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SAFETY SUMMARY

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

GROUND THE INSTRUMENT

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

DO NOT OPERATE IN AN EXPLOSIVE ATMOSPHERE

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

KEEP AWAY FROM LIVE CIRCUITS

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

DO NOT SERVICE OR ADJUST ALONE

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

DO NOT SUBSTITUTE PARTS OR MODIFY INSTRUMENT

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

DANGEROUS PROCEDURE WARNINGS

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

l WARNING I

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




SAFETY SYMBOLS

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

d

| WARNING I
_'Ecnunoni

NOTE:

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

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

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

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

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

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

Alternating or direct current (power line).

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

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

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




Model 3455A

Section I

SECTION |
GENERAL INFORMATION

1-1. INTRODUCTION.

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

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

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

1-5. SPECIFICATIONS.

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

1-7. INSTRUMENT AND MANUAL IDENTIFICATION.

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

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

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

1-11. DESCRIPTION.

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

age measurements with five digit resolution and dc voltage
and resistance measurements with 5 or 6 digit resolution as
programmed by the user. The 3455A employs an automatic
calibration (AUTO CAL) feature which automatically cor-
rects for possible gain and offset errors in the analog cir-
cuitry to provide maximum accuracy. A removable refer-
ence module permits external calibration of the dc voltage
and resistance functions. The reference module can be
removed, calibrated and returned to the instrument, or the
module can be replaced with another recently calibrated
reference. A MATH feature permits voltage or resistance
measurements to be scaled into convenient units or to be-
read directly in percent error from a selected reference.
The 3455A is HP-IB programmable for system applications.

NOTE
HP-IB is Hewlett-Packard’s implementation of
IEEE std 488-1975, “'standard digital interface
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 Information
and Operating and Service Manuals

1-15. Accessories Supplied.

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

1-17. ACCESSORIES AVAILABLE.

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

Accessory No. | Description

11177A 3455A Reference Module

34111A High Voltage Probe (40 kV dc)

10631A HP-IB Cable 1 meter (39.37 in.)

10631B HP-IB Cable 2 meter (78.74 in.)

10631C HP-IB Cable 4 meter (157.48 in.)
03455-61609 Inguard/Outguard Service Cable

1-19. Recommended Test Equipment,

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

Table 1-1. Specifications.

DC Voltage

Specifications apply with Auto-Cal ON

Maximum
Ranges: Display:
High High High High
Resolution  Resolution Resolution  Resolution
Off On Off On
v —_ +.149999V
1V 1V +1.49999V +1.499999V
10V 10V +14.9999V +14 99999V
100V 100V +149.999V +149.9999V
1000V 1000V +1000.00V  +1000.000V

Range Selection: Manual, Automatic, or Remote

Performance (High Resolution Off)

Temperature Coefficient: (0°C to 50°C)
0.1V range: =(0.0003% of reading + 0.15
digits)/°C
1V range: +(0.0003% of reading + 0.015
digits)/°C
10V range: +(0.00015% of reading + 0.01
digits)/°C
100 & 1000V range: +(0.0003% of reading + .01
digits)/°C
Accuracy: (1 digit = .001% of range):
24 hours; 23°C =1°C

10V range: =(0.002% of reading + 1 digit)

1V range: +(0.003% of reading + 1 digit)

0.1V range: *+(0.004% of reading + 4 digits)
=(

100 & 1000V range:
90 days; 23°C +5°C
10V range:
1V range:
0.1V range:
100 & 1000V range:
6 months; 23°C =5°C
10V range: =
1V range: *
0.1V range: =
100 & 1000V range: =
1 year; 23°C +5°C
10V range:
1V range:
0.1V range:
100 & 1000V range:

0.004% of reading + 1 digit)

+(0.005% of reading + 1 digit)
+(0.006% of reading + 1 digit)
+(0.007% of reading + 4 digits)
+(0.007% of reading + 1 digit)

(0.008% of reading + 1 digit)
(0.009% of reading + 1 digit)
(0.010% of reading + 5 digits)
(0010% of reading + 1 digit)

+(0.013% of reading + 1 digit)
+(0.014% of reading + 1 digit)
+{0.015% of reading + 6 digits)
+(0.015% of reading + 1 digit)

Performance (High Resolution On)
Temperature Coefficient: (0°C to 50°C)

1V range: +(0.0003% of reading + 0.15
digits)/°C
10V range: =(0.00015% of reading + 0.1
digits)/°C
100.& 1000V range: *(0.0003% of reading + 0.1
digits)/°C

Accuracy: (1 digit = ,001% of range)
24 hours; 23°C =1°C
10V range: +(0.002% of reading + 3 digits)
100 & 1000V range: +(0.004% of reading + 3 digits)
1V range: +(0.003% of reading + 4 digits)
90 days; 23°C +5°C
10V range: +(0.005% of reading + 3 digits)
100 & 1000V range: +(0.007% of reading + 3 digits)
1V range: *(0.006% of reading + 4 digits)
6 months; 23°C £5°C
10V range: +(0.008% of reading + 3 digits)
100 & 1000V range: *(0.010% of reading + 3 digits)
1V range: +(0.009% of reading + 5 digits)
1 year; 23°C =5°C
10V range: +(0.013% of reading + 3 digits)
100 & 1000V range: +(0.015% of reading + 3 digits)
1V range: +(0.014% of reading + 6 digits)

Input Characteristics

Input Resistance:
0.1V through 10V range: >10'" 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

Normal 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 + 0.1%
60 Hz operation: > 60 dB at 60 Hz + 0.1%

Effective Common Mode Rejection (ECMR): ECMR
is the ratio of the peak common-mode voltage to the
resultant peak error voltage in the reading with 1 kQ un-
balance in low lead.

AC Input:
50 Hz operation: > 160 dB at 50 Hz + 0.1%
60 Hz operation: > 160 dB at 60 Hz + 0.1%

DC Input:
> 140 dB
Maximum Reading Rate:
60Hz Gate Length
High High
Resolution Resolution
Off On
Local 5 readings/sec. 3 readings/sec.
Remote 24 readings/sec. 6 readings/sec.
50Hz Gate Length
High High
Resolution Resolution
Off On
Local 3.5 readings/sec. 2.5 readings/sec.
Remote 22 readings/ sec. 5 readings/sec.

1-2




Model 3455A

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

Section |

Ranges:
High High
Resolution  Resolution
Off On
1kQ
1k 1k}
10k 10k
100k12 100k2
1000k 1000 k02
10000k 10000k}

0.1k{} range:

1000k{2 range:
10.000k (1 range:

Accuracy: 4 wire k ohms*
24 hours; 23°C =1°C
0.1k(1 range:
1k{2 range:
10k(2 range:
100k} range:
1000k range:
10,000k range:
90 days; 23°C =5°C
0.1k} range:
1k{} range:
10k{2 range:
100k range:
1000k(2 range:
10,000k{2 range:
6 months; 23°C =5°C

0.1k(} range:
1k(1 range:
10k(2 range:
100k(} range:
1000k(2 range:
10,000k range:
1 year; 23°C =5°C
0.1k{2 range:
1k{1 range:
10k{} range:
100k(2 range:
1000k} range:
10,000k(2 range:

1, 10 and 100k{ range:
1000k(2 range:
10,000k{2 range:

1, 10 and 100k(} range:

Ohms

Maximum
Display:

. High
Resolution
Off

149999k ()
1.49999k(1
14.9999(1
149.999k(}
1499.99k ()
14999.9k1

High
Resolution
On

1.499999k 2
14.99999k ()
149.9999k(2
1499.999k(1
14999.99k()

