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CERTIFICATION

Hewlett-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, to the extent allowed by the Bureau’s calibration facility, and to the calibration facilities
of other International Standards Organization members.

WARRANTY

This Hewlett-Packard product is warranied against defects in material and workmanship for a period of one vear
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 IS EXPRESSED OR IMPLIED. HEWLETT-PACKARD SPECIFICALLY
DISCLAIMS THE IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS FOR A PARTICULAR
PURPOSE.
EXCLUSIVE REMEDIES
THE REMEDIES PROVIDED HEREIN ARE BUYER’S SOLE AND EXCLUSIVE REMEDIES. HEWLETT-
PACKARD SHALL NOT BE LIABLE FOR ANY DIRECT, INDIRECT, SPECIAL, INCIDENTAL, OR CONSE-
QUENTIAL DAMAGES, WHETHER BASED ON CONTRACT, TORT, OR ANY OTHER LEGAL THEORY,
ASSISTANCE

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

For any assistance, contact your nearest Hewlett-Packard Sales and Service Office.
Addresses are provided at the back of this manual.
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SAFETY SURRMARY

The following aensral safety pracautions muct be oboorved during all phasss of oparation, sarvies, and repair of this
instrument. Failure to comply with these precautions or with specific warnings slsswwhera in this manual violates
safety stendards of dosign, monufacture, and intended uss of the instrument. Hewlatt-Packiard Company sssumes no
liahility for the customer's failure to comply with these reguirements. This is a Safety Class 1 instrument.

GROUMD THE IRNSTRURIERT

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.

00 K0T OPERATE 1N AR EXPLOSIYE ATRIOSPHERE

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

WEEP AWAY FROM LIVE CIRCUITS

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

00 QOT SERYVICE OR ADJUST ALORIE
Do not attempt internal service or adjustment unless another person, capable of rendering first
aid and resuscitation, is present.

00 QOT SUBSTITUTE PARTS OR MODIFY 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.

DANGEROUS PROCEDURE YARRIKGS

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

WARNING ]

Dangsrous voltages, capehle of cauging death, are presant in this instrument Use ex-
trema eaution whas handling, testing, and adjusting.




SAFETY SYMBOLS

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

>

I
C,

|||—

o on L

i

d

| WARNING I

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 fauli. 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 }nformation. 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 Lo 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 operaling
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; ] = Japan; U =
United Kingdom.) The prefix is the same for all iden-
tical instruments and changes only when a major instru-
ment change is made. The suffix, however, is assigned
sequentially and is unique to each instrument.

1-9. This manual applies to instruments with serial
numbers indicated on the title page. If changes have
been made in the instrument since this manual was
printed, a yellow **Manual Changes’ supplement sup-
plied with the manual will define these changes and ex-
plain how to adapt the manual to the newer in-
streuments. In addition, backdating information con-
tained in Section VI1I adapts the manual to instruments
with serial numbers lower than those listed on the title

page.

1-10. Part numbers for the manual and the microfiche k'..

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 (AUTO CAL) feature
which automatically corrects for possible gain and off-
set errors in the analog circuitry to provide maximum
accuracy. A removable reference moedule 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 sid 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: Additional Set of Operating Informa-
tion and Operating and Service Manuals

1-15. Accessories Supplied.

1-16. A service kit (-hp- Part No. 03455-84411) con-
sisting of a PC extender board and & 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 1 meter (39.37 in.)
106318 HP-1B Cable 2 meter (78.74 in.)
10631C HP-1B Cable 4 meter {157.48 in.)
03455-61609 Inguard/Outguard Service Cable

1-1



Section [

1-19. Recommended Test Equipment,

1-20. Equipment required to maintain the Madel 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
Resalution Resolution Resalution Resolution

ot On 0ff On
A — +.148999V —
v v +1.49599V | +1.485999vVv
10v 10V +14,9899V | +14.899999Vv
100V 100V +149.999V | £149.99929v
1000V 1000V +1000.00V | £1000.000V

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

Temperature Coefficient: (O°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

10V range: =(0.002% of reading + 1 digit}
1V range: +10.003% 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: =(0.007% of reading + 4 digits}
100 & 1000V range: +(0.007% of reading + 1 digit)
8 months; 23°C +5°C
10V range; +{0,008% of reading + 1 digit)
1V range: +{0.009% of reading + 1 digit)
0.1V range: ={0.010% of reading + & 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: +£{0.014% of reading + 1 digit)
0.1V range: *{0.015% of reading + € digits}
100 & 1000V range: +{0.015% of reading + 1 digit}

PERFORMANCE (HIGH RESOLUTION DN}

Temperature Coefficient: (0°C to 50°C)

1V range: +(0.0003% of reading + 0.15
digits(/°C

10V range: +(0.000156% of reading + G.1
digitsi/°C

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

DC VOLTAGE

Specifications apply with Auto-Cal ON

Arcuracy: (1 digit = .001% of range)
24 howrs; 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: *(0.00b% of reading + 3 digits)
100 & 1000V range: +{0.007% of reading + 3 digits)
1V range: #(0.006% of reading + 4 digits)

6 months; 23°C +5°C

10V range:
100 & 1000V range:

+(0.008% of reading + 3 digits)
+(0.010% of reading + 2 digits)

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

1 year; 23°C +59C
10V range: +1(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

nput Resistance:

0.1V through 10V range: > 1010 ohms
100V and 1000V range: 10 megohm +0.1%
{with Auto-Cal OFF)
Maximum Input Voltage:

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

Mormal Mode Rejection (NMR: NMR is the ratio of the peak normal-
mode voltage to the peak error voltage in the reading.

50 Hz operation: > 60 dB at 50 Hz + .01%
60 Hz operation: > 60 dBatB0Hz + .01%

Effective Common Mode Rejection {[ECMRY ECMR is the ratio of the
peak common-mode voltage to the resultant peak error volt-
age in the reading with 1 k{} unbatance in low lead.

AC Input:

BO Hz operation: > 160dB at 50 Hz + G.1%
80 Hz operation: > 160dB at 60 Hz + 0.1%

DC laput:
> 140 dB

1-2 Rev A
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Model 3455A Section 1
Tahle 1-1. Specificatiens (Cont'd).
Maximum Reading Rate:
60Hz Gate Length 50Hz Gate Length
High High High High
Resolution Resolution Resolution Resolution
o On OH On
Local 5 readings/sec. 3 readings/sec, Local 3.5 readings/sec. | 2.5 readings/sec.
Remote 24 readings/sec. 6 readings/sec. Remote 22 readings/sec. 5 readings/sec.
OHMS
R Maxi Disol 1 year; 23°C £5°C
anges aximum Tispay 0.1kf range: +1{0.006% of reading. + 7 digits)
High High High High 1kt range: £{0.006% of reading + 2 digits)
Resolution Resolutian Resolution Resolution 10k{2 range: 1"0‘0082{’ of read!ng + 3 d!g!ts)
s On off On 100k range: £1(0.005% of reading + 4 digits)
1000k range: +{0.015% of reading + 6 digits)
kD _ 149999k _ 10,000k range: ={0.100% of reading + & digits)
1k 1kQ 1.49999kQ 1.4999993k0
10k 10k 14.9999kQ 14.99999kQ
100kD 100k 149.999k{ 149.9999k0
1000k 1000k 1499.99kQ 1429,999k0
10000kQ | 10000k 14999.9k0 14989.99k0 PERFORMANCE (HIGH RESOLUTION ON)

Range Selection: Manual,

1,10 and 100k{] range:
1000k range:

10,000k{} range:

Accuracy: 4 wire k chms* (1 digit =

Autamatic, or Remote

Function Selection: 2 wire k ochms or 4 wire k chms
PERFORMANCE {HIGH RESOLUTION OFF)

Temperature Coefficient: (O°C to 50°C)
0.1k range:

{0.0003% of reading + 0.2
digitsi/°C
{0.0003% of reading + 0.02
digits}/°C
{0.0005% of reading + 0.02
digits}/?C
{0.004% of reading + 0.02
digits)/°C

.001% of range}

Temperature Coeffivient; {0°C 10 50°C)

1,10 and 100kl range:
1000k range:

10,000k{? range:

+(0.0003% of reading + 0.2
digits)/°C

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

Accuracy: 4 wire k ohms* (1 digit = .0001% of range)

24 hours; 23°C +1°C
1k{l range:

10k range:

100k} range:
1000k!! range:
10,000k{? range:

90 days; 23°C +£5°C

+{0.0025% of reading +
+1{0.0045% of reading +
+{0.0020% of reading + 5 digits)
+{0.0120% of reading +
+{0.1000% of reading +

4 digits)
4 digits]

4 digits)
4 digits)

cept add 0.0004k( 1o all readings.

24 hours; 23°C £1°C . 1k range: +{0.0035% of reading + 5 digits)
0.1kl range: +{0.003% of reading + 4 digits) 10k@ range:  +{0.0060% of reading + 5 digits)
1kf range: +({0.003% of reading + 1 digit) 100kL range: +{0.0035% of reading + 6 digits)
10kQ range: +1{0.005% of reading + 2 digits) 1000k% range: ={0.0135% of reading + 5 d!g!ts)
100k range:  +(0.002% of reading + 2 digits! 10,000k range: +{0.1000% of reading + 5 digits)
1000k range: +{0.012% of jeading + 5 gigits! 6 months, 23°C +5°C
10,000kR range: £ (0.1% of reading + 5 digits) 1kQ range: +10.0040% of reading + 6 digits)
90 days; 23°C +5°C 10k range: +£1{0.0065% of read?ng + 6 d!g!tsl
0.1kQ range: +(0.005% af reading + 5 digits) 100k{} range: +{0.0040% of read!ng + 7 d!g!ts)
1k0 range: +(0.005% of reading + 1 digit) 1000k range: £{0.0140% of read!ng + 6 d!g!tsl
10k range: +(0.007% of reading + 2 digits} 10,000k range: ={0.1000% of reading + & digits)
100k range: +(0.004% of read!ng + 2 du:gi_tsi 1 year; 23°C +5°C
1000k{ range:  +(0.014% of reading + 5 digits) 1%Q range:  +(0.0045% of reading + 7 digits)
10,000k range: +(0.100% of reading + 5 digits} 10kQ range: = (0.0070% of reading + 7 digits)
6 months; 23°C +5°C 100k range: +(0.0045% of reading + 8 digits)
Q.1kf2 range: +(0.005% of reading + 6 digits} 1000k range: +(0.0145% of read!ng + 7 d:tgfts]
1k range: +1(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) [P i .
10,000k range: +(0.100% of reading + 5 digitsl All acouracy specifications are the same as 4 wire k ohms ex
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Section I

Table 1-1.

Model 3455A

Specifications (Cont'd).

INPUT CHARACTERISTICS

Maximum voltage generated acress unknown:

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

Signal Source Driving Unknown {Nominal):

“w-w% l?ﬂ"::m
100k0
N Hi
1000kQ & 10,0009 ranges *ww% lgﬁ(f’-’;;..,
le

Overload Protection:

0.1k9Q, 1k & 10k{ ranges

Non-Destiuctive — + 350V peak

Renges Maximum Display
High Resolution High Resolution
On or Off On or Of
v 1.49998V
10V 14.89939V
100V 149.998Vv
1000V 1000.00V

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

PERFORMANCE
Temperature Coefficient: (3°C to 50°C) for inputs < 50kHz

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

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

AC/DC coupled:

+{0.002% of reading
+{0,002% of reading + 6 digits}/°C

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

AC VOLTAGE (RMS CONVERTER)

Maximum Reading Rate:
G0Hz Gate Length

High High
Resolution Resolution
Oft On
Local 4.5 readings/sec. 2 readings/sec.
Remote 12 readings/sec. 3 readings/sec.
50Kz Gate Length
High High
Resolution Resolution
0ff On
Local 4 readings/sec. 1.8 readings/sec,
Remeste 11 readings/sec. 2.5 readings/sec.

FAST ACY? J00Hz-20kK:z 20@kHz-100kHz 100kHz-250kH2? 250kHz-500kHz? &00kHz- 1MHZ3

ACV? 30Hz-20kHz 20kHz-100kHz 103kHz-250kH23 250kHz-500kHz 500kHz- 1 MHZ2
24 hrs; 23°Cx1°C 04% + 40dig. | 0.4% + 80dig. | 1.8% + 200 dig. 4% + 400 dig. 5% + 2600 dig.
(.04%) (.08%) (.20%} {.40%) (2.6%)
90 days; 23°C16°C .05% + 50dig. | 0.5% + 100dig. | 2.0% + 250 dig. 5% + 500 dig. 6% + 3100 dig.
{.05%) .10%) |” {.25%]) (.50%) (3.1%}
6 mos; 23°C16°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% + 160dig. | 2.2% + 350dig. | 5.3% + 700dig. | 6.6% + 3900 dig.
{.07%) {.16%) ‘ {.35%) (.70%) (3.9%])

1Guard must be connected to law.
Specitications are 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 1able. See fooinote 2 far AC/DC coupled inputs.

table, exceplt tor an ACIDC coupled input above 50kHz and < 5% of full scale, add
170 digits 10 above agcuracy table.

2Fur any AC/DC coupled input add |0.05% of reading + 20 digits| to above accuracy -

3Frequencres of greater than 100kHz are specified far the 1V and 10V ranges anly.
4Accuracv is no1 specified if the voli-hz product exceeds 107
. . 1500 + |Vinj
For inputs > 500V multiply the above tabled accuracy by —.
10C0

Feor inputs > 500V, accuracy is specified for a time period of < 2 minutes,

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

Section 1

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

INPUT CHARACTERISTICS

Inpat Impedanca:

Front Terminals— 2MQ + 1% shunted by less than 100pF.
Rear Terminals— 2MQ + 1% shunted by less than 75pF.

Maximum Input Voltage;

High to Low Terminals:
107 volt - Hz limitation)

Guard to Chassis: =500V peak

Guard ta Low Terminal: + 200V peak

Ranges Maximum Display

High Resolution High Resolution

Qn or Off On or Off

v 1.49999v
10V 14.9999v
100V 148.999V
1000V 1000.00V

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

Temparatore Cosfficient: (Q°C to 50°C)
+£{0.002% of reading + 2 digitsi/°C

Accuracy: + [% of reading + digits or (% of range}]!

+ 1414 volts ‘peak (Subject to a

Maximum Headiﬁg Rate:
G0Hz Gate Length

- ACV FAST ACY
Local 1.3 readings/sec. | 4.5 readings/sec.
Remote | 1.3 readings/sec. 13 readings/sec.
50Hz Gate Length
ACY FAST ACV
Lecal 1.1 readings/sec. | 3.5 readings/sec.
Remote ‘| 1.1 readings/sec. 12 readings/sec.

Rezpanse Timae:

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

AC VOLTAGE (AVERAGE CONVERTER OPT. 001)

FAST ACV3 300Hz500Hz 500Hz 1kHz 1kHz-100kHz 100kMz2 25 0kiz2

ACY 30Hz.50Hz 50Hz-100Hz 100Hz-100kHz2? 100kHz- 25 0kit?
24 hrs; 23°C+1°C | 0.47% + 70 dig. | 0.32% + 50 dig. | 0.09% + 25 dig. | 0.70% + 60 dig.
{.07%) {.05%) (.025%) {.06%)
90 days; 23°C+5°C | 0.50% + 70 dig. | 0.35% + 50dig. | 0.1% + 25 dig. | 0.75% + 60 dig.
(.07 %} {.05%) (.025%) {.06%)
6 mos; 23°C+5°C | 0.50% + 70 dig. | 0.40% + 60dig. | 0.1% + 30 dig. | 0.75% + 70 dig.
(.07 %} (.06%) | {.03%) {.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.
On the 1000V range, add 0.01 ppm/volt-kHz.
Specifications are for input levels above 1/100th of range.

3aceuracy is not specified if the volt-hertz product exceeds 107,

2Frequencies greater than 100kHz specified on 1 and 10V ranges only.




Section [

Model 3455A

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

INPUT CHARACTERISTICS

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

- ()

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

Maximum Number: {Entered or Displayed)

+199,999.9

ACCURACY:

+{ACCURACY OF X READING £ 1 DIGIT OF DISPLAYED
ANSWER)?

1 This assumes no “’Y'" or "Z*" error.

MATH

Maximum Reading Rate:

50MHz Gate Length

ACY FAST ACV
Local 1.3 readings/sec, | 4.5 readings/sec.
Ramote 1.3 readings/sec. 13 readings/sec.

50Hz Gate Length

ACY FAST ACY |

Loeal 1.1 readings/sec. | 3.5 readings/sec.

Remote | 1.1 readings/sec. 12 readings/sec.

Response Time:

ACV and FAST ACV
First reading 1o <0.1% of step size when triggered coinci-
dent with step change when on correct range (for AC
signals with no DC component}.

% Error: (u> x 100%
Y

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

Maximum Number: (Entered or Displayed)
+199,899.9

ACCURACY:

+ (ACCURACY OF X READING x 1 DIGIT OF DISPLAYED
ANSWER)!

1This assumes no **Y'* error.
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Tahle 1-2. Typical Operating Characteristics.

Section 1

Range Selection: Manual, Automatic, or Remote

Function Selection:
DC Vol
AC Volts {ACV or FAST ACV)
QHMS (2 wire kilohm or 4 wire kilohm)
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T = 1/60 sec for 5 digit 80 Hz Operation
T = 2/15 sec for 6 digit 60 Hz Qperation
T = 1/50 sec for 5 digit 50 Hz Operation
T = 4/26 sec for § digit 59 Hz Operation
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Typical HP-1B Handshake Times:
Accept Data — (3455A addressed to listen or ATN true)
500 usec per character typical (@ delay source)

Output 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
Operating 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°Cto +75°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 /2" high x 16 3/4" wide x 20 3/4""
deep)
Woeights: Net — 9 kg {21 Ibs.)
Shipping — 12 kg (28 Ibs.)
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Table 1-3. Recommended Test Equipment.

Model 3455A

Instrument Critical Specification Recommended Modef Use
DC Voltage Standard [ Voltage: 10 mV to 1000 Vv Systron Donner PAT
Accuracy: + ,006% Model M107
AC Calibrator Frequency: 20 Hz to 100 kHz -bp- Model 745A PAT
Qutput Level: 100 mV to 1000 V AC Calibrator
Accuracy: + 1% -hp- Model 746A
Voltage Stability {6 mos.) + .02% High Voltage Amplitier
Test Oscillator Frequéncv: to 250 kHz -hp- Madel 662A P
CQutput: 3 V rms into 50 Test Oscillator
Frequency Response + .25%
Resistance Decade Resistance: 100 € to 10 Mg Gen Rad Model PAT
Accuracy: * .004% GR 1433-Z Decade
Resistor
DC Nult Voltmeter Voltage Range: 14V to 10V -hp- Model 4194 PAT
Reference Divider Division Ratio Accuracy + .Q001% Fluke Model 750A PA
Output Vaoltage Range - 1V to 1 kV | Reference Divider
DC Transfer Standard | Output Voltages: 1V, 1.018 v, Fluke Model 731A PA
1.018 VvV, 10V DC Transfer Standard
Accuracy: * 5 ppm
Stability: = .001% (30 days)
Electronic Counter 50 Hz to 60 Hz -hp- Model 53C0A/5302A P
Measuring System
Resistance Standard Resistance: 1 k{2 Guildline Model A
Accuracy: + .0005% 9330/1 K or 9330A/1 K
Resistance: 100 K Guildline Model $330/100K
Accuracy: =+ .002%
Bus System Analyzer | HP-IB Control Capabitity -hp- Model 59401 A T
Bus System Analyzer
Calculator HP-IB Control Capability must serve | -hp- Model 9825A oT
as printer for 3455A Output data.
Qscilloscope Bandwidth: DC to 10 MHz -hp- Model 180C/D QOscillo- | T
Sweep Time: Q.1 us to 1 sec/div scope with 1801A and
Sensitivity: 1 V/div 1821A plug-in units.
Digital Voltmeter Voltage Range: 10 mV to 1000 V -hp- Mode! 3490A PAT
Resolution: 10 uV
Resistors Resistances: -hp- Part No. P
1k £ 10% 0684-1021
10kl + 0.1% 0698-41567
1M+ 0.1% 0698-8369
Signature Analyzer -hp- Model 5004A T

Adjustments

= Performance Checks

Troubleshooting
Operators Check

T
0




SECTION Nl
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 IV. If the contents are incomplete, if there is
mechanical damage or defect, or if the multimeter does
not pass the Performance Tests, notify the nearest
Hewlett-Packard Office. (A list of the -hp- Sales and
Service Offices is presented at the back of the manual.)
If the shipping container is damaged, or the cushioning
material shows signs of stress, notify the carrier as well
as the Hewleit-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 Voitage 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.

1ECAUT|0N§

Be sure the 50 — 60 Hz rear panel switch is
set for the proper line frequency for vour
location.

240v 250v
220y oy
100 - 00y
120~ 120V
290vealts 220 Valty
/
240y 2apy
Ezzo? Eezovi
0oy w0
130 120V
120 veliy 100 Yally

OPERATING RANGE

NOMINAL

VOLTAGE | - 10%, + 5% of nominal FUSE
100 volts 90 to 105 volts 05 A
120 volts 108 to 126 volts 0.5 A
220 volts 198 to 231 volts 0.25 A
240 volts 218 to 252 volts 0.25 A

Figure 2-1. Line Voltage 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 3455A is equipped with a three
conductor power cable which, when plugged into an ap-
propriate receptacle, grounds the instrument,

2-14. Bench Use.

2-15. The Model 3435A is shipped with plastic feet and
tilt stands installed and is ready for use as a bench in-
strument. The plastic feet are shaped to permit ‘‘stack-
ing’’ with other full-module Hewlett-Packard in-
struments. The tilt stands permit the operator to elevate
the front panel for operating and viewing convenience.

2-16. Rack Mounting.

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

2-1
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Section [
250 v 250 V 50 v 250 v
OPERATION OPERATION OPERATION OPERATION
\ V/ ]
L
2 W
PLUG®: SEV 1011.1958-24507
PLUG*: CEE7-V1] PLUG*: CEE22.91 PLUG": DHCR 107 TYPE 12
CABLE": HP 8120-1692 CABLE*: HP 8120-1860 CABLE*: HP 8120-2956 CABLE*: HP 8120-2104
125V -BA"* 250 v 250V 260V - BA** 125 V- BA**
OPERATION OPERATION

Y

\\
- m
&5 l{}‘;’”

PLUG*: NZ55 198/A5 C112
CABLE": HP 8120-0686

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

PLUG*®: BS 1363A
CABLE": HP 8120-1703

PLUG*: NEMA 5-15F
CABLE®: HP 8120-1521

PLUG": NEMA G-15P
CABLE": HP 8120-0698

STD-B-4196 (Rev.)

* The number shown for the plug is the industry identitier far the plug dnly.
The number shown for 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 tc the
basic rack mount kit. The rack mount kits are designed
to permit the Multimeter to be installed in a standard 19
inch rack. When rack mounting, additional support
must be provided at the rear of the instrument. Be sure
that the air intake at the rear of the instrument is
unobstructed.

2-18. Interface Connections.

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

NOTE

HP-IB is Hewlett-Packard’s implementation
of IEEE std 488-1975, *‘Standard Digital In-
terface for Programmable Instru-
mentation ™.

The Multimeter is connected to the HP-IB by connect-
ing an HP-IB interface cable to the 24-pin connector
located on the rear panel. Figure 2-3 illustrates typical
HP-IB system interconnections and shows the
10631A/B/C HP-iB Interface Cable connectors. Each
end of the cable has both a male and female connector
to stmplify 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 to set the
“talk™ and “listen’’ address of the imstrument. 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.

Cwnnns )

To prevenr electrical shock or fire hazard, do
nol  expose the instrument {0 rain or
maoisture.
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Section 11

[

3355-5- 4600

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
Sull serial number of the instrument. In any
correspondence, identify the instrurment by
model number and full serial number. If you
have any gquestions, contact your nearesi
-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 insirument 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 coniainer “DELICATE INSTRU-
MENT"”, “FRAGILE”, etc

2-3/24
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FRONT PANEL
Line Switch, push an/push off
HP-18* status indicators:

SRQ - indicates that the 3455A *‘requires sarvice” from
the controller. Refer to Paragraph 3-78.

LISTEN — lights when the 3455A is addressed 1o
“listen’’,

TALK — lights when the 3455A is addressed to “talk”.
REMOQTE — lights when the 3455A is under HP-IB
control.

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

Display — Indicates polarity and amplitude of the
measurement. Maasurement results are presented in either
5-1/2 digits or 6-1/2 digits depending upon whether the
HIGH RESQLUTION feature is off or on, An LED in the
upper |eft 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 OC Volt-
age, AC Voftage, Ohms, Scale or % error megsurement
results,

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

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

AC Voits: 1V, 10 v, 100 v, 1 kV, AUTO

Chms: 1 K, 1K, 10K, 100 ¥, 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 k&, 4 WIRE k&2, and TEST. LED’s
located in the center of the keys indicate which function
is selected.

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

®

®

®

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

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

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

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 & 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. Refer to
Paragraph 3-66.

Math Controls — Select SCALE {
(X —Y

X =2} % ERAOR

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

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

ENTER controls - Recall the number stored inthe Y or Z
register to the display, also ‘‘shifts’’ the front pans!
kayhoard to permit entry of new data to be stored in tha
¥ or Z registers (Paragraph 3-23).

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

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

3-0

Figure 3-1, Front and Rear Panel Features.
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SECTION Il
OPERATING INSTRUCTIONS

3-1. INTRDDUCTION.

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

3-3. OPERATING CHARACTERISTICS.
3-4. Turn-On and Warm-Up.

3-5. Before connecting ac power to the 3455A, make
certain the rear panel line selector switches are set to
correspond to the voltage and frequency of the available
power line and that the proper fuse is instatled 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 completed, the 3455A will display
+.8.8.8.8.8.8.8. and the self-test operation will start
again. In order to bring the instrument out of this mode,
any other function button must be pressed.

3-8. In the event of a cal constant failure, the Self-Test
operation will stop and the failing cal constant’s number
will be displayed (an integer number from 13 to 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 operation
of the ohms or ac sections nor the measure-
ment gecuracy of the 3455A.
3-10. DC Voltage Measurement.

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

QOhms Signal Terminals - supplies drive signa[-for
4-WIRE Ohms measurements {Paragraph 3-12}.

Input Terminals
GUARD switch - internally connects the Guard terminal

to the LO Input terminal {for frant panel operation only,
Paragraph 3-41}. :

GUARD Terminal

REAR PANEL

Ohms Signal Terminals
input Terminals
Guard Tenminais

Front/Rear INPUT SELECT switch

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

® PO ® @@ 6

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

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

Reference Module
EXTERNAL TRIGGER input Connector

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

Ceoaoling Fan

Power Line Voltage Selection Switches — refer to Para-
graph 2.8,

Fuse — 90 V' 1o 126 V — 0.5 amp, 198 V'to 262 V —
0.25 amp. . '

AC Power Connector.

® 6 06 e®®

*HP-1B is Hewlett-Packard's implementation of IEEE S1d.
488-19756, “Standard Digital Interface for Programmable
Instrumeniation™.

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 O 1
O O

SIGNAL
CURRENT ¢RX

2-WIRE MEASUREMENT

QSIGNAL INPUT  GUARD
{4 WIRE) {2 WIRE)

Q O\ o
O (

Rx

o —

CURRENT
3455-R-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 dec 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 |
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 3-1/2 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 .] kilohm, 1 kilohm and 10 kilohm ranges
is .7 mA, The nominal ouiput current on the 1000
kilohm and 10,000 kilohm ranges is .7 microamp. Max-
imum output voltage is limited to less than § 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 1 volt to 1000 volts ranges. All ranges, except
the 1000 volts range, have 50% overrange capability and
are protected from input voltage components up to 1000

3-2 Rev A

volts RMS. Readings taken in the ac function are
display in the 5-1/2 digit moede 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 | 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 t¢ 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 (nc 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 ierminal (front and rear) should be connected to the
guard terminal (front and rear). Referto 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 panel input terminals.
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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 - (+ Z) =X -(x 2).
1
Division is performed by entering @ in *‘z”" and the
divisor wvalue in ‘‘y.”’ The scale formula then
becomes: result = 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 - @ = xy. As an example: to
1/y
multiply by 10, divide by the inverse of 10 which is 1/10

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

follows:

a. Current Meagsurement: 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 equation
becomes:

v . -
v R = | = currentin milliamps

where R
Y

Resistor across the input terminals
VYoltage drop across the resistor

b. Temperature Measurement: A temperature mea-
surement c¢an 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 #°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 = *°% _ 1 K-.8525 K _ .1475 K
Ty y oy
solving for y:y = LﬂS_K = .0059 with this number
' 25
entered in the ‘“‘y"’ register, the 3455A measurement

result will be presented directly in °C.

c. Accurate 2 Wire Ohm Measuremeni: 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. Storea 1 in “‘y”’
and store the input lead resistance reading in ““z”’. Open
the input leads and connect the unknown resistor to the
leads. With the 3455A set in the Scale mode, the value
of the unknown resistor is displayed without the input
lead resistance. Since a 1 is stored in “*y’’ and the lead
resistance (R) is stored in “*z’°, the scale equation
becomes:

X—12 x—R . .
~ =1 = unknown resistance in ohms

where x = total measured resistance including 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 dlsplay 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

Lower Limit - z
y

= Upper Limit - z

Y

therefore, -200,000 =

and + 200,000
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This leaves two equations to solve for the unknown “‘y*’

L

and *‘z’’ constants. The two constants can be found the
following way:

-200,000 (y) _ Lower Limit - z
+ 200,000 (v} = Upper Limit - z
0 = Lower Limit + Upper Limit -2Z2
(add these two equations)

R

therefore. z = Upper Limit + Lower Limit

2
200.000 Upper Limit - z
y
200,000 (y) = . .
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:

y = Upper Limit - Lower 30-10  _ o005
400,000 400,000
, — Upper Limit + Lower Limit _ 30 + 10 _ 3¢
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 volts a ““+ LL'" is displayed, and if the
input is less than 10 volts a “*-LL"’ is displayed. If the in-
put is within the limits set, a number is displayed.

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

result in: %o = XY % 100
Y

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

indicating the resistor is out of tolerance by .33333%.
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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 **Z2”’ 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
cither 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 resolution from 10 parts/1.5
mitlion (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 .l V DC and | K ohm ranges. The reading rate in
the DC and Ohms mode will also increase when the
High Resolution function is turned off. Table 3-1 gives
the various reading rates of the DC and Ohms functions
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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 - lnearity
and drift do not vary the 3455A should remain within
it’s accuracy specifications. The time period over which
these parameters will not change may vary from instru-
ment to instrument. When the Auto-Cal function is
disabled to obtain faster reading rates, it is recommend-
ed to periodically return the 3455A to the Auto-Cal
mode in order to update the cal constants. This can be
done after a block of readings have been taken or when
the instrument is not in use. The instrument will then
update the cal constants for accurate measurements.
Allow about 6 seconds for updating the cal constants, if
the 3455A is in the Hold mode.

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 Auio-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 frem
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. Afier 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 unti] the measurement cycle is complete. The
delayed trigger will initiate a second measurement cycle,
when the first one is completed. Only one trigger will be
delayed during any given measurement cycle, Any extra
triggers sent during this cycle will be ignored.

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

Maximum Number of Cal

Function Constant Termination
DC 128
DC (High Resolution) 32
AC Fast 64
AC Normal 8
Ohms 64
Ohms t{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
Functiocn Resclution | Calibration | Maximum Sample Rate
DC Volts ON ON 3 readings/sec {60 Hz)
2.5 readings/sec {50 Hz}
OFF ON 5 readings/sec (60 Hz}
‘ 3.5 readings/sec {50 Hz)
ON OFF 6 readings/sec {60 Hz)
5 readings/sec (50 Hz)
QFF QFF 24 readings/sec (60 Hz}
22 readings/sec (50 Hz)
Ohms ON ON 2 readings/sec (60 Hz}
' 1.B reading/sec (50 Hz)
OFF ON 45 readings/sec {60 Hz}
4 readings/sec (50 Hz}
ON OFF 3 readings/sec {60 Hz)
2.5 readingsisec {50 Hz)
OFF QFF 12 readings/sec (60 Hz}
11 readings/sec (50 Hz)
AC Volts Not ON 1.3 readings/sec {60 Hz}
Applicable 1.1 readings/sec (50 Hz}
Nat OFF 1.3 readings/sec {60 Hz}
Applicable 1.1 readings/sec {50 Hz}
Fast Not ON 4.5 readings/sec {60 Hz)
AC Volits | Applicable 3.6 readings/sec (50 Hz)
Not OFF 13 readings/sec {60 Hz)
Applicable 12 readings/sec {50 Hz)

3-30. 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 scaie. 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, manuaily 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 quard pushbution appiies
only for front panel inputs. Be sure fo wire
rear panel guard connections yourself, if-
using the rear panel input terminals.

3-46. Guarding Information.

3-47. More detailed information on purpose and
methods of guarding may be found in -hp- Application
Note No. 123, ‘‘Floating Measurements and
Guarding’’. This application note is available through
your nearest -hp- Sales and Service Office.
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Figure 3-3. Connecting the Guard.

Guard should always be connected, either to
the instrument LO terminal or (o a poinf in
the source circuit as indicated in Figure 3-3.
{f the guard terminal is left open, common-
mode voltages may exceed the LO-to-Guard
breakdown rating and damage the insiru-
ment.

3-48. REMOTE OPERATION.
3-49. General.

3-50. The Model 3455A is remotely controlled by
means of the Hewleit-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-IR is Hewleti-Packard’s implemeniation
of IEEE Std. 488-1975, “‘Standard Digital
Interface for Programmable Instrumenia-
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 5td.
488-1975.

Table 3-2. HP-IB Interface Capability.

Code Interface Function

SH1 Source Handshake capabitity

AH1 Acceptar Handshake Capability

T6 Talker {basic talker, serial poll, talk only made,
unaddress to talk if addressed to listen)

L4 Listener {basic hstener, unaddress to listen if
addressed Lo talk)

SR1 Service Request Capability

RL1 Rempte/Local Capability

PPO No Parallel Pall Capability

DC1 Device Clear Capability

DTt Device Trigger Capability

co No Contraller Capability

E1 Open 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 controi 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 categorized 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
I 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 talk 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 34535A will output measurement

3.7
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Tahle 3-3. Bus Messages.

Functions Message Description
Device Data Transfers device-dependent infor-
Communications mation from one device 10 one or
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 pre-defined state {a certain
range, function, etc.}.
Remaote Permits selected devices to be set
10 remole aperation, allowing
parameters and device characteris-
tics to be controiled by Bus
Messages.
LLocal Causes selected devices (o refurn
to local {front panel)] operation.
Local Disables tocal {front panel) con-
Lockout trols of selected devices.
Clear Returns alt devices to local (front
Lockout panel) control and simultanecusly
and clears the Local Leckout Message.,
Laocal
laterrupt Require Indicates a device’s need for inter-
and Service action with the controller.
Device
Status Status Presents status information of a
Byte particular device; one bit indicates
whether or not the device current-
ly requires service, the other 7
bits {optianall are used to indi-
cate the type of service required.
Status A singte bit of device-dependent
Bit status information which may be
logically combined with status bit
information from other devices
by the controller.
Passing Pass Passes bus coniroller responsibili-
Cantrol Control ties from the current controller to
a device which can assume the
Bus supervisary role,
Bail Abort Uncenditionally terminates Bus
Out communications and returns con-
trol 1o 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

Model 34554

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:

\FUNC TION

CONTROL GROUP CODE
{UNDERLINED} -

f Fa5T 2WIRE AWIRE
=V ~V ~ ¥ 1) TEST
3455-8-47H
POSITION 1 2 3 4 5 [
PROGRAM F1 F2 F3 F4 F5 F&
CODE
INSTRUMENT
TALK ADDRESS
ONLY g 1

b0 BB

@ POSITION (DOWN) 1 PQSITION [UP)

NOT USED

ASCH Code

Character Adcdress Switches

AS A4 A3 AZ A

5bit
Decimgl Code

Listen Talk

i}
a1
02
03
a4
05
o153
a7
08
09
10
11
12
13
14
15
18
17
18
19
20
21
22
23
i
25
26
27
28
29
30

O~ bW =&~

S

Jrr N A XECCAM IO VCZErAC—IODTMONO®RS®@
P i T T =l = = = I = I = o B o B e e T e B Y e B O o B
- " s 000000 e MOS0 S0O0
B = 3 = T S g S
L0~ - 0D =B =00~V =—-C0—-=0Q=-=G0O
= R ~ P~ Q= Sy~ =

Vo

Figure 3-4. Address Selection.
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Tahle 3-4. HP-IB Program Cades.

Program
Contral Code
DC Valts F1
AC Volts F2
FUNCTION Fast AC Volts F3
2 Wire k82 F4
4 Wire k& F5
Test F6
R A1
1 R2
10 R3
RANGE i00 R4
1K R6
10K R&
AUTO R7
Internal T1
TRIGGER External T2
Hold/Manual T3
Scale M1
MATH Error M2
Dff M3
Y EY
ENTER z Ez7
Y sY
STORE 7 sz
Off AR
AUTO CAL On Al
HIGH Qff H@
RESOLUTION On H1
DATA Off D@
READY RQS On D1
BINARY B
PROGRAM

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
the DATA READY Request feature which is Bus pro-
grammable only.

Example:
control code
{underlined)
Y
@ =off A ROS
1l =on D o
3455- p-artia
Program Code
(off) AD Do
{on) Al D1

3-59. Program codes for the ENTER and STORE
features consist of the letter underlined in the comntrol
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heading and the underlined letter of the particular con-
trol.

Example:
control group code

(underlined)

E{ \STORE
Y 1 Y z
e ) 0O O O

5455-B-4714

program code EY EZ 3Y SZ

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

3-81. Data Messages.

3-62. The major portion of communications transmit-
ted over the Bus is accomplished by data messages. Data
messages are used by the controller to program the
Model 3455A and are used by the 3455A to transmit
measurement data. These functions are explained in the
following paragraphs.

3-63. Programming. The 3455A is programmed by means
of data messages sent over the Bus from the controller.
These messages are composed of two parts — the ad-
dress command and the program information. The ad-
dress command contains the *‘talk’’ and “‘listen” ad-
dresses of the devices involved; in this case, the talk ad-
dress of the controller and the listen address of the
3455A. The program information contains the codes of
the 3455A controls to be programmed. Syntax of the ad-
dress command portion of the data message is depen-
dent upon the controller being used. For the proper syn-
tax refer to the controller manual. Syntax for the pro-
gram information portion consists of the program codes
listed in Table 3-4.

Example program data messages:

Address 3455A Program
Command Information
e —

CMD“”U6" “F1 R3 A _Q Hl M3 T3”

output to_] I. HOLDY/
the bus MANUAL
unlisten TRIGGER
command MATH off
cantrolier -
“talk’” address HIGH RESOLUTION
3455A ] on

listen™ address AUTO CAL off

10 ¥V RANGE

DC Volts FUNCTION
Program data message using the 9830A Calculator.
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Address 3455A Program
Command Information
P g e a————_
wrt 722, “F1 R3 A@ H1 M3 T3”
I | 3455A listen
address

output to the (decimal equivalent)
bus, includes

the unlisten command

and calculator talk

address
Program data message using the 9825A Calculator,

3-64. Entering MATH Constants (¥-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

I ™ 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
“¥"* Register.

Number to
be entered

Programs the
3455A toenter
numerical data
into the display

addresses controller to
““talk™ and 3455 A 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
el

wrt 722, “EY”

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

3-10

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

Model 3455A

red 722 ,A;dsp A

Outputs the contents of

Addresses ontents 01
the 3455A the controller’s “A’ register
to “talk” and to the display
the controller Specifies the
E}?,sti‘,) to controller register

isten —

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, eic.). 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:

DO Data Ready Request off
D1 Data Ready Request on

3-68. Binary Program Feature. The BINARY PROGRAM
feature permits the status of the FUNCTION, RANGE,
TRIGGER, MATH, AUTO-CAL and HIGH RESO-
LUTION controls to be determined or programmed
from the bus in four 8-bit binary words. The BINARY
PROGRAM feature allows faster programming of the
3455A by reducing the number of program data bytes
from a maximum of 12 for normal programming to 4
data bytes for binary programming. The BINARY
PROGRAM codes can also be read and stored by the
controller to re-program the 3455A at a later time (see
Appendix A). One important thing to remember is to
send a ““B’’ to the 3455A in order to put the instrument
into the BINARY mode. Table 3-5 lists the allowable
BINARY PROGRAM codes for each of the four data
bytes and the front panel keys they control.



Model 3455A

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

Table 3-5. BINARY PROGRAM Codes.

First BINARY PROGRAM Data Byte

Controls Affected: SCALE, % ERROR, OFF {MATH}
Progrem Code

ASCIl | DECIMAL
To Program: CHAR CODE

OFF H 58
% ERACQR = 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
AUTC AUTO HIGH ASCIl | DECIMAL
CAL RANGE | RESOLUTION TRIGGER CHAR CODE
O off Off Hold/Manual ; 59
Exrernal = &1
Internal > 62
OFff Qf On Hotd/Manual a2 51
External 5 83
Internal g8 &4
Off On aft Hold/Manual + 43
E xternal — a5
tnternal 46
Qff On On Held/Manual # 35
External % 37
Intarnal & 38
On Off Off Manual/Hald { o
External 1 93
Internal -~ 94
On Off On Manual/Hol¢ 5 B3
External U B&
Internal v a6
On On off Manual/Hold K 75
External M 77
Intermal N 78
On On CGn Manual/Hold (o 67
External E 69
Internal F 70
Third BINARY PROGRAM Data Byte
Contrals Affected: 10 K. 1 K, 100, 10,1, .1 {(RANGE)

Pragram Code

ASCi | DECIMAL
To Program: CHAR CODE
10K - 95
1K / 47
100 7 55
10 H 2]
1 = 51
Al > 62

Fourth BINARY PROGRAM Daia Byte

Contrafs Affected: TEST, 4 WIRE kf2, 2 WIRE kf2, FAST ACV,
ACV, DCV (FUNCTION)

Program Code
ASCIl | DECIMAL

To Program: CHAR CODE
TEST — a8
4 WIRE x2 I 47
2 WIRE x02 7 55
FAST ACV : 59
ALY = 81
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 SRQ condition
when only a *‘B’’ is sent.

red 722

Address the 3455A
to “talk”

The 34554, after receiving the “talk” command, will out-
put the front panel control status codes (4 bytes). As an
example, if the front panel controls were in the “turn-on”
staie, the 3455A would output the following codes:

N = 2z
I DC Volts FUNCTION

MATH OFF ——I

AUTO CAL ON ,

AUTO RANGE ON k
HIGH RESOLUTION OFF
INTERNAL TRIGGER

1 Volt RANGE
{depends on input applied)

To program front panel controls:
wit 722, B (K/="
Address the

3455A to
“listen”

Desired program
codes (see Table 3-5)

Set 3455A t0
BINARY PROGRAM ——

mode

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

OUTPUT FORMAT: £ D.DDDDDDE = DD CRLE

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 + 10 exponent in the HP-IB measurement
data. The large exponent is the key.

Alse, note that the LF character fconcurrent
with EOI) is the last character in the data
message and must be handshook from the
3455A to complete rthe measurement
transfer.

3-69. Device Control Ressages.

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 [flessage. 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 Rlessage. 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 .......oove.... DC VOLTS
RANGE «..oooeeeiaeenninnennn, AUTO
TRIGGER ................ INTERNAL
MATH oo, OFF
AUTOCAL ..o, 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. Remots Rfessage. 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 Rdessape. 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 fassage. 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) Rlessaga. 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 Siatus Messseges.

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 Message. 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 Fé.

¢. 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. Statuz Byte Message. The status byte message is
output by the 3455A in response t0 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
avajlable, 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 F6.

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

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

It is possible for more than one of the basic status byte
messages to be true. In this case the resulting status byte
code would be the combintation of the basic status byte
codes being output. As an example, the resulting code
for the combination of the syntax error and trigger too
fast messages would be ASCII character J decimal code
74. The following illustrates the status Byte message in-
dicating the purpose of each relevant **bit"’.

STATUS BYTE MESSAGE

bg b7 bs bs bg b3y by b

ED@DDDEII

Service Request J 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.
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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 output 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.

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

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

3-84. Bail Out Message.

3.85. Abert. 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 Mseasurement 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-1B 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
“FIT3" message to the instrument takes four charac-
ters.

b. 12 (Typical Input Settling Time}: The instrument
is triggered (HP-IB, External, or Held/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.

-c. 83 (Typical Measurement Time): The input mea-
surement is taken at this time. This includes the A-to-D
conversion time.

d. 14 (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. 13 (Typcial Quiput Data Transfer Time): The
3455A now sends the reading to the HP-1B 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. OPERATORS CHECKS.

3-91. The TEST feature provides a convenient method
of testing the basic operational capabilities of the Mode]
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.

¢. Connect a short across the INPUT terminals.

d. Press the 2 WIRE k{l button. The froat panel
display should read .00000 + 300 milliohms.

¢. 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.

1
Input Gata Fransfer Time input Setting Time | Measurement Time Computation Time Ostiput DT?:eTm“s o
Line [o———— :1—44—:2—.!—13 —— -t 14 % 15—~
Function F
requency
0OC voits High Resclution OFF | 804z | 19 msec 12.5 msfor.1 V10 10V
Auto-Cal OFF 50 Hz 22 msec Aanges
High Resolution OM 6O Hz 14 msec 15.5 msec lor 100 and
Aute-Cal QN 5C Hz 12 msec 22 msec 1000 V Aanges
- - 750 msec per chalacter
High Resolutian ON 60 Hz 136 msec plus the respanse time of
Auto-Cal QFF 50 He 162 msec the comtroller {the 3455A
High Resotution ON B0 Hr 550 psec per chaeacler 136 msec ouTput USage consists of
Auto-Cal ON 50 Hz plus the response time of 1672 msec 15 charactersl.
Ohms High Resolution QFF 60 Hz Controller 12 msec 48 msec
Auta-Cal OFF 50 Hz 14 mase 55 msec
High Resalution OFF 50 Hr 12 msec 48 msec
Auto-Cal ON 50 Hz 14 msec 55 msec
High Aesalution O8N 50 Hz 17 mssc 2B0 msec
Auto-Cel OFF 50 H: 22 msec 330 msec
High A wan ON 60 Ha 17 mseg 280 msec
Auto-Cal ON 50 Hz 22 msec 330 msec
Normal AC volts Aute-Cel 60 Hz 5 200 msec
DN or OFF ¢ 50 Hz 42 msec 830 msac 12 msec all Ranges
Fast AC Volis Auto-Ca) 60 Hy 12 msec 57 mseg |
OMN or QFF 50 Hz 14 maec B4 msec

3-14 Rev A

34554 Tiggered

at this 1ime

Auto-tange mode |see Paragraph 3-38.)

Note: Tima t3 shguld be used far each range being measured when the 34854 is in the
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SECTION IV
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 111.

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 recerd 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 performance tests or
operational verification test, perform the adjustments
outlined in Section V. If the problem cannot be cor-
rected by the adjustment, refer to Section VIII for
troubleshooting information.

