Z-ROWS 71195 252-15-30-300
AL0s2 1251-2035 CONNECTOR-PL EDGE 15-CONT/RON 2-ROMS 71185 252-15-30-390 -
41043 12514189 1 CONNECTOR—PC EDGE 15-CONT/ROW 2 ROWS ;
AllDJ% 1251-4325 1 CiNNECTOR 10-PIN M POSTF TYPE 2B48) . 1251=-4325
Aluas 1251-3192 1 CONNECTOR 3-RIN M POST TYPE 27264 09-60-103142403-034)
ALOKL 04 90-0740 1 RELAYIREED 28480 0490-07 40
ALOKZ U4 90—0663 11 RELAY—REED 1A 100MA 1000VODC 5vDC-CQIL 28480 04900653
ALuK3 0490-0663 RELAY-REED 14 1D0MA 1000VDC SYDC-COIL 28480 0490-05653
AlOR4 14 90-06b4 4 RELAY—REED 1A 100MA 250vVDC SYDC-CDIL 28480 Q&9 0=-0656%
ALOKS 0490~0663 RELAY-REED 1A LOOMA 1000VDC 5VDC-COIL 28480 0490~ 0653
ALOKG 04900663 RELAY-REED 14 10QMA 1000VDL SVOC-COIL 28480 0430-0663
ALUKT D4 90-Ub64 - RELAY~REED LA 100MA 250VDLC 5¥DC-COIL 28480 0490-06564
AlGKo 0490~ 0664 RELAY-REED ‘1A 10DMA Z50VDC 5VDC-COIL 28480 04900664
A LOKY 0490~ 0664 RELAY—REED 1A 10DMA 250¥DC SVOL-COIL 28480 0490-0066%
ALOLL 91 00- Lo41 L COIL—MLD 240Ut 5% Q=65 .1550X.3T5L6 24226 15/243
Al0P1 12614311 1 CONNECTOR 8-PIN F PQOST TYPE 27264 22..01-2081

1251-3476 v CONTACT—CONN UMW POST TYPE FEM CRP {P/O P1) 28460 1261-3476
AI0P3 1251—4310 * CONMNECTOR 2-PIN F POST TYPE 27264 F2-01-1021
aLoul 50£6-7028 4 TRANSISTORs FET 28480 5088-7028
Allue 50887026 TRANSTSTOR, FET 28480 50868-7D28
ALUW3 AD 5096-7047 9 TRANSESTOR, FET 28480 5060-7047
alous AD 50807057 TRANSj STOR, FET 28480 5090-7047
AluQs L8 55-0308 1 TRANS]STOR-JFET DUAL N-LHAN D—MODE 51 28480 1855-0303
AlQ06 18 55-0:47 3 TRANSISTOR—JEET DUAL N—CHAN D—MODE TD-T1 2B%BD 1855-02 47
AloQi 18540071 13 TRANSISTOR NPN S1I PD=300MW Fi=200MHZ 28480 18540071
AL0ys L853-0086 1 THANSISTOR PNP S1 PD=310MM FT=40HHZ 28480 1853-0086
ALUGY 1853-0020 TRANSISTOR PHNP S1 PD=330MW FI=150MHZ 28480 1853=-0020
Aluull 18540071 TRANSLSTOR NPN SI PD=300MW FT=Z200MHZ 28480 1854-0071
al0gLz 1854-0087 3 TRANSESTOR NPN SI PD=360Mw FI=T7SMHL 28480 1854-0087
Alowls 5088-7028 TRANSISTORs FET 28480 SQ48-T028
ALOGQLS 3088-Td2R TRANSTISTOR, FET 28480 S0BB—-T028
alyaks &b 5090-7047 TRANSISTOR, EET 28480 5000-7047
AloQlo oD 5090-7047 TRANSISTOR, FET 28480 50%0-7047
AlUQLT 18550245 2 THANSISTOR—JFET DUAL N-~CHAN D-MODE TO-71 268480 1855=02 46
ALOQLY AD 5¢90-7047 TRANSISTORs FET 28480 5090-7047
alowid 4D 5080-7047 TRANSISTOR, FET 28480 5090-7047
AlduzL ab 5090-7047 TRANSISYOR, FET 28480 5080-7047
ALOwZZ 1655-0420 11 TRANSISTOR J—FEF 2N4391 N-CHAN D-MODE 04713 2N63%1
AlOuz3 1854~0087 TRANSISTOR NPN 5] PD=350NMW FI=7S5MHZ 28%80 1854—-008T
ALQUZ4 1654-0071 TRANSISTOR NPN 5§ PD=300Md £T=Z00NHI 28480 1854-00TL
Aldzs 1854~0071 TRANSISTOR NPN SI PD=300MW FT=2Z200MHZ 2B%8H0 18540071
AlJdQZo " 18%3-0020 TRANSISTOR PNP SI PD=s00MM FI=15QMHZ 28480 1853-0020
AlUQ27 18550368 & TRANSISTOR J=FET N-LHAN D-MODE fO=-72 SI 28480 1855-03568
Aluwezs 18550348 TRANSISTOR J-FET N—CHAN D-MUDE TO-T2 51 28480 1855~03648
AlOW2Y L855-0368 TRANSISTOR J-FET N-CHAN D-MODE TO-72 51 28480 1855-03 58
ALUGHL L8355+ 0244 2 STRANSISTORs JFET N-CHANNEL ZN4857 26480 1855-0Z 44
aliwig LB855-024% *TRANSISTOR, JFET N-CHAMNEL . ZN4857 29480 1855- 0244
EYTTEF] LB E5=0420 TRANSISTOR J=FET 2N4391 N-CHAN O-MODE 04713 ZR4391
ALUWsG LB55=0420 TRANSISTOR J=FET 2N4%39L N=-LHAN D-MODE 04712 Z2N439] .
ALUu3s 1&55=-0368 ‘TRANSISTOR J-FET N-CHAN D-MODE TO-72 SI 28480 1855-D3 68
AlUuie L855=C358 TRANSISTOR J-FET N-CHAN D-MODE TO-72 5] 28480 1855-0368
Aluazr t 1855-0460 1 TRANSESTOR-JRET DUAL N—-CHAN D-MDDE TO-T1 28480 1855-0460
ALDG35 AD 5090-7047 TRANSISFOR, FET 28480 5080-7047
al0usy AD 5090-7047 TRANSESTOR, FET 28580 5080-7047
AlJysd LBES—-0368 TRANSISTOR J-FET N-CHAN D-MUDE TO-T72 51 28480 1855-0368
Alluael 1653-0020 TRANSISTOR PNP 51 PD=300MW FY=150MHZ 28480 1853-0020
AldQas 1853-0020 TRANSISTOR PNP SI PO=300MN FT=150MHZ 28480 1853=0020
ALOQGAS 1853-0020 TRANSISTOR PNP S1 PD=300MW FT=150MHZ 28680 1853-0020
AlOD%% 1354+ 0471 TRANSISTOR NPN SI PO=300Mx FT=20D0MHI 28480 1854-G071
ALUuaS 1854-0071 TRANSISTOR NPN S1 PD=300MN FT=200MHZ 28480 1854-0071 .
Aldusn LE53-0020 TRANSLSTOR PNP SI PD=300MW £T=1S0MHZ 26480 1853-0020
Aldwnd 08 L3—-0032 2 RESISTOR SOK 5T 58 PW TC=0+-20 AMBAT R55
AlUK2 Q8 13-0u32 RESISTOR 50K 53 SW PW TC=0+-20 91637 RS~5
AlQR: 0693-89737 12 RESISTOR 100K 53 .25W CC TL=-400/+E800. 01124 CHB1O045
Aluks 0698-8737 AESISTOR 100K 53 .25W CC TC=—-400/+800 6li21 CB1045
Aldnd 0683-1535 4 RESESTOR 15K 53 ,25W FC TC=-400/+800 0lizL CBASES_
AlUKe Q6 53-2445 2 HESISTOR 240K 5 .25W FC TCL=—-800/+900 oLL21 CBZ2445
alyny Qed3~2445 RESISTOR 240K 5% .25+ FC TE=-300/¢900 all2l ‘CBZ445
AlUKD Q7 57- 0446 2 RESISTOR 15K 13 .125W F TC=04-100 24345 C4=1/8-TD=L502~-F
ALIRS 9151-0446 RESISTOR 15K 1T .125W F TL=0+—100 26546 L4 L/8-FO-1502-F
AluklL &¢ Q6 H3-1325 9 RESISTOR 103K 5% .25W FL TC=—4%00/+700 01607 €81326

See introduction to this section for ordering information
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Table 6-3. Replaceable Parts {Cont'd)

HP Part _

Reference Qty Description Mir Mfr Part Number
Designation Number Code

ALDRLZ Q6 33=33235 1 RESISTOR 3.3K 5% L25W FL TC=~400/+700 G112t CB3325

ALURL3 F556-5T737 RESISTOR LDOK 5% .25W CC TL=~400/+800 GL121 CB1O45

ALURLS 0682-1015 F4 RESESTOR 100 SX .25W FU TC=-400/+500 01121 CB1O15

ALDRLS Qa83-8L25 1 RESISTOR 8.2ZK 5% .25W FL TC=—-400/+700 al1z1 £88225%

AlURLa 00831535 RESISTOR L5K 5% .25% FC TC=-400/+800 IR ¥ CBls3s

ALORLY Q6 83-2035 a RESISTOR 20K 5% .25W FL TC=—400/+8D0 oLzl . CBz203s5

ALURLE 0658-4479 - RES{STOR L4K {X .125W F TC=04=100 24546 C4-1/78-T0-1402-F
ALIRLS 0698-3136 1 RESISTOR 17.8K 1X .125W F TC=Q0+-100 24546 C4=1/8-T0—1782-F
A10H2L a6 E-5625 3 RESISTOR 5.6K 5% .25 FC TC=—%00/+700 izl CB5825

ALUKZZ Ve &@-5625 RESISTOR 5.6K 5% .25W FC TC=-400/7+4700 01121 CB5625

AlIRZ3 06831535 RESISTOR 15K 5% .25W FL TC=-400/+800 L1211 CBi535

AlOHZe 26988777 8 RESIS5TORy FXD 1000 OHM .05 2B480 . D&98-8777T .
ALORZS 0698-4479 RESISTCR 14K 1T .1725W F TC=0+-100 25545 C4—1/8-T0—1%32~F
AlURZE Q&683-1825 1 RESISTOR 1.8M 5% .25W FC TC=—400/+700 01121 CBl1825

ALUR2T 0682215 RESISTOR 220 5% .25W FL TC=-400/+600 aLL21 CB2215

ALORZE 06 B3—-5145 T RESISTOR 510K ST .25#4 FC TL=-800/+900 01121 CB8145

ALURZY 0698~6737 RESISTOR 100K 5% ,.25d CC TC==400/4800 oitel CB1045

ALUR31 95831035 15 RESISTUR 10K 53X .25W FU TC=-400/+700 01121 | CBi0G35

ALOR3Z D6 EI-5625 RESISTOR S5.6K ST .25W FC TC=—%Q0/+700 01121 CB5625

ALuK33 Qag3-9115 X RESISTOR 910 5% .25W FL TC=-400/+600 01121 CB9115

ALOR34 0693-8737 RESISTOR 100K 5% .25W CL TC=~400/+300 o112} CB1G45

ALUR3S 08 11-3415 1 RESISTOR 76.8 1% 1W PH TC=0¢-20 91637 . R5-1A

ALORIG Q698-8776 1 *RESISTOR, FXD 10 OHM .05 28480 0699-87T6

ALOwr37 0683-2035% RESISTOR 20K 5% .Z25wW FC TCa—400/+800 o121 C82035

AlOR3E a698-8777 RESISTOR, FXD 1000 OHM .D% 28480 0698~-8777

ALDR3Y 0o98-8737 RESISTOR 100K 5% .25 CC TC=-400/+300 oLzl £B1045

ALursl 0698-8693 2 RESISTOR 20K 13 .125MW F T(=Q+=25 03588 PMESSS

ALUR4Z 0693~B86%2 1 RESISTOR 160K 1Z .125W F T{=0+-25 [+E1:2: 8] PMESSS

Aluk4es Q698~-85693 RESISTOR 20K 1% .125W F TC=0+—25 03588 PRESSS

A10R44 R 0698-8737 RESISTOR -L1O0DK 5T .25W CL TC=—400/+800 01121 CBLIO45

ALORSGS 0683-5135 1 RESISTOR 51K 5% .25W FL Ti=-400/+4800 o1121 £B513%

AloR4es 0696=-8777 RESISTORy FXD LOCGO GHM .05 2484849 Q&98—-BTFF

Al0R4T UBil-3461 2 RESISTIVE SET. 10M/100 KOHM (INCLUDES R63} 28480 D811-3561

AluRad 1810-0232 2 NETWORK~BRES B8-PIN-SIFP L-PIN-SPCG 7X100K 556289 ZL6CHLED4XIPH .
ALuR4D LB10—-0232 NRETHORK~RES B~PIN-5IP .1-PIN-SPLG 7X100K 56289 216CHIDGRIPH
AlURS>L Oo98—8737 RESISTOR 100K 5% .25W CL TC=-400/+4800. 01121 CE1l045

ALORSZ 06483—2029 RESISTOR 2K 53 .25W FC TC==-400/+700 orizi CB2025

ALURS3E 0683-6225 1 RESISTGR 6.2K 5% .25W FL TC=~400/+700 01121 CBozzs

ALIHDS 0698-T332 F4 RESISTOR 1M 1% L1254 F TC=0+-109 19701 . MF5C1/8-TO-1004—F
ALUdSS 05698-7332 RESISTOR 1M 1% .125W F TC=0+-100 19701 HF5C1/78-T0-1004—F
LA10K56 DL B3~-5145 RESISTOR 510K 52 .25W FL TL=—BOO/+900 orial CB5L&5

LYREEY) Do 58-6320 5 RESTSTOR 5K 1% L1256 F TL=04-25 03888 PME55-1/8-T3-5001-B
ALURSH 26 98—-6320 RESISIOR 5K L1% .125W F TL=D4=25 03388 PHES5-1/8-T3-5001-B
ALUOKGY 0593~ 1Ua1 2 RESISTOR 1Q0K 103 2W CC TC=0Q0+882 oLE21 . HBLQA%]

AloREl 0693-1041 RESISTOR 10QOK 10% 2w CC TC=0+882 01121 HBELOG]

ALdro2 05658-8727 RESISTOR -1G0K 5% .25W CC TG=—400/+300 o112l CBLO45

ALORG3 Q8 Ll1-3461 RESISTIVE SET, 10M/100 KOHM {INCLUDES R47) 28480 OB1ll-3461
ALORSS Go98-di7TT RESESTOR, FXO 10QQ OHM .05 28480 069B-8177

ALdiey G5683~7535 1 RESISYOR 75K 5% .25W FC TL=-400/+80Q0 01121 CB7535

ALURGE 2100-3383 1 RESISEOR—TRMR 50 10% C TOP-ADJ 1-TAN 73138 72=101-0

ALQkOT 06 83-2025 RESISTOR ZK 9% .25W FC TC=—4DO/+700 a1l121 £a2025

ALORSH Q&98-8737 RESISTOR 1GOK-53 .25W LL TC=-400/+800 a11z21 CBIO4S

AlURGT 07 51-0465 RESISTOR 100K 1% .125W F TL=0+-100 24545 C4—-1/8-TG-1003-F
ALYRTL 0T 57=0865 RESISTOR 100K 1% .125W F TL=0#-100 24544 L4-1/8-T0-1003-F
ALOKTZ Qb 83— 2015 RESISTOR 200 5% .25H FC TC=—400/+600 011z Cozols

ALDRT3 0T S5T- 0450 I RESISTOR 619K 1% .125W F FC=0+-100 24345 Ca-1/78-TO-6192-F
ALORT4 06 83-4125 & RESISTOR 4.7K 5% .25W FL TC=—%00/+700 all12h CR4T2S

ALURTS 0683-1035 RESISTOR LOK 5X .25W FC TC=—%00/+700 al1z1 Calo35

AlORTS 0643=2035 ReSISTOR 20K 5% .25W FC TC=2-400/+800 aiizi CB203S

ALURTT 0683~-4725 RESISTOR 4.TH 5% L25W FL T{=-4Q0/+70Q 01121 CB4T25

ALURTE 06 83~4725 RESISTOR 4.7K 5% .25W FC TC=-400/+700 o112l LB4T25

ALORYTY 06988177 RESISTOR FXD 1000 OHM .05 - 28480 06988777

Alukel 06832025 RESISTOR 2K 5% .25W FC TC=400/4B00 - 01121 CEZ2025

ALURBZ QbE-2145 i RESESTOR 910K 5% .25W FC TC=-8500/+900 o1zl CBIL45
R YDLTES 069B—-8737 RESISTOR 100K 5% .25W CL TL=-400/+800. a1zl CB1045

ALURBS 0&83-1035 RESISTOR 10K 5T .25W FC TC=—4%00/+700 o1121 £B1035

AlJRoS 0698-8737 RESESTOR LOOK 53 .25W CC TC==-400/+800 oLizl LH1Q45

Addddo 0696-8777 RESISTOR, FXD 1000 GHM .05 28480 0698—8777

ALURGT Q6o98—-8TTT RESISIOR, FXD 1000 OHM .05 285480 0698-8777

ALURBE DL 83-5115 2 RESISTOR 510 5% .25W FC TC=-500/+600 01121 CB5115

A AURBY 0a83-5115 RESISTOR 510 5% .Z5W FC TC=—400/+4600 oLl121 CAS5115

ALURZL 06 83-2035 RESISTOR 20Kk 5% .Z5W FL TC=-400/+4800 o1121 CB2035

Abgr9y Ob 33— 2035 RESISTOR 20K 5% .25W FL TL=-400/+800 01121 . c82035

ALUR93 06 H3-3045 “ RESISTOR 3K 5% .25 FC Ti=-400/+700 01121 cB3025

ALUKI G 0683=-2025 RESISTOR 2K 5Z .25W FL TC=-400/+700 olizl cBzaz2s

See introduction to this section for ordering information
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Table 6-3. Replaceable Parts (Cont'd)

Reference HP Part . Mfr
- A N Qty Description Mfr Part Number
Designation umber Code
ALORS D> 0683-201L2 RESISTOR 200 ST .25W FC TC=—400/+600 01121 C§2015‘
hlur9o 06 83-2015 RESISTOR 200 5% .25W FC TC=-400/+600 o112zl £B2015
ALDR®T Uegl-2025 RESISTOR 2K ST .25W FC TL==400/¢700 91121 CB20235
AlOR9B U6 83— X026 RESISTOR 2K 5% .25W FL T(=-400/+700 oL 21 CB2025
ALORSS 0ges—8777 RESISTOR FXD 1000 OHM .05 28480 06988777
A10R101, R102 0583—-2035 RESISTOR 20K 5% .25W FC TC=—400/+800 oz CB203%
AN0A103 06834725 RESISTOR 4.7K.5% .26W FC TCe= —400/+800 o121 CB472%
AI0A104, 06B3—1335 1 RESISTOR 13K 5% .25W FC TC=-400/+800 o1 CB1335
A1RI06 AD . t
AlukliDe OTET-027H RESISTOR. 1.21K IX .125W F TC=Qe=100 245486 C4—1/8~TD—1213-F
A)ORIOT Q6 H3—-2025 RESISTOR 2K 5% L25W FC TL=-400/+700 oLz cBz025
ALORLDH b B3-4725 RESISTOR %.7K 5% .25W FC TC=—400/+700 01121 CB4725
AlUklug D6 83—4725 RESISTOR 4.7K 53 .25W FC T(=-400/+700 oLzl CB4725
A10R111 4A 08834725 RESISTOR 4.7K 5% .25W FC TC=—400/+700 . i CB4725
AlusL 4B 0490-0802 1 SWITCH-MAG REED FURM A 3¥A LZ0OV CONT 28480 04900402
AjuTL F100-0678 i TRANSFORMERs PULSE 28480 9100—D6TS
ALQIZ 91C0-3679 i TRANSFORMER, PULSE 28480 9100-3879
Aloul 1826-0343 2 IC MC 14360 0P AMP 04713 MLLI43406
Aluue 1826-010% 2 IC MA 2625 OR AMP 28480 . 1826—D109
Algus 1826-037% 1 If, LF 256H OP AMP 27014 LF256H
AlQus 1826—03a7 5 Ly 4 COMPUTER LM3I39 SPEC. 28480 1826-034T
Al0LS 18326—0347 ILsy J COMPUGER LM329 SPEC. 2B%B0D 1826-0347
Aldue 18260357 IC, J COMPUTER LM339 SPEC. 284480 18246— 0347
AlOUT 1826-0411 1 EC OP AMP LOW-DRIFT TO99 02180 apP-07cd
Aluug LB 260347 [Ce 4 COMPUTER LM339 SPEC. 28480 1826—0347
Aluue 1B26-0347 1€y 4 COMPUTER LM339 SPEC. 28480 . 1B26—0347
AlUUlL 1820—-11956 IC-DIGITAL SNT4LSLT74N TTL LS HEX D12Z9% SHT4LSLT4N
ALGUL2 1820-1196 IC-DIGLTAL SNT4LS5LT4N TTL LS HEX o1z95 SNTALSLT4N
AlQULS 1820-1196 IC-DIGITAL SNT4LS1T4N TTL L5 HEX D1295 SNT4LSLT4N
AlOULG LBZO-L2M6 IC-DLGITAL SN74LS13BN TTL L3 3 01295 SNT4L5138N
ALUULS L820=-1196 IC-RIGITAL SNT4LSIT4N TTL LS HEX 0l295 SHT4LSLTeN
aloule LB20-1196 IC-0IGITAL SNT4LSIT4N TTL LS HEX 01295 SNT4L51 TeN
ALUULT LB820-11%96 IC-DI1GITAL SNIGLSiTeN ITL LS HEX 01295 SNT4L 51 T4N
aAluull 1826—0343 EC MC L4360 OP ANP ’ 04713 MC143506G
alavi® 1B820-04T1 & 1C-DIGITAL SNT406K TIL HEX 1 D1295 SNT406N
AlduZl 1820-1197 IC-DIGITAL SNT4LSCON TIL L3 QUAD 2 NAND 01295 SNT4LS00N
ALDUZZ LB20-1199 IC-0IGITAL SNT4LS04N TTL 45 HEX 1 01295 SNTALS04N
AlouZs 1820—1420 2 IC-RIGITAL SNT4LS9ZN TIL LS clv-X-12 312985 SNT4L592ZN
AlUUz % LB20-0471 IC~-DIGITAL SM7406N ITL HEX 1 01295 SNT40&N
ALDUZS 1418=-2270 1 I1C, MO5-ROM 28480 1818-2270
AlUUZo G3455-62501 MANOPROCESSOR ASSY INCLUDES AIOR105 28480 D3455-62501
Algued lsZ0-1198 IC-JLGITAL SNT4LS03N TTL LS QUAD 2 NAND 01295 SNT4LSA3N
Allu2b 1620-119% IC-OIGLITAL SN74LSO4N TTL LS HEX L 0129% SNTRL 504N
AlJu2e 18201197 IC-DIGITAL SNT4LSGON TTL LS QUAD 2 NAND 01295 SNTALSOON
LYY HEYS 1820- 1420 IC-DIGITAL SNT4LS92ZN TTL LS DIV-X-12 Q5295 SNT4LS92N
AlUU3E 1820-1112 IC~DIGITAL SNT&L3T4N TTL LS DUAL 31295 SNTSHLSTAN
ALOU3a 1920~1132 IC-DIGITAL SNT4LSTaN TTL LS DUAL 21295 SNT&LST &N
ALOU3G 19%0-0577 F OPTO-ISOLATOR LED-PDIG/XSTR IF=50MA-HAX 28480 1990=-0577
AlJU3s 19900577 OPTO~ISOLATOR LEO-PDIQ/XSTR IF=50MA-HAL 28430 1990-0577
AlUu3e L826-Qi50 1 -1 ¥ RGLTR 27014 - SL26683-24
ALQUaT 18 26—0299 1 ic ¥ RGLTR 27014 LM320T—-24
Aldu3s 1dz6- 0286 1 1C 7815C ¥ RGLTR 02237 T815UC.
AlDu39 1826-Q2TT i IL LM 320 ¥ RGLYR 27014 LH3Z201-15
12050309 4 HEAT SINK SGL TO—220-PKG 28480 L205-0309
ajowt 0é455—b1607 1 CABLE ASSEMBLY,s L.l.{INCLUDES P1} 28430 A3455—-61607
ALOwW2 33 455=61608 1 CABLEs 1Qs/1 DIYIDER 284890 03455-61608
AloxlL 1200—04b6 1 SOCKET-EL 40-CONT DIP-SLDR 0011 A—23-2030Y
Aluyl 04 10-0063 r CHYSTAL, QUARTZ 4915.200 kMz 28%80 D41 0-06563
S50 40-0179 GUEDE:PLUG~-1N PL BOARD 28480 5040-0170
all AC 11177-689501 L ASSEMBLY, REFERENCE- 28482

111778

NOT FIELD REPAIRABLE.
REBUILT EXCHANGE ASSEMBLY

REPLACEMENT ASSEMELY

AA RESISTOR AT0R111 APPUES ONLY TO SERIAL NUMBERS 1622400411 AND ABOVE.
4B REED SWITCH A10S1 APPLIES ONLY TO SERIAL NUMBERS 16822A00410 AND BELOW.
AC REPLACE WITH A20 ASSEMBALY PART NUMBER 111778 FOR REPLACEMENT OR EXCHANGE.