Range Selection: Manual, Automatic, or Remote
Function Selection: 2 wire k ohms or 4 wire k ohms

Performance (High Resolution Off)
Temperature Coefficient: (0°C to 50°C)

(0.0003% of reading + 0.2
digits)/°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

(1 digit = .001% of range)

+(0.003% of reading + 4 digits)
+(0.003% of reading + 1 digit)
+(0.005% of reading + 2 digits)
+(0.002% of reading + 2 digits)
+(0.012% of reading + 5 digits)
+(0.1% of reading + 5 digits)

+(0.005% of reading + 5 digits)
+(0.005% of reading + 1 digit)
+(0.007% of reading + 2 digits)
+(0.004% of reading + 2 digits)
+(0.014% of reading + 5 digits)
+(0.100% of reading + 5 digits)

+(0.005% of reading + 6 digits)
+(0.005% of reading + 1 digit)
+(0.007% of reading + 2 digits)
+(0.004% of reading + 3 digits)
+(0.014% of reading + 5 digits)
+(0.100% of reading + 5 digits)

+(0.006% of reading + 7 digits)
+(0.006% of reading + 2 digits)
+(0.008% of reading + 3 digits)
+(0.005% of reading + 4 digits)
+(0.015% of reading + 6 digits)
+(0.100% of reading + 6 digits)

Performance (High Resolution On)
Temperature Coefficient: (0°C to 50°C)

+(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 =

24 hours; 23°C =1°C

1k{2 range:
10k (2 range:
100k range:
1000k(2 range:
10,000k range:

90 days; 23°C +5°C

1k{} range:
10k{2 range:
100k(2 range:
1000k{2 range:
10,000k} range:

6 months; 23°C +5°C

1k{2 range:
10k range:
100k} range:
1000k12 range:
10,000k} range:

1 year; 23°C £5°C

1k{} range:
10k(} range:
100k range:
1000k{2 range:
10,000k() range:

.0001% of range)

+(0.0025% of reading + 4 digits)
+(0.0045% of reading + 4 digits)
+(0.0020% of reading + 5 digits)
+(0.0120% of reading + 4 digits)
+(0.1000% of reading + 4 digits)

(0.0035% of reading + 5 digits)
(0.0060% of reading + 5 digits)
(0.0035% of reading + 6 digits)
(0.0135% of reading + 5 digits)
{0.1000% of reading + 5 digits)

4+ H I+

+(0.0040% of reading + 6 digits)
+(0.0065% of reading + 6 digits)
+(0.0040% of reading + 7 digits)
+(0.0140% of reading + 6 digits)
+(0.1000% of reading + 6 digits)

+(0.0045% of reading + 7 digits)
+(0.0070% of reading + 7 digits)
+(0.0045% of reading + 8 digits)
+(0.0145% of reading + 7 digits)
+(0.1000% of reading + 7 digits)

*Accuracy: 2 wire k ohms
All accuracy specifications are the same as 4 wire k ohms ex-
cept add 0.0004k(2 to all readings.

Input Characteristics

Maximum voltage generated across

unknown:

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

Signal Source Driving Unknown (Nominal):

0.1k, 1k & 10k(1 ranges

oy

Runbncwn

100k}

Lo

1000k{2 & 10,000k{) ranges Auwsown

Overload Protection:

"
" 0 TmA
mpﬂ. o

Lo

Wil
-
3
]

Non-Destructive — +350V peak
Maximum Reading Rate:

60Hz Gate Length

High High
Resolution Resolution
Off On
Local 4.5 readings/sec. 2 readings/sec.
Remote 12 readings/sec. 3 readings/sec.
50Hz Gate Length
High High
Resolution Resolution
oft On
Local 4 readings//sec. 1.8 readings/sec.
Remote 11 readings/sec. 2.5 readings/sec.
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Model 3455A

Section 1
Table 1-1. Specifications (Cont'd).
AC Voltage (RMS converter)
Maximum
Ranges: Display:
High Resolution High Resolution
On or Off On or Off
v 1.49999V
10V 14.9999V
100V 149.999V
1000V 1000.00V

Performance

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

Temperature Coefficient: (0°C to 50°C) for inputs <50kHz
AC coupled, input >1% of full scale: +(0.002% of reading + 2 digits)/°C
AC coupled, input < 1% of full scale: +(0.002% of reading + 6 digits)/°C
AC/DC coupled: =(0.002% of reading + 6 digits)/°C

Accuracy: *+| % of reading + digits or (% of range)|' (AC Coupling)*

FAST ACV*  300Hz-20kHz  20kHz-100kHz 100kHz-250kHz* 250kHz-500kHz* 500kHz-1MHz’
ACV*  30Hz-20kHz  20kHz-100kH: 100kHz-250kH:* 250kHz-500kHz’ 500kHz-1MHz’

24 brs; 23°C +1°C 04% + 40dig. | 0.4% + 80 dig. 18% + 200dig | 4% + 400dig | 5% + 2600dig
(.04%) (.08%) (.20%) (.40%) (2.6%)

90 days; 23°C +5°C | .05% + 50 dig. 05% + 100dig | 20% + 250dig. | 5% +500dig | 6% + 3100dig|
(.05%) (10%) (.25%) (.50%) (3.1%)

6 mos; 23°C +5°C 06% + 60 dig. 06% + 130dig | 21% + 300dig. | 51% + 600dig | 63% + 3500dig.
(.06%) (.13%) (.30%) (.60%) (3.5%)

1 year; 23°C +5°C 07% + 70 dig. 0.7% + 160 dig | 22% + 350dig | 53% + 700 dig | 6.6% + 3900dig.
(.07%) (16%) (:35%) (.70%) (3.9%)

Guard must be connected 1o low

2 tor AC D coupled inpuns

Crest Factor: 7:1 at full

Input Characteristics
Input Impedance:

Guard to Low Terminal:

Maximum Input Voltage:
High to Low Terminals: + 1414 volts peak (Subject to a
107 volt - Hz limitation)

Guard to Chassis: =500V peak

Specibicaions ate onby for mpul kevels above 17 of 1ange
Fos AC coupled mputs © 1% of full scale add 20 digty 1o abovw sccuracy lable ewcept
Foe AC coupled mputs above 50kHz and © 5% of full scale add 170 digits b0 above accuracy table Sev lootnoty

scale

+200V peak

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

“Far any AC, DC coupled inpul add (0 05T of mading
For an AC DC eoupled input above S0hHr and
Frequencwes ol greater than 1D0kHr are specihed for the 1V and LIV ranges only
“Accuracy i not specbied if the volt hr product exceeds |07
. i .

For inputs =500V multiply the above tabled accuracy by 1500 . [Vin]

[T

Maximum Reading Rate:

60Hz Gate Length

50Hz Gate Length

ACV

FAST ACV

ACV

FAST ACV

Local

1.3 readings/sec.

4.5 readings/sec.

1.1 readings/sec.

3.5 readings/sec.

1.3 readings/sec.

13 readings/sec

1.1 readings/sec.