4-13. SPECIFICATION BREAKDOWN.

4-14, The 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 sct 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 d¢, ac and ohms ac-
curacy tests do not include temperature coef’ ficients.

4-16. Each set of specifications includes an accuracy
specification for each voltage or ohms range. Accuracy
is specified as a percentage of reading plus an add-on of
one or more digits (counts). For example, the 24-hour
DC Accuracy specification for the 1-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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+(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 34535A, a
precision de¢ 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 d¢ to
1000.000 V de. The accuracy of the standard must be such
that its errors do not introduce significant uncertainties in
the 3455A test readings. ldeally, 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 completely
_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
bz 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
coniribution 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.

4.2, 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 i3
- 0.0082% rather than - 0.0092% so the DVM is within its
specification. If, on the other hand, the standard’s output is
0.001% high, the actual DVM error is - 0.102% and the
DVM is slightly out of tolerance. Chances are good that the
DVM is within its specification but the only way to tell for
sure is to use a more accurate standard. As the example
points out, there are regions of ambiguity even when the
standard is ten times more accurate than the instrument
being tested. With a ten-to-one error reduction, however,
these regions are relatively narrow. In this case, the DVM
could be out of tolerance but if so, its maximum out-of-
tolerance error is only - 0.0002%. As long as the DVM
reading is within specified tolerances, the maximum DVM
error that can exist is £ 0.011% which is the sum of the
maximum DVM error and the maximum allowable error
of the standard. A potential deviation of £ 0.001% from the
DVM specifications could, in many cases, be accepiable.
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 34554 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
dc standard’s calibration chart must be algebraically added
to the 34554 test readings. Test validity depends on the
calibration uncertainties and the short-term stability of
the standard.

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

4-26. QPERATIONAL VERIFICATION TESTS.
4-27, DC OPERATIONAL ACCURACY TEST.

4-28. The DC Transfer Standard required for the
following test must be calibrated toa 1.017 Vio 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
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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 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 ..................... DCV
RANGE ...l 1V
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-voit tenth scale accuracy with High
Resolution on.

€. 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.

Tehle 4-1. DC Accuracy Test (1t V, 10 V Full Scals; High
Resclution @n).
24 Hour 90 Day
Level | Range Test Limits Test Limits

0.999936 to 1.000064
9.99947 to 10.00053

1V 1v
10V j10v

0.899966 to 1.000034
9.89977 to 10.00023

~ f. Set the 3455A HIGH RESQOLUTION 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 Voltmeter to the Reference Divider as
shown in Figure 4-6.

k. Turn off the DC Standard’s cutput. 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.

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

4-4

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

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

o. Set the 3455A controls as follows:

FUNCTION ............ 00 e, DCV
RANGE. ........ ... 0 ae. 1 kV
HIGH RESOLUTION............... ON
GUARD ... . 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 output needs fo 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.

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

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

u. The 3455A reading should be within the Test
Limits given in Table 4-3. (1000 V, 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 muaking measurements on the 160 V
and 1000 V ranges. This is only necessary
when wsing a DC Standard sensitive to a
changing load impedance.

Table 4-2. DC Accuracy Test (High Resolution Off).

]
3455A 24 Hour 90 Day
Level Range Test Limits Test Limits
0.1V 01V 099992 1o 1.00008 | .099989 to0 .100011
1av oV 9.9997 ta 10.0003 9.9994 to 10.0006

NOTE

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

tion.
fouTon

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).

24 Hour
Test Limits

Divider
Ouiput

3455A
Range

90 Day
Test Limits

1000 v*| 1000 v

959.957 to 1000.043

999.927 10 1000.073

100 v 100 Vv 99.9957 10 100.0043 99.9927 10 100.0073
5V 10V 4.99987 ta 5.00013 4.99972 10 5.00028
W 10V 0.99995 1o 1.00005 0.99992 to 1.00008

*Far positive readings only. Do not apply negative voliages greater

than

- 500 V de.
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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 input to the 3455A must not exceed -500
V dc, due to the + 500 V guard to chassis
fimitation.

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 Dperstional Acuuracy 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 routine per-
formance test using the procedures outlined in the
745A/746A Operating and Service Manuals. Calibra-
tion charts for these instruments are normally valid for
at least 30 days.

4-33. A Test Oscillator such as the -hp- Model 652A can
be used to verify the ac voltmeter accuracy of the 3455A
for frequencies above 100 kiiz (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-
gue (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
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PROCEDURE:

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

frequency is changed.

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

a. Set the 3455A controls as follows:

FUNCTION ...........ccoois ACV
RANGE .................. .00 1v
GUARD ........... ..o, ON
INPUTSELECT ............... 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 4-4.

2. 3455A Option 001: The 3455A 1 V, 30 Hz
(ACV) reading should be within the Test Limits

listed in Table 4-6.

e. 1. Standard Model

3455A: Using the AC

4.6

Calibrator, verify the 3455A ac voltmeter ac-
curacy for each Test Frequency, Input Level
and 3455A Range listed in Table 4-4. 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 4-6. 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 10 kHz, each Input Level and 3455A
Range listed in Table 4-4. The 3455A display
readings should be within the Test Limits given
in the table,

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



Model 3455A

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

Test Input 3485A 24 Hour** 90 Day**
Frequency Level Range Test Limits Test Limits
30 Hz* 1V 1V 0.99820 to 1.00080 | 0.99800 to 1.00100
100 kHz 1v 1V 0.99520 t0 1.00480 | 0.99400 te 1.00600
30 Hz* 5V 10V 4.9940 to 5.0060 4.9925 10 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 ov 1nov 9.9920 10 10.008C 9.9900 15 10.0100
100 kHz 1oV 10V 9.9520 to 10.0480 9.9400 to 10.0600
30 Hz* 100 v 100 Vv 99,920 to 100.080 99,900 to 100,100
100 kHx 100 V 100 v 99.520 to 100.48C 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 988.00 to 1002.00 §597.50 to 1002.50

* Freguencies below 300 Hz apply to ACV Function only.
**These test limits do not include the temperature coefficients that must be added if
the instrument is operated outside of the temperature range over which the 24-
hour or 90-day specifications apply {see Table 1-1). Derive 6-month test limits
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from AC Accuracy specifications histed in Tahle 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
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 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-ohm 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 j. Ad-
just the meter reference controls for a zero reading on

Tabfe 4-5. AC Accuracy Tests 100 kHz to 1 MHz {Standard Model 34554 only).

Test Input 3455A 24 Hour* 90 Day*
Frequency | Lavel Range Test Limits Test Limits
1 MH:z 1V 1v 0.92400 to 1.07600 0.90900 to 1.09100
1 MH:z 5V 10V | 44800 to 55100 4.3%00 to 56100
350 kHz 5V 0oV 4.7600 to 5.2400 4.7000 to 5.3000

*These test limits do not include the temperature coefficients that must be added if
the instrument is operated outside of the temperature range over which the 24-hour
or 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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Table 4-6. AC Accuracy Test 30 Hz to 100 kHz (3455A Option 001 only).

24 Hour®
Test Limits

90 Day*
Test Limits

Frequency Frequency Input 34556A
(ACV) {FAST ACV) Level Range
30 Hz 300 Hz 1V 1v
50 Hz 500 Hz 1V 1v
250 kHz 250 kHz 1V 1V
30 H: 300 Hz 5V 10V
100 kHz 100 kHz Y v
250 kHz 250 kHz v 10V
30 H: 300 Hz 10V 10V
100 Hz 1 kHz v 0V
100 kHz 100 kHz 10V 10V
30 Hz 300 Hz 100 v 100V
100 kHz 100 kHz 100 v 100V
30 Hz 300 Hz 1000 v 1000 v
10 kHz 10 kHz 1000 vV 1000 v

0.99460 10 1.00540
0.99630 to 1.00370
0.99240 10 1.00760

4.,9695 to 5.0305

4.9830 to 5.0070

4.9590 to 5.0410

9.9460 to 10.0540
9.9885 to 10.01156
9.9885 t0 10.01156
99.460 to 100.540
99.885 t0 100.116
994.60 to 1005.40
998.75 to 1001.25

0.99430 10 1.00570
0.99600 to 1.00400
0.99190 10 1.00810
4.89680 1o 5.0320
4.9925 to 5.0075
4.9565 1o 5.0435
9.9430 10 10.0570
9.8875 10 10.0125
9.8875 t0 10.0125
99.430 w0 100.570
99.875 10 100.125
994,30 10 1005.70
998.65 to 1001.35

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

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

s. Repeat step g.

t. Set the 3455A FUNCTION to ACV and RANGE
to 10 V. Remove the 50-0hm termination from the Test
Oscillator’s output. Connect the 30-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 § 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,

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,

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

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

w. Repeat step u.

4.8

Table 4-7. Two-Wire Ohm Accuracy Test.

Test Limits
(High Res. On)

3455A
Range

Decade

Resistor 24 Hour

90 Day*

100 k@ 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 8-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.

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 Procadurs,
Equipment Required:

Decade Resistor (calibrated General Radio
Model 1433Z)

a. Set the 3455A controls as follows:

FUNCTION ........... 2 WIRE K OHM
RANGE .......................... 100
HIGH RESOLUTION .............. ON
GUARD ... ... ... .. it ON
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Table 4-8. Four-Wire Ohms Accuracy Tast,

Section 1V

.‘3 (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 02 0.9 0.099993 to 0.100007 0.099890 to 0.100010
1 kQ 1 0.998971 to 1.000029 0.999960 to 1.000040
10 k22 10 9.99851 te 10.00049 9.99935 to 10.00065
100 kQ 100 99.9975 to 100.0025 99,9959 to 100.0041
1 M2 1K 999.876 to 1000.124 999.860 to 1000.140
10 M2 10K 9989.96 to 10010.04 9989.95 to 10010.05

*These test limits do not include the temperature coefficients that must be added if the instrument is operated outsidg of
the temperature range aver which the 24-hour oy 90-day specifications apply (see Table 1-1}. Derive B-month test limits

fromOhms Accuracy specifications listed in Table 1-1.

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

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

d. Set the 3455A controls as follows:

FUNCTION ........... 4 WIRE K OHM
RANGE ........ ... ... ......... 0.1
HIGH RESOLUTION ............. OFF

e. Set the Decade. Resistor to 100 ohms. Connect a
shielded cable, equipped with banana-plug connectors,
between the 3455A OHM SIGNAL output and 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 1 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 Table 4-8 (B).

.“4-38. DC VOLTMETER INPUT RESISTANCE TEST.
J

Equipment Required:

DC Standard Systron Donner Model M106A
Resistor (1 M2 + 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 ....... ..o nnt DCV
RANGE ... v 10V
HIGH RESOLUTION .............. ON
GUARD ........... ...l 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 1019 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 V1o 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 1-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 Vand
10 V ranges using the Reference Divider recommended
in the procedue.

4-43. Test Procedure.

Equipment Required:
Reference Divider (Fluke Model 750A)
DC Transfer Standard (Fluke Model 731A)
DC Standard (Systron Donner Model M106A)
DC Null Voltmeter (-hp- Model 419A)

a. Set the 3455A controls as follows:

FUNCTION ..............ccovhh 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.

Tabla 4-9. DC Accuracy Test {t ¥, 10 V Full-Scale; High
Resolution Off).

Input 3455A 24 Hour 90 Day

Level Hange Test Limits Limits

(Y 1V j0.99996 to 1.00004 |0.99993 to 1.00007
10V 10V'| 8.9997 10 10.0003 | 9.9994 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. .

Table 4-10. DC Acuracy Test (1 ¥, 10 V Full Scale; High
Resotution On).

24 Hour
Test Limits

90 Day

Level Rangye Test Limits

1V 1V [0.995966 to 1.000034|0.993936 to 1.000064
1oV 10V] 9.99977 to 10.00023] 9.99947 to 10.00063

f. Set the 3455A HIGH RESOLUTION to OFF. The
3J455A 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
to 1000 V.

0. Set the 3455A controls as follows:
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DIGITAL VOLTMETER
hp 34554

4®o0a 0 4 Jaaddlap
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DG NULL
VOLTMETER | o
hp 4194 o
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REFERENCE DIVIDER
FLUKE 750A

DC STANDARD
SYSTRON DONNER MODEL MIOGA

DC TRANSFER
STANDARD
FLUKE 73I1A

3435 -0-47¥7

38
J

Figure 4-4. DC Accuracy Test.

FUNCTION ..................... DCV

RANGE ..............cccoieen... I kV

HIGH RESOLUTION ............. OFF

GUARD ....ovvvvarsnaninnnnns, ON
ECAUTION ]

The dc standard’s output should be turned
on and the voltage adjusted by upranging or
downranging the standard whenever the
standard’s output needs to be changed. If a
34554 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 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 [00 V
increments.

q. Set the Reference Divider’s Standard Cell switch
to the Locked position. Adjust the DC Standard’s out-
put voltage and vernier controls for a zero reading on
the null meter.

t. 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,

5. 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).

24 Hour
Test Limits

Divider | 3455A
Qutput | Range

a0¢ Day

Test Limits
1000 v*|1000 V| 999.95 t0 1000.05 | 999.92 10 1000.08
500V [1000 V] 499.97 10 500.03 493,96 to 500.04

100V 100 V| 99.995 10 100.005 | 99.992 to 100.008
(eI 0.1 v]|.099952 10 1.00008 |[.099989 t0 .100011

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

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

Divider 34564 24 Hour 90 Day
DOutput Range Test Limits Test Limits

1000 v* 1000 v 999.957 1o 1000.043 999,927 to 1000073
B0Q V 1000 v 499.977 o 500.023 499 962 to 500.038
100 Vv 1000 v 99.993 to 100.007 99.990 to 100.010
100 v 100 v 99,9957 1o 100.004 3 99,9927 to 100.0073
L0 VvV 100 Vv 49.9977 10 50.0023 49.9962 10 50.0038
10V 100 v 9.9993 10 10.0007 9.9990 10 10.0010
5V i0v 4.99987 to 5.00013 4.99972 to 5.00028
1v 10V 0.99995 o 1.00005 099992 10 1.00008
obvV 1V 0.499981 tv 0.500018 | 0.439966 to 0.500034
0.1 v 1v 0.099993 (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 o 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 3455A 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 QOutput
Voltage setting is changed, check for null
and, if necessary, readjust the Reference
Divider’s fine controf to obtain a null indica-
tion,

YYYYyyYYYyyYy

;CAUTION-

AAAMNDADADD

Always downrange the Reference Divider
before downranging the 3455A. When
upranging, aiways uprange the 345354 before
upranging the Reference Divider.

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

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

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

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

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

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

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

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

ee. Set the 3455A RANGE to 1 kV and HIGH
RESQLUTION to ON. Set the Reference Divider Out-
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 34554 INPUT.

4-44, AC Voltmeter 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 1 MHz range using the
expanded-scale meter on the Test Oscillator. I higher
accuracy is desired, an ac-to-dc thermal transfer techni-
que {Figure 4-5) can be used.

4.47. Tast Procedure.
Equipment Required:

AC Calibrator (-hp- Model 745A/746A)
Test Oscillator (-hp- Model 652A)
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TEST GSCILLATOR
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hp 34554
S ddaddaw
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v or 3V (500)
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DIFFERENTIAL VOLTMETER
| 555 o o @
RORNSIRS b *hp MODEL 110%1A or 5
& (3V) or
"0 0 o~ comalenn @ o @
o —J
cCOo QOO
0
k QUTPUT Y,
TENGE
3455-3-4736
PROCEDURE:
Apply accurate dc voltage {1 V or 3 V) from DC Standard 1o
Thermal Converter and adjust DC Differential Voltmeter for
nutl. Disconnect the DC Standard and apply the Test Qscillator '
autput to both the Thermal Converter and the 34554, Adjust
the Test Oscillator output level for a null indication on the DC
Differential Voltmeter. This makes the rms vaiue of the ac input
to the 3455A equal to the highly accurate guiput of the DC
Standard. Repeat this procedure each time the Test Oscillator
frequency is changed.
Figure 4.5. AC/DC Thermal Transfer Measurement (Alternate Frequency Response Test).
a. Set the 3455A controls as follows: ' e. 1. Standard Model 3455A: Using the AC
Calibrator, verify the 3455A ac voltmeter ac-
FUNCTION ...............c00, ACY curacy for each Test Frequency, Input Level
RANGE ............cci it 1v and 3455A Range listed in Table 4-13. The
GUARD .......... ... i, ON 3455A display readings should be within the
INPUT SELECT ............... FRONT Test Limits given in the table.

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).

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

d. 1. Standard Model 3455A: The 3455A1 V, 30 Hz
reading should be within the Test Limits listed
in Table 4-13.

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

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 Fregquency
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 kHz (Standard Model 3455A only).

Model 3455A

Test Input 345654 24 Hour** 80 Day**
Frequency Level Rarnge Test L.imits Test Limits
30 Hz* 1v v 0.99920 to 1.00080 | 099300 to 1.00100
300 Hz v 1V
10 kHz 1v v
20 kHz iv TV
60 kHz 1V 1V 0.99520 1o 1.0048¢ | 0.99400 to 1.00600
100 kHz 1V Y
30 Hz* 5V 10V 4.9940 to 5.0060 4,9925 1o 5.0075
300 Hz 5v 10V
20 kH:z 5V 0oV
100 kHz BV 1oV 4.9720 10 5.0280 4.,9650 10 5.0350
30 Hz* 10V 1oV 99920 to 10.0080 9.9900 ta 10.0100
B0 Hz* 10 v 1oV
100 Hz* 10V 10V
500 Hz inov 10V
1 kHz 10V 10V
5 kHz 10V 10V
10 kHz 10V 10V
20 kHz 10V 1oV
50 kHz mnv 10V 9.9520 to 10.0480 9.9400 to 10.0600
100 kHz 10V v |
30 Hz* 100 v 100V 99,920 to 100.080 99.900 to 100,100
300 Hz 100 v 100 v
10 kH2 100 v 100 v
20 kHz 100 Vv 100 v
100 kHz 100 v 100 v 89 520 to 100.480 99.400 to 100.600
30 Hz* 1000 v 1000 v 998.00 to 1002.00 997.50 to 1002.50
300 He 1000 v 1000 v
10 kH:z 1000 v 1000 vV

*Frequencies below 300 Mz zpply to ACV Function only.

**These test limits do not include the temperature coefficients that must be added
if the instrument is operated outside of the temperature range over which the
24-haur or 90-day specifications apply {see Tabie 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 ACV. Record
the 3455A reading: V.

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

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 RANGE 01 V.

4-14

0. Set the Test Oscillator for an output of 1 V, 10
kHz. Connect the 50-ohm 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 Oscitlator 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-
guency to 250 kHz {(maintain reference level on
meter of Test Oscillator). The 3455A display
reading should be between 0.99240 V and
1.00760V (24-hour spec.) or between 0.99190 V
and 1.00810 V (90-day spec.).

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

Model 3455A

Test input 3455A 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 ‘095600 to 1.04400 0.94500 to 1.05500
1 MHz v 1v 0.924400 to 1.07600 0.92000 1o 1.08000
110 kHz 6V 1oV 5.8720 t0 6.1280 5.8550 10 6.1450
250 kHz 6V 0V |
500 kHz 6V 10V 5.7200 to 6.2800 5.6500 to 6.3500
1 MHz 6V 10 Vv 5.5500 to 5.4500 . 5.4400 vo 6.5600

*These test timits 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
B-month test limits from AC Accuracy specifications listed n Table

11,
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-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 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.

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

24 Hour™*
Test Limits

90 Day*
Test Limits

Frequency Frequency Input 3465A
{ACV) (FAST ACV} | Level Range
30 Hz 300 Hz 1V v
50 Hz 500 Hz 1V 1V
100 Hz 1 kHz iv 1V
10 kHz 10 kHz 1v 1V
50 kHz 50 kHz 1v 1v
100 kHz 100 kHz 1v 1v
30 Hz 300 Hz 5V M0V
50 Hz 500 Hz LAY 10V
100 Hz 1 kHz 5V oV
10 kHz 10 kHz 5v 10V
50 kH= 50 kHz 5V 10V
100 kHz 100 kHz 5V oV
30 Hz 300 Hz (LAY 10V
50 Hz 500 Hz 10v 10V
100 Hz 1 kHz 10V 10V
10 kHz 10 kHz 10 v 0oV
20 kHz 20 kHz 10V 1oV
50 kHz 50 kHz 10V 0V
100 kHz 100 kHz 10V 10V
30 Hz 300 Hz 100 Vv 100 v
80 Hz 500 Hz 100 v 100 vV
J 100 Hz 1 kHz 100 V 100 V
10 kHz 10 kHz 100 v 100 v
50 kHz 50 kHz 100 v 100 v
100 kHz - 100 kHz 100 v 100 v
30 Hz 300 Hz 1000 v 1000 v
50 Hz 500 Hz 1000 v 1000 v
100 Hz 1 kHz 1000 v 1000 v
10 kHz 10 kHz 1000 v 1000 v

0.99460 1o 1.00540
0.99620 ro 1.00370
0.99885 to 1.00115

4.9695 to 5.0305
4,9790 10 50210
4.9930 to 5.0070

9.9460 to 10.0540
9.9630 to 10.0370
9.9885 to 10.0115

99.460 w0 100,540
93.630 10 100.370
99.885 10 100115

994 60 to 1005.40
996.30 to 1003.70
998.85 1o 1001.15
998.75 to 1001.25

0.99430 to 1.00570
0.99600 to 1.00400
0.99875 to 1.00125

49680 to 5.0320
48775 10 5.0225
4.9925 to 5.0075

9.9430 t0 10,0570
9.9600 to 10.0400
9.9875 10 10,0125

99.430 10 100,570
99.600 to 100.400
99.875 to 100.125

994,30 to 1005.70
9356.00 to 1004 .00
998.75 to 1001.25
938.65 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.

Model 3455A

(A} (B}
Test Limits Test Limits
{High Res. Off} {High Res. On}
Decade 3455A
Resistor Range 24 Hour* 90 Day* 24 Hour*® 90 Day*
1000 0.1 ! 0.099593 to 0,100407 0.099590 10 0.100410
1 k2 1 0.99956 1o 1.00044 0.99954 to 1.00046 ©0.999571 1o 1.000429 0.999560 to 1.000440
10 k2 10 998989 to 10.0011 3.9987 10 10.0013 9.99911 to 10.00089 9.99895 10 10.00105
100 k2 160 99.996 to 100.004 99.994 10 100.006 99 9971 1o 1000029 99.9955 10 100,0045
1 M52 1K 999.83 to 1000.17 999.81 to 1000.19 999.876 to 1000,124 999 360 to 1000.140
10 MQ 10K 9989.5 t0 100105 99895 10 100105 9989 96 to 1001004 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 Fable 1-1). Derive
B6-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 ACV., Set the
Test Oscillator frequency to 10 kHz and adjust its level
controls for the 6 V 3455A reading recorded in Step m.
Adjust the meter reference controls for a zero reading
on the meter of the Test Oscillator and use the level con-
trols to maintain this reading whenever the frequency is
varied.

w. Repeat Step u.

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

4.48. Ohmmeter Accuracy Test.

4-49. This test requires a calibrated decade resistor with
settings that range from 100 chms to 10 megohms. The
correction factors indicated on the decade resistor’s
calibration chart must be algebraically added to the
J455A display readings to achieve the required test ac-
curacy.

4.50. Test Procedure.
Equipment Required:
Decade Resistor (calibrated General Radio
Mode] 1433Z)
DC Voltmeter (-hp- Model 419A)

a. Set the 3455A controls as follows:

FUNCTION ........... 2 WIRE K OHM
RANGE ......... e 0.1
HIGH RESOLUTION ............. OFF
GUARD .......... ... ..o 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 ochms.

c. Algebraically add the Decade Resistor’s correction
factor to the 3455A reading. The algebraic sum should
be within the Test Limits given in Table 4-16(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 .........ccovvviiiiiiiians, 0.1
HIGH RESOLUTICN ............. 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

Table 4-17. Four-Wire Ohms Accuracy Test.

Section 1V

(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 2 Q.1 0.099393 to 0.100007 .099390 to0 0.100010
1 k2 1 0.99996 to 1.00004 (.99284 to 1.00006 0.999971 to 1.00G6029 0.999960 1o 1.000040
10 k2 10 99993 to 10.0007 99991 1o 10,0008 9.99951 to 10.00045 9.99935 to 10.00065
100 k2 100 99,996 to 100.004 99.994 to 100.006 99.9975 to 100.0025 99,9959 to 100.0041
1 M0 1K 999 8310 100017 499 8t 10 100019 999.276 to 1000.124 999 860 to 1000.140
10 MQ 10 K 9989 .5 to 100105 9982.5 to 10010.5 9989.96 10 10010.04 9989.95 o 10010.05

*These tast 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
G-month test limits from Ohms Accuracy specifications listed in Table 1-1,

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

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 ochms accuracy with High
Resolution on.

n. Repeat Step 1 for each additior;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 d¢, 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 AKD NORMAL-MODE REJECTION TEST.

4-52. Effective common-mode r¢jection 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 = 201log Peak Common-Mode Voltage
Effective on Reading (Volts)

4-53. Normal-mode rejection is the ratio of the peak ac
normal-mode voltage to the peak error it introducesin 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. Tast Procedure.
Equipment Required:

DC Standard (Systron Donner Model M106A)

AC Calibrator (-hp- Model 745A)

Frequency Counter (-hp- Model 5300A)

Resistor (1 kit + 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 ...........cc0iiiies, DCV
RANGE ..... e 1V
HIGH RESOLUTION .............. ON
GUARD ............ ..ol OFF

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

4-17



Model 3455A Section 1V
” DIGITAL VOLTMETER
oC STANDASE o6 hp 34554
SYSTRONDONNER MODEL MIOGA -
CONNECTED T2 ) 0 0o o R T T R B R B S |
— cmssmenog f:‘h““JoJ P
_ [ S [ S S R [ [ B S [ - i |
CITTT1T 7171
— Qo -
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s o000 -
) —
of CII—rm
3455-B-4733
\ _

Figure 4-8. DC Common-Moda 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 used.

V.

i. Record the 3455A reading:

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 YOLTMETER INPUT RESISTANCE TEST.
Equipment Required:
DC Standard (Systron Donner Model M106A)

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

AG CALIBRATOR

hp 745A
0 0 O O @O0 0O oo
ELECTRONIC
B 8 8B 8@ 8@ @ COUNTER
hp 5300
© oo O o
om0
0

@@T c OO0 C

OIGITAL VOLTMETER
hp 34554

CONNECTED TO sooana sdaad03e o |
CHASSIS GROUND L~ 1333+a.e B [
[ S S [ T S R o R R 1 I ) I

10K

L !

3455-B- 4734

Figure 4-7. AC Common-Maoda Rejection Test.
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a. Connect the low cutput 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 ... ..ol 10V
HIGH RESOLUTION .............. ON
GUARD ......... ... oo, 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 2.99900 V
and 1000000 V, verifying that the input resistance is
greater than 101‘J ohms.

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

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

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

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

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 k2 0.1% -hp- Part Number
0811-1997)

a. Set the 3455A controls as follows:

Section 1V

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

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

¢. 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 Osciliator 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

34556A
Paositive
Reading

Tests Performed By:

Date
3455A
Negative
Reading Test Limits*

Input 3455A High
Level Range Resolution

0.1V 01V QFF
1v 1V ON
1V tLAY ON
8V 10V ON
10V 10V ON

v 10V OFF
100 v 100 v ON
1000 v** 1000 v ON

*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 3455A Only)

3455A
Reading
{ACV)

3455A
Reading

(FAST ACV) | Test Limits**

Fest input 346BA
Frequency Level Range
30 Hz* 1V 1V
100 kHz 1V 1V
350 kHz 5V 10V
30 Hz* 5V 10V
100 kHz 5V 10V
1 MHz 1v 1V
1 MHz 5V 10V
30 Hz* iov tov
20 kHz 1V 10V
100 kHz 10V 10V
30 Hz* 100 vV 100 Vv
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 0.1 4 Wire

1 k2 1 4 Wire

10 k2 10 4 Wire

100 k2 100 4 Wire

100 ki 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 spécifications listed in

Table 1-1.

DC VOLTMETER INPUT RESISTANCE TEST

3456A Test

Range Reading Test Limits

10V ‘ —_V 9.899900 V to 10.00000 V
100V —_V 9.0900V 10 9.0M17 Vv



OPERATIONAL VERIFICATION TEST CARD

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

DC ACCURACY TEST

3455A 3455A
Input 3450A High Positive Negative
Level Range Resolution = Reading Reading Test Limits*
o1tV 01V OFF
1V v ON
iV 1V OonN
5V 10V ON
0V 10V T ON
10V 10V OFF
100 V 100 v ON :
1000 V=~ 1000 V N | e | ==~ =

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

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

AC VOLTMETER ACCURACY TEST {OPTION 001 QONLY}

3455A 3455A
Frequency Frequency lnput 3455A Reading Reading -
(ACV} (FAST ACV) ‘Level Range {ACV) (FAST ACV) | Test Limits*
30 Hz 300 Hz 1v 1V ——
50 Hz 6500 Hz 1V 1v
250 kHz 250 kHz 1v 1v
30 Hz 300 Hz 5V M0V | — | ——===
100 Hz 100 kHz sV 10V
250 kHz 250 kHz 5V v
30 Hz 30Q Hz 10V 10V —_—=
100 Hz . 1 kHz 10V, 10V
100 kHz 100 kHz oV 10V
30 Hz 300 Hz 100 v 100V == ====
100 kHz 100 kHz 100 vV 100 v
30 Hz 300 Hz 1000 vV 1000 Vv = = -
10 kHz 10 kHz 1000 V 1000 Vv
i
.‘ : *Record 24-hour or 90-day test limits from tables designated in the test procedure. Derive G-month

test limits from spacifications listed in Table 1-1.



OPERATIONAL VERIFICATION TEST CARD {Cont'd).

OHMS ACCURACY TEST

Decade 3455A Onms

Resistor Range | Function Reading Test Limits*
100 (2 0.1 4 Wire

1 ki 1 4 Wire

10 kQ 10 4 Wire

100 kQ2 100 4 Wire
100 k(2 100 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 I Test Limits

10V J —_V 9.93900 V to 10.00000 V
100V —V 9.0900 V 10 9.0917 V




PERFGRMANCE TEST CARD

Hewlert-Packard Model 3455A  (Standard Madel Only}
Digital Voltmeter
Serial No.

DC ACCURACY TEST (High Resolution off}

3455A 3455A

Input 345654 Positive | Negative

Level Range Reading Reading | Test Limits*
v 1v
Vv 10V
1000 w** 1000 Vv N Pl
500V 1000 V
100 v 100 v
[1EIRY o1V

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

*“For positive readings only. Do not apply negati(fe voltages greater than - 500 V de.

DC ACCURACY TEST (High Resalution an)

345854 3455A

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

1V 1V

oV 10V

1000 V** | 1000 V -

500 V 1000 Vv

100 V 1000 Vv

100 vV 100 v

50V 100 VvV

1oV 100 vV

5V 10V

1V nov

05V 1V

o1V 1V

*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,

**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 Mode! 3455A only)

34564 34554
Test Input 3455A Reading Reading
Freguency Level Range {ACV) (FAST ACV) Test Limits®*
30 Hz* 1v v sl
300 Hz 1v 1V
10 kHz 1v R
20 kHz 1v 1V
50 kHz 1v 1v
100 kHz 1V | 1V
30 Hz* 5V 0V ==
300.Hz 5§V v
20 kHz BV 10V
100 kHz 5V 10V
30 Hz* 10V 10V =
50 Hz* 10V 10V ——
100 Hz* 10V 16V et
500 Hz 10V 10V
1 kHz 10V LRy
5 kHz 10V 10V
10 kHz 10V wv
20 kHz OV oV
50 kHz 10V 10V
100 kHz 10V 0oV
30 Hz* 100V 100 Vv ==
300 Hz 100 v 100 V
10 kHz 100 v 100 v
20 kHz 100 V 100 v
100 kHz 100 v 100 V
30 Hz* w00V | 1000V —_
300 He 1000 v | 1000V
10 kHz 1000v | 1000V
110 kHz 1V 1v
250 kHz 1V 1V
500 kHz 1V 1V
1 MHz 1v 1v
110 kHz 6V 10V
250 kHz &V 10V
500 kHz gV v
1 MMz &5V 10V

*ACV Function Only

**Racord 24-haur or 90-day test limits from the tables designated in the
test procedure. Derive 6-month test limits from spacifications listed in
Table 1-1.



PERFORMANCE TEST CARD (Cont'd)

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

Decade 3455A .
Resistor Range Reading | Test Limits* Reading | Test Limits*

100 ©2 01
1kQ2 1
10 k&2 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 B-month test limits from specifications listed in
Table 1-1.

FOUR—WIRE OQHMS ACCURACY TEST

High Res. Off High Res. On
Decade 3455A
Resistor Range Reading | Test Limits* Reading | Test Limits*®
100 52 0.1
1k 1
10 k2 10
100 k2 100
1Me 1K
10 M2 10K

*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: Vi<4.7 Vdo
Open-Circuit Voltage: V(€5 Vdc

COMMON-MODE AND NORMAL-MODE REJECTION TESTS -

Reference

Reference 3455A Test Limit
Step Reading Test Reading |{Relative to Reference)
c. —_ |{DCCMR | | £ 0.000050 V
. AC-CMR 1+ 0.000010 V
o, - NMR + 0.0100 V

ODC VOLTMETER INPUT RESISTANCE TEST

3465A Test

Range | Reading Test Limits

1oV - .V | 999300 V to 10,00000 V
100 Vv V | 90900V 1090917V

AC VOLTMETER INPUT IMPEDANCE TEST

Front-Terminal Reading (Stepe): _______ v {0.566443 V to 0.66887 VI
Front-Terminal Reading (Step i) V {>0.61017}
Rear-Terminal Reading (Step e): V (0.66443 V to 0.66887 V)
Rear- Terminal Reading (Step k): Vv {>0.70822)




PERFORMANCE TEST CARD

Hewlett-Packard Model 3455A (Option 001 only) Tests Performed By:
Digital Voltmeter Date
Serial No.

DC ACCURACY TEST [High Resolution off)

3455A 3455A

Input 3455A Positive Negative

Level Range Reading | Reading | Test Limits*
1V 1v
oV oy
1000 V¢* | 1000 V -
500 V 1000 V
100 Vv 100 v
DAV 01V

*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,

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

DC ACCURACY TEST {High Resolution on}

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

1V 1V

10V 10V

1000 v** | 1000V =

500 V 1000 vV

100 vV 1000 V

100 vV 100 v

50V 100V

oV 100V

Y 10V

1V 10V

05V 1V

01V 1V

*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.

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



PERFORMANCE TEST CARD (Cont'd)

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

Decade 3455A
Resistor Range Reading Test Limits* Reading Test Limits*®

1000 0.1
1k 3

10 k&2 10
100 k&2 100
1 MO 1K

10 M2 10K

*Record 24-hour or 90-day test limits from table designated in test
procedure. Derive §-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 Q 0.1
1 k&2 1

10 k2 10
100 k&2 100
1 M2 1K

10 M2 10K

*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, )

OHMS VOLTAGE TEST

Voltage for Valid Reading: ________V (< 4,7 V dc}
Dpen-Circuit Voltage: V(< 5V de)

COMMON-MODE AND NORMAL-MODE REJECTION TESTS

Reference | Reference 3455A Test Limit
Step Reading Test Reading |(Relative to Reference)
c. — _|{DCCMR |+ 0.000050 V
i. . JACLMR + 0.000010 V
o. —_ . INwvRr + 00900 V

DC VOLTMETER INPUT RESISTANCE TEST

3455A Test

Range Reading Test Limits

10V —V | 999900 V to 1000000 V
100 v V | 9.0%00Vt08.09017 V

AC VOLTMETER INPUT IMPEDANCE TEST

Front-Terminal Reading (Step e): V {0.66443 V to 0,.66887 V}
Front-Terminal Reading (Step i}: vV (> 061017}
Rear-Terminal Reading {Step e): Vv {0.66443 V to 0.66887 V}
Rear-Terminal Reading {Step k): Vv {>0.70822}



PERFORMANCE TEST CARD (Cont'd)

AC VOLTMETER ACCURACY TEST (OFTION 001 ONLY)

3455A 34564

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
10C¢ 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 5V 10V
50 Hz 500 Hz LAY 1V
100 Hz 1 kHz BV 10V
10 kHz 10 kHz 5V 10V
50 kHz B0 kHz 5V 10V
100 kHz 100 kHz 5V v
30 Hz 300 Hz v 10V
50 Hz 500 Hz w0V nmv
100 Hz 1 kHz 10V 1oV
10 kHz 10 kHz 10V v
20 kHz 20 kHz 10V 10V
50 kHz 50 kHz 10V 10V
100 kHz 100 kHz 10V 10V
30 Hz 300 Hz 100 V 100 V
50 Hz 500 Hz 100 v 100V
100 Hz 1 kHz 100 V 100 V
10 kHz 10 kHz 100 Vv 100 V
80 kHz 50 kHz 100 v 100v
100 kHz 100 kHz 100 v 100 v
30 Hz 300 Hz 1000 V 1000 V
50 Hz 500 Hz 1000 v 1000 Vv
100 Hz 1 kHz 1000 V 1000 V
10 kHz 10 kHz 1000 v 1000 VvV
250 kHz 250 kHz 1v 1V
250 kHz 250 kHz 6V 1o0v

*Record 24-hour or 90-day test limits from tables designated in the

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

in Table 1-1,



I 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
A1ORI106 — if there is an R110 installed (see Figure 5-2).
Refer to Table 5-1 and record the Offset Voltage that cor-
tesponds to the current value of AIOR110: . (If there
is no A10R110, record 0.000000 V.) If R110 is connected
to the terminal marked “+", the polarity of the Offset
Voltage is negative; if R110 is connected io the terminal
marked *-”, the polarity of the offset is positive.

! 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 1.
Obtain a resistor that corresponds to that offset voltage.

n. Remove the original A10R110 (Figure 5-2). If the
total offset (Step 1) is positive, connect the new RI110
between the unmarked terminal and the terminal marked

25 if the total offset is negative, connect it between the
unmarked terminal.and the terminal marked “+".

o. Reinstall the top covers and again allow the instru-

ment to run at room temperature for 30 minutes. At the

end of that period, the 3435A reading should be
0.000000 V £ 4 counts. If it is not, repeat Steps j through
n.

Table 5-1. DC Zero Adjustment Padding List (A10R110).

Offset Resistor
Valtage Value* -hp- Part No,
05 uv 3IMm 0683-3055
10y | 15M 0683-1555
1.5uv 10M 0683-1065
20uv 750 K 06837545
25 uv 620 K 06836245
30uv 510 K 0683-5145
35 v 430 K 0683.4345
40 uv 360 K 0683-3645
4.5 py 330 K 0683-3345
50uv 300 K 068 3-3045

*All resistors are £ 5%, 1/4 W, carbon.
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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 Il-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 environmentwhere 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 731 A)

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 gdjustments and are accessible through
holes in the rear panel of the Reference Module
{rear panel of instrument) Adjustment
Designators are marked on the panel The
adjustments should ke performed after a 30-
minute warmup period with ali covers installed.

a. Set the 3455A controls as follows:

FUNCTION., .. ................. DCV
RANGE. . ..... ... ... ... .. .. ... 1oV
HIGHRESOLUTION, . . ............ ON
AUTOCAL .......... ... ... . .... ON
GUARD .......... ... ... ... ON
TRIGGER . . ... ................. INT
MATH. ... .......... ... ..... 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 ! 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 10V,

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.

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

5-65. 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. 1f the dc 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.

59, TEST PDINT 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 A10 (Mother) board.

b. Set the 3455A controls as follows:

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

RANGE. . .. ... ... .. . ... ... 10V
HIGH RESOLUTION. ... ........... ON
AUTOCAL .. ... ... ... ... . ... OFF
GUARD ........ ... .. ... . ..., ON
TRIGGER .. ... ... ... .......... 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 A10TO1 (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 £ 1 ¢ount. If
it is not, repeat Steps b through d. If this does not correct
the problem, refer to Section VII for troubleshooting
information.

f. Reinstall the top inner cover with two or three screws
and reinstall the top outer cover (bottom covers must be
installed).

g. Set the 3455A RANGE to 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 t 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 A1OR110 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 kilohm 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 3453A reading of
100.0000 kilohm (£ T count).

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

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

NOTE

For 34354 Option 001 instruments, refer to
the Average Converter Adjustments (Para-
graph 5-16).

Equipment Required:

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

DC Standard (Systron Donner Modet 106A)

AC Calibrator (-hp- Model 745A)

a. Set the 3455A controls as follows:

FUNCTION . ... ... .. ... ... ... ACVY
RANGE. ... ................... v
AUTOCAL ...... ... ... ... ... ON
GUARD ... ... .. .. ........... ON
TRIGGER . . .. .................. INT
MATH. . ... .. OFF
AC-AC/DC(RearPanel). . ........... AC

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

c. Set the Digital Voltmeter (DVM) to measure dc 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 TPS5.
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 RS51 (AC-DC TURNOVER ADJ) so that the
readings in Steps i and j are equal + 0.0005 V.

1. Disconnect the DC Standard from the 3455A INPUT.
Set the rear panel AC—AC/DC switch to AC.

m. Set the 3435A RANGE to 1 V. Connect the DVM
(AC function, autorange) Low to TP6é and High to TP3.
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 Ri7 (GAIN) for a 3455A reading of
1.00000 V £ 5 counts.

NOTE

If, in the following steps, there is insufficient
adjustment range for the I' 'V, 10 Vor 100V
high-frequency (40 kHz) adjusiment, the
adjustment range can be exparnded by remov-
ing the appropriate jumper wire on the AI5
bogrd (see Table 5-2) Refer to the Al5
board component locator {Section VIII) 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 ADI) for a 3455A reading of
10.0010 V (tolerance = + 20 counts).

5. 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.

5-3
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t. Set the AC Calibrator frequency to 40 kHz. Adjust
C34 (100 V, 40 kHz ADJ) for a 3455A reading of
100.010 V (tolerance = + 20 counts).

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

Table 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, 10 V
and 100 V at 100 kHz. The AC Calibrator’s error measure-
ment control should then be used to adjust out the
100 kHz errors indicated on the calibration chart. For
example, if the calibration chart indicates that the 745A
output is 0.04% high at 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 7454)

a. Set the 3455A controls as follows:

FUNCTION .. ........... ... .... ACV
RANGE. . ... .. ... ... ... .. .. 1Y
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.

¢. Set the AC Calibrator frequency to 1 kHz {tum 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 expanded by removing the
appropriate jumper wire on the Al3 board
{see Table 5-3). Refer to the A13 board com-
ponent locator (Section VIH) for jumper
locations.

g. Set the AC Calibrator frequency to 100 kHz. Adjust
C15 (10 V HI FREQ) for a 3455A reading of 10.0000 V
* 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 Hl FREQ) for a 3455A reading of 100.000 V
£ 10 counts.-

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

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

Adjustment Remove
10 v, iOD kHz Jumper 2
100 Vv, 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. GRDERING 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., A;¢. 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. Ttems marked by a dagger (T) in the reference desig-

Table 6-1. Standard Abbreviations.

. filal affact wransistor mig . .
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nator column are available only for repair and service of
Hewilett-Packard Instruments.

6-12. EXCHANGE ASSEMBLIES.

6-13. Exchange assemblies are factory repaired and tested
assernblies and are available only on a trade-in basis; there-
fore, the defective assembly must be retumed for credit.
For this reason, assemblies required for spare parts stock
must be ordered by the new assembly part number listed in
Table 6-3.

6-14. For service convenience, the Processor Assembly
(A3) and Reference Assembly (All) may be replaced on an

Model 3455A

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

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

Reference Exchange Assembly (Al1), -hp- part num-
ber 11177-69501

6-15. SERVICE KIT.

6-16. A service Kit is available to aid in the repair of the
3455A. This kit contains Processor and Reference Assem-
blies (A3 and Al1l) and selected components necessary for
efficient repair. The Service Kit may be ordered through
your nearest Hewlett-Packard Office. Order Service Kit
Number 03455-69800.

Table 6-2. Code List of Manufacturers.

Manufacturer
Number Manufacturer Name Address
FRO02 EFCO Components Saint-Malo France 35
GMO77 Amp Deutschliand Germany
00000 U.8.A. Common Any Supplier of the U.5,
0011) Jermyn Industries
00220 United Chemicon Inc
01121 Allen-Bradley Co Milwaukee, W1 53212
01295 Texas Instr Inc Semicond Cmpnt Div Dallas, TX 75231
02735 RCA Corp Sofid State Div Sommerville, NJ 08876
03888 -KDI Pyrofilm Corp Whippany, NJ 07981
04713 Motorola Semiconductor Products Phoenix, AZ 85008
07263 Fairchild Semiconductor Div Mountain View, CA 394040
11236 CTS of Berne Inc ' Berne, IN 46711
11237 CTS Keene Inc
11802 TRW Inc Boone Div Boone, NC 28607
14140 Edison Elek Div McGraw-Edison Manchester, NH (03130
165818 Teledyne Semiconductor Mountain View, CA 94040
16365 Dayton Rogers Mfg Co Minneapolis, MN 55407
178566 Seliconix Inc Santa Clara, CA 95050
19701 Mepco/Electra Corp Mineral Wells, TX 76067
24226 Gowanda Electronics Corp Gowanda, NY 14070
24366 Analog Devices [nc Norwood, MA 02062
24546 Corning Glass Works {Bradford} Bradford, PA 16701
2491 Specialty Connector Co inc indianapelis, IN 46227
27014 National Semiconductor Corp Santa Clara, CA 95051
27264 Molex Products Co Downers Grove, |IL 80515
28480 Hewlett-Packard Co Corporate HQ Palo Alto, CA 94304
32997 Bourns Inc Trimpot Prod Div Riverside, CA 92507
34335 Advanced Micro Devices lnc Sunnyvale, CA 94086
66289 Sprague Electric Co North Adams, MA 01247
71788 TRW Eiek Components Cinch Div Elk Grove Village, IL 60007
72136 Electro Motive Carp Sub [EC Willimantic, CT 08226
73138 Beckman Instruments inc Helipot Div Fullterton, CA 92634
74970 Johnson € 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
318323 Keystone Electronics Corp New York, NY 10012
899800 Amer Pren Ind Inc Detevan Div Aurora, NY 14052




Table 6-3.