4D SEE NOTE. ON SCHEMATIC 11,

A

See introduction to this section for ordering information
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Table 6-3. Replaceable Parts (Cont'd)

AA  SEE NOTE ON SCHEMATIC 4.
4B SEE NOTE ON SCHEMATIC 4.
1

Reference HP Part |c . Mfr Mf
. g r Part Number

Designation Number (D Qty Description Code
Al2 03455-66512 1 PC ASSEMBLY, OHM CONVERTOR Z8u30 03455-66512
Al2cy 0180-0230 CAPACITQOR-FXD iUF +-20% 5S0VDC TA 56289 150D105X0050A2
Al2C? 0led-elbh 1 CAPACITOR-FXD .039UF +-10% 200V0C 28480 0160-0164
A12C3 BB 0160-0157 1 CAPACITOR-FXD 47Q0PF +-10% 200vDC 28480 0160-0157
Al1Z2CR1-CR4 19¢1-Q050 DIODE-SWITCHING 80V 200MA 2NS DO-7 28480 1901-0050
A12CRS 1902-0777 1 DIODE-ZNR IMNB2S 6.2V %% DD-7 PD=.725H oL4713 INB2S
Al2CRE,CRT 19p1-0054 DIQDE-SWITCHING 80V 200MA 2NS DO-7 28480 19n1-0050
Al2CREB 1501-0036 1 DIQDE-HY RECT iKY 600MA DD-29 28480 1901-0036
Al2CRY 1902-31349 1 DIODE-ZNR 8.25V 5% DO-7 PO=,4W TC=+,053% 04713 $Z 10939-158 -
Al1Z2CR11-CR15 1901-0050 DTODE-SWITCHING §0V 200MA 2NS DO-7 28480 190:-0050
Al1ZQ] 1455-0247 TRANSISTOR-JFET DUAL N-CHAN D-MCDE TO-71 28430 1855-0247
Al202 1953-0020 TRANSISTOR PNP S1 PD=300MW FT=150MHZ 28480 1853-0020
Al1203 14954-0087 TRAMSI[STOR NPN S1 PD=3L0MW FT=7SMHZ 28480 1854-0087
gAIQQH 1954-0079 1 TRANSISTOR NPN 2N3439 S1 TO-5 PD=1W 02735 2H3439
A1205% 1855-0247 TRANSISTOR=JFET DUAL N-CHAN D-MCDE TO-71 28480 1855-0247
Al2R} 0EB3-1115 1 RESISTOR 110 5% .25W FC TC=-400/+600 0112t CB1L15
AlZRZ 0683-4325 1 RESISTOR 4.3K 5% .2SW FC TC=-400/+700 01121 cBu3z?s5
Al2ZR3 0757-¢059 1 RESISTOR IM 1% .5W F TC=04+-100 19701 MF7C1/2-TD-1004-F
Al2RGL 0E3T-2735 3 RESTISTOR 27K S% .25W FC TC=-H00/4800 01121 CB2735
Al2ZRS 0698-4468 1 RESISTOR 1.13K 1% .125W F TC=0+-100 24546 C4-1/B-T70-1131-F
Al2ZRE 0698-4202 4 RESISTOR B.B87K 1% .125W F TC=0+-100 24546 C4-5/8-TO-8871-F
Al12ZR7,R8 Ap Ag 0757-0452 3] RESTISTOR 10K 1% ,125W F TC=0+-100 03292 C4-1/8-7T0-1002-F
Al2R9 0E83-1235 3 RESTSTOR 12K 5% .25W FC TC=-400/7+800 011721 CB1235
Al12R11 0633-4715 2 RESISTOR 470 5% .25W FC TC:-Q00!+600 01121 CB4715
Al2R12 0683-24725 1 RESTSTOR 2.4K 5% .2GW FC TC=-400/+700 01z} CB24Z25
A12R13 0683-3035 1 RESISTOR 30K 5% .25W FC TC=-400/+800 01121 CB3035
Al12ZR14 0698-3451 1 RESISTOR 133K 1% ,i25Ww F TC=+-10% 24546 C4-1/B-T0-1333-F
Al2R1% 0683-2735 RESISTOR 27K 5% .25W FC TC=-400/+80D 01121 cB27315
Al2R16,R17 Ap bp . 0757-04%%2 RESISTOR 10K 1% .125W F TC=0+-100 03292 C4-1/8-T0-1002-F
Al2R1B 0683-4339 3 RESISTOR 43K 5% .25W FC TC=-400/+800 ni1z2t CB4335
Al2R19 06E33-1535 RESISTOR 15K 5% .25W FC TC=-400/+800 01121 CB15%3%
Al2RZ1 0E83-1235 RESISTOR 12K 5% .25W FC TC=-4a0/+80D 01121 cBl1231%
Al2ZRZ2 0683-1125 1 RESISTOR 1.1K 5% .2§w FC TC=-400/+700 01121 cBllzS

6-12
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Table 6-3. Replaceable Parts (Cont'd)

HP Part - M
Reference Qty Description ' Mfr Part Number
Designation Number Code
ALZ2RZ23 Q7 60—-0ub3 It RESISTOR IQOXK 2% 1W MO TC=0+-200 11502 RG32
ALZTL 91 00-0679 L TRANSFORMKMER, PULSE 28480 9100=-06T9
AL2UL 1820-0223 z IC LM 30lA OP AMP 27014 LM3O1 AN
Alzuz 1820-0223 IC LM 301A OP AMP 2700 % . LM301AH
Al3 03 455—66513 1 P.0L. ASSEMBLY, AC CONVERTER 28480 . 03455-66513
Al3CL Qlag-2199 4 CAPACITOR-FXD 20PF +=5% 3004VDC MILA 28480 oL60-2199
ALaC2 Ol 60-%404& 1 CAPACITOR-FXO L15UF +—10% 100OWYOC POLYP 20480 01605404
AL3C3 Ql60-4401 3 CAPACITOR-FXO .0lUF +10% 100WVDL POLYP 28480 0160—- 4401
ALICH 01 60-4402 b CAPACITOR-FXKD .1UF +—10% 100WVOC POLYP 28480 0160~ 4402
ALl3CS ai1s0-2199 CAPACIYOR-FXQ 30PF +5% 300WVLC NICA 20480 0160-2199
ALICEH Gl6e0—4393 3 CAPACI¥OR—FXD .0BZUF +—10I Z200WvDC POLYP ZB480 0160—-%398
AL3CT 0160—4398 CAPACITOR-FXD 082UF +10% 200WVDC POLYP 2848D . 0160~-4398
Al3cd U160-440) CAPACITOR=-FXC .Q1lUF +-10% 100wWYDC POLYP 268480 V15604401
ALICY QL60=4401 CAPACITOR=FXD +OLUF +=10% 100wW¥YDC POLYP 28480 Ql60- 4401
Al3CLL al 800229 CAPACITOR—FXD 33UF+-10% 1OVDC TA 56289 1500335 X90. JB2
ALICL2Z 0L80-0197 CAPACITOR=-FXD 2.2UF+=10% 20VDC TA 56289 150D225X9Q2042
Al3CL3 Q1801735 CAPACITOR-FXD L22UF+—10% 35VDC TaA 56289 1500224 X9035A2
ALICLS Ql&0=2199 CAPAC ITOR~FXD 30PF +-5% 300WYDL M]CA 28480 D1460-2199
AL3CLS "Q121-0432 1 CAPACITOR-V TRMR-AIR 1.7/14.1PF 350V %370 189-505-12%
Ak3Cls G160-Q763 1 CAPACITOR-FXD SPF +—10% 500WWDL MICA 28480 0160—0763
AlIC17 01600363 1 GCAPACITOR—FXD 620PF +-5% 300WVDC MICA 28480 0160—0383
Al13C18 01801746 - 1 CAPACITOR-FXD 15UE+-10%: 20VDC TA. 58289 1500156 X902082
A13C18 01603949 2 CAPACITOR=FXD 345PF +—1% S00WVDC.PORC 28480, 01603948
A13C21 01500093 CAPACITOR-~FXD 01UF +80-20% 100WVDC-CER 28480 . 01606093
AlCR 01800197 CAPACITOR-FXD 2.2WF+—10% 20vDG TA. 65280 150D225X9020A2
A13C23 01603134 2 CAPACITOR—-FXD .01UF +—10% 1DOWV.DC CER 28480 0160-3134
A13C24 01800197 CAPACITOR--FXD 2.2UF+—10% 20vDC TA 66289 1500225X9020A2
A13C26 A A 01600378 - CAPACITOR—FXD 27PF +-5% S00VDE MICA 25480 0160—-01481.

0160-2160 CAPACITOR-FXD 33PF +-5% I00WVDC MICA 28480 802150

0140—0180. CAPACITOR—FXD 39PF +—5% 300WVDC MICA 28480p 01400180
A13C26 ‘0160-3945 2 CAPACITOR—FXD 39PF +— 1% 500WVDC MICA 28480. 0160-3045
A13C27 01500098 1 CAPACITOR—-FXD .05UF +80--20% 100WVvDC CER 28480: 1500086
Al3C28 oL&60-2199 CAPACLYTOR—FX0O 30PF +-5% 300WVDC MICA 28580 01602199
Al3C29 Ol 60-3974 i CAPACITOR-FX0 LOPF +=1X 1000WYAC PORC 284B0 0150=3974
AL3CEL al60—-3577 1 CAPACITOR-FXC 9TOPF +—1% 100WVOC PORC 28460 0160~3977
AL3C32 0140-0202 L " CAPACITOR-FX0Q LSPF #=5% 5S5Q0WVDC MICA 72136 DML1SC150J05004VYIER

- ALAG33 0160~-3930 1 CAPACITOR—FXD 1OPF »—1% 2500WVDC PORC 2B4B0 0150-3930
ALIC3% 0121-0436 2 CAPACLTOR=V TRMR=AIR 2.4/24.5PF 350V T&97Q 169-509-125
Al3C35 0] ¢«—-3581 2 CAPACITOR—FAD L1UF +-20% 630WVDL MET FROODZ Q0T10440
AL3CK] L902-3237 3 DIODE—-ZINR 20V 5% D0-7 PD=.4d TC=+.073X 04713 52 10939-269
ALl3CRE 19C1-00G33 2 DIODE~GEN PRR 180V 200MA o0-T : 28480 1901-0033
Al3Ca3 L901-0640 L OIODE-SKRITCHING 30V SOMA 2WHS DO=-35 20480 1901-0040
ALICRS 19GL=-0033 DIODE-GEN PRR L8OV Z00MA 00=7 28%80 1901-0033
AL3CRS 19201-0518 S DIODE-SCHOTTKY 29480 1901-0513
Aldlrn 19461-0518 Di0DE=-SCHOTTKY 28480 1901-0518
ALICRT 19G2=-312a8 1 DIODE~ZINR T.32Y SX DO-7 PDE.4H TL=1,068% 04713 57 10939-143
AlICRS 12 0i-0U40 DIODE~SWITCHING 30V 50MA ZNS 00-35 2848BD 1901-0040
Al3Ck? 19C1-0040 DIUDE-SHITCHING 30V SOMA ZNS DO-35 28480 1901-0040
Al3CR14 19CL~-Q040Q DIODE-SWIYCHING 30Y 50MA 2NS DO-35 28480 1901—00*0\
Al3ICR12 13310040 DIODE-SHITCHING 30V SOMA 2NS DO-35 28430 190 1-0040
AL3CKHLD 1902-3086 Fd DIODE-ZINR 4.75V 2% DO-7 PD=.4w TC=-,019%% 04713 52 10939-90
ALICKLw 190623086 OIJBDE—INR 475V 2% DO—7 PD=.4W TC=—.019% 04T13 - 52 10939=90
ALICRILS 1901-0040 DIUJE—SwITCHING 30V SOMA 2NS DO-35 28480 1901=-0040
AliCKlo L9 AL=-0040 QIDDE=SWITCHING 30V SURA 2N5 DOD-35 28480 A901-0040
ALSCRLT 1901- 0047 2 OIGDE-SWITCHING 20¥ TSMA LONS 28480 1901-004%7
AL3ICR18 L901=-004T DIODE~SWITCHING 20V 7SMA 10ONS 28480 1901-004T
Al3CRL? 1901-3040 DICOE-SWIFCHING 30V 50MA ZN5 DO-35 28480 1901-0040
Al3CRZL 19410040 QIDOE-SWITCHING 30¥ S0MA 2NS DO-35 284480 1901-00 40
Al3ICKEZ 1901-0040 DIODE-SHITCHING 20¥Y S0MA 2ZNS 0G-35 28480 1901-0040
Al3KL 0490~ D8R3 RELAY~REED 1a 100MA 1000VDC SVOC—-COIL 28480 0490—0683
AL3IKZ Q4 90— D683 RELAY-REED 1A 100MA 1000VOL SYDC-COIL 28480 04900683
ALiAK3 054 90~06563 RELAY-REED lA 100MA LOOOVDC SVOL—COIL 28480 0490-0Db63
ALIGL 185~-0071 TRANSISTOR NPN S1 PD=2300ME FI=200MMI 28480 1854—0071
ALIQZ 1450071 TRANSISTOR NRN S1 PO=300MW FT=200MHZ 28480 1854-00T1
Al3G3 L8 55~-0386 " TRANSISTOR J=FET ZN4392 N—~(CHAN D=-HODE D&713 ZN4392
Al3ugs 1853032356 TRANSISTOR J-FET 2M48392 N-CHAN O—-MOOE 04703 2N4392
Al3us 18550386 TRANSISTOR J=FET 2N4392 N-CHAN D=MODE 06713 2N&392
Al 306 1855-0386 TRANSISTOR J=-FET 2N4392 N-CHAH D=MOGE 04713 - 2ZN%392
AL3UT 1854=0351 2 TRANSISTOR NAN ST TO~18 PO=350MW 28480 1854-03 51
Aliug 1853=-0Ul0 TRANSISTOR PHP 51 TO-18 PD=360MMW 28480 1853-0010
4139 LBE55=0420 TRANSISTOR J-FET ZN4391 N-CHAN D-MODE 04713 ZN&G39]
al3qQll 135~ 0351 TRANSISTOR NPN SE TO—-18 PO=350MW 28480 1854—-03151
AA SEE NQTE ON SCHEMATIC 2.

See introduction to

this section for ordering information
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Table 6-3. Replaceable Parts {Cont'd)

Reference HP Part . Mfr

: : Oty Description Mfr Part Number
Designation Number Code
als0iz 1853~-0040 TRANSISTOR PNP SI TU—18 PD=360MM 28480 1853-0010
AL3qQL3 1850071 TRANSISTOR NPN S1 PD=300MW FT=200MMi 28480 1854007}
AL301% 1855—-0420 TRANSISTOR J—FET 2ZNG351 N—CHAN D—MODE 04713 -| 2Na39L
al3als 18 55-0202 1 TRANSISTOR—JFET DUAL N-CHAN D-MODE SI 17856 E421
ALidL 0683~ 5145 RESESTOR 510K 5T :25W FC TC=-800/+900 01121 CBSL45
AL3R2 0683-2235 8 RESISTOR -22K 5% .25W FC TC=<400/+800 oLLZ1 ca2235
AL3R3 06832235 RESISTOR -22K 5% .25W FC TCa-400/+800 or121.| ce2235
Al3KG 0698-3458 2 RESESTOR 348K LY .125W F TL=04-100 91637 CMF-55-1, I-1
AL3RS 0698-3458 RESISTOR 348K LY 1250 F TC=0#-100 91637 CMF-55-1, T-1
AL3RE 0757=0455 RESISTOR LOOK LT .125W F TC=04-1G0 24585 C4-178-T0-1003~F
A13KT 0751-0270 1 RESISTOR -249K 1% ,125W F TCI0+-100 24546 C4-1/8-T0-2493-F
AlL3RS U6 832235 RESESTOR 22K 5% .25M FC TCa—400/+800 o1121 £B2235
Al3k3 0683-1035 RESISTOR LOK 5% .25W FC TC=—400/+700 01121 CBLO35
ALIRLL 0683-5145 RESISTOR 510K 5% .25W FC TC=-800/+900 o121 CB5145
AL3RL2 2100-3306 3 RESISTOR-TAAR 50K 10T C SIDE-ADJ 17-TRN 32997 1004P—1-503
AL5R13 2100-3309 1 RESLSTOR-TRMR 2K 10T € SIDE-ADJ 17-TRN 32997 3006P-1-202
AL3R14 0698-%46T 1 RESISTOR 1.05K 13 .1258 F TC=0+100 24546 C4~1/8-T0-1051-F
4L3K15 0683- 1035 RESISTOR 10K 5% .25M FC TC=—400/+700 o1r21 CB103S
Al3klp 0757-0401 RESISFOR -100 1% -325W F 1C=04-100 24545 C4—L/B-TO-10L-F
ALIRLT 0698-3122 L RESISTOR 412 1% .125W F TL=0#~100 03888 PMESS5~L1/B-T0-4120-F
Al3R18 06 83—2045 2 RESISTOR 200K 5% .25W FC TL=—800/+900 01121 CBZD4S
A13d19 06 83-5105 5| RAESISTOR 51 5% .25W FC TC=—400/¢500 01121 casLos -
AlsnZl O157=0453 i RESTSTOR 30.1K 1T .125W F TL=0+-100 26546 C&4—L/B-TD-3012-F
ALBRZZ 0698-4488 F RESISTOR 26.7K 1T .125W F TC2Q+100 24548 C4—-L/8-T0-26T2-F
AL3NZ3 2100-2308 3| RESISTOR-TRMB 5K 103 € SI0E-ADJ L7-TRN 32997 3006P-1-502
AL3HZ% 0b83-2025 RESISTOR 2K 5% .25k FC T{c—400/+700 01121 CB2025
alinds D69H-8215 3 RESISTOR 54K 5% P/OMATCHED SET R25,38,43) 28480 0698-8215
Al3NZ6 06832025 RESISTOR 2K ST .25W FC TC=-400/+700 01121 cB2025
AL3K2T 06831015 RESISTOR 100 5% .25W FC TC=-400/+500 DLAZ1 CBLOLS
ALan2é 06 83-2615 1 RESISTOR 240 5T .25W FC TC=-400/+600 01021 .f CB2415
AL3K2Y 06 B3-2235 RESISTOR 22K 5% .25W FC IC 01121 | €B2235
AL3R3L D& E3I~LU35 RESISTOR 10K 5% .25% FC TC 01121 CELD35
AL3R3Z D683-5145 RESISTOR 510N 5% .25W £ FL=—BOD/+900. o112l CB5L45
aL3R33 07 57-04k2 RESISTOR LOK 1% .125W F JC=0+-100 24545 Ca1/8-TO-1002-F
AL3R3% 0683-1235 RESISTOR 12K 5% .25W FC TC=-4007+500 a1121 CH1235
AL3R3S 0683-3025 RESISTOR 3K 53 .25W FC TC=-4D0/+700 aL12l CB3025
AL3R3S 2160-3306 RESISTOR-TRMR 50K 10T C SIDE-ADJ L7-TRN 32997 3006P-1-503
ALsR3T 04834715 RESISTUR 470 5% .25W FL TCS—400/+600 01121 LB4715
ALIKEH 0698-8215 RESESTOR 487K 5% [P/O MATCHED SET ‘R25,3843) | 28480 0698-8215
ALER3G 0698-4202 RESISIOR 8.6Th LT .125W F TL=0+-100 26545 C4~1/8-10-887i-F
AL3K4L 065984202 RESISTOR 8.87K L¥ .125W F TC=0+~100 24546 C4-1/8~-T0-8871-F
41342 0b %202 RESISTOR 8.87K 1% .125W F TC=0+—100 26546 C4-178-TO-8BT1-F
AL3ke3 06988215 RESESTOR 2M 5% (P/O MATCHED SET R26,38,43 28480 0698-8215
a13R44 0656-8216 4 RESISTOR 20.2K 5% (PO MATCHED SET R44, R45) 28480 0698-8216
AL3kul 06989—-821% RESISTOR 2M 6% (P/O MATCHED SET R44, R45) 28480 069B-BZ16
AL3R4G 2100-3311 z RESISTOR-TRMR 500 I1G¥ C SIJE-ADJ 17-TEN 32997 3006pP-L-501
Aliul 1826-0059 3 1L LM ZOLA QP AMP 27014 LM20LAH
Al342 1526~ 0059 IC LN 2014 QP AMP 27014 LM201AH
ALzl 1810-0250 i ICs FINE LENE CHLP 28480 1810-0250
Al3ue 1326=005% IC LA ZOLA OF ANP 2701% LMZDLAH
AL3US 1826-0109 Ii HA 2825 UP AMP 28430 1826-0109
Al3UG 1320-0471 IC-DIGITAL SNT4UGN TTL HEX 1 01295 SNT406N

L600-05L5 1 STAMPING, BRS .020% THK 16365 D30
4040-0748 2| EXTRACTOR-PC 8D BLK PULYC .062—BD-THKNS 26480 4040-0748

Ale 0345568514 1 P.i. ASSEMBLY, AD CONVERTER 28480 03455-6651%
Arscl 01 50-0084% 3| cCaPACLTOR-FXD .LUF +B0-20% 100MVDL CER 28480 0150~ 0084
ALaC2 CL60-4398 CARPACITOR-FXOD .0B2UF +-10% 20UNVDC POLYP 23480 0150-4398
Alet3 0140-0L49 i CAPACITOR~FAD 470PF +-5f 3004VDC MICA 72135 DM15F471J0300WYLER
Alels 01 50-008 4 CAPAC ITOR~-FXD .1UF +80-20T L00WVDC CER 28480 0150-0034%
AL4CSH 0150-0084 CAPACITOR-FXD .lUF +80-20% LOOWYDC CER 28480 01500084
ALalt 0L60-2204 CAPACITOR-FXD L0OPF #=-5T 300WYDC MICA 28480 D160-2204
AL4trl 19023237 DIDDE-ZNR 20V 5T 00-7 PD=.4W TC=+.073% D4T13 S1 10939-269
‘AL4CRZ BA, 8¢ 1901-0040 DIODE-SYITCHING .30V 50MHA ZNS DO-35 28480 1901~-0040
Al4Ck3 19 01-0040 DIGDE-SWITCHING 30V 50MA ZNS DO-35 © 28480 1901-0040
AL4LR4 L906L-0376 DIODE-GEN PRP 33¥ 50MA DO-T 29480 19G1-0376
ALSCRS 1901-0376 DIJDE-GEN PRR 35V 50MA DO-T 28480 1901-0376
AL4CRe BA, &C 1901-0040 DIGDE-S¥ITCHING - 30Y SOMA' 2NS DO-35 28480 1901- 0040
AL4LRT 1902-3237 OLODE-ZNR 20V ST DO-7 PD=.4N TC=+.073X 04713 52 10939-269
Alelia 19 C1-0040 DII2E-SWITCHING 30V 50MA 2NS DO-35 28480 1901-0040
AL4CRY 19 01-0040 DIODE-SWITCHING 30¥ SOMA ZNS DO-35 28480 1901-0040
AL4LR1U L901-0u40 DIDDE-SWITCHING 30V 50MA 2NS DO-35 28480 1901-5040

AA SEAIAL NUMBERS 1622406231 AND ABOVE. NOTE {48) ON SCHEMATIC 6.