12 readings/sec

Response Time:
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)

o 20 degtsl 10 above accuracy table eucep!
5% of full scale add |70 degits s above accuracy table




Model 3455A

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

Section |

Maximum
Ranges: Display:
High Resolution High Resolution
On or Off On or Off
v 1.49999V
10V 14.9999V
100V 149.999V
1000V 1000.00V

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

Performance

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

Accuracy: *+[% of reading + digits or (% of range) ]’

AC Voltage (Average Converter Opt. 001)

FAST ACV* 300Hz-500Hz 500Hz-1kHz 1kHz-100kH=z 100kHz-250kHz*
ACV? 30Hz-50Hz 50Hz-10QH:z 100Hz-100kHz  100kHz-250kHz*
24 hre; 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% + 50 dig. 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%)
1yr.; 23°C =5°C 0.50% + 70 dig. | 0.40% +70 dig. | 0.12% + 35 dig 0.75% + 80 dig.
(.07%) (.07%) (.035%) (.08%)
*Guard mus be connected 1o Low
On the 1000V range add 0 01 ppm/volt - kHs
Specihications are lor mpul levels above 1/100th of range
‘Frequencies greater than 100kHz specibed on | and 10V ranges only
‘Accuracy m not specilied i the volt-hertz product exceeds 10'
Input Characteristics
Input Impedance:
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: + 1414 volts peak (Subject to a
107 volt - Hz limitation)
Guard to Chassis: =500V peak
Guard to Low Terminal: +200V peak
Maximum Reading Rate:
60Hz Gate Length 50Hz Gate Length
ACV FAST ACV ACV FAST ACV
Local 1.3 readings/sec. 4.5 readings/sec. 1.1 readings/sec. 3.5 readings/sec.
Remote 1.3 readings/sec. 13 readings/sec. 1.1 readings/sec. 12 readings/sec

Response Time:

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

Y

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

Maximum Number: (Entered or Displayed)
+199,9999

Accuracy:
+(ACCURACY OF X READING =1 DIGIT OF DIS-
PLAYED ANSWER)'

'This assumes no "Y" or 2" error.

Scale: (z—_Z)

Math

% Error: (X;Y) x 100%

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

Maximum Number: (Entered or Displayed)
+199,999.9

Accuracy:
+(ACCURACY OF X READING = 1 DIGIT OF DIS-
PLAYED ANSWER)!

'This assumes no "Y' error.

Table 1-2. Typical Operating Characteristics.

Range Selection: Manual, Automatic, or Remote

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

NORMAL MODE REJECTION (50 Hz OPERATION)
] — —
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; UM
E -+ \ "
[ |
10 +601GIT -
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OPEHATION
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10 100
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Normal Mode Rejection = 20 log

sinmfT

EFFECTIVE COMMON MODE REJECTION (50 Hz OPERATION)
180

1
Effective Noise Bandwidth = "2?

T = 1/60 sec for 5 digit 60 Hz Operation
T = 2/15 sec for 6 digit 60 Hz Operation
T = 1/50 sec for 5 digit 50 Hz Operation
T = 4/25 sec for 6 digit 50 Hz Operation
COMMON MODE REJECTION (1 KILOHM IMBALANCE)
150 .
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ml f 11, 0 1
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g 1 1 A
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Table 1-2. Typical Operating Characteristics (Cont’d).

Section 1

EFFECTIVE COMMON MODE REJECTION (60 Hz OPERATION)

180 T | I |
| l
170 TT1
180
& 150 ‘ T
2
3 |
7] t Mll| 606 \
2 My OPERATION \
S L 1

5 DIGIT n
1 '

o \| OPERATION

I |1

| |

1 0
FRAEQUENCY {Hzl

r 4

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 character typical (@ delay acceptor)

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

Overload Indication: OL ” -

Operating Temperature: 0 Cto 50 C

Warmup Time: One hour to mset all spac&flcations
Humidity Range: < 95% R I-I o°c 19 40°C
Storage Temperature: —40 C to +75°C

Power: 100/120/240 V +5%, —10% 48 Hz to 400 Hz line
operation < 60 VA
220 V + 10% 48 Hz to 400 Hz line operation
< 60 VA
Dimensions: 88.9 mm high x 4255 mm wide x 527.1
mm deep (3%" high x 16%" wide x 20%"’ deep)
Weights: Net — 9 kg (21 Ibs.)
Shipping — 12 kg (26 Ibs.)

1-21. SAFETY CONSIDERATIONS.

1.22. The 3455A is a safety class 1 instrument (provided
with a protective earth terminal). The instrument and man-
ual should be reviewed for safety symbols and instructions
before operation.
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Table 1-3. Recommended Test Equipment.

Model 3455A

Instrument Critical Specification Recommended Model Use
DC Voltage Standard Voltage: 10 mV to 1000 V Systron Donner PAT
Accuracy: + .005% Model M107
AC Calibrator Frequency: 20 Hz to 100 kHz -hp- Model 745A PAT
Output Level: 100 mV to 1000 V AC Calibrator
Accuracy: £ 1% -hp- Model 746A
Voltage Stability (6 mos.) + .02% High Voltage Amplifier
Test Oscillator Frequency: to 250 kHz -hp- Model 652A P
Output: 3V rms into 50 02 Test Oscillator
Frequency Response + .25%
Resistance Decade Resistance: 100 £2 to 10 MQ Gen Rad Model . PAT
Accuracy: + .004% GR 1433-Z Decade
Resistor
DC Null Voitmeter Voltage Range: 1 pV to 10 V -hp- Model 419A PAT
Reference Divider Division Ratio Accuracy + .001% Fluke Model 750A PA
Qutput Voltage Range -1 V1o 1 kV Reference Divider
DC Transfer Standard Output Voltages: 1 V,1.018 Vv, Fluke Model 731A PA
1.019v, 10V DC Transfer Standard
Accuracy: £ 5 ppm
Stability: + .001% (30 days)
Electronic Counter 50 Hz to 60 Hz -hp- Model 5300A/5302A| P
Measuring System
Resistance Standard iesistancr::: t1 ;?05% Guildine Model A
Resistans: 100 K 9330/1 K or 9330A/1 K
Accmw:' + .002% Guildline Model 9330/100 K
Bus System Analyzer HP-1B Control Capability -hp- Model 59401 A T
Bus System Analyzer
Calculator HP-1B Control Capability must -hp- Model 9825A oT
serve as printer for 34554
Output data.
Oscilloscope Bandwidth: DC to 10 MHz -hp- Model 180C/D T
Sweep Time: 0.1 ps to 1 sec/div Oscilloscope with
Sensitivity: 1 V/div 1801A and 1821A
plug-in units
Digital Voltmeter Voltage Range: 10 mV to 1000 V -hp- Model 3490A PAT
Resolution: 10 gV
Resistors Resistances: -hp- Part No.
1 k2 £10% 0684-1021
10k +0.1% 06984157 P
1MQ +0.1% 0698-6369
Signature Analyzer -hp- Model 5004A T
P = Performance Checks T = Troubleshooting
A = Adjustments O = Operators Check
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SECTION 1I
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, environmental informa-
tion, and repackaging instructions.

2-3. INITIAL INSPECTION.

2-4. This instrument was carefully inspected both mechan-
ically and electrically before shipment. It should be free of
mars and scratches and in perfect electrical order. The
instrument should be inspected upon receipt for damage
that might have occurred in transit. If the shipping con-
tainer or cushioning material is damaged, it should be kept
until the contents of the shipment have been checked for
completeness and the instrument has been mechanically
and electrically checked. Procedures for testing electrical
performance of the 3455A are given in Section IV. If the
contents are incomplete, if there is mechanical damage or
defect, or if the multimeter does not pass the Performance
Tests, notify the nearest Hewlett-Packard Office. (A list of
the -hp- Sales and Service Offices is presented at the back of
the manual.) If the shipping container is damaged, or the
cushioning material shows signs of stress, notify the carrier
as well as the Hewlett-Packard Office. Save the shipping
materials for the carrier’s inspection.

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.

2-8. Line Voltage Selection.

2-9. Before connecting ac power to the 3455A, make sure
the rear panel line selector switches are set to correspond to
the voltage of the available power line as shown in Figure
2-1. Also, be sure the proper fuse is installed. The multi-
meter is shipped with the line voltage and fuse selected for
120 V ac operation.