Replaceable Parts

HP Part - Mfr : ‘

Reference Qty Description : Mfr Part Number
Designation Number Code ,
Al 0345566501 i P.L ASSEMSLY, OUTGD MB 28480 03%55-46501
ALLL 01 &0-0362 3 CAPACLTOR=-FXD 51L0FF +=5% 300WYDC MICA 28480 0L60=0362
AlC2 Q1800291 21 CAPACITCR-FXO 1UF+103% 35VDC TA 56289 150D105X903542
AlLC3 DLBO-03T74 5 CAPACITOR-FXD 1OUF+—103 2ovoal TA 56289 150D10&X902 DB2Z
ALLS {1 80-0197 7 CAPACITOR-FXD 2,2UF+-10% 20VDC T4 56289 150D225X902 QA2
ALLCS 01 60-1735 5 CAPAC!TBR—FXD -22UF+-10% 35v0C Ta 56289 L50D224X903542
Ails 800197 CAPACITUOR-FXD 2.2UF+—10% ZOVDL TA 56289 150D225X9020A2
ALCT @1B80=1735 CAPACITOR-FXD .22UF+=10% 35VRC TA 56289 - 1500224X9035A2
AlLG 2180-0374 CAPACITOR-FX0 1QUF+—10% 20¥EL TaA 56289 1500106X902082
AlCY 01 30—~0137 CAPACITOR=FXD Z.Z2UF+=10% Z20VDC TA 56289 150D225X9020A2
AlCLL Q1 6O-1735 CAPACETOR-FAD 22UF+-102 35YBC TA 56289 L50D224X903542
AlLlZ Q1300374 CAPACITOR-FXD LOUF+ 10X 20VDC TA 56289 . 1500106X902932
ALLL3 GLE0—-0128 L CAPACLTOR-FXD Z.2UF +—-20% S0WYDC CER 284580 0l&d-0128
AlCLS Q1800374 CAPACITOR-FXD 10UF+-10T 20VDC T4 55289 150D106X902082
AlLls 01 480—029% CAPACITGR-FXD 1UF+10X 3I5YDL TA 56289 1500L05X903542
ALLLT Ul80-091 CAPACITOR—FXO 1UF+—10% 35VDC TA 56289 1500105903542
AlLLLE 1800693 3 CAPACITOR-FX0 1000UF+50-10% 25vDC AL o022y 25¥B5LL Q00
ALLLY 0L 80-0228 L CAPACITOR-FXD 2ZUF+—10% 15vDC TA 56289 L500226X301 582
alGzl Q1 EQ0-02%1 CAPACLITOR-FXD LUF+—10% 35VDC Ta 56289 1500505X9035A2
ALLZZ 01 800694 i CAPACITOR-FXD 7500UF+100-10% 12VOL AL 28480 01800694
ALCZ3 0180=0231 CAPACITOR-FXD 1UF+=10T 35VDC TA 56289 1500105X903542
ALC 24 01 80-0291 CAPACLTOR-FXD 1UF+-10% 35vDC TA 56289 15001054903 5A2
Aligh a1 80=-0491 CAPACLTOR-FXD LUF+=10% 35VR( TA 56289 1500105X903542
AlLZo Q1 400198 Z CAPAL LTOR-FXO ZOOPF +-5% 3004VDC MICA 12136 OMLSF2Z01J0300dY1CR
Alue? g180-0291 CAPALITOR-FXD LUF+—10% 35VDL TA 56289 1500105X903542
ALCZ2B QL&D-2204 5 CAPACIYOR-FXD 100PF +-5% 300WVDC MICA 28480 0160-2204%
ALLZ25 01801735 CAPACLTOR-FXD .22UF+—10X 35VO0L TA 56283 500224 X3035A2
ALC3L L 80-0291 CAPACITOR-FXD 1LUF+10% 35vDC TA 56289 1500105X903542
ALLGe Ap 01 80~1735 1 CAPAC ITOR-FXD .22 UF+—10% 35VDC TA 56289 1500224 X8036A2
ALL33 01 &0~ 2095 & CAPACLTOR-FXD LQ2UF #80-20% 25WYDL CER 28482 . 01502605
ALC34% 0l 66~-0362 CAPACETOR-FXD 510PF +-5% 3J0WVEL MICA 28480 0160-03562
ALCHD 01800291 CAPACITOR-FXD IuF+ 103X 33V0C T4 562089 1300105X9035a2
AlL3S Q130-9Q53 2 CAPACITOR-FXD .QLUF +30-20%7 LOGOWVDC CER 28480 0150-0093
AlC3l Uléel-0362 CAPACITOR-FXO 510PF +—5% 300WVDL MICA ‘28480 0160-0362
AlL38 Ul 8g—-a291 CAPACITOR-FXD 1UF+—10% 35V0L FA 56289 L50D105X903 542
alLi’ 0L80-0291 CAPALITOR-FXD 1UF+=10I 35V0C Ta 56289 150D0105X903542
AlCA1 0160--0195 1 CAPACITOR-FXD 1000PF +-20% 250WVAC CER 28480 0160-0195
A1C42 01800291 CAPACITOR-FXD 1UF +—10% 36VDC TA 66289 160D 105XBO3EA2
A1C43 apg 01800291 CAPACITOR—FXD 1UF -+—10% 35VDC TA Q3200 150D 105X 9035A2
AlCH ac ¢180—1701 CAPACITOR-FXD 8.8UF +-20% BVDC TA 04200 1560635 X0006A2
ALCKRL L9401-0200 4 DICDE~PWR RECF 100V 1.5A 04713 SR1846-9
AlLR2 19201=~4200 QIOBE=-RWR RECT 100V 1.54 04713 SR1846-9
ALLRE 194910050 45 DIDDE-SWITCHING 30V 200MA 2ZNS DO-T 28480 1901~-0650
ALCRS 1L9Gl-0050 OIODE-SWITCHING 80V 200MA 2ZNS DO-7 28480 19a1-0050
ALl b 19c¢i-o0050 OIDDE-SWITCHING BOY Z00MA ZNS DO-7 28480 1901-0D50
ALCRT 1902-0631 3 DIDDE—ZHR LN5351LB 14Y 5% PO=5H FC=4753% 0&T13 LNS3518
ALLRB 1901-0028 12 DIODE—PWR RELT 400V 750MA D0-29% 28480 1901-0028
ALCRY 19C1-0028 OIDGE-PWR RELT 400v 750Ma 00-29 28480 1901-0028
AilRILL 194J1-005¢ DIODE-SWITCHING BOV 200MA ZNS DO-T 28%B0 . 1901-0050
AlCR12 LY C2-004% H DIODE-ZINR 6. 19V 5% DO-T PD=.4d T(=+.022% 28480 1902-0049
AlCR13 1%02-0]126 1 DIOBE—INR 2.461lY¥ 5% DO-T Pl . 4% T(=-.073% 04713 51 10929-i4
ALCRLS 1902-0631 DIJDE—ZINR -1N53518 L&V 5% PO=5KW TC=+75% De713 1IN53518
AlLRES 1901-0050 OIODE-SWITCHING S0V 200MA 2NWS DO-T 28480 L901-0050
AlLRLB 1902-3138 L DIDDE—INR B.06V 5% DO—7 PO=.4% TC=+.05Z2% DaT13 52 10939155
AlJdlL 1251-3195 1 LONNECTUR 4—RIN M POST TYPE 21264 09-60-104L12903-D%A)
Aldz 1Z251~4313 1 CUNNELCTOR E7-PIN M POST I¥PE 27264 22=04=2181
Al 1251-3276 2 CONNECTUOR &—RIN M POST TYPE 27264 09-60-L061
alys L251-3276 CONNECTOR 6-PIN M PGST TYPE 27264 09-60~-1061
alle 1251-203% 3 CONNECTOR—PL EDGE L5—CONT/ROW 2-ROWS TL785 252=15-30~-300
AlJT 1221-4315 1 CONNECTOR 7-PIN M POST TYPE 272b6% 22-04-2081
Ald4B 1251-4314% 1 LONNECTOR 15—PIN M POST TYPE 27264 22-04~2161
AlLL F140-0137 1 COLL-MLD 1MH 53 Q=60 .19DX.4%4LG SRF=3MHZ FIEO0 2500-28
ALl 1853-0010 5 TRANSISTUR PNP 51 TO~18 PD=360MW 28480 18532-0010
Algz 1850210 3 TRAKRSISTOR NPN ZN2222 31 TO-L8 PO=500Md 0sT13 2Nzz222
AlQdl 18 S4—0210 TRANSESTRR NPN 2N2222 51 TJ-1d PD=50DM 06713 - 2NZ222
ALCH 18523-0010 TRAMSISTOR PNP SI TO—L8 PD=3&60KW 28480 . 1853—0D010
AldS 18 54—-0210 TRANSISTOR MPN 2N2222 51 TO-18 PO=S00MW 04713 N2222
AlUb 1853-Culo TRANSISTCGR PNP 51 TO-18 PO=360MW 28480 1853-0010
A1Q7 18%3-0020 15 TRANSISTOR PNP 51 PU=300MHW FY=150MH2 28480 1853-0020
AlQRB 1853-0020 - TRANSISTOR -PNP? 51 PD=3004N FT=150MHZ 28480 1853-0020
AlL9 1853-0020 TRANMSISTOR PNP SI PO=300Mw FT=L50MHZ 2B8%8p 18530020
AlQil 1853~040% a TRANSISTOR PHP 51 ODARL TO-220A8 PO=60W 28480 18530409
C46 AG 0180-3622 CAPACITOR--FXD .1UF +80 — 20 100VDC CER 28480 0160-3622

4A  SEE NOTE ON SCHEMATIC 8.

4B SEE NOTE DN SCHEMATIC 10.

AC SEE NOTE ON SCHEMATIC 10.

. Te )

SEEINOTE_ON SCHEMATIC 19.

See introduction to this section for ordering information




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

HP Part o Mfr
Refgrenqe Qty Description Mfr Part Number
Designation Number Code
alolz 1853-0409 TRANSISTOR PNP 5[ DARL T0-2204B PD=50W 26480 1853~0409
Alull 1853-040% TRANSISTOR PNP 5! DARL TO-22048 PO=60% 28480 1853- 0409
LY 1853-0409 TRANSISTOR -PKP SI DARL TO-Z204B PD=60N 28490 1853-040%
AlQ15 18 53-0409 TRANSISTOR PAP SI DARL TO-2204B PD=60W 28480 1853—0409
AlUdla 1853~ 04319 TRANSISTOR Ll ST DARL T0—220AB PD=60W 28%B0 18530409
41017 18530409 TRANSISTOR PNP 31 DARL TOo-2204B PD=60W 28480 18530409
alOla 1853-0409 TRANSISTCR PNP SI-DARL TQ-220A8 PU=60M 28480 1853-0409
ALRL ¢757-0230 4 RESISTOR 6.195 1% L1250 F TC=0+-100 19701 MF4LL/68=-TO~6LF1-F
AlRZ 0757-0273 6 RESISTOR 3.01K 1% .125W F 1C=0+4-100 24546 C4-148-TO-3Q11-F
AlR3 0757-0290 RESISTOR 6.19K LT L1250 F TC=04+-100 19701 .| MF4CL/8-TO-6191-F
AlLR% 07 57-0273 RESISTOR 3.01K 1% .125W F TC=0+100 24546 C4-1/8-TD-3011-F
ALRS 0T 57-0243 i) RESISTOR 2K iZ .12%W F TE=0+-100 Zh54%6 C4-1/8-TD-2001~F
A1R6 0757-0290 RESISTOR 6.19K 1% -125W-F TC=0+—100 19701 MF4CL/B-TO-6191~F
alr? 0757-0273 RESISTOR 3.01K 1% .125W F TC=0+-100 26546 C4-1/8-T0~-3011-F
AlRB 0757-0290 RZSISTOR 6.19K LT 125K F TC=0+-100 19701 .| MF4C1/8-TO-b191-F
ALRS 0757-0273 RESISTOR 3.01K 13 .i25W £ TC=0+-100 24545 C4-1/8-T0-3011-F
Alnll 0757-0420 3 RESISTOR 750 1Y .125W F TCx0+-10G 24546 C4-1/78-TD-751=F
ALR1Z 0757-0801 L RESISTOR 150 k% .SW F TC=04=100 19701 MFTC=172-TQ~151~F
Alitld D6 9B-44B4 3 RESESTOR -19.1K 1Z .125W F TL=04+100 24546 C41/B-TD-1912—F
ALKL% 0757-0449 3 RESISTOR -22.6K L% .125W F TC=0+4—OD 24548 L4 L/B-FO-2262—F
ALWLS 07570289 3 RESISTOR 133K 1% .125W F TC=04=100 24545 C4-1/8-T0-1332-F
AlR1& 0TET-0419 3 RESISTOR 681 1% .125W F IC=0+=LlOD 24548 C4-1/8-T0-681R-F
ALWLT 07 57-0465 8 RESISTOR LOOK 1% .125W F T{=04-100 24545 C4-1/8-T0=1003-F
Alkl8 0T57-0349 RESISTOR 22.6K LT .i25W F JC=0+-100 24546 C4~1/8-TD~2262-F
ALKLY 07570289 RESISTOR 133K 1% 1250 F TCL~0+-100 24545 C4-1/8-T0-1332-F
AlkZl 07 57-0419 RESISTOR -581 1% .125W F TL=0+-100 26545 C4-1/8-TO-581A—F
Alk22 07 57- Q%65 RESISTOR 100K 1% .125«4 F JC=0+—100 26546 C4-1/8-T0-1003—F
AlK23 D& SB—4d84 RESISTOR 19.1K 1% -1258 F TC=0+-100 24566 C4-1/8-T0-1912-F
AlnZ4 Q7570289 RESTSTOR 133K 1T 125K F TC=04-100 245%5 C4-1/6-T0-1332-F
ALR25 0757-04L19 RESISTOR 681 LT .125W F TL=0+-100 24548 C4-1/8-TO-6381R-F
AlRZb 07 57=-0465 RESESTOR 1QOK 1T .125W F T(=04-108 24545 C4~1/8-T0-1003~F
AlA27 06 58-4484 RESISTOR 19.1K 1% .125W F TC=0+100 24545 C4-1/8-TD-1912—F
alR2B 07 57-0349 RESISTOR 22.6K 13 .125# F TC=0+-100 24546 C4-1/B-T0-2262-F
ALRZ2% 07T5T-0410 L AESISTOR 301 LX .125W F IC=0+-100 26595 C4—17/8-TD-30LR-¥
ALR3L 0T 57-9465 RESISTOR 100K 1% .L25W F TL=0+-100 26545 C4—1/8~T0-2003-F
AlR3z O0751-0283 RESISTOR 2K 1% .125W F TC=0+-100 245%6 C4-1/8-TO-2001-F
ALR33 Al 07570442 ! ACSISTOR 27K LK - L1250 £ TC3U+-100 24545 C4-1/8-TO-L002-F
ALR3% 07 57-0280 RESISTOR LK 1% 41256 F TC=0#-100 26546 [&-1/8-T0-L0B1~-F
AlR35 O7 57— 0442 ] RESISTOR 10K 1% .125W F TC=04—100 26595 c&4-L/B-10-1002—-F
EILED 17 57T-0283 RESISTOR 2K 1% .125W F TC=04-100 24548 C4—E/8-TO-200L—F
ALRST 0757-0283 RESISTOR ZK 1T +125W F EC=0+-100 26588 C4—L/B-TO-2001—F
Ald3d DT 57-0283 RcSISTOR 2K 1% L1Z5W F TC=04-100 24545 C4—178-T0-2001-F
ALY 0757-0283 RESISYOR 2K 1% .125W F TC=04-100 24546 C4-1/8-T0-2001~F
ALR4D 1810-0055 1 NETWORK-RES 9-PIN-SIP .L53-PIN-SPCG 28480 1810-0055 -
AlR4] QT57-0199 2 RESISTOR 21.5K 1% .125W F T(=0+100 24545 C4—-1/8-TD-2152-F
AliteZ 0T5T-0139 RESISTUR 21.5K 1% .125K F IC=0+100 246546 C4—1/8-TD-2152-F
Aln43 07570273 RESLSTOR 3.01K 1% .125W F TC=0+—180 24545 C4-1/6-T0-30L1-F
Aliddd UT57- 0442 RESISIOR 10K 1% .125W F TC=D4+-100 26545 C4—L/8-T0-1002-F
Ald4d 06 S58—4453 1 RESISTOR 402 13 -125W F TC=04-100 24546 C4—L1/8-T0-402R-F
Alndo o1 57-0401 RESLSTOR LOD 1% .125W F TE=0+-100 24546 C4-1/8-TD-L10L-F
ALR47 0757-0368 1 RESISTOR 34 i .125d F TC=04-100 24546 C4—1/8-T0-26R0-F
Alik4b 0757-0407 3 RESISTOR 200 13 .125W F 7C=0+-100 2654b C4-1/8-T0-201-F
alil4g 07 570407 RESISTOR 200 13 .125W F TL=0+-100 24546 C&~L#8-T0=200~F
AlR51 0757=0429 2 RESISTOR L.B2K 1% 41250 F TC=0+-100 24548 Coe-1/8-TO-1821—F
Alns2 07 57-02B0 RESISTOR 1K 1% 1254 F TC<0+-100 24546 Ca—1/8-TO-LQD1—F
AlRS3 07 57-0629 RESISTUR [+B2K L% +125W F TC=D0+100 24565 C4%2/8-T0-1821-F
AlK5E 7510407 RESISTOR 200 1% .125W F TC=0+-L00 24546 C6-1/8-T0-20L-F
ALH3h 0698-4123 1 RESLSTOR 499 1% «125W F TC=0+—100 24565 C4—~17B—T0-499R-F
ALKS6 0757-0283 RESISTOR 2K 1% .125W F TL=04-100 24548 C4-1/8-T0-2001-F
- ALRST 0757-0283 RESISTOR 2K 1T 125K F IC=0+-100 24545 C4L/8-TO-200L~F
AlKSE 0757-0263 RESISTOR 2K 1% L1254 F TC=0¢=100 24545 C4~L78-T0=2001-F
ALKSS 0757-0282 RESISTOR LK 1% 1258 F TL=0+=100 24545 C4-1/8-T0-1001~=F
AiR6] 0757-0280 RESISTOR 1€ 1% .125W F TC=0+-100 24545 C4&—1/8-10-1001-F
ALR&2 0757-0280 RESISTOR 1K 1% .L254 F TC=04+-100 25545 C4-1/9-T0-1001-F
Alho3 UT57-0420 1 RESISTOR- 750 12 .125W F TC=0+-100 24545 C4-1/8-TD-751-F
AlWbe 07510280 RESISTOR 1X 1% 125N F TL=0+-100 24545 C&4~1/6-T0-1001-F
AlWsS 0757-0280 RESISTOR 1K 1% .125W F TGC=0+-100 24545 C4-1/8-T3~1001-F
AlNso 0757-02BD- RESISTOR 1€ 1% .125W F JC=0+100 24545 C4-1/8-TO-1001-F
ALHGT 0757-0280 RESISTOR 1K 1T «125W F TL=04—100 24544 C4~1/8-T0-1001—F
ATRBA Ap 0757-0442 RESISTOR 10K 1% .125W 03292 C4-1/8—TQ-1002—F
A1RE9 ag 0757—0401 RESISTOR 100- 1% .125W F TC=0+-100. 03292 CA-1/8-TO~101—F
A151 3101-1873 1 SWITCH-5L 7—1A-NS DIP-SLIDE—ASSY .1A 11237 206 TYPE
Aldl 1820-1200 2 1C-0GITAL SNT4LSOSN TTL L5 HEX 1 1295 SHT4L SO5N
aLuz 1820-1197 T IL-DIGITAL SNT4ALSOON TTL LS QUAD 2 NAND 01295 SNT&LSOON
‘ALU3 1820-10653 1 IC—DIGITAI_. SHI4laeN TTL HEX 1 01295 SNTaLeN
Alug 1820-1112 5 IC-OIGETAL SNTALST4N TTL LS DUAL 01295 SNT4L 5T4N
ALub 1820-1200 IC-DEGITAL SNT4L505M TTL LS HEX L 01295 SNT4L 5058
45 SEE NOTE ON SCHEMATIC 10.
AB  SEE NOTE ON SCHEMATIC 10.
Al SEE NOTE ON SFHEMATIC 10.

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

HP Part - Mfr
Reference Qty Description Mfr Part Number
Designation Number : Code
ALUD 1820-1558 3 IC-DIGITAL MC34&1P TTL* QUAD 04713 - MC3441P
AT 1B820-120% 2 IC-DIGITAL SN7&LSZTN TTL LS TPL 3 NOR 01295 SNTALSZ TN
Alug 1820~-119% ] IC-DIGITAL SN74L504N TTL LS HEX 1 01295 SNT&L 504N
Alug - 1820-1558 JIC-DIGITAL MLC3441F THL® QUAD 04713 ML 344 1P
AlJ1O 1820-1199 IC-DIGITAL SN74LSOMN TTL LS HEX 1 Q1295 SNT4L S5O4H
Alull LB20—1196 2% IC-DIGIYAL SNTALS1T4M TYL L3 HEX 0K295 SNT4L SLT4N
AlUule 1B20—-1558 IC-9FGITAL MC3I4ALP TTL# QUAD 04713 MC344]1P
Aldls 18201201 o IC-OIGITAL SHNT4LSOBN TTL LS QUAD 2 AND QL1295 SNT4LSO8N
AlUle 18201197 IC-2IGITAL SNT4LSO00N TTL LS QUAD Z NAND 01295 SNT4LSOON
ALULS 1820-1198 9 IC-0IGITAL SNT4LS503N TTL LS QUAD 2 NAND 01295 SNT4LSO03IN
AlUlé 13z0-1193 IC-DIGITAL SNTALSO3N TTL LS QUAD 2 NAND aL29s SNT4LSO3N
ALlUl7 1820-1198 IC-0IGITAL SNT4LSO03IN TTL LS QUAD 2 NAND 01295 SNT4LSO3N
AlUly 18201198 IC-0IGITAL SN74LSO3N TTL LS QUAD 2 NAND 0129% SENTALSO3N
AlDL9 La20-1196 IC-DIGITAL SNTHLSITeN TIL L3 HEX 01295 SNT &L SLT4N
ALUZD 18201196 IC-DIGITAL SNT4LSL174N TTL L5 HEX 01295 SNTHLSLT4N
&1U2i 1820-15b64d & IC-DIGITAL SNT4LSLZ5N TTL LS QUAD L BUS 01295 SNT4LS125N
AluZe L820-1568 IC-DIGITAL SN74LS125N TTL LS QUAD 1 BU: Q1295 SNTALS125N
Aluzi 1820-1196 [C-DIGITAL SHT4LSI74N TTL LS HEX Q1295 SNT4LS1T4N
AlJ2e 1820-11%s IC-DIGITAL SNT4LS1T4N TTL L3 HEX 01295 SNTALS1 T4N
ALUZS 1820~119& IC-DIGITAL SN74LS1T4N TTL LS HEX Q1295 SNTALSLT4N
Alu2n 1820~1112 IC-GIGITAL SHT4LSTaN TTL LS DuAL ol1295 SNT4LST 4N
Aluz? 190~ Q075 1 DIODE ARRAY 28480 190&6-0075
ALLUZE 1820-1280 2 IC-DIGITAL SHT4LSLIBIN TTL LS 0L295 SNT4L51 81N
Aluze 1820-1196 1C-DIGITAL SNT&LLS174N TTL LS HEX 01295 SNT4AL 51 74N
AlUsl 18 £0—1280 IC-DIGITAL SNZ4LS1BLM TTL LS 01295 SHT4LSLBIN
AlJ3l 1820-1196 IC-DIGITAL SNTHL.SIT4N TiL LS HEX 01295 SKT&4LSL T4N
AlU3Z 1820-1208 1 IC-GIGITAL SMT4LS3I2N TTL LS QUAD 2 OR 0129% SNTALSAZN
LYIVEK] L820-1214 2 IC-OIGITAL SNF&LS138N TTL LS 3 01295 SNT4LSL3EBN
Alyde 1820~1568 1C-DEGLTAL SNT4LSI25N TTL LS QUAD 1 BUS 01295 SNT&LSL25N
Alid3c 18 20-1568 IC-DIGITAL SNT4LSLIZS5N TTL LS QUAD | BUYS 01295 SNT4LSL25N
LY EL] 16 20—1432 2 IC-DIGITAL SNT4LS1&3N TTL LS BiN 01295 SNTAL 5L &3N
LYNET) 1820-1%32 IC-DIGITAL SHT4LSI163N TTL LS BIN D1295 SNTALSLG3N
ALUSE 18201201 IC-DIGITAL SNT4LS0BN TTL LS QUAD 2 AND 01295 SNT4L508BN
AlU3Y 1820-119%9 IC-DIGITAL SHT&LSOAN TIL LS HEX 1 Q1295 SNTALSOAN
ALJSC L820-1112 1C-DIGITAL SNI"LST‘N T LS QUAL Q1295 SNT&LSTSN
CALURL 1820—1214 IC-2IGITAL SHNT4LS138N TIL LS 3 0LZ95 SNT4LS1388
AlUsl 18 é0—-1568 IC-DIGITAL SHTALS5125N TTL LS QUAD 1 8us a1zes SNT4L5125N
Alu43 1620-1562 IC-DIGITAL SNT4LS125N TTL LS QUAD 1 BUS arzes SNT4LSL258
Alu4d 1818-0199 2 10 AMFLIZAPC 1K RAM NMO3 34315 AMG1124PC
AiUaS 16818-0199 IC AMFLLIZAPC 1K RAM NMOS 34335 AMO112APC
Alu4o 1820-1198 {C-DIGITAL SHT4LSO3N JTL LS QUAD 2 NAND Q1295 SNT4L 503N
Alus? 1820-1201 IC-DIGITAL SN74LSO8BN TTL LS QUAD 2 AND 01295 SNT&LS0BN
AlUGY 1820-14231 1 IC-DIGITAL SNT4LS12Z3N TTL LS DUAL 01295 SNT4LS123N
AlUee 1820-1199 IC-CIGITAL SHT4LSO4N TTL LS HEX ) 01295 | SNT&L504N
AlubG LB20-1197 IC-DIGITAL SNT4LS0ON TTL LS QUAD 2 NAND 01295 SNT4L SO0ON
AlUsl 1820-1196 IC-DEGITAL SNTHLS1T4AN TFL L3 HEX 01295 SNTALS1 74N
AlUS2 1820~-1199 IC-SIGITAL SNTALSOMN TTL LS HEX 1 01295 SNT4L S04N
ALUS3 1320~ 1206 ' LC-DIGITAL SNT4LS2TN TTL LS TPL 3 NOR DL295 SNTALS2 TN
ALJUSH 1820-11%6 IC-DIGITAL SNTALS1T4N TTL LS HEX 01295 SHT4LSLT&N
T ALUSH 1820-L197 - JIC~BIGITAL SNT4ALSOON TTL L35 QUAD 2 NAND 01295 SNTALS00N
ALuSe 1820—-1245 2 IC-DIGITAL SHT4LS1S55N TTL LS DuaL 2 01295 SNT4AL5155N
ALUST Ay 1420-0387 1 iC ENCDR TTL E 8-—INP 02237 93L1BPC
AlU3o 18201194 IC=DEGITAL SNT4SLT4N TTL L3S HEX 01295 SNTALSL T4N
ALUSY 1820~11%8 IC-DIGITAL SNT&LSO3IN TIL LS QUAD 2 NAND 01295 SNT4L SO3N
ALUED 1870-1198 IC-DIGITAL SKT4LSO3N TTL &5 QUAD 2 NAND 01295 SNT4&L SO3N
nlUPl 1820-1197 IC-DIGITAL SN74LS00N TTL LS QUAD 2 NAND 01295 SNT&LSGON
LY 19}:F3 1B20~-160% 1 IC-DIGITAL SNT4LS48BN TIL LS 4 Q1295 SNT&LS4BN
Aluas 1B23-1196 IC-DIGETAL SNT4LS1T&N TTL LS HEX D1295 SNTALSL 74N
Aluds Llai0~1245 IC-JYGITAL SNT4LS155N TTL LS DUAL 2 01295 SNT4LS1550
AlUas 1320~-1196 IC~-DIGITAL ANT4LS1T4N TTL LS HEX 01295 SNT4LSLT4N
AlLJbo 18:0-1194& IC-DIGETAL SNTALSLITSN TTL LS HEX 01295 SNT4LSLTSN
Aluoe? 1820-11%6 IC-D1GITAL SKT4LS1T4N TTL LS HEX 0L295 SNT4LSLT4N
Aldad 18201198 IC-DIGITAL SNT4LSL174N TTL LS HEX 01295 SNT &L S174N
Atued 1820-119a IC-DEGITAL SNT4LS174N TTL LS HEX 01295 SNT4LSLT4N
ALUTO 13201196 IC=DIGITAL SNTALS5174M TEL LS HEX 01295 SNT4L 51 74N
ajuTi 18201760 3 IC-2{GITAL DS8B63N MOSS SPL DRVR 2701% D58BO3IN
Alri 04 §O- 1001 I CRYSTAL. QUARTZ 13 MHZ 28480 0410-1001
12 00~0%85 1 SDEKET:IC 1&-PIN PC MOUNTIRG 28480 1200—-0%85
1200-0473 2 SOCKET-IC 16—CBNT DIP-SLOR . 28480 1200-0473
QIER-0686 F *HUS BAR—MAZ3 afDae [ 1a]
03 £0-00a7 5 *3US BAR—MB23 Q0000 4 113
SO40-0170 2 GUBE:PLUG-1N PL BOARD 28480 50400170
&4p  SEE NOTE ON SCHEMATIC 10.

See introduction to this section for ordering information




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

AA  SEE NOTE ON SCHEMATIC 10.
—L

' HP Part e Mfr ;
Reference Oty Description Mfr Part Number
Designation Number Code
A2 03455-66502 } PC ASSEMBLY» DISPLAY 28450 03455-66502
AZCR1 1990-0547 34 LED=VISIBLE LUMN-IERY=ZHMCD IF=20MA—MAX 28480 1990-0547
ALZCRZ 1950-0547 LED-VISEBLE LUM-INT=ZMCD [F=20MA—MAX 28430 L990~-0547
AZCR3 L9 50-0547 LEQ-VISIBLE LUM-TINT=2MLD IF=Z0MA-MAX 28420 13900547
AZLRG 1950-05%7 LEO=-VISIBIE LUM—INT=2HCD 1F=20MA-MAX 28480 1990~-0947
AZCRS 1990-0547 LEDO-VISIBLE LUM—INT=2MCD JF=20MA=MAX 28480 19900547
A2CHS 1990-0547 LED=VISIBLE LUM—INT=ZMCD IF=Z0MA-MAX 28480 199D0-0547
AZLRTY 15500547 LED-VYISIBLE LUM=INT=2MCD [F=20MA-MAX 28430 199¢=05%7
AZCRE 1950-0547 LED—VISIBLE LUM=INT=2ZMCD IF=20MA—KAX 28430 19900547
AZCRY 1950-045%7 LED=VISIBLE LUM—INT=2NC0 IFa220MA-MAX 28430 1990—0547
AZCRLD 1990-054%7 LEG—YISIBLE LUM-LINT=2RCD IF=20MA-MAX 28430 19900547
AZLHLL 1990-0547 LED=¥i5I8LE LUM=INT=2MCD 1F=20MA-RAX 28480 1990-0547
AZLRlZ 1990-0547 LED-VISIBLE LUM-INT=ZMLD I[F=20MA—MAX 28430 1990-0547
AZCR13 1390—0547 LED-VISIBLE UM~ INT=2HLD JF=20MA—MAX 28430 1990—0547
ALLRL% L990-0547 LED=VISIBLE LUM-INT=2ML0 IF=20MA-MAX 2843] . 1990=054T
AZLRLE 1990-0547 LED-VISIBLE LUM-INTaZWMCO IF=20MA-MAX 28480 1990-0547
AZLCR1S 1990-05&47 LED-VISIBLE CUM—-INT=ZMCD EF=20MA-MAX 28480 1990—-0547
A2CRIT L990=0547 LED-YISIBLE LUM-INT=ZMLD 1F=20MA—MAX 28430 1990=-054T .
AZLR1H 1990-0547 LED-VISIBLE LUM~INT=2MCO TF=20MA-MAX 28480 1990-0547
A2LR19 1990-0547 LED=VISIBLE LUM-INT=ZMLD JF=Z20MA—~MAX 28440 1990—0547
AZLRZO 1990=-0547 LED-YISIBLE LUM=INT=2ZMCO IF=20MA—MAX 28400 19900541
AZLRZL 1950-0541 LED=VISIBLE LUM-INT=2MCU IF=20MA-MAX 28480 1990-0547
[P 1950=-0547 LED-VISEBLE LUNM=INT=2MCD [F=20MA-HAX 28480 1990-0547
AZLR232 I1990-0547 LEO-YISIBLE LUM=INT=ZNCO IF>Z0MA-HAX 28480 1990-0547
ALCRZA 1990-0547 LEO-VISIBLE LUMN—INI=ZMCD 1FaZQMA=RAX 28440 1990-0547
AZCHZS 1990-0547 LED=YISIBLE LUM-INT=ZHMCD IF=20MA-MAX 28430 19900547
AZCHZE 1L9%0=-0547 LED-VISIBLE LUM=INT=ZRCD 1F=Z0MA—MAX 209480 1990-054&7
A2LR2T 1950=-0547 LEO-VISIBLE LUM=INT=2ZMLD IF=20MA—HAX 28580 1990-0547
AZLRE 19900547 LEO—VISIBLE LUM=LINT=2MCO IF=20MA-MAX 28480 1990-0547
A2CR2? 19900547 LED-VISIBLE LUM=INT=2MCD IF=20MA-MAX 2854580 19900547
AZCR3ID 1990-0547 LEDO-VISIBLE LUMN-INT=2ZMCD IF=20MA-MAX 28430 1990—-05417 .
AZCRIL 19906-054T LED=VISIBLE LUM—INT=ZMLD IF=20MA-HAX 28480 19900567
AZLR3IZ 1990-05%7 LED-VISIBLE LUN-INT=ZMCD IFS20MA—MAX 284380 1990-054T .
AZCR43 L9590-0547 LED~-VISIBLE LUM-INT=ZMCO 1F=20MA—MAX 28480 1990—0547
AZLR34 1990- 0547 LED-VISIBLE LUM=INT=ZMCD EF=20MA-MAK 28%33 1990~054T
AZLR3ID 1990-0547 LED-VISIBLE LUM-[NT=ZMLD TF=20MA-MAX 28480 1990-05&7
AZDSML 1990-0539 1 DISPLAY=NUM SEG .S—CHAR .4068~-H 28480 1990—D539
AZuSMz 1950=-0540 T DISPLAY-NUM SEG 1-CHAR .43-H 28480 1990-0540
AZUSM3 1990-0540 OISPLAY-HUM 3EG 1-CHAR .43-H 28480 1990-0549
A2uSMe 1990-0540 DISPLAY—NUM SEG L~CHAR +43-H 28%BD 1990~0540
AZDSME 1990-0540 DISPLAY-NUM SEG 1—CHAR .#43-H 28480 1990-0540
AZD5MB_DSME 19900540 DISPLAY-NUM SEG 1-CHAR .4&3~-H 28480 1990—0540
AZP1 NQ PART NUMBER; SEE AZW1
A2P2 1251-4340 1 CONMECTOR 16—PIN F POST TYPE 27264 22-01-2161

12613476 CONTACT-CONN UMW POST TYPE FEM CRP {P/C P2} 28480 12651-3478
AciRl J6a3~-2015 & RESISTOR 200 ST 25K FC YC=-%00/+800 Ql1z1. {2015
AZR2 Ge83-2Z15 3 RESISTOR 220 5% L2508 FL TC=~40Q/ +600 01121 Lazz1s
AZR3 G6d3-2215 RESISTOR 220 51 .25K FC TC=~-400/+6Q0 aliza CB2215%
L2R4 0683-3305 8 RESISTOR 33 5% .258 FL FL=-400/+500 oLzt £B3305
AZRS 0 &g3= 3305 RESISTGR 33 5% .25W FC T(=-%00/+500 01121 €83305
ARG 0e83-3305 RESISTUR 33 5% .25W FC TC=-400/+500 olLLz1 CB33G65
AZKT U6 B3-3305 RESISTOR 33 5% .25W FC TC==400/+500 [ ¥ 33 CA3305
Adng U6 B3I-3305 RESISTOR 33 5% .25W FL T{=-400/+500 oklz2l . CB33D5
AZRY 0683-3305 RESISTGR 33 5% .z5W FL TC=-400/+500 oL121 . £B3305
AZRiD V683-3305 RESISTOR 33 53 ,25W FL TL==400/+500 0ol121 C83305
AZRLL 96RB3~3305 RESISTOR 33 5% .25W FC TL=-400/+500 o112zl CB3305
AZRiE 1810-0223 9 METHORK-RES B—PIN-S5IP .1-PIN-5P(G 11235 T56-81-R330
AZKL3 1810-0229 NETWORK=-RES B—PIN-5IP .1-PIN-SPCG 11236 T50—81-R330
AZR14 lE10-0229 NETWORK=RES B8-PIn=3IF .1-PIN-SPLG 11236 150-B1-R330
AZR1Y 1B10-0229 NETWORK~RES B=PIN=SIP .1=PIN-SPCG 11236 750-81-R330
Azkle 1810-0.229 NETWORK=RES B—PIN-SIP .1<PLN-SPLG 11236 T50-BL-R330
AZH1T Ap 1810~ 0208 2 NETWORK=RES B=PIN-SIP .l1-PIN-SPCG 02483 - 750-81-R10K .
AZRLY Ap 1810~ D206 NETWORK—RES 8=PIN=51F .1-PIN-S5PLG 02483 750-81-R10K
AéS1-528 S5060-9436 28 PUSHBUTTON SHITCH 28%80 5060~9436
Alel Bl20-2254 1 HCABLE ASSEMBLY, DISPLAYEHNCLUDES P1) 28480 BlZ0—225%
Alns 03455-61601 1 CABLE ASSEMBLY, KEYBOARDINCLUDES P2) 28480 03455-61601

1200-0508 B8 SOCKET-IC LA—CONT DIP-SLDR Z8%BD 1200-9508
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Table 6-3. Replaceable Parts {Cont'd)

HP Part _ M
Refgreno_e Oty Description r Mfr Part Number
Designation Number Code
A3 03455=-66503 1 P.Co ASSEMBLY, FROCESSOR 28480 03455~66503

03465-69503 REBUILT EXCHANGE ASSEMBLY 28480 0345569503
A3l 0180-0210 3 LAPACITOR-FXD 3.3UF+=20T 15¥DC TA 56289 150D0335X0015A2
A3L2 0180~0210 CAPACITOR-FXD 3.3UF+=20% 15VDL TA 562489 150D0335X0015A2
A3SCS 2180-0210 CAPACITOR—FXD 3,.3UF+-20% LSVDL TA S4283 1500335X00L 5A2
A3kl. R2 Q7571-0283 RESISTOR ZK 1% .125W F TL=0+=100 24546 C4-1/8~T0-2001-F
A3K3 ‘aH PADDING LIST

0698—-3159 3 RESLSTOR -%.04K 1% .L25W F TC=0+—100(5.0V) 24545 C4—L/8-TO-4bet=F
Adul 1820-1201 1C-DIGITAL SNT4LS06N TTL LS QUAD 2 AND 01295 SNT4LSOBN
Adde 1820~1£01 IC-DIGITAL SHT4LSOBK TTL LS QUAD Z AND a1z9s SNT&4LSQBN
A3uU3 l820—1193 IC-DIGITAL SKNT4LSO3N TTL LS QUAD 2 NAND 0L295 SNT%LSO3N
AdUe 1820-119%9 IC-DIGITAL SHT&LSO&N TTL LS HEX 1 0129% SNT&L 504N
A3US l420—1195 1 IC-DIGITAL SNTALSITSN TTL LS QUAD 01295 SNT4LS175M
A3léa 18 18—0D2606 1 *I{, ROM—MOS 25480 i8l8-0266
A3UT 1816-024% i s10 s ROM-MOS 28480 1818-0265
A3l 18 18-0264% 1 *[C, ROM-MOS 28480 16L8-0264
A3JUD 1820=1491 2 1C=-DIGITAL MOs 28480 1320~1656

40400748 & EXTRACTOR-PC BOD BLK PULYC .062-BO-THKNS 26680 4040-07T48
ALD PA455=-a6510 1 P.Cs ASSEMBLY, INGD MB 28480 03455-66510
aloct 01604479 1 CAPACITOR—FXD 220PF +-10% 29430 01604479
ALOC2 D160-2257 & CAPACETOR-FXD LOPF +=5T SOOwWVDC CER 28480 0L60=-2257
ALUC3 Uicl=3460 4 CAPACITOR=FXD LOOPF #-10% LO00WYDL CER 28480 0l60-23454
ALOLG AC J1&0~-Q158 2 CAPACITOR—FXD 6BQOPF +-10% 200 VDC POLYE 28480 0160-01569
ALOCS. 01680-0134% 1 CAPACITOR-FXD 220PF #+-5T 300WVDC MICA 28480 0160-0L 34
ALOLE 31 50~-30T 1 Fi CAPACITOR-FXD 400PF +-53 12004VDC CER - 28480 01500071
ALULT 31 50-0u71 CAPACITOR-FXD 400PF +-53 1000WYDC LER 2B4BD 0150-007T1
AJULH U1 80~-0230 13 CAPACITOR-FXD LUF+—20% SOVDL TA S6289 1500105X005042
AluLy 9180-0230 CAPACITOR-FXD 1UF+Z0Z S0YDL TA 546289 1500105X0050A2
ALOCLL G180-0229 3 CAPACITOR-FXG 33UF+—10% LOVDE TA 5628% 1500D336X901082
Alullil Q1u0-0ie? 2 CAPAGLITUR-FXD LUF +-20% 25#VD{ GCER 28480 0160-0127
AlOLLS 4160—-3466 CAPACITOR-FXD 100PF +—10% 1000WV0L CER 28480 0160-3468
AlLUCL4% 0160-3466 CAPACITOR-FXD 1O0PF +-10% LOQOWVYDL CER 28480 01690=3466
ALRCLS U1le0-23506 2 CAPACYTOR-FXD ZTPF +—5% 300WVDL MICA 28480 0160~-2306
Ajullu 01 40-020% 1 CAPACITOR-FXD 4IPF +-5% S00WYDC MICA 72136 DHL5E4TDJO5J0MVLICR -
ALUCLY Qlei=2204% CAPACITOR-FXD 1Q0PF +~5¢ 300WVOC KICA 26430 0160-2204%
AlACls 4180-0230 CAPACTITOR-FXD 1UF+~203 SOVDC T4 56289 150D105XDQ50A2
ALOCL9 01 80—-040230 CAPACITOR-FXD 1UF+-20% 50VDL TA 56289 15001L05X0050A2
AluCei 21 604451 1 CAPACITOR~FXD 1SOPF »~2.5% 160OWVDL POILYP 28480 0160~ 4441
AlOwgé a]1eD-2257 CAPACIFOR-FXD lOPF +5f% 5004VDLC CER 284B0 0t60-2257
AlULZs i1 60-0154% CAPACITOR-FXE 2200PF +-103 Z200MYDC POLYE 56289 292p22292
ALdLZs V1e60-2306 CAPACITOR=-FXD Z27PF 5% 300NVDL MICA 28480 0150=2306
AlUCZS 01 20-0195 1 CAPACITOR-FX0 33UF+=20% 35V0DC TA 56289 1500334 X003 542
AlULzS U160-3847 3 CAPACLITOR-FXD OlUF #100-0% 50WvDL CER 28480 01460~ 3347
Aloezd 0160-3047 CAPACITOR-FXD OlUufF +109-0% SOMVDC CER 28480 0150=-3847
AlUCies HLL0-037 4 CAPACLTOR-FXO 10UF+=10% 20vDC TA 56289 1500106X902Q032
ALVLEY DLED=2055 15 CAPAC I TOR—FXD LOLUF +80-20Q% 1OQOWVDL CER 28480 OL60-205%5
ALdC3) 31a0-2055 CAPACITOR~FXD «DI1UF +B0O—20% 100x¥DL CER 28480 0160-2055
ALILsZ T 0180—0230 CAPACITOR-FXD lUF+-20% 50vDC TA 56289 150D105X0050A2
AdUL33 d160~3847 CAPACITOR—FXD .O1UF +100-0F S0MVDL CER 28880 DL&0-384T
AlAC36 4180-0230 CAPACITOR-FAD LUF+20T S0VDC TA 56289 150D105X005 342
ALJL3S 01 60—-2053 CAPACITOR-FXD 01UF +30-20% LOOWYDL CER 28480 0Lle0-2055
ALOC3O Q162055 CAPACLITOR-FXD OlUF +30-20% LOQWYDC CER 28480 Oilo0-2055
ALJCET a9160-2055 CAPACITOR-FXD 0lUF #80-20% LOOWYDC CER 28480 0160=-2055
ALUL3S 21 60-2055 CAPACLITOR-FXD .0lUF #80~20% LOONVDC CER 28480 Ql60-2055
AloL3? Q1 el-2055 CAPACITOR-FXD ,DIVF +EQ-20& 100WVDRL CER 286080 D160-2055
AlOC%L a1460-2355 CAPACITOR-EXD JOlUF 4+8uU-20% L100WVDC CER 28400 0160-2055
AlaCa2 J1le0=2055 CAPACITOR-FX0 .GlUF #E0-204 100WVDC CER 28480 0160-205%5
Aldges 01 60-2u55 CAPACITOR-FAD LOlUF «BO-20f 100WYD( CER 28480 0L50-2055%
Al0L44 ¢160-3456 CAPACITOR-FXD 100PF +— 10X 1090WYDL CER 28480 01603460
Aldued G180~0230 CAPACLTOR-FXD 1UF+203 50VDC TA 6283 }50D105X0053A2
410C4e QAL80=-0229 CAPACETOR-FXD 33UF+=10% 1OVDL TA 56283 150D 336X901082
ALQCAT OLEF2055 CAPACITOR-FXD L,OlUF +80-2D0% LUOWYD{ CER 23460 aL&0~-2055
ALQC%S QAL60=2055 CAPACITOR=FXD LOLUF +8G~20% LOONVLC CER 28580 D160—-2055
AlOL49 a1 60-2055 CAPACITOR-FXD .DIUF #BO—-20% L00=¥YDL CER 2B480 0160-2055

AC SERIAL NUMBERS 1622A01806 AND ABOVE. REPLACES 0160-0159,
AH SEE NOTE ON SCHEMATIC 8.
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Table §-3. Replaceable Parts (Cont'd)