AC SEE NOTE ON SCHEMATIC 8, | |
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Table 6-3. Replaceable Parts (Cont'd)

HP Part .. :
Reference Qty Description Mtr Mfr Part Number
Designation Number Code
AlSLRIL 190l-0518 CL0DE-SCHOTTKY 28480 1901-0518
AleChLZ 1901-0040 DIODE-SWETCHING 30V SOMA 2NS DO-35 28480 1901-0340
Al4QL 1B53-0020 TRANSISTGR PNP SI PD=300MN FT=150MMI 28480 1853-0020
AL4e 1853~0034 1 TRANSISTOR PNP 51 TO-18 PO=360MW 28480.] 18530034
AL4U3 1855-0420 THANSISTOR J—FET 2N4391 N-CHAN D-NODE 04713 2K4391
41404 1855-0033 1 THANSISTOR J-FET N~CHAN D-MODE Tu=72 Sl 26480 18550033
AL405 1855-0246 i TRANSISTOR-JEET DUAL N—CHAN D—MODE TO-71 28480 1855~ 0246
Al40s 1853-0020 TAANSISTOR PNP 51 PD=300MN FI=150NMZ 28480 18530020
Al4RL 8B 0683~ 1035 1 RESISTOR 10K 5% .25W FC TC=-400/+700 01607 CB1035
al4RZ 0683-2DZ5 RESISTOR 2K 5% .25W FC TC=-400/+700 ol121 cazazs
AL4R3 06983155 RESESTOR #.64K LX L1250 F TC=0+—100 24545 Ca—L/78-TD-ab41—F
ALeKS 0B11-2577 2 RESISTOR 10K 1T JA25NW PWW TC=Qw#-2 18140 |  1274-1/16-A-1002-B
AL4RS 0757-0436 L RESISTOR 4.32K 1% .125W F T€=0+—100 24548 C4—L/B-T0-4321-F
AleKe 0757-0280 RESISTOR 1K 1% .125¢ F TC=0#—=100 24546 C4—1/8-T0-1001-F
alak? 0698-3226 t RESISTOR 6.49K I¥ .125M F TL=0+100 24548 C4—L/B-T0-5491-F
AL4HS 07570440 1 RESISTOR 7.5K i% .1254 F TC=0+—100 24548 C4-L/8-T0-71501-F
ALakg 0757-0452 L RESISTOR 75K 1% .125% F TC=0+-100 24545 L4~L/B8-T0-T502~-F
ALGHLD 07 57-0430 i RESISTOR 2.Z1K 1X .E25W F TC=04+—100 24546 C4-1/8-T0-2211-F
ALARIL 0698-3511 ] RESISTOR -565 1T 1258 F TC=0¢=100 245457 CA-1/B-T0-665R~F
Al4eRLZ 0683~-3025 RESISTOR -3K 5% .25W FC TC=-400/4700 01121 83025
ALleK] 3¢ 06832265 1 RESISTOR 22M S% .25H FC TL==900/41200 o1121 | cezzes
ALGRLG 0757-0442 RESISTOR L0K 1T .L25W F TCs0+-100 26546 C4-1/8-T0-1002-F
AL4kls 0811-3017 L RESISTOR 19.8K 1T .i25W Pl TC=0+4-5 14040 1350-1/8-C-3982-F
AL4R1G 0757-0441 1 RESLSTOR 8.25K LX .125W F FC=D#-100 28546 Co—L/78-TO-B251-F
Alarl? 0757-0465 RESISTOR 100K 1% ,125M £ FL=0+—100 24545 C4—178~TD-1003~F
Al4nis 4B 0757-0273 RESISTOR 301K 13 .125W F TC=04-100 03202 C4=1/8-T0=3011 =F
Alsriy SR DGIB—4460 1 RESISTOR G40 LT a125W F TC=U+—100 03792 C4-L/8-TO-B48R-F
Aldkéy 48 06983226 RESISTOR B:49K 1% .125W F TC=0+-100 03292 C4-178-T0- 6491 -F
Al4m2l 081L-2577 RESISTOR 10K 1% .125W PWW TC=0#=2 14043 | 12T4-1716-A-1002-3
AlerZe 06 58-3155 RESISTOR 4.64K 1% .125W F TC=0+-100 24545 Co—1/78-To-4641=F
Alenz3 06838215 1 RESISTUR B20 5% .25W FC TC=-4007+600 01121 CBB215
AleRZ2e OB 06 83— 1035 RESISTOR 10K S% .25# FC TC==-400/+700 D1607 CBD35
Alen25 4B 06 83~ 1035 RESISTOR 10K 5% ,25W FC TC=—400/+700 01607 CB1035
Al4RZo 0698-3260 2 RESISTOR 464K 1T .125W F TC=0+—100 91637 | cCME-551, T-1
AL4RZT 0693-8549 2 RESISTOR Ll.28M .1X .25W F 1C=0+25 19701 HF52C-1
ALaR26 36 83-2735 RESISTOR 27K 5% .25M FL TC=—400/+800 01121 CB2735
Aler2d 0683-3325 1 RESLSTOR 3.9K 5% .25W FC FC=-400/4700 0il21 83925
Al4k3y 0695-8649 RESISTOR 1.28M .1% .25W F TC=0+-25 19701 MF52C-1
aben3l 0698-3260 RESISTOR 464K LT .125W F FC=0+=100 91637 CMF-55-1, T-1
Al4R32 0696-3499 3 RESISTOR 40.2K 1% .125W F TC=0+-100 24546 Ca-1/6-TO-4022~F
AL4K33 0696=3499 RESISTOR #0.2K 1% .125W F TL=0#+100 23546 Lo 178~TO~%4022-F
A16R34 0683~ 1025 1 RESISTOR LK 53 .25d FL TC=-400/+600 01121 81025
AL4RIS U6 96-3499 RESISTOR 4Q.2K 1% .125% F TLa0+106 24546 Cé~1/8-TO-%022-F
Al4aR3e 06832435 1 RESISTOR 24K 5% .25W FC FL=-400Q/+800 01121 CB2435
ALei3T7 06831035 ) RESISTOR JOK 5% .256 FC TCT—400/+700 01121 LBL1O35
414835 06 B3-3045 1 RESISTOR 300K 5% .25M FC TC=-800/+900 01121 CB2045
AL4R3Y 06 83~302% RESLSTOR 3K 5% .25W FC TC=-4Q0/+700 o121 83025
Al4nsl 07 57T-0442 RESISTOR LOK LY .i25W £ TC=0+-100 26565 C4—1/78-T0-1002-F
ARGl 07 57— 0442 RESISTOR QK 1T .125W F TC=0#=-100 26545 C4-1/8-T0-1002-F
Aleiel 06834735 1 RESISTOR 47K 5% .25W FC TC=-400/+300 o1121 LB&735
ALGRY3 06 83-2035 RESISTOR 20K 5% ,25W FL TC=-500/+800 o1zl CB2035
Aldates Ap 06 83— 2055 3 RESISTOR 2M 5% .25h FC TC=—900/+11G0 01607 CB2055
AL4KES 0683~ 1065 RESISTOR 10M 52 ,25W FC TC=-500/+1100 01121 CB1065
Ak4d4s 06 £3-1065 | RESISTOR 1OM 5% ,25W FC TC7—500/+1100 aL12y CBLOGS
ALONGT 0698=4475 1 RESISTOR 9.76K 1% ,125W F 1(=04+-100 038a8 PME5S5~1/8~T0-9761-F
AL4R43 07E7-0407 1 RESTSTOR 182K {% .125W F TC=0+-100 03292 C4—L1/8-To=1222F
AlbUlL 1906-0070 2 DIODE—-ARRAY 20480 1906-00T0
Alauz 1960070 DIOPE—ARRAY 28480 1906- 0070
alays t 1826-0309 2 IC AP -5184-'0P AMP 124355 AD5igd
Al4U% 18260309 IC AD 5184 OP AMP 24355 ADS184
AlalS L8 20-0203 1 1C. AMPL. GPERATIONAL 156818 141CEDOZ
Aleut 18 20138 1 [L LM 339 COMPARATOR 2701% LM235N
5040-6343 z EXTRACTOR, P.C. BOARD 28480 5040-56843
50 00-9043 2 PIN:P.C. BOARD EXTRACTOR 28480 5000-9043

4a SEE NDTE ON SCHEMATIC 6.

48 SERIAL HUMBERS 1822A08231 AND ABDVEI. SEE NOTE ON SCHEMATIC 6.

See introduction to this section for ordering information’
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Table 6-3. Replaceable Parts (Cont'd)

.. fr
Reference HP Part Qty Description M Mfr Part Number
Designation | Number Code
AlS 03455-66515 b3 PC ASSEMBLY, AC RMS 23480 03655-66515
Al15C1 0150-0121 ] CAPACITOR-FXD ,1UF +80-20% 50WvDC CER 29680 D150-0121
Al5C2 0170-0066 1 CAPACITOR-FXD .027 UF 200V 28480 DL7D0-0066
Al15C3 0:170-0038 1 CAPACITOR-FXPD .22 UF 200V 28480 D170-0038
Al15C% 0160-3094 1 CAPACITOR-FXD ,1UF +-10% 100WVDC CER 28480 D160-3094
AlSCHS 0160-3134 CAPACITOR-FXD -, 01UF +-10% 100WvDC CER 284380 DLED-313Y
Al5ChH 0ib0-2935 1 CAPACITQR-FXD 750PF +-5% 300wvDC MICA 28480 pLeB-2035
AlsC? 03ib0-2204 CAPACITOR-FXD 100PF +-5% 300WVDC MICA 28480 plLep-2204
AlSCE 0160-0163 CAPACITOR-FXD .033 UF 200V 28480 pi60O-0163
AlsCq 0150-3586 1 CAPACITOR-FXD .27 UF +-10% 5S0WVDC MET 28480 DLEC-3B8E
A15C11 0Lh0-2260L CAPACITOR-FXD 20PF +-5% 500WvD{ CER 28480 DLBO-2264
Al5C12 AQ 0160-4084 CAPACITOR-FXD .1UF S9OVEC 28480 Di60-4034
A1GC13 AQ 0rGO-2248 CAPACITOR-FXD 4.3 PF 28480 0160-2248
A1SC14,C15 01B0~0291 CAPACITOR FXD 1UF +-19% 35vDC TA 56289 150D105X9035A2
Al5C1E AQ 0160-2264 1 CAPACITOR-FXD 20PF +-5% 500WVDC CER 28480 pi6D-2264
Alsc17-19,£21 a150-0121 CAPACITOR-FXD .1UF +8{0-20% 50WvD{ CER 28480 pis0-0121
Alsca2w PADDING LIST
0ib0-2257 CAPACITOR-FXD 10PF +-5% 500WVDC 28489 0160-2257
0160-2259 CAPACITOR-FXD 12PF +-5% 500WVDC 28420 D160-2259
0160-2261 CAPACITOR-FXD 1S5PF +-5% S0CWVDC 28480 pi6D-2261
AlSC23,C24 0150-0121 CAPACITOR-FXD .lUF +80-20% S50WVDC CER 28480 p150-0121
AlRC25 0i50-3949 CAPACITOR-FXD 346PF +-1% 500WVDC PORC 28480 0160-3949
AlSC26 Gl50-0121 CAPACITOR-FXD .iUF +80-20% 50WVDC CER 23480 0150-0121
AlsC27? 0160-3945 CAPACITOR-FXD 39PF +-1% 500WVDC PORC 28489 0160-3945
Al5C28 ¢150-0121 CAPACTITCR-FXD . 1UF +B0-20% 50WVDC CER 28489 0150-0121
Al5C249,C30 0Ol60-5480 2 CAPACTTOR,FXD 10PF 100V 28430 B160-4L48D
Al5C31 0160-3948 1 CAPACTTOR-FXD 970PF +-1% 500WVDC PORC 28480 0160-3948
Al5C32 5Q 0160-215C CAPACTTCOR-FXD 37PF +-5% 300WVDC 28480 0160-23150
AL5C33 bp 0160-3986 GCAPACITOR-FXD .22UF +-10% 40OVvDC 28480 0160-3086
Al1SC3HL 0121-0436 CAPACTTOR-Y TRMR-AIR 2.4/24L .%PF 350V 74970 189-509-125
Al15C33 AQ 0160-0378 1 CAPACITOR-FXD 27PF 5(0wWvDC 28480 0160-0378
AL1SC3I6-38 2A 0160-2055 3 CAPACITOR-FXD .QO1UF +80-20% 100VDL CER 28480 0160-2055
AlSCHO &y 0160-0128 1 CAPACITOR-FXD 2.2UF +-20% 500VDC CER 28480 0D160-D128
Al5CH1 AQ Q160-0127 1 CAPACITOR-FXD 1UF 25V 28480 0160-0127
Al1SCRL1,2,3 1901-0040 DIODE-SWITCHING 30V 50MA ZNS DOD-35% 28480 1901-0040
A1SCRL4,5 t 1901-0915 D10DE 28480 1901-0915
A1SCRE 1901-0040 1 DIODE-SWITCHING 30V SOMA 2NS DO-35 28480 1961-0040
A1BCRT 1901-0386 2 DIODE, GEN PRP 30V 25MA TO-72 28480 1901-0586
ALl5CRE,CRG 1302-3073 DIODE-ZNR 4,32V 5% DO-7 PD=uW TC=-,D35% 04713 5Z 10939-77
ALSCR11-CR13 1901-0040 DIODE-SWITCHING 30V S0MA 2ZNS DO-35 28480 1901-0040
ALSK1,K3 Ap Q490-0683 RELAY-REED 1A L10OMA 100Q0VDC 5VDL-COTL Z8L4BD 0490-0683
ALSKZ, KU a490-0683 RELAY-REED 1A 10Q0MA 1000VDC SVDL-CCIL Z84BD 0590-0683
Al5Q1 1854-0071 TRANSISTOR NPN S1 PDR=300MW FT=200MHZ 28480 1854-0071
A15Q2-Qf-| 1855-0420 TRANSISTOR J-FET 2NL3T1 N-CHAMN D-MODE 08713 2NG391
A15G5 1355-0062 I TRANSISTOR J-FET N-CHAN D-MODE S1 28u80 1855-0062
A15Q6 1854-0071 TRANSISTOR NPN DI -PD=300Mw FT=200MHZ 28u80 1854-0071
Al15Q7 1353-0020 TRANSI5TOR PNP S1 PD=300MW FT=1S50MHZ 28L8D 1853-0020
A15Q3 1855-0420 TRANSISTOR J-FET 2N4391 N-CHAN D-MODE 04713 ZN4 391
Al1509,011 1854-0753 2 TRAMSISTOR, AD318 28480 1B54-0753
Al5Q12 1853-0020 TRANSISTCGR PHP S1 PO=300MW FT=1S50MHZ 28480 1853-0020
Al15Q13 1854-0071 TRANSISTOR NPN 51 PD=300MW FT=20DMHZ 28480 1B54-0071
Al5QLlY 1853-0089 1 TRANSISTOR PNP 2N4917 SI PD=Z00MW 07263 2MLG17
A15QLl5 1854-0215 1 TRANSISTOR NPN ST PD=350MW FT=300MHZ QLu713 SPS3E11
ALl5QLl6 1854-0071 TRANSISTOR NPN SI PD=300MW FT=200MHZ 28480 1854-0071
Al5QLl7 1853-0020 TRANSISTOR PNP SI PD=300MW FT=150MHZ 28680 18%3-0020
Al5Ql8 1855-0081 1 TRANSISTOR J-FET 2N5245 N-CHAN D-MODE ST 01295 2N5255
AL5Ql9,020 1855-0420 TRANSISTOR J-FET 2ZN4391 N+~CHAN D-MODE a4713 2M4 391
AlS5RY D&83-1035 RESISTOR 10K 5% .25W FC TC=-40D/+4700 01121 81035
Al5RZ 0683-2235 RESISTOR 22K 5% .25W F{ TC=-4ED/+B00 1121 82235
AlSR3 0683-5145 RESISTOR 510K S% .25W FC TC=--800/+900 01121 CB51LS
ALl5RY4 0683-2235 RESISTOR 22K 5% .25W FC TC=-4%00/+4800 01121 CB2235
ALSRS 0683=~5145 RESISTOR 510K 5% .25W FC T7C=-800/+900 pLizl CB5145
ALSRE¥ PADDING LIST
0698-5470 RESISTOR 6,98K 1% .125W F 24546 C4-1/8-T0-6881-F
0757-0k44L RESISTOR 12,1K 1% ,125W F 24546 C4-1/8-TO-1212-F
0698-4308 RESISTOR 16.9K i% ,3125W F 24546 C4-1/8-T0-1692-F
Al1S5RT 0757-044g 1 RESISTOR 20K 1% _125W F TC=0+-1010 03292 C4-1/8-TO-64CR-F
AA  SEE NOTE ON SCHEMATIC 3.
A SEE NOTE ON SCHEMATIC 3.
AP SEE NCOTE ON SCHEMATIC 3.
A0 SEE NOTE ON SCHEMATIC 3.

See introduction to this section for ordering information
*Indicates factory selected value
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Table 6-3. Replaceable Parts (Cont'd)

Reference HP Part Q e Mfr
: . escription Mfr Part Number
Designation Number ty Descrip Code N
Al5R8 £692-8692 1 RESISTOR 160K 1% ,L25W F TC=—+-25 0776 CEA-993-N330
AL5RY 0698-3262 1 RESISTOR 40.2 1% .125W F TC=0+-100 24546 C4-1/8-T0-4022-F
AL5R1% 0698-3159 1 RESISTOR 26.1K 1% .125W F TC=8+-100 24546 CL-1/8-TD-2G12-F
Al15R12 0683-2455 1 RES1STOR 2,LM 5% .25W FC TC=-900/+1100 p1l21 CB2455
AlSR13 0695-3456 1 RESTSTQR 287% 1% .125W F TC=0+-100 24566 Ch-1/8-TD-2873-F
AlSR1G 0683-1035 RESISTOR 10K S% .25W FC TC=-400/+700 01121 CB1N35
AL5RLS 0633-2235 RESISTOR 22K 5% .25W FC TC=-400/:B00 01121 CB2235
ALSR1G 7100-3161 RESISTOR TRMR 20K 19% € SIDE-ADJ 17-TRN 32997 3006P~-1-203
Al5R17 &C 2100-305h RESISTOR-TRMR 3K 0% C SIDE-ADJ 17-TRN 03744 3006P-1-502
Al15R1E 2L, BN 0698-8350 RESISTOR 732K 1% .125W F TC=D+-100 03292 M{5C-1/8-TO-7323-F
AL5R19 0757-0417 RESISTGR 562 1% .125W F TC=0+-100 26546 C4-1/8-TO-562R-F
AlSR21¥ PADDING LIST

0683-1845 RESISTOR 180K 5% .25W FC 01121 CBI18YS

0683-2245 RESTSTOR 220K 5% .25W FC 01121 cB224S

0683-2445 RESISTOR 240K 5% .25W FC 01121 CB2445

0683-3045 REST1STOR 300K 5% .25W FC D112l CB3DU45

06B3-3645 RESISTOR 360K 5% .2%W FC p1121 CB364S

0683-5145 RESISTOR 510X 5% .25%W FC p1121 CB5145

GHBI-7545 RESTSTOR 750% 5% .25W FC 01121 CB7545

0683-1655 RESTSTOR 1.5M 5% .25W FC 01i21 CB1555
AlSR22 0757-0401 1 RESISTOR 100 1% .125W F TC=0+-100 24545 C4-1/8-TC-100R-F
AL5RZ3 AC 0683-1045 RESTSTOR 100% 5% .25w FC TC=-404/+800 01607 CB10h4YS
ALGRIL BC 0683-2235 RESTSTOR 72K 5% .25W FC TC=-400/+B00 ni121 cE2235
AY5RIS 2698-7082 2 RESTSTOR 100K .1% _125W F TC=0+-25 03292 NES55
Al5R26 0658-L4t29 RESISTOR 1.87% 1% .125W F TC=0+-100 24546 C4-1/8-TO=1871-F

-
AL5R27 n698-3279 RESTSTOR .99k 1% ,125W F TC=0+-100 24546 C4-1/8-TO-4891-D
A15R29 ?100-3161 RESISTOR-TRMR 20K 10% € SIDE-ADJ 17-TRN 32997 3006P-1-203
ALSR31 AL, 8N, % 0757-0487 RESISTOR 825k 1% .125W F TC=0+-10D 03292 MC5G-1/8-TD-8253-F
Al5R3Z 0698-0084 1 RESISTOR 2.15K 1% ,1254 F TC=D+-180 24546 C4-1/8-TO-2151-F
A15R33 0698-3492 1 RESISTOR 2.67K 1% .125W F TC=0+-180 24546 Ch-1/8-TO-2671-F
A15R3Y 0757-0417 RESISTOR 562 1% .125W F TC=0+-100 24546 Ch-1/8-T0-562R-F
A15R35 0757-0280 RESISTOR 1K 1% .129%W F TC=0+-100 24545 Ch=1/8-TO-1001-F
A1SR3b 069B-4460 1 RESISTOR 649 1% .125W F TC=0+-100 03292 Ch-1/8-TO-649R-F
A1SR37 0683-5105 RESISTOR 51 5% .25W FC TC=-400/+500 01121 CB51G5
A15R38,R39 0683-5105 RESISTOR 51 5% .25W FC TC=-4D0/+500 01121 CB510G5
A15R41 0757-0413 1 RESISTOR 392 1% ,125W F TC=0+-100 243545 C4-1/8-TO-397R-F
A15R42 0A38-442g RESISTOR 1.87K 1% .125W F TC=0+-100 24566 C4-1/8-TO-1871-F
ALSRL3 0GI8-L4478 1 RESTSTOR 10.7K 1% .125W F TC=0+-100 24546 C4%-1/8-T0-1072-D
ALSRLL 0683~5105 RESISTOR 51 5% .25W FC TC=-400/+500 01121 £85105
AL5RLS 0598-4479 RESISTOR 1,37% 1% .125W F TC=0+-100 24546 C4-1/8B-TO-1871-F
Al5RUE &g 0693-45149 1 RESISTOR 219 1% .125W F TC=0+-100 24546 Cl-1/8-TO-210R-F
AI5R47 8 0695-4427 1 RESISTOR 1.55 1% .125W F TC=@+-100 24546 Cc4-1/8-TO-1651-F
A15RUB &g 0757-0642 RESISTOR 10¥ 1% .25 F TC=0+-100 24545 Cch-1/8-TO-1001-F
A1GRLY 0598-3279 RESISTOR b.93K 1% .125W F TC=0+-100 26546 CH-1/8-TO-6991-F
A15R51 8¢,4Q 2100-3122 1 RESISTOR-TRMR 100 10% C SIHE 03744 3006P-1-101
ALSR5Z &C 0698-6630 1 RESISTOR 20K .1% .125W F TC=0+-25 03292 NESS
ALSRS3 2C n698-6360 RESISTOR 10K .1% .125W F TC=04-25 03292 NES5S
ALSREY 0698-3471 1 RESISTOR 23.7 1% .125W F TC=0+-100 03888 PMES5-1/8-T0-23R7-F
A15R55 n698-6320 RESISTOR 5K 1% .125W F TC=04-25 03B88 PMES5-1/8-T5-5001-8
AlSR5E 2100-3161 RESISTOR-TRMR 20K 10% € SIDE-ADJ 17-TRN 32997 3006P-1-203
Al5R57,R58 0683-1505 RESISTOR 15 5% .25W FC TC=-400/+500 01121 CB1505
A15R59 BA 0683-1045 2 RESISTOR 100K 5% .25W FC TC 01607 CB1045
A15R61 0683-1035 RESISTOR 10K 5% .25W FC TC=-400/+700 p1121 CB1035
A15R62 0757-0417 RESIS5TOR 562 1% _125W F TC=0+-100 24546 Ch-1/6-TO-562R-F
ALSRE3 0757-0487 RESTSTOR 825K 1% .125W F TC=0+-100 24546 NAY
AL5RGY 0698-6320 RESTSTOR SK .1% .125W F TC=D+-25 03888 PME55-1/8-T9-5001-8
AI5RbS 2100-3161 RESTSTOR-TRMR 20K 10% C SIDE-ADJ 17-TRN 32997 3006P-1-203
A15RGE %0 0683-1635 RESISTOR 16X 5% .25 FC TC=-400/+300 0607 CB1635
A1SRG7 %0 0683-1335 1 RESTSTOR 13K 5% .25 FC TC=-400/+300 pi6o7 CB1335
ALSR6S 0683-1035 RESISTOR 10k 5% .25 FC TC=-400/+700 o112l CB1035
AL5RE9 9683-1035 RESESTOR lOK 5% .25W FC TC=-408/+70D 0112t CBLO35
AL5R71 a757- 1 RESISTOR 332
ALSR7? 28 2100-3122 2 RESESTOR-TRMR 100 10% C TOP 03744 3006P-1-101
ALSRT3 2100-3056 RESISTOR-TRMR 5K 10% C SIDE-ADJ 17-TRN 01885 43p502
ALSRTU 2100-3306 RESISTOR-TRMR 50K 10% € STDE-ADJ 17-TRN 32997 3006P-1-503
ALSR7S5 4B 2100-35154 1 RESISTOR-TRMR 1K 10% C SIDE-ADJ 17-TRN D376 3006P-1-102
K13R76 0695-8732 RESISTOR 220K .5% (P/0 MATCHED SET R76,86,| 28480 B698-3782
91}

A15RT} 0757-0437 5 RESISTOR 825K 1% .125W F TC=D+-106 245856 NAZ
A15R78 8G 07570280 RESISTOR 1K 1% 1258 F TC=0+-100 03292 C4-1/8-TO-1D001-F
AL5R7G 0683-1505 RESISTOR 15 5% .25W FC TC=-LOO0/+500 01k21 CB1505

4A  SEE NOTE ON SCHEMATIC 3.
AR SEE NOTE ON SCHEMATIC 3.
AC  SEE NOTE ON SCHEMATIC 3.
AG SEE NOTE ON SCHEMATIC 3.
AL, AN SEE NOTE ON SCHEMATIC 3.
40 SEE NOTE ON SCHEMATIC 3.
40 SEE NOTE ON SCH;MATIC 3.