LAAAAAS S S

$CAUTIONS

AAAAA AR RAN

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

2-10. Power Cable.

2-11. Figure 2-2 illustrates the standard configurations

240 260V
220w Z=ov
ooV Koy

2 i20v

240 va ity 220 Vo't
240V 2407
‘ !-?20? ’ E?}cui

|2§3~ -:25?:

120 Vain W00 Voits
NOMINAL OPERATING RANGE
VOLTAGE - 10%, + 5% of nominal FUSE
100 volts 90 to 105 volts 05A
120 volts 108 to 126 volts 05 A
220 volts 198 to 231 volts 0.25 A
240 volts 216 to 252 volts 0.25 A

Figure 2-1. Line Voltage Selection.

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

2-12. Grounding Requirements.

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

2-14. Bench Use.
2-15. The Model 3455A is shipped with plastic feet and tilt

stands installed and is ready for use as a bench instrument.
The plastic feet are shaped to permit “stacking™ with other

g £ 7
.I \\3 \\{W\ %_
. [ AN L By
S| hy” N 4 ;
S \)\""' | [i :—\\_@ (S
N \ > Gy
8120-1381 81201369 81201689
‘\\ 125V - BA® ..:‘\," TN 250V - BA
""\_‘E" - I." N
. ( i
L N \%
N N
8120 lm\"’ 2t 8120-0808

STO-B-4m8
*UL LISTED FOR USE IN THE UNITED STATES OF AMERICA

Figure 2-2. Power Cord Configurations.

2-1



Section Il

full-module Hewlett-Packard instruments. 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 adding
rack mounting kit Option 908 or Option 909. Option 908
contains the basic hardware and instructions for rack
mounting; Option 909 adds front handles to the basic rack
mount kit. The rack mount kits are designed to permit
the 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
IEEFE std 488-1975, “Standard Digital Interface
for Programmable Instrumentation”.

The Multimeter is connected to the HP-IB by connecting an
HP-IB interface cable to the 24-pin connector located on
the rear panel. Figure 2-3 illustrates typical HP-1B system
interconnections and shows the 10631 A/B/C HP-IB Inter-
face Cable connectors. Each end of the cable has both a
male and female connector to simplify interconnection of
instruments and cables. As many as 15 instruments can be
connected by the same interface bus; however, the maxi-
mum length of cable that can be used to connect a group of

Model 3455A

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

2-20. Address Selection. The HP-IB address switch,
located on the rear panel, permits the user to set the “talk”
and “listen” address of the instrument. The talk and listen
address is a 7-bit code which is selected to provide a unique
address for each bus instrument. The 3455A normally
leaves the factory with the address switch set to a “Listen”
address of 6 and a “talk” address of V. The address switch
also allows selection of a “talk-only” mode. Refer to
Paragraph 3-42 for address selection instructions.

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

2-22. ENVIRONMENTAL REQUIREMENTS.

| WARNING I

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

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

34%5-5- 4800

=]

| =

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

2-2



Model 3455A

be stored or shipped where temperature fluctuations 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 instru-
ment must be protected from temperature extremes which
cause condensation within the instrument.

2-28. Altitude.

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

2-30. REPACKAGING FOR SHIPMENT.

NOTE
If the instrument is to be shipped to Hewlett-
Packard for service or repair, attach a tag to the
instrument identifying the owner and indicating
the service or repair to be accomplished.
Include the model number and full serial num-
ber of the instrument. In any correspondence,

Section I1

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

Office.

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

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

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

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

d. Mark shipping container “DELICATE INSTRU-
MENT”, “FRAGILE", etc.

2-3
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FRONT PANEL
Line Switch, push on/push off

HP-18* status indicators:

SRQ - indicates that the 3455A ‘‘requires service’’ from

the controller. Refer to Paragraph 3-78.

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

TALK — lights when the 3455A is addressed to “talk”".

REMOTE — lights when the 3455A is under HP-IB

control.

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

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

Range Selection Keys — permit selection of ranges as
follows:

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

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

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

Function Selection Keys — DC Volts, AC Volts, FAST
AC Volts, 2 WIRE kf2, 4 WIRE k£, and TEST. LED's
located in the center of the keys indicate which function
is selected.

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

®@ 6 © 6

® ®

®

®

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

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

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

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

64

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

Z

Math Controls — Select SCALE ‘X;
Y
X =Y 4 100), or MATH OFF. The Math feature selected
Y

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

) , % ERROR
(

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

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

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

L‘,_.
(=

Figure 3-1. Front and Rear Panel Features.
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SECTION 11l
OPERATING INSTRUCTIONS

3-1. INTRODUCTION.

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

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

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

3-6. Self Test Dperation.

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 accuracy 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

Ohms Signal Terminals - supplies drive signal for
4-WIRE Ohms measurements (Paragraph 3-12).

Input Terminals
GUARD switch - internally connects the Guard terminal

to the LO Input terminal (for front panel operation only,
Paragraph 3-41).

GUARD Terminal

REAR PANEL
Ohms Signal Terminals

Input Terminals
Guard Terminals

Front/Rear INPUT SELECT switch

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

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

®EEOEE ® @G 6

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

Reference Module

EXTERNAL TRIGGER Input Connector

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

Cooling Fan

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

Fuse — 90 V to 126 V — 0.5 amp, 198 V 10 252 V —
0.25 amp.

AC Power Connector.

® 6 ®® ©OE @

*HP-1B is Hewlett-Packard's implementation of IEEE Std.
488-1975, “"Standard Digital Interface for Programmable
Instrumentation”.

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

3-1
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4-WIRE MEASUREMENT

OSIGNAL  INPUT  GUARD
(4 WIRE) (2 WIRE)
Lo4o,

O OO

SIGNAL
CURRENT <RX

2-WIRE MEASUREMENT

INPUT
(2 WIRE)

N SIGNAL GUARD

(4 WIRE)

—O—pO— S/ ~ =080,

Q

— —0—pO—

Rx

SIGNAL j

CURRENT

3455-8-4667

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 dc 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 1-1 for DC Accuracy specifications.

3-12. Resistance Measurement.

3-13. The Model 3455A measures resistance from 1
milliohm to 15 megohms in six ranges extending from .1
kilohms ful scale to 10,000 kilohms full scale. Measure-
ment results are presented in 5-1/2 digits during normal
operation or in 6-1/2 digits when the 3455A is set to the
High Resolution mode. The only exception is that the .1
V range can only take a measurement in the 5-1/2 digit
mode. Resistance may be measured in ‘‘4-WIRE’’ con-
figuration for optimum accuracy or ‘“2-WIRE” con-
figuration may be selected for measurement conve-
nience. Figure 3-2 shows proper connections for making
resistance measurements. The nominal output signal
current on the .1 kilohm, 1 kilohm and 100 kilohm
ranges is .7 mA. The nominal output current on the
1000 kilohm and 10,000 kilohm ranges is .7 microamp.
Maximum output voltage is limited to less than 5 volts
on all ranges. Refer to Table 1-1 for ohm accuracy
specifications.

3-14. AC Voltage Msasurement.