HP Part e Mfr

Reference Qty Description Mfr Part Number
Designation Number Code

AluCsi 21 6)~-2055 CAPACIVOR-F XU .OIUF +B0-20% 10aWvDC CER 284580 0160—2055
ALDCSE dL&0-26Q05 CAPACITOR-FXD .OZUF +80-20% 25wvDL CER 28480 0leD~2605
ALGLSS J1el-2605 CAPACITOR-FXD .02UF +B0-20% 25WVDC CER 208480 0160-2505
ALUCS% 0l 80-0:39 CAPACITOR-FX0D 1UF+-2Z0X 50VOL TA 56289 1500105X005042
AL0GLSS ol &-0127 CAPACITUR-FXD 1UF +-20% 258VDC CER 28480 0160~-0127
ALOLSe a1 30-0230 CAPACITOR-FXD 1UF+—20% 30VDC Ta 54289 1500105X085042
ALDCHT 0l 8)—z629 2 CAPACITOR-FXD ZZ20UF+50—-10% S0VDC AL ZB4BD 01802628
ALUCHE U1 80-2628 CAPACITOR-FXD 2Z0UF+50-10% 50V0C AL 28%80 0180~2628
ALUCSY 01 80—0230 CAPACITOR-FXD JUF+-20% 50VDC TA 56289 1500105X005042
ALUCOL ULB0-0E93 CAPALITOR-FXD 1Q0QUF+50=-10% 25VDC AL Q022U 25¥a5L1000
ALILed Ot 80—0693 CAPACITOR-FXD 100GGUF+50-10% 25vDC AL Q0220 25¥35L1000
ALQESES L E-0230 CAPACITOR-FXD 1UF+—20% SOVDC TA 56283 150D195X00504A2
AlOCSY 21 8606595 1 CAPACITOR-FXO 4200UF+100-102 12VDC AL, 28480 0183-0&95
AjULe6E 31800230 CAPACITOR-FXD IUF+20% 50VDL TA 5628% L500105X0050A2
ALOCKL 1901-058& L) DIUDE~-GEN PRE 30V 25MA TO-T2 28480 190L-05306
ALuCR?2 1901-0586 DIODE-GEN PRE 30V 25MA TO-72 Z2B480 1901L-0586
ALQLK3 1902-3104 2 DIODE-ZNR 5.62V 35T DO-T7 PD=.%W TC=+.416% 153113 - CD 35863%
ALOCKS 19€1-0050 DIDDE-SWITCHING 80V 200MA ZNS DO-7 28480 1901-0050
ALOCRY 1901-0050 DIODE-SWITCHENG B0Y 200MA ZN5S DO-7 28480 1901-0050
AlGLRS L94d1-0050 DIODE-SWITCHING 80V 200MA 2NS DD-7 23s80 1901-0050
ALUCRT 1902-0184% 5 DIDOE~-ZNR 16.2¥ 5% D07 PO=.4W T{=+.0861 04713 S L0939-242
ALBCRE 1901-0050 RIDDE-SWITCHING S0V 200KA 2N3 00-7 28480 1904-0050
ALlUCRY 1902-0184 DIDDPE=ZNR L&6.2V 5T DO~T7 PD>.4W TC=+.06561 04713 57 L0939-242
ALUCKLL 192-0i84 DIBRE-ZINR 16.2V 5% DO=-T PD=,.4W T(C=+.0661 Q4713 57 10939242
ALOCRLZ 1201-0050 DIODE-SWITCHLNG 80V 200MA 2NS DO-7 ZBN80 1901-0050
ALOCR1S 1901-0050 DIODE-SHITCHING 80V 200MA 2NS 00-7 X 28480 1901-0050
ALQCRILY 1902-3002 i DI10DE=ZNR 2.37¥ 5% DO=7 PD=.%W TC=-.014% 15813 LD 35526
ALGLRLS 179 02=-0049 DIODE~ZINR 6.19Y 5% DO-T7 PO=.4W FC=+.022% 28430 1502-0049
ALUCKLY 1901-00L50 LI OQE-SWITCHING BQV 200MA 2NS §O-7 28430 1901-0050
ALUCRLT 1901-0050 DIQIE-SWITCHING BV Z2RONA 2NS DO-7 28480 1901-00350
ALOCRLE L901-0588 DIDDE-GEN PRP 30V 29MA TO-T2 28580 1901-0585
ALOCRLY 1901-058B06 DIOLE-GEN PRP 30V 25MA TO-T72 26480 1901-0588
AlDCHZL 1901-0586 DIODE-GEN PRP 33¥ 25Ma TO-72 286480 E901-0586
ALDCR22 1901-0584 D10DE-GEN PRP 30V 25Ma TO-T72 268480 1901-0586
ALOCKZ3 19¢1-0050 DHODE-SWEITCHING 80V ZOQNA 2ZNS 00-7 28480 1901-0050
ALGCRZ4 L9 LA-0050 DIODE-SWITCHING 80¥ ZOONA 2N5 0O-7 28480 1901-Q050
ALUCKZS 1% Cl-0050 DIJUE-SWITCHING BOV ZOOWA 2N5 DD-7 2B4B0 1901-0050
ALUCRES 19C1-9350 DIODE-SWITCHENG 80V ZQOUMA 2ZN5 DO-T- 28480 1901-0050
ALDCRZT 190-0378 & OIQDE-GEM PRP 35V S0MA DO-T 28480 190E-03 76
ALUCRZd 1901l-03is6 DIODE-GEN PRP 35Y 50MA DO-7 28480 1901-03T6
ALuCRed 19020184 DEQDE-INR L&6.2V 5% UO-T PO=a.4W TC=#.0BBT 04713 SI 10939-242
Alli3] 1902-0184 DEQDGE-INR 16.2V 5T DO-7 PD=.4W TC=+.006% 04713 $Z 10939-24%2
ALJCR3IZ 19GL-3050 DIODE-SWITCHLING 80V ZOOMA 2NS DG-17 28480 190L-0050
ALDCR 33 19€1-00530 DIODE=-SWITCHING B0v ZOOMA 2N5 DO-T7 28480 1901-0050
ALULK3E4 L20L-0u50 GIODE-SWITCHENG B0V 200MA 2NS DO-7 28480 19610050
ALOLK3> 1901-0050 DIGDE-SWITLHING 8av 20DMA ZNS DO-T 28480 190L-0D50
ALOCKAS 19461-0a50 DIODE-SWITCHING BOV 200MA 2RSS DO-7 28580 1901-00 50
ALDCR3T 19Ci-9050 DIODE-SKITCHING SOV 200MA 2NS DO-T 23480 1901-0050
ALOCK3IE 1901—-0050 DIODE~SWITLHEING 30V 200MA 2KWS DO-7 28480 1901-0050
ALBLAZS 1901-0u50 DICBE-SWITCHING 8OV 200MA ZNS DO-7 28480 1901-0050
ALOCK4L 1901-0050 DIOOE-SWITCHENG B0V 2Z0QMA 2NS DOD-7 28480 1901-0050
ALOLHS 2 1901-0450 D10DE-SWITCHING B0V 20DMA ZNS DO-V 28480 1901 -0950
ALOLK4S 19¢1-0050 OIODE-SWITCHING A0Y ZOONA 2NS DO-7 28480 1901-0050
Al0CKR44 1901-0450 DIODE~-SWETCHING BOV 200MA ZNS DU-=T ZB%AD 1901-0350
ALOCRSS 19¢01-Q050 DIODE-SWITCHENG BOV 200MA 2N5 DD-7 28480 1901-0050
ALiLR4o 19L1-0G50 DIODE-SWITCHENG 8QV ZQOMA 2NS DD-7 28480 13010350
ALOGRST 19¢1-0050 UIDDE-SWITCHING BOV 200MA ZNS DO-7 28480 1301-0050
AlUCR4S8 L90k-0028 OICDE-PWR REGT 400Y¥ 7S50MA DO-29 284B0 1%31-0028
ALUCRA4Y 19010028 OIOBE-PWR RECT 400V T50MA DO-29 28480 1901-0028
ALQERSL 19C1~6028 DIODE-PWR RECT 400Y 750MA DBD-29 28480 1901-0028
ALULRSZ 19CI-0028 DIGDE-PWR REGT 400¥ 750MA BO-29 28480 1901-0028
ALULRI 3 190i—-0a0z28 DIQDE-PRR RECT 400V TS0MA DO-29 28480 1901~-0028
ALLRS4 1901-9328 OIODE-PWR REGT 400V 750MA DO-29 28480 1901-0023
ALULKSS 1901-0028 DIUDE—PWR RECT 400V T50MA DD-29 28480 1901-0028
ALULR IS 194i-00zs DIGDE-PWR RELY w00Y T50MA DO-29 28480 1901-0028
ALUCRST 19CL~0u2d DIODE-PYR RECT 400¥Y T50MA DD-29 28480 1901-00248
ALUCHES 19¢1-9028 DIODE-PWR RELT 400¥ ¥50MA DD-29 28480 igal-an28
ALOCR 59 19€1-0050 CICDE-SWITCHIRG 80V- Z00MA 2NS DO-7 28480 1901-0050
ALDCKbBL 1902-00%49 DIODE=INR 6.19V 5% DO=7 PD=<4wW TL=+.022% 28480 1902-0049
aAlDLRGL2 1941-qz200 DIODE-PWR RECT 100V 1,54 04713 SREB46-9
ALOCKOS 19GCl-uZ00 DIQDE-PHR RECT 100¥ 1.54 04713 SRLEG46-F
ALUCR o4 19Q2-0L16 2 DIJOE-INR 4T.5V 53 DO-15 PO=1W TC=+.0E13 D4T13 5Z~11213-335
ALUCABY 1942-0u49 DIQDE-INR 6,19V 5% DO-7 PD=.4W TL=+.022% 284480 1902-3049
ALOLRbL 19G62-0176 DIODE-ZNR 47.5V 3% DO-15 PD=1W TC=+.081% \'MT_I.! 5Z-11213-335
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Table 6-3. Replaceable Parts (Cont'd)

4D SEE NOTE ON SCHEMATIC 1.

| e & Dindes CR71 and CA72 apply only to serizl numbers 1622A00411 and above.

AC  SERIAL NUMBERS 1822401808 AND ABOVE, REPLACES 0683-2025.

HP Part .- Mfr
Reference Qty Description Mfr Part Number
Designation Number Code
ALOCHGT §902-3104 DIODE~INR 5.62V 5% DO-7 PO=.4W TC=+.016% 15818 CD 35634
AlULkod 1902-0631 DIDDE-ZNR LNS3SLB L4V 5% PO=5W TC=+T5% 04713 -] INS53518
ALULRSY 1901-0050 OIODE~5SWITCHING 80V 200MA 2NS 00-7 28480 1901~0050
AWCRM, 724 19010050 DIODE-SWITCHING BOV 200MA 2NS DO-7 28480 1801-0080
Al0EL 1970-0017 1 *SURGE Vv PTCIR 28480 1970-0077
ALOE2 81 10-0052 1 WIRE-RES 2.6-QHM/FT ,01-DIA 2B4BD 8110-0052
41041 - 1251-2635 CONNECTOR-PC EDGE 15-CONF/RON Z-ROWS 1785 252-15-30-300
aloa2 1251-2035 CONNECTOR=PC EDGGE I5~CONT/ROW 2-ROWS 71785 252-15-30-390 *
Al043 12514189 1 CONMECTOR-PC EDGE 15-CONT/ROW 2 ROWS -
AloJs 1251-4325 1 CUNNECTOR 10-PIN M PDST TYPE 28483 1251-4325
Alugd 1251-3192 1 CONNECTOR 3~RIN M POST TYPE 27264 09-60-103112503-03A)
ALOKL 0490-0740 1 RELAY.:REED 28460 04900740
ALOK2 04900663 11 RELAY—REED LA 100MA 1006VDC 5VDC-COIL 28480 0490-0663
ALUK3 04900663 RELAY-REED 14 1D00MA 1000VDC SVOC-COTL 28480 Q&90-0663
ALOKG 0% 90-D&b4 4 RELAY—REED 1A LOOMA 250VOC 5YDC-COIL 28480 049 0-0664%
ALOKS 04900663 RELAY-REED 1A LOOMA 1000VDC SVDC-COIL 28480 04F0-0663
ALOKe D4590-D663 RELAY-REED LA 100MA LGOOVDC 5VOC-COIL 28460 | 0490-0863
ALUKZ D4 90-Ubb54 - RELAY~REED 1A 100MA 250VDC 5VDC-E0IL 28480 0490~066%
ALGRY 0490-0664 RELAY-REED ‘14 100MA 250VDC SYDC-COIL 28480 D490-0664
ALOKY 0490-0664 RELAY=REED 14 100MA 25QVDC SVYDC-COIL 28480 0490-066%
ALOLL 9100=1641 1 COIL-MLD 240UH 5% Q=65 .1550X.37506 24226 157243
ATQP1 1261-4311 1 CONNECTOR 8-PIN F POST TYPE 27264 22--01-2081

1251-3476 - CONTACT-CONN UMW POST TYPE FEM CRP {P/Q P1) 28480 1261-3476
A10P3 12514310 T CONNECTOR 2-PIN F POST TYPE 27264 22-01--1021
ALOGL 50 £8~7028 4 TRANS1STOR, FET 28480 5008-7028
Alduz 50 34— 7028 TRANSTSTOR, FET 28480 50868-7028
ALOW3 AD 5090-7047 9 TRANSESTOR, FET 28480 5050-7047
aloas AD S000-7 047 TRANSESTOR. FET 28450 5090-7067
Aluas L855-0308 1 TRANS1STOR-JFET DUAL N—CHAN D—MODE 51 28480 1855-0308
AlOws 18 55=0247 3 TRANSEISTOR—JEET DUAL N—CHAN D—MODE To-71 2B4BD 1855-02 47
ALOQT 14 54-0071 13 TRANSISTOR NPN S1 PO=300MW FT=200MHZ 28480 1854-0071
ALOG8 16 53~00B& i THANSISTOR PNP 51 PD=3LOMN FT=40HHZ 28480 1853-0086
ALUGY 18530020 TRANSISTOR #HP S1 PD=300MW FI=150MHL 28480 1853-0020
alugll 1854—GO7L TRANSESTOR NPN SI PD=300MW FT=200MKZ 28480 1854-00T1
aihz 1854-0087 3 TRANSESTOR NEN SI PD=360MA FI=TSMHZ 28460 1854=0087
ALOdL 3 5088-7028 TRANS15TOR, FET 28480 sgaa-7028
ALUGLY 5088-702R TRANSTSTOR. FET 28480 508B—7028
AluQls aD 5090-7047 TRANSISTOR, FET 28480 5000-7d47
AlQlo aD 5090-7047 TRANSLSTOR, PET 28480 S09G-7047
AloQir 18550246 2 THANSISTOR—JEET DUAL N-CHAN O-HODE TO-71 28480 1855-0246
ALDQLH AD 5690-7047 TRANSISTOR, FET 28480 5090-7047
ALGGLI AD 5000-7047 TRANSISTOR, FET 28480 5080-7047
ALBUZL 4D 5090-7047 TRANSISTORs FET 28480 5080-7047
ALDGR2 1555-0420 11 TRANSLSTOR J—FET 2N4391 N-CHAN D=MODE 04713 284391
Alouz3 1854~0087 TRANSLSFOR NPN 51 PD=350MW FY=75MHI 28480 1854—008T
ALOU2Y 1654-0071 TRANSISTOR NPN 5§ PD=300MA FT=Z00MHI 28480 1854-00T1
alywzs 1854~0071 TRANSISTOR NPN SE PD=300MN FT=200MHZ 2B4 80 1854-00T1
Aluuie © 1853-0020 TRANSISTOR PNP SI PO=300MM FI=15QMHZ 28480 1853- 0020
ALGQZT 1855-0368 & TRANSISTOR S=FET N-CHAN D-MODE F0-72 SI 264890 1855-03 68
Aluue3 1855~0348 TRANSL3TOR J-FET N—CHAN D-MUDE f0-T2 §1 28480 1855~03068
ALOWEY L855-G368 TRANSISTOR J-FET N-CHAN D-MODE TO-72 51 28480 1855-0358
ALUGHL 18550244 2 #TRANSISTORs JFET MN-CHANNEL ZN4857 28480 1855-02 44
YUY LBS55-0244% #TRANSISTORs JFET N-CHANNEL . IN4&57 20480 1855-0244
Aluwis L6 55-0420 TRANSISTOR J-FET 2N4391 N—CHAN O-MODE 04713 2N4391
[YVI'ENY 1B5%~0420 TRANSLSTOR J-FET 2N4391 N-CHAN D-MODE 04713 2N4391 .
Alud3s L655-0368 TRANSLISTOR J-FET N-CHAN D-MODE TO=-72 51 28480 1855- D368
Aldu3e L855=C358 TRANSLISTOR J-FET N-~CHAN D-HODE TQ-T2 SI 28480 1855-0368
aLoast * 1855-0460 1 TRANS [ STOR-JFET DUAL W—-CHAN D-MODE TG-T71 28480 1855-0460
Al0035 4D 5090-70k7 TRANSISTOR, FET 28480 50007047
alousy 4D 5090-70k47 TRANSESTOR, FET 28480 5080-70%7
LYEI LY 1B E5~0368 TRANSISTGR J—FET N—CHAN D-MUDE Ti-72 SI 23480 1855-03 68
ALGuGl 1853-0020 TRANSISTOR PNP S1 PD=300MW FI=250MHZ 28480 1853-0020
ALDN4e 1853-0020 TRANSISTOR PNP SI PO=300MM FI=L150MHL 28480 1853-0020
ALDQAS 1853-0020 TRANSISTOR PNP S1 PD=300MW FT=150MHI 28480 1853=0020
ALOD&% 135+ 0G71 TRANSISTOR MPN S PO=300MW FT=200MHL 28480 1854-0071
ALDWeS 1354-00T1 TRANSISTOR NPN 51 PD=300MW FT=200MHZ 28480 1854-2071 .
A Lduaen LB53-Q020 TRANSISTOR PNP 51 PD=300MW FT=150MHl 28480 1853-~0020
Aldicd 08 L3-0037 2 RESISTOR SOK ST 5W PW FC=0+-20 91637 R55
Ai0k2 08 13-0032 RESISTUR 50K 52 5W PW TC=0+-20 91637 RS-5
ALORS 0698-8737 12 RESISTOR 100K 53 .z25W CC TL=-400/+800. o1LzL CBIO0&5
Alaké 0698=-8737 RESISTOR lODK 53 ,25W CC TL=-4D0/+B00 oLzl CB1045
AluhS 0683-1535 4 RESESTOR 15K 53 .25W FC TC=-400/+800 o1iz1L tB1535
AlUke 06832445 2 RESISTOR 240K 53 .25W FC TL=-3D0/+500 o112l CBZ445
alok? 0683-2445 RESISTOR 240K 5% .254 FC TL==300/+900 o112l CBZ445
ALUKE 07 57-0446 2 RESISTOR 15K 1T .125% F TC=0+-100 255445 C4-1/6-TD-1502-F
ALIRS OT57-044b RESISTOR 15K 13 .125W F TC=0+—100 24548 C4-L/B-TO-1502-F
Alukll &¢ 06H83-1325 9 RESISTOR 113K 5% .25W FC TC=—400/+700 01607 £€681325

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

HP Part - Mir

Reference Oty Description Mfr Part Number
Designation Number Code

ALDREZ 0683=-3323 1 RESLSTOR 3.3K 5% .25W FCL TL=~400/+700 01121 CB3325

ALlLRL3 Q6GE~8737 RESISTOR LOOK 5% L25W CC TC=~400/+800 GL1Z1 CB1045

AlOKL% g9683-1015% 2 RESISTOR 100 5% .25W FC TC=-40Gr+500 01121 CB1OL5

ALDRLS Q& 83-8225 1 RESISTOR 8.2K 5% .25W FL TC=-400/+700Q al1z1 £Ba225

AlURLs d633-1535 RESISTOR L5K 31 25w FC TL=—-4D0/+800 IR ¥ LB1S35

ALORLT Q6 83-2045 a RESISTOR 20K 5% .25W FC IC=-4007+800 oLLzZL . CB2035

ALURLE 0698=4479 Z RESISTOR 14K 1% 1258 F TCL=04=-100 24546 C41/78-T10-1402-F
ALJRLS 4698-3136 1 RESISTOR 17.8K 1% L125W F TC=0+=100 24546 C&=1/8-TO—1T782—F
AloK2ZL a6 85625 3 RESISTOR 5.6K 5% .25W FC TC=-%00/+700 QLizl CBS4625

A LUKZZ Ve &@-5625 RESISTOR 5.6K 5T .25W FL TC=-4007/+700 o1i21 CB5625

AlIRZ3 D6 831535 RESISTOR 15K 5% .25W FL TC=-400/+B00 gLzl CBi535

AlORZw 9698-6727 8 RESLISTORy FXQ 10400 OHM .05 2B 4480 . D&98-9T7T .
ALOKZS 0D698=-4479 RESISTOR 14Kk 1T «125W F TC=0+v-100 24545 C4—1/8-TO~1 %02~F
AlURZE 0683-1325 1 RESISTOR 1.8 5% .Z5W FC TC==400/+700 01121 CB1825

AduRr2? D6 82215 RESISTOR 220 5% .25W FC TC=~40Q/+600 1121 ce2215

ALURZE 06835145 T RESISTOR 5i0X 5% .25 FC TL=-800/+9%00 ollz1 CB5145

ALRURZT 0698~-6737 RESISTOR L[OOK 5% .25 LC TC==400/+800 0112l CB1045

Alun3l 95831035 L5 RES{STQR LOK 35X .25W FC TC=-4007/+700 ol121 | CBi1035

ALOR3Z D6 EI-5625 RESISTOR 5-6K ST .25W FL TC=—&#00/+700 oli21 CB5625

ALuR3d Qa83-9115 )3 RESISTOR 9lC 5% 25w FU TC=-400/+600 oL12l CB9RLS

ALUR34 0698-8737 RESISTOR LCOM 5% .25W (L TC=-400/+300 oiizi CB10O45

ALGR3S 08 11-3415 1 RESISTOR 7648 1T 1W PW T(=0+=20 91637 . R5-1A

ALORIG 056988776 1 #RESISTOR, FXD 10 GHM .05 26480 06%8-81T6

ALOR3T 0683-203% RESISTOR 20K 5% .25W FC TC=—400/+800 o121 CA2035

ALOR3E 9698-8777 RESISTOR, FXD 1000 OHM .D%5 28480 05988777

ALOR3S 0698—-3737 RESISTOR 100K 5% .25w CC TC=-400/+43800 oLzl L{BI045

ALur4l 06968-5693 2 RESISTOR 20K 1% .125W F TC=0+-25 03888 PMESSS

A LUR4Z 0698~ B6%2 1 RESISTOR 160K IX .125W F Ti=Qe~25 [+E1:2: 8] PMESSS

Aluk4s Q698~8693 RESISTOR 20K L% -123W F TC=0+-25 G3ga88 PRES5S

ALURS% QeIB-8137 RESISTOR 100K 5T .25W CC TC=-400/+B0D o1zl CBL1045

ALUKGS 06 83-5135 1 RESISTOR 51K 5% .25@ FL TL=-400f+800 01121 £e513%

AluoRGs 0698-8777 RESISTOR, FXD 10G0 OHM .05 284B0 a&98-8717

ALDRGT UBll-3461 2 RESISTIVE SET. IOM/100 KOHM {INCLUDES RG3} 28480 0811-3456]1

ALuKed 1810=-0232 F NETWORK~RES B-PIN—SIP .1-PIN-SPCG 7XT00K 56289 2L4CHLDAXIPH .
Alik4D L8 10=0432 NETWORK~RES B—PIN-3iP JI-PEN~SPLG 7X100K 5628% 216CHI04K9PH
alursl Oo98—8737 RESISTOR 100K 5T .25 CL TC=-400/+800. 01121 CBEL045

ALORSZ 06483—2025 RESISTOR 2K 53 .25W FL TG=-400/+700 gr121 CB2025

ALDRS3 0683-6225 1 RESISTOR 5.2K 5% .25W FL TC=~400/+700 01121 CB&225

ALUKYS 0696=T7332 4 RESISTOR 1M 1% ,12%d F §C=0+-109 19701 . MF5C178-TO-1004—F
ALUnSs 0698=-T332 RESISTOR 1M 1% .125W F TC=0+=100 19701 MF5C178-T0-100%—F
A10K5E D&83~5145 RESISTOR 510K 5% .25W FC TL=—HB0O0/+900 011zl CB5145

ALIRST D698—-632D 5 RESISTOR 5K olX 125K f TL=04-25 h3ises PME55=-1/8~T3-5001-8
ALURSE 26 98—-6320 RESISTOR 5K olR% .125W F TL=D4=25 03288 PMESS5-1/8-T3-5001-B
ALUGRGY 0593~ 1041 2 HESISTOR 100K 103 2W (L TC=0+882 olizi. HB1O%1

AlJdREL G493=1041 RESISTOR LOOK 10% 2w CC FC=0#882 ot121 HBLO4S)

Aludb2 04 53=-8737 RESISTOR -100K 5% .25W CC TE=—400/+300 o112l CBLO45

ALQRO3 03 11-346] RESISTIVE SET, 10M/100KOHM {INCLUDES R47} 28480 0811-3461
ALORo% O6Yy8—-8IT7T RESESTOR, FXO IQQQ OHM .05 28480 o698-81717

ALdray 0683~-7535 1 RESISTOR 75K 5% .25W FC T(=—400/+§00 01121 C87535

AlURGE 21900—-3383 1 RESISFOR-TRMR 50 10% C TOP-ADJ 1-TAN 73138 T2-101-0

ALOKG? 0683~2025 RESISTOR ZK 5% .25dW FC TC=—400/+700 a1l121 £B2025

ALOKSH Q&a498—-8a737 RESISTOR 1G0K-53 .25W LC TL=-400/+300 a11z21 CB1045

AlQRGS 0757-0465 RESISTOR 100K 1% .125« F TL=0+-100 24545 C4-1/8-TG=1003-F
ALYRTL 07 5T-U4065 RESISTOR LO0K 1T (125w F TC=0+4-100 24544 L4-1/8-T0-1003~F
ALOKTZ b E3-2015 RESISTOR 200 5% .25W FC TC=—4D0/+600 olizi cazols

ALDRT3 07 S5T- 0460 13 RESISTOR 619K 1% 125 F FC=0+100 24545 Cé4~1/8-TO-6192~-F
ALOKTS Qbg3a-4125 & RESISTOR 4.7K 52 .25W FC IC=—400/+700 allzi CB4T25

ALURTS 06 83-1035 RESISTOR LOK 5X .25W FC TC=—400/+7T00 oL121 C8l035

AlorTe U683-2035 RESISTOR 20K 5% .25W FC TC=2=400/+800 aiizt CB2035

ALURTT 0683-4725 RESISTOR 4.TKR 5% L25W FL TC=-400/+700 01121 CB4T25

AlUR7a 06 83~4725 RESISTOR 47K 5% .25W FC TCL=-400/+700 oklzl LB4T25

ALURTY 069881717 RESISTOR FXD 1000 OHM 05 - 2B480 06988777

Alukal 06832025 RESISTOR 2K 5% .25W FC TC=200/4B00 - o123 CB2025

aALURBZ QB6EF-9145 i RESESTOR GlOK 5% .25 FC TC=-B0DS+300 gLiz1 CB9L45
CAluKe3 0698—-8737 RESISTOR 1GOK 5% .25W CC TC=-400/+800 01121 CB10&5

ALIRES 0683—-1033 RESISTOR 1OK 5T .25W FC TL=—400/+700 o121 £B1035

AjdRos 0698=-8737 RESISTOR 100K 5% .25W CC TL==400/+800. 0lizi CELOAS

Allifge 06S6-8TT7 RESISTOR, £X0 1000 OHM .05 28480 069887771

ALURST Do9B—-8TTT RESISTOR, FXD 1000 OHM .05 28480 0698-8777

ALlUKBE D6 83=-5115 2 RESISTOR 510 5% .25W FC TC=-4%00/{0 01121 CB511L5

L LURBY 06 83=5115 RESISTOR 510 5% .25W FC TC=—4%00/4500 oLl121 CAS5115

ALURZL 0&83-2035 RESISTOR 20K 5% .25W FLC TE=-430Q/+800 o1121 LB2035

ALJKIZ 0b 33-2035 RESISTOR 20K 5% .25W FL TC=—-4007+800 01121 . €B2035

ALURS3 VL EI-30Z5 4 RESISTOR 3K 5% .25W FC TC=-400/+70C 01121 ca3ozs

ALUKIG 06 83=2025 RESISTOR 2K 5% .25W FL TC=~-400/+700 G121 CBza25
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Table 6-3. Replaceable Parts {Cont'd)

Reference HP Part - Mfr
ElE A N Qty Description Mfr Part Number
Designation umber Code
ALOKYD 0683-2015 RESISTOR 260 5T .25W FC TC==400/+#600 01121 €B2015-
Alurga 0683=2015 RESESTOR 200 5T .25W FC TC=-400/+600 o112l £B2015
ALORYT U683-2025 RESISTER 26 5% -25W FC TL==400/+700 01121 CB20Z5
ALDK9B U E3- 205 RESISTOR 2K 5% .25% FC TC=-400/+700 o121 CB2025
ALORSY 0AO8—8777 RESISTOR FXD 1000 OHM 05 28480 06988777
AI0AT01, R102 DBB3-2035 RESISTOR 20K 5% .25W FG TG=—400/4800 i CB2035
AI0R103 06834725 RESISTOR 4.7K 6% .25W FC TCe —400/800 [3RF3] CB4725
AI0R104. DBEB3—1335 1 RESISTOR 13K 5% .25W FC TC=-400/+800 o CB1335
A1RIOE 4D : :
aAlukiog OTET-027% RESISTUR. 121K IX .125W F TC=Q+100 24546 C4&—1/78-TD—1213-F
AlORIOT 06 B3 2025 RESISTOR 2K 5% '.25W FC TL=-400/¢700 o1z CB2025
ALORLDw 06 E3~4725 RESISTOR %.7K 5% .25W FC TC=—&0D/+700 01121 CB4725
AluRloY D6 83-4725 RESISTOR 4.7K 5% .25W FC T(=-400/+700 0zl CB4725
AIOR111 & A 06834725 RESISTOR 4.7K 5% .26W FC TC=—400/+700 ) a2 £B4725
alusl 4B D450-0502 1 SWITCH-MAG REED FORM & 3VA 1200V CONT, 26480 0490-0802
AluTL 9100-0678 1 TRANSF ORMER: PULSE 28480 9100-06T8
ALQ12 91C0-35679 i TRANSFORMER, PULSE 28480 5100-3879
ALOuL 1626-0343 2 IC MC 1436C -OF AMP 04713 ML 143406
Aluuz 1826-0LD9 2 IC MA 2625 OR AMP 28480 | 1826-D109
aluus 1B26-0373 1 I[ LF 256H OR AMP 27014 LF256H
ALous 1826-0347 5 'L, J COMPUTER LM339 SPEC. 28480 1826-0347
A10US 18260347 1L, J COMPUTER LM339 SPEC. 28480 1826-0347
Al0us 1626-0387 1G+ 4 COMPUTER LM339 SPEC. 28480 1826~ 0347
ALOUT 18 26-04H 1 IC OF AMP LOW-DRIFT TO98 02180 oP-07Cl
Aluus LB I6-0347 [C, J COMPUTER LM339 SPEC. 28460 1826-034T
Aluug LEB256-0347 1€, J COMPUTER LM339 SPEC. 28480 | 1B26-0347
Aloull 1820-5196 IC-DIGITAL SNT4LSIT4N TTL LS HEX 01295 SNT4LSLTeN
ALGUL2 1820-1136 IC-DIGITAL SNT4LSL74N TTL LS HEX 01295 SNT4LSL T4N
ALDULS 1820-1196 1C-DIGITAL SNT4LS174M TTL L5 HEX 01295 SNT4LSLT4N
AL0ULG EBI0-1216 IC~-BLGITAL SNT4LS13BN TTL LS 3 01295 SNT4L5138N
ALUULS 1820-1196 [C-DIGITAL SNT4LS174N TTL L5 HEX 41295 SHTALSLT4N
ALBULL 1820-1196 IC-DIGITAL SNT4LSIT4N TTL L5 HEX 01295 SNTALS1T4N
ALbuLT 1820-1196 IG-IGITAL SNI&LSLT4N TTL LS HEX 01295 SNT4L51T4N
Aluvilb LB 26—-0343 EL ML I4356C OP AMP 04713 MC143606G
alouiy 1820-0471 4 1C-DIGITAL SN7406K TTL HEX 1 01295 SNT406N
aLu2l 18201197 IC-DIGITAL SNT4LSGON TTL L3 QUAD Z NAND 01295 SN74LSDON
AiDUZZ 1820-1199 IC-DIGITAL SNT4LS04N TTL LS HEX 1 01295 SNTAL 504N
AL0U23 1820—1420 2 IC-0IGITAL SNZT4LS92H TiL LS BIv-X-12 a1295 SNT4L592N
ALuUZs L820-0471 IC-DIGITAL SM7406N ITL MEX 1 01295 SNT40EN
ALDUZS 1918-2270 ! IC, HOS-ROM 28480 1818-2270
AlUUZe 0345562501 NANOPROCESSOR ASSY INCLUDES ATOR105™ 28480 D34E5-62601
Alouz? 1520-1198 1C-2LGETAL SNT4LSO3N TTL LS QUAD 2 NAND 01295 SNT4LS03N
ALGu2B 16520-1199 1G-01GITAL SNTALSO4R TTL LS HEX 1 01295 SNTALSD4N
Alou2e 1820-1197 IC-016ITAL SN74LSGON TTL LS QUAD 2 NAND 01295 SNT4LSODN
aluusl 1820~ 142D 1C-DIGITAL SNT4LS92N TTL LS DIV-%—12 01295 SNT4LS92N
AkDU3E 1820-1112 1C~DIGITAL SN74LST4N TTL LS DUAL 01295 SNTALST4N
ALOU33 18920-1112 1IC-D1GITAL SNTSLST4N TTL LS DUAL 01295 SNT4LSToN
ALOuae 1950-0577 2 OPTO- I SOLATCR LED-PDIO/XSTR IF=50MA-HAX 28480 1990-0577
ALuU3s 1990—-0577 OPTO~ISOLATOR LED-PDIQ/XSTR [F=30MA-MAX 28480 1990-0577
A1Uu3IG L8326=0150 1 -IC ¥ RGLTR 27014 - SL26683—-24
ALou3T 18 26=0299 1 ic V RGLIR 27014 LM320T-24
Alauls 18 z6- 0396 1 1C 7815C ¥ RGLIR 02237+ | 7815UC
AlDuU39 1826-027TT 1 IC LM 320 V RGLIR 2TOLG LM3Z20T-15
1205-0309 4 HEAT SINR SGL TO-220-PKG 28480 1205-0309
ajgwt 05-’-55—-&160? 1 CABLE ASSEMBLY. L.I.{INCLUDES P1} 28480 a3455—-61507
Alowz 03455-61408 1 CABLE,s 10/1 DIVIDER 20480 03455-51608
Aloxl L200—-0466 1 SUCKET-EL 40-CONT GIP-SLDR oo11J A-23-2030Y
Aluvl 04 Li-0663 L CHYSTAL, QUARIZ 4915.200 kHz 28%80 0410-0663
5040-0170 GUIDE:PLUG-1M P{ BOARD 28480 5040-0170
all Ac 11177-89501 1 ASSEMBLY, REFERENCE- 28682
NOT FIELD REPAIRABLE.
HEBUILT EXCHANGE ASSEMBLY
111778 REPLACEMENT ASSEMBLY
A RESISTOR AT0R111 APPLIES ONLY TO SERIAL NUMBERS 1822400411 AND ABOVE.
4B REED SWITCH A10S1 APPLIES ONLY TO SERIAL NUMBERS 1622A00410 AND BELOW.
AC REPLACE WITH A20 ASSEMBLY PART NUMBER 111778 FOR REPLACEMENT OR EXCHANGE.
Ap

SEE NOTE. ON SCHEMATIC 11,
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Table 6-3. Replaceable Parts (Cont'd)

AA  SEE NOTE ON SCHEMATIC 4.
48 SZE NOTE ON SCHEMATIC 4,
1

Reference HP Part . Mfr Mf
. g r Part Number

Designation Number Qty Description Code
AlZ 03455-66%512 1 PC ASSEMBLY, OHM CONVERTOR 28430 03455-66512
Al2C1 0180-0230 CAPACITOR-FXO IUF +-20% S0VDC TA 56289 1500105X0050A2
Al2C2 0160-0lb4 1 CAPACITOR-FXD .039UF +-10% 200V0C 28480 0160-9164
Al12C3 AB 0160-0157 1 CAPACITOR-FXD 4700PF +-10% 200vDC 28480 0160-0157
Al1ZCR1-CRY 19¢1-Q050 CIODE-SWITCHING 80V Z00MA 2NS DO-7 28480 1901-0050
Al1ZCRG 1902-0777 1 DIODE-ZINR INB2S 6.2V 5% DO-7 PD=.2%W k713 INB2S
A12CRA,CR7 1901-0050 DIODE-SWITCHING 80V 200MA 2NS DO-7 28480 19n1-0050
Al12CRR 1501-0436 1 DIQDE-HY RECT KV 600MA DD-29 28480 1901-0036
Al2ZCRY 1902-3139 1 DIDDE-ZNR £.25Y 5% DO-7 PO=.4W TC=+.053% 04713 $2 10939-158 ~
AlZCR1E-CR1S 1901-0050 DIODE-SWITCHING 80V 200Ma 2INS DO-7 28430 190:-0050
AlZQ1 1355-0247 TRANSISTCR-JFET DUAL N-CHAN D+-MODE 70-71 28430 1855-0247
Al202 1853=0020 TRANSISTGR PNP S1 PD=300MW FT=150MHZ 78480 1853=-0020
Al12Q3 14954-0087 TRAMNSISTGR NEM 51 PD=360MW FT=75MHZ 28480 1854-0087
gAIQQQ 1954-0079 1 TRANSISTGR NPN 2ZN3439 51 TO-5 PD=1W 02735 2H3439
Al1205 1855-0247 TRANSISTOR=JFET DUAL N-CHAN D-MODE 70-71 28480 1855-0247
Al2R1 0E83-1115 1 RESISTOR 110 5% .25W F{ TC=-400/+60D0 0112t CBlL15
AlZR2 0683-4325 1 RESISTOR &4.3K 5% .25W FC TL=-4006/+700 0112t CBY325
AlZR3 0757-0¢059 1 RESISTOR IM 1% .5W F TC=04-100 1970t MF7C1/2-TD-1004-F
Al2R4 GEZ3-2735 3 RESISTOR 27K S% .25W FC FC=-4H00/4800 01121 CB2731%
AlZR5 0698-4468 1 RESISTOR L1.13K 1% 1254 F TC=0+-100 24545 C4-1/B-70-1131-F
AlZRE 0EG8-4202 4 RESISTOR 8.87K 1% .125W F TC=0+-100 24546 C4-5/B-V0O-B871-F
A12R7,R8 Aa Ap 0757-04%2 B RESISTOR 10K 1% ,125W F TC=0+-100 03262 C4-1/8B-70-1002-F
AlZR9 0683-1235 3 RESISTOR 12K 5% .25W FC TC=-400/+B00 0112% cBl235
Al2ZR11 0683-4715 2 RESISTOR 470 5% .25W FC TC:-4001+600 01121 CB4715
AlZR12 06833-2425 1 RESISTOR 2.4K 5% ,25W FC TC=-400/+700 o112t CB2425
A1ZR13 ae23-303% 1 RESISTOR 30K 5% .25W FL TC=-400/+200 01121 CB30315
Al1ZR1Y4 0688-3451 1 RESISTOR 133K 1% ,i25W F TC=+-10@ 24546 C4-1/B-T0-1333-F
A1ZR15 0683-273% RESISTOR Z7K 5% .25W FC TC=-400/+800 01121 cB2735
A1ZR1h,R17 2A 4B 0757-0%42 RESISTOR 10K (% .1Z5Ww F TC=0+-100 03292 C4-1/B-T0-1002-F
Al2ZR18 0683-4335 3 RESISTOR &L3IK 5% .25W FC TC=-4%00/+800 0112t CBY4335
AlZR19 0E83-1535 RESISTOR ISK %% _25W FC TC=-400/+8060 011213 CB1%3%
AlZR21 Q0E83-123% RESISTOR L2K 5% _25W FC TC=-4LOO/+800 01121 cB1231%
AlZR22 0683-1125 1 RESISTOR 1.1K 5% .2§w FC TC=-400/+700 01121 CBL1ZS
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Table 6-3. Replaceable Parts (Cont'd)

HP Part . Mfr
Reference Qty Description Mfr Part Number
Designation Number Code
ALZRZS Q7T EQ-QuDI | RESISTOR (00X 2% 1MW MO TC=0+-200 11502 RG32
ALZTL 9L 00-0LTH 1 TRANSFORMER, PULSE 28480 9100~ 0679
Al2ul 1820-0223 2 IC LM 3G1A OP AMP 2T014 LM3a1AA
ALZU2 1820-0223 IC LM 30LA OF AMP 2T00%. LM301AA
Al3 03 455—66513 H P.C. ASSEMBLY, AC CONVERFER 28480 . 03455-66513
Al3C1 QlaG~-2199 4 CAPACLITOR=FXD 30PF +=5% 300dVDC MICA 28480 oL560~-2199
AiaC2 01 60-4404% 1 CAPACITOR-FXO .15UF +—10Z% 1GOWYOL POLYP 28480 01604404
ALICH Ql60-440]1 3 CAPACITOR-FXO .01lUF +103F 100WVDLC POLYP 2B%80 Ols0- 4501
ALICS 01 60-4402 L CAPACITOR-FXO .1UF +10% lOOKVDL POLYP 28480 01604402
AQICH ai1s0-2199 CAPACI YOR-FX0O 30PF +53% 300WVLC NICA 20%80D 0160-2199
ALiICH Gl60—-4398 3 CAPACI$CR—FXD .082UF +—10% 200WYDC POLYP ZB4RD Q1604398
AL3CT 0160—4394 CAPACITOR—FXD .082UF +—10% 200W¥DC POLYP 2B%8D . 0l6Q-4398
aAl3cd U160-4401 CAPACITOR=FX0Q .01UF +-i0% 100WVDC PODLYP 20480 015604401
ALILY QL60~4401 CAPACITGR-FX0 0O1UF +190% 100WYDC POLYP 28480 0160~ 4401
AlsCll al 80-0229 CAPACITOR—FXD 33UF+10%¥ 1OVDL TA 56289 1500335 X90. JB2
AL3ICLZ 0LBC-0L97 CAPACIIGR-FXD 2.2UF+—10% 20VDC TA 56289 150D225X9Q2042
Al3CL3 Q1801735 CAPACITOR-FXD .2Z2UF+—103% 35VDC TaA 5628% 1500224 X3035A2
ALICLS Ql&0=2199 CAPAC [ TOR~FXD 30PF +-5T JU00KVOC MICA 28680 D1460~-21%99
ALICLS 0121-0432 L CAPACTFOR-V TRMR-AIR 1.7/1%.1PF 350V T%9T0 189-505-12%
AliCls Q160-0763 1 CAPACITOR~FXD SPF +—10T 500WVDL MICA 28480 0l60—0753
Al13C17 016010363 1 CAPACITOR—FXD 620PF +-5% 300WvDC MICA 26480 016003683
Al13C18 01801746 - 1 CAPACITOR—FXD 15UE+-10%: 20VDC TA- 56289 150D 156 X902082
Al13C19 0160—-3949 2 CAPACITOR=FXD 345PF +—1% ZO0WVDC.PORC 78480, 01603948
Al3C21 01500093 CAPACITOR~FXD .QUF +80-20% 100WVDC-CER 28480 . 01600083
Al3cx 0180-0197 CAPACITOR-FXD 2.20F+—-10% 20vDG TA. 66289 1500225 X9020A2
A13C23 01603134 2 CAPACITOR—-FXD Q1UF +—10% 1DOWVDC CER 284380 0160—-3134
A13C24 01800197 CAPACITOR--FXD 2.2U0F+—10% 20vDC TA 66289 150D2265X9020A2
A13C26 B A 01600378 - CAPACITOR—FXD 27PF +—6% 5IOVDC MICA 28480 0160—0181.

0160-2150 CAPACITOR—FXD 33PF +-5% 300WVDC MITA 28480 01802150

01400120 CAPACITQR—FXD 39PF +-5% 300WVDC MICA 2848 01400190
A13C26 '0160-3945 ? CAPACITOR—FXD 39PF +- 1% 500WVDC MICA 28480, 0160-=3945
A13C27 01500098 1 CAPACITOR—-FXD .05UF +80--20% 100WVDC CER 28480: 500086
Al3CZ28 oL&60-2199 CAPACLTGR—F X0 30PF +-5% 300WVYDLC MICA 2B%80 0160~2199
ALIC2Y 01 s3~-39748 i CAPACITOR=-FXO 1OPF +=1% [O0OWYAC PORC 284B0 01560=-3978
AL3CEL ale—3977 1 CAPACITOR-FXD 970PF +1% 100WVOL PORC 26480 0160~-3977
ALIL3Z 0140-0202 L * CAPACITVOR-FXD LS5PF «-5% SOUWVDL MNICA 72136 DMLSCL50J0500WVILR

- AL3G33 0160-3930 1 CAPACITOR-FXD LOPF +-1T 2500WVDC PORC 28480 0150-3930
ALIL3% 0121-0436 2 CAPACLROR=V TRMR=AIR 2.4/72%4.5PF 350V¥ T4970 169—-509-125
AL3C3S 01 ¢«0—-3581 2 CAPACITOR-FXD LLUF +20% 630MVDC MEY FROO2Z Q0710460
ALICK]L 1902-3237 3 CIDDE—ZNR Z20¥ 5% DO-7 PD=.4W TC=+.073% 4713 582 10939-269
AL3CRE 1901~-0033 2 QIODE~GEN PRR 180V Z0OWMA -T 28480 1901-06033
AL3CH3 L901-Q040 24 ODIODE—-SKITCHING 30¥ 50MA 2NS DG-35 28480 1901-0040
ALICRS 19GL-0033 DIODE-GEN PRR 180V ZOOMA DO-T 28480 190k-0033
AL3CRS 19201-0518 3 DIODE—-SCHOTTKY 28480 1901-0513-
AliLRb 1901-05148 Ci0DE=SCHOTTKY 28480 1901-05186
ALICRT 1942-31248 1 DIODE~-ZMR 7.32V SX DO-7 PD=J.4W TL=+.048% 06713 52 10939-143
AL3CRE 1901i-0040 DIDDE~SWITCHING 30V S0MA ZNS DO-35 28480 1901-0040
ALICK? 19C1=-0040 DIODE-SWITCHING 30V SOMA ZNS DO-35 28480 1901~0040
AlL3CRLa 19CL~-004Q DIODE=-SWITCHING 30V 50MA 2N5 DO-35 28480 lgﬂl—ﬂﬂbﬂk
AL3CRLZ2 1331-0040 DIODE-SMITCHING 30V SOMA 2NS DO-35 284820 1901-0040
Aj3CHLI 1902-3084 2 DIODE-INR 4.75Y 2% DO~7 PD=.4W TL=-,01%% 04713 5 10939-90
ALICREw 19 02-30846 OJODE—INR 4.75V 2% DO—7 PD=.4W TC=—.019% 04713 - 52 10939-90
AL3ICRLS 1901-0040 DIUDE—SWwITCHING 30¥ SOMA 28RS DO0-35 28480 . 1901-0040D
Al3CKio L901-0040 DIDDE-SWITCHING 30V SUMA 2N5S DO-35 28480 A1901-0040
ALSCRLT 1901-0047 2 DIGDE-SWITCHING 20V T5MA 1ONS 208480 1991-0047
ALICRLE L901=-0147 QIODE~SWEITCHING 20V 75MA 10ONS 28480 1901-Q047
AL3CRLT 1901-03040 DIDOE-SWITCHING 30V 50MA ZN5 DU-35 28480 1901-0040
Al3lRZL 19410040 QIDOE-SWITCHING 30V SGMA 2NS DO-35 ZE4 A0 1201-0040
AliCrz2 1901-0040 DIODE-~SHITLCHING 20¥ S0OMA 2NS 0035 28580 1901-00&0
ALIKL 0490~ D633 RELAY=REED 14 100MA LQODVOL SYOL-COIL 28480 0490-0683
ALIKY 04 90— 0633 RELAY—REED 1A 100MA JOOOVDL SVDC-COGIL 28%B0 049006832
AliK3 054 90~0663 RELAY-REED 1A 1O0MA LODOVDC SVYODL—COIL 28480 04900663
AL3Ql 1850071 TRANSISTOGR NPN 51 PD=300Ms FI=200MHZI 28480 . 1854—0071
AL3IQL L85—0071 TRANSISTOR NEN S1 PO=300MMW FT=200MHZ 28480 1854-0071
al3g3 L8 55~0380 & TRANSISTOR J-FET 2N4392 N—-(HAN D-MODE D47 13 IN4392
al3gh 185503856 TRANSISTOR J-FET 2N43%92 N-CHAN O—-MGODE oa713 2ZN4392
AL3IUS 185503856 TRANSISTOR J—FET ZN439Z N-CHAN D—-MODE O47L3 . 2N%392
Al 3Q6 18550386 TRANSISTOR J=-FET ZN4392 N-CHAN D=MODE 0&RTL3 - 2ZN§392
AL3WT 1854=0351 2 TRANSISTOR NAN ST TO~18 PO=360MW 28480 1854-035]1
AlLsud 1853=-0010 TRANSISTOR PHNP 51 TO-18 PD=360MMW 28480 18532-0010
81309 LBE5~0420 TRANSISTOR J=~FET 2N4391 N-CHAN D=MOODE Q4713 ZH4391
ak3Ql1 135~ 0351 TRANSISTOR NPN 51 TO=18 PO=3&40MW 28480 1854-03151
AA SEE NQTE ON SCHEMATIC 2.