See introduction to this section for ordering information

*Indicates factory selected value
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Table 6-3. Replaceable Parts (Cont'd)
Reference HP Part |c

P Mfr
Designation | Number |0 Qty Description Code Mfr Part Number

ALSR81 2,8 0757-0438 1 RESISTOR §.11K 1% .1W F TC=0+-10 28480 0757-0438
AL5R82 OH 0698-8963 1 RESISTOR 16.9X 1% .1W F TC=0+-10 28480 0698-8963
ALSR83 &M 0698-28965 5 RESISTOR 1.87K 1% .I1W F TC=04+-10 28480 0698-8965
AISREL 0757-0433 RESISTOR 3.32 K 1% .125W F TC=0+-100 24546 C4-1/8-TD-3321-F
AL5R35 M 0698-8966 RESISTOR B3% 1% _1W F TC=0+-1d 28%80 0698-8966
AL5R86 a698-8722 RESISTOR 1.98M _5% {P/0 MATCHED SET R76, 28480 0698-8782
B6,913
Al5R88 A683-1505 3 RESISTCR 15 5% .25W FC TC=-400/+500 01121 caLs05
A15RE89% 2 PADDING LIST
0698-4308 RESISTOR 16.9X 1% .125W F TC=0+-100 03292 C4-1/8-T0O-1692-F
0698-3134 RESISTOR 17.8K 1% .125W F TC=-+-100 03292 C4-1/8-TO-1782-F
0757-0448 RESISTOR 18.2K 1% .125W TC=0+-100 03292 C4-1/8-TO-1882-F
J698-4483 RESISTOR 18.7% 1% ,125W F TC=0+-100 03292 C4-1/8-TO-1872-F
0698-4484 RESISTOR 1G.1K 1% ,125W F TC=¢+-100 03292 C4-1/8-TO-1932-F
0757-0449 RESISTOR 20K 1% .125W F TC=0+-100 03292 Ccl-1/8-TO-2002-F
A15R91 0698-8782 3 RESISTOR SET, MATCHED 2?M .5% {(P/O MATCHED | 28480 0698-8782
SET R76,RE6,R91)
Al5R97 0698-8216 RESISTCR 2M ,5%(P/0 MATCHED SET R92,R93) 28480 0698-8216
A15R93 0698-8216 RESISTOR 20.2K .5%{P/Q MATCHED SET R92,R93] 28580 0698-8216
A15R94 2100-3311 RESISTOR~TRMR $00 0% C SIDE-ADJ 17-TRN 32997 3006P-1-501- D0O-F
AL5R95 0757-3557 1 RESISTCR BGE 1% .125W F TC=(P+-100 28480 0757-3557
Al5R96 Ba 0692-5540 1 RESISTOR 1.1M 5% .25W FC TC 01607 ca1155
AL5R97 B8A 0683-1045 RESISTOR 160K 5% .Z5W FC TC 01607 CB1045
Al5R100 &g 0757-0346 1 RESISTOR 10 1% .125W F TC-0+-100 32997 Cu4-1/8-TO-102
Al15R102 &Q 0648-4462 1 RESISTOR 768 1% .1254 F TC=0+-10 32997 Cl-1/8-TO-768
Al5U1 1826-0340 1 1C, OP AMPL. LF356 28480 1826-0340
Al5U2 1820-0L78 1 1C LM 308 OF AMP 27014 LM308H
A15U3, UL By f 03455-62502 2 1C 357 OP AMP TO-99 28480 03455-62502
A15U5 1820-0471 IC-DEGITAL SN74OEN TTL HEXL 01295 SNT406N
A15U6 1826-0357 1 1C LF347H OP AMP 27014 LF357H
4040-0748 2 EXTRACTOR-PC BD BLK PLOYC .062-BD THKNS 28480 40L0-0743
1205-00990 1 HEAT SINK-SEMTCONDUCTOR 28480 1205-0080
1205-0002 1 HEAT STINK TO-5/70-33-PKG 28480 1205-0002
A0 11177-69501 1 ASSEMBLY, REFERENCE

NOT FIELD REPAIRABLE ORDER
REPLACEMENT ASSEMBLY ACCESSORY NO. 1l1177B

Ap  SEE NOTE ON SCHEMATIC 3.
4H  SEE NOTE ON SCHEMATIC 3.
AM  SEE NOTE ON SCHEMATIC 3.
4Q SEE NOTE ON SCHEMATIC 3.
4 SEE NOTE ON SCHEMATIC 6.

See introduction to this section for ordering information
*Indicates factory selected value
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Table 6-3. Replaceable Parts (Cont'd)

c ) Mfr
Reference HP Part o] Qty Description Cod Mfr Part Number
Designation { Number Code
CHASST5 MOUNTED PARTS .
Bl 3166-0266 1 FAN-TBAX DCV 28480 | 3160-0265 ,
31530-0300 1 FILTER, AIR 284380 3130-0300
C1-Ch 0180-0291 CAPACITOR-FXD 1UF +-10% 35vDC TA 56239 150D105X9035A2
crl 1990-0547 LED-VISIBLE LUM-INT=2M{D TF=20MA-MAX 28480 1990-0547
F1 2110-0201 3 FUSE .25A 250V SLO-BLO 220/240v OPERATION | 75915 313.2505
2110-0012 1 FUSE .5A 250V FAST-BLO 100/120V OPERATION| 04703 312,500
J1 5061-1131 48 2 TERM ASSEMBLY, REAR LNPUT 28480 5061-1131
J2 1250-0083 1 CONNECTOR-RF BNC FEM SGL-HOLE-FR 50-OHM 24931 2BJR-130-1
J3 i251-3283 1 CONNEGTOR; 24-CONT; FEM; MIGRORIBBON 28480 1251-3283
0380-0643 1 STANDOFF, LG STUDMGUNT {METRIC THREAD) 004BA 08D
Jl 9100-3910 1 FILTER-LINE 28430 91060-3910
Js 5000-7L5Y4 A TERM ASSEMBLY, FRONT INPUT 28430 S060-7454
T
Pl 1251-3201 1 CONNECTOR 3-PIN F POST TYPE 27264 09-50-7031
P2 1251-3957 CONNECTOR L0-PIN F POST TYPE 27264 22-01-2101
P3 1751-4312 1 CONNEGTOR 18-PIN F POST TYPE 27264 22-01-2181
1251-3476 17 CONTACT-CONN U/S PQST TYPE FEM CRP(P/0 P3)| 23480 1251-3476
PL 1251-3277 1 CONMECTOR 4-PIN F POST TYPE 27264 09-50-7041
PS5 1251-327% CONNECTOR &-PIM F POST TYPE 27264 09-50-7061
PE 1251-3275 2 CONNECTOR 6-PIN F POST TYPE 27264 69-50~7061
S1 3100-3380 1 SSWITCH, ROTARY INPUT SELECT 28480 3100-3380
. 0370-1103 1 KNOB 28480 0370-1103
3030-0007 1 SCREW-SET L-40 ,125-IN-LG 28480 3030-0007
52,53 3101-0961 2 SWITCH-SL SPDT-NS MINTR .5A 125YVAC/DC PC 79727 G-124-0013
s4 3101-2042 2 SWITCH-SL DPDT-NS STD 2A 250VAC SLDR LUG 2B480 3101-20%2
55 3101-2042 SWITCH-SL OPDT-NS STD 2A 250VAC SLDR LUG 28480 3101-2042
s 3101-2216 1 5WEiTCH-PB DPDT &A  25QVAC 28480 310:-2216
5040-7023 1 PUSH ROD 28480 50L0-7023
57 3191-1299 1 SWETCH-PB DPDT ALTNG .55A 115VAC PC 28480 3101-1299
0370-0583 1 PUSHBUTTON, OLIVE BLACK 2BLE0 0370-0683
T1 9:00-0680 1 TRANSFORMER, POWER 28480 5100-0689
ul 1820-0430 1 1C LM 3069 V RGLTR 27014 LM3D9K
0340-0580 1 INSULATOR-XSTR RUBBER RED BGUGY 7403-10-02
1200-0456 1 SOCKET-XS$TR 2-CONT TO-3-PKG 28480 1200-0455
uz 1826-0181% 1 1C LM 323 Vv RGLTR 27014 LM3Z3K
U3 1826-0117 1 IC 7812C V RGLTR 07263 7812KC
1200-0479 2 S5OCKET-XSTR 2-CONT TO-3 SLOR-TUR 91833 4601
w1 D3455-61603 1 CABLE ASSEMBLY, VOLTS 28480 03455-61603
w2 03455-61600 1 CABLE ASSEMBLY, OHM 28489 03455-61604
W3 03455-61606 1 CAELE ASSEMBLY, HP-1B (INCLUDES J3 AND P3) | 2B48D 03455-631606
W5 D3455-61605% 1 CABLE ASSEMBLY, POWER 284840 03455-61605
%F1 2110-0470 1 FUSEHOLDER-EXTR POST 20A 200v UL/IEC 75915 345003-010
50%1-0309 4 2 KEY CAP-UNL PTYGRY 28480 5041-0309
5041-0139 1 KEY CAP-UNL MG (OBS) 28480 5041-0139
5041-0318 B z1 EKEY CAP-L PTYGRY 28480 5041-03138
5041-0144 1 KEY CAP-L MOSGRY 28480 S5041-0144 ,
5041-0267 84 1 KEY-CAP UNL 28480 5041-0267
5041-0L50 2 KEY CAP-L SEABLU 28430 5041-0450
5050-68%7 1 . LENS, LED 78480 5040-6897
5041-0375 %A 3 KEY CAP-UNL 28480 5041-0375
5040-6898 il LITE PIPE 28480 5040-6898
7120-6410 1 WARNTNG LABEL: 50-60 HZ SELECTION 28480 7120-6410
7120-5911 1 WARNTMG LABEL: HP-IB 284180 7120-5911
4  SERIAL NUMBERS 1622A00411 AND ABOVE. REPLACES PARTS 5041-013% AND 50410144,
da SERIAL NUMBERS 1622402438 AND ABOVE. REFLACES 03455.04303.
48 SERIAL NUMBERS 16224056831 AND ABOVE, REPLACES PART 5060-7454.

See introduction to this section for erdering information
*Indicates factory selected value
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Table 6-3. Replaceable Parts (Cont'd)

Reference HP Part icf o Description M Mfr Part Number
Designation | Number {0 Code
MECHANICAL PARTS
MP1 5020-83012 1 HFRONT FRAME 28480 5020-8801
MP2 5020-8837 2 SIDE STRUTS 28480 5020-8832
MP3 5020-8802 1 “REAR FRAME 28580 5020-8802
MPY 5060-9835% 1 TOP COYER 28480 5060-9835
MP§ 5060-9847 1 BOTTOM COVER 28480 5060-9847
MPE 5060-9876 2 ¥51DE (OVER ASSEMBLY 28480 5060-9876
NP7 5060-9804% 2 STRAP HANDLE, 18 2880 5060-980%
MP8 5040-721% 2 STRAP HANDLE, CAP, FRONT 28480 5040-7219
MPY 5040-722¢ 2 STRAP HANMDLE, CAP, REAR 28480 5¢40-7220
MPLO 50450-7201 4 FOOT 28480 50%0-7201
MPL1 1460-1345 1 WIREFORM 1.34-W 3+LG SST 28480 1460-1345
MP1Z 5001-0438 1 TRIM STRIP 28480 5001-0438
MP13 5040-720% 1 TRIM, TOP . 28480 50%0-7202
MP14 Bp 03455-04303 1 PANEL, FRONT, DRESS REV. F 284810 03455-04303
MP15 03455-00204 1 SUB-PANEL, FRONT 28480 03455-00204
MP16 4114-0641 1 WINDOW DISPLAY . 284810 411%-0641
MP17 03455-00401 1 GUARED ASSEMBLY 28430 03455-00401
MP18 A 03455-00104% 1 GUARD, MAIN 28480 03455-00104
a403-0181 4 GUIDE-PC BD BLX POLYC .0B2-BD-THKNS 28430 0403-0141
0403-0152 2z GUIDE-PC BD BLK POLYC ,062-8D-THKNS l-LG 28480 0403-0152
1600-0574 1 “LOCKING STRAP 28480 L600-0574
MP19 2B 03455-0010% 1 GUARD, SIDE 28480 03455-00105
0403-0152 GUIDE-PC BD BLK POLYC .062-8D-THKNS 1-LG 28480 G6403-0152
MP20 03455-00603 1 SHIELD, A.C. CONVERTER 28430 G3455-00603
MPZ1 03455-01203 1 BRACKET, FT TERM 28480 03455-01203
MPZ2 03455-04107 1 COVER, VOLTAGE REGULATOR 28480 ¢3455-04107
MPZ3 03455-031201 13 BRACKET, REFERENCE 28480 03455-01201
0403-0141 GUIDE-PC BD BLK POLYC .062-BD-THKNS 28480 G403-0141
MP2L 03455-00602 1 SHIELD, LT ISQLATOR 28480 23455-DOBRG2
MP25 05455-04102 1 COVER, BOTTOM GD 28480 03455-04102
MP26 03k55-p4101 1 COVER, TOP GD (AVERAGE AC CONVERTER) 28480 03455-04101
MPZE 03455-04108 1 COVER, TOP GUARD (RMS AC CONVERTERD) 28480 03455-04108
03455-04106 1 COVER, AC CAL 28L80 03455-04106
MP27 03u55-01204 1 MOUNTING BRACKEY, QUTGD 28480 D3455-01204
MPZ8 03455-01101 1 HEAT SINK 284849 03455-01101
MP29 03455-00103 1 GUSSET 28480 03455-00103
MP30 5040-8081 3 INSULATOR, SLIDE 28480 5040-8081
MP31 05455-064301 1 PLATE, SLIDE ~ 28480 03455-0430%
MP3Z 03455-00601 1 COVER, LINE 28480 D3455-00601
MP33 03455-02202 1 BRACKET, TRANSFORMER 28480 D3455-01202
MP34 03455-00301 1 PANEL ASSEMBLY, REAR 28480 D3455%5-00301
MP35 03455-04E03 1 DOCR, REFERENCE 28480 D3455-04103
2360-0113 1 FASTENER-CPTVE SCR ASSY PANEL THXNS 28480 2360-0113
AA  FOR SERIAL NUMBERS 1622A076588 AND ABOVE. REPLACES PART 03455-00101.
4B FOA SERIAL NUMBERS 1622407668 ANO ABOVE. REPLACES PART O3455-00102. P

i WPI12.
P21 “””§§§§E; MP1.

MPZ5S WP [T

MP19 MP20 MP1Q

See introduction to this section for ordering information
*Indicates factory selected value
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Model 3455A Section VII

. 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.

7-1{7-2



Model 3455A

Section VIII

SECTION VI
SERVICE

8-1. INTRODUCTION.

8-2. This section contains theory of operation, trouble-
shooting procedures, safety considerations, and general
service information for the Model 3455A Digital Volt-
meter.

8-3. SAFETY CONSIDERATIONS.

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.

8.5. 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 |

Any interruption of the protective grounding
conductor {inside or outside the instrument) or
disconnection of the protective carth terminal

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.

8-7. 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-circuiting of fuse holders must be avoided.

| WARNING I

The service information presented in  this
manugl is normally used with the protective
covers removed and power applied to the
instrument. Energy available at manry points
may, if contacted, result in personal injury.

8-8. ARECOMMENDED 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.
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Figure 8-1. Function Block Diagram.
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Model 3455A

THEQORY OF OPERATION

8-10. INTRODUCTION.

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 descriprion
describes the methods and pertinent circuitry used to
accomplish the function of each block of the detailed block
diagram.

8-12. INPUT SWITCHING AND DC ATTENUATOR.
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 volts may be encountered. Al other input switch-
ing is done with FET switches.

8-158. 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 S1. 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.

The “Input” terminals are connected to the dc preampli-
fier input on the .1 V de through 10 V de and all *Ohms”
ranges by relay K1 and FET switch Q1. Relay K5 connects
the input to the operational attenuator on the 100 and
1000 V dc ranges. Output of the Attenuator is connected
to the input of the de preamplifier by FET switch Q15 on
the 100 V-dc range and by FET switch Q16 on the 1000 V
dc range. The AC Converter output is connected to the de
preamp input by FET switch Q3.

8-17. Operational Attenuator.

8-18. The Operational Attenuator provides a fixed attenu-
ation of 10-to-1 on the 100 V d¢ range or 100-to-1 on the
1000 V dc 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 .01. A gain
of 1isselected by FET switch (38 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 dc 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
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Figure 8-2. Simplified Input Switching Diagram.
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Figure 8-3. Operational Attenuator Diagram.

analog circuitty 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 Controller 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.

3455-p-4458

Figure 8-4. Basic Voltmeter Diagram.

A basic equation describing a measurement of one of the
three inputs is: V( y=(E( )+ EQ)G; where V( ) is the par-
ticular output, E{ ) is one of the three inputs, Eg is the
internal offset error, and G is the circuit gain. Closing
switch 81 applies the internal reference voltage. The circuit
output would be: Vier = (Erer + Eg) G. The offset error is
measured by closing 82, grounding the input. The resultant
output would be Vg = EqG. Measurement of the external
input would yield Vip = (Ein + Eg)G. The equation describ-
ing the Auto-Calibration is:
= Vin-Vo
Vref- Yo
Substituting the basic equations .into the Auto-Cal
equation would yield:

Output Reading x Ky

+Egq) G- EyG xK;

Qutput Reading = (Ein
(Eref+ Eo) G- EoG

This equation reduces to:

Qutput Reading = Ein K;

ref
or: the output reading is equal to the ratio of the
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Figure 8-5.

Stmplified Auto-Cal Switching Schematic.
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external input voltage to the internal reference volt- cal switching circuitry. The following paragraphs describe
age times the range factor (K;). circuit operation for the various auto-cal measurements.

8-22. Circuit Desription. 8-24. 10 V dc Input Offset Error Measurement. Figure 8.6

8-23. Figure 8-5 shows a simplified schematic of the auto- illustrates the circuit configuration for making the 10 V d¢
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Figure 8-6. 10 V dc¢ Input Offset Error Measurement.
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Model 3455A

Offset Error Measurement. The DC Preamp input is
grounded through a 100 kilohm resistor by FET switch
A10Q2.-A DC Preamp gain of X1 is selected by FET switch-
A10Q19. The resultant measurement is the offset voltage
present on the 10 V d¢ range. This number is stored by the
main controller for use in correcting measurements made
on the 10V dc range.

g-25. 1 V d¢ and .1 V dc Input Offset Error Measurement.
Offset error measurements on the 1 V dc and .1 V d¢ ranges
are made in the same manner as the 10 V dc range except
for DC Preamp gains of X10 for the 1 V dc range and X100
for the .1 V dc range. The circuit configuration for the 1 V
de Offset Error Measurement is shown in Figure 8-7. ADC
Preamp gain of X10 is selected by FET switch A10Q21.
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 A10U3,
which has unity gain, FET switch Q27, the precision 10-to-
1 divider (A11R7 and A11R8) and FET switch A10Q18 for
a gain of 100. The resultant measurements are stored by the
main controller to correct measurements made on the .1 V
dcand 1 V de ranges.

8-26. 100 'V dc and 1000 V dc Input Offset Error Measure-
ment. On the 100 V dc and 1000 V dc ranges the input of
the operational attenuator is grounded through a 100 kil-
ohm resistor by relay A10K6 and FET switch A10Q34 (see
Figure 8-9). On the 100 V dc range, the feedback of the
operational attenuator is selected by FET switch A10Q35
(attenuation of 10-to-1). The output of the operational
attenuator is applied to the input of the DC Preamp

THEORY OF OPERATION

Section Vill

through FET switch A10Q15. Attenuator feedback on the
1000 V dc range is selected by FET switch A10Q39 (atten-
pation of 100 to 1) and is applied to the DC Preamp input
through FET switch A10Q16. DC Preamp gain is X1 for
both error measurements.

8-27. 10 V dc¢ Gain Error Measurement. On the 10 V dc
range the gain error measurement is made by applying the
internal reference voltage (+ 10 V dc), through a 100 kil-
ohm resistor and FET switch A10Q4, to the input of the
DC Preamp (see Figure 8-10). A DC Preamp gain of X1 is
selected by FET switch A10Q19. The measurement result
is stored by the main controller as the 10 V dc full scale
constant. '

8-28. .1 V dc and 1 V dc Gain Error Measurement. On the
1 V dc range, the reference voltage is applied to the DC Pre-
amp input through the precision ten-to-one divider (A11R7
and R8) by FET switches A10Q31 and A10Q16 (see Figure
8-11). The lower end of the ten-to-one divider is held at
virtual ground by closing FET switch A10Q38. Qutput of
the ten-to-one divider is 1 V dc. A DC Preamp gain of X10-
is selected by FET switch A10Q21. The measurement result
is stored by the main controller as the 1 V dc full scale
constant.

8-29. A separate gain error measurement is not made for
the .1 V dc range. Since the only difference between the
1 V de and .1 V dc circuit configuration is a precise gain of
ten, the .1 V dc gain error constant is computed by the
main controiler.
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Figure 838.

.1 V dc Input Offset Error Measurement.
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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

8-30. 1 V dc Reference Offset Error Measurement. Since
the 1 V dc full scale reference was derived by dividing the
internal reference by the precision ‘ten-to-one divider, a
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Ki RI&R2 Ql
. r 100K "
HI e lm] AN ol o
—_ C TO A/D
. PREAMP
WPUT K& 92 g4 3 e CONVERTER
0 V)
Lo | I 0 *Vrer a9
R3S — +VREF /\_
. .8 033 v U_ 5'58{(
Qe
) K6 RA7 (" 9 i 1
1 100K RA4Z Q22
"—rmj Q% a2l 1BOK 3
- 034 o—@—« @
+Vrer
Q15 ()
| 9 @3l
£ fow DTDA" —r— Q27 4
o |10k _| 300K &
036
Q38 039 7 Q3% -3
SR43
\ 1 I
1
us 3455-B-4531 <7|
/ OPERATIONAL
| ATTENUATOR
[}

8-6
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for the 1 V d¢ Reference Offset Error Measurement. The 8-31. 100 V dc and 1000 V dc Gain Error Measurement,

input of the DC Preamp is grounded through the ten-to-one Figure 8-13 shows the circuit arrangement for making the
divider by FET switch A10Q16. Preamp gain is X10. 100 V dc gain error measurement. The reference voltage is
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W > . m IOOK . E ) "
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Figure 8-11. .1 Vdcand 1V dec Gain Error Measurement.
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connected to the input of the operational attenuator is connected to the DC Preamp input by FET switch
through FET switch A10Q33 and relay A10K6. The attenu- A10Q15. A DC preamp gain of X10 is selected by FET
ator is set to a gain of 0.1 (10 to | attenuvation) by FET switch A10Q21. The measurement result is stored by the

switch A10Q35. The output of the operational attenuator main controller as the 100 V dc gain error constant.
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Figure 8-13. 100 V dc and 1000 V dec Gain Error Measurement.
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8-32. A separate gain error measurement is not made for
the 1000 V dc range. Since the only difference between
the 100 V dc and 1000 V dc circuit configuration is a
precise attenuation difference of 10, the 1000 V dc gain
error constant is computed by the main controller.

8-33. 100 V dc Reference Offset Error Measurement.
Since the reference voltage for the 100 V dc 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 — QHMS.
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 S1 while the reference voltage, developed
across the reference resistor, is measured by closing $2. The
value of the unknown resistance is computed by the main
controller. An equation describing this computation is:

~{(Vgx + Egl G — Eq G1]

THEORY OF OPERATION
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51 Eo

1 \ UNKNOWN
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345 —0-4a59
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Figure 8-15. Basic Ohms Measurement Diagram;

where Ry is the unknown resistance value, VRy is the voli-
age drop across the unknown resistance, Vg ref. is the volt-
age drop across the reference resistance, Eg is the input
offset error, G1 and G2 are the circuit gains of the particu-
lar measurements, and K is the range factor. This equation
simplifies to:

_ VRx G1

= Kr
VREF G2

X

8-37. Circoit Description.