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

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

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

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

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

NOTE

The front panel guard pushbutton applies
only for front panel inputs. Be sure to wire
rear panel guard connections yourself, if us-
ing the rear 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 1 in *‘y”’. The scale for-
mula then becomes: result = X - (+ 2) = x - (¢ 2).
1
Division is performed by entering @ in ‘‘z’’ and the
divisor value in *‘‘y.”” The scale formula then
becomes: result = X - @ = X, Multiplication is perform-
y y
performed by dividing the measurement value by the in-
verse of the multiplier value; that is, multiplication is
performed by dividing by a fraction. The scale formula
becomes: result = X - @ = xy. As an example: to
1/

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

a. Current Measurement: Accurate current
measurements can be made by using a low value resistor
shunting the 3455A’s input terminals. The value of the
resistor is then entered in the *‘y’’ register (see
Paragraph 3-22), and zero is entered in the *‘z’’ register
With the resistor connected at the input terminal and the
instrument set in the voltage mode, current
measurements can now be made. You can do this by
connecting the input across the resistor and measuring
the voltage drop across the resistor. This voltage drop is
proportional to the current through the resistor. By
switching the 3455A to the scale mode, the reading
becomes an accurate current reading in milliamps. Since
the resistor value is in kilo ohms (R) and stored in *‘y"’,
and since zero is stored in ‘“‘z’’, the scale equation
becomes:

x-y = ¥-0 _ V__ current in milliamps
y R R
where R = Resistor across the input terminals

V = Voltage drop across the resistor

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

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

a5 — X-y _ 1 K-.8525 K _.1475 K
y y y

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

entered in the ‘‘y’’ register, the 3455A measurement

result will be presented directly in °C.

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

X-y = X-R — ynknown resistance in ohms
Y 1

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

3-22. % Error Mode. The % error mode of the math
feature is described by the formula: resultin % = X-¥ x
y
100, where *‘x’’ is the present measurement value and
““y”* is the reference value. An application of this
feature might be an inspection test of resist rs. 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%.

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

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

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

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

and + 200,000 = Upper Limit - z
y

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

-200,000 (y) Lower Limit - z
+ 200,000 (y) Upper Limit - z
0 = Lower Limit + Upper Limit -2Z
(add these two equations)

Upper Limit + Lower Limit

i

therefore, z =

2
200,000 = Upper Limit - z
y
200,000 (y) = i .
Upper Limit - Upper Limit + Lower Limit
2
Upper Limit - Lower Limit
2
and y Upper Limit - Lower Limit
400,000

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

Upper Limit - Lower 30-10

v = = 00005
400,000 400,000
, — Upper Limit + Lower Limit _ 30 + 10 = 20
2 2

By entering .00005 into the “‘y”” register and 20 into the
‘2>’ 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.

34

Model 3455A

3-23. Enter and Store.

3-24, The “‘Y'" and ““Z’ ENTER keys have two func-
tions. When one of the enter keys is pressed, the number
presently stored in the respective memory register is
displayed on the front panel readout. This allows the
operator to check the contents of the “Y’ or “Z”
memory registers. Pressing the enter key also ‘‘shifts”
the front panel keyboard, disabling all keys except those
labeled in blue. These keys can now be used to enter the
desired values to be stored in the “Y" or ““Z’" memory
registers. As the value is entered it is displayed on the
front panel readout. Numerical values from .000000 to
+ or - 199,999.9 may be entered in either the Y or Z
registers.

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

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

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

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

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

NOTE

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

3-27. High Resolution Mode.

3-28. When the 3455A is used in the HIGH RESOLU-
TION mode, the instrument changes from a 5-1/2 digit
measurement to a 6-1/2 digit measurement. This
changes the measurement resolution from 10 parts/1.5
million (5-1/2 digit mode) to 1 part/1.5 million (6-1/2
digit mode). The integration period will also change
from 1/60 second (1/50 second for 50 Hz operation) to
8/60 second (8/50 second for 50 Hz operation). The
High Resolution mode cannot be used in the AC mode
or the .1 V DC and 1 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.

3-29. The reading rate of the 3455A increases when the
Auto-Cal feature is turned off. Table 3-1 gives the
reading rate of the various functions with Auto-Cal on
or off.

3-32. The last set of constants are used to correct
measurements, when the Auto-Cal mode is turned off.
As long as the input amplifier offsets, gain ~ linearity
and drift do not vary the 3455A should remain within
it’s accuracy specifications. The time period over which
these parameters will not change may vary from instru-
ment to instrument. When the Auto-Cal function is
disabled to obtain faster reading rates, it is recommend-
ed to periodically return the 3455A to the Auto-Cal
mode in order to update the cal constants. This can be
done after a block of readings have been taken or when
the instrument is not in 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 Auto-Cal
measurement). This trigger mode is entered when the in-
strument is turned on, when the Internal Trigger button
is pressed, or a Device Clear message is remotely sent.

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

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

3-5
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frequency, and use of the Auto-Cal and High Resolu-
tion modes. When the Sample Rate buttons are pressed,
the display rate of the reading are changed. By depress-
ing the Decrease + 2 button on the front panel, the
display rate can be decreased. Each time this button is
pressed, the display rate is divided by two. The rate may
be divided a maximum of six times for a display rate of
1/64 of the maximum rate. The 3455A can be reset to
the maximum rate by depressing the maximum button,
after the display rate has been decreased. Table 3-1 gives
the maximum number of readings the instrument can
display on the front panel, in local operation.

Table 3-1. Maximum Front Panel Reading Rates.

Func High Auto Maximum Sample Rate
Function Resolution | Calibration | Maximum Sample Rate
DC Volts ON ON 3 readings/sec (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)
OFF OFF 24 readings/sec (60 Hz)
22 readings/sec (50 Hz)
Ohms ON ON 2 readings/sec (60 Hz)
1.8 reading/sec (50 Hz)
OFF ON 45 readings/sec (60 Hz)
4 readings/sec (50 Hz)
ON OFF 3 readings/sec (60 Hz)
2.5 readings/sec (50 Hz)
OFF OFF 12 readings/sec (60 Hz)
11 readings/sec (50 Hz)
AC Volts Not ON 1.3 readings/sec (60 Hz)
Applicable 1.1 readings/sec (50 Hz)
Not OFF 1.3 readings/sec (60 Hz)
Applicable 1.1 readings/sec (50 Hz)
Fast Not ON 4.5 readings/sec (60 Hz)
AC Volts | Applicable 3.5 readings/sec (50 Hz)
Not OFF 13 readings/sec (60 Hz) |
Applicable 12 readings/sec (50 Hz) I

3.38. Auto Range.

3-39. The AUTO RANGE feature of the 3455A can be
used to automatically uprange and downrange the in-
strument to the optimum range. This action takes place
when an input measurement is taken. Upranging is dene
when the reading is 150% of full scale and downranging
at 14% of full scale. The Auto Range operation can be
observed by applying 1.4 volts to the input of the
3455A. The range selected by the instrument is the 1 V
range. When the input voltage exceeds 1.5 volts, the
3455A upranges to the 10 V range. When the input
voltage is decreased below 1.4 volts, the 1 V range is
again selected. The uprange points, the downrange
points, and the accuracy of the instrument should be
kept in mind when making a measurement. Time-
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varient inputs may cause the 3455A to constantly
uprange and downrange. If this happens, manually set
the instrument to the higher range.

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

3-41. GUARDING.
3-42. Common-Mode Voltages.

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

3-46. Guarding Information.

3-47. More detailed information on purpose and
methods of guarding may be found in -hp- Application
Note No. 123, ‘‘Floating Measurements and
Guarding’’. This application note is available through
your nearest -hp- Sales and Service Office.
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A. BEST CONNECTION - GUARD CONMECTED TO LOW AT SOURCE.