See introduction to

this secticn for ordering information
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Table 6-3. Replaceable Parts (Cont'd)

Reference HP Part e Mfr

g Qty Description Mfr Part Number
Designation Number Code
Al30i2 LB53~0010 TRANSISTOR PNP ST TU—-18 PD=350MM 28480 IBSj-DOID
aliqgla 185%—0071 TRANSISTGR HMPN 51 PD=300MW FI=200RHL 28480 L8S4&#~00TL
A13014 1 855-0420 TRANSISTOR J—FET ZN4391 N—CHAN D—MODE 04T13-| 2N439)
ALl30l5 18 550202 1 TRANSISTOR—JFET DUAL N-CHAN D-MODE $1 L7856 £&21
ALl 06835145 RESESTOR 510K 5% =258 FC TC=-800/4900 01121 CB5145
Al3R2 0663-2235 ] RESISTOR 22K 5% .25W FC TC==400/+800 ITESY CB2235
AL3R3 0683-2235 RESISTOR -22K 5% .25W FC TCa-400/+300 o121 .| c€@2235
Al3Ke 698-3458 2 RESESTOR 348K L% .125K F §C=0+-100 91637 CMF~55—-1, I-1
AL3RS 0696-3458 RESISTOR 348N 1Y .125W F TC=0+-100 91637 CHF-55-1, T-1
Al3RE 0757-0455 RESISTOR LGOK LT .125W F TC=04-100 24545 C41/8-T0-1003-F
AL3RT 0751-0274 1 RESISTOR 249K 1% .125W F TCa0+~100 24546 C4=1/8=-T0-2493-F
ALiRS 06832235 RESESTOR -22K 5% .25W FC TCa~400/+300 01121 £B2235
ALl3K3 06B3=1035 RESISTOR LOK 5% .25W FC TC=—400/+700 oii21 | cBLO3S
ALEREL 06 83-5145 RESISTOR 51aH 5% ,25W FL TC=-800/7+900 1121 CB514&5
AL3RLZ 2100-3306 3 RESISTOR—TRAR 50K .10% C SIDE-AQY 17-TRN 32997 30D&P-1-503
AL3RL3 2100-3309 1 RESLSTOR-TRMR 2K 10% ¢ SIDE-ADJ LT-TRN 32997 3006P-1-202
AL3R1lG 06a98-4467 1 RESISTOR L.05K 13 .12%d F TC=0+—100 24546 C4-L/8-10-1051-F
aLaRLE 06 83-1035 RESISTOR 10K 5% .25 FL TC=—400/+700 oL121 LB103S
FYETITS 0757-0401 RESISTOR-100 13 .325W F TC=0e-100 24545 Cé—b/B-TO-LOL-F
ALIRLT 0698=3122 L RESISTOR -41Z 1% .125W F TL=0#~100 13888 PMES5-1/8=T0-4120~F
AL3RLE 06 B3—2045 3 RESISTOR 200K 5% .25W FC TC=-800/+900 01121 CEB20%5
A13M49 0683-5109 5 RESISTOR 51 SI .25 FL TC=—400/+500 01121 £a510s% -
Al3m21 0751-0453 i RESISTOR 30.1K 1T .125W £ TC=04-100 24545 C4—L/8-TO-3012-F
ALBRzZ 0696-4488 1 RESISTOR 26.1K L3 1254 F TC20+100 24545 C4—L/B-T0-2672~F
AL3nz3 2100-3308 3 RES[STOR-TRMR 5K 103 C SIDE-ADJ LI-TRN 32997 3006P-1-502
AL3R2% 06832025 RESESTOR 2K 5% .25k FC TC=—400/+100 o1l2l 82025
FYEITE De9a-8215 3 RESISTOR 54K 5% [P/OMATCHED SET R26,38,43) 28480 0693-8215
Al3MZe 06832025 RESTSTOR 2K S% .25W FL TC=-400/+700 01121 c€B2025
AL3RE? 0683-1015 RESISTOR 100 5% .25W FC TL=-400/4500 o121 CBLOLS
Alanzd 0683-2415 1 RESISTOR 240 ST .25W FC TC=-40Q/+600 01121 .} C32415
AL3SH2Y U683-2235 RESISTOR 22K 5% .25W FC TC=—-400/4800 oLl21 | CBZ235
LY T D663~ 1035 RESISTOR 10K 5% .25W FC TC=—400/+700 01121 CB1035
A13n32 D683-5145 RESISTOR 5LOM 5% .25W FL TL=-800/+900. 0L121 CB5L45
AlL3IR33 arSt-04a4s2 RESISTOR 10K 1% .125M F TL=04-100 26565 Cé—1/8-T3-1002-F
AL3R34% 0663-1235 RESISTOR 12K 5% .25W FC TC=~400/+300 01121 CB1235
ALIR3S 0683-3025 RESISTOR 3% 51 .25W FC T{=-400/+700 o1zl CB3025
Aldkie 21G0-3308 RESISTOR-TRMAR 50K 10% C SIDE-ADJ L7-TRN 329497 3006P-1-503
AL3n3T D6 B347L5 RESISTOR 470 5% .25W FL TCS—400/4600 oLi21 CB4715
AL3R3Y 0698-62L5 RESESTOR 487K 5% (P/O MATCHED SET 'R26,3843) || 2a+8p 0698-8215
AL3RI9 0698-4202 RESISTOR Bo.BIK 1T .125W F TC=04~100 26545 C4~1/8-T0-867L-F
AL3R4L 06584202 RESISTOR 8,87k LT .125% F TC=0+10¢ 245486 L4=1/8-T0-08T1-F
Allnsz Qb Fg—4e02 RESISTOR 3,87K 1% .1i2%W F TC=0+100 26545 C4-1/8-T0-88T1-F
al3ked 06988215 RESESTOR 2M 5% (P/O MATCHED SET R25,38,43) 28480 0698-8213
a13R44% 0658-8216 4 RESISTOR 20.2K 5% (PO MATCHED SET R44, R45) 28480 0698-8216
AL3kul G698-821o RAESISTOR 2M 5% {P/O MATCHED SET R44, Ra5) Z84BG 069B-B216
Al3R4G 2100-3311 2 RESISTOR-TRMA 500 10% C SIJE-ADJ 17-TEN 32997 3006P-1-501
Aliaudl 1826-0059 3 IC Ln 20La OGP ANMP 2701% LM20LAH
Al3u2 1826~ 0u59 IC LM 201a QP AMP 27014 LM201AH
Al3u3 1810=-0250 i ICy FINE LENE CHIP 28480 18100250
aA13u4 1826-005% IC LY 20LA DF ANP 27014 LMZDLAH
Al3US 1526~010% IC HA 2625 UP AMP Z2B%3D 18z6—-0109
Al3Us 1320~0471 IC-DIGITAL SNT406N TTL HEX 1 01295 SNT406N

1600-05L5 1 STAMPING» BRS .020" THK 16365 080
4040~0746 H EXTRAL TOR—PC 80 BLK PULYC .062—80-THKNS 28480 4050-0748

AL% 03455-6651% L P.C. ASSEMBLY, AD CONVERTER 284380 03455-6651%
Absul 01 500084 3 CAPACLTOR-FXD JLUF +80-20% LOONVDL CER 28480 0150~ 0084
ALaC2 0160-4398 CAPACITOR-FXD .OB2UF +-LO% 20UWVOL POLYP 28480 0160=4398
ALsC3 01 40-0149 L CAPACITOR-FXD 470PF +—5% 3004v0C MICA 72135 DM15F471J0300WYLER
Alels 01500084 CAPACITOR=FXD .1UF +80-20T l00W¥DLC CER 28480 D150-0084
ALaCH 01 50-0084 CAPACITOR-FXD .lUF +80-20% LOOWVDC (ER 28480 01500084
AL4lE 0160-2204 CAPAGCITOR-FXD JOOPF +—5% 3D0WYDC MICa 28480 01602204
Aleckl 1962-32312 DIODE-ZNR 20¥ 5% 00-7 PO=.4W TC=+.073% DeTLd S1 1093%-269
‘Al4CRE AA, 0C 1901-0050 DIGDE-SYITGHING .30V S0MA 2NS DO-35 28480 1901-0040
AL4CR3 19 010040 DIGOE-SWITCHING 30V SOMA 2NS DO-35 28480 1901-0040
al4LR4 L90L~0376 DIODE-GEN PRP 33¥ 50MA DO-7 28480 1901-0378
AL4CRS 1901-0376 DIJDE—GEN PRR 35V SOMA 00-7 28480 1901-0376
AL4CRo 8A, AC 1901-0040 DIOBE-SWITCHING- 30V SOMA ZNS DO-35 2880 1901- 0040
AL4LRT 19023237 DIDBE-ZNR 20V 5% D07 PD=.4¥ TC=+,073X 04713 51 10939-269
AL4Cia L9 C1-0040 DIDDE-SWITCHING 30V S0MA 2NS DO-35 28480 1901-0040
AL4LRY 1901-0040 DINDE-SWITCHING 30Y SOMA ZNS 0Q-35 2084980 1901-0040
AL4LRIU L901-0040 DIOGE-SWITCHING 30V 50MA ZNS DO-35 28480 L901-0040

AA  SEAIAL NUMBERS 18622405231 AND ABOVE, NOTE {48) ON SCHEMATIC &.

4C SEE NOTE ON SCHEMATIC &, l |
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Table 6-3. Replaceable Parts (Cont'd)

HP Part . L. '
Reference Oty Description Wfr Mfr Part Number
Designation Number Code
AlsLR1L 190al-0518 DLOOE-SCHOTTKY 28480 1901~-0518
aleChLZ 19010040 DIODE-SWITCHING 30V 50MA ZNS DO-35 28480 1901-0240
Al4Ql 1853-0020 TRANSESTGR PNP S PD=300MW FT=]150NHI 28480 1853~-0020
Al&4Qe 1853~0034 1 TRANSISTDR PNP 51 TG~18 PD=J60MW 28480 185350035
Alsu3 18 55-0420 THANSISTOR J—FET 2M&391 N-CHAN D-MDDE 04713 2N4391
41404 1855-0033 1 THANSISTOR J—FET N~CHAN D-HODE Tu-72 SI 28430 18455-0033
ALAUS 1855~ 0246 1 TRANSISTOR-JRET DUAL N—CHAN D-NODE TO- 28480 1855- 0246
Al40s 1853~-00620 TAANSISTOR PRP 51 PD=300MN FFI=15GAHZ 28480 18530020
Al4RL 2B 06 83~ 1036 1 AESTSTOR 10K 5% ,25W FC TL=—400/+4700 mso7 CB1035
al4RZ G683-2025 RESISTOR 2K 5% .25W L TC=-400/+700 01121 ca2a2s
AL4R3 a6 98—3155 RESISTOR 4.64K LT .L25W F TC=0+~100Q 20545 G4 L/78-TO-4641—F
& Lekt GH1L~2577 2 RESISTOR 10K .1% .A25W PHN TC20+-2 18140 | 1274-1/16-a-1002-B
ALeRS Q7570436 L RESISTOR 4.32K 1% .125W F Tc=0+100 24546 CA-1/B-T0O-4321-F
Aleke a757-0280 RESISTOR 1K 1% .L125W F TC=04=100 24548 C4-1/8-T0-1001-F
ALak? 0098-3226 1 RESISTOR 6.49K IS .125M F TC=G+100 24548 L4 1/8-T0-6491-F
AL4K 7 57~ 0440 1 RESISTOR 7.5K 1% .125d F TL=0+—100 24545 L4 L/8-TO-7501-F
A15R9 07 57-0462 1 RESISTOR 75K 1% .125W F TC=0+-100 24555 C4-1/8-T0-1502-F
ALWRLD 0757-0430 i RESISTOR 2.21K 1K .125W F TE=0+100 245485 C4-1/8-T0=2211=F
AL4Hil Q598-3511 13 RESISTOR -865 1% .125W F TE=0+-100 245467 CA-1/B-T0-6565R~-F
AjsRlZ G6H3~-3025 RESISTOR -3K 5% .25W FC TC=-400/+700 ol1z1 cB3o0zs
Alé4k] 3¢ Q6 B3-2265 1 RESISTOR 22M 5X .25W FC TL=-900/+1200 QLr12t ] CB2265
Al4KLG 47570442 RESISTOR 10K LT .125W F TL+0Q¢=-100 24545 C4%-178-T0—1002~F
Alekly 08 11-3011 1 RESISTOR 19.8K 1% .125W Pul TL{=0#-5 14140 . 1350-1/8-C-1982-F
Al4R16 0757T-0441 1 RESISTOR 8.25K LS .125W F FC=0+-100 26546 C4-1/8-TG-8251-F
Alarl? A7 5T=-0465 RESISTOR 100K 1% .125W § FL=0+—100 24545 C4-178-TD=1003-F
Al4nls 4B a757- 0273 RESISTOR 301K IX .125W F TE=0+10D 03292 C4-1/8-T0o-3011 -F
Al4Rly 2B 06934460 1 RESISFOR 648 1% +1Z5W F TC=0¢—1200 03292 C4-L/78-TO-649R -F
Alakzy OB 06983226 AESISTOR B:A9K 1% .125W F TC=0+-100 03292 C4-178-T0- 6491 ~F
Al4m2l 0811=-2577 RESISTOR 10K .1% .125W PWW TC=0#-2 14143 |  12T4-1716-A-1002-3
Al4ree D65B-3155 RESISTOR 4.64K 1T .125W F TE=0#-100 24545 C4—1/78-To-4641=F
Aléne3 0683-B215 1 RESISTUR B20 5% .25W FC TC=-400/7+600 0ll21 CBB215
AleR26 OB 0683-1035 RESISTOR 10K SX .25¥ FC TC=-400/4700 01807 CB1D35
AlsK25 4B 06 83~ 1035 RESISTOR 10K 5% .25W FC TC==400/+700 01607 CB10IS
Al4Rze 0698-3260 2 RESISTOR 464K 1T .125W F FC=0+-100 91637 | CMF-55-1, T-1
AL4RZT 0693-8u49 2 RESISTOR 1.28M .1X .25W F TC=0+25 19701 HF52C-1
AL4RZE 26832735 RESEISTOR 27K 5T .Z5N FC TCs—400/+800 01121 CB2T35
AL4RED 0e83—-3325 1 RESISTOR 3.9K 5& .25W FC FC=-400/+700 olizl CB3925
Al4k3y 0698-8649 RESISTOR 1.28M .1% .25W F TC=G+-25 19701 MFSZC-1
alen3l d698-3260 RES{STOR 464K LT .1Z5W F IC=0+-100 914637. CMF=55-1, T-1
Al4K3z 0696=3499 3 RESISTOR 40.2K 1% .125W F TC=0e=100 2e548 Ca—1/8-T0-4022~F
AL4R33 0693-3499 RESISTOR %0.2K 1% .i25W F TL=0+100 24545 Co1/8-TO-%022-F
A14R34 0683-1025 1 RESISTOR iK 5% .25W FC TL=—400/+600 01121 £B1025
AL4R3S UL 95-3499 RESISTOR 40.2K 1% .L25W F TLa0+100 24546 Cé—1/8-To-%022-F
AL4f3e 06832435 1 RESISTOR 24K 5% .25W FC TC=—400/+80Q 01121 CB2435
AL4R3T 06831035 . RESISTOR 10K 53 .25W FC TC=—430/+T00 orizi LB1035
B148335 Do B83-3045 1 RESISTOR 300K 5% .25M FL TC=-800/+900 01121 CB3045
BL4R3Y 06833025 RESISTOR 3K 5% .25W FC TC=—4Q0/+700 olLzi C83025
Adensl 07 57T-0%4%2 RESISTOR LOK LX L1258 F F{=0+-100 24545 C4-1/78-TO~1002-F
AlaRak Q7 57— 044k2 RESISTOR 1CK 1T .125W F TC=0+=100 24545 C4-1/8-TO-10Q02-F
Alkie2 0683-4735 1 RESISTOR 47K 5T .25W FC TC=-400/+800 ol12t LB&T35
a14R%3 06 83-2035 RESISTOR 20K 5T .25W FC TC=-400/+800 01121 CB2035
Albits ap 06 83— 2065 3 RESISTOR 2M 5% .25 FC TC=—-900/+1100 01607 CB2055
AL4RES DO BI-1065 RESISTOR -1GM 52 ,25W FC TC=-500/+1100 aliz21 LBLQGS
AL4d4o 06 83-1055 . RESISTOR LON 5% ,25W FL TL=—900/+1100 aLizy CBLOGS
ALeRaT 0696=4415 1 RESISTOR 9.76K 1% 1258 F 1C=04100 03888 PME55-1/8-TQ-976)-F
Al4R43 0770407 1 RESISTOR 1B2K i .125% F TC=0+-108 03292 C4—1/8-TO-1823-F
& lsul 1906-0070 2 OTODE—ARRAY 20480 19060070
Alavz 1960070 ClOBE—ARRAY 28480 19060070
alsul T 1826-0309 z IC AR 518U./GP . AMP 24355 ADSigy
AleUs 1B26—0309 IC AD 5184 OF AMP 24355 ADS18J
AlaUS L# Z0-DZ03 1 ICe AMPL. GPERATIONAL 15818 T4ICE0DT
Albut 18 26-0138 1 IC LM 339 COMPARATOR 2701% LM339N
S040-6343 ¥4 EXTRALCTOR, P.C. BOARD 28480 50406843
5000-9043 2 PIN:P.C. BOARD EXTRACTOR 2B480 5000-3043

Ap  SEE NOTE ON SCHEMATIC 8,

AB  SERIAL NUMBERS 1822A06231 AND ABOVE. SEE NOTE CN SCHEMATIC 8.
l .

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

Reference HP Part ic I Mfr MF
; . r Part Number
Designation | Number |O Qty Description Code
AlS 0I455-66515 i PC ASSEMBLY, AL RMS 28480 03455-66515
AlSCL 0150-0121 9 CAPACITOR-FXD .1UF +80-20% 50WvDC CER 29480 D150-0121
A15C2 0179-0066 1 CAPACITOR-FXD .027 UF Zoov 28480 DL7D-0066
Al15C3 0:rg-0a3g 1 CAPACITOR-FXD .22 UF 200V 28480 0170-0038
AlSCh 0160-3094 1 CAPACITOR-FXD .1UF +-10% FOOWVDC CER 28480 0160-3094
A15CS5 0160-3134 CAPACITOR-FXD - .01UF +-10% 100wWVvDC {ER 28480 DLOEB-3134
A15CH 0:50-7835 1 CAPACITOR-FXD 750PF +-5% 300WvDL MICA 28480 DL6D-2135
AlSCT 0160-220% CAPACITOR-FXD I1Q0PF +-5% 300WVDC MICA 28480 D160-220Y4
ALSCE 0160-0163 CAPACITOR-FXD .033 UF 200V 28480 0160-0163
AlSCY 0160-3686 1 CAPACITOR-FXD .27 UF +-10% 50WVDC MET 28480 D160-35686
A15C11 0160-2264 CAPACITOR-FX& ZOPF +-5% S00WVDC CER 28480 0160-2264
a1sc12 2q 0160-4084 CAPACITOR-FXD .1UF 50VDC 28480 0160-4084
A15C13 8Q 0160-2248 CAPACITOR-FXD 4.3 PF 28480 0160-2243
A15C1Y4,C15 01B0~-0291 CAPACITOR FXD 1UF +-10% 35vDC TA 56289 1500:05X9035A2
A15C1E 8Q 0160-226Y4 1 CAPACITOR-FXB 20PF +-5% 500WVDC CER 28480 0160-2264
AlSC17-19,€21 0150-0121 CAPACITOR-FXD .1UF +80-20% 50WvDC CER 28480 p150-0121
Alscz2v PADDING LIST
0160-2257 CAPACITOR-FXD 10PF +-5% 500WvDC 28480 0160-2257
0160-2259 CAPACITOR-FXD I2PF +-5% 500WVDC 28480 U160-2259
0160-2261 CAPACITOR-FXD 15PF +-5% 5S0GWYDC 28480 9160-2261
ALSC23,C24 0150-0121 CAPACITOR-FXD .1UF +80-70% S50WVDC CER 28480 0150-0121
A15C25 0160-3949 CAPACITOR-FXD 346PF +-1% SDOWVDC PORC 28480 0160-3549
ALSC2E 6150-0121 CAPACITOR-FXKD . 1UF +80-20% 50WVDC CER 28480 0150-0121
ALscz? 0160-3945 CAPACITOR-FXD 39PF +-1% 500WYDRC PORC 28480 0160-3845
Al5C28 0150-0121 CAPACITOR-FXD .1UF +80-20% 50WVDC CER 28480 0150-0121
ALSC29,C30 0160-4480 2 CAPACITOR,FXD 10PF lo00V 28430 Bl60-448D
ALSC31 0160-3948 1 CAPACITOR-FXD 970PF +-1% 500WVDC PORC 284380 0160-3948
ALSCIZ 8G 0160-2150C CAPACITOR-FXD 37PF +-5% 300WVDC 28480 0L50-2350
AL5C33 &p 0160-3586 CAPACITOR-FXD .22UF +-10% 4DOVDC 28480 0160-3986
ALSCSU 0121-0436 CAPACITOR-Y TRMR-AIR 2.4/24.5PF 350V 74970 189-509-125
A15C35 AQ 0160-0378 1 CAPACITOR-FXD 27FF 540WVDC 28480 0160-0378
AL15C36-38 BA 0160-2055 3 CAPACITOR-FXD .01UF +80-20% 100VDC CER 28480 0160-2055
ALSCHD by 0160-0128 1 CAPACITOR-FXD 2,2UF +-20% 500VDC CER 78480 pDibo-D128
AlSCH] 40 0160-0127 1 CAPACITOR-FXD 1UF 25V 28480 0160-0127
Al5CR1,2,3 19010040 DI1ODE-SWITCHING 30V 50MA 2ZNS DD-35 28480 1901-0040
Al5CRY4,5 + 1901-0915 0100E 28489 1901-0915
A1SCRE 1901-00%0 1 DI10DE-SWITCHING 30V SOMA ZNS DO-3§ 28430 1961-0040
A15CRT 1801-05286 2 DIODE, GEN PRP 30V 25MA TO-72 28480 1901-0586
AL5CRB, CRY 1902-3073 DIODE-ZNR &,32V 5% DO-7 PO=4w TC=-.D35% o473 5z 10939-77
AL5CR11-CR13 1901-00%0 DIODE=-SWITCHING 30V S0MA 2NS DO-35 28480 1901-0040
ALSKL,K3 8A a4g90-0623 RELAY-REED 1A 100MA 10C0VDC 5VDC-COIL 28480 0490-0683
ALSKZ, KU au90-0683 RELAY-REED 1A 100MA 10GGVDC SVDC-COIL 28480 05490-0683
AL5QL 1854-0071 TRANSISTOR NPM S1 PD=300MW FT=200MHZ 28480 1854-0071
A35QE-GL 1855-0420 TRANSISTOR J-FET 2NL331l M-CHAN D-MODE 04713 2N4391
A1505 1855-0062 1 TRANSISTOR J~FET N-CHAN D-MODE 51 28480 1855-0062
A15Q6 1854-0071 TRANSISTOR MPN DI .PD=300MW FT=200MHI 28480 1854-0071
A15Q7 1853-0020 TRANSISTOR PNP S1 POD=300MW FT=150MHZ 28480 1853-0020¢
AL5Q8 1855-0420 TRANSISTOR J-FET 2N4391 N-CHAN D-MOCE 04713 N4 39
Al15Q09,011 1854-0753 2 TRAMSISTOR, ADB18 28480 1854-0753
Al15Q12 1853-0020 TRANSISTOR PNP S1 PD=300MW FT=150MHI 2B4ED 1853-0020
A15Q13 L854-0071 TRANSISTOR WPN 51 PD=300MW FT=200MHZ 28480 1B54-0071
A15Q14 L853-0089 1 TRANSISTOR PNP INU917 S1 FD=200MW 07261 NG 1T
A15Q15% L&54-0215 1 TRANSISTOR NPN ST PD=350MW FT=300MHI QU713 SP53611
AL5Q1lE 1854-0071 TRANSISTOR NPN SI PD=300MW FT=200MHZ 20680 1854-0071
AL5Q17 LE53-0020 TRANSISTOR PNP SI PD=300MW FTu150MHZ 28480 18%3-c020
Al5QL8B 1855-0081 1 TRANSISTOR J-FET 2H5245 N-CHAN D-MODE ST p1295 ING245
A15Q19,0Q20 1655-0420 TRANSISTOR J-FET 2NG4391 N-CHAN D-MDDE an713 2N4391
ALSRY D6B3-1035 RESESTOR 10K 5% .25W FC TC=-400/+700 01121 81035
AL5RZ 0683-2235 RESISTOR 22K 5% .25%W F{ TC=-480/+800 oll21 82235
AL15R3 0D6B3-5145 RESESTOR 510K S% .25W FC TC=-£80/+900 01121 CB51L5
ALSRY 0683-2235 RESISTOR 22K 5% .25W FC TC=-400/+800 011zl cB2235
ALSRS 0683=-5145 RESISTOR 510K 5% .25W FC TC=-800/+900 prizl cgs514s
ALSRE¥ PADDING LIST
0693-4L70 RESISTOR 6.98K 1% .125W F 24546 Cc4-1/8-70-6891-F
0757-044L RESISTOR 12,1K 1% .125W F ZL546 c4-1/8-70-1212-F
D698-u308 RESISTOR 16.9% 1% .125W F 24546 CL-1/8-TO-1692-F
ALSRT 0757-0449 1 RESISTOR 20K 1% .125W F TC=0+-104 03252 C4-1/8-TO-64GR-F
Af SEE NOTE OM SCHEMATIC 3.
A) SEE NOTE ON SCHEMATIC 3.
AP SEE NOTE 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. ﬁeplaceable Parts (Cont'd)

Reference HP Part Q I Mfr
: " escription Mfr Part Number
Designation | Number ty Descrip Code
A15R3 0698-8692 1 RESISTOR 160K 1% .125W F TC=-21-25% 07716 CEA-993-N330
A15R9 0698-3262 1 RESISTOR 40.2 1% ,125¢ F TC=0+-190 24546 C4-1/8-To-4022-F
A15R1} 0698-3159 1 RESISTOR 26.1K 1% .125W F TC=9+-100 24546 C4-1/8-TO-2612-F
A1SR12 0683-2455 1 RESISTOR 2,LM 5% .23W FC 7C=-900/+1100 01121 CB2455
ALSR13 0698-3456 1 RESISTOR 287K 1% .125W F TC=0+-100 24566 Ct-1/8-TD-2873-F
AlSR1G 0683-1035 RESISTOR 10K 5% .25W FC TC=-%00/+4700 01121 €B1035
A15R15 0633-2235 RESISTOR 22K S% .25¢ FC TC=-400/+800 01121 €B2235
AlS5Rl6E 2100-3161 RESISTOR TRMR 20K 10% C SIDE-ADJ 17-TRN 32997 3006P-1-203
Al5R17 B¢ 2100-305h RESISTOR-TRMR 5K 10% C SIDE-ADJ L7-TRN 03744 3006P-1-502
ALSR1E &, Ay 0698-8350 RESISTOR 732K 1% .125W F TC=D+4-100 03292 MC5C-1/8-TO-7323-F
A15R19 0757-0417 RESISTOR 567 1% .125W F TC=D+-100 24546 C4-1/8-70-562R-F
A1SR21* PADDING LIST

0683-1845 RESISTOR 180K 5% .25W FC 01zl CB18Y4S

0683-2245 RESTSTOR 220K 5% .25W FC 01121 CE22HS

0683-2445 RESISTOR 240K 5% .25wW FC g1121 CB244S

0683-3045 RESISTOR 300K %% .25W FC D112l CB3D4S

06B3-3645 RESISTOR 360K S% .25W FC 01121 CB364S

0683-5145 RESISTOR 510K 5% .25W FC 01121 CB5145

0683-7545 RESTSTCR 750% 5% .25W FC 01121 CB7545

0683-1555 RESISTCR l.5M 5% .25W FC 01121 CB1555
Al15R22 0757-0401 1 RESISTOR 100 1% .125W F TC=0+-140 24546 C4-1/8-TO-100R-F
Al5RZ3 B¢ 0683-1045 RESISTOR 100K 5% .25W FC TC=-404/+800 01607 CB10LS
A15R24 dC 0683-2235 RESISTOR 22K S% .25W FC TC=-%00/+800 1121 CB2235
A15R25 1698-7082 2 RESISTOR 10mk .1% .125W F TC=0+-25 03292 NESS
Al5RZ6 069g-th2g RESISTOR 1.87% 1% .12SW F TC=0+-100 24546 c4-1/B-TO=3871-F

-
A15R27 0698-3279 RESISTOR b.93K 1% .125W F TC=0+-100 24546 C4-1/8-TO-4391-D
A15R29 2100-3161 RESISTOR-TRMR 20K 18% ¢ SIDE-ADJ 17-TRN 32997 3006P-1-203
ALSR3IL1 8L, 8N, 0757-0487 RESISTOR 825K 1% .125W F TC=0+-100 03292 MC5C-1/8-T0-8253-F
A15R32 0698-0084 1 RESISTOR 2.15K 1% ,125W F TC=0+4-100 24546 C4-1/B-TO-2151-F
AL5R33 0698-3u92 1 RESISTOR 2.67K 1% .125W F TC=0+-100 24546 CH-1/8-TO-2671-F
ALSR3Y 0757-0417 RESISTOR 562 1% ,125W F TC=0+-100 24546 Ch-1/8-70-562R-F
A15R35 G757-0280 RES1STOR 1K 1% .12Z5W F TC=0+-100 24546 Ch=1/8-T1O-100!-F
ALSR3G 0698-4460 1 RESISTOR 649 1% .125W F TC=0+-100 03292 CG-1/8-TO-64BR-F
A15R37 0683-5105 RESISTOR 51 5% ,25W FC TC=-4%00/+500 01121 CB5105
Al15R38,R39 0683-5105 RESISTOR 51 5% .25Ww FC TC=-400/+4500 01121 CB5105
A15RH1 0757-0413 1 RESISTOR 392 1% .12%W F TC=0+-100 24546 C4-1/8-TO-397R-F
AL15R42 0698-4429 RESISTOR I[.B7K 1% .125W F TC=0+-100 25546 C4-1/8-T0-1871-F
ALSRY3 0698-L44L78 1 RESISTOR L0.7K 1% .125W F TC=0+-100 24546 C4-1/8-T0-1072-D
ALSR4L 0683-5105 RESISTOR 51 5% .25W FC TC=-400/+500 01121 C85105
AL5RYS 0698-4429 RESLISTOR 1,87k 1% .125W F TC=0+-100 24546 C4-1/8-TD-1871-F
Al5R46 2 0593-4419 1 RESISTOR 210 1% .125W F TC=0+-100 24546 C4-1/8-TO-210R-F
A15R47 &g 0698-4427 1 RESISTOR 1.65 1% .125W F TC=g+-100 24545 C4-1/8-T0-1651-F
Al5R48 &g 0757-0442 RESISTOR 10K 1% .125W F TC=0+-100 24565 C4~1/8-TO-1001-F
A15R4Q 0698-3279 RESISTOR b.ggK 1% .125W F TC=0+-180 24546 Ch-1/8-TO-4991-F
A15R51 B¢, 4g 2100-3122 1 RESISTOR-TRMR 100 10% £ SIOE 03744 I006P-1-101
ALSR5Z &C 0698-6630 1 RESISTOR 20K .1% .1Z5W F 1C=0+-25 03292 NESS
ALSRS3 &C n698-6360 RESISTOR 10K ,1% ,175W F TC=0+-2% 03292 NE5S
A15R5Y 0698-3431 1 RESTSTOR 23.7 1% .125W F TE€=0+-100 038B8 PMESS5-1/8-TO-23R7-F
ALSR5S 0698-6320 RES1STOR 5K ,1% .1Z5W F TL=0+-25 03888 PMESS5-1/8-T9-5D01-8
ALSR5E 2108-3161 RESISTOR-TRMR 20K 10% C SIDE-ADQ 17-TRN 32997 3006P-1-203
AL5R57,R58 0683-1505 RESISTOR 15 5% .25W FC TC=-4008/+500 01121 CB150B5
AISREQ 84 DEB3-1045 2 RESISTOR 100K 5% .25W FC TC 01607 CBlO4S
A15RE1 0683-1035 RESISTOR 10K 5% .25W FC TC==480/+700D 01121 CB1035
A15RB2 0757-0417 RESISTOR 562 1% .125W F TC=0+-100 2u45L6 C4-1/8-TO-562R-F
A15RE3 0757-D487 RESISTOR 825K 1% .125W F TC=0+-100 24546 NAL
A15R64 0698-6320 RESISTOR SK ,1% .125W F TC=D+-25 03888 PMESS5-1/8-T9-5041-8
AIGRGS 2100-3161 RESTSTOR-TRMR 20K 10% C SIDE-ADJ 17-TRN 32997 3006P-1-203
A15R6E %0 0583-1635 RESISTOR 16K 5% .25W FC TC=-400/+30D 01607 CB1635
ALSRGE7 %0 0633-133% 1 RESTSTOR 13K 5% .25W FC TC=-400/+300 niéo7 CB1335
A15R68 0683-1035 RESISTOR 10Kk 5% .25W FC TC=-400/+700 01121 CB1035
A15RE9 0683-1035 RESESTOR 10K 5% .25W FC TC=-408/+700 0121 CB1O35
Al5R71 0757~ 1 RESISTOR 332
ALSR72 23 2100-3122 b RESESTOR-TRMR 100 10% C TOP 03744 3006P-1-101
ALSR73 2100-3056 RESISTOR-TRMR 5K 10% € SIDE-ADJ 17=TRN 01§85 43p502
ALlSR74 2100-3306 RESISTOR-TRMR S0K 10% C SIDE-ADJ 17-TRN 32997 3006P-1-503
ALSR75 4B 2100-3154 1 RESISTOR-TRMR 1K 10% € SIDE-ADJ 17-TRN DIjuL 3006P-1-102
A1SR7B 0695-8782 RESISTOR 220K .5% (P/O MATCHED SET R76,.86,| 28480 B698-3782
91}

A15R77 D757-0487 5 RESISTOR 825K 1% .125W F TC=D+-106 24586 NAL
n15R7E &g 0757-0230 RESISTOR 1K 1% .125W F TC=0+-100 03292 C4-1/8-TO-1001-F
A1S5R7G 0683-1505 RESISTOR 15 5% .25W FC TC=-400/+500 0lt21 CB1505

4p  SEE NOTE ON SCHEMATIC 3.
4B SEE NOTE ON SCHEMATIC 3.
AC  SEE NOTE ON SCHEMATIC 3.
AG SEE NOTE ON SCHEMATIC 3.
4L, AN SEE NOTE ON SCHEMATIC 3,
A0 SEE NOTE OM SCHEMATIC 3.
40 SEE NOTE ON SCHfMAnc 3.

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

Reference HP Part |c L Mfr Mf
: p r Part Number
Designation | Number |O Qty Description Code be

ALSRBL &M, 8Q 0757-0438 1 RESISTOR S.11K 1% .1W F TC=0+-10 28480 0757-0438

ALSR82 M 0698-8963 1 RESISTOR 16.9K 1% .1W F TC=0+-10 28480 0698-8963

ALSRB3 &M 0698-8965 5 RESISTOR 1.87K 1% _IW F TC=D+-10 28480 0698-8965

AISRB4 0757-0433 RESISTOR 3.32 K 1% .125W F TC=0+-100 24546 C4-1/8-TO-33%21-F

AL5R35 %M 0692-8966 RESISTOR 63% 1% _IW F TC=0+-%0 28480 0698-8946

ALSR86 0698-8782 RESISTOR 1.98M .S5% (P/C MATCHED SET R76, 28480 0698-8782

86,91}

ALlSRE8 0683-1505 3 RESISTOR 15 5% .25W FC TC=-400/+500 01121 cBiISDS

AL15RE9Y 2A PADDING LIST
0698-4308 RESISTOR 16.GK 1% .125W F TC=0+-108 03292 C4-1/8-TO-1692-F
0698-3136 RESISTOR 17.BK 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
0698-4483 RESISTOR 18.7K 1% .125W £ TC=0+-100 03292 C4-1/8-TQ-1872-F
0698-448Y RESISTOR 19.1K 1% .125W F TC=0+-100 03292 C4-1/8-TO-1912-F
0757-0449 RESISTOR 20K 1% .125W F TC=0+-100 03292 C4-1/8-TO-2002-F

A15R91 0698-8B782 3 RESISTOR SET, MATGCHED 2M .5% (P/0 MATCHED | 28480 0698-8782

SET R76,RE6,ROID

Al5R9Z 0698-8216 RESISTOR 2ZM ,5%(P/0 MATCHED SET R9Z,R9$3) 284380 0698-87216

ALSR93 0698-8216 RESISTOR 20.2K .S%{P/O MATCHED SET R9Z,R93] 28u80 0698-8216

A15R94 2100-3311 RESISTOR-TRMR S00 10% C SIDE-ADJ 17-TRN 32997 3006P-1-501- DDO-F

AL5R9S 0757-3557 1 RESISTOR 806 1% .125W F TC=0+-100 28480 0757-3557

A15R96 &A D698-5560 1 RESISTOR 1.1M 5% .25W FC TC 01607 CE1155

A15R97 A 0683-10%5 RESISTOR 1GOK 5% .25 FC TC 0L607 CB1045

AL5RI00 2qQ 0757-0346 1 RESISTOR ¢ 1% .125W F TC-0+-100 32997 Cu4-1/8-TO-102

Al15R102 2Q 0648-44562 1 RESISTOR 768 1% .125W F TC=0+-10 32997 Cl-1/8-TO-758

Al5UL 1826-0340 1 IC, OP AMPL. LF356 28480 1825-0340

Alsu2 1820-0478 1 IC LM 308 OP AMP 270106 LM308H

AL5U3, Ul & ¢ 03455-62502 2 IC 357 OF AMP T0-99 28480 03455-62502

A15U5 1820-0471 IC-DIGITAL SN7406N TTL HEX1 01295 SNT4D6N

A15U6 1826-0357 1 IC LF347H OP AMP 27014 LF357H
LO4k0-07548 2 EXTRACTOR-PC BD BLK PLOYC .062-BD THKNS 28480 40L0-0743
1205-0090 1 HEAT SINK-SEMICONDUCTOR 284380 1205-0090
1205-0002 1 HEAT SINK TO-5/70-39-PK& 28480 1205-0002

a0t 11177-69501 1 ASSEMBLY, REFERENCE

NOT FIELD REPATIRABLE CRDER
REPLACEMENT ASSEMBLY ACCESSORY NO. 11i177B

A SEE NOTE ON SCHEMATIC 3.
4H SEE NDTE ON SCHEMATIC 3.
AM SEE NOTE ON SCHEMATIC 3,
4Q SEE NOTE DN SCHEMATIC 3.
4 SEE NOTE ON SCHEMATIC 5.

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

¢ g Mfr
Reference HP Part ol Oty Description Cod Mfr Part Number
Designation | Number Code
CHASSTS MOUNTED PARTS
Bl 3160-0266 1 FAN-TBAX DCV 28430 | 3160-0265 ;
3150-0300 1 FILTER, AIR 28480 3130-0300
Ccl-C6 0130-0291 CAPACITOR-FXD 1UF +-10% 35VDC TA 56289 150D105X9035A2
Rl 1990-0547 LED-VISIBLE LUM-INT=2ZMCD JF=20MA-MAX 28430 1960-0547
F1l 21190-0201 ] FUSE .25A 250V SLO-BLO 220/240V OPERATION 75915 313.2505
7110-0012 1 FUSE .5A 250V FAST-BLO 100/120V GPERATION| 04703 312.500
J1 5061-1131 4B 2 TERM ASSEMBLY, REAR INPUT 28480 5061=-1131
J2 1250-0083 1 CONNECTOR-RF BNC FEM SGL-HOLE-FR 50-OHM 24931 2BJR-130-1
J3 1251-3283 1 CONNECTOR; 24-CONT; FEM; MICRORIBBON 28480 1251-3283
0380-0643 1 STANDCFF, LG STUDMOUNT (METRIC THREAD) 0046A 08D
Jb 9100-3910 Y FILTER-LINE 28430 916G0-3910
Js 5060-7454 |, TERM ASSEMBLY, FROMT INPUT 28480 5060-7454
7|
Pl 1251-3201 1 CONNECTOR 3-PIN F POST TYPE 27264 09-50-7031
P2 1251-3957 CONNECTOR 10-PIN F POST TYPE 27264 22-01-2101
P3 1251-4312 1 CONNECTOR 18-PIN F POST TYPE 272684 27-01-2181
1251-3476 17 CONTACT-CONN U/S PQST TYPE FEM CRP(P/0 P3)| 23480 1251-3476
PL 1251-3277 1 CONNECTOR 4-PIN F POST TYPE 27264 09-50-7041
PS5 1251-3275 CONNECTOR &-FIN F POST TYPE 27264 09-50-7061
PG 1251-3275 2 CONNECTOR 6-PIN F POST TYPE 27264 09-50~7061
51 3100-3380 1 “SWITCH, ROTARY INPUT SELECT 28480 3100-3380
. 0370-1103 1 KNOB 28480 0370-1103
3030-0007 1 SCREW-SET &-40 .125-IN-LG 28480 3030-0007
52,53 3101-0961 2 SWITCH-SL SPDT-NS MINTR .5A 125VAC/DC PC 79727 G-124-0013
s4 3101-20%2 2 SWITCH-SL DPDT-NS 570 2A 250VAC SLDR LUG 28480 3101-2042
55 1101-2062 SWITCH-5L DPDT-NS 5TD 2A 250VAC SLDR LUG 2B480 310k-2042
56 3101-2216 1 SWiTCH-PB DPDT &A 250VAC 28480 310:-2216
5040-7023 1 PUSH ROD 28480 50L0-7023
57 2191-1299 1 SWETCH-PB DPOT ALTMG ,45A 115VAC PC 28480 3101-1299
0370-0683 1 PUSHBUTTON, OLIVE BLACK 28480 0370-0683
Tl 9100-0680 1 TRANSFORMER, POWER 28480 9100-0680
u1 1820-0439 1 IC LM 309 V RGLTR 27014 LMID9K
0340-0580 1 INSULATOR-XSTR RUBBER RED BGUbY 7403-10-02
1200-0456 1 SOCKET-X5TR 2-CONT TO-3-FKG 28480 1200-0456
uz 1826-0181 1 IC LM 323 ¥V RGLTR 27014 LM323K
u3 1826-0117 1 IC 7812C V RGLTR 07263 7812KC
L200-0479 2 SOCKET-XSTR 2-CONT TG-3 SLDR-TUR 91833 4501
W1 03455-61603 1 CABLE ASSEMBLY, VOLTS 28480 03455-61603
w2 03G55-6160G 1 CABLE ASSEMBLY, OHM 2BLBD 03455-61604
W3 03555-61606 1 CABLE ASSEMBLY, HP-18 (INCLUDES J3 AND P3) | 2B4BQ 03455-61606
W5 D3455-6L60% 1 CABLE ASSEMBLY, POWER 28480 03455-61605
XF1 2110-0%70 1 FUSEHOLDER-EXTR POST 20A 200V UL/IEC 75915 345003-010
5041-0309 4 2 KEY CAP-UNL PTYGRY 28480 5041-0309
5041-0139 1 KEY CAP-UNL MG (0BS) 2BLBO 5041-0139
5051-0318 & 21 KEY CAP-L PTYGRY 2B4BO 5041-0313
5041-0104 1 KEY CAP-L MQSGRY 28480 S5041-0144 ,
5041-0267 A 1 KEY-CAP UNL 2BLBO 5041-0267
5041-0450 2 KEY CAP-L SEABLU 278480 5041-0450
5050-68¢7 1 . LENS, LED Z8480 5040-6897
5041-0375 %A 3 KEY CAP-UNL ZBLEBO S041-0375
5040-6898 il LITE PIPE 78480 5040-6898
7120-64140 1 WARNTNG LABEL: 50-60 HZ SELECTION 28480 7120-6410
7120-5911 1 WARNIMG LABEL: HP-IB 28480 7120-5911

4  SERIAL NUMBERS 1622400411 AND ABOVE. REPLACES PARTS 5041-0133 AND 5041-0144.
44 SERIAL NUMBERS 1622402438 AND ABOVE. REPLACES 03455-04303.
4B SERIAL NUMBERS 1622A05631 AND ABOVE. REPLACES PART 6060-7454.

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

'MP33

P21

MP25

MP19 MP20 MPIC

MP12.