8-38. .1 k22, 1 kL2, 1 M) Offset Error Measurements. The
offset error constants derived for the .1 V dcand 1 V dc
ranges are also used for the .1 k&2, 1 k&2, and 1 M&2 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 k2, 100 k2, 10 MS2 Offset Error Measurements.
Two additional offset measurements are made to compen-

KR sate for errors which might be present when making mea-
(VREF * Ep) G2 — E5 G2 surements on the 10 k2, 100 k£, or 10 M{2 ranges. Figure
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Figure 8-16. 10 k&2, 100 k2, 10 M) Offset Error Measurement.
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Figure 8-17.

Note 1: VOLTAGE LIMITEC TO S V.

8-16 illustrates the circuit configuration for these measure-
ments. The DC Preamp input is grounded through a 100 kQ
resistor by FET switch A10Q2. The feedback path for.the
X2 gain is through FET switches A10Q22 and AI10Q21.
Feedback for X20 gain is through A10Q22, isolation amp-
lifier A10U3, switch A10Q27, the precision 10-to-1 divider
and switch AIOQI8. A separate measurement is made for
both gains and the results are stored by the main controller.

840. .1 k2, 1 kS2, 10 k2 Reference Measurements. The
ohms reference voltage is developed across the reference
resistance. On the .1 kQ through 10 k&2 ranges the refer-
ence resistance is 1 k& (see Figure 8-17). The .7 mA
current source is connected to the 1 k§2 reference through
relay AIOK7. The 999 kf) reference resistor is shorted
by the combination of relay A10K7 and A10K8. The refer-
ence voltage is applied to the DC Preamp input through

Ohms Reference Measurement.

FET switch A10Q13. The reference is measured prior to
each measurement of the unknown resistance.

8-41. 100 k2, 1 M2, 10 M2 Reference Measurements. On
the 100 k€2 range, A10K7 is opened and the .7 mA current
source is applied to the combination of R1 and RS (1 MQ2).
The reference voltage developed across R] and RS is ap-
plied to the DC Preamp input through FET switch
Al0Q14. On the 1 M and 10MS? ranges, relay A10KS is
opened and the .7 #A current source is applied to the 1 MQ2
reference resistance. The reference voltage is applied to
the DC Preamp input through A10Q14.

8-42. AUTO CALIBRATION-A/D CONVERTEFL

8-43. Two Auto-Cal measurements are made to correct
errors which might be generated in the A/D Converter. One
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Figure 8-18. Simplified A/D Converter Diagram.
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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 Descriptian.

8-45. Offset Error Measurement. Figure 8.18 shows a
simplified schematic of the A/D 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 A/D Converter offset
error by the main 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 Tate during the integration period (133 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.

8-49. The rms converter uses operational circuitry, rather
than a thermal element, to convert the ac signal to a dc
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
1 MHz during fast ACV operation. Full scale cutput of the
ms converter is 6.6667 V dc. Figure 8-19 is a simplified
schematic of the true rms converter. The mathematical

THEORY OF OPERATION
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expression describing the measurement of an rms level is
V output =+/ Vin ? which states that the output voltage
(Vo) is equal to the square root of the average of the abso-
lute value of the input voltage (Vijn) squared. The circuitry
used in the rms converter solves for the expression

v/ I'Vinl? which is identical to Vin 2.
8-50. Circuit Description.

851. AC Input Attenuator. The input attenuator of the
s converter is an RC circuit which provides a fixed
attenuation of 100-to-1 on the 100 V ac and 1000 V ac
ranges. Attenuator switching is performed by reed relays
which are controlled by the inguard controller.

8-62. tnput Amplifier. An operational amplifier with fixed
gains of x1 and x0.1 is used as the input amplifier. The
combination of amplifier gain and input attenuation are
used to maintain a full-scale output of 1 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 Tozal
Range Factor Gain Gain
1V t ] 1
m0v 1 01 041
100 v Kok} 1 0.01
1000 v .M 0.1 0.001

8-53. Absolute Vatue 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 i$ 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 of the
squaring amplifier.
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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 Q114)
in the feedback loop, takes twice the log of the input
voltage. Therefore, the output of the squaring amplifier is
equal to 2 fog [V inl orlog [ Vin|?.

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
Q11B and Q9B. Outputif_th'e square root amplifier is
equivalent to 1/2 log 1Vin!? or log /I Vinl2. The
operations of the square root amplifier and the averaging
amplifier are simultaneous and inter-dependent. The com-
bined output of the two circuits is a dc level proportional
to the rms value of the input signal.

B-56. AVERAGE RESPONDING AL CONVERTER
{Option 001).

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 dc 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,

THEORY OF OPERATION

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 1 or 0.1. An integrat-
ing amplifier (U4) is used to maintain a de level of 0 V dc 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.

B-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 |
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 Amptifier is applied to a rectifier circuit which
produces both a positive going and a negative going half-
wave rectified signal ontput (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. Qutput 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
dc for all ranges.

8-65. OHMS CONVERTER.
8-6i6. 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 dc. 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 mA on the 100 ohm through 100 kifohmn
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 kilohum 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
acrass the unknown resistance times circuit gain to the
voltage drop across the reference resistance times circuit
gain multiplied by the range constant; or

THEGRY OF OPERATION
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8-68. Circuit Description.

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 A10T1 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 mA or
.7 pA, Output current is determined by resistors R3, R5,
and R&. During the .7 mA mode of operation, (100 ohm
through 100 kilohm ranges) relay K8 shorts resistor R3.
The output current is then deterrnined by R6 and is equal
to the reference voltage (+ 6.2 V) divided by the resistance
of R6, or I, = 6.2/8.87 K=.7 mA. During the .7 #A mode
of operation, {1 megohm and 10 megohm ranges) both K7
and K8 are open. Resistors RS 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 o= .7 V{1 M
= .7 pA. Operationat Amplifier Ul 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 1 kilohm for the .1 kilohmn through 10 kilohm
ranges or 1 megohm for the 100 kilohm through 10

VRx G1 megohm ranges. Both the reference resistance and the
Ry = —— unknown resistance are in the feedback circuit of the
VREF &2 operational amplifier.
K7
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KB‘:
F/OAll
logox| x 11 —
RE R — vy VW
+6B2V 223 M4
RS ¢
113k
% o
ov
Vo
Q3 i )
+6.2V
R9 RIl
12K 470
Ri2
209K 34550~ 4469
-8.3v

Figure 8-21, Ohms Converter Current Source.
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Figure 8-22. Ohms Converter Voltage Limit.

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 CR14, making the voltage limit circuit inoperative. As
the resistance of Ry 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 R14 and R23. As the input of U2 approaches 0 V the
output reverses polarity and forward biases CR14. At this
point U2 takes control of output transistor Q4 and main.
tains a constant voltage of approximately - 4.7 V dc 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 source 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 ]
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 CR1, CR2, CR11 and CRI12.
These diodes provide a current path through R23 and the

chms 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 voliage 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 dc¢ 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.

3-14

B-76. Circuit Description.

8-77. Input Circuit. A dual FET (Q17) is used as the input
to the DC Preamplifier to provide high input impedance.
The sources 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 (Q12). 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 A/D 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 X1 Amp-
lifier used to isolate the output divider from the precision
10-to-1 divider.

8-80. Overload Protection. The preamplifier circuit is pro-
tected from saturation by diodes CR4 and CRS5. These
diodes limit the voltage difference between the drains of
Q17. The output of the preamplifierislimited 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. Qutput of the bias amplifier is coupled through 100
kilohm reistors to the gates of the input switching FET"s.
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Figure 8-25. Simplified Voltage Reference Diagram.

8-82. REFERENCE ASSEMBLY.
8-83. Genesal.

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 dc 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.

B-85. Circuit Description,

8-86. The ohms reference circuit is an adjustable resistive
network which supplies a precise 1 kilohm or 1 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 dc output. Resistors R, and Ry
form a voltage divider to provide the proper feedback for

Model 3455A

the operational amplifier. These resistors are a fine-line cir-
cuit contained in an IC package and are composed of the
basic resistances plus padding resistors to match the divider
to the particular reference diode. Resistance R, also
includes a potentiometer which is used as the ““fine” adjust-
ment for calibrating the + 10 V dc output. The circuit is
returned to the - 15 volt supply to reduce ground currents.

8-87. ANALOG-TO-DIGITAL CONVERTER (A/D).
8-88. General.

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 A/D
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 T1), the run-down period (time T2) and the auto-zerc
period (time T3). During time T1, the input voltage is inte-
grated and the most significant digits of the output reading
are determined. During time T 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 O volts and readied for the next reading. At
time Tp, the input voltage from the DC Preamp is applied
to the A/D converter and causes the integrator capacitor to
charge (period tcy). 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 cutput 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 T1.

8-90. 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

1 pe—ts
Tz

Ta

3435-B-4470

1

Figure 8-26. Integrator Output Waveform.
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Figure 8-27. integrator Output Waveforms for Different Input Voltage Levels.

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 mede, time T4, is 1/60 second (1/50
second for 30 Hz operation) and approximately 16 charge-
discharge cycles occur for a full scale input. During 6 digit
operation, time Ty 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 Ty, 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 tg 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 (T<) are scaled and added to those made during time
T for the final measurement.

8-92. Circuit Description.

8-93. Input and Reference Switching. The A/D input and
reference switching is controiled 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 R15 and is equal to the input voltage
divided by 19.8 kilohms. FET switch Q3 is closed through-
out the integration period (time T, Figure 8-26) and is
open during periods T2 and T3.

8.94. There are four separate current references in the A/D
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
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Figure 8-28. Simplified A/D Input and Reference Switching Diagram.
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are below. Both the positive and negative references have a
“fast™ discharge referenceand a “‘stow’” discharge reference.
The fast discharge .references are used during the td cycles
of the integration period to discharge the integrator and are
alse used for the ““fast run-down” period (time tf). The
“slow” discharge references are used during the “slow run-
down™ period (time tg} only. Diodes are used to switch the
references because of their high speed swiiching ability.
The following description uses the positive “fast-discharge”
reference, consisting of Ula, 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 dc 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 - 1.5 V dc) 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 applying approximately

+ 3 V dc to the cathode. Diode Uld becomes forward:

hiased 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 Uld by
raising the reference voltage by one diode drop. The refer-
ence current is determined by the voltage across R4 (10V
dec/10 kilohms = 1 mA).

8-96. Integrator. The voltmeter uses a conventional inte-
grator circuit with a dual FET input stage for isolation.
Operational amplifier U3 provides the gain necessary to
keep the input voltage at O 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

THEORY OF OPERATION
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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 milli-
volts per count of output reading.

898. 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, completing the auto-zero loop
through slope amplifier U4. The integrator capacitor {C2)
is used as the auto-zero capacitor and stores a charge
equal in amplitude and opposite in polarity 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 O volts for positive
inputs to the A/D 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 CR12.

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 velts. This informa-
tion is used by the inguard controller in determining when
to apply the discharge references during the integration per-
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Figure 8-29. Simplified A/D Converter Diagram.
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iod (time T, Figure 8-26). For inputs less than 10 volts
the output of the 10 volt Detect Amplifier is near O volts.
As the input reaches 10 volts the output switches to
approximately + S 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 To
(Figure 8.26). This information is used by the inguard

controlter 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 contreller. 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 controtler
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 A/D input voltage.

8-106. Upon completion of the measurement, the digital
information is transferred from the inguard controller to
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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, DC through
DC3, of the processors are used for communication. The
inguard and main processors are electrically isolated by
optical isolators. Control lines DCY and DC1 are driven by
the main controller. During the inguard to main transfer
mode, Line DC@ is used to indicate when the main control-
ler is ready to receive data. Control Line DC1 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
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Figure 8-30. Simplified Inguard Controller Flowchart,

Figure 8-31. Controller Data Transfer Circuit.

8-19



Section VI

SIGNAL

FO i
DATA FROM [
MAN CONTROLLER |

po ]
INGUARD cm‘rm:nJ |
STATS (RECEIVE) 1

1
I
| &7 - FEAGY TO RECENVE
Fa / /
0 by

SIGHAL
MAN CONTROLLER
! READY ™ RECEIVE
o / [

]

|

Fl :

0ATA_TRANSFER I
CLOCK

1S rearr 10 sen
F2 T
INGUARD CONTROLLER :
STATUS  (SEND} .
i

)
'
F3 )
DATA FROM )
INGUARD CONTROL

342454388

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-
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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.

-3 1"0.‘ 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 simptified
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 cutput
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 U27C from the data bus and to reset
the interrupt circuit to its normal state.

8-111. A/D 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 swiiches in the A/D 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. Inguard Controller Reset Circuit.
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and transferred to the converter through output latch U1S.
Table 8-2 describes the purpose of each of the A/D Con.
verter switch signals and the “true” state of each. The three
“detect” outputs of the AfD Converter are returned to
“direct control” lines DC4 through DC6 of the processor.

8-112. The “polarity detect” ocutput 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 A/D Integrator
passes through O 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 A/D Conversion pro-
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Table 8-2. A/D Converter Switch Control Signal
Descriptions.

True

- Signal Description State

LVIN AJD Converter input switch signal Low

(A1403}

LNRS Negative slow-discharge reference switch signal | Low
(A14U2¢)

HPRS Positive slow-discharge reference switch signal High

HAZ Auto-zero switch signal (A14Q4) High

HPRF Positive fast-discharge reference switch signal High
{A14CR2)

LNRF Negative fast-discharge reference switch signal Low
{A14CRB)

cess. Upon completion of the A/D Conversion process, the
processor sets the interrupt enable signal low to disable the
zero detect circuit,
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Figure 8-34. Simplified A/D Converter Control Circuit.
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Figure 8-35. Simplified Program ROM Circuit.

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 (I¢ through
18). The ROM output is connected to the processor data
lines D@ 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,

8-114. Qutput 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 D@ through D35) and the select code for the
particular latch to accept the information on device select
lines DS@ through DS3. Transfer of information from the
processor to the latches is synchronized by the clock input
ta the processor and the device select decoder Ul4.

8-115. MAIN CONTROLLER.
8 116. General.

8-117. The purpose of the main controller is to control

8-22

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.

b. Using the status information, the main controller
generates switching information for the analog section and
transfers this information to the inguard controller.

¢. 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,
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¢. 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 ), where X is the measure-

ment answer and y and z are Vvalues entered by the opera-

tor, or a percent error answer ( 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
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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 Description.

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 8-36. Simplified Output Circuit.
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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-
mable from the front panel. The ROM’s are addressed by
the main processor through the program address bus (pro-
cessor outputs PAP through PA9). The program informa-
tion is sent to the processor through the 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 J1 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 PA10 is low which allows U$ 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 D1. Line D@ is used to select the page

and is set high for upper pages and low for lower pages.
Line D1 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 Y5 of U31 is
set on device select lines DS through DS3.

¢. Address line PALO is set high to disable ROM U8 and
allow ROM’s U6 and U7 to be addressed.

d. The READ/WRITE 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 Q1 and
Q2 outputs to the levels of data lines D and D1 (page and
ROM select data). Once US is set the processor data lines
(D@ through D7) and READ/WRITE line are released for
other operations. Address line PA10 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 PA1Q low.

8-122. At the beginning of an “interrupt sequence” the
processor enables gates U3A and U3B by activating output
Y5 of the device select decoder and setting the READ/
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Figure 8-38. Main Controller ROM Circuit.

WRITE output low (READ). The outputs of U3A and U3B
are then sent to the processor through data lines D@ and D1
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 pates U38B and
U3BD, 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 AQ through A7} of the RAM’s (U44 and U435
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 ouiput Y1 of device select
decoder U41, and sets the Read/Write output high (write).
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Figure 8-39. Main Cantroller RAM Circuit.

b. The Read/Write signal enables buffers U34 and U42
o apply the data to the RAM’s [/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 Y1 of U4l is
applied to the CE inputs of the RAM’s to enable them to
store the data. OQutput Y1 of U4t 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.

8-126. The processor “reads” data from the RAM’s as
follows. )

a. The processor sets the code necessary to activate out-
put Y1 of U41 on device select lines DS through D83, and
sets the Read/Write line low (read).

b. The Read/Write signal is inverted by U4F and applied
to the RAM’s R/W input to enable the output buffers. The
negative-going pulse from output Y1 of U41 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
U464,

c. The data is read by the processor on data lines D@
through D7.

d. As with the *‘store’ sequence, the negative pulse
from output Y1 of the device select decoder is applied,
through gate U38D, to the “clock™ input of counters U36
aind U37 to increment them to the next address.

8.26

8-127. ALU Circuit. The Arithmetic Logic Unit (ALU)
provides added computational capability to the main con-
troller for computing Auto-Cal constanis, 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.

8-128. Figure 8-40 shows a schematic diagram of the ALU
circuit used. The numbers to be entered into the ALI'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 READ/WRITE 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 Y1 for number “A”, ¥2 for
number “B”’),

b. The outputs of the processor and device select
decoder are synchronized by the clock signal.

¢. The READ/WRITE 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 U31 (number “A”’) or U24 and U25
(number “B”} by the signal from device select decoder
U33.

d. The ALU operation instruction is a 6-bit binary code

.H
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Figure 8-40. Main Controller ALU Circuit.

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”™ informa-
tion.

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@ through D5 are used to output the
data.

8-129. The output of the ALU’s is read by the processor in’
the following manner:

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@ through DS3 to
activate output Y4 of U33.

b. Output Y4 of U33 enables the ALU output buffers
U21 and U22 and the data is read by the processor on data
lines D@ through D7. In the event that a “carry” occurred
during the ALU operation, the carry output (CN + 4) of
U28 is output through gate UL6B 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

used to strobe the front panel display. The Interrupt Cir-
cuit 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 will
be handled first. The HP-1B 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.

8-131. HP-IB Interrupt. When the HP-1B requires service,
it sets the HP-IB interrupt signal high. This signal is applied
to the input of U53B. The output of US3B is applied to
U47B to disable the front panel interrupt circuit and
through U52A to the interrupt gates which set the proces-
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 acknowledge high, to enable address gates U470
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-1B interrupt to occur simultan-
eousty and set their respective interrupt address code on the
processor data bus. When this occurs, the processor is pro-
grammed to vector to the HP-1B 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 processar then services
the HP-1B 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.

4-133. 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 multivibrator 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 Q low. Output @ of U40B is applied to U47D to
disable the interrupt address gates and through U39B to set
the inpuis of U47A and US5C 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.

8-28

b. The positive-going signal is applied to the “clock™
input of U40A to set the Q output low. This signal, applied
through U47B and U39C, disables the input of U48A to
prevent premature retriggering.

c. Interrupt gate US5C is enabled fo 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 D7).

8-136. Upon accepting the switch status information, the
processor sets the interrupt acknowledge signal low. This
signal is applied to U47A to disable the front panel output
buffers and 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 U35C 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 U488 is triggered
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Figure 8-42. Simplified Turn-on Interrupt Circuit.

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 the output of U488 returns
high, gate US3B is enabled. The low output of U53B is
applied through US2A 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 (D@ 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 U5 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 U3%A to the “clock”
input of U26B. This sets the Q output low and the Q
output high, disabling the turn-on interrupt circuit.

8-141. HP-1B CIRCUIT.

8-142. General.

8-143. The Hewleti-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 16-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 paralle]l 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
(“bytes™). 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 illustrates 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 will
be interpretzd by devices on the Bus. The data bus (lines
DIO1 through DIOB) 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-1B 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 the Bus is active the
following conditions exist:

a. The outputs of latches U11, U19, U20, and U26A are
low. )

b. Signal inputs to buffers U5, Ul6, U17 and U18 are

low.

¢. 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.
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Figure 8-43. Interface Connections and Bus Structure.

NOTE

it is possible for the interface circuit to momen-
trarily drive the Bus lines low {true) before the
turn-on sequence has been completed.

8-146. Circuit Response to Bus Commands. The following
description explains the Moltmeter 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.

2. 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.
8.148. The controller in charge of the HP-IB sets the code
of the command data to be transferred on data lines DIO]

through DIO8 and sets the ATN (Attention) line low (true).

8-30

The ATN signal is input to the Voltmeter interface circuit
through inverter U3E and is applied to the input of buffer
UlLSA and inverter U3B. The low output of U3B disables
qualifier gates U2D, U14B, U14D and U13D and is applied
to U2C to set its output high. The high output of U2C sets
the enable inputs of U13A and U13B. The high output of
U13B is applied to the driver B input of transceiver U9 to
set the NDAC output low (true). This indicates to the
HP-1B controller that the Voltmeter is ready to accept data.

8-149, After allowing time for the data on the DIO lines to
“settle”, the HP-1B controller sets the DAV (data valid) line
low (true). The DAV signal is input to the interface circuit
through transceiver U9 and is applied to the signal input of
qualifier gate U13A. The high output of U13A is coupled
through gate U2B and inverter U10D to the inputs of
buffer U15D and interrupt gate U7C. The low (true) output
of U7C is applied to the input of UZA to set the interrupt
signal to the main processor.

8-150. Upon recognizing the interrupt signal, the main pro-
cessor enables buffers Ul5 and Ul6 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
U17 and U18 to read the data byte.

8-151. After reading the data byte, the processor sets the
“nrfd” output (1Q) of latch Ul1 high (true). The nrfd
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signal is applied to the enable input of qualifier gate U13C
and the driver A input of bus transceiver US. Transceiver
U9 drives the NRFD bus line low (true), indicating the
Voltmeter has accepted the data. The processor next sets
the “ndac” output {6Q) of latch U11 high (false). The ndac
signal is applied through inverter UL0A to the enable input
of U2B and the signal input of U13B. The low output of
U138 is applied to the driver B input of transceiver U9 to
disable it and allow the NDAC Bus line to go high (faise).

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:

“Listen’ Command
“Unlisten” Command
“Talk’ Command
“Untalk’ Command

8-153. Listen Command. When the processor receives a
listen address from the HP-IB it enables inverter Ul and
reads the address code the Voltmeter has been set to. This
code is determined by the settings of switch §1. 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
autput (pin 10) of U70 low to turn A2CR2 (listen enunci-
ator) on (see Front Panel Assembly Schematic). The pro-
cessor next sets the “mla” output (4Q) of U11 high (true).
The mla signal is applied, through inverter U8D, to the
input of qualifier gate U2C 1o maintain its output high. At
this point the Voltmeter has been addressed to listen and
enabled to receive data messages.

8-154. Uniisten Command. Upon recognizing the *
listen” command, the processor sets the output (pin 10) of
latch U70 high to turn A2CR2 (listen enunciator) off (see
Front Panel Assembly Schematic). The processor next sets
the “mla” output (4Q) of latch Ul low (false) to return
the interface circuit to the “turn-on™ state.

8-155. Talk Command. When the processor receives a
“talk address from the HP-IB it enables inverter Ul and
reads the address code the Voltmeter has been set to. This
code is determined by the settings of address switch 81.
The processor compares this code with the one received
from the HP-IB 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 U70
low to turn A2CR3 (tatk enuncaitor) on (see Front Panel
Assembly Schematic). The processor next sets the *“‘dav
req” output (5Q) of latch Ul} high (true). This signal is
applied to the enable input of qualifier gate U14C. 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. Upen recognizing the *“untalk”
command, the processor sets the output (pin 7} of latch
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U70 high to turn the “talk” enunciator (A2CR3) off (sce
Front Panel Assembly Schematic). The processor next sets
the “davreq”output (5Q) of latch U11 low (false) to return
the interface circuit to the “turn-on™ state.

8-157. Handshake Completion. After all instruments on
the HP-IB have aceepted 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 U9 low. The low output of U9 is applied to the
input of UI13A and through inverter UI0C to the input of
qualifier gate U13C causing its output to go high. The out-
put of U13C is applied to the signal input of buffer U15C
and to the input of interrupt gate U7A. The low output of
U7 A is applied to the input of gate U2A to set the interrupt
signal to the processor.

8-158. Upon recognizing the interrupt signal, the processor
enables buffers U135 and Ul6 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 UII low {true).
The low output of U11 is applied through inverter UIQA to
the inputs of U2B andU13B. If the ATN signal or the mla
signal is true the output of Ul3B will be set high. The high
output of U13B is applied to the driver B input of trans-
ceiver U9 to set the NDAC line low (true). The processor
next sets the “nrfd” output (1Q) of Ull low (false). The
low output of Ull is applied to the driver A input of U9
to set the NRFD output high (false) and to the input of
U13C 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 Voltmetet’s front panel controls
{range, function, math, etc.). The Voltmeter must have pre-
viously been addressed to “listen” and sct 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 DIO1 through
DIOS8. After allowing time for the information to *‘seitle”,
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 U9 is applied through inverter
U10C to the input of gualifier gate UL3C to disable it and
to the input of UI3A. The output of U13A is coupled
through gate U2B and inverter Ul0D and applied to the
input of buffer U15D and interrupt gate U7C. The low out-
put of U7C is applied to the input of gate UZA to set the
interrupt output to the main processor.