BEST CONNECTION
GUARD B LOW AT
SAME VOLTAGE

NO COMMON MODE CURRENT
GOES THROUGH Ry

UNSTRANT Q8OVND _ _

0LID COMMELTION SHUNTS
CURRENT AWAY FROM Ry

PROVIDED THAT E 13
[Z3] wosTLY BETWEEN Bhounos

i E
SOURCE GROLUND
ane-0 - aeT

Section III

3-51. The capability of a device connected to the Bus is
specified by the interface functions it has. Table 3-2 lists
the Interface Functions included in the Model 3455A.
These functions are also listed above the rear panel HP-
IB connector (see Figure 3-1). The number following the
interface function code indicates the particular capabili-
ty of that function as listed in Appendix C of IEEE Std.
488-1975.

Table 3-2. HP-IB Interface Capability.

Code Interface Function

SH1 Source Handshake capability

AH1 Acceptor Handshake Capability

T Talker (basic talker, serial poll, talk only mode,
unaddress to talk if addressed to listen)

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

SR1 Service Request Capability

RL1 Remote/Local Capability

PPO No Parallel Poll Capability

DC1 Device Clear Capability

DT1 Device Trigger Capability

co No Controller Capability

E1 Open Collector Bus Drivers

Figure 3-3. Connecting the Guard.

Ecaunoné

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

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

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

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

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

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

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

Table 3-3 lists the Bus Messages and gives a brief
description of each. The messages are 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
1 through § are used to select a unique talk and listen ad-
dress. Figure 3-4 lists the available address codes and the
corresponding switch settings. The 3455A normally
leaves the factory with the switch set to listen address 6
and talk address V (decimal code 54).

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

3-7
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Table 3-3. Bus Messages.

Model 3455A

GUARD switch, and SAMPLE RATE switches, are
programmable from the Bus. The program codes for
each control are listed in Table 3-4. The program codes
can also be determined from the front panel markings.
For multi-control features such as FUNCTION,
RANGE, TRIGGER, and MATH the program code
consists of the combination of the underlined letter in
the control group heading and the position number of
the particular control. See the following example:

CONTROL GROUP CODE
(UNDERLINED)

Functions Message Description
Device Data Transfers device-dependent infor-
Communications mation from one device to 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 to be set to
a pre-defined state (a certain
range, function, etc.).

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

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

Local Disables local (front panel) con-

Lockout trols of selected devices.

Clear Returns all devices to local (front

Lockout panel) control and simultaneously

and clears the Local Lockout Message.

Local

Interrupt Require Indicates a device's need for inter-
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 (optional) are used to indi-
cate the type of service required.

Status A single bit of device-dependent

Bit status information which may be
logically combined with status bit
information from other devices
by the controller.

Passing Pass Passes bus controller responsibili-

Control Control ties from the current controller to
a device which can assume the
Bus supervisory role.

Bail Abort Unconditionally terminates Bus

Out communications and returns con-
trol to the system controller.

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

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

r FAST UNC‘I‘IUZIL“ AWIRE k|
=v vV ~ 0 0 TEST
3455-8-4TH
POSITION 1 2 3 4 5 6
PROGRAM F1 F2 F3 F4 F5 F6
CODE
INSTRUMENT
TALK ADDRESS
ONLY 5 1

Ao b

@ POSITION (DOWN} 1 POSITION (UP)

NOT USED

ASCII Code
Character Address Switches S-bit
Listen Talk AS A4 A3 A2 A Decimal Code

SP @ o 0 0 0 O 00
! A o 0 0o 0 01
" B o 0o 0 1 o0 02
= c o 0 0 1 1 03
-1 D o o 1 0 0 04
% E 0 a 1 1] 1 0s
& F 0o 0 1 1 0 06
: G o o 1 1 1 07
{ H o 1 0 0 0O 08
) | o 1 0o 0 1 09
* J (1] 1 0 1 4] 10
+ K 1] 1 0 1 1 11
L 0o 1 1 0 0 12

- M o . O 3 13
. N 0o 1 1 0 14
! o] 0o 1 1 1 1 15
] P 1 0 0 0 0 16
1 Q 1 4] 4] 0 1 17
2 R T 0 0 1 ] 18
3 S 10 0 1 1 19
4 T 1 0 1 0 0 20
5 u 1 0 1 0 1 21
4] v 1 0 1 1 0 22
7 w 1 o] 1 1 1 23
8 X 1 1 0 0 0 24
9 Y 1 1 0 0 1 25
: z 1 10 1 0 26
: | 1 1 +] 1 1 27
< \ 1 1 1 0 4] 28
= ] 1 1 1 0 1 29
> o 1 1 1 1 0 30

Figure 3-4. Address Selection.



Model 3455A

Table 3-4. HP-IB Program Codes.

Program
Control Code
DC Volis F1
AC Volts F2
FUNCTION Fast AC Volts F3
2 Wire k2 Fa
4 Wire k2 F5
Test F6
R R1
1 R2
10 R3
RANGE 100 R4
1K RS
10K R6
AUTO R7
Internal m
TRIGGER E xternal T2
Hold/Manual T3
Scale M1
MATH Error M2
Off M3
Y EY
ENTER z EZ
Y sY
STORE z SzZ
Off AQ
AUTO CAL Oon Al
HIGH Off H@
RESOLUTION On H1
DATA Off Do
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)
gCUnTO RQEnﬂB“Y
0 = off I;. RQS
=0n [_J O
1455 - B-4TI4
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 control
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heading and the underlined letter of the particular con-
trol.

Example:
control group code

(underlined)

tﬁ \smns
control codes/@ [j [j Ez]

(underlined)
3455-8-4714

program code EY EZ SY SZ

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

3-61. 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 i, —— | —
CMD“2U6", “El R3 AQ HI M3 T3"
output tuJ |- HOLD/
the bus MANUAL
unlisten TRIGGER
command MATH off

controller
“talk™ address

3455A
“listen” address

HIGH RESOLUTION
on

AUTO CAL off

10 V RANGE
DC Volts FUNCTION

Program data message using the 9830A Calculator.

39
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Address 3455A Program
Command Information
. ™ e O
“F1 R3 A@ H1 M3 T3

3455A listen
address

wrt 722,
(decimal equivalent)

output to the

bus, includes

the unlisten command
and calculator talk
address

Program data message using the 9825A Calculator.

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

registers:
Address Program
Command Information

— . __— w
(refer to Controller «EY 123456 SY EZ 45.6789 SZ”

Manual)

Enters number
in “Z” Register

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

Number to
be entered

Programs the

3455A to enter
numerical data
into the display

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

The number stored in the Y or Z register can be read
from the Bus by programming the ENTER feature and
the 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
wrt 722, “EY”
Transfers the number
stored in the Y register
into the 3455A display

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

3-10
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red 722 ,A;dsp A

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

Addresses
the 3455A
to “‘talk’ and

the controller Specifies the

1 -
E?.S"SI?,) 10 controller register
listen to receive the
number
wrt 722 , “SY”

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

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

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

D@ Data Ready Request off
D1 Data Ready Request on

3-66. Binary Program Feature. The BINARY PROGRAM
feature permits the status of the FUNCTION, RANGE,
TRIGGER, MATH, AUTO-CAL and HIGH RESO-
LUTION controls to be determined or programmed
from the bus in four 8-bit binary words. The BINARY
PROGRAM feature allows faster programming of the
3455A by reducing the number of program data bytes
from a maximum of 12 for normal programming to 4
data bytes for binary programming. The BINARY
PROGRAM codes can also be read and stored by the
controller to re-program the 3455A at a later time (see
Appendix A). One important thing to remember is to
send a ‘““B”’ to the 3455A in order to put the instrument
into the BINARY mode. Table 3-5 lists the allowable
BINARY PROGRAM codes for each of the four data
bytes and the front panel keys they control.