. Mfr
Reference HP Part - ic) qy Description Mfr Part Number
Designation | Number |D Code
MECHANICAL PARTS
MP1 5020-8301 1 HFRONT FRAME 28480 5p20-8801
MP2 5020-8832 2 SIDE STRUTS 28480 5020-8832
MP3 5020-8802 1 “REAR FRAME 28480 5020-8802
MPY 5060-9835% 1 TOP COYER 28480 5060-98353
MPS5 5060-98G47 1 H0TTOM COVER 28480 5060-9847
MPE 5060-9876 2 KSIDE COVER ASSEMBLY 284380 5060-9876
MP7 5060-980% 2 STRAP HANDLE, 18* 28u30 5060-9804
MPE 5040-7219 2 STRAP HANDLE, CAP, FRONT 28480 5040-7219
MPY 5040-7220 2 STRAP HAMDLE, CAP, REAR 28480 5¢40-7220
MFLO 5040-7201 b FOOT 28480 5040-7201
MP11 1460-13545 1 WIREFORM 1.34-W 3.LG SST 28480 1460-1345
MP12Z 5001-0438 1 TRIM STRIP 28480 500!-0438
MP13 5040-7202 1 TRIM, TOP . 28480 5040-7202
MPly dp 03455-04303 1 PANEL, FRONT, DRESS REV. F 28480 03455-04303
MP15 03455-0D20% 1 SUB-PAMEL, FRONT 28480 03455-00204
MP16 4114-0651 1 “WINDOW DTSPLAY 28480 b114-0641
HP17 03455-0040% 1 GUARD ASSEMBLY 28480 03455-00401
MP18 &4 03555-00104 1 GUARD, MAIN 28480 03455-00104
0403-0141 2z GUIDE-PC BD BLX POLYC .062-BD-THKNS 28480 0403-0141
0403-0152 2 GUIDE~-PC BD BLK POLYC ,0BZ-BD-THKNS L-LG 28480 0403-0152
1600-0574 1 “LOCKING STRAP 28480 L6N0-0574
MP19 &g 03455-0010% 1 GUARD, SIDE 28480 03455-00105
0403-0152 GUIDE-PC BD BLK POLYC ,062-8D-THKNS 1-LG 28480 0403-0152
MP21) 03455-00603 1 SHIELD, A.C. CONVERTER 28430 03455-00603
MP21 03455-01203 1 BRACKET, FT TERM 28480 03455-01203
MP22 03455-04107 1 COVER, VOLTAGE REGULATOR 28480 3455-04107
MP23 03455-03201 1 BRACKET, REFERENCE 28480 03455-01201
0403-0141 GUIDE-PC BD BLK POLYC .0B2-BD-THKNS 28480 0403-0141
MP2Y 03455-00602 1 SHIELD, LT [SOLATOR 28480 03455-p0602
MP25 03455-04102 1 COVER, BOTTOM GO 28480 03455-04102
MP2§ 03455-04101 1 COVER, TOP GD (AVERAGE AC CONVERTER) 28480 03455-04101
MP26 93455-04108 1 COVER, TOP GUARD {RMS AC COMVERTER) 28480 03455-04108
03455-04%106 1 COVER, AC CAL 28480 03455-64106
MF27 03455-01206% 1 MOUNTING BRACKET, QUTGD 28480 03455-01204
MP28 03455-01101 1 HEAT SINK 28480 03455-01101
MP29 03455-00103 1 GUSSET 28480 03455-06103
MP30 5040-8081 4 INSULATOR, SLIDE 28480 5040-8081
MF31 035455-004301 1 PLATE, SLIDE ~ 28480 D3455-04301
MP32 03455-00601 1 COVER, LINE 28480 03455-00601
MP33 03455-02202 1 BRACKET, TRANSFORMER 28480 03455-01702
MP34 p3455-00301 1 PANEL ASSEMBLY, REAR 28480 D3455-00301
MP35 03555-0L103 1 DOCR, REFERENCE 28480 D3455-04103
2360-0113 1 FASTENER-CPTVE SCR ASSY PAMEL THENS 28480 2360-0113
AA  FOR SERIAL NUMBERS 16822A07688 AND ABOVE, REFLACES PART 03455-00101.
4B FOR SERIAL NUMBERS 18224076688 AND ABOVE. REPLACES PART O3455-00102. .

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 normatly 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.
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Model 3455A

Section VIII

SECTION Vi
SERVICE

8-1. INTRODUCTION.

82, 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.

I WARNING l

Any interruption of the protective grounding
conductor (inside or outside the instrument) or
disconnection of the protective earth 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
gnd the short-circuiting of fuse holders must be avoided.

| WARNING I

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

8-8. RECOMMENDED TEST EQUIPMENT.

8-9. Test equipment required to maintain the Digital Volt-
meter is listed in Table 1-3. Equipment other than that
listed may be used if it meets the listed critical specifica-
tions.

.
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Figure 8-1. Function Block Diagram.
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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 finctional block
diagram shown in Figure 8-1. The detailed description
describes the methods and pertinent circuitry used to
accomplish the function of each block of the detailed block
diagram.

8-12. INPUT SWITCHING AND DC ATTENUATDR.
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. All other input switch-
ing is done with FET switches.

8-15. Detailed Description.

8-16. Refer to Figure 8-2, Simplified Input Switching Dia-
gram. The front or rear inputs for “Volts”, “Ohms” and
“Guard™ are selected by rear panel switch 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 {rom 4-wire to 2-wire ohms measurement capability.

The “Input” terminals are connected to the dc preampli-
fier input on the .1 V dc through 10 V dc and all “*Ohms”
ranges by relay K1 and FET switch Q1. Relay K5 connects
the input to the operational attenuator on the 100 and
100Q V dg ranges. Output of the Attenuator is connected
to the input of the dc 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 dc
preamip input by FET switch Q3.

8-17. Operationaf Attenuator.

8-18. The Operational Attenuator provides a fixed attenu-
ation of 10-to-1 on the 100 V dc 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 Q38 when the attenuator is
not in use. The amplifier input is protected from overload
by diodes CR27 and CR28. Output of the amplifier is
limited to approximately plus or minus 17 V dc by protec-
tion diodes CR29 through CR31.

8.-19. AUTO CALIBRATIDN-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 circuitry of the Voltmeter. This is accomplished by
measuring the offset and gain errors and mathematically
correcting for them. Each error measurement is stored in
“memory” by the main controller as a constant. These
constants are sequentially updated. The output reading of

. the Voltmeter is computed by the Main Controller and is

equal to the ratic of the external input to the internal refer-

ence, times a range factor. Figure 8-4 shows a very basic
diggram of the Voltmeter.

=

Figure 8-4. Basic Voltmeter Diagram.

3455-p-a4358

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

(Ein +Eg) G- EoG

Ouiput Reading x K

xK;

Qutput Reading =
(Epref + Eg) G - EoG
This equation reduces to:
Qutput Reading = Ein
Eref
or: the output reading is equal to the ratio of the

x K;
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Figure 8-5.

Simplified 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 (Ky). circuit operation for the various auto-cal measurements.
8-22. Circuit Description. 8-24. 10 V dc Input Offset Error Measurement. Figure 8-6
8-23. Figure 8-5 shows a simplified schematic of the aute- illustrates the circuit configuration for making the 10V dc
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Figure 8-6. 10 V dc¢ Input Offset Error Measurement.
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Figure 8-7. 1V dc Input Offset Error Measurement.
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Offset Error Measurement. The DC Preamp input is
grounded through a 100 kilohm resistor by FET switch

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 dc range. This number is stored by the
main controller for use in correcting measurements made
on the 10V dc range.

8-25. 1 V dc 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 X1 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-
hack 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 dc 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 VIl

through FET switch A10Q15. Attenuator feedback on the
1000 V de range is selected by FET switch A10Q39 {atten-
vation 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 d¢
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 heid at
virtual ground by closing FET switch A10Q38. Qutput of
the ten-to-one divider is 1 V d¢. 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 Vdc and .1 V dc circuit configuration is 4 precise gain of
ten, the .1 V dc gain error constant is computed by the
main controller.
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Figure 8-8.

1 V de Input Offset Error Measurement.
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8-30. 1 V dc Reference Offset Error Measurement. Since separate offset Error measurement is made to include any
the 1 V dc full scale reference was derived by dividing the offsets present in the ten-to-one divider and associated
internal reference by the precision ‘ten-to-one divider, a circuitry. Figure 8-12 illustrates the circuit configuration
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Figure 8-9. 100 Vdc and 1000 Vde Input Offset Error Measurement.
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for the 1 V dc Reference Offset Error Measurement. The
input of the DC Preamp is grounded through the ten-to-one
divider by FET switch A10Q16. Preamp gain is X10.

THEORY OF OPERATION

Section VIII

8-31. 100 V dc and 1000 V dc Gain Error Measurement.
Figure 8-13 shows the circuit arrangement for making the
100 V de gain error measurement. The reference voltage is

&
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Figure 8-11, .1 V dc and 1V dc 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 1 attenuation) 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 dc 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 controiler.

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 — OHMS.
8-35. General.

8-36. During the ohms function the ohms converter sup-
plies a current through both the unknown resistance and
the reference resistance (see Figure 8-15). Since the same
* current flows through both resistars, 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:

—~[(VRx + Egl Gy — E4 Gyl
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Figure B-15. Basic Ohms Measurement Diagram.

where Ry is the unknown resistance value, V Ry is the volt-
age drop across the unknown resistance, VR ref. is the volt-
age drop across the reference resistance, Eq is the input
offset error, G| and G2 are the circuit gains of the particu-
lar measurements, and K is the range factor. This equation
simplifies to:

_ Vrx G)
o= =7l
VREF G2

I

8-37. Circuit Description.

8-38. .1 k{2, 1 k2, 1 M2 Offset Error Measurements. The
offset error constants derived for the .1 V d¢and 1 V dc
ranges are also used for the .1 k§2, 1 k€2, and 1 M2 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 kL2, 100 k€2, 10 MS2 Offset Error Measurements.
Two additional offset measurements are made to compen-

Kg sate for errors which might be present when making mea-
(VREF * Eg) G2 — E5 Gp surements on the 10 k€2, 100 k€2, or 10 M2 ranges. Figure
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Figure 8-16. 10 k2, 100 k&2, 10 M2 Offset Error Measurement.
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Figure 8-17. Ohms Reference Measurement.

Note t: VOLTAGE LIMITED TO S V.

8-16 illustrates the circuit configuration for these measure-
ments. The DC Preamp input is grounded through a 100 k§2
resistor by FET switch A10Q2. The feedback path for the
X2 pgain is through FET switches A10Q22 and A10Q21.
Feedback for X20 gain is through A10Q22, isolation amp-
lifier A1QU3, switch A10Q27, the precision 10-to-1 divider
and switch A10Q18. A separate measurement is made for
both gains and the results are stored by the main controlier.
840. .1 kQ, 1 k§2, 10 kQ Reference Measurements. The
ohms reference voltage is developed across the reference
resistance. On the .1 kQ through 10 k€ ranges the refer-
ence resistance is 1 k! (see Figure 8-17). The .7 mA
current source is connected to the 1 k2 reference through
relay A10K7. The 999 k) reference resistor is shorted
by the combination of relay A10K7 and A1OKS8. The refer-
ence voltage is applied to the DC Preamp input through

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

8-41. 100 k92, 1 ML2, 10 M2 Reference Measurements. On
the 100 kQ range, A10K7 is opened and the .7 mA current
source is applied to the combination of R1 and RS (1 MQ).
The reference voltage developed across R1 and RS is ap-
plied to the DC Preamp input through FET switch
Al0QI4. On the 1 M2 and 10MS2 ranges, relay A10KS is
opened and the .7 yA current source is applied to the 1 MQ2
reference resistance. The reference veoltage is applied to
the DC Preamp input through A10Q14.

8.42. AUTG CALIBRATION—A/D CONVERTER.

843, 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 Description.

8-45. Dffset 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
rms 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-
Jute value of the input voltage (Vi) 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.

8-51. AC Input Attenuator. The input sttenuator of the
tms converter is an RC circuit which provides a fixed
attenuation of 100-to-1 on the 100 V ac and 1000 V ac
ranges. Aftenuator switching is performed by reed relays
which are controlled by the inguard controller.

8-52. input 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 cutput 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 Amptlifier Total
Range Factor Gain Gain
Y 1 1 1
0V 1 0.1 0.1
100 v Ot 1 om
1060 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 porticn.
The resultant positive signal is applied to the input of the
squaring amplifier.
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! AND AMFLIFIER \
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SCQUARING

AVERAGING
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M
M | 2M '\ AMPLIFIER N/
Z20k us 108

AMPLIFIER v

SOUARE ROOT. f——— AMPLIFIER ——— 1
~ AMPLIFIER = {INTEGRATOR)

GEK

- 5K
v

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 Q11A)
in the feedback loop, takes twice the log of the input
voltage. Therefore, the output of the squaring amplifier is
equal to 2 log 1V inl orlog IV in|?.

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. Output_of the square root amplifier is
equivalent to 1/2 log IVinl? or log /| Vini2. 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 signat.

B-56. AVERAGE RESPONDING AC 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 2 fixed aitenuation of 100-to0-1
on the 100 V ac and 1000 V ac ranges. Attenuvator switch-
ing is done by reed relays which are controlled by the
inguard controller. Input resistance of the AC Converter is
approximately 2 megohms.

THEGRY 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 dc 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
+ 6V peak to prevent saturation of the amplifier.

8-62. AC Ranging. AC ranging is accomplished by attenu-
ating the input signal and changing the gain of the converter
amplifier. The input attenuator provides a fixed attenuaiion
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 Amplifier is applied to a rectifier circuit which
produces both a positive going and a negative going half-
wave rectified signal output (see Figure 8-20). The rectified
signals are summed to provide ac feedback for the Con-
verter Amplifier. The Filter Amplifier has a fixed gain of
approximately 6.6. The feedback circuitry of the Filter
Amplifier provides one pole of filtering. The output of the
Filter Amplifier is applied to a cone pole RC filter network
for FAST ACV operation and a two pole RC filter network
for ACV operation.

NPUT FILTER
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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
de for all ranges.

8-65. OHMS CONVERTER.
8-66. General.

8-67. The Ohms Converter is a voltage limited current
source which supplies a constant curreat 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 kilohm
ranges or .7 microamps on the | and 10 megohm ranges.
The converter becomes a constant voltage source when
measuring resistance greater than 5.8 kilohm on the 10 and
100 kilohm ranges and greater than 5.8 megohm on the 10
megohm range. Since the same current flows through both
the unknown resistance and the reference resistance, the
voltage drops across them are directly proportional. The
unknown resistance value is the ratio of the voltage drop
across the unknown resistance times circuit gain to the
voltage drop across the reference resistance times circuit
gain multiplied by the range constant; or

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 ochms 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 ohims 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, RS,
and R6, During the .7 mA mode of operation, (100 ohm
through 100 kilohm ranges) relay K8 shorts resistor R3.
The output current is then determined by R6 and is equal
to the reference voltage (+ 6.2 V) divided by the resistance
of R6, or Iy = 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 [p=.7 V/I M
= 7 pA_ Operationat Amplifier Ul drives output transistor
Q4 and provides the gain necessary to maintain the proper
output current. Retay K7 is used to select a reference
resistance of 1 kilohm for the .1 kilohrn through 10 kilohm
ranges of 1 megohm for the 100 kilohm through 10

v G megohm ranges. Both the reference resistance and the
Rx ©1 : 1 HiLe
x = ———— unknown resistance are in the feedback circuit of the
VREF G2 operational amplifier.
K7
L
. —
Wiaaall]
KB!:_I
ey Froall .
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W5 T o
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Figure 8-21, Ohms Converter Current Source.
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Figure 8-22. Ohms Converter Voltage Limit.

8-71. Voitage 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 cutput 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 voit-
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 CR12.
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 voltage transistor Q4 is biased off to pre-
vent current flow when a positive voltage is applied.

8-73. DC PREAMPLIFIER.
8-74. General,

8-75. The DC Preamplifier provides the necessary isolation
and amplificiation of signals from the d¢ 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 dval 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. OQutput Circuit. The output circuit of the DC Pre-
amplifier consists of an amplifier (7 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-
lifter 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 CRS3. These
diodes limit the voltage difference between the drains of
Q17. The output of the preamplifier islimited 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. General.

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 | 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 Ry 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 te 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-zero
peried (time T3). During time T, the input voltage is inte-
grated and the most significant digits of the output reading
are determined. During time T7 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 volis and readied for the next reading. At
time T, 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 output of
the integrator reaches plus or minus 10 volts the 10 V com-
parator is enabled and interrupts the inguard controller,
The controller switches in a reference current opposite in
polarity ‘amount of time (period td) and causes the inte-
grator to discharge. At the end of period td, the reference
voltage is removed allowing the integrator to again charge
{period tc). This charge, discharge sequence may be
repeated throughout integration period 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 p—ts
T2

Ta

3435-B-4470

op-

Figure 8-26. Integrator Output Waveform.
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Figure 8-27. integrator Qutput 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 mode, time T1, is 1/60 second (1/50
second for 50 Hz operation) and approximately 16 charge-
discharge cycles occur for a full scale input. During 6 digit
operation, time T1 is increased to 8/60 second (8/50
second for 30 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 voits
(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 controlled by the inguard controller.
The input from the DC Preamp is applied to the integrator
input through a 19.8 kilohm resistor (R15) and FET switch
Q3. The integrator charge current due to the input voltage
is established by R15 and is equal to the input voltage
divided by 19.8 kilohms. FET switch Q3 is closed through-
out the integration peried (time Ty, Figure 8-26) and is
open during periods T7 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 reference and a *‘stow’” discharge reference.
The fast discharge.references are used during the td cycles
of the integration period to discharge the integrator and are
also used for the “fast run-down” period {(time tf). The
“slow” discharge references are used during the “slow run-
down™ period (time 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 d¢) 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 UUld 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 (10 V
de/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. Stope 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 .3 milli-
volts per count of output reading.

8-98, Auto-Zero. The purpose of auto-zero is to reset the
integrator to a known level. During this mode of operation
FET switch Q4 is closed, 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 0 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 U3
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 + 5 volts.

8-102. 0.2 volt Detect Amplifier. The purpose of the .2
volt Detect Amplifier is to detect when the integrator has
discharged to approximately .2 volts during. period T3
(Figure 8-26). This information is used by the inguard

controller in determining the point to remove the “fast.-

discharge™ reference and apply the “slow-discharge™
reference.

8-103. INGUARD CONTROLLER.
8-104. General.

8-105. Figure 8-30 shows the basic steps performed by the
inguard controller. The inguard controller receives data con-
taining range, function, and resolution information from
the main controller. This data, containing 36 bits of infor-
mation and a parity bit, is transferred serially at a rate
determined by the main controller. The inguard controller
decodes the information, sets the input and auto-cal
switches to their required states, and selects the appropriate
range, function, and sample time for the resolution indi-
cated. During the measurement process, the inguard con-
troller manages the analog-to-digital conversion sequence
and stores the digital equivalent of the 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 DCQ is used to indicate when the main control-
ler is ready to receive data. Control Line DCI1 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. Conirol 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.
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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-

THEQORY OF OPERATION

Model 3455A

tion, composed of 6 bits of trigger information, 30 bits of
range and function information and a parity bit, to the
inguard controller. The inguard controller transfers 25 bits
of information, composed of 1 bit of polarity information,
23 bits of measurement data, and a parity bit, to the main
controller.

8-1110. 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 simpfified
schematic of the reset circuit. A pulse transformer is used
to electrically isolate the reset line between the inguard and

_outguard sections of the voltmeter. The reset pulse applied

to the preset input of flip-flop U32A sets the “Q” output

" high. The high output of U32A causes the output of U27B
" to go low. The output of U27B sets the “interrupt request”
" input of the inguard processor. Upon receiving interrupt

request, the processor stops driving its data Lines (D@
through D7), allowing them to go high and sets the inter-
rupt acknowledge line high. This signal allows the output
of U27C to go low which puts the “start” address on that
processor’s data bus. The processor (after reaching its
“start” address) sets the interrupt acknowledge line low to
remove the output of 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 amnalog-to-digital converter. There are six output
lines from the inguard controller which control the input,
reference, and auto-zero switches 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 D3)

UZ8A

+5V

3455-8-4537

Figure 8-33. Inguard Controller Reset Circuit.
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and transferred to the converter through output latch Y15,
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”™ output of the converter is
also applied to the input of the “zero detect” circuit. The
zero detect circuit is used to detect the end of the “slow™
run-down period. At the beginning of the slow run-down
period, the “Q™ output of U32B is set to the same state as
the polarity detect signal by a pulse from Ul4, 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-

THEORY Of OPERATION
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Table 8-2. A/D Converter Switch Control Signal
Descriptions.

True

- Signal Description State

LVIN A/D 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 (A1404) - High

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

LNRF Negative fast-discharge reference switch signal Low
{A14CRE)

cess. Upon completion of the A/D Conversion process, the
processor sets the interrupt enable signal low to disable the
zero detect circuit.

UzZBE
U294
. Q D
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uz2ro 5 ciK
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Figure 8-34. Simplified A/D Converter Control Circuit.

8-21



Section VIII THEORY OF OPERATION Model 3455A
ROM QUTPUT ENABLE PROGRAM GATE
- PAD e}
Fal DIf
Fa2 uz6 B2 INGUARD CONTROLLER
" INGUARD DATA BUS
AD@?SS < "3 PROCESSOR 03
LINES PAG D4
n% o5
PAG D&
\ Pa7 D7
Pag
10 esp— b
bl Q4
12 uzs Q3
13 ROK Q2 ROM
} QUTPUT
1% Q1 LINES
15 ao
16 Q6
;7 o7 y
29D 18
uz2ec k} -‘[ e
34533-8-4539

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 controiler routine. There
are 512 eight bit program storage locations contained in the
ROM which are addressed by nine input lines (1§ 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 thecomplement
of the level applied to I8. 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
{se¢ 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 D5) 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
to the processor and the device select decoder Ul4,

8-115. MAIN CONTROLLER.
8116. General.

8-117. The purpose of the main controller is to control

8-22

communication between the front panel, HP-1B 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-1B buf-
fers {remote operation} to determine measurement para-
meters, such as range, function, mode, and sample time.

b. Using the status information, the main controiler
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 —7Z

vide either a scaled answer ), where x is the measure-
ment answer and y and z are values entered by the opera-

tor, or a percent error answer ( 2 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

THEORY OF OPERATION
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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 Deseription.

8-119, ROM Circuit. The main controller uses three
ROM’s to store the programs necessary to control the var-
jous 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 troubleshocting 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 PAQ through PA9). The program informa-
tion is sent to the processor through the processor data bus
(lines DO 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 circuiiry.
During normal operation, the test connector J1 is con-
nected as shown. This connection disables the upper page
{test program) or ROM UZ and allows ROM’s U6 and U7 to
be c¢nabled. Removing the jumper permits only the upper
page (test program) of U8 to he 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
UB may be enabled. This is because the normal turn on
state of address line PA10 is low which allows U8 to be
enabled and “holds off” the enable circuitry for ROM’s
U6 and U7.-To enable ROM’s U6 or U7, the following
sequence is used.

a. The code to select the desired ROM and page is set

- on data lines D@ and 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 PA10 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 U3 A 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 DY 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.

€. The Read/Write signal enables buffers U34 and 1742
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
U38D, to the “load” inputs of U36 and U37 to load the
address code into them. The code which has been loaded
into the presettable counters is then applied to the address
inputs (lines A@ through A7} of the RAM’s (U44 and U453
U45).

8-125. Data is stored in the RAM’s as follows:

a. The processor sets the data to be stored on data lines
Dp through D7, sets the proper code on device select lines
DS@  through DS3 to activate output Y1 of device select
decoder U4l, and sets the Read/Write output high (write).
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Figure 8-39. Main Controller RAM Circuit.

b. The Read/Write signal enables buffers U34 and U42
to apply the data to the RAM’s IfO lines and is also applied
te 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. Output 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™ gperation.

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 DS3, 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
U46A.

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
and 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 constants, measurement
data corrections, and “scale” and “% error” math func-
tions. The ALU also provides logic functions which are used
for certain control operations. The ALU performs Arith-
metic or Logic operations on two, 22 bit binary numbers in
eight bit segments starting with the eight least significant
bits.

8-128. Figure 8-40 shows a schematic diagram of the ALU
circuit used. The numbers to be entered into the ALUs are
8 bit binary codes ang 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 D83 to the
code necessary to activate the proper output of device
select decoder U33 (output Y1 for number “A”, Y2 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

.f
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Figure 8-40. Main Controller ALU Circuit,

composed of a 4-bit instruction code, 1 bit of mode infor-
matjon 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 mannes:

a. The processor sets the READ/WRITE line low
(READ) to disable buffers U34 and U42 and sets the
proper code on device sefect 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 U16B to set F4 of the proces-
for.

8-130. interrupt Circuit. The Interrupt Circuit is used to
signal the main processor when the front panel switch data
has been changed, when an external trigger has been
applied, when the HP-IB (Hewlett-Packard Interface Bus)
needs service, or at “turn-on”. The Interrupt Circuit is also

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 tripger 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 U53B is applied to
U47B to disable the front panel interrupt circuit and
through US2A 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 U47D
and U46D. The address gates set the interrupt address on
the processors data bus. It is possible for both the external
trigger interrupt and the HP-IB interrupt to occur simultan-
eously and set their respective interrupt address code on the
processor data bus. When this occurs, the processor is pro-
grammed to vector to the HP-IB Interrupt address to main-
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Figure 8-41. Main Controller Interrupt Circuit.

tain priorities. After accepting the interrupt address, the

processor sets the interrupt acknowledge line low to disable
address gates U46B and U46D. The processor then services
the HP-IB to clear the interrupt input.

8-132. External Trigger Interrupt. Operation of the Exter-
nal Trigger Interrupt is the same as the HP-IB Interrupt
with the exception of the interrupt address gate activated.
During External Trigger Interrupt, address gate U44B is
used to set the interrupt address on the processor’s data
bus.

4-133. 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 US55C 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 Q of U4QB is applied to U47D to
disable the interrupt address gates and through U39B to set
the inputs of U47A and U5S5C 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 to set the main pro-
cessor interrupt input.

8-135. Upen 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 lo 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 US5C 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.

8-13B. Display Strobe Circuit. When no interrupts are pre-
sent, the interrupt circuit is used in the display function of
the voltmeter. Moneostable 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 ouiput 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 U53B is enabled. The low ocutput of US53B is
applied through U52A to the interrupt gates to set the pro-
cessor’s interrupt input of the processor. Upon noting the
interrupt, the processor sets the interrupt enable signal low
to remove the interrupt input and sets the interrupt
acknowledge high to enable the interrupt gates. The pro-
cessor then checks the data bus (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 US to the pro-
cessor data bus (D2 through D7) to set the starting address.

8.140. Upon recognizing the interrupt signal, the processor
reads the start address from the data bus and sets the inter-
rupt acknowledge output low. The interrupt acknowledge
signal is applied through inverter U39A to the “clock”
input of U26B. This sets the Q output low and the Q
output high, disabling the turn-on interrupt circuit.

8-141. HP-IB CIRCUIT.

8-142. General.

8-143. The Hewlett-Packard Interface Bus (HP-IB) is a
carefully defined instrumentation interface which simplifies

the integration of instruments, calculators, and computers

_ into systems. The HP-IB employs a 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 parallel to the
16 Bus lines. Eight of the lines are used to transmit data
while the remaining eight lines are used for communication
timing (Handshake) and control. Data is transmitted on
the eight data lines as a series of eight-bit characters
(“bytes™). Normally, a seven-bit ASCII code is used with
the ¢ighth 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
DHO1 through DIO8) is used to transfer information be-
tween devices on the Bus. The three data byte transfer
control (handshake) lines permit synchronization of the
data transfer on the data bus.

8-144. Circuit Description.

8-145. Initial Turn-On. (Refer to the HP-IB Schematic for
the following descriptions.) The interface circuit is initial-
ized by the main controller at ““turn-on”. After completion
of the turn-on sequence and before 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 U155, Ul6, U17 and U18 are
low.

c. Inputs to interrupt gates U7A and U7C are low caus-
ing the interrupt output (U2A pin 3) to be low (false).

d. All driver inputs and receiver outputs of Bus Trans-
ceivers U6, U9 dnd Ul2 are low.
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Figure 8-43. Interface Connections and Bus Structure.

NOTE

it is possible for the interface circuit to momen-
tarily drive the Bus lines low (true) before the

The ATN signal is input to the Voltmeter interface circuit
through inverter U3E and is applied to the input of buffer
UISA and inverter U3B. The low output of U3B disables
qualifier gates U2D, U14B, U14D and U13D and is appiied

turn-on sequence has been completed.

8-146. Circuit Response to Bus Commands. The following
description explains the Voltmeter interface circuit re-
sponse to command statements received from the HP-IB
(Hewlett-Packard Interface Bus). This description is divided
into five parts as follows:

a. Acceptance of the command data.

b. Voltmeter execution of the command.

¢. Completion of the “handshake” sequence.

d. Receive Data.

e. Output Data.
8-147. Acceptance of the Command Data. The follow-
ing describes the sequence performed by the Vaoltmeter
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 DIO1

through DIO8 and sets the ATN (Attention) line low (true).
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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-IB controller that the Voltmeter is ready to accept data,

8-149. After allowing time for the data on the DIO lines to
“setile”, the HP-1B controller sets the DAV (data valid) line
low (true). The DAYV 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 Ul0D 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. Upor recognizing the interrupt signal, the main pro-
cessor enables buffers Ul5 and Ulé 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 lo
remote operation, and bit 6 is set to indicate the message is
a command statement. The main processor enables buffers
Ul7 and U18 to read the data byte.

8-151. After reading the data byte, the processor sets the
“nrfd” output (1Q) of latch ULl 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 Ul 1 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
UL3B is applied to the driver B input of transceiver U9 to
disable it and allow the NDAC Bus line to go high (false).

8-152. Execution of Command Instructions. After the
command data has been accepted, as previously described,
the main processor deciphers the data to determine the
nature of the command. This section describes the interface
circuit response-to the following Bus commands:

a. “Listen” Command
b. “Unlisten” Command
c. “Talk” Command

d. “Untalk™ Command

8-153. Listen Command. When the processor receives a
listen address from the HP-IB it enables inverter Ul and
reads the address code the Voltmeter has been set to. This
code is determined by the settings of switch S1. 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 U1l high (true).
The mla signal is applied, through inverter UED, 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 Uil 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-1B 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 Uli 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. Upon 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 (see
Front Panel Assembly Schematic). The processor next sets
the ““davreq”output (5Q) of latch U1 1 low (false) to return
the interface circuit to the “turn-on™ state.

8-157. Handshake Completion. After all instruments on
the HP-IB have accepted the command data (the NDAC Busg
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 U2 is applied to the
input of UI3A and through inverter UIOC to the input of
qualifier gate U13C causing its output to go high. The out-
put of UI3C 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 U2 A to set the interrupt
signal to the processor.

8-158. Upon recognizing the interrupt signal, the processor
enables buffers U5 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 ULl low (true).
The low output of U1l is applied through inverter UI0A to
the inputs of U2B andU13B. If the ATN signal or the mla
signal is true the output of ULl3B 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 Ul is applied to the driver A input of U9
to set the NRFD output high (false) and to the input of
UL3C to disable it and remove the interrupt signal. This
completes the sequence for accepting and executing com-
mand statements.

8-159. Receive Data. Data received from the HP-IB is used
to remotely program the Voltmeter's front panel controls
(range, function, math, etc.). The Voltmeter must have pre-
viously been addressed to “listen” and 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
DIO8. 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 qualifier gate U13C to disable it and
to the input of UI3A. The output of UI3A is coupled
through gate U2B and inverter U10D 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 U2A to set the
interrupt output to the main processor.

8-161. Upon recognizing the interrupt signal, the processor
enables buffers U15 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 low (true)
to light the enunciator pertaining to the program informa-
tion. The processor next sets the nrfd output (1Q of latch
U1l high (true). The output of Ul is applied to the enable
input of qualifier gate Ul13C 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 Ul ]
high (false). This signal is applied through inverter U10A
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 to 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 U15C 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 engbles buffers Ui5s and Ulé 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 U10A
to the input of qualifier gate U2B and to the input of gate
U13B. The high output of UI3B is applied to the Driver B
input of transceiver U9 which sets the NDAC Bus line low
{true). The processor then sets the nrfd output (1Q) of
Uil 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-IB. The voltmeter must have
previously been addressed to “talk” and the HP-IB must
NOT be in the command mode before the voltmeter can
oulput measurement data.

8-165. When the Voltmeter is addressed to talk the *dav
req” output (5Q) of latch U1l is set high (true). As the
HP-IB exits the command mode (the ATN signal is re-
moved) and all bus instruments are ready to accept data
(NRFD is high) the output of qualifier gate UI4C is set
low. The output of 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 nature of the interrupt the processor sets
latches U20 and U19 to the code of the first byte of mea-
surement data. The outputs of U19 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 Ull high
(true). The dav signal is applied to the input of qualifier
gate Ul4A and gate U13D, 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 Ul1 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 gate UL4B.
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 Uj6D 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 Ul6é and U5 and reads the status word.
After determining the nature of the interrupt, the processor
sets the dav reg output (5Q) of latch U11 high. The proces-
sor then sets the dav output {2Q) of U10 low (false). This
signal is applied to the input of gate Ul3D to remove the
DAV signal from the Bus and to the input of qualifier gate
Ul4A to remove the interrupt signal. This completes the
output of one data byte. The sequence is repeated until
each byte of measurement data has been output.

8-168. FRONT PANEL OPERATION.
B-169. Cireuit Descriptian.

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 U57 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 “I12" is
low the output is 010, etc. The encoder also sets the gate
ouiput (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 einable output high to enable buffers US9
and U60 and reads the switch code. This code represents a
vector address to the processor. The processor performs the
program routine contained at the address indicated which
includes transferring 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 U635 through U70. The new enunciator
code is contained on lines D 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 Y3 are enabled by the signal from device
select decoder U41. Qutputs 2YQ and 2Y1 are enabled by
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B-173. Display. Measuremeni dala is transferred to the
display one number at a time. The polarity or numerical
data is applied to the input of latch US4 and the digit (or
position in the display) and decimal information is applied
to the input of latch U63. The output of device select
decoder U41 is applied to the clock input of US4 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 U635 through U70. All
outputs of U64 are high except the one driving the latch
which is to accept the data. The enunciators are lit when
the output of the latch driving them is set low.

plied to the select and data inputs of U56 to determine the
proper display driver to be activated. The outputs of U56
are applied to the display drivers (Q11 through Q18) and
are enabled by the signal from U48B (interrupt circuitry).
The display is scanned from left to right one number at a
time. '
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Section VIII

TROUBLESHOOTIVG

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-176. General Block Diagram Thaory of Oparation,

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 Qutguard Section and the Inguard Sec-
tion.

B-179. Outguard Ssetion.

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 contreller 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 operation requested by the operator
(DC, AC, etc.). The main controller then sends a
message to the inguard controller to do the operation.
After the operation is completed, the inguard controller
then sends information back to the main controller. The
information is then converted and displayed on the
front panel. ‘

8-184. The HP-IB circuits are used to communicate bet-}
ween the HP-1B and the instruments main controller.
Information can pass either from the HP-IB to the main
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Figure 8-84. Simplified Block Diagram.
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controller or from the main controller to the HP-IB. Ex-
ample: the main controller receives a message from the
Bus to read DC. After a reading is taken, the main con-
troller sends the reading to the Bus. It should be noted,
as with the front panel, the bus circuitry can interrupt
the main controller whenever necessary (to clear inter-
face, etc.).

8-185. Inguard Section,

8-186. The Inguard Section consists of the measuring
circuitry, a controller, and power supplies. The main
function of these circuits is to perform Auto-Cal, BC,
AC, and Ohms measurements. These circuits are con-
trolled by an inguard controller, which in turn are par-
tially conirolled 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.

B-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).

¢. 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 k{2, 100 k(, 900 k{1,
and 1 MI{}) are used. These circuits are located on the
reference module. The reference voltages are also used
for the operation of the A/D convertor.

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
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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 changedto 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
Inguward/Outguard Service Cable (part number
03455-61609) and a working 3455A (a second in-
strument) as follows:

1. With each 3455A turned off, disconnect the
A10W1 Inguard/QOutguard cable assembly from
the outguard connector (A1J7) on each 3455A.



Model 3455A

2. Plug the Inguard/Outguard Service Cable
from one instrument’s outguard connector (A1J7)
to the other instrument’s Inguard/Qutguard 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/QOutguard Service Cable
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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 Qutguard), 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/QOutguard 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. Inguard-Outguard Connections.

8-198. Servica 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

sg::;:e Service Group Description Location Assambly Schematic

A Turn-0On Failures {inguard, Outguard) Paragraph 8-A-1 Al, A1O
Inguard/Qutguard Isolation Paragraph 8-A-3 Al A0
Qutguard Troubleshooting Paragraph 8-A-5 Al, A3 8
Inguard Troubleshooting Paragraph 8-A-6 A10, Al14 6,7
A10 Board Troubleshooting Paragraph 8-A-8 A10 5.6, 7
A/D Board Troubleshooting Paragraph 8-A10 A10, Al14 b, 6
Inguard/Qutguard Transfer Troubleshooting Paragraph 8-A-12 Al, A10 7.8

B Auto-Cal and DC Troubleshooting (Inguard) Paragraph 8-B-1 A10
Auto-Cal Constants Paragraph 8-8-3 A10
DC Inoperative Paragraph 8-B-17 A10 1
General Noise Paragraph 8-B-30 A10
DC Noise Paragraph 8-8-32 A10 1

C AC Convertor Troubleshooting Paragraph 8-C-1
True RMS Convertor Servicing Paragraph 8-C-3 Al15 3
AC Noise Paragraph 8-C-12 Al15 3
Miscellaneous Troubleshooting Paragraph 8-C-16 A15 3
Average Responding AC Convertor Paragraph B-C-17 A13 2

D Ohms Troubleshooting Paragraph 8-D-1 A10, A12 1, 4
Ohms Noise Paragraph 8-D-11 A10, A12 1, 4

E A/D Convertor and Inguard Logic Troubleshooting | Paragraph 8-E-1 A10, Al4
A/D Convertor Servicing Paragraph 8-E-2 A10, Al14 6, 7
A/D Noise Paragraph B-E-8 Al4d 6
Inguard Logic Traubleshooting Paragraph 8-E-10 A10 7

F Outguard Logic Troubleshooting Paragraph 8-F-1 A1, A3 8,9, 10
Main Controller Troubleshooting Paragraph 8-F-3 Al, A3 8
Front Panel Troubleshooting Paragraph 8-F-4 A1, A2 10
HP-IB Troubleshooting Paragraph 8-F-8 A1l 9

G Miscellaneous Troubleshootmg Paragraph 8-G-1
Power Supplies Paragraph 8-G-2 A10 11
Reference Assembly Paragraph 8-G-3 Al11, A20 5
Turn-Over Errors Paragraph 8-G-4 A10, A4 1,5, 6
Other Troubleshooting Paragraph 8-G-6 Al, A3, A10 8, 11

M Troubleshooting Diagrams Paragraph 8-H-1
General Troubleshooting Diagram Paragraph 8-H-3 A1, A10
Inguard Troubleshooting Diagrams Paragraph 8-H-4 A10
QOutguard Troubleshooting Diagrams Paragraph 8-H-6 Al
Schematics Figure 8-H-28 All 110 11

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 fajlure and if only a non
integer number is displayed, the failure is in the logic
circuits. Use the half-split technique to isolate the in-
guard and outguard logic sections and go to Service
Group E for the inguard logic troubleshooting and Ser-
vice Group F for the outguard logic troubleshooting.

c. AC Convertor Troubleshooting (Service Group
C): Use this service group if the ac function is defective.
Before using this service group, however, the instrument

8-38

should operate correctly in the dc function and Auto-
Cal mode.

d. Ohms Troubleshooting (Service Group D): Use

this service group if the ohms function is defective.
Before using this service group, the de function and the
Auto-Cal mode of the 3455A should operate correctly.

e. 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.

. B. 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

8-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 A3TP5. 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-on circuit {A1US5, 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.

mqv

—— 150-250msec—— ]

d. Check the Nanoprocessor interrupt circuit for correct operation. The IN ENA line should be
held high and the IN REQ line should ¢ither 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 U55). 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 §-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 Al4 board is not available, use the one from the 3455A which was
used in half-splitting the instrument.

8-A-8. A1D 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),

Model 3455A



Model 3455A SERVICE GROUP A Section VIII

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 A10TP8 for + 10V x 100 4V, and at A10TP7 for -.10 v
+ 20 mV (schematic 5). If these voltages are too low, the 3455A may not complete the Auto-Cal
routine and lock up.

¢. Pin 29 of A10U26 should, under normal condition, be toggling. At turn-on it shouid 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.

™ »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 (sce 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 Ui3, 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 A10
board.

8-A-10. A/D Board Troubleshoating (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. A10TP8 should be + 10V x 100 xV 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/Outguard 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 haif-splitting the 3455A, the following checks should be
made to troubleshoot the transfer circuit.

a. The signals at A10U26 pins 34 to 37 (inguard) should be the same as those on A3TP4 to TP
{outguard). The only exception is the signal at A3TPI. This signal should be the same as the signal at
Al0U28 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
F@ is the data transfer line and F1 is the data transfer rate line), while F2 and F3 send data from in- .'-
guard to outguard (F2 is the handshake line and F3 is the data transfer line).

b. HAZ line must be high, if not, check 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 siow (more than 200 msec) inguard power
supply.
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B-8-1. AUTO-CAL AND DC TROUBLESHOOTING (INGUARD).

SERVICE GROUP B

Section VI1I1

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 malfunctions, a good fundamental knowledge of the 3455A’s
Auto-Cal and self-test routines are required.

8-B-3. Auto-Cal Constants.

8-B-4. There are 14 cal constants used in the 3455A, which are usually zero and full scale voltage
“‘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

)Constant Circuits Detailed
Number Constant Description Used Operation
13 lp, no input - A/D offset measurement - - - Paragraph 8-4%
12 I+, | ratio - 10 V reference input, A/D --- Paragraph B-46
current ration measurement.
11 10 V offget - X1 gain with amplifier input  |Figure 8-B-1 Paragraph 8-24
tied to ground. Input attenuator at X1
gain.
10 10 V zain - X1 gain with amplifier tied to  |Figure 8-B-2 Paragraph 8-27.
+ 10 V reference. [nput attenuator at X1
gain.
9 Ohms and .5 V offsets - X20 gain with [Figure 8-B-3 Paragraph 8-39
amplifier input tied to ground. Input atten-
tuator at X1 gain.
2 Ohms and § V offsets ~ X2 gain with |Figure 8-B-4 Paragraph 8-39
amplifier input tied to ground. Input at-
tenuator of X1 gain.
7 100 V offset #2 (X1} - gain with amplifier JFigure 8-B-5 Paragraph B-26
input tied to 10:1 attenuator with top of
10:1 attenuator tied to ground.
6 1000 V offset - X1 gain with amplifier |Figure 8-B-B Paragraph 8-26
tied to 100:1 attenuater with top of
100:1 attenuator tied to ground.
5 100 V gain - X10 gain with amplifier tied |Figure 8-B8-7 Paragraph 8-31
to 10:1 attenuator with top of 10:1 at-
tenuator tied to X10 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 .1V offset -X100 gain with amplifier in- JFigure 8-B-9 Paragraph 8-25
put tied to ground. Input attenuator of X1
gain,
2 1 V offset #1 -X10 gain with amplitierin- |Figure 8-B-10| Paragraph B-25
put tied to ground. Input attenuator of X1
gain. .
1 1 V offset #2 -X 10 gain with amplifier in- |Figure 8-B-11 Paragraph 8-30
put tied to 10:1 divider. Top of divider
shorted to ground. Input attenuator at X1
gain.
4] 1 V gain -X10 gain with amplifier tied to | Figure 8-B-12| Paragraph 8-28
10:1 divider with 10 V at the top of the
divider, Input attenuatar at X gain.
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8-B-5. When pressing the TEST button of the 3455A, each cal constant is measured. The first cons-
tant measured is constant number 13. If constant 13 is within certain limits (which are internally set)
the 3455A will automatically measure the next constant. If constant 13 is out of its limits the self test
operation will stop. A number 13 will be displayed on the front panel of the 3455A. In order to
measure the next cal constant, the TEST button needs to be pressed again. If all the cal constants are
good, a logic check will be performed. The 3455A will then display + .8.8.8.8.8.8.8 when the self-test
operation is completed. After the self-test operation is finished it will automatically start again. To
bring the 3455A out of this loop, any function key other than TEST needs to be pressed,

8-B-6. When the 3455A is in the self-test mode, and it fails this test, it will stop and display an integer
number. This number is the number of the cal constant that fails. To continue the self-test operation,
press the TEST button again. After all the cal constant measurements are taken, and the 3455A is still
in the self-test mode, another measurement is taken. A dummy cal constant calculation is performed
in the outguard section of the 3455A.. If this calculation is correct (answer should be 10), nothing will
be displayed. The instrument will then finish the self-test operation. If the dummy calculation is in-
correct, a non-integer number (e.g., 9.998 or 10.002) 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) for troubleshooting. If only the dummy constant fails try replacing the ALU’s (A1U28, 30),
and their associated circuits, in the cutguard section (schematic 8). If the dummy constant still fails,
go to the Outguard Troubleshooting Service Group (Service Group F).
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8-B-9. Auto-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 voltage levels for Auto-Cal constants 13 to 0, Table 8-B-4
should be used.

8-B-11. Cal Constants Service Procedure.

8-B-12. When the 3455A is in the Auto-Cal mode, the instrument measures one or more cal constant
between each sample. The number of cal constants measured depends on the sample rate. In order to
reach a certain cal constant measurement, use the following procedure.

a. Press the DCV and HOLD/MANUAL buttons and then the AUTO CAL button of the 3455A.
The instrument should now be stopped at a certain cal constant.

b. Make sure the 3455A is out of the Auto-Cal mode. Press the AUTO CAL button again, if
necessary (the light in the AUTO CAL button should be off).

¢. Tolocate 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 8, and the return to
constant 13.

NOTE

The AUTO CAL button should not be pressed on and off too fast or too
slow, because the 3455A may remain in the same cal constant or advance
Dpast more than one cal constant. A few {ries may be necessary to decre-
ment one cal constant step each time.

Table 8-B-2. Auto-Cal Switch Closures.

Test

1m{101als|7]|6is|a]32]|1}0

A1002 X X|X X |X
A1004 X
A10015 N X XX
A10Q16 X XX
A10Q18 X X
A1GN9 X | X XX
A10021 X XX XIX[X
A10Q22 X

A10Q27 X X
A10028 X

A10Q29
A10Q31
A10032
A10Q33 X
A10Q34 XX X
A10Q35 X X X
A10Q36 X
A10Q38 X X XX
A100Q39
A10Q40
A10KS X

XX

AR

X = Closed {ON)
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Table B-B-3. Gate Function in Auto-Cal.