8.161. Upon recognizing the interrupt signal, the processor
enables buffers Ul5 and Ul6 and reads the status word.
After determining the nature of the interrupt, the processor
enables buffers U17 and Ul8 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 flag
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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 U65 through U70 tow (true)
to light the enunciator pertaining to the program informa.
tion. The processor next sets the nrfd output (1Q of latch
Ul high (true). The output of Ul1 is applied to the enable
input of qualifier gate U13C 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 U1}
high (false). This signal is applied through inverter Ul0A
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 UL3B
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 fonger 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 1o disable it and through
inverter U10C to the input of gate U13C. The high output
of U13C is applied to the signal input of buffer Ul15C and
to the input of interrupt gate U7A, The low output of U7A
is applied to the input of gate UZA to set the interrupt out-
put to the processor. The processor recognizes the interrupt
signal and enables buffers Ul5 and Ul6 to read the bus
status word.

8-163. Upon determining the nature of the interrupt, the
processor sets the ndac output (6Q) of latch Ull low
(true). The output of UL is applied through inverter UI0A
to the input of qualifier gate U2B and to the input of gate
U13B. The high output of U13B 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 (1Q) of
Ul 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 U13C 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 putput
measurement data to the HP-{B. 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 (5Q) of latch Ul 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 U14C is set
low. The output of Ul4C is applied to the input of buffer
Ut6C and the input of interrupt 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 U135 and Ul6 to read the status word. After
determining the natvre of the interrupt the processor sets
latches U20 and U19 to the code of the first byte of mea-
surement data. The outputs of U9 and U20 are applied to
the driver inputs of transceivers U6 and U12. The processor
next enables transceivers U6 and Ul2 to output the mea-
surement data to the HP-IB data bus (DIO1 through DIO7).
After the measurement data has had time to “settle”, the
processor sets the “dav” output (2Q) of latch Ul1 high
(true). The dav signal is applied to the input of qualifier
gate Ul4A and gate UL3D, 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 (5Q) of latch Ul low (false). This signal is
applied to the input of qualifier gate U14C 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 gare U14B.
The high output of Ul4B is applied to the input of gate
Ul4A to enable it. The low output of Ul4A 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 Ul6 and U5 and reads the status word.
After determining the nature of the interrupt, the processor
sets the dav req output (5Q) of latch U1 high. The proces-
sor then sets the dav output {2Q) of U10 low (false). This
signal is applied to the input of gate U13D to remove the
DAYV signal from the Bus and to the input of qualifier gate
U14A 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 cutput,

8-168. FRONT PANEL OPERATION.
8-169. Circuit Description.

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 “I7” is set low is 111, when line “I27 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 U57 combined with the outputs of
gate US0A and inverter U49A are applied to the inputs of
latch U58. 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 US8 high to latch the switch code and also sets the inter-
rupt input to the main processor.

2-171. Upon recognizing the interrupt input, the processor
sets the interrupt eitable output high to enable buffers US9
and U60 and reads the switch code. This code represents a
vector address to the processar. The processor performs the
program routine contained at the address indicated which
includes transferring the 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
{(lines D@ through D7) by the main processor and applied to
the inputs of latches U65 through U70. The new enunciater
code is contained on lines DY through D3. Lines D6 and D7
are applied to the select inputs of decoder U64 and are used
to determine which output of U64 will be set low. Qutputs
1Y@ through 1Y3 are enabled by the signal from device
select decoder U41. Qutputs 2YQ and 2Y1 are enabled by
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8-173. Display. Measuremeni data is transferred to the
display one number at a time. The polarity or numerical
data is applied to the inpui of latch U534 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 U4l 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 U4 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.

pliad to the select and data inputs of U356 to determine the
proper display driver to be activated. The outputs of Usé
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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TROUBLESHOOTING

8-174. INTRODUCTION.

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.

B-178. Genaral Block Diagram Theory of Dperation,

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.

B-179. Outguard Seetion.

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 Al 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 operatlon requested by the operator
(DC, AC, eic.). 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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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.).

B-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.

8-188. The following procedure outlines a typical DC
measurement.

a. A DC signal is applied to the input of the 3455A.
This signal may or may not be attenuated by the input
attenuator circuits.

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 A/D convertor (10 V DC for
full scale).

c. The A/D 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.

d. The outguard controller processes the information
and displays the reading on the front panel.

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 (1 k2, 100 k2, 900 kQ,
and | M)} are used. These circuits are located on the
reference module. The reference voltages are also used
for the operation of the A/D canvertor.

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

B-36

TROUBLESHOOTING

Model 3455A

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.

B-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.

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,

8-192, 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.

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-SPLITTING TECHNIQUES.

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.

a. Half-splitting can easily be accomplished with an
Ingward/Qutguard Service Cable {(part number
03455-61609) and a working 3455A (a second in-
strument) as follows:

1. With each 3455A turned off, disconnect the
AlOW1 Inguard/Outguard cable assembly from
the outguard connector (A1J7) on each 3455A.
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2. Plug the Inguard/Outguard Service Cable
from one instrument’s outguard connector (A117)
to the other instrument’s Inguard/QOutguard cable
assembly (W1). 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

TROUBLESHOOTING 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. Once it has been determined in what section the
defective is located (Inguard 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/Qutguard 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.

Figure 8-45, ‘lnguard-Outguard Connactions.

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
8-37
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Table 8-3. Service Group Listing.

Model 3455A

s;rr:l::e Service Group Description Location Assembly Schematic

A Turn-On Failures {Inguard, Outguard) Paragraph 8-A-1 Al, A10
Inguard/Qutguard Isolation Paragraph 8-A-3 Al A10
Qutguard Troubleshoaoting Paragraph 8-A-5 Al, A3 8
Inguard Troubleshooting Paragraph 8-A-6 Al10, Al14 6,7
A10 Board Troublesheoting Paragraph B-A-8 A10 5 6,7
A/D Board Troubleshooting Paragraph 8-A10 A10, Al14 5,6
Inguard/Cutguard Transfer Troubleshooting Paragraph 8-A-12 A1, A10 7.8

B Auto-Cal and DC Troubleshooting {Inguard} Paragraph B-B-1 A10
Auto-Cal Constants Paragraph 8-B-3 A10
DC Inoperative Paragraph 8-B-17 A10Q 1
General Noise Paragraph 8-B-30 A10
DC Noise Paragraph 8-B-32 A10 1

C AC Convertor Troubieshooting Paragraph 8-C-1
True RMS Convertor Servicing Paragraph 8-C-3 A15 3
AC Noise Paragraph 8-C-1 Al5 3
Miscellaneous Troubleshooting Paragraph 8-C-1 A15 3
Average Responding AC Convertor Paragraph 8-C-1 A13 2

D Ohms Troubleshooting Paragraph 8-D-1 A10, A12 1, 4
Ohms Noise Paragraph 8-D-1 A10, A12 1,4

E A/D Convertor and Inguard Logic Troubleshooting | Paragraph 8-E-1 A10, A4
A/D Convertor Servicing Paragraph 8-E-2 A10, A14 6, 7
A/D Noise Paragraph B-E-8 Al4 6
Inguard Logic Troubleshooting Paragraph 8-E-10 A10 7

F Outguard Logic Troubleshooting Paragraph 8-F-1 Al, A3 8.9, 10
Main Controller Troubleshooting Paragraph 8-F-3 Al, A3 8
Front Panel Troubleshooting Paragraph 8-F-4 Al, AZ 10
HP-1B Troubleshooting Paragraph 8-F-8 Al 9

G Miscellaneous Troubleshootmg Paragraph 8-G-1
Power Supplies Paragraph 8-G-2 A10 11
Reference Assembly Paragraph 8-G-3 Al1l, A20 5
Turn-Over Errors Paragraph 8-G-4 Al10, A4 1, 5. 6
Other Troubleshooting Paragraph 8-G-6 A1, A3, A10 | 8 11

H Troubleshooting Diagrams Paragraph 8-H-1
General Troubleshooting Diagram Paragraph 8-H-3 Al A10
Inguard Troubleshooting Diagrams Paragraph 8-H-4 A10
Qutguard Troubleshooting Diagrams Paragraph 8-H-6 Al
Schematics Figure 8-H-28 All 1to11

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 d¢c 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 cutguard logic troubleshooting.

¢. 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 dc function and Auto-

Cal mode.

d. Ohms Troubleshooting (Service Group D): Use

this service group if the chms function is defective.
Before using this service group, the dec function and the
Auto-Cal mode of the 3455A should operate correctly.

e. A/D 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 A/D 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 A/D board has been




Model 3455A

isolated by substituting it with a good A/D 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.

. 8. Miscellaneous Troubleshooting (Service Group
G): This service group can be used for troubleshooting

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

B8-A-1. TURN-ON CIRCUITRY {INGUARD AND OUTGUARD).

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.

8-A-3. InguardiQutguard 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-
guard/Outguard 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).

8-A-5. Outguard Troubleshooting (Schematic 8).

a. Check for a clock signal at A3TPS. If no signal exists or the signal level is below 4 V(peak to
peak), then troubleshoot the outguard clock circuit.

b. Add A1C46 (part number 0160-3622) if the 3455A does not have one (schematic 8).

c. Troubleshoot the outguard turn-en circuit {A1US, 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 D2 through D7 low for the duration of the pulse. The processor should
turn on at the trailing edge of that pulse.

:sQV

l&——— 150-250mseEc—»]

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 (A1U46, U47, U53, and U5S). The
turn-on circuit {A1U26) 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-1 for troubleshooting hints.

f. Using the information in Service Group F paragraph 8-F-1, troubleshoot the outguard logic.

8-A-6. Inguard Troubleshooting (Schmatic 5, 6, 7).

8-A-7. The Inguard Mother Board (A10) and or the A/D Convertor Board (A14} may cause turn-on
failures. To isolate one from another swap a good A/D convertor board (A14) with the one in the in-
operative 3455A. If a known good A 14 board is not available, use the one from the 3455A which was
used in half-splitting the instrument.

8-A-8. A10 Motherboard Troubleshooting {Schematic 5, 6, 7).

B-A-9. Use the following steps in the order they are presented to troubleshoot the Inguard Mother-
board (A10}.
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a. Check for a clock signal at A10U26 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 * 10V reference voltages at AI0TP8 for + 10V + 100 gV, and at A10TP7 for *ov
+ 20 mV (schematic 5). If these voltages are too low, the 3455A may not complete the Auto-Cal
routine and lock up.

c. Pin 29 of A10U26 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, U19, U9, and their associated circuits. Normally U9 pin
11 should have a 2 V signal with some ripple and about 1.2 V at pin 10. At turn-on U19 pin 2 should
have the approximate pulse as shown below.

e »l
( #20mse =

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 TP10. This
can be achieved by pulling TP10 low and then reledsing 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 (Al).

e. Check for an A/D waveform (see Service Group E). If none is present, toggle TP10 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 Ul4 should also toggle with 500 nano second wide negative pulses.
h. Check operation of latches Ull to Ul3, Ul5 to U17, and ROM U25.

i. Make sure that the zero detect signal (U32B pin 12) is not loaded down by anything on the Al0
board.

B-A-10. A/D Board Troubleshaoting (Schematic 5, B).

8-A-11. A couple of checks can be made to troubleshoot the A/D board (A14). One check is to make
sure that the + 10 reference voltages are correct. A10TPS should be + 10V + 100 pV and A10TP7
should be -10 V + 20mV. Another check, is to make sure that there is a zero detect signal at A14 pin
5. If these checks are good and the 3455A is still inoperative, go to Service Group E for further
troubleshooting.

8-A-12. Inguard/Outguard Transfer Circuit Troubleshooting {Schematic 7, 8).

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 Inguard/Qutguard 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 A1QU26 pins 34 to 37 (inguard) should be the same as those on AITP4 1o TPI
{outguard). The only exception is the signal at A3TP1. 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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A10U34 and U35, plus associated circuits. Lines F@ and F1 transfer data from outguard to inguard
FA is the data transfer line and F1 is the data trarisfer raté 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 TP10.

c. Use the Inguard/Outguard transfer circuit troubleshooting diagram (Figure 8-H-17) for further
troubleshooting.

d. The inguard power supply regulators (10U36 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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B-8-1. AUTO-CAL AND OC TROUBLESHOOTING (INGUARD).

SERVICE GROUP B

Section VIII

8-B-2. All 3455A input signals travel through the main dc amplifier and Auto-Cal circuits. In order
to troubleshoot D.C. and Auto-Cal maifunctions, 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
“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-1. Auto-Cal Constants

10:1 divider with 10 V at the top of the
divider, Input attenuator at X gain.

IConstant Circuits Detailed
Number Coustant Description Used Operation
13 lo, no input - A/D offset measurement - - - Paragraph 8-45
12 1+, | ratio - £ 10 V reference input, A/D --- Paragraph 8-46
current ration measurement.
11 10 V offset - X1 gain with amplifier input  |Figure 8-B-1 Paragraph 8-24
tied to ground. [nput attenuater at X1
gain.
10 10 V zain - X1 gain with amplifier tied to  |Figure 8-B-2 Paragraph 8-27.
+ 10 V reference. Input attenuator at X1
gain.
9 Ohms and .5 V offsets - X20 gain with |Figure 8-B-3 Paragraph 8-38
amplifier input tied to ground. Input atten-
tuator at X1 pain.
8 Ohms and § V offsets — X2 gain with |Figure 8-B-4 Paragraph B-39
amplifier input tied to ground. Input at-
tenuator of X1 gain,
7 100V offset #2 (X 1) - gain with amplifier |Figure 8-B-5 Paragraph B-26
input tied to 10:1 attenuator with top of
10:1 attenuator tied to ground.
3] 1000 V offset - X1 gain with amplifier |Figure B8-B-6 Paragraph 8-26
tied to 100:1 attenuator with top of
100:1 attenuator tied to ground.
5 100 V gain - X10 gain with amplifier tied |Figure 8-B-7 Paragraph 8-31
to 10:1 attenuator with top of 10:1 at-
tenuator tied to X 10 V reference.
4 100 V offset #1 {(X10} - X10 gain with |Figure 8-8-8 Paragraph 8-33
amplifier input tied to 10:1 attenuator
with top of 10:1 attenuator tied to
ground.
3 .1 V offset - X100 gain with amplifier in- |Figure 8-B-9 Paragraph 8-25
put tied to ground. Input attenuator of X1
gain,
2 1 V oftset #1 -X10 gain with amplifierin- |Figure 8-B-10| Paragraph 8-25
put tied to graund. input attenuator of X1
gain. )
1 1 V offset #2 -X 10 gain with amplifier in- |Figure B-B-11| Paragraph 8-30
put tied to 10:1 divider. Top ot divider
shorted to ground. Input attenuator at X1
gain.
Q 1 V gain -X10 gain with amplifier tied to | Figure 8-B-12| Paragraph 8-28
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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 bution 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.,

B-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 10.002) 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-B. 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-10} far troubleshooting. If only the dummy constant fails try replacing the ALU"s (A1U28, 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).

KI_ RIBR2 al
" Teasal IQQ‘K @
- 70 AZD
NPUT Q2 04 g === CONVERTER
100K
. _@WWW
R35 .
76.8 R4
1 -/ 220K
]
R4 Q2
Qzt 160K
|
Figure 8-B-1. Auto-Cal Constant #11 {10 V Offset).
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figure 8-B-2. Auto-Cal Constant #10 (10 V Gain).
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Figure 8-B-4. Auto-bal Constant #8 (10 K, 100 K, and 10 M Dffsets).
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Figure 8-B-6. Auto-Cal Constant #6 (1000 V Offset).




Model 3455A

SERVICE GRoOUP B

Section VIII

42__

OPERATIO

NAL

ATTENUATOR

Kl RIBR2 al
T l| 'J‘l 100K 6 Ec} \
- oc TO AZD
NPUT Q2 Q4 R4 G%EAMP CONVERTER
. oK /
w REF Q19 l
t Qe ‘> K
0"t F
3 022
R42
EQIB 21 160K 3
‘ E
+VREF
ms()
Q31
RE3
.i
1M B All Q27 \
00K | 900K 6 9
9 AAP ——m— AN
G36
Q38 Q39 Q3s
: *R43
20K
h
\ .
uie + 3455-8-4531 !
/ OPERATIONAL
ATTENUATOR
t
Figure 8-B-7. Auto-Cal Constant #5 (100 V Gain).
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8-B-9. Acto-Cal Switch Closures. {Schematic 1, 5, 6, 7).

8-B-10. 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 11 to 0. 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 voitage levels for Auto-Cal constants 13 to 0, Table 8-B-4
should be used.

8-8-11. Cal Constants Service Procadure.

§-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).

¢. 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 @, and the return to
constant 13.

NOTE

The AUTO CAL button should not be pressed on and off too fast or toe
slow, because the 34554 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 Closures.

Test

1mli1olale|7|6fs|a|z3i2]1]0

A1002 X X| X X [x
A100Q4 X
A10015 ) X FES
A10Q16 X x| x
A10Q18 X X
A10019 X | x XX
AT0021 X %] X XXX
A10022 X
A10027 X X
A10028 X

A10029
A10Q31
A10032
A10Q33 X
A10034 XX X
A10035 X X| X
A100Q36 X
A10Q38 X X XX
A10039
A10Q40
A10K6 X

XKy

KX

X = Closed {ON}
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Table 8-B-3. Gate Function in Auto-Cal.

Gates .
Funetion
Used
Q19 X1 Gain
Q21 X10 Gain
Q22 X2 Gain
Q28, Q28 X1 Buffer
Q2g, Q31, Q32 TV Reference
Q36 10:1 Input to Ground
Q18 + 100 Gain
Q38 10:1 Victual Ground
Q39 100:1 Attenuator
Q35 10:1 Attenuator
Q156 10:1 Attenuator to Input
Q16 100:1 Attenuator to Input
Q33 + V Reference to Attenuator
Q34 Attenuator Input to Ground
Q2 Low Voltage Input to Ground
Q4 + V Reference to Input
Table 8-B-4. Switch Driver Voltage Levels.
Pin Test Pin
Designator | No. @ 1 2 3 4 5 6 7 8 9 10 iR 12 13 No.
U4 1 @ 1] 1] 1] -24 24 .24 24 @ g @ @ ] 1] 1
2 24 24 24 24 24 24 24 24 D o 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
g 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
. 13 495 +85 +95 +35 .24 +96 24 24 +95 495 495 95 +95 +95 13
14 24 .24 24 24 @ 24 G a 24 24 24 24 24 24 14
us 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 ¢ 24 .24 24 24 2
E 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 M H H L H H L L H L L L H H 9
11 v L L L L £ H H L L H H L L 11
i3 24 24 24 24 24 24 @ o 24 24 99 @ 24 24 13
14 +1 0 ] 24 0 +1 24 24 @ 24 24 24 0+ # 14
us 1 +#1 0 24 24 .24 24 9§ 24 24 24 24 24 1+ 1
2 24 24 24 @ 24 24 24 24 29 @ 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 1
13 24 24 24 24 24 24 24 24 24 .24 89 24 24 .24 13
14 .24 24 24 24 24 24 @ 24 24 24 24 24 24 24 14
us 1 24 =24 .24 24 24 24 24 24 24 .24 24 24 24 24 1
2 24 0 24 24 24 24 @ 24 24 24 24 24 24 24 2
a4 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
g L L L L L L L L L L L L L L g
11 B B K H B B B B H H B H L L 11
13 24 24 @ Q 24 24 24 24 ¢ o 24 @ 24 24 13
14 .24 .24 24 24 24 24 .24 24 24 24 24 24 24 24 14
ug 1 24 24 24 24 @ -1 24 0 24 24 24 24 24 24 2
2 24 24 24 24 24 24 24 24 .24 24 24 24 24 24 2
5 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 B H H H H H H H H H H H H H 1
14 +95 24 24 24 24 .24 24 24 24 24 .24 24 95 +95 14

The symbois L and H refer to TTL logic levels where Lis < .8 Vdcand His > 2.2 V dc.
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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. . -

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 volitages 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, any one 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 A10TP4 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 8-B-5. Cal Gonstant Monitering Points.

11 12 " 10 9 8 7 b 5 4 3 2 1 0

Approximata A10TP4 ® ® 0 10 0 0 0 6 -10 0 o o 0 10
Voltage

Voltage at the Multiplexer | -- - -- 10 - -- - - -- -- -- -- --
Mode {Source of A1001)

Voltage at the Junction of | -- -- - - -- - - - 99009 - -- -- --
A10K8 and A1OR47

A10TP2 Voltage O® - - - - e e = - -0

8-B-14. Switch Closure Tables.

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.

8-B-16. Auto-Cal Troubleshooting {Schematic 1, 7).

8-B-17. Most Auto-Cal failures also show up as dc 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,
g0 1o the bad cal constant. While refering to the various tables and figures in this service group,
troubleshoot the bad constant.
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x

Note:

@ Indicates thar the control tine will be set the same a5 the prior measurement state.
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b. If unable to repair the Auto-Cal failure, Table 8-B-6 may be helpful if applicable. The dc in-
operative section paragraph 8-B-18 in this service group may also be helpful.

8-B-18. DC Inoperative {Schematic 1).

8-B-19. When the dc 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 dc and Auto-Cal failures may be serviced by using the following procedures.

Table 8-B-7. Paossible Auto-Cal Failure Causes.

Cal Constants Failed 3455A Display Possible Cause

13 12 11 10
12 10
12

8 7 6

M
—_

Shorted A14U1d

.0757 Open A14C2

A10Q36 Shorted

0007 Gate Bias

0000 DC Pre-amp

0074 PC Pre-amp

9.8438 A100Q4 Shorted

0000 A10Q19 Open

‘ A10U3

9.7650 A10Q16 Shorted

.0000 A14Q3 Open

A10Q15 Shorted

A10Q18 Shorted

9.5703 A10Q2 Shorted

10 2.5026 A10Q4 Open

10 A10021 Shorted

2 A10Q2 QOpen

A1QU18 or A10Q37

Reference Supply

A10Q29 and/or A10Q31 Shorted
A10039 Shorted

A10U3 or Open A10QA18
A10Q35 Shorted

A10Q27 Open

A10Q27 Open

A10Q21 Open

A10Q27 Sharted

A10Q15 QOpen

A10Q3 Shorted or A10K5 Open
A10Q16 Open

A10Q28 Shorted

A10Q22 or A10Q19 Shorted
A10Q35 or A10KE Open
A10Q33 Open or A100Q38 Shorted
6.7542 A14 Board or A10Q34 Shorted
X XXXX Where X is any number go to Service
Group 6
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8-B-20. Leakage and Other Various Malfunctions.

8-B-21. The following quick leakage test may be used to isolate most leakage failures.

a. Set the 3455A to the DCV 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.

8-54



Model 3455A SERVICE GROUP B Section VIII

¢. 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 A10Q5 or Q17 may be leaky. If the change is
negative, A10Q2, Q3, Q4, QI13, QI15, or Q16 may be leaky.

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: 1 vV, 100 mV, 100 V,
and 1000 V ranges. The following paragraphs contain the procedures which should be used for
leakage failures.

8-B-23. 10 V Range 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), A10Q1 may be leaky. If the reading is negative (more
than 5 counts), Q2 may be leaky. To doublecheck for a defective Q1 and Q2, note the reading on the
1 V and 100 mV ranges. The bad reading should also be present on those ranges.

b. Apply + 10 V or -10 V 1o the input terminals of the 3455A. Make sure the readings are within
specification. Check the reference voltages and adjust them, if necessary. A10TP8 should be + 10V
+ 100 uV and TP7 should be -10 V + 20 mV. If the reference voltages are good and the instruments
readings is low, A10Q4 may be leaky.

8-B-24. 1 V Ranga or Constant 0, 1, and 2 Fails.

a. For the 1 V range check, do the procedure as explained in paragraph 8-B-23a.

b. For the 1 V range full rscale check, do the following:

1. With the 3455A set the 1 V range and Auto-Cal off, apply + 1 V to the input terminals. A
. voltage of + 1 V should appear on the muitiplex mode and + 10 V should be at AI0TP4. If the
multiplex mode reading is bad, troubleshoot the input circuit. 1f the reading at TP4 is bad,
make sure A10Q21 is turned on. Check for leaky Q22, CR12, CR13, 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-10. Continue with the next step if constant 0 does not fail.