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

Cantrols Affected: SCALE, % ERROR, OFF (MATH]

Program Code
ASCII | DECIMAL
To Program CHAR CODE

OFF : 59
% ERROR = 61
SCALE > 62

Second BINARY PROGRAM Data Byte

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

To Program: PROGRAM CODE
AUTO AUTO HIGH ASCII | DECIMAL
CAL RANGE RESOLUTION TRIGGER CHAR CODE
off Off Off Hold/Manual ¢ 59
External - 61
Internal > 62
oft off On Hold/Manual 3 51
External 5 53
Internal 6 54
oft On Off Hold/Manual + 43
External - 45
Internal 46
off On On Hold/Manual # 35
E xternal % 37
Internal & 38
On Oft off Manual/Hold | N
External | a3
Internal il 94
On Oftf On Manual/Hold s 83
E xternal u 85
Internal v B6
On On off Manual/Hold K 75
External M 77
Internal N ]
Qn On On Manual/Hold Cc 67
External E 69
Internal F 70
Third BINARY PROGRAM Data Byte
Controls Affected: 10 K, 1 K, 100,10,1, .1 (RANGE)
Program Code
ASCII | DECIMAL
To Program: CHAR CODE
10K - 95
1K / 47
100 7 55
10 7 59
1 = 61
A > 62

Fourth BINARY PROGRAM Data Byte

Controls Affected: TEST, 4 WIRE k$2, 2 WIRE ki, FAST ACV,
ACV,DCV (FUNCTION)

Program Code
ASCIl | DECIMAL

To Program: CHAR | CODE
TEST - 95
4 WIRE k2 !/ 47
2 WIRE k2 7 55
FAST ACV : 59
ACV - 61
pcv > 62
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3455A. To read control status:

w_rt-m L uBn

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.

Address the

red 722

Address the 3455A
to “talk”™

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

Lt N = 2
MATH OFF — 1 DC Volts FUNCTION
AUTO CAL ON
AUTO RANGE ON ‘
HIGH RESOLUTION OFF 1 Volt RANGE

INTERNAL TRIGGER (depends on input applied)

To program front panel controls:

113 ‘K =

wit 722, 7B
Address the
3455A to
“listen™

Desired program
codes (see Table 3-5)

Set 3455A to
BINARY PROGRAM ———
mode

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

OUTPUT FORMAT: + D.DDDDDDE * DD CRLF
Polarity of mcasurememl

(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.

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

3-69. Device Control Messages.

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

3-73. Clear Message. Upon receiving the clear message,
the 3455A sets the front panel controls to their ‘‘turn-
on’’ state. The turn-on state is as follows:

FUNCTION ccocnminmosanns DC VOLTS
RANGE . ,..consmsansanmsamnsss AUTO
TRIGGER ................ INTERNAL
MATH :.ociviiinamsimmeiiaises OFF
AUTO CAL ivasseivaviasis v 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.

Model 3455A

3-74. Remote Message. The 3455A will go to Remote
(Bus) control when the remote message, in conjunction
with its “‘listen’’ address, is received. Remote operation
is indicated when the REMOTE indicator, located
above the display, is lit. During remote operation, the
front panel controls cannot be operated manually.

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

7-76 Local Lockout Message. 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 Local Message. The 3455A will set
the front panel to LOCAL (manual) operation and
enable the LOCAL control upon receiving the clear
lockout and local message.

3-78. Interrupt and Device Status Messages.

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.

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

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

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

d. Trigger Too Fast. An SRQ message will be output
if the 3455A is triggered while outputting data to the
bus. This condition most commonly occurs if the 3455A
is programmed to INTERNAL TRIGGER during bus
operation. The front panel SRQ indicator is lit when the
3455A requires service. The Require Service message
can be cleared by serial polling the 3455A or by clearing
the 3455A.
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3-81. Status Byte Message. The status byte message is
output by the 3455A in response to a serial poll and in-
dicates, to the controller, the nature of a service request
message (SRQ) from the 3455A. The following is a list
of the basic status byte codes output by the 3455A:

Status Byte Code

ASCII

CHAR Decimal Code

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

READY Request feature.

Syntax Error - Indicates improper
program code. Example - Pro-
gram Code “‘F7"" would cause a
syntax error since the FUNC-
TION program set is only defined
for codes F1 through 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 been triggered while
measurement data is being output
to the bus. Warns of possible in-
correct measurement information.

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

STATUS BYTE MESSAGE

bg b7 bg bs bg b3 b2 by

EDDDDE{I

Service Request _I DATA READY

(SRQ)
SYNTAX ERROR

BINARY FUNCTION
ERROR

bits 5 and 6 set high

—— TRIGGER TOO FAST
NOTE

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

Section III

3-82. DATA OUTPUT CHARACTERISTICS.

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

a. If a reading has been taken and thus resides in the
output buffer, the buffer is not considered busy until
the output handshaking begins. Thus, a new trigger will
indicate a measurement and the new reading will replace
the old reading. The old reading is 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 cycle and buf-
fer data to become available after the first reading. The
““Wait”’ statements in many 9800 series calculators are
convenient methods to avoid outputting the previous
buffer contents. This condition shows up as being “‘One
reading behind’’ in your measurement sequence.

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

3.84. Bail Out Message.

3-85. Abort. The Abort message unconditionally ter-
minates all Bus communications and returns control to
the system controller. Only the system controller can
send the Abort message. Refer to the Operating Manual
of the controller being used for instructions on sending
the Abort Message.

3-86. Instrument Measurement 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-

313
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ment, and are only provided as additional information
for HP-IB system use. The following is an explanation
of the various times involved in a measurement se-
quence.

a. tl (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 Hold/Manual Trigger)
and the 3455A begins to take a reading. This time con-
sists of the settling time of the input relays, FETs, and
other circuits.

c. 13 (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. t5 (Typcial Output 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-
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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. DPERATORS CHECKS.

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

3-92. BENCH USE.

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

a. Set the 3455A to AUTO RANGE.

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

c. Connect a short across the INPUT terminals.

d. Press the 2 WIRE kQ2 button. The front panel
display should read .00000 + 300 milliohms.

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

3.94.HP-1B 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 Maasuremant Times.

inout Dets Transler Tema | Input Setting Time | M Tima c Time B Qe Topneter
Line p———— 11 B P (i — P ———— 15 — P
Functon Frequency
DC Vol Hagh Resolution OFF 1 125metor 1 Vi 1OV
Auto-Cal OFF 50 H2 !! msec Aanges
Hegh Resohution ON *E Igm 15.5 msec for 100 and
Aute Cal ON . 1Z o 22 mees 1000 V Ranges 780 masc per charscter
High Resolution ON E He | 116 mpec | plus the response tme of
Auto-Cal OFF Hr 162 msec tha controler (the 34554
High Rasowtion ON $or 550 ssec per charscter | 16 meec | SR bge Eomeien ol
Auta-Cal ON 50 Hr phus :m. tme of 162 msec 15 charmcters).
Ohms Hagh Resoluton OFF E Hz Controfier 12 maec 4§
Auto-Cal OFF Hr 14 muec 55 meac
High Reschution OFF gm IE meac A8 masc
Auto Cal ON Hr meec 55 masc
High Resoluton ON %g Ha [
Auto-Cal OFF Hr 22 manc 330 maac
High Rasclution ON g Hi 11 masc
Auto-Cal ON Hi 22 msac 330 msec
NomnglAC Vohs | Aute-Cal | —SQtu | - Jamaa | g0
ON o OFF 50 Hz 42 maec msec 12 meec o Ranges
Fast AC Voits Auio-Cal _ 60 Mz | | 12magc | 57 mpec
or OFF 50 H: 14 mpeg 54 masc

3455A Triggered
81 thes tena

Mate Time 13 should be usad lor esch range being measured when the J455A o in the
Ao rangs mode (wes Parsgrach 3.38 )
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Connect  Short  Across
INPUT Terminals

:

Address 3455A to "listen”’.
Send Program Codes "F6

1

Address 3455A to "talk".
Read Measurement Data.