Gates ]
Funetion
Used
Q19 X1 Gain
Q21 X10 Gain
Q22 X2 Gain
28, Q28 X1 Buffer
Qz29, 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
Q15 10:1 Attenuator to Input
Q16 100:1 Attenuator tc Input
Q33 + V Reference to Attenuator
Q34 Attenuator Input to Ground
Q2 Low Voltage Input to Ground
Q4 + V Reference to Input
Table B-B-4. Switch Driver Valtage Levels.
Pin Test Pin
Designator | No. Q 1 2 3 4 5 6 7 g8 =] 10 1 12 13 No.
U4 1 @ ¢ 0 0 24 24 24 24 O g ] ¢ @ 1] 1
2 24 24 24 24 24 24 24 24 0 @ 24 24 24 24 2
5 L L L L L L L L H H L L L L 5
7 H H H H L L L L H H H H H H 7
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 +95 +95 +9.5 +95 -24 +96 24 24 +95 495 495 +95 495 +95 13
14 24 24 24 24 @ 24 @ g 24 24 24 24 24 24 14
us 1 24 24 24 24 24 24 24 24 24 24 24 24 24 24 i
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 H H H L H H L L H L L L H H 9
11 L L L L L L M H L L H H L L 1
13 24 24 24 24 24 24 @ g 24 24 +99 @ 24 24 13
14 +1 @ @ 24 0 +1 24 24 @ 24 24 24+ #1 14
us 1 +1 0 24 24 24 24 O 24 24 24 24 24 H1 # 1
2 24 24 24 ¢ 24 24 24 24 24 @ 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
g 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 24 324 14
us 1 24 24 24 24 -24 24 24 24 24 24 24 24 24 24 1
2 24 @ 24 24 24 24 0 24 24 24 24 24 24 24 2
a H L H H H H L H H H H H H H 4
7L L L L L L L L L L L L L L 7
9 L L L L L L L L L L L L L L g
11 B B H H B B B B H H B H L L 1
13 24 24 @ Q 24 24 24 24 ¢ ) 24 @ 24 24 13
14 .24 .24 24 24 24 24 .24 24 .24 .24 24 .24 24 24 14
U9 1 24 24 24 24 0 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 L 5
7 L L L L H H L H L L L L L L 7
a9 H L L L L L L L L L L L H H 9
11 H H H H H H H H H H H H H H 1
14 +95 .24 24 24 24 .24 24 24 24 24 24 24 95 +95 14

The symbols L and H refer to TTL logic levets where L is < 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 > 1012 chms) to one of the points shown in Table 8-B-5. . -

e. By stepping through the cal constants from constant 13 to ( and monitoring one of the points in
Table 8-B-5, every cal constant step can be located.

NOTE

The voltages listed in Table 8-B-5 are approximate and should only be us-
ed to locate Auto-Cal constants and for troubleshooting.

8-B-13. By using the cal constants stepping procedure in conjunction with Table 8-B-5, 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 Constant Monitoring Points.

" 10 9 8 7 b 5 4 3 2 1 0

0 10 0 0 0 B -10 o] (4] 0 0 10
Voltage
Voltage at the Multiplexer -

Mode {Source of A1001)

Voltage at the Junction of | -- - - - -- -- - - 9.9009
A10KS& and A10R47

A10TP2 Voltage O - - - - - - e .0

TR
Approximata A10TP4 @ ®

1
]
]

8-B-14. Switch Closure Table.

8-B-15. Most of the switch closures used in the 3455A are listed in Table 8-B-6. This table lists the
previpus 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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b. If unable to repair the Auto-Cal failure, Tabie 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 thé 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. Possible Auto-Cal Failure Causes.

Cal Constants Failed

3455A Display

Possible Cause

12 1
12
12

13

—t b b bt —h
—t e b bk amh b

10 9 8 7 6 b5
10 5
9 5
10 9 8 7 6 5
10 9 8 7 6 5B
10 9 8 7 6 5
9 8 7 6 b
10 7 6
9 B
10 9 5
10 5
10 9
10 6 5
10 9 5
10
10
9 8
9 7 6 65
9 7 66
9 7 6 5
9 5
9
9
9
9
8 5
7 5
7 b
7.
6
5
5
5
5

R

PN

 hpphbhh

W Ww WWwwwwww

WWWWwWwww

S MNANN

—

o CO00 OOO0OOQ 000 ©

(R e

o000

.0757

0007
.0000
0074
9.8438
.0000

9.7650
0000

9.5703
2.5026

6.7542
X XKXX

Shorted A14U1d

Open A14C2

A10Q36 Shorted

Gate Bias

DC Pre-amp

DC Pre-amp

A10Q4 Shorted

A10Q19 QOpen

A10U3

A10Q186 Shorted

A14Q3 Open

A10Q15 Shorted

A10Q18 Shorted

A10Q2 Shorted

A10Q4 Open

A10Q21 Shorted

A10Q2 Open

A10U18 or A10Q37

Reference Supply

A10Q29 and/or A10Q31 Shorted
A10039 Shorted

A10U3 or Open A10QA18
A10Q35 Shorted

A10Q27 Open

A10Q27 Open

A10Q21 Open

A10Q27 Shorted

A10Q15 Open

A10Q3 Shorted or A10K5 Open
A10Q16 Open

A10Q28 Shorted

A10Q22 or A10Q19 Shorted
A100Q35 or A10K6 Open
A10Q33 Open or A10Q38 Shorted”
A14 Board or A10Q34 Shorted
Where X is any number go to Service

Group 6

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.
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¢. 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, Q13, Q15, 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 dc
ranges. Start with the 10 V- range and the other ranges in the following order: 1 V, 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 35 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 to 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 pV 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 | V range full scale 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 multiplex mode and + 10 V should be at A10TP4. If the
multiplex mode reading is bad, troubleshoot the input circuit. If 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 AIOTPI (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
I3 pin 9 should change, because the gain of the | V range is changed.

8-B-25. 100 mV Rangs or Constant 3 Fails.
a. For the 100 mV range zero check, do the procedure of paragraph 8-B-22a,
b. For the 180 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 + 10V at A10TP4 and 1/10 of this voltage at
TP5. TP2 and TP6 should read approximately the same as TPS. 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 TP (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 5, 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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8-56

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. TP1 should now read zero. The drains of Q37 should be approximately + 10 V and the sources
of Q3 should read between + 1 V and + 2 V. Troubleshoot the active attenuator, if the readings are
bad. '

b. For the 100 V range zero check, set the 3455A (o 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
B-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 + 10 V 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 K56 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 ¥
range. The 100 V range zero and gain should be working before troubleshooting the 1000 V range.
Check for the proper switch closures used in cal'constant 6 (use the procedure of paragraph 3-B-11 to
locate constant 6).

b. For a 1000 V gain check, use the procedure of paragraph 8-B-24b.

¢. Setthe 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, A10K5 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.

I 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 § V spike when arcing occurs, as seen on channel A, then
K6 may be breaking down. If the indication on channel B appears io be good, KS may be defective.
C21, C23, or the input node of Q37, may aiso 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 d¢ 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-24 V, a
FET may be shorted. Usually, the deféctive FET is normally turned off in that particular range
or function.

b. If A10U] gets very hot Ul, Q2, @13, 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 multiptex

node to ground. If the ‘“OL"’ condition disappears, a FET on the multiplex node is shorted. Use the

procedure of paragraph 8-B-29a, b to find the shorted FET. Some possible FET failures may be Q3,

Q4, QIS5, Q19, or Q21.

8-B-30. Other Troubleshooting Hints.

"~ a. If either AT0OKS 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 9.8009 V is displayed on the 100 V and 1000 V ranges of the 3435A with the input open,
A10K6 is probably shorted.

d. A10L1 should not be too close to R63. Arcing could occur for 1000 V inputs.

e. With Auto-Cal on and A10R66 adjusted, the instrument should temporarily indicate an offset
on either the 1 V, 100 V, or 1000 V ranges. If the offset remains, Q36 may be open.

f. If all tests pass and the 100 mV range is out of tolerance, then 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, I V, 100 V, and 1000 V ranges are out of tolerance, then
A100Q29 or Q31 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 K& 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, CRI12, or Ul2,
8-8B-31. General Noise.

3-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 1, 5, and 6).

a. Equal amount of noise on all ranges: Noise of this nature is usually caused by the ouiput of the
dc amplifier (A10U2), the reference assembly (ALl or A20), or the A/D convertor (Al14). 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 AI0TP8. 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 AIOTPS.

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.

¢. Noise on positive input voltages only: Check the -10 V reference voltage at A10TP7 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: Al4C2 may be defective.

e. Noise on the 100 mV range: Short the input of the 3455A with Auto-Cal off. Measure the
voltage level at A10TPL. It the voltage is noisy, try replacing R69, R71, Ul18, or Q37. If TP1 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 A1QR41 to R43.

g. 1000 V dc noisy: AlOKS, 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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8-C-1. AC CONVERTOR TROUBLESHOOTING.
8-C-2. True RMS Convertor Servicing (Schematic 3).

B-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 A15TP8 and TP35, 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 padding list is in the parts list). .

f. Remove the short form the input of the 3455A. Apply a 10 V, 100 Hz sinewave at the input ter-
minals. Check for the following voltages. )

1. With an oscilloscope, check for a sinewave at A15STP8. 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
Gy e A A

5. Check for approximately +.5 V d¢ 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 Attenuater 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{2 (part number: 0698-
4540). If R77 is a 412 K resistor already, replace U§.

¢. If the signal at TP8 is riding on a high dc level, make sure CR7 and Q20 are not touching any
shielding. Alsc 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 V and 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 19. 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, RB6, and R9] if necessary.

g. If it becomes necessary to replace the matched set of resistor R?1 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 AlS board may cause preamplifier malfunctions. The preamplifier can be
isolated from the other circuits by lifting R52 and R64. If the preamplifier is working correctly, after
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. lifting R52 and R64, the other circuits are causing the malfunction (absolute amp, squaring amp,
etc.).
8.C-6 Absolute Amplifier Circuitry.

B-C-7. If the waveshape at TPS5 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 approxXimately + 15 V.

¢. 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 shouid 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.

. 8-C-8. Squaring Amplitier, 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 TPé to the cathode of CR3. The reading at TP1 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.

¢. Reapplya 10V, 100 Hz sinewave to the input of the 3455A. The instrument should be on the 10
V range. Check for dcreadings of approximately + .66 V at TP4, -1.15 V at TP3, -.6 V at TP2, and
+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 Ul, 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 Q1 1B 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 dc input signal with the 3455A set for ac/dc operation: -
Match the betas of Q9 and Q11. To further help the performance of the ac convertor in d¢ coupling,
add C40 (2.2 pF capacitor, part number: 0160-0128). A short procedure for the addition of C40 s 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 RS55.

c. 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
dc 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.

¢. With the 10 V, 100 Hz sinewave applied to the input terminals, measure the voltage at TP5 with
a DVM in the ac mode. Again, it may be possible to measure the voltage with an oscilloscope. If the
signal is noisy, troubleshoot the absolute amplifier circuits.

NOTE

It is also possible to check for noise at TP3 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 little more than at the other test points. If the voltage is extremely jumpy, troubleshoot the
integrator circuit. If the voltage is relatively steady, the antilog or square root circuit may be noisy.

8-C-15. The above procedure (paragraph 8-C-14) should isolate most areas on the ac convertor
board that may cause noise. A few other hints and checks, given below, may be helpful for specific
noise.

a. Noise on all ranges with the input shorted: Check for -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 Q9
or CR2, if necessary.

b. Noisy when low frequency signal is applied to the 3455A: The fast ac switching circuitry may
be defective. The following checks can be made to troubleshoot this circuit.

1. Apply a 1 V, 100 Hz signal to the input of the 3455A, with the instrument set to the 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 (A10UJ36) 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 Troubleshooting [Sckematic 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, I 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 a 1 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 inaccuraie: The R92 and R93 resistor divider may have changed
value. Kl - K3 contacts may be resistive.

g. Overload indication with a 1000 V at | kHz to 10 kHz sinewave applied to the input: AI10KI,
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 AL5 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: A15Q% 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).

B-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
28 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 set tothe 1 V
range.

2. US pin 6 should have a 1 V peak to peak sinewave and TP1 should have a 5 V peak to peak
singwave.

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

8-0-1. OHM TROUBLESHOOTING (SCHEMATIC 1, 4).
8-D-2. Ohms Circuit Isolation.

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 chms
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, 1V, 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.

¢. 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 is in-
correct, the ohms convertor board (A12) or the input relays may be defective. Go to paragraph 8-D-6
for further troubleshooting.

c¢. When approximately -4.7 V is observed at the input terminals, the ohms convertor is in voltage
limit. This is a correct indication with an open circuit input. Connect a 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 ochms 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 Trouhleshooting (Schematic 1, 4).

8-D-7. Ohms convertor malfunctions may be caused by the ohms convertor board itsetf, or by the
A10 mother board. It is important to remember that the mother board and ohms convertor have in-
terconnecting chms circuitry. Try the following procedure to troubleshoot ohms malfunctions,

a. With a dc voltmeter, measure the voltage across A12Cl. 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 + 19 V
dc. If the reading is low by .5 V or more, AI2T1 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 A10T1, A12TI, C3, CR4, or Cl.

c. If the voltage across A12Cl1 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. [f there is a signal at these pins, troubleshoot the circuit between the
outputs of A10U33 and the secondary of A12T1.

d. If there is no signal at A1OU33 pins 9 and 12, make sure the divider U31 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 ochms convertor board.

8-D-8. Miscellaneous Ohms Troubleshooting 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.

Tahte 8-D-1. Ohms Gain and Switch Configuration.

Range Ref Ref Unk Res I v V Unk Relays Unk Res
im K Ohms | Res Gain Gain (f5) Ref (fs) Closed for VL

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 xX20 X2 .5 mA 0.5 b K7, 8 > Kl
100 1M X2 X20 5 pA 0.5 K8 o (> 0)
1K 1M | X10 X10 T A 0.7 0.7 (> M)
10K 1TM X20 X2 5 A 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.



8-D-11. Ohms Noise (Schematic 1, 4).

8-D-12. To prevent possible damage to sensitive components being measured, the chms current
source of the 3455A is limited to § V. Lower currents are used to keep this voltage low. Because of the
small currents, the chms section of the instrument may be susceptibie to noise.

8-D-13. Before troubleshooting for any ohms noise, 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 ohms 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, AlI2T1 or A10TI may be at fault.

b. Readings decrease on each successive sample and then suddenly jump back, with the procedure
repeating. The case of A10R63 may be touching the case of Q37,

¢. 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. 1710 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 ohms function, The instrument should be on the 100
K range, with Auto-Cal off, and placed in Hold/Manual. TP4 should be monitored with an
oscilloscope. Press the HOLD/MANUAL button and cobserve for any oscillation at TP4. If any
oscillation is noted, try changing A10C4 to .0068 pF (part number 0160-0159) and AIORII to 1.3 K
{part number 0757-0426).

f. Noisy at 1 M and/or 10 M ranges: Push all wiring away from the ochms 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 I K range: If noise shows up on older instruments, make sure on 18 guage teflon
coated wire is installed in the instrument. The wire should be connected between pin E of 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 ohms function, shielded cables are very
useful. When measuring resistance in the 2 wire and 4 wire ohms function, connect the resistor to the
3455A with one or more shielded cables. The shields should be connected to each low terminal. Most
noise, associated with external body capacitance, should be shunted to ground rather than through
the measuring instrumentation. The cables should not be reversed (the shields connected to the high
terminals and the center conductor connected to the low terminals), or no shielded cables should be
used. No shielded cables or reversed cables may cause excessive noise in ohms.

Model 3455A SERVICE GROUP D : Section VIII
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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/Outguard Cable assembly from the
outguard connector (A1J7).

b. Remove the analog test jumper {from A10U27 pin 10}, and connect test point AI0TP9 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.

10V
ov
]Q—I 67 ms—il
Signal at A14 TP1 [A/D Wavelorm).
5w
ov
Signal at A14 pin 5 {zero detect signal).
5V
Qv
Signat at A14 pin 14 .2 V detect signal).
")
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. A/D 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 B-E-6.

8-E-4. Mo 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 c.

b. Measure the voltage at the multiplex node (sources of A10Q1, Q2, Q3, and Q4). If the voltage is
not -1¢ V dc, the input circuit may be inoperative. The multlplex node may also be loaded down by
one or more FETs.

¢. Measure for a -10 V dc voltage at AIOTP4. 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 xV and TP7
should be -10V + 20mV. If the reference voltages are incorrect, troubleshoot the reference assembly
(A1l or A20) and/or U7. The reference voltages are used on the A/D board and should be correct for
proper A/D operation.

¢. Short across capacitor A14C2 and measure the voltage at A14TP1. The voltage should be ap-
proximately zero. If there are any great offsets, troubleshoot A14U3 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-10 V

O Detect Level =5V =0V
10 V Detect Level =0V =hbYVY
.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. Incorract A/D Waveform.

a. Check for a leaky A14C2, Q5, 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 Waveform.
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 Vor §
V).

Model 3455A SERVICE 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).

c. Check for the correct operation of Al4US 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 Al4 board should also show the absolute
value of the signal at TP1. The correct signals for a -10 V input 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 Al4 board. The pins can be
cleaned with a soft lead eraser.

8-E-8. AID 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 circiits.

a. Check for a noisy Al4Q5 or U3. Make sure there are not oscillations present at TP1.

b. Check for a stable zero detect signal at AI4U6 pin 1. If the signal is unstable, U4 or ‘U6 may be
noisy.

¢. Check for a noisy A14Q3.
8-E-10. Inguard Logic Troubleshooting (Schematic 7).

8-E-11. Before troubleshooting the inguard logic make sure the outguard logic is operating correctly.
Use the half-splitting technique of paragraph 8-195,

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.

B-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 ALOTPI10, and can be achieved by pulling TP10 low and then releasing it. If no
toggling is taking place, troubleshoot the interrupt circuit consisting of A1Q0U32A 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 (PA® to PA7 pins 1 to 8 of
U26) should have voltage levels from approximately zero to approximately + 4.5 V. Check for any
circuits causing these lines to be loaded down. It is possible and normal to observe sharp peaks of 3 V
to 3.5 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_ -I_
Indicatar Specific Line
{H = ngh True ‘l‘ Indicator
L = Low True)
Function
Indicator
Mneumonic Definitions ___=l
=— e
HAC High True AC {AC Enable)
HAC1 High True Auto Cal 1(100 V, 1 kV Auto-Cal Constant [Cal Constant 4, 5, 6, 71}
HAC?2 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 Zerc (Enables or Resets A/D)
HION High True Input Ohms 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 Ohms 4 {1 K Reference Resistor Select [with HIO5])
HIO5 High True Input Ohms 5 (.7 WA Current Source Select)
HIO6 High True Input Ohms 6 (Ohms Current Source Enable)
HMA1 High Measure AC 1 (Qutput from AC Converter Measured)
. HMC1 High True Measure Constant 1 (Measures Ohms, .1 V and 1 V Offsets {Cal
Constant 2, 3, 8, 8, 11])
HMC2 High True Measure Constant 2 {Measures 10 V Gain (Cal Constant 101}
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 O]}
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, 1M, 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)
HPD2 - High True Pre-Amp DC 2 (x 1 Gain)
HPD3 High True Pre-Amp DC 3 {x 10 Gain)
HPO1 High True Pre-Amp Qutput (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 Conterter 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,
71
LACS Low True Auto-Cal {1 kV Range and 1 kg, 1 V Offset [Cal Constant 1, 6])
LNRF Low True Negative Rundown Fast (For A/D Positive Input Voltage)
LNRS Low True Negative Rundown Slow {For A/D Positive Input Voltagel
LVIN Low True Voltage Input {Enables A/D Input)

* .

e. The clear line of A10U15 pin | 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.

c. Check for an open A10CR41 and CR42. These diodes may cause glitches on U26 pin 29, causing
the processor to be interrupted continuously.

o
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SERVICE GROUP F

8-F-1. CUTGUARD 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 yF 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 lows (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.

2V T s mmm oo — oo mmmn oo Caeo - ———omas

e e Bt T At

IIQ—E 1.4 msec—WM

oV
8-F-3. Main Controller Troubleshoating {Schematic 8].

a. Data lines D@ to D7 (pins 18 to 25 of U3U9) and program address lines PA® to PAY (pins 1 to §
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.

¢. 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 k2 0688-31565
4.5V [2.87 ki 0698-4436
-4.0V | 1.86 k@ 0698-0083
-3.5V | 1.00 k@ 0757-0280
-2.5Vv | 7150 0698-3700

8-F-4. Front Panel Trouhlashootin.

8-F-5. Front Panel Gperation 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 A1J7.

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 O 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 US7.

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 A1US7 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-7. Front Panel LED's Switch, and Key Cap Raplacemant Procedure.

a. Removal Procedure.

. Remove front frame which is held by 8 screws.
2. Disconnect two connectors between front panel and left side of instrument.
3. Remove front panel and ON/OFF switch.

4. Remove 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 board upside down with key facing down and heat LED terminals to let bad
LED fall out.

8. Suck out solder holes to prepare for new LED.
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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, carefutly
melt the plastic studs down into a little dome to secure the switch body.

3. Insert LED with shorter leg toward top of board. Make sure LED is flush with the board.
4. Replace key cap.

5. Depress key all the way to seat LED in place, and then solder LED using a minimum of
solder.

6. Hold 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 into 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 S00°F for over 3 seconds could damage the
LED’s.

8-F-8. HP-IB 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 (see Section IIl 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 io 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 Systemn Analyzer for these lines.

d. Check decoders A1U19, U20, or Ull.
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SERVICE GROUP G

8-G-1. MISCELLANEOUS TROUBLESHOOTING.

8-G-2. Power Supplies (Schematic 11).

Model 3455A

a. In many of the 3455A’s power supplies, the voltage reference of one supply is the output of
another. This arrangement ties the voltages of the two supplies together. A shift in one supply is

reflected in the other supply.

b. To isolate dependent supply circuits, the reference supplies should be separate from each other

and from the circuits they supply. The following steps may be used.
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. Main power supply voltages.
AlOTPIl: +9Vto +11V
AlOTPI12: +195Vio +235V
AlIQTPI3: -19.5Vito-23.5V.

Al0TP14: +38Vito +44V
Al0TPIS5: -38 Vito -44 V

A10TP+9: +8.1 Vto +9.9 V (Inguard processor must be installed).

2. Ohms supply voltages

Al10TI1 pins 1 and 3: 10 V rms (20 V peak to peak) square wave.

A10T1 and A12TI] connection: .2 ¥V rms (.25 V open circuit) square wave,

AI2T1 pins | and 3: 40 V rms (B0 V peak to peak) square wave.

3. Allowable noise on the ohms supply as measured with a true rms volimeter.

+ 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,

Poner Ul te U35 (lotegraied Circaits and OP Amps) Assemblies Transisiors ([
Supplies | 1 1 4 5 L] 1 B % 11 12 I3 4 1S b6 47 8 W W I 1 14 15 W 17 8 M N 3 3 M J5|AD Rt AC 25 1 %
+30V_ [ X X X X
~293Wv X

+ 15V X X X X

+9V A

+5 WV X x X X X X . g X X X X X X X X X X b3 x X KX

24V X XX X XX X X

15V X X X X

-V X

8.G-3. Reference Assemhbly (Schematic 5).

a. The reference assembly of the 3455A is on the exchange program and should be returned to the
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B-78

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
> 1010) are 20 uV for the + 10 V reference and 30 uV for the -10 V reference. Replace the
assembly if excessive noise is present.

4. The + 10 V reference voltage at AI10TP8 should be adjustable to + 10 V + 100 uV 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-Ovar Errors (Schematic 1, 5, and B).
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,

¢. Turn-over errors on all ranges: Unsolder CR1 and CR2 from the A10 board. If the error disap-
pears, CR1 and/or CR2 may be leaky. Make sure the + 10 V and -10 V references are good (A10TP$§
should be + 10 V + 100 xV and A10 TP7 should be -10 V £+ 20 mV).

d. Turn-over differences on the 10 V range: Check A10U1, U2, Q7, or QI8. 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 AI0TP2 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 a¢ 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.

c. If the fan refuses to spin after repeated turn-ons, change A1R15, 19, and 24 from 11.8 kQ to
13.3 kit (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 Q2 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 Outguard). The second group deals with the Inguard section and the third group
can be used for Qutguard 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/Outguard 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/Qutguard Transfer Circuitry is also includ-

ed.
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Figure 8-H-1. Assembly and Test Peint Locations.

The Proper Operstion Ot The
TEST Function Indicates That
The Majarlty Of The Ingusrd And
Outguard Logle 18 Functloning
Properly. Tha TEST Fuynctlon
Doer Mot Check The Following
Cireyla:  AC  Converter, Ohms
Canverter, Front Panel Switching,
HP-IB  Interisce, And Some Qf
The (nput Switehing Clreuits On
The A10 Astemnbly, Refar To Tha
HP-18 Section Of The Ouyrguard
Troublethoating Procedurs For
HP-IB Problems. fesfer To The
Schematics And Theory af Opera-
tan  For  Troubleshooting The
Other Girguitry.

Turn Instrument ON. Press
The Front Parel TEST
Buttorn.

Peoper Operation OF The TEST
Function s Inditated By The
Front Psnel Going Blank For A
Faw Stconds And Than All Front
Panal Enunciators {Except REAR
TERMIMNALI Balng Lir And A
Display of + B3BEBBR With Al
Decimals Lit Or If A Failure 1
Betected By The TEST RAoutine,
A NMumber, Fram U To 13 Will Be
Ditplayed.

Does.
YES The Fnstrumant NO

>_

BA

0 Ta13)

Faflure Code
Displayed?
(A Number From

OfF Tast Limits.

T

Enter The TEST
Funetion

<

A Fallyre Code \ndicates That Ons Or
More O The Auto-Gol Constents Is Qut

Recard Number . Ditplayed

:

Press The TEST Bution

3

Turn The Inmirument OFF.
Diccorneet  Tha  Taest
Jumper Om the A Astem-
bly And The Connector
From A1J?, Tum The
Instrumant ON.

Proper QOperation OFf Tha Qur
quard Teit Routing Iy Ingdicsted
By A Number or Character Being
Strobed Aerpss The Display And
The Enunclators Being  Atter-
nately Lit

Does
The Display
Resd + 8858883

Tha Numbars Recorded Indicate
Which Testt Have Failed. Usa Tha
From Pgngl TEST Troubleshoot:
ing Information Portion Of The
Inguard Troublethooting Section,
Along With The Schematics To
Troubleshopt The Inguard
Switching.

‘Go To Outguard Troubls.
shooting Settion Or Ap-
prepriate Service Group
{Sea Parsgraph B-188).

—>

Go To Inguard/Durguard
Transter Circuitry Troubla-
shooting Procedura Figum
8-H-17  Or Appropriste
Servica Group {Sae Para-
graph 8-188).

3455-B-14

Figure 8-H-2. General Troubleshooting Procedure Diagram,

§-81/8-82




Turn The instrument OFf.
Remove The Ald4 Assemn-
bly. Disconnect The Brown
Test Jumper On The A3
Assembly. Disconngct The
Brown Test Jumper Lo~
cated Bewween A10U27
And U28. Use A Clip Lead
Ta Short A10J2 Pin 14 To
Inguard Ground. Turn The
Instrument ON.

4

Measurg The Switch Drive
Signals On AI0U1G, Pins
2,6,7,10,12 And 18.

The Signal
Levels > 4V
Peak-To-Feak

Is
The Device
Select Signal
At AIOU1S
Pin8 >4V
Peak-To-Peak?

Troubleshoot The Davice
Select Circuit  {A10L14,
U26 And Astociated Com-
ponents).

Replaca Or Troubleshoot
The A/D Converter (A4
Assembly}. The Prohlem 15
Most Likely [n The Switch-
ing Circuits {A34U1, U2,
03, Q4 And Associated
Components.

Troubleshoot The Inguard
Logic Cireuit {A10UYS,
u22, U26 And Associated
Lomponents.)

3455-B-i

Figure 8-H-3. Inguard Troubleshooting Procedure Diagram,
Auto-Cal Circuitry TEST 13,

8-83/8-84



' Star ’

4

Turn The Instrument GFF.
Remove The Al1d Assem-
bly. Disconnect The Brown
Test Jumper On The A3
Assemply. Disconnect The
Brown Test Jumper Lo-
cated Bemween AT0U27
And U28. Use A Clip Lead
To Short A1042 Pin 14 To
Inguard Ground. Turn The
Instrument OGN,

:

Use An QOscilloscope To
Measure the Switch Drive
Signaks On Pins 2, 5, 7.
10, 12 and 15 Of A10U1S,

Are
The Signals
>4 V Peak-To-
Peak?

fs
The Device
Setect Signat At
A10UIS Pin 9
> 4 V¥ Peak-To-

Troubleshaot The Device
Select  Circuit  {A10U14,
U268 And Associated Com-
ponents),

Use A DVM To Measure
The + 10 V Reference At
AT0TPE And The - 10 V
Reference At A10TPT.

Troublgshoot The Inguard
togic Cireuit  (A10U15,
L22. U6 And Associated
Camponents).

Are
The Voltages

AUANOTPT and
TPE 10 volts
t 01 v?

Troubleshcot The Refer-
encg Circuits [A11 Assem-
bly, A10U? And Associ-
ated Components).

Replace Or Troubleshoot
‘The A/D Converter (A14
Assembly). The Problem |s
Most Likely In The Switch-
ing Circuits (A14U1, U2,
G3, G4 And Associated
Components),

34556-8-2

Figure 8-H-4. Inguard Troubleshooting Procedure Diagram,
Auto-Cal Circuitry TEST 12,
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With 4 Display Reading Of
“§1" {Test 11 Failure),
Measure The Switch Drive
Voltage On Pin 13 Of
Al0uUg.

Is
The Qrive YES

Voltage Approx.
@ Vde?

NO

Is
The Driver
Input Voltage
At Pin 1t Of
A1QUS > 4 Vde
I

NO

Is
Tha Davice
Select Signal At
Pin 9 Of ATOUI2
> 4 V Peakto-
Peak?

YES

Troubleshaot The Devige
Select Circuit [A1QU12,
w4, LI26 And Associzted
Camponents).

15

The Gate Biss vl

Voltage At
AI0TP3 Approx.
@ vdc?

NO

Check ATOUS And Assaci-
ared Components.

Troubleshoot The Gate
Bias  Amplifler  Circuit
[(A10WUN, Q5 And Associ-
ated Components).

Troubleshoot The Logic
Clreuit  {ATOU12, U22,
U2§ And Associated Com-
panents).

Is
The Switch Drive YE
Voltage At Pin 13
Of A10US Approx.
@V dc?

NO

Tha Driver Input YES

Voltage At Pin 11
Qf ATOUS > 1,22 V
de ?

NO

Check  Switching FET's
A10Q2Z, Q19 And Assocl-
ated Companents,

s
The (3até Bias YES
Voltage At A10TP3
Approx. 9 V de?

ND

Troubleshoot The Gate
Bias Amplifler Circuin
{A10UY, 08 And Associa-

ted Components).

Is
The Device Sedect
Signal At Pin @
Of AIOUNG >4 V
Peak-To-Peak
?

NO

TFroubteshoot The Devics
Setect  Circult (a810U185,
U4, U286 And Associated
Components).

YES

Troubleshoor The Logic
Circwit  (A10LM6,  U22,
U286 And Associated Com-
panents),

3455-B-3

] Chack ATOUS And Associ-
ated Components.

Figure 8-H-5. Inguard Troubleshooting Procedure Diagram,
Auto-Cal Circuitry TEST 11.
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With A Display Reading Of
10" (Test 10 Failure),
Measure The Switch Drive
Voltage Ona Pin 13 Df
AT0UB.

Is
The Drive

Voltape Approx. YES

+ 10 Vdc?
lignore The 2 msec
pulse)

1t s

The Driver
Input Voliage At
Pin 11 Of AT0VE

The Gate Bias
Valtage At
A10TP3 Approx.

Check A10UG And Assaci-
ated Components.

>4 Vde? +10 V de?

Troubleshoor  The Gate
Bias  Amplifier  Circuit
{A10U1, Q5 And Associ-
ated Components),

Is
The Device
Salect Signal At

Troubleshoat The Logic

Is
The Switch Driv
Voliage At Pin 13
Of ATOUS Approx. [LES
+10 V de?
[lgnore The 2 msec
pulge)

NO

Is
The Driver [nput TES
Voltage A1 Pin 11
Of A10US > 4 Vde
?

NO

Is
The Device Select

YES Signal At Pin @ OF

Circuit  {A1OU1B, U22, ‘
U286 And Associsted Com.
pONENRtS).

Pin 9 Of A10Ut6
>4V feok-To-
Peak?

Troubleshout. the Davice
Seleet  Circuit [A10U16, |

AI0LNG > 4 v Peak-
To-Peak?

NO

V14, U26 And Assotiated
Comganents),

3455~-B-4

Check Switching FET's
A1004, Q19 And Associ-
ated Componems.

The Gate Bias

Voltage A1 A10TP3  LIES Check A10US And Associ-
Apprax. + 10 V do? ated Gompaonents.

NO

Troubleshoor  The Gate
Bias  Amptifier  Circuit
(AT0UT, Q5 And Associ-
ated Components,

Figure 8-H-6. Inguard Troubleshooting Procedure Diagram,

Auto-Ca) Circuitry TEST 10.
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With A Display Reading
QF 1" {Test 7 Faiwra),
Measura The Switch Driva
Woltage On Pin 14 M
AT0UA,

Is

The Drive YES
Volisge Approx,
gV de?
NO
i
The Driver
Input Voltags A Check AJOU4 And Assacl-
Pin 9 01 AIOL4 ared Companents.
>4V dey
NO
L1
The Device Select Troubleshonr The  Logic
Signal A Pind Of  YES f cireuit  (At0U13, w22,
AtDNI >a v U2E And Anociated Com-
Peak-To-Paak ponenis),
T
NO

Troublashoat The Devies
Setert  Circuit  (A10U13,
Utd, w28 And  Asssei.
ated Components),

I
" The Switeh Drive
Voltage A1 Pin 10

The Switch Drive

Of A10UZ4A Approx,
GV de?

TFhe Criver Input
Valtage At Pin 11
CFf AIQLIZ4 > 4 ¥V de

15
The Drevica Select
Signal A1LPin B OQf
AlOUIZ > 4,V
Peak-ToPeak

Chetkk A10U24 And Asto-
ciated Components.

Teoubleshoot The Logis
Cireuit  (ATDU12, U222,
U268 And Assoclated Com-
ponentsl.

Trovbleshoot The Device
Select  Circust [ATOU1Z,
Ula, U28 And  Associs
ated Compongms).

Voltage At Pin 1 Ot

A1IL9 Aparox.
@V dc?

1%
The Driver lnput
Voltege At Pin 7
Of A10US > 4V dc

Is

The Gote Bios

Valge A1 A1CTP3

Apprax. & V dc
¥

YES

NO

Troupleshoot  The  Gate
Blax  Ampilitier  Circuit
(A10U1, Q5 And Associ
ated Components).

Is
Tha.Devlca Setace
Stgna! Ax Pin 3 OF
A3 »4 Vv
: PRak-ToPesk

?

Troubleshoot The  Logic
Circule  (a100Ut3,  u22,
Uz6 And Arsocisted Com-
pongnis).

Troubleshoor The Devige
Select  Cireasit  (ATDUT3,
U14, U26 And Associated
Companents).

Check AIDUY And Assosi

artd Components,

Cheek  Switching FETS
A10015, Q19, O34, O35,
Reloy ATDKE And Assad-
ated Companents.

The Switch Drive
Vipitage At Pin 13
OF AT0US APprov.
9V de?

[H

The Gate Bias
Votisga A AV0TP3
Approx. g V dC
¥

The Driver |Apat

Voliage At Pin-11

Of AI0US > 4 Vdc
) .

Troubleshoot  Thr  Gate
Blas  Amplifier  Clrouis
{At0OU1, &5, And Asscti-
ated Camponantes).

Is
Tha Device Stlor
Eignal At Pin g Of
AIOUIG> 4y
Peak-To-Peak
?

Troubleshoot Tha  Logic
Circuit  {AIDUIE, UL22,
U26 And Associated Com»
ponents].

Troubleshost The Davice
Select  Circuit  LAT0LIEG,
Ul4, U26 Ang  Assocl-
aed Componenish.

3455 -p-5

Check ATOLIS And Associ-
ared Companents.

Figure 8-H-9. Inguard Troubleshooting Procedure Disgram,
Auto-Cal Circuitry TEST 7.
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S

Wish A Display Reading Of
*6" {Test B Failure}, Mea.
aurm The Switch Drive
Voitage On fin 14 Of
AU,

Is
Tre Drive

YES

k-]
The Jwiich Drive

Voltage ARProx,
QW ey

Is
The Qriver
bnput Woltage As
Fin 3 €1 AIDUA
>4\ de?

Signal A1 Pin 3 O1
AOUII >4V
Peak-To-Peak

Troubleshpat - The- Device
Belact  Circult {AI0LH3.
U1s, U26 And Aunti-
ated Components).

B485-0-7

Check ATOU4 And Associ-
#1ed Companants.

Troubleshoot The Logic
Circuit  (A10UN3, U022,
U2E Ard Assscigied Com-
PONENTS),

i
Tha Swiich Drive

Valgage At Pin 10 Of
ANOL2W Approx.
9 vdcr

Is

The river Inpuy

“Woltape A1 Pin 11 OF

AlOUZe = 4V de
?

1
Thet Dwlce Select
Signal Ax Pin 8 OF
AQUIZ> AV
Peak-tofeak

Trgubleshom The Device
Seect  Circun  {A10U1Z,
U4, UZE And  Adsoci
ated Components),

Check ATOU24 And Aszoc:
iated Camponenta.

Troublesnsot  The Logik
Circuh  {AW0UNZ, U2,
U26 And Associsted Com-
ponents).

Voliage At Pin 14

YES

Of A10UE Apprax.
LAL

L3
Tha Driver input
Veluge At Ping Of
ATOUE > 4 Ve

1}

The Device Setect
Sipnal ArPing O1
A1GUIE > 4 v
Pesk-10-Perk
?

Troubteshao: Tha Device
Select  Chrgwit  LATOUIG,
M4, U268 And Assoclaced
Campongnts}.

Is

Tha Voliage

A AI0TH

Approx.§ Vdc
7

Yroublesheal The Awuenu-
awpr  Chouit  (AI0U1S,
a3z, 435, (38, 39 Ang
Aesociated Components),

Troubitshogt The Logic
Cirguit  |ATOU1E, L22,
LRE And Afsocisied Com-
poneats).

ated Components,

Check ATQUE And Apsaci:

Tha Swiech Drive YES

Yoltage At Pin 1 O

Is
The Svwitch Drive

A10UB ApproX.
Jv ded

NO

1
Tha Oriver tnpul

Voltsge At Pin 70¢  [YES

A10UE > 4 W de
T

NO

s
he Davice Betect
Sirel Ay Pin 9 OF
AIQUIE >4V
Peak-Tofeak
?

NO

s
The Gote Bios
Voiinge A1 AVDTPY
Anproa.d ¥ do
?

NO

YES

Trovbleshoot  The  Gaie
Bizs  amplifier  Circuil
tATOUT, QE And Auoci-
ted Companents},

Troubleshoot The Legic
Cliguic  {AIOWE, L22,
78 And Associated Com-
PONCNES)

Troublethoot The Device
Sedect  Circuit  (ATOUTE,
U4, U26 And Aslocisced
Compontnia},

A s s e b

Check AOUE And Associ-

ated Companents.

Voluage ALFin 1301
AIQUS Approx.
Bvaoe

Tha Driver nput

Vatage A1 Pin 11

Ot AIOUE > 4 v de
?

hr Devige Seie:

Signal Ax Pin@ M
AIGLNE> AV

Prak-To-Peak

A10Q18, 019, O34, Q9.
Avlay AT0KB And Anod-
ated Components.

It
The Gao Sias
Volespa Aj A1QTS)
Approx.@ Vdc
?

Troutteshoer  The  Gawe
Bias  Amplifier  Circull
(AIDUT, Q5, And Aszoch-
a18d Companents),

Traublithoos Tha Device
Scimer  Circuit  LatOU 8,
U4, U6 And Assocl-
oted Compongnisl,

Check  Switching FET

Troutloshoot  The  Logie
Circuli  [A10LIE, w22,
UZ6 And Assacistied Come
poennts] .

Check A10K5 And Assod-
ared cumwncma:

Figure 8-H-10. Inguard Troublesheoling Procedure Disgram,
Auto-Cal Circuitry TEST 6.
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With A Display Reading
Of "5 [Test 5 Failure).
Measurs The Switch Drive
Voliage On Pin 13 Di
AloL4.

The Drive YES

Yoltage Approx,
+9.5 Vde

Is
The Driver

inpint Voltage At
Fin 10 Of AI0U4

Check ATOU4 And Associ-
ated Components,

Approx.d Vde
t

The Device Seleet
Signal Ax Pin 5 OF
AIDITI>4Y
Pazk-To-Peak

Troubleshoat The Lagic
Clreuit  (A10UNZ, W22,
26 And Assaciated Com-
ponents).

Troubleshoot The Oevice
Setact  Circuit  [AIQU13,
U4, U286 And Associ-
ated Components).

3455-D-7

Is.
The Switch Drive

TES

Vottage At Pin 10 Ot
ATOL24 Approx.
@V dc?

Tha Driver Input
Yofttage At Pin 11
Of AI0U24 > 4 V de

EES
The Device Select
Signal A1 Ping O

AIOUAZ >4V
Peak-To.Pesk

Check A10U24 And Asso-
cisted Componenis.

Troutleshoor The Logle
Clrcult  (ATOU12, U2z,
UZ26 And Associeted Com-
ponanis).

Troubleshaot The Device
Salect Clrcuit (AIOUNZ,
U4, U26 And Assoclated
Camponenis).

ts
The Switch Crive

YES

e ———— (R U B

Chetk  Switching FET's

13
The Swirch Drive
A1DQ15, Q2%, Q23, 4ls,

Voitage At Pin 14

Valeage At Pin 1 Qt
A10UE Approx.
-1 Vdet

Is

The Lriver lnput

Voltage At Pin 7 Df

AIQUE > 4 V ge
7

The Devies Setect
Signal At Pin 2 QF
AOUI3 > 4 V
Peax-To-Peak
?

Troubteshoar The Device
Select  Circuir  (R10U13,
14, U126 And Astociated
Components).

Is

The Gate Blas

Voltage At A10TPI

Approx, -1 ¥ de
?

ND

Cheek AIDUI And Associ-
ated Components,

Troubleshoot The Gaie
Bias  Amplifier  Cirguit
{ATOUN. 05 And Associ-
ated Components},

Troubleshoot The Logic
Cireult  1AMUT3, U22,
U26 And Awmociated Com-
panents].

Relay A10K6 And Associ-

OF AT0U5 Approx.
sted Compangntsy,

1 Vdo
?

H] I

The Driver Input
Veltage At Pin 9 Of
AIQUS > 4 Vde

The Gawe Blag
Valiege At A10TPI
Approx.- 1V de

Check ATDUS And Assacl-
ated Compongnis.

? ?

NO

Troubleshoot  The Gats
Blas  Amplfier  Circuit
(AIQUL, 05 And Associ-
ated Components).

15
The Device Select
Signal Av Pin @ Of

AIQUIS >4V
Peak-To-Peak

Troubleshoot The Logic
Circun  {(A1GUI6, U222,
U268 And Associated Com-
ponanta).

NQ

Troubfeshoot The Device
Select Circuit [A1OWUNE,
W4, U268 And Associ-
ated Companenis).

Figure 8-H-11. Inguard Troubleshooting Procedure Diagram,

Auto-Cal Circuitry TEST 5.
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With A Displsy Reading Of
‘4 [Test 4 Failure}, Mea.
ture The Switch Drive
Voliage On Pin 14 Of
AToUg,

Is
The Drive
Valiage Approx.

YES

? Vdc?

Is

The Driver
Input Voltege At
Pin 9 Of A1DLA
>4 vdc?

Check ATOU4 Ang Associ-
sted Components.

Is
The Device Select
Sigral At Pin B Of
AlQUIB >4 v
Peak-To-Pesk
?

Troupleshcot The Logic
Circult  {A10L13, U2,
UZ26 And Associated Com-
ponants).

Troubieshoot The Davice
Select Circuit (A10WI3,
U14, U26 Ard Assgclakad
Companents).

3455-D-8

The Switch Drive
Voltage At Fin 10 Of

Is
The Switch Drive

AI0UZ4 Approx,
avdc?

The Driver Input

Vartage At Pin 11 Of

ATOU24 >4 Vdo
?

Check A10U24 And Assoc-
iated Components, '

The Device Select
Signal ALPin 9 Qf

AIDLN2 >4V
Peak-ToPeak

Troubleshoot The Logic
Clreuit  {A1GU12, U22,
U26 And Assaciated Com-
panents).

Troubleshoo1 The Device
Select  Cirewit  (A1QUT2,
Jia, U26 and Assod-
ated Companents). .

Check  Switching FET*s

s
The Switeh Oriva A10Q15, Q21, Q34, G35,

Woitage At Fin 1 OF
ATQUS Approx.
@ Vde?

The Bxiver Input
Voltags At Pin ?
Qf AT0US >4 Vde

The Device Select
Bignal At Pin g Of
AOWI3 >4V

Peak-Yo-Peak

Is
The Gate Bias
Valtage At A10TP3
Approx. @ V de

Check AT0UD And Assoc-

iated Components.

Troubleshaor  The Gate
Bias  Amplifier  Clreuir
{ATQU1, Q5 And Associ-
ated Components),

Treuvbleshoot The Logic
Cirguit (A3, U222,
U26 And Associated Com-
ponents).

Troubleshoot Tha Device
Select Circuit [ATOU13,
U4, U268 and Associ-
ateg Components}),

Voltage At Pin {4 Of
A10US Approx.
0 ve?

Relay AIOKE And Atsoei-
ated Components.

] Is

The Driver Input
Vohiage At Pin g Of
ATDUB >4 Vdc

The Gate Bias
Voltage At A1OTPS
Approxr. @ V de

Check AT0US And Associ-
ated Components,

Troubleshgot The Gare
Bias  Aroplifier Circuit
{A10UT, Q5 And Assosi-
ated Componentsh,

The Device Select
Signal At Pin9 Of
ATOUIE >4

Peak-To-Peak

Troubleshoat The Logic
Circuir  [A10UIS, U222,
UZ6 And Assaciated Com-
pongnts}.

Troubleshogt The Device
Sglect Cireuit {AIGUIG,
Uid, U6 Aand Assoch
ated Componens).

Figure 8-H-12. Inguard Troubleshooting Procedure Diagram,
Auto-Cal Circuitry TEST 4.




With A Display Reading OF
“3* {Test 3 Failurel Mea-
sura  The Switch  Drive
Voitage On Pin 13 Of
AT0L3,

Is
The Driva YES

Is
The Switch Drive

Voltage Approx.
@ Vdc?

NO

is
The Driver
Iaput Valiags At YES
Pin 11 Of AYOUS
>4V de?

ND

Is
The Device Select
Sginal AUFin® Of | 7ES
A2 Ay
Peak-ToPeak
?

NO

Traublashoot The Device
Selact Circuit (A10U12,
U4, U26 And Associated
Componentsh.

3455-0-8

Is
The Gote Bias
Voliage At A1OTP3
Approx-4 Vde
?.

NO

Troubleshoot The Gare
Bias  Amplifier  Clrouiy
A1OU1, Q5 And Associ-
ated Componenrs).

‘Troubleshoot The Logic
Girtuit  (ATOU12, 22,
U26 And Associated Com-
pongnish.

Check AI0UB And Associ-

ated Componants,

Voltage At Pin ¥ Of

Is
The Switch Drive

AIQUA Approx,
o vde?

Is

Tha Driwer tnput

Volwage At Fin 7

Of AT0US > 4 Vde
?

The Device Select
Signal At Pin 9 OF
AtDLA3I>4 vV
Peak-To-Peak

Troubleshoot

s

The Gata Bias

Woltage AL AIQTP3

Apprax. & Vdc
?

The Gae
Biss  Amplifler  Cireuit
{4101, Q6 And Assaci-
atéd Componears),

Troubleshdoot The Logic
Circuit  {A10N3, 22,
26 And Associsted Com-
ponentsh,

Troubleshoor The Deviee
Setect  Clreuit (AT10U13,
Lh4, U26 And Associated
Componants).