2. By using the procedure of paragraph 8-B-10, step to cal constant 0. Adjust the active at-
tenuator for a zero reading, as read at A10TP1 (adjust R66). Measure the voltage at J3 pin 9 for
exactly + 1 V. 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 1 V reading at
J3 pin 9 should change, because the gain of the 1 V range is changed.

8-B-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 V at A10TP4 and 1/10 of this voltage at
TP5. TP2 and TP6 should read approximately the same as TPS5. 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 (A10U18) to zero, as read at TP1 (adjust R66). Measure the
voltage at the 10:1 divider (J3 pin 9) for exactly 1/10 the voltage at TP2. If this voltage is incor+
rect, Q16 or Q21 may be leakly.

. 8-B-26. 100 V Range or Constants §, 4, and 7 Fail.

a. The active attenuator 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 A10TP1. If this .
voltage is incorrect, check the bias of the input FET’s by shorting the drains of Q38 to the sources of '
Q38. TPI should now read zero. The drains of Q37 should be approximately + 10 V and the sources

of Q3 should read between + 1 Vand + 2 V. Troubleshoot the active attenuator, if the readings are

bad. ‘

b. For the 100 V range zero check, set the 3455A to the 100 V range with Auto-Cal off. Adjust R66
for a zero reading at TP1. If unable to adjust for a zero voltage, check for a leaky C21, C22, C26,
CR32, or Q37. If the 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,

¢. 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-11. If cal constant 5 passes, step to cal constant 5 by using the procedure of paragraph 8-B-11. If
cal constant 5 passes, step to cal constant 5 by using the procedure of paragraph 8-B-11. Measure
TP2 for approximately -1 V and measure for approximately -.1 V at the 10:1 divider (pin 9 of I3).
Check for exactly + 10V at the junction of R47 and Q33, and for + 9.9 V at the junction of R47 and
Ké. If + 10V 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 cdl'constant 6 (use the procedure of paragraph 3-B-11 to
locate constant 6).

b. For a 1000 V gain check, use the procedure of paragraph 8-B-24b.

¢. 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 100 counts to 200 counts, A10KS or K6 may be

breaking down. K5 and K6 can be checked by connecting channel A of an oscilloscope (set to 20

V/div) at the junction of R47 and K6.

l WARNING I

For safety, connect the scope probe to the 100 K resistor R47.

Connect channel B of the scope (2 V/div) 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 FET’s.

a. Occasionally FET’s on the multiplex node may short. Two ways can be used to isolate shorted
FET’s.

1. 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 A10TP3 step through all the dc ranges (1 V, 10 V, etc.) and ac functions.
Make sure Auto-Cal is turned off after every range and function change. If TP3 dipsto-24V, a
FET may be shorted. Usually, the deféctive FET is normally turned off in that particular range
or function.

b. If A10UI gets very hot Ul, Q2, Q13, or Q14 could possibly have their gates shorted to their
can.
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¢. Shorted FET's and Ul 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 maltiplex 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.

8-B-30. Other Troubleshooting Hints,

"~ a. If either A10KS or K6 sticks closed, it may damage the other retay. Both should be replaced.
b. A sticking K5 could also damage R47, whén K6 closes.

c. If 9.9009 V is displayed on the 100 V and 1000 V ranges of the 3435A with the input open,
A10KS6 is probably shorted.

d. AI10L1 should not be too close to R63. Arcing could occur for 1000 V inputs.

e. With Auto-Cal on and AI0R66 adjusted, the instrument should temporarily indicate an offset
on either the 1 V, 100V, 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 A10Q28 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 mV, 1 V, 100 V, and 1000 V ranges are out of tolerance, then
A100029 or (331 may be open.

. i. If all tests pass and the 100 V and 1000 V ranges are out of tolerance, then A10Q4 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
A10R46 or R63 could have changed value.

k. If 17 V appears on the multiplex node, check for a defective A10Q15, Q18, CR12, or Ul2,
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 dc 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 t, 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 (A10U2), the reference assembly (A1l or A20), or the A/D convertor (Al4). The follow-
ing two methods can be used to find noise causing circuits.

1. Try replacing the A/D 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 A/D 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 A10TP8. If the reference voltage is
noisy, replace the reference assembly (A1l or 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 A/D 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. . . :

1. Check the + 10 V reference voltage at A10TPS.

2. Check all inguard power supplies for oscillations. Clock ringing on the supplies are nor-
mal and should be ignored. A defective A10U36 may be noisy.

c. Noise on positive input voltages only: Check the -10 V reference voltage at A10TP? for noise.
The 3455A shouid 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: A14C2 may be defective.

€. Noise on the 100 mV range: Short the input of the 3455A with Auto-Cal off. Measure the
voltage level at AIOTPL. It the voltage is noisy, try replacing R69, R71, Ul8, or Q37. If TPI is not
noisy, measure with a DVM across TPS and TP6. The low input of the DVM should be connected to
TP6 and the high input to TPS5. If excessive noise is measured, replace U3.

" f. Noise and 5 counts to 10 counts turnover on the 1 V range: Replace A10R4] to R43.

g. 1000 V dc noisy: AlOK35, K6, or R63 may be arcing inside. If K5 or K6 are replaced, replace
both of the relays.

h. Various other possible noise repairs.

1. A10Q7 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. A10U2 or Q6 may also cause noise.

3. Clean the front/rear input switch (S1).
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SERVICE GROUP C

8-C-1. AC CONVERTOR TROUBLESHOOTING.
8-C-2. True RMS Convertor Servicing (Schematic 3).

8-C-3. Before troubleshooting the 3455A’s True RMS Convertor, the instrument should operate
properly in the dc mode. Verify for the correct operation of the dc section, before servicing the ac
convertor. The following procedure should be followed before troubleshooting or repairing the ac
convertor.

a. Check the dc 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.

¢. Check for approximate zero levels at A1STP8 and TPS5, with the low input of the meter con-
nected to TP6 (go to paragraph 8-C-4 or B-C-6 if bad).

d. Short TP3 to TP6 and measure the voltage at TP1. TP1 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
mV. Repad R21 if necessary (R21 paddmg list is in the parts list). .

f. Remove the short form the input of the 3455A. Applya 10V, 100 Hz smewave at the input ter-
minals. Check for the following voltages.

1. With an oscilloscope, check for a sinewave at A15TP8. The amplitude of the sinewave
should be approximately 2.8 V peak to peak with no shift in the dc 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 dc level (go to
paragraph 8-C-6 if bad).

3. The waveshape shown below with an approximate + .75 V dc level, should be observed at
TP4 (go to paragraph 8-C-8 if bad).

ov

4. The waveshape shown below with an approximate -1 V dc level, should be observed at
TP3 (go to paragraph 3-C-8 if bad).

ov
-1V k—k———k

5. Check for approximately + .5 V dc at TP2 (go to paragraph 8-C-8 if bad).

6. Check for approximately + 6.67 V dc at TP1 (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
1 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, A10Q3 may .
not be turned on or may be defective,

8-C-4, Preamplifier and Input Attenuatar 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 k{ (part number: (693-
4540), If R77 is a 412 K resistor already, replace U6.

c. If the signal at TP8 is riding on a high dc level, make sure CR7 and Q20 are not touching any
shiglding, Also make sure Q19 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 onthe 1 Vand 100 V
ranges, try the following checks.

1. Check the gain switching circuitry of Q16 to Q19, and U5. Make sure TP7 reads approx-
imately zero volts on the 10 V and 1000 V ranges. On the 1 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 1 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 Q19’s replace K1, K3, and Q18. Q18 may be damaged if Q19
has been damaged. The timing of K1 and K3 could be incorrect, causing Q19 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.

1. 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 V at 100 Hz signal to the input. Leave the 1000 V connected for about two
minutes.

3. Remove the 1000 V signal and reapply the 10 V at 100 Hz sighal 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 1 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 Al5 board may cause preamplifier maifunctions. Tﬁe preamplifier can be
isolated from the other circuits by lifting R52 and Ré4. 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.).

8.C-6 Ahsplute Amplifier Circuitry.

8-C-7. If the waveshape at TPS 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 Al4 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 U7. Pin 4 should be approximately -15 V
and pin 7 approximately + 15V,

¢. Check for an approximately 2.8 V peak to peak sinewave at U4 pin 6. Troubleshoot U6 and
associated circuitry, if necessary.

d. If the sinewave at U4 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 CRS, if necessary.

f. If the signal at TPS is distorted, CR4 may have leakage. CR4 and CRS can be interchanged.

g. If Q14 or Q15 appear defective, check with an ohmmeter and replace, if necessary.

. B-C-8. Squaring Amplifier, Integrator, and 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 A15 board.
. This can be accomplished by shorting TP6 to the cathode of CR3. The reading at TP should be ap-
proximately zero. If there are great offsets at TP1, troubleshoot the integrator.

b. Apply a 100 mV, 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 dc readings of + .82 V at TP4, -9
V at TP3, -.48 V at TP2, and + .067 V at TP1. These readings may be helpful in isolating the squar-
ing amp, integrator, and antilog circuits.

c. Reapplya 10 V, 100 Hz sinewave to the input of the 3455A. The instrument should be on the 10
V range. Check for dc readings of approximately + .66 V at TP4, -1.15 V at TP3, -.6 V at TP2, and
4 6.7 V at TP1. Again, these readings may be helpful in isolating the squaring amp, integrator, and
antilog circuits.

d. Check the power supply voltages of U1, U2, and U3. 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,
Q12 or Q13 and their associated circuitry may be defective.

. f. For parasitic oscillations at TP3 change R36 to 649 1 (part number: 0698-4460).

g. If the display of the 3455A indicates an overload condition with a good waveshape at TPS,
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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 Q11A 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 Q11B may be defective. If the overload condition re-
mains, troubleshoot the integrator (Ul and associated circuits).

h. If Q9 or Q11 are replaced, R6 may need padding. With a 1 V, 100 Hz sinewave applies to the in-
put of the 3455A, adjust R15 for a 1 V reading on the display. If R17 is out of range, R6 needs pad-
ding. If the reading is low, increase the value of Ré. If the reading is high, decrease the value of R6. A
change of 4 K ohms should change the reading about .5% (padding list is in the parts list).

8-C-10. AC/DC Operation.

8-C-11. When dc 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 dc coupling. Some troubleshooting hints for the ac/dc operation are given below.

a. Large differences between an ac and de input signal with the 3455A set for ac/dc operation: -
Maitch the betas of Q9 and Q11. To further help the performance of the ac convertor in de coupling,
add C40 (2.2 uF capacitor, part number: 0160-0128). A short procedure for the addition of C40 is as
follows.

1. 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 ac/dc operation: Try
changing R55.

¢. Large differences with the 3455A set for ac and ac/dc operation: change R95 to 806 ohms (part
number 0698-3557).

8-C-12. AC Noise (Schematic 3).

B-C-13. Before checking for ac noise, verify that the dc readings are good. Troubleshooting for any
d¢ 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 10V, 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 an_oscilloscope, 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 dc
mode. The input of the 3455A has to be shorted with the DVM connected
to TP8. There should be very little deviation noted,

c. With the 10V, 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

It is also possible to check for noise at TP5 with a DVM in the dc mode.




Again, the input of the 3455A should be shorted and very little deviation
should be noted.

d. Short the input of the 3455A and measure the dc 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 TP1. This voltage may jump
around a littie 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 -2mV 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 (39
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 a1l V, 100 Hz signal to the input of the 3455A, with the instrument set tothe 1 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 dc, with no ripple. If the signal has ripple on it and the dc level is incorrect, perform the next
step.

3. Set the 3455A to the fast ac function. Measure the voltage at the junction of R4 and RS
and the gate levels of Q2 and Q8. The voltage should be approximately -15 V dc. 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 dc. The gate levels of Q3 and
Q4 should be complimentary to the gate levels of Q2 and Q8.

¢. Noisy in the fast ac mode: Check for a defective R9.

d. Other noise: If the 30 V regulator (A10U36) 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.

8-C-16. Miscellaneous Trouhleshooting (Schematic 3).

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 1 V, 1 MHz input. Use the following procedure,

1. 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 a1 V, 1 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-amps, capacitors, and FETs are not touching the ground plane, shields, or each other.

¢. Reading above 100 V erratic: Check for relay cases touching the ground plane.

d. Arcing at 1000 V ac: Check for capacitors touching the shield or ground plane.

Model 3455A SERVICE GROUP C Section VIII
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e. Unable to adjust 100 V at 40 kHz, within limits: Moving the wire connecting the R92, C29, and
C32, C34 modes away from the shield, may raise the reading. .

f. The 100 V and 1000 V ranges inaccurate: The R92 and R93 resistor divider may have changed
value. K1 - K3 contacts may be resistive.

g. Overload indication with a 1000 V at 1 kHz to 10 kHz sinewave applied to the input: A10K]1,
K2, or K5 may have developed leakage. The leakage can be isolated by removing the orange jumper
from the front/rear switch connected to K1 and K5. If the overload condition disappears, K1 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 A5 board. If the overload condition disappears, K2 may be defec-
tive.

h. 1 V and 10 V ranges inaccurate and out of calibration: A15K3 may be shorted.

i. Full scale readings go high with an increase in temperature: A15Q9 or Q11 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.

1. The ac convertor should be calibrated with the guard cover in place.
8-C-17. Average Responding AC Convertor (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.

¢. Al13Q15, 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
2B pF capacitor may be used.

e. To help in troubleshooting the ac convertor, the following checks can be made.

1. Applyal V, 100 Hz sinewave to the input of the 3455A, with the instrument settothe 1 V
range.

2. U5 pin 6 should have a 1 V peak to peak sinewave and TP1 should have a 5 V peak to peak
sinewave.

3. A 6.67V dc voltage should be read at TP2. If this voltage is good and there is an incorrect
reading on the display, A10Q3 may not be turned on or may be defective,
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SERVICE GROUP D

8-D-1. OHM TROUBLESHOOTING (SCHEMATIC 1, 4).
8-D-2. Dhms Circuit fsolation.

8-D-3. Before troubleshooting the ohms convertor, the 3455A should be operating correctly in the dc
mode. Because some of the dc 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 dc function, check the zero and full scale reading on the display.
These checks should be made on all ranges (100 mV, 1 V, 10V, 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 dc readings on the instrument are good and the self-test passes, continue with this service
group for ohms troubleshooting.

8-D-4. Ohms Servicing.
8-D-5. The following checks may be useful if the ohms function is completely inoperative.
a. Set the 3455A to the 2 wire ohms function, 1 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 dc (typically -4.5 V to 4.8.V). If the voltage isin-
correct, the ohms convertor board (A12) or the input relays may be defective. Go to paragraph 8-D-6
for further troubleshooting.

¢. When approximately -4.7 V is observed at the input terminals, the ochms convertor is in voltage
limit. This is a correct indication with an open circuit input. Connect a 1 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 dc and indicates correct constant current operation of the ohms convertor. Go to
paragraph 8-D-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-D-8).

8-D-6. Ohms Convertor Troubleshooting {Schematic 1, 4}.

8-D-7. Ohms convertor malfunctioris may be caused by the ohms convertor board itself, or by the
A10 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 dc voltmeter, measure the voltage across A12C1. The low side of the meter should be
connected to TP - V and the high side connected to the plus side of C1. The meter should read + 19V
dc. If the reading is low by .5 V or more, AI12T1 or A10T1 may be at fault.

b. With an oscilloscope, measure the ripple across A12C1. The ripple should not be more than .1
V peak to peak. If the ripple is too high, check A10TI, A12Ti, 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 of CR3 and CR4. This signal should be around 31 MHz with the 3455A set

Section VIII
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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 A10U33 pins 9 and 12. If there is a signal at these pins, troubleshoot the circuit between the .
outputs of At0U33 and the secondary of AI12T1.

d. If there is no signal at A10U33 pins 9 and 12, make sure the divider U3] and U33 are operating
correctly. Also make sure U33 is enabled by line HI06. The inguard logic (Latch U12) may be defec-
tive, if the HI06 line is low.

e. If all the above checks are good and the power supply voltages at A12TP - Vand TP + V are
good, the other ohms circuits may be defective. Troubleshoot the ohms circuits on the A10 mother
board first. Make sure the correct relays and FETs are turned on. Troubleshoot the current amplifier
circuit and the voltage clamp amplifier circuit or the ohms convertor board.

B-D-8. Miscellaneous Ohms Troublashooting Hints.

a. Table 8-D-1 may be helpful in troubleshooting various ohms malfunctions. The table gives
various gain and reference resistor connections for all the ohms ranges.

b. 1 K range to 10 K range inoperative: Check for the correct operation of A10Q13.
c. 100 K range to 10 M range inoperative: Check for the correct operation A10Q14.

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 A10Q27, Q22, or U3.

8-D-9. Ohms Offsets.

8-D-10. The following information may be helpful in isolating ohms offsets. Again, make sure the
3455A works correctly in dc.

a. If there is a 150 counts to 200 counts offset on the 1 K ohm range, check A10K9. 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.

Tahle 8-D-1. Okms Gain and Switch Configuration.

Range Ref Ref Unk Res I Y Y Unk Relays Unk Res
in K Ohms Res Gain Gain (fs) Ref {fs) Closed for YL

0.1 1K X10 X100 .7 mA 0.7 0.07 K7, 8 (> K)
1 1K X10 X10 .7 mA 0.7 0.7 K7, 8 {> K)
10 1K X20 X2 .5 mA 0.5 5 K7, 8 > K
100 ™M X2 X20 5 nA 0.5 K8 O i> Q)
1K 1M X10 X10 T pA 0.7 0.7 (> M
10K 1M X20 X2 5 kA 0. 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, A10Q13 and its associated circuitry may be leaky or defective. If
the offset disappears with R61 shorted, A10Q14 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, Q13 may be leaky.
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8.0-11. Ohms Noise (Schematic 1, 4).

8-D-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-D-13. Before troubleshooting for any ohms noisé, make sure the dc noise level is good. Check for
noise on all dc ranges of the 3455A. If the dc operation is good, troubleshoot for chms noise. A few
troubleshooting hints for servicing ohms noise are given below:

a. Excessive noise on all ranges: Check for a 19 V dc voltages across A12C1. If the voltage is low
by .5 V, Al12T1 or A10T1 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, 1, and 10 ranges: A10K9 may be defective.

d. Possible noise on the 100, 1 K, and 10 K ranges with very high readings at 1/10 scale: A12CR7
may be defective.

e. 1/10 scale reading on the 100 K range is noisy and low: Check for oscillation at A10TP4. This
can be accomplished by setting the 3455A to the chms 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 A10C4 to .0068 xF (part number 0160-0159) and AI0R11to 1.3 K
{part number 0757-0426).

f. Noisy at 1 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 A10 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 1 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 A10J3 and
the cardinal ground terminal located between K7 and K9. The wire may reduce noise on the 1 K ohms
range as well as the 1 V ac and dc ranges.

i. Noise in ohms function: To reduce external noise in ochms 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.

Model 3455A SERVICE GROUP D : Section VIIT
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SERVICE GROUP E

8-E-1. A/D CONVERTOR AND INGUARD LOGIC TROUBLESHOOTING.
8-E-2. A/D Convertor Servicing (Schematic 6, 7).

8-E-3. Before troubleshooting the A/D 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 A/D circuits.

a. Turn the 3455A off, and disconnect the A10W1 Inguard/QOutguard Cable assembly from the
outguard connector (A1J7).

b. Remove the analog test jumper (from A10U27 pin 10}, and connect test point AIOTPY to
ground.

c. Apply -10 V dc to the input terminals of the 3455A and turn the instrument on.

d. With an oscilloscope measure the waveform at A10TP1. The waveform should look like
top waveform in Figure 8-E-1,

€. The correct waveform at TP1 generally indicates correct A/D operation. If, however, the A/D
waveform is good and the A/D circuit is still inoperative, go to paragraph 8-E-7 for troubleshooting.

10 v
ov
]Q—I 6.7 ms—!l
Signal at A14 TP1 (A/D Waveform),
5w
oV
Signal at A14 pin 5 {zerp detect signal}.
5V
ov
Signat at A14 pin 14 1.2 V detect signal).
S W
oV
Signal at A14 pin 15 (10 V detect signal).
Note: The Signals are a Negative 10 V Input with 3455A set to 60 Hz Operation.

Figure 8-E-1. AlD Waveforms.
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f. For no A/D waveform at TP1, go to paragraph 8-E-4 for troubleshooting. For an incorrect
waveform go to paragraph 8-E-6.

8-E-4. No A/D Wavaform.

8-E-5. Since the A/D 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 ¢.

b. Measure the voltage at the multiplex node (sources of A10Q1, 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.

¢. Measure for a -10 V dc voltage at A10TP4, If the voltage is incorrect, troubleshoot the main
amplifier circuit. Make sure A10Q19 is turned on.

d. Measure the instrument’s reference voltages. A10TP8 should be + 10 V £ 100 4V and TP7
should be -10 V + 20 mV. If the reference voltages are incorrect, troubleshoot the reference assembly
{All or A20) and/or U7. The reference voltages are used on the A/D board and should be correct for
proper A/D operatiott.

¢. Short across capacitor A14C2 and measure tpe voltage at A14TP1. The voltage should be ap-
proximately zero. If there are any great offsets, troubleshoot A141J3 and associated circuits. If the
voltage at TP1 is good, remove the short from C2 and continue with this procedure.

f. Short A14TP1 to 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 TP1 and apply -10 V to TP1. Measure
the levels of the 0 detect, 10 V detect, and .2 V detect. See the table below for the correct levels.

A14TP1 Shorted [ A14TP1 at-10V

O Detect Level =5V =0V
10 V Detect Level =0V =5V
.2 V Detect Level =0V =0V

If the levels in the table are incorrect, troubleshoot A14U4, 5, 6 and their associated circuits.

g. Other circuits on the A/D board may affect A/D 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-10 for further troubleshooting.

8-E-6. Incorrect A|D Waveform.

a. Check for a leaky A14C2, QS5, U3, or U5 and associated circuits. Circuits pﬁst U4 may
also be defective.

b. Circuitry preceeding the integrator may also cause an incorrect A/D waveform. Make sure
A14Q2, 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 A/D YWaveform.
a. If the A/D waveform is correct and the A/D 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 §
V).

Model 3455A SERYICE GROUP E Section VIII
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b. If the 0 detect signal of older instruments is unstable, modify the instrument in the following
way:

1. Change A14R44 from a 10 M ohm resistor to a 2 M ohm resistor (part number 0683-2055).

2. Change AI2R7, R8, R16, and R17 from 4.99 K to 10 K ohm (part number 0757-0442).

¢. Check for the correct operation of AI4US and its associated circuitry. Since US-and its
associated circuitry is an absolute amplitifer, the output of the amplifier (emitter of U6) should be the
same as the signal at TP1. Therefore, pins 14 and 15 of the A14 board should also show the absolute
value of the signal at TP1. The correct signals for a -10 V jnput to the 3455A are shown in Figure
8-E-1. If the signals at A14P1 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 A14 board. The pins can be
cleaned with a soft lead eraser.

B-E-8. A/D Noise [Schematic 6).

8-E-9. A/D noise will usually show up in all ranges and all functions of the 3455A. Two circuits to
check for noise on the A/D board are the integrator and the input circuits.

a. Check for a noisy A14Q5 or U3, Make sure there are not oscillations present at TP1.

b. Check for a stable zero detect signal at A14U6 pin 1. If the signal is unstable, U4 or U6 may be
noisy.

¢. Check for a noisy A14Q3.

8-E-10. Inguard Logic Trouhleshooting (Schematic 7).

8-E-11. Before troubleshooting the inguard logic make sure the outguard logic is operatmg correctly.
Use the half-splitting technique of paragraph 8-195,

a. Check the back gate bias voltage (B.G.) of the processor (A10U26 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 A10R105 (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 A/D Waveform.

a. The signals at A10U26 pins 34 to 37 should be the same as those on A3TP4 to TP1. The only ex-
ception is the signal at A10U28 pin 9. If the signals do not agree, check for.malfunctions in the in-
guard light isolators, A10U34 and U35, plus their associated circuits. Line F@ and F1 transfer data
from outguard to inguard (F@ is the data transfer line and F1 is the data transfer rate line).

b. If pin 9 of A10U28 is different than pin 37 of U26 and the HAZ line {pin 1 of U27) is low, the
pulse transformer and/or associated circuits may be defective. This interrupt circuit can be checked
‘by manually clocking A10TP10, and can be achieved by pulling TP10 low and then releasing it. If no
toggling is taking place, troubleshoot the interrupt circuit consisting of A10U32A and U27. If there is
toggling, check T2 or the outguard section (Al).

¢. The interrupt request lines at pin 29 of A10U26 must be high. Troubleshoot the interrupt cir-
cuitry if necessary,

d. Data lines D@ to D7 (pin 18 to 35 of U26) and program address lines (PAP to PA7 pins 1 to 8 of
U26) should have voltage levels from approximately zero 1o 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 V on 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 8-E-1. Rinemonic Definitions.
P FF N
Poliarity —l_ T
Indicator Specific Line
{H = ngh True T Indicator
L = Low True)
Function
Indicator
Mneumonic Definitions =l
gg
HAC High True AC (AC Enable}
HAC1 High True Auto Cal 1{100 V, 1 kV Auto-Cal Constant [Cal Constant 4, 5, 8, 7]}
HAC?Z2 High True Auto Cal 2
HAD1 High True Analog DC 1 (.1 V, 1 V, 10 V Range and Ohms)
HAD2 High True Analog DC 2 (100 V, 1 kV Range)
HAD3 High True Analog DC 3 {1 k V Range)
HAZ High True A/D Zero {Enables or Resets A/D)
HION High True Input Obms 1 (2 Wire Ohms Enable)
HIO2 High True Input Ohms 2 {Connects 4 Wire and Current Source)
HIP3 High True Input Ohms 3 {Ohms Ref Low Measurement)
HIO4 High True Input Obms 4 {1 K Reference Resistor Select [with HIO5])
HIO5 High True Input Chms 5 {.7 WA Current Source Select)
HIO8 High True Input Ohms 6 {Ohms Current Source Enable)
HMA1 High Measure AC 1 (Output from AC Converter Measured)
. HMC1 High True Measure Constant 1 (Measures Ohms, .1 V and 1 V Offsets [Cal
Constant 2, 3, 8, 9, 11]}
HMC2 High True Measure Constant 2 (Measures 10 V Gain [Cal Constant 10])
HMC3 High True Measure Constant 3 {1 kV Range Enable [Cal Constant O, 1, B])
HMC4 High True Measure Constant 4 {Measures 1 V Gain [Cal Constant 0])
HMD1 High True Measure DC 1 (100 V Range)
HMD2 High True Measure DC 2 (.1 V 1 V, 10 V Range and Measure & Unk}
HMO1 High True Measure Ohms 1 {Measure Ohms Ref, Range 100K, 1 M, 10 M)
HMO2 High True Measure Ohms 2 (Measure Ohms Ref, Range .1 K, 1 K 10 K)
HPD1 High True Pre-Amp DC 1 {x 20 and x 100 Gain)
HFD2 - High True Pre-Amp DC 2 (x 1 Gain)
HPD3 High True Pre-Amp DC 3 {x 10 Gain)
HFO1 High True Pre-Amp Output {x 2 and x 20 Gain)
HPRF High True Positive. Rundown Fast (For Negative Input Voltage)
"HPRS High True Positive Rundown Slow (For Negative Input Voltage)
HR12 High True Range 12 (Sets AC Converter Range 1, 10)
HR24 High True Range 24 (Sets AC Contertor Range 10, 100]
HR34 High True Range 34 (Sets AC Converter Range 100, 1000)
LACF Low True AC Fast (AC Fast Enable)
LAC3 Low True Auto Cal 3 {100 V, 1 kV Auto-Cal Constants [Cal Constant 4, 5, 6,
70
LACSH Low True Auto-Cal {1 kV Range and 1 kg, 1 V Offset [Cal Constant 1, 8])
LNRF Low True Negative Rundown Fast {For A/D Positive Input Voltage)
LNRS Low True Negative Rundown Slow {For A/D Positive Input Voltage)
LVIN Low True Voltage Input (Enables A/D Input)

* .

e. The clear line of A10U15 pin 1 should have an approximately + 5 V level. Troubleshoot U9,
U19, and their associated circuits.
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8-72

f. Check for a clock signal at A10U1S pin 9. If the signal appears to be good, the processor (U26)
and/or the ROM (U25) may be defective. If the clock signal is missing, check for 500 nano second .?
pulses at the device select lines of U26 (pins 12 to 15). If the pulses are good, Ul4 may be at fault.
8-E-13. Inguard Logic Troubleshooting with an A{D Waveform.

a. Check the light isolators and associated circuits as explained in paragraph 8-E-12a.

b. Check for a defective A10U26.

¢. Check for an open A10CR41 and CR42. These diodes may cause glitches on U26 pin 29, causing
the processor to be interrupted continuously.
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SERVICE GROUP F

8-F-1. OUTGUARD LOGIC TROUBLESHOOTING (SCHEMATIC 8, 9, 10).

_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 1 4F capacitor across A1U49, Install one if
missing (part number 0180-0291). The capacitor should be installed to the underside of the Al
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 iows (approximately 4 V peak to peak).

c. Check for the waveform shown below at the junction of A1C29 and R42. If this signal is miss-
ing, C29 may be defective. U48 may also cause the missing signal.

i e il i S

| M———f—=—————=—f-———— - oo

]4—5 .4 msec—¥
oV .
8-F-3. Main Controller Troubleshooting {(Schematic 8).

a. Data lines D@ to D7 (pins 18 to 25 of U3U9) and program address lines PA@ to PA9 (pins 1 to 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.

-5.0V | 4.64 k) 0698-315656
-4.5V [2.87 kQ 0698-4436
-4.0V | 1.96 k0 0698-0083
-3.5V | 1.00k{ 0757-0280
-2.5Vv | 7150 0698-3700

8-F-4. Front Panel Trouhleshontind.

8-F-5. Front Panel Qperation Check. )

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 Al1J7.

b. Turn the 3455A on. Half of the instruments from panel LEDs should alternately turn on and
off with the other half.

c. At the time the instrument is turned on and half the front panel LEDs 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 LEDs
change. When the 0 reaches the far right of the display, a .0 will start at the left and move to the right.
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d. The same operation takes place for 1, .1, 2, .2, 3, .3, after the .0 has moved to the far right of
the display. If any of the LEDs 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.

8-F-6. Front Panel Servicing (Schematic 10).
a. If the display blanks out any zeroes, try replacing A1U62.

b. The proper operation of the front panel buttons can be checked by monitoring A1U57 pin 14.
The level at pin 14 should go low (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 ievel (TTL high) at A1J8 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 A1US1, U50, or US3.

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 LEDs
A2CRS5 to CR11, CR19 to 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 A1U57 from a 9318 to 98L18 (part
number: 1820-0987), A2R17 and R18 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-F-2. Front Panel LED's Switch, and Key Cap Replacement Procedure.
a. Removal Proéedure.
1. Remove front frame which is held by 8 screws.
2. Disconnect two connectors between front pane! and left side of instrument.
3. Remove front panel and ON/OFF switch,

4. Remove 11 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 (clean
excess plastic off to prepare holes for new switch).

7. Hold display beoard 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.

8-74




Model 3455A SERVICE GROUP F Section VIII

b. Replacement Procedure.

1. Mount the switch body on the D/S 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).

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 i5 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 D/S 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 D/S board on front panel frame.
9. Plug both connectors back inte main board.
10. Remount front panel to chassis.
11. Replace ON/OFF 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°F for over 3 seconds could damage the
LED’s.
8-F-8. HP-1B Troubleshooting (Schematic 9).
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 (s¢ce Section IH 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-IB Section is not at fault.

b. Check for a bad connection between the instrument's HP-IB connector (J3) 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-1B cable external to the instrument is good.

¢. 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 59401 A
Bus System Analyzer for these lines.

d. Check decoders A1UIL9, U20, or Ul1.
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SERVICE GROUP G

8-G-1. MISCELLANEOUS TROUBLESHOQTING.

8-6-2 Power Supplies (Schematic 11).

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.

1. Use external supplies to provide a reference to dependent supplies.

2. Use external supplies to drive circuits in place of internal supplies.
¢. Following are some voltages of the inguard power supplies.

1. Mailn power supply voltages.

AlOTPIl: +9Vio +11V

Al0TPI12:

Al10TP13

Al0TP14:

AlOTPIS

+19.5Vto +235V
=195 Vito-235V.
+38Vito +44 YV
-8 Vio-44V

AI0TP +9: +8.1 Vto +9.9 V (Inguard processor must be installed).

2. Ohms supply voltages

AI10T! pins 1 and 3: 10 V rms (20 V peak to peak) square wave.
A10T1 and A12T1 connection: .2 V rms (.25 V open circuit) square wave.
AI12T1 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: 30 uV noise
-6.2 V supply: 60 uV noise

d. If the fuse of the 3455A keeps opening, check the A10 board power supply breakdown diodes
(A10CR64, 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-1. Power Supplies Locations.

Ul te U35 {totegrared Circaits and OF Amps) Assemblies
112 13 4 15 6 1T 1B 1% 1 2 23 24 25 M @7 1 M 3 3 33 M I5[A/D Re! AC

Power
Sepplies | 1 2 d 5 8 k B 9

Transisiors ()
15 41 %

«30v_ | x X %
~25av r
15V % <
T9v

t5V X X X % X ¥ X X X X X % % X X X 3
24V X X x x X X X
5V X
3

X kS
X

8-G-3. Reference 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.

1. 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
> 1010y are 20 pV for the + 10 V reference and 30 uV for the -10 V reference. Replace the
assembly if excessive noise is present.

4. The + 10V reference voltage at AI0TP8 should be adjustable to + 10V + 100 pV and
the -10 V to -10 V + 20 mV. Replace the assembly if both the + 10 V and -10 V are not ad-
justable. Replace A10U7 if only the -10 V reference is incorrect.

8-G-4. Turn-Over Errors (Schematic 1, §, and §).
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 (Al4) if turn-over differences are observed. Replace, if necessary,

pears, CR1 and/or CR2 may be leaky. Make sure the + 10 V and -10 V references are good (A10TP8

¢. Turn-over errors on all ranges: Unsolder CR1 and CR2 from the A10 board. If the error disap-
should be + 10V =+ 100 £V and A10 TP7 should be -10 V + 20 mV). .

d. Turn-over differences on the 10 V range: Check A10U1, U2, Q7, or Q18. Other possible causes
may be K1, Al, Q2, Q4, Q19, and their associated circuits.

¢. Turn-over errors on the top three ranges: Check A10K6 and Q15

f. Turn-over differences on the 100 V and 1000 V ranges: Lift A10Q9 and CR29. If the error
disappears, CR31 and/or CR29 may be leaky. Do the same with CR16 and CR17. Q8 may also be
defective.

g. The FETs connected to A10TP2 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 A10Q36. '

8-G-6. Other Troubleshooting (Schematic 8 and 11}

a. If the instrument fails to sample in the dc volt, high resolution mode and the ac volt normal
resolution mode, check A1C29 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.

¢. If the fan refuses to spin after repeated turn-ons, change AIRI15, 19, and 24 from 11.8 k{ to
13.3 ki (0757-0289). This change should not be made on operating fan circuits.

d. A good fan measures approximately 30 ) between the brown and yellow wires of the fan. A
defective fan will usually measure between 10 ©2 and 15 Q.
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SERVICE GROUP H

8-H-1. TROUBLESHOOTING DIAGRAMS,

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 Qutguard). The second group deals with the Inguard section and the third group
can be used for Outguard Troubleshooting.

8-H-3. General Troubleshooting Diagram.
-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/Qutguard Service Cable is not available,
8-H-5. Inguard Troubleshooting Diagram.
8-H-6. Diagrams 8-H-3 thru 8-H-19 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 includ-
ed.
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Model 3455A SERVICE GROUP H Section VIII

8-H-7. OUTGUARD TROUBLESHOOTING.

8-H-8. This section contains information and procedures to aid in troubleshooting the digital
{outguard) portion of the 3455A.

B-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.
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u3s

+5\: 4FE3

EREOMNDY OO msWN

Signaturs

k-
18P
1840
s
7FPH
TFPH
G000

AFQF
AfaP

AFOPTTOIR" "
UHUCF53+ =+

Tha foll g sige ere for the 9 RAM clircults, The
Higrtured are tnken wih the mert/stop inputs of the signaturs
analyzer connectad 10 AJTPY,

NOTE

**Yhese signowvres dpoly when U446 dnd U5 are
remgved from thelr sockets,

*To obmin this tignoture, @ 10 X recieor musr be
conhectad between the £ valt TP ond the probe tip
of the sigroture analyzer,

To cheek For proper fogle Irater connections venify

signoture of 43 tesg point jy 4F53, The signotures In
Whis section Toke ot of wo réodings 1o stobilize.

Fin Signature

uar
F2B1
REPH*IASC" **
POB1YHAFH”
HCPA*PIFE
FH16"62PP", "
9F53
0000

1PP5
4F53
83aF
UBFF
JHAH
AACH
183F
16 L. -]

ARAD BT LD AW

uss s 1PPS
8 1PPS
1 F261
12 1 1PP5
| gnar

use -] HF84
2 2037

|m22
PAFH
PEPH
7522

AORlEDE VAN -
@

PERIoe® NARAGN-
2
@

Uas

U4

2
E

BMbOMAD? G NDD R -

BHP AN

UHUC RI57"
TFPHTISFU", "

PHIB*E2Pp
§CPa,'P2Fg”
FOB1"HIFH" '~
PHFM=3ASC". "
2037
7432

NOYE1

The Stgnolure Anglyler Coniols
Should Be Ser As Folows For This
Tesr:

HOLD . oo v
SELFTEST. ..

e § s A List Of G
Which Are Connected To The Duiput
Oata fuy,

P icd S 29 5 10
A3 ATurr Alust.
AI24 Atura AlLsd
A5 ATUrg Alusz
Aluze Atyzo Al usE
Al ATu26 ATUES

AN AlUsE
Alu3s ATUs?
Alu3s Al USE
ATU3? A1 U3
ATz Ao
A3

88 Cortaln That The Tast
Jumpar On The AZ Assam-
bly I3 Drisconnected, The
Flug 13 Dlsconnocted From
AT And Al HPIE
Address Swlichey Are Set
TFo The “9* Potitlen. Turn
Enatrumeme ON.

!

Connect  The  Signature
Analyzer  START  and
STOP Inputs To ASTPI.
Conneet  The CLOCK
Input To AZTPB And The
GND To The Chassis, {See
NOTE 1 For Sigreturs
Analyzer Control Sattingt.}

Chetk Tho Signatures At
The Fuollowing Paleis:

Location  Signature

ATUAS
Pind AFOP
Pin 10 184P

Pin 11 UHUC
Pini?  7FPH

ATME

Ping FHIB
Pin 10  3CPA
Pin 11 PAG1
Pin 12 PGPH

‘-

Uss The Signsture Anal-
zar Te Cheek The RAM
Qumpur Signatures At The
Following Paints:

Location  Signoture

ATURA
Pin 2 184P
Pin% _ TFPH
Fiag AFOP
Fn1z  UHUC
Aluaz

Pin2 PEPH
PInB - POB1
Ping PHIE

Pin12 acPa

18
‘Fhe Engble
Signature At
AlU43PIn 1
uPuu.—

Tum The OFF
And  Carefully  Remove Quipur Buffer ATUSS Or
AlUd4 And MG, Turn AlL43.

The I nstrument ON.

$

Cheek The Slgnstures Ax
The Faliowlrg Points;

Lotatlon  Slgnaturs

Al

8atkat

Bin1 B3AF

Pinl IBFF
Fin 3 OHAH
Pind 4ACH

fns TUFP

Piné FF11

Fin7 G71F

Pin 15 1438

The RAM Clrcuits Aré Operating Cor-

racily.

$

Go To The ALY Troubla-
shoating Procedura,

3455-8-20

Turn The Invirument QFF,
Connest A 16 k32 Resiztar
Between Tha +5 V Test
Point On The A1 Asmmbly
And The Probs Tin OF The
Signaiure Ansiyzrar Turn
The Instramant ON,

l

Go To Tha Device Seleer
Trounieshaoting  Praced-
ure,

Check The Signatures Ax
The Followlng Polnts:

Locastlon  Slgnaturd
ATU4

Socket
Ping yorg
Pin 10 9706
Pin 11 F7%7
Pin 12 16FU
AT
Socket
Ping 62PP

Pin 10 P2FR
Pin 11 HIFH
Pin 12 3A9C

L]
Tha Ecable
Slgnazure ar

ATU44 PIn 13

a03?
7

Go To The Dsvica Seeet
Troubteshooting  Proced-
e

BAM, A1U44 Qr U4S.

Oid
Any Of Tha
Palnis Chacked
Have &
Signatwrs
Of gpea
7

1]
“The Signature
ArPin 2 04
ATU3E F2811

G0 Te The Davice Sctect

I3 The Signature
ACPInG O
ATU3E 1PPS

Peesetiebld
A1U3S Gr U3y,

Counter

Dats Byt Output Bulfdrs
ATUZ or U2,

A Shnaure O ¢ 000
Indicates The Qutput Data
But Line s Being Hald
Low. Troubléshoot The
Componentt  Which  Are
Connected To Thir Line.
{5=e No1e 2.}

In Mot Cewes. A High
Rezmlution Valtmeter
{t p\ Resplnion! May Be
Used To Derermine The
Bad Comgoneat. In Gen-
eral, The Companem Held-
ing Tha Line Low Wil
Have The Lowest Voltage
Reading. When Trouble-
shooging The Daa Bus,
The A3 Assembly Shoutd
Be Removed From The

T 9 Prooed.
ure.

NOTE 3

Be Sure To Remouz Tae 10 iq
Restsror  Connecled Derween The
Sinoture Acolyzer Probe Tip And
The +5 V Teat Polnt.

Replace AlUsd And ALUES,

Figure 8-H-22. Outguard Troubleshooting Procedure Diagram, RAM Circuitry,

812378124
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8-152 Rev A

€32 kas deen chaaged from 2.2 gF 10 .22 aF t¢ 6iMinate qoubis entry of front panal keys.

C46 applies ta sarisl numbers 1622401508 and ehove. CA6 servas to rafuce turn-on noise
reusing lalss interrupis.

For instrumants with Seriat Numbess 1622410105 and balow, tha Gate Bias Valtage (G.8,)
of the nanoprocessor (U9 may ba at a diffarent valie for diffarent processors, 1t was
riecessary 10 solact the corect voltage by padding R3. Sinta all lhe new processors require
the samb gate bias voliage { - 5V), setection of R3 is not necessary.

For instrumants with Sarial Numbors 1822ZA05650 end below, R33 is 4 1K ohm resistar
and 8 itor (C46) is L26 pin 14 and groursf. To improve tha ppara:.
tipn of the tum-on cireuit, delete CA6 end change R33 to the 10K ohm wvalus (Part No.
Q157-0442). Alze, the Schemaltic appfea for Rovision E printad circuit boards. For glder
igvision boards, changa tha rchamatic 10 the following:
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Figure §-H-37. HP-IB Schemalic.
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Model 3455A Appendix A

APPENDIX A

A-1, INTRODUCTION.

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-1B information in Section II1 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 off) 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 Basic).

Sat DVM to DCV (F1), Autorange (R7), Hold/Manual (T3),
Auto-Cal Off {AQ} and Data Ready Off (D).

Begin For...Next Loop

Address DVM to Listen, Controller to Talk.
Format the Qutput.

. Trigger the DVM (GET).

Set DVM to Talk.

Format the QOutput {reading).

A3 T b ——————— Enter the OCutput into Variable.

Complete For.'.Next loop.

Begin For...Next Loop.

T Print the Entire Array.

Compiete For...Next Loop

Ends the Program.



Appendix A

Example #1 (HPL).

/__,_,_———Dimension the Array.
ELS N e //Assign Name to the DVM Address.

Set DVM to DCV (F1}, Autorange (R7), Hold/Manual (T3},
12— Auto-Cal Off (AD), Data Ready Off (DO}

Begin For...Next Loop.

I Trigger DVM (GET}.
HLL "l_-_h—'—'—'—"“—-—Enter the Reading into Variable.

Fore st fe——
Tt Tt s R 1Q{;mm)lme For...Next Loop.

Auto-Cal on to Maintain Accuracy.
Format the Output.

Begin For...Next Loop.

Print the Entire Array.

Complete Far...Next Loap.

\Clear the DVM {set to turn on statel, (SDC).
A

dvance Printer 3 Spaces.

\Ends the Program.

Choose Option Base for Array {sea Notel.
Dimension the Array.
Use Variable for DVM Address.

Set DVM to DCV CED, Autarange {R7), Hold/Manual (T3),
SAFE T =T Auto-Cal OFF (A@), snd Data Ready Off (D@

Begin For...Mext Loop.

‘ — — Trigger DVM {GET},
R R A T AT [ A

j Enter the Reading into Variable.
LB

| T i “ TR Compiete For...Next Locp.

; T —— \Auto-Cal on to Maintain Accuracy.
LEC O PIHT FRTHT ol toss Format the Array.

vl B m—— Print the Entire Array.

K Ends the Program.

Note: Refer to 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 (F1T3, 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.

Model 3455A




Model 3455A Appendix A

Example # 2 (HP Basic)

Dimension Variables.
Store 20 into "'Y''and -69100 into ‘2"’ Registers of DVM

Set DVM 10 DCV (F1), Scale (M1), Hold/Manual {T3), High
Resalution Off (HB), Auto-Cal on (A1}, 10 V Range (R3),
and Binary Program (B).

Address DVM to Listen.
Format the Output,

AINERE
BRE R E
WIS CEAR

e Tl
(MENK

Enter Qutput into String Variable.
Enter First Four Characters of Qutput into String Variable

Set DVM to ACV {F3], Math Off (M3), and Autorange on
{R7].

Begin For...Next Loop.

OUTFLT
CHD oy

Format the Qutput.

\ Trigger the DVM (GET}.
|8 e

Set DVM to Talk.

Format the Output (reading).

B \> Enter the Qutput of the DVM into Varisble.

Complete For...Next Loop.

>\\Locai Controller Operation without DVM,

Set DVM to Listen,
Format to set DVM into Binary Mode.

Set up DVM to Binary Information in String.
Set DVM to Listen, Controlier to Talk.

Format the Qutput.
i Trigger the DVM (GET).

Set DVM to Talk.

Format the Qutput (reading).

Entar Qutput into Variable.

Begin For...Next Loop.

Format the Default Printer.

Print the Entire Array.

Caomplete For...Next Laop.

Skip a Space on Defauit Printer.
Format the Default Printer,

Print Value in Variable.

Skip a2 Space on Default Printer,

Skip a Space on Default Printer.

Set DVM to Listan, Controller to Talk,
Format the Qutput.

Clear the DVM {set to turn-on state), (SDC).
Ends the Program.
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Example # 2 (HPL}

Dimension Variable.

Assign Name to the DVM Address.

Store 20 Into *Y’" and -69100 into **Z'* Ragisters of DVM.
Farmat Qutput,

Set DVM to DCV {F1)}, Hold/Manual (T3), High Resclution
. Off (H@), Scale {(M1), 10 V Range {R3}, and Binary Program
- "’"/m].

Set-up DVM o ACV (F3), Math O# (M3}, and Autorange
[R7).

Begin For...Next Loop.

Trigger the DVM (GET].

Enter Qutput of DVM into Variable,
Complete For...Next Loop.

Format Output.

Local Controller Oparation without DVM.

Set-up DVM to Binary Information in String.
Trigger the DVM (GET).
Enter Output into Variable.

Format the Qutput.

:"‘\Begin For...Next Loop.

omplete For...Next Loop.

ormat the Default Printer.

BRI — rint Value in Variable.
- \—h\:lear the DV'M (set to turn-on state}, {SDC).
‘ ‘\H\Advance Default Printer 3 Spaces.

Ends the Program,.

Model 3455A
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Example #2 (Enhanced Basic)

Choose Option Base for Array {see Note).

—”"—‘/
:i.j///Dimensicn the Array.

Lk Use Variable for DVM Address.

Store 20 into "'Y’' and -69100 into **Z’* Registers of DVM.
Format the Qutput Statement.

[:~Set DVM to DCV {F1}, Hold/Manual (T3], High Resolution

Off (H@), Scale (M1}, 10 V Range (R3)}, and Binary Pragram
eatodloins FOR T T 'I%

(B).
Dopad "By Binoeyd

Enter Binary Charactars into String.
56t DVM to ACV (F3), Math Off (M1}, and Autorange (R7).

Begin For...Next Loop.
Trigger the DVM (GET).
Enter Output of DVM into Variable.

Complete For...Next Loop.

Local Controller Operation without DVM,

Set-up DVM to Binary information in String.
Triggar the DVM (GET).
Enter Qutput into Variable.

Format the Qutput.

T Hapdlitudg———eou .
B— Print the Entire Array.
HETHG "E Y Fendimas " A ”\Format the Default Printer.

Thvppe— Print Value in Variable,

I :[:l"——-—-—._______ Clear the DVM (set to turn-on state}, (SDC].
Ends the Program.

Note: Refer to Controller Manual for explanation of Option Basa.

A-5/A-6