Check ATOUE And Assaci-
gied Components.

Voltage At Pin 2 Of

The Switch Drive
Voltage At Pin 2 OF

A10US Approx,
0 Vde?

I
The Drivar Input

Voltage At Pin 5 OF
AlDUS >4 Ve

ts

The Gate Bias

Voltage A1 A10TPY

Approx. @ v de
?

Check AM0US And Atsod-
ated Components,

‘Tragbleshoot The Gate
Bias  Amplifier  Circuit
{A10U1, G5 Ang Assocl-
ated Componants),

Is
The Device Select
Signal Ax Pin 8 O
AlOUg > a2V
Peak-To-Peak

Troubleshoor The Loglc
Clrewit  (AN0UI6, U22,
LF26 And Associated Com-
panentsh. )

Troubteshoot The Device
Select Circuit (A10U1G,
Ut4, U2B And Assacl-
ated Components).

ATQUE Approx,
@ vde?

Is

The Driver tnput

Valtage At Pin §

Of ATOUG >4 v de
?

The Device Select
Signat At Fin 9 Of
AIQUIB >4 v
Peak-To-Peak

Check Switching FET's
A1002, QFg, Q27, 28,
038 and Assoclated Com-
ponents,

Is

The Voltage
At A10TPG
Approx. ¢ Vde

Check AM0UE And Assoel-
ared Components,

Traubieshoot The Feed-
back Amplifier  (A10UJ,
43, 01, 25, Q26 And
Assaclated  Components).

Troubleshoat Thae Logic
Circuit  (AI0LNG, W22,
U26 And Associated Cam-
poneats),

Troubleshoot The Davice
Sdegt Circuit (A0U16,
U4, U26 Ang Associared

Companents).

Figure 8-H-13, Inguard Troubleshooting Procedure Diagram,'

Auto-Cal Circujuy TEST 3.
8-103/8-1064



With A Display Reading Cf
“2" (Test 2 Fallure) Meg.
sure  The Switch Drive
Voltage On Pin 13 OF
ANILE,

Is
The Drive

Chetk  Switching FET's
ATOQ2, Q2% And Asr0c)-

The Switeh Drive

Voltage Apirox.
@vde?

Is
The Driver
Input Voltage At
Fin 13 Of AT0UB
>4 Vde?

Is

The Gate Blas
Vaoliage At A1GTPS
Apprax. @ V dc

Cheex AT0UR And Assaci-
sted Components.

?

NO

Troubleshoot The Gate
Bias  Anplifier  Circuit
[A10U1, OB And Asscci-
sted Components).

The Device Selett
Slgnal At Pin9 Qf
AlDUIZ >4V
Peak-To-Paak

Troubleshoot The Logic
Circuiv  [ATOL12, W22,
U6 And Assoclated Cam-
ponantsh,

Troubleshoot The Davice
Seteer  Cireult tAIDUI2,
U4, U26 And Assoclsted
Campanents),

3465-B-9

Voltege At Pin 13 OF
AI0UE Approx,
@ vde?

ated Components,

Is
The Driver [nput
Voltage At Pin 9 Of
AIDUS > 4 Vde

15

The Gete Bias

Vehage At A10TP3

Approx.@ V de
7

Check AT10US and Assocl-
Lted Components.

Troubleshoo  The  Gate
Biss  Amglifier  Circuit
(A10U1, 05 And Associ-
ated Campenenis],

The Davice Select
Signal At Pin 9 OI
AIDUIGE >4V
Peai-To-Pask

Troubleshoot The Lagic
Cireult  {A10U16, UZ2,
U26 Angd Associstad Com-
ponents),

Troubleshoot The Device
Seleet Circuit  (AIOUNE,
U14, 028 And  Atsoci-
ated Componenms).

" Figure 8-H-14. Inguard Troubleshooting Procedure Diagram,
Auto-Cal Circvitry TEST 2.
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With A Dzpisy Reading OF
"0 (Tes @ Falluro), Mea-
wure  The  Swiich Oeiva
Volage On Pin 44 Of
A10US.

s
Tow Drive

YES

Vaoliage Approx.
+ 30V ae?

]

The Driver nput

Vohage At Pin'9 Of

ANOUD >4V de
?

s
The Device Setect
Signal At Ping OF
AIDIZ>aY
Prak-To-Peak
T

Troubleshoor The Disvice
Seleer  Ciecuit  [ATOUN A,
Uld, U286 And Aysociated
Campenenis],

3450-0-10

I3
The Volage
At ADTPE
+10 ¥ do?

Troubkshoor Tha Refer-
cnea Supply (A11 Ao
bly AWOU7 and Assaci-
med Componsntad.

Trovbleahoot The  Logic
Gircuh  iA10U13, U22,
W28 And Associated Com.
PMEnT).

Check AN0US And Astacl-
ated Camponants.

Is
The Switch Drive
Woltage AL Pin 1 OF

Weltagd At Pin 101

AIOUS Approx.
9 Vdc?

is

The Oriver Input

WVollage At Pln 7 O

ALOLH > 4 v de
?

The Device Select
Signat A1 Pin 8 OFf
TOAIONI3 Ay
Peak-To-Peak
?

YES

Teoyblashoar The Device
Seleet  Gircuie  {A10L33,
V14, W26 And Associated
Componinis).

At AIQTP1
Appcox. § V dr,

Troublashoor The Atvtenu-
sinr  Clecult

AtoUI8,

G325, 037, Q38, Q38, Q40
And  Amocieicd  Com-

pangnts)

Troubleshoor The Logic

Clreuin

A10UN3, u22,

U26 And Associated Com-

pocents).

Chack ALOLM And Amoci-
e Compondnis.

ATDUB Approx.

ha Switch Drive

Check  Bwitehi FET:
Voltoge At Pin 14 Of o

+1 V de? [ignore
The 2 Msec
oulsel

1]
The Gate Bios
Veoluage At A10TP3
Approx, v 1 V' de?
lighare The 2 misc

The Criver Input

Vottage At Pin 7 O1

A10UB > 4 Vdc
?

Trousleshoot  Ths "Gate
' Bles Amplifier  Clrguit
(A0, 05 And Awecl-
ated Components).

The Device Select
Signat A1 Pin8 OF
ANOUIE>A Y
Feak-Ta-Peak

Cirenir, {A0UMB, 22,
W26 And Assoclated Com.
ponentsl.

Trougleshoot  The  Logic

Teoubleshoot Toe Devico
Seleer  Cirewit  {ATOU16,
4, U26 And Associ-
sted Companents).

Jted Compantnts,

Cheok AIQUS And Assocl-

A1QUS Apprax.
+1 Vae? {ignora
Tha T mied
pulss)

A10016, Qat, Gzn. 431,
Q32 Q32 And Assodl
seed Componenis.

[}
The Oriver Input
Voltags At PIn & Of
AIQUS >4V do
?

L3
The Gata Blas
WVoitage A1 A10TP3
Apgrox. + 1 V de?
{Ignere The 2 maee
Pulsl

Check AJOUS And Astoci
ateg Componenty,

Troubleshopr  The  Gate
Biaz  Amplifier  Civewit
1A10US, ©5 And Assoct
sxed Componenys).

The Davice Seiecy
Sigaal AT Pin 9 Of

ALOMBE> 4V
Peak-To-Peak

TFrovbWshoot The Logie
Circull  (ATDUNE, U22,
U268 And Assochied Com-
parentt).

Troubleshoor The Device
Seteer  Cireun  [A10U16,
Ui4, U268 Aad Aswocl
a16d Camponents).

Figure 8-H-16. Inguard Troubleshootlng Procedure Diagram,
Auwto-Cal Gircuitry TEST 4. -
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™S

J

Volr/Ohv,

20

Turm The Inatrumant QFF.
Disconnect  The  Tee
Jumper  Located Beuweon
ANGL2T And 2B, Use A
Clip Lead To Connect
AWTA  To Inguard
Geound. B8 Certsin That
The Tem Jymper On The
A3 Asusmbly Is Disoon-
necied And Tha Flug I8
Ditconnected From A1lT.
The Fronx Panel GUARD
Switch Should 3¢ “In™
Cannecting GUARD and
INFUT Low. Connéct The
Crcllloscope To AJATPY,
Turn  Insirusem .
Wing A Clip Lexd,
momeniarily Short
AWTPIO  To  Inguard
Grousd., Apply - 10 ¥ dg
To The 3455A INPUT.

Connger The Qucilloscops
To A1QU26 Pin 35,

15
A Nogarive Pulsa,
Approximataly 1.2 meelng
in Dyration And
>d V P.TaP, Pretan:
7

YES

Is
Wavelgem 1

Presanr Av
AT

The Majoriy O The Sngusrd Logic And
The AfD Converier by Warking. The
Following Procadure Teqts The Inguardf
Quiguard Transler Circuitry.

Turn The Inserumem OFF
And Reconndzt Tha Plug
To A1J7. Remove Tho Clip
Lead Fram AJOTPY, Con-

Is The

9.

Connect The O

Concex Tho Scope To
A3TP2.

L]
Abeoative Purse,

To A0 Pin 6.

Troublashoot U26 Tumn
On Cireult LAI0UZ4, 16X

]
A Posltive Pulse,
Approxlmately T usee
In Oluzation And
>4V PTaP
Presomt

Iy 1.3 maes | No
\n Durstion And
>4\ P-To-P, Presgnt
?

YES

Troubleshoot The  Fi
Traoster Circuit  [A108,
AU And Asscated
Companhents}.

Go To Quiguird Troubla-
shooting Secilon,

To AITPA.

Connect T Oscilioscopa

(]
A Negatlve Pulse,

In Ourstions And
> 4y P.ToP, Presest
?

Rfeconnget . The © Tem
Jumper Lototed Bitween
A10UZ? And UZE Con-
ragt Tha Oacillozccpe To
AXTPI, )

Is
A Pasitive Pulse,
>4V PToP,
Fresent?

Conndct The Scope Tn
ATGUZE, Pln 34,

(]
A Negative Pulse,

In Durstion And
>4V P-To-P, Presam
?

Troubteshanr  The £}
“Yransier Cireuit [A100Q42,
A3, ASUS,  And
Associsted  Components].

Approxémately 15 mses INQ

Connect  The Scope To
AT0UZE, Pin 35,

Chack Inguard Praceasor
AlQUZE And A10042.

nact The Quciligreope T Hore /

A1OTPS. Turt Instrument Thaese Signais Are Difficutl To Qbserve

oN. O Am Oscifascope. An  Afieroare ™= . o4
Metnaa To Determing | The Signalt Are R A Negailve Pulse To To Outgund Traubie- A Negative Pulse
Presea Would Be Fo Use A Logic e | ARprximaely Geser [NO gl Go To Outgusrd Trouble- shooting Section, Figure Approalmatety 50 usge [NO ol Creck Inguard Pracwssor.
Piote, Such AS The Jsips Moder 105357, In Quratlen Ang shooting Sectlon, ey In Duratian And A10U28 Ard A10043.

>4V P-To-P, Present >4V P-T?oP Present
7

A Regstive Pulss,
Approximataly 4 miec |NO

Connect The Scope To

I Beration And
>4V PToP, prasent pAsTR
7 "
Trouhlshoot Thu Transler Tioubloshoot  The F2
Interrupr Cireuit [A107, Tegnafer Glrocull 1AT0043,
AI0TZ, ANOUD2, AIOU2T, AU, AN And
I ATOUZE And Aswclated Asmaciawd Camponents.
A Pogivive Pubia_ Components),
Aporozimately 12 mse 1NO ] Go To Qutugerd Trouste-
In Durstion And shaoring Seetlan,
= 4 V P-ToP, Prezent
’ h
Trowbleshoor R Fransier
Cireuit  (A109. AI0UIS,
t; . .
:-‘1‘202“'333 Aé:"':"ﬂ‘ﬁ:: Figure 8-H-17. Inguard Troublethaoting Procedure Diagram,
Inguard/Outguard Transfer Circuitry.
¥ B-111/8-112
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Moasure The
Irvguard Powaer
Supplisa {6 Lebeled
Teast Pelata On The
A10 Assambly}.

Arts The Voltages
Within = 5% Of The
Marked Yelues

Tremteshont The Inpuard

Power Supplles.

Alzo Mezsura = 10V
Reference SuppBes.
?

Heasure
The Bla3
Voltege On Pin 38
M AtGLI26. 1
Thiz Yoltage Within
+ 25 Volts Of The
Velus Marked
On Uz

Prapar Valus For
The Voitage Marked
On AlQL26}?

~20V =TT R
25 V=G0t
3OV =aTENN
-~3BVY=~3FBZun
-40V =32 kN
-85 Y =280k
-8RV =237 k02

1

Asplacs  ALOR1OS  Wieh
The Proper Valus.

Carsfully

ON.

Turn Imserumant OFF And

ATQUZ6. Turn Instrurmant

Rarmhova

%+ 3 volts Of The
Vatue Marked On

Repisce A10U26.

3

U Myy Heve Aged And
Floplaced

3455-B~-13

Connset Tha Osclllowope

To ATOUZE, Pin 27,

Yhe internspt
Signst At Pin 29
Of AT0U26 Held
High or ?Toqgl‘ng

“Tha Data Signals

OnPins 18 Through

Z50f AloU28 > 4

Volts Peak-To-Peak
?

Figure 8-H-18. Inguard Troubleshooting Procedure Diagram,

‘Troublesheat Clack Cir-
cult [A10U21, AI0U23,
AIDUZE And Assocloted
Componants).

Troubleshsot The Inter-
rupt Cireult TATOUM, 19,
21, 26, 27 28, 32 And
Ascociated Compontnts),

Treubleshoot The 1/Q Cir-
cult [AIDUHT 72,13, 15,
16,17, 22, 15,28, 27 And
Astoclated  Componenns).

Waveform 2

.5 usee

Power Supply and Controtler Clreulury.

8-113/8-154




B
l

Turn The Inytrumant GFF,
fAsewnnect The Plug To

A1J?, Be Cartain That Tha -

Tast Jumpar On Tho A3
Astembly 13 Disconnected.
Turh Tha Instrument ON,

Is
. Tho Davica Satect
Signal Preasnt At
Pl 8 OF ATOUNS?
{This Signal 1 A
Negative-Going Pulse
Approxdmately 1 psec
In Duration And
> 4 Volts Penk-To-
Paak ]

" Ao
Tha Signals At
Pins 2, 10, And 32
O A1OU16 > 3.5

Vohs Peak-ToPeak
h ? o

Is .
T The A/D Input |
Voltege At A10TP4
10V de?

" The Referance:
Voltage At A10TPY
=10V de? "

Treuhleshoot The Deviee
Select Clroult {AT0U14,
U26 And Assaciated Com-
eangntsh,

Troubteahoot The A/D
Switching Cirguit
(A0, AT4Lh, UZ, Q1
Through Q4 And Assocl:

awxd Componems}.

Troublashoot The DC
Presmp And tnpur Swhch-
Ing  Cireultry * [Schematic
No. 1) Be Cerwin That
- 10 V de |s Applised To
The 3458A Input Termi-
nals. - .

)
~ The Ralerance
Voltape At A10TPE
w_t 10 Vde?

Turn The Ingtrument OFF.
“Disshle The Inguard Clack
By Dlwconnacting Tha Test
Jumper Located - Betwesn
A10U23  And . AICRTS.

Turn Instrument ON.

Troubleshoot The Minus
‘| Referanca Supply (A10U7,
Al4U2z And  Assoclated -
| Compengasl,

Troubléshoot The Inte-
grator Clreult (A14U3, U4,
05, 04 And Assoclated
Componenis),

The Valtags
At A14TPY Greater

Than + 10 V d
4

Is

The Valtage A1

Fin 14 Of ‘The At4

Assembly > +4 V de
?

Troubleshoot The .2 V De-
1ect And Abscluta Value
Clreuits |A14US5, UG, OB
And Assoclated Compa-
nentsl.

g Troubleshoot The 10 V

Tha Voltage At Detect And  Absoluts
Pin 16 Of The A14 Valup Clreults  |A14LIS,

Assombiy > +4 V de g, Q6 And cla
H 5 Assaclated

Components).

The Voitags At
Pin 3 Of The Ald
Asmambly >4 V do
?

Troubleshogt The @ Detect
Circult  (A14US  And
Associated  Components).

Foree The Invegrator To
Auto-Zare By Conmecting

A Clip Lesd Barween The

Cathada OF A14CR3 And

Inguard Ground,

Troubleshoot The Retfer-
entd Supplies {411 Asserm-
bly, A10U7, AT4UT, U2
And  Associsted Compo-
nentsh.

iz

The Voltage At

A14TP1 0V do ¢ .2 V dc
e

Troubleshoot  The Inte-
grator Cireult (A14U3, U4,
Q4, Q6 And Assotiated
Companantsh,

Romove Tho Clip iead
Fram  A14CR8 And
Inguard Ground And Con-
nect It Across AT4C02,

Trouhlsshoat The 2 V

£
The Valrage At ND
Pin 15 Of The A14
Assemnbly @ Vols
£ IV de?

YES

Is
Tha Voltaga At
PinS Of The 14 INO
JAssembly @ Volts
* 3V de?

YES

i] Remowe The Clip . Laad
Frem A14C2,

i, At This Paint, rL Problem Has Not
Been Isolated To A Circult, Recheck The
Symptoms Te Be Cartaln The Problem
I3 Ip The Inguard Secticn Of The Inswru-

ment. Rafor To The Theory QOF Opera-.

tlon And Schematles To Locats Probs
loms Mot Coverad By This Procedure,

Troubleshost The 10 V
Detect  And  Absolute
Welus  Clrcults  {A14US,
Us, OB And Associated
Companents}.

Troubléshoot The & Detect
Circule tAT4LE  And
Anociated  Components),

Is
The Voltage At
PIn 14 Of The A4
Assambly 9 Volts
% 3 Volu de?

Doect -And  Absolute
Value Clreults  (A14U5,
us, Q6 And Assoclated
Compongnis),

Figure 8-H-19. Inguard Troubleshooting Procedure Diagram,

A-to-D Convertor Circuitry.
8115
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g

u

g

1
2

H

|
A

oL
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—CHa— —C2 i —iE—
+5Y: 4F53 (START/STOP AT A3TP1)
CH28 (START/STOP AT A3TP2)
0202 (START/STOP AT A3TP3I Al
F 0P A P4
79FU  (START/IST T A3TP4) 03456.66501
Rev, D
A10. Component Lacatar Table.
Component Cot Component Lot Companimt Cot Camponant 2] Comgonent
C1 B CA1-2 :] Rl <o m-§ c A
23 [ 3s o 2 E-F 8 o 2
q o & E 3 A L ] € 34
58 E 78 F 4 eC 12 £ 8.1
4N F a1 B & E 1316 c 129
12 8 1213 o 118 oo n-27
1318 [ 14 E 19, .23 ] 2B:29, 3137
16 D 15 E 2329 E kI3
17 A 1637 B 1.2 F 3132 F 39, 4144
1819 E 18-19, 2122 < 3 [} 3136 B a5
2122 A 3 F 3138 A L
325 [} Fi] ] Kt-2 A 4041 B 47
26.27 ¢ 2526 c 3 8 4241 E 48
2328, ] 27-28 A 4-5 A 4448 A 49
3234 E 2,3 [ 8 -] a6 ] §1-58
3536 E 3139 ] 7 Al 59. 6162
37-39, 4149 < 4142 =] B B 63
45 o 41344 A ] A8 64.65
a6 B 4547 -] 68-69, 172
a7 c.0 4849, 51-56 c 5] A "
a8 o 5£7-58 A T4-78
49 € 59 B 73, 81
51 F 6164 < 2283
52.53 8 6568 o ™
54-57 c 59 F s
58-29, 51 [+ .12 ] #5-89,91.92
62-63, 66 E 9396
;%3 F E1 A 9799
E2 (Balow K3} AR 191102
103
104105
106-107, 111
108199
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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 OQutguard
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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«» f

The Signature Analyzer Controls
Should Be Set As Follaws For This

Are

Test. Turnt The instrument OFF. These Signatures Go To The Milain Controller
LINE ON {IN) Disconnect The  Test Correct Troubleshooting Proce-
STA R‘T """"" ~ {IN) Jumper QOn The A3 Assem- dure.
STOP. ..o, _/‘ fouT) bly. Disconnrect The Plug
CLCIC.K """" - (ouT) From A1J47. Set All HP-IB
qoip .. OFF (OUT) Address Switches To The
SELFTEST. .. .OFF (OUT) “9" position {down). Turn
S The Instrument ON. : The RAM Circuitry Is Working Correctly.
J--------=
- v
Propar Operation Of The Qutguard Test Connect The Signature |
Routine I3 Indicated By A Mumber Or Analyzer, START And
Character Being Strobed Across The STOP inputs To A3TP2 l
Display And The Front Panel Enunci- . And Check The Fellowing ]
ators Being Alternately Lit. Signatures:
. ) NOTE: Or Check The +5 V
Location  Signature Signature For CH29. {(Ap
A,‘ u34 Alternative Quick-Check}
Pin 2 BA09
Pin & 5042
i'?:t"e':':s:t . Go To The Main Controller ::: ?2 3553: :
Entar The Troubleshooting Proce- AlU42
Qutguard Test dure. pin 2 PPOS |
Rautine? Pin 6 AHS4 |
Pin 9 5304
Pin 12 2AB9 I
|

Connect  The Signature

Analyzer As Follows:

1. START Input 10
A3TP1.

2. STOP input To AJTP1,

3. CLOCK tnput  To
A3TPS5,

4, GND Input To Chassis
[See NOTE 1 For Signa-
ture Analyzer Control

These
Signatures
Correct?

Go To The ALU Trouble-
shooting Procedure,

‘The ALU Circuitry Is Working Correctly.

Settings.)
[ —— — — — = 1 L
v Use The Signature Analy- Go To The Device Select
| zer Ta Check The Signa- Troubleshooting Pro-
I tures At The Following . cedure,
Points:
' Location Signature
A1U34
NOTE: Or Check The +5 V | pin2 104p
Signature For 4F53 [An Pin 5 7FPH
Alternative Quick-Check) Ping AFOP
Pin 12 UHUC
l - A1U42
Pin 2 PEPH
| Pin5 P61
Pin 9 PH16
| Pin 12 8CPA
1 . ‘
L 3455-B~-I7
-» »

Figure 8-H-20. Preliminary Qutguard Treubleshooting Procedure Diagram.
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NOTE 1

The Signature Anolyier Controls
Should Be Set As Follows For This
Test. '

LINE. ... .., ON fIN)

START. ... ... .... N\ M)

sroe........,. S {ouT)

CLOCK. . «.. ... 7 four)

HOLD .. ....... OFF fOUT)

SELFTESY. ... . .DEF{QUT)
NOTE 2

The Foliowing Is A List OF Components
Which Are Connected Tu The Processor
Input Daty Bus,

Schemutic 8 Schematic 9 Schematic 10

AlUS AlUT AlUSS
Alu27 AITUTS ATUB0
Aluz2 Alute

Aluz2z7 Alury

AlU34 AlUI8

AlU3s AlS1

Alt42

AlU43

AlR40

WAVEFORM1

1l

Time/Div.
5 usec

Be Certain That: The Test
Jumper On The A3 Assem-
bly 1s Disconnected, The
Plug Is Disconnected From
A1J7 And The HP-IB
Address Switches Are All

"Ser To The &7 position.

Turn The laswrument ON.

y

Check The Following Pins
On A1J6 For The Volt-
ages Listed (A3 Assembly
Piugged In):

Pin  Volitage

A +5V 1 .3V

M +9V 2.5V

L Equal To The
Voltage Stamped

On A3U9 + 3V,

13

Use The Signature Analy- +65V: 4F53

zer To Check The Signa-
tures On The Following
Pins Of The A3 Assembly:

X
Fl

Signature

3ASC
H3FH
PZFB
62PP
7078
F757
15FU
97C6

AReeImmmooOw

Are
The Vaolzges
Correct

" The Clock ™
Signal (Waveform
1} Present At
A3TP52

YES

Troubleshoot The Power,
Supplies, tf The WVoitage
At A1J6 Pin L Is lncos-
rect, Be Certain That'
A3R3 Is The Proper Value
For The Voitage Stamped
On A3U9.

Voltage - Resistance

B0V 484k
45V 28Tk
40V 196k
.35V 137k -
-30V 100k . -
.25 ¥ 750

Are

These
Signatures
Correci?

Replace The A3 Assembly.,

Are
. These Signatures
Correct?

Replace The A3 Assembly.

.20V sm1e. - .

Troubleshoot - The . Clock. |

Circuit (Schematic8):

Analyzer .. START And
STOP Inputs- To A3TP2
And Check The Foliowing
Signatures: - -
"Pin  Signature
BAAF
69.3A
C304
4F 60
C43U
ACHH
B6C93
3H95.

Re—~xImmopoOw

- Tumn The instrument OFF.

Warning: Make Sure The
3455A Is Turned Off Or
Incorrect Signatures May
Be Present When The A3
Board Is Reconnected.

Remove The A3 Asgem-

by And Connect It To An
Extender Board. Place
Tape Accress Pins B

Through K (8 Pins} Of The.

Extender Board {To Break
The Data Bus Connec-
tions) And Insert it In
A1J8. Conpect The Sig-
nature Anajyzer START
And STQP Inputs To
A3TP3. Connect The

-CLOCK Input To A3TPS

And The GND To The
Chassis. (See NOTE 1 For

"] signatere Analyzer Con-

‘trol Settings. Turn [n-
struments ON.

¢

' Connect The Signature +5V: CH29

Connect The Signature +5V: 79FU
Analyzer START And -
Stop Inputs To A3TP4
And Check The Following
Signatures:

Pin  Signature
B CHC4

Cc BCOP
D A43P
E 129C

F 0co3
H CPB5

J F517

K 6PO3

Are

These
Signatures
Correct

Replace The A3 Assembly.

These Signatures
. Correct?

Replace The A3 Assemhbly.

Connect The Signature
Analyzer START And
STOP Inputs To A3TP3
And Check The Foliowing
Signatures:

+5V: 0202

Pin  Signature

4 USFBE
7 23F9
9 2AGF
10 3A9F
1 6242

" And Check The Following

Analyzer START And.
<8TOP Inputs To A3TP3

‘Signatures:
< Pin  Signature

g o PCT
c At02.
D FAAL
CE. . 0OCB2 - .
F 6UAD
H HBCH - .
J 1P2g9
K U478

1]

"C;'c':nnect_ “The - ‘Signeture | +5V: 02¢2

Are

These
Signatures
Correct

Heplace The A3 Assembly.

Use An Qscillpscope To
Measure The Amplitude Of
The Waveforms At A3TP1,
TP2, TP3, And TP4,

1§

»

The Main Controlier Test Routine
Crperating Properiy,

!

Use An OQscilloscope To
Measure The Amplitude Of
The Signais On The Proces-
sor Data Bus Lines At The
Following Points:

Al1U34 Pins5,9,12
AlU42 Pins 2,5,9,12

Are
These Signals
> 4 V Peak-To-Peak

The Voltage
At Pin 2 Ot
ATU3S >4 V dg
?

ES

The Processor Input Datg Bus
Operating Properly.

4

Turn The Instrument OFF.
Remave The A3 Assembly
From The Extender Board
And Replace It In The
lastrument. (Be Sure To
Remove The Tape From
The Extender Board.} Turn
The Instrument ON.

+

Go Te The RAM Troubie- |-
shogting Procedure.

3455-C-18

Figure 8-H-21. Outguard Trout
Main Controller



NOTE 1

The Sighature  Anglyzer Contrels
Shouid B¢ Set As Follows For This

Test:
LINE. .. .. ..., .ON[IN}
START. . .. .... ... N (i)
STOP.......... S fouT)
CLOCK. . . .. .. ../ four)
HOLD ., . ...... OFF (QUT}
SELFTEST . . ... .QFF (OUT)

MOTE 2

The Following Is A List OF Components
Which Are Connected e The Processor
Inpul Dura Bus,

Schernutic 8 Schematic 9 Schenwutic 10

AlUS ATUS AlU5g
Atu2? ATLES Alugo
Aly22 AMUE

AlU27 Alutr?

Alu34 A8

Aly3s AlST

Al

ArU43

ATR40

WAVEFORM1

Volt/Oiv.
10

Time/Div. -
B usec

Be Certain That: The Test
Jumpear On The A3 Assem-
bly 15 Disconnected, The
Plug Is Discannected From
A137 And The HP-IB
Addréss Switches Are All
Set To The “§ ™ position,
Turn The [nstrument QM.

$

Check The Following Pins
On AllJe Far The Volt-
ages Listed [AJ Assembly
Plugged In):

'Pm Voltage
A +5v £ 3V
M +8v BV
L Equal To The

Voltgge Stamped
On A3U9 £ 3V,

y

Use The Signature Analy-
zer Ta Check The Signa-
tures On The Foliowing
Pins Qf The A3 Assembly:

Pin  Signature

3A9C
H3FH
P2FB
B2PP
7078
F757
186FL
97C6

ReErmmonDwm

Ase
Tha Voliages
Correct

Tha Clack
Signat (Waveform
1] Present At
A3TPGZ

YES

Troubleshoot The Power,
Supplies, If The Voltage”
At A1J6 Pin L {5 lncor-
rect, Be Ceriwain That
AZR3 Is The Proper Value’
For The Voltage Stamyped
On A3U8.

Voltage  Resistance

S50V 484kD
-45V 287k
-40V  196kn
35V 137k
L300V T 100k
©.28V FiEn
20V SN&

Are
These Signatures
Correct?

Troubleshoot The . Clock
Circuit (Schematic 8).

Connect  The  Signature
Analyzer START And
STOP Inputs To A3TPZ2

"And Check The Fellowing

Signatures:

Pin  Signature
BAAF
B93a .
C304 .

. 4F60
[of IV
ACHH
6C93
9H95

Turn The Instrument OFF.
Warning: Make Sure The
3455A Is Turned Off Or
Incorrect Signatures May
Be Present When The A3
Board Is Reconnected,

Remove The A3 Assem-
bly And Conneqt 1t To An

Extender Board. Placae

Tape Accross Pins B
Through K {8 Pins) Of The
Extender Board (Te Break
The Data Bus Connec-

tions) And Insert It In-
AtJ6. Connect Tha Sig-

nature Anatyzar START

And STOP Inputs To-

A3TP3. Connect The
CLOCK Input To A3TPS
And Tha GND To The
Chassis. (See NOTE 1 For
Signature Analyzer Con-
tro! Settings. Turn In-
-struments ON.

¢

Are :
These Signatures
‘Correct?

YES

|- Connect  The -Signamre,
_Analyzer START -~ And

STOP Inputs.To A3TP3
And Check The_‘FolI_owing
Signatures: N
Pin  Signature
B PC79
C A102
D TAAU
E Qcs2 .
F 6UAD
H- H8CH '~
3 1P29 ’
K U478

|

+5 V: 4F63

Ara

These
Signatures
Correct?

fReplace The A3 Assembly.

Reptace The A3 Assembly.

+5V: CH29

Connect  The Signature +5V: 79FU

Anatyzer START And
Stap Inputs To A3TP4
And Check The Follawing
Signatures:

Pin  Signarure
CHC4
6COP
A43P
129C
QCo2
CP6S
F517
6PO3

Re-InmpOw

Are

These
Signatures
Correct

Replaca The A3 Assembly.

Replace The A3 Assembly.

Connect The Signature
Analyzer STARY And
STOP inputs To A3TP3
And Check The Following
Signatures:

Pin  Signature

4 ‘UGP6
7 23F9.
9 2A6F
10 3A9F
11 6242

+5V: 0202

Are

+5 V: 0202

These
Signatures
Lorrect

Replace The A3 Assembly.

Use An Oseilloscope To
Measure The Amplitude Of
The Waveforms At A3TPT,
TP2, TP3, And TP4.

|

Y|

All Waveforms
FXAY
Peak -To-Peak

The Main Controller Test Routine Is
Operating Properly,

s

Use An Oscilfoscopa To
Measure The Amplituge Of
TFhe Signals On The Proces-
sor Data Bus Lines A1 The
Following Points:

AlU34 Pins §,9,12
Al1U492 Pins 2,5,9,12

Are
Thesa Signals
>4 V Peak-To-Peak

At Pin2 Of

The Processor tnput Data Bus s
Operating Property.

{

Turs The Instrument OFF.
Remove The A3 Assembly
From Tha Extender Board
And Replace 1t In The
Instrument. {Be Sure To
Remove The Tape From
The Extender Board.) Turn
The Instrument ON,

.

Go To The RAM Trouble-
shooting Pracedure.

3455-C-i8

Raplace The A3 Assembly.

Refer To Schematic 8 To
Determine Which Dats Bus
Une (D@ Through D) Is
Being Held. Troubleshoot
The Coamponents Which
Are Connected To This
Line, (See Note 2.}

In Most Cases, A High
Resolution Voltmeter
{1 wV Resolution} May Be
Used To ODecterming The
Bad Component, If The
Data Line Is Beinp Held
Low, The Component With
The Lowest Voltage
Reading Will Generally Be
The Faulty Pert, if The
Line ts Belng Held High,
The Bad Part Wili Nermal-
ly Have The Highest
Voltage Reading.

When Troubleshanting The
Processor - Data Bus, The
A3 Assembly Should 8e
Remowed Fram The Instru-
ment. (Be Sure To Remove
The Tape From The
Extender Board }

Figure 8-H-21. Outguard Troubleshooting Procedure Diagram,
* Main Controller Circuitry.-
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24

s

e

+5V: 4F53
Pin | Signature
1 622
2 184P
3 84e
4 s
S 7FPH
] TPPH
7 [00v]
8 AFOF
-] AFOF
10 622
1 UBHUC
12 LHUC
13 7622
19 | 4F5)
1 34
2
3
4
§
é
7
-3
9
ta
1
2
13
4
1
2
3
a
]
6 184P*Q2CE* **
7 183F
8 0o00
2 1PP5
| 1s3F
1" 8MF
12 FF1
3 Lo
14 1434
15 e8P
kL] 4F53

Tha fallowing sfp ere for the d FAM circufts, The
£lgnatures are takan with the rtart/stop inputs of the signature
snalyzer connected 10 AJTPY,

NOTE

**Thest cslgngtvres qpply when U4 and U4S are
removed from thelr sochess.

"fo obrein this thadture, a 10 X recittor musr bk
connected betweer tha 5 wolt TP ond the probe tip
of the signoture enalyzer.

Yo cheek For proper fogle Inmter cannections venify

siginotare of 45 dast point By 4FSA The signatures In
this section teke ome or two reodirls 1o stabiiize.

Fin Signaturs

4F53

uaz

BCRAFZFE
PH15°62PP",
4Fs3
0000

1

2

]

4

5

]

b

8

] L]

10 | 4F53

i3] s3ap
12 | UugFF
13 | aHaH
14 | 4ace
15 183F

16 | ars3

uzs s 1PPE
B 1PRS
1 F2;
12 1PPS
1= anar
uae HF84
9037

0w

7822
PAFH
PEPH
7522
P61
61

42

D@ AR -

10 7822

EPERIS®0 uAMAWN-
3
@

a5

U4g

3
3

DY BuDREWN -

WNOTE 1

The Stgnolure Anclviér Conirols
Should Be Sez As Follows For Thix
Tesr:

LINE, v veenanai o ON (1N}
START. .. A (/4
STOP. . .. . £ {oun
CLOCK. . Lout)
HOLD . . + OEF (QUT)
SELF TEST. . ... OFF(OUT)
NOTE 2

we ¥ t5 A List OF C

Whichk Are Connected Tp The Quiput

Date B3,

s o8 Sehematlc® e 10

Alur2 ATUEr AJUST.
A1U24 Al g Arissd
AJUIS ATurg ATUEZ
LEL -1 Aty AT USE
A3t ATU26 ATUES

AJy34 AJUSE
A3 ATUS?
AlUIE AIUSE
AT B1L59
A2 AlUTe
A3

B8 Cortaln That The Tast
Jumpar On The A3 Assermn-
bly Iy Divconnected, The
Flug is Dissonnacted From
ALY And Al HPIB
Addsess Swlichey Are See
To Tha "9* Positlon. Turn
Snarramene ON.

!

Connect  The  Signature
Amtyzer START  and
STOP Inputs To AS3TPI.
Cconnect  The  CLOCK
tnput To AXTPS And The
GND To The Chaestls, {See
NOTE 1 For Sigreturs
Armahyzer Control Sattings. b

:

Uns The Signsiure Ansl-
rar Te Cheek The RAM
OQuipur Slgnatures At The
Following Paints:

tosatlon  Signoture

ATU34

Pin2 BaP
Pins  TFPH
Pin9 AROP
Pin 12 UHUG
atyaz

Pin2 PEFH
Plo® - PO
Ping PHIE

Pin12 acea

The RAM Clreuits Ara Operating Cor-

ety

$

Check The Signajures At
The Following Pales:
Location  Signature
ATUAG

Ping AFCP

Pin 30 184P

Pin 1t URUC
Pin 12 TFPH
ATME

Ping PHIE

Pin 10 ILPA

Pin 11 Pas1

Pin 12 PGPH

18

Tarn The Instrument OFF,
CGonnect A 10 k2 Resiztor
Berween Tha +5 V Test
Point On The A1 Assambly
And The Probs Tip OF The
Signaiure Ansiyzer Turn
The Ingtramant ON,

:

‘The Ensble
Slgnature At
AlU43FIn 1

Go To Tha Device Select
Trounieshaoting  Proced-
ure,

JATT
}

YES

Turmn The OFF
And  Carafully Remove
Alik4 And HE. Turn
The Instreument ON.

Qurpur Bulifer ATUIS Or
ATUSD.

i

Cheek Tho Slgnsturts At
The Foliowlng Poines:

Locaslon  Slgnacurs

AlUds

8ackat

Bin 1 g3aF

Pin ItBFF
Fic 3 OHAH
Fie 4 2GS

fins TUFP

Ping FF11

Fin7 &711F

Go To The AL Trouble-
shogtiag Procadurs,

3455-B-20

Pin 15 143A

Check The Signaturss At
The Followlny Palntar

Locetlgn  Slgnaturd
ATU4

Socket
Ping@ o8
Pia 10 9706
Pin 11 F787
Pin 12 15FU
AtLMS
Socket
Ping 62PP

Pin 10 P2FQ
Pin 11 HIFH
Pin 12 IASC

I+
The Ecable
Stgnaure AL
AttMd Pin 13
8037

A.aM, A1U44 Qr U45.

Go Te The Divica Se
Troubteshooting  Procsd
e

Did
Any Of Tha
Palnis Chicked
Have A
Signaturs
Of gpea
7

I
The Signalure
At Pin 20f
ANU3E F281T

Go Ta The Davice Serect
Ti Progad.

I3 The Sig:
ALPINS O
ATU2E PS5

Peesetieble
A1U36 Qr U3T.

Counter

Data Buk Output Buffers
AU or U427,

A Slgnawwre ¢ ¢ A0 @
Indieates The Output Data
But Line s Being Hald
Low. Troubféshoot The
Componems  Which  Are
Connecied To This Line.
{5ee Nore 2.}

In Most Cpes. A High
Resoluticn Valzmeier
{1 pV Rewlution) Mpy Bz
Uzed Yo Determine The
Bad Component. In Gen-
eral, Tha Companem Held-
ing The Line Low Wil
Have The Lowest Voltage
Reading. When  Trouhle-
shooting The Data Bus,
The A3 Assambly Shoutd
Be RAemoved Fram The
Instrument.

ure.

NOTE 3

B2 Sure To Remove The 10 ko1
Resisrar  Consected Berween The
Signature Amolrzer Prove Tlp And
The +5 V Teat Point.

Replaee ATU4 And AF 35,

Figure 8-H-22. Outguard Troubleshooting Procedure Diagram, RAM Circuitry,
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€32 kas been chaaged fiom 2.2 gF 10 .22 aF te eliminats doubis entry of (0Nt ponal keys,

C46 applies 10 serisl numbers 16224015086 and above. C485 servas to ratuce 1urn-on noiss
causing lalae nterrupls.

For instrumants with Seriat Numbers 1622A 10105 and balow, tha Gate Bias Valiage (G.B,)
of the nanoprocessor (U9 may ba st a different value for diffarent progessors, 1t was
riecessary 10 solact the corect voltage by padding R3. Sinca all the new processors require
the samp gate bias voliage { - 5V}, selection of R3 is not necessary.

For instrumants with Sarial Numbors 162ZA05650 end balow, A33 is 2 1K ohm resisior
and & itar {C46) is twaara V26 pin 14 ond graund. Te improve tha ppara.
tion of the tum-gn circuit, delete CAE and changs R3J to the 10K ohm valua (Part No.

QI57-0442). Also, the Schematic app%ea for Rovision E printed ¢ireuil baards. For gldes
igvision boards, changa tha schamatic 10 tha following:
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Model 3455A

APPENDIX A

A-1. INTRODUCTION.

A-2. The following section of this manual gives some remote programming (HP-I1B) examples for
the 3455A. These examples are given in the HP Basic (-hp- Model 9830A/B Controller ), HPL (-hp-
Model 9825A Controller), and Enhanced Basic (-hp- Models 9835A/B and 9845A/B) Controller)
languages.

A-3. For effective program writing, it is advisable to write a good algorithm first. Then write the
3455A program using the HP-IB information in Section I1I 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 inessages are written in the respective controller languages
angd 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 34535A.

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@},

Bagin For...Mext Loop

Address OVM to Listen, Controller to Talk.
Format the Qutput.

. Trigger the DVM (GET).

Set DVM to Talk.

Format the Output {reading}.

A3 T b ——————— Enter the OCutput into Variable.

Complets For'-.Next loop.

Begin For...Next Loop.

T Print the Entire Array.
—_—

Compiete For...Next Loop

Ends the Program.

Appendix A



Appendix A Model 3455A

Example #1 (HPL).

e - Trigger DVM (GET}.
AT "l_——-—_'ﬂ_*_'—‘Enter the Reading inte Variable.

//Dimension the Array.

[ s SN el //Assign Name to the DVM Addrass.

1i La Set DVM to DCV (F1}, Autorange (R7}, Hold/Manual (T3],
o Tror 2 "F LR T2 TS METE =—""Auto-Cal Off (A®), Data Ready Off (DO}

i It B Begin For...Next Loop.

o His

|- 1 ‘I._-_-_'—‘"

Fm——— Auto-Cal on to Maintain Accuracy.

T
ot B _.|—-..______\Begin For...Next toop.
o ATm— Print the Entire Array.
oo lr TT i"!-‘-—-._,\

e Complete For,..Next Loop.

\Ends the Program.

Choose Option Base for Array (seea Notel.
Dimension the Array.
Use Variable for DVM Address.

Set DVM to DCV CED, Autorange (R7), Hold/Manual (T3},
| 2" Auto-Cal OFf (AQ), and Data Ready Off (D@

Begin For...Next Loop.
— Trigger DVM {GET},

W T b ovs e O T ] ne
- . o ‘ ol toss s bndes Enter the Reading into Variable.

Compilete For...Next Loop.
Auto-Cal on to Maintain Accuracy.

% AT R THT e ) e e Format the Array.
1 FH— T

Print the Entire Array.

\H Ends the Program.

Mote: 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
vartable 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.
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Example # 2 {HP Basic)

Dimension Varisbles.
Store 20 into "'Y''and -69100Q into ‘2"’ Registers of DVM

Set DVM 1o DCV (F1), Scale (M1}, Hold/Manual (T3}, High
Rasolution Off (HD), Auto-Cal on (A1), 10 V Range (R3),
and Binary Program (B).

Address DVM to Listen.
Format the Qutput.

L T
MUNE
(! II'Et

||I_‘ J|| Tk

Enter Qutput into String Variable.
Enter First Four Characters of Qutput into String Variable

Set DVM to ACY {F3], Math Off (M3), and Autorange on
{R7].

Bagin For...Next Loop.

Format the Qutput,

Trigger the DVM (GETI.

Set DVM to Talk.

Format the Output (reading}.

Enter the Qutput of the DVM into Variable.
Complete For...Next Loop.
\\Locai Controller Operation without DVM,
Set DVM to Listen.

Format to set DVM into Binary Mode.

FLTRLT
PHp

CRREE: Sst up DVM to Binary Information in String.
Set DVM to Listen, Controller to Talk.

I |iiE: lTl HT Format the Qutput.
::::’ H ]{f’"' l;;| l, s » T Trigger the DVM {GET).
Sat DVM to Talk.

F I-.” i ‘j Format the Qutput (reading).
Enter Qutput into Variable.
Begin For...Next Loop.

Format the Default Printer.
Print the Entire Array.
Complete For...Next Loop.

Skip a Space on Default Ptinter.
Format the Default Printer,
Print Value in Variable.

Skip 8 Space on Default Printer,

F IR M |"'| |
CILTRLT 01,

430 '”““‘“--ﬁhﬁ

Skip a Space on Default Printer.
Set DVM to Listan, Controller to Talk.
Format the Qutput.

\ Claar the DVM (set to turn-on state}, (SDC).

Ends the Program.

A-3
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A-4

Example # 2 {HPL)

Dimension Variable.
Assign Name to the DVM Address.
Store 20 inte **Y** and -68100 into **Z"* Registers of DVM.

Farmat Qutput.

Set DVM to DCV {F1), Hold/Manual (T3), High Resolution
Otf (H@), Scale {M1), 10 V Range (R3}, and Binary Program

(B}.
Reformat to Tuen-On Condition.

Entire Binary Characters inte String.

«‘ _-——-_—-_-——_--h——
Set-up DVM to ACV (F3), Math Off (M3}, and Autorange
(R7).

;| i A —
||| ECTE \Eegin For...Naxt Loop.
I
T Trigger the DVM (GET}

Complete For...Next Loop.

Format Qutput.

Local Controller Operation without DVM.
:EI;__,,_.__.—-——-—"Set-up DVM to Binary Information in String.
Trigger the DVM (GET).

Enter Output into Variable.

e Format the Ourput.
wlota [Ee—— g
o egin For...Naxt Loop.

Print the Entire Array.

—omplete For...Next Loop.
ormat the Default Printer.
rint Valus in Variabla.
lear the DVM (set to turn-on state}, {SDC).
Advance Default Printer 3 Spaces.

Ends the Program.
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Example # 2 {Enhanced Basic)

—”‘/'Choose Option Base for Array (5ee Note).
—’_”/_’—-Dimensicn the Array.

LE Use Variable for DVM Address.

Store 20 into 'Y’' and -69100 into **Z’* Registers of DVM.

Format the Cutput Statement.

[ii-Set DVM to DCV {F1}, Hold/Manual (T3], High Resolution

Off (HO), Scale (M1}, 10 V Range (R3), and Binary Program
PR ] T "%

(B).
I R v B W TR S

Enter Binary Characters into String.

Set 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 Output into Variable.

W Format the Qutput.
I Mo L tude
——

[ T T Format the Default Printer.

divias "H \
hapgp— Print Value in Variable.

1 :[:l‘—-—-—-_._.________ Clear the DVM (set to turn-on state}, (SDC}.

Ends the Program.

Print the Entire Array.

Ngte: Refer to Controller Manual for explanation of Option Base.

A-5/A-6