Print "“TEST Function
Error™

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

Address 3455A to “talk”,
Read Measurement Data

Measurement

Data <0301
?

Print "“Ohms Function
Error™

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

v

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

Measurement

Data < .0006 V Print **AC Function Error*

Figure 3-5. Operators Check Flowchart.
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Section 1V

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 III.

4.3. EQUIPMENT REQUIRED.

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

4.5. PERFORMANCE TEST CARD.

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

4.7. CALIBRATION CYCLE.

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

4.9. INPUT TERMINALS/CONTROL SETTINGS.

4-10. Unless otherwise specified, the test signals for the
performance tests can be applied to either the front or
rear INPUT terminals. All tests must be performed in
the INTERNAL Trigger Mode with AUTO CAL on and
MATH off. For standard instruments (rms converter)
the rear panel AC - AC/DC switch must be in the ac
position. Other control settings are included in the test
procedures.

4-11. PERFORMANCE TEST FAILURE.

4-12. If the 3455A fails any of the 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)
c. 6 months (23°C + 5°C)

4-15. The time period over which a set of specifications
applies is relative to the time the instrument is initially
adjusted at the factory or is properly readjusted accor-
ding to the procedures outlined in Section V. Before
proceeding with the dc, ac and ohms accuracy tests, it
will be necessary to determine which set of specifica-
tions applies to your instrument. If the instrument has
just been received and is to be tested as part of the in-
coming inspection, test for the 90-day specifications. If
the instrument has been readjusted within a period of 24
hours, test for the 24-hour specifications. Test limits for
the 24-hour and 90-day specifications are included in the
tables for the accuracy tests. Test limits for the 6-month
specifications must be derived from the specifications
listed in Table 1-1. If the instrument is operated outside
for the temperature range for a given set of specifica-
tions, the appropriate temperature coefficients, listed in
Table 1-1, must be added to those specifications. The
test limits given in the tables for the dc, ac and ohms ac-
curacy tests do not include temperature coefficients.

4-16. Each set of specifications includes an accuracy
specification for each voltage or 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 3455A, a
precision dc calibration standard is required to verify that
it meets its dc accuracy specifications. To thoroughly test
the performance on all ranges, the standard must be capable
of delivering outputs within the range of 0.10000 V dc to
1000.000 V dc. The accuracy of the standard must be such
that its errors do not introduce significant uncertainties in
the 3455A test readings. Ideally, the accuracy of the stand-
ard should be ten times better than the 3455A specifica-
tions being tested — a ten to one error reduction nearly
eliminates measurement uncertainties caused by the stand-
ard. To test accuracy specifications on the order of
+ 0.005% of reading, however, a standard with a specified
accuracy of *+ 0.0005% (5 ppm) would be required. Since
this type of accuracy, over the range needed to completely
test the accuracy of the 3455A, is generally not available
outside of a standards laboratory, some compromises may
be required. If you have access to primary in-house (NBS
certified) standards or have calibrated transfer standards
that are capable of delivering the required output voltages,
we recommend that you use them. If you do not have
access to such facilities you may, depending on your specif-
ic accuracy requirements, choose to do one of the follow-
ing:

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

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

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

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

4-20. First, consider the case where a digital voltmeter
(DVM) is to be tested for a full-scale accuracy of + 0.01%
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of reading on its l-volt range. The DVM is connected to a
dc calibration standard whose specified accuracy is *
0.001% of setting and with the standard set to +1.00000 V,
the DVM reads +0.99992 V which is 0.008% low. The dc
standard’s specified accuracy is ten times better than the
specification being tested and at 1 V its maximum error
contribution to the DVM reading is 10 microvolt or
0.001%. If the standard is 0.001% low the actual DVM
error is - 0.007%; if it is 0.001% high, the actual DVM error
is - 0.009%. In either case the DVM is within its specifica-
tion and, since this measurement is not a calibration but is
only intended to verify that the DVM meets its specifica-
tion, the standard’s error can be ignored.

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

c¢. 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 3455A specifications to be tested. If such
a standard is not available, an alternative approach is to
use a calibrated standard that is extremely stable and (pre-
ferably) two to four times more accurate than the 3455A.
When this is done, the correction factors given on the
dc standard’s calibration chart must be algebraically added
to the 3455A test readings. Test validity depends on the
calibration uncertainties and the short-term stability of
the standard.

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

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

4-28. The DC Transfer Standard required for the
following test must be calibrated toa 1.017 Vto 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 Procedurs.

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

a. Set the 3455A controls as follows:

FUNCTION ...........cviinnn. DCV
RANGE iaviivivemvssismeninsisn 1V
HIGH RESOLUTION .............. ON
AUTO CAL:; ivvsvivimmiviviises i ON
GUARD: sxw s vrs svaim scnsaiis s wae ON
TRIGGER ................ INTERNAL

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

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

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

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

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

0.999936 to 1.000064
9.99947 to 10.00053

1v 1v
0V |10V

0.999966 1o 1.000034
9.99977 to 10.00023

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

4.3
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Figure 4-2. DC Accuracy Test.

Table 4-2, verifying its 10-volt full scale accuracy with
High Resolution off.

g. Set the Transfer Standard for an output of 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 c 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 output. Using 24" (or
shorter) shielded cables equipped with banana-plug con-
nectors, connect the DC Standard and the 3455A to the
Reference Divider as shown in Figure 4-2.

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

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

n. Set the Reference Divider’s Input Voltage switch

4-4

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

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

0. Set the 3455A controls as follows:

FUNCTION . . covni nwaesisnsns soass DCV
RANGE...........cooiiiiiiiaan. 1 kV
HIGH RESOLUTION............... ON
GUARD s sz sy isa sssnem i ON

:caurloni

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

p. Turn the 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 the
null meter.

r. Downrange the Null Meter and adjust the
Reference 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 making measurements on the 100 V
and 1000 V ranges. This is only necessary
when using a DC Standard sensitive to a
changing load impedance.

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

3455A 24 Hour 90 Day
Level Range Test Limits Test Limits
0.1V 0.1V .099992 to 1.00008 | .099989 to .100011
mnov 10V , | 9.9997 to 10.0003 9.9994 to 10.0006

NOTE

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

tion.
§CAUTION-{

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

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

Divider | 3455A 24 Hour 90 Day
Qutput | Range Test Limits Test Limits
1000 v*| 1000 V 999.957 1o 1000.043 999.927 1o 1000.073
100 v 100 v 99.9957 1o 100.0043 99.9927 10 100.0073
5V mov 4.99987 to 5.00013 4.99972 to 5.00028
1V 10V 0.99995 to 1.00005 0.99992 to 1.00008

*For positive readings only. Do not apply negative voltages greater
g
than - 500 V dc.
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v. Set the Reference Divider’s Output Voltage and
3455A RANGE to each setting (100 V and below) listed
in Tables 4-2 and 4-3 with High Resolution on or off as
indicated. At each setting, the 3455A reading should be
within the Test Limits given in the table. (Be sure to
maintain null when the Reference Divider’s output is

changed.)

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

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

4-31. AC Operational Accuracy Test.

4-32. The 3455A ac voltmeter accuracy can be verified
for frequencies up to 100 kHz on all voltage ranges us-
ing an AC Calibrator such as the -hp- Model
745A/746A. To minimize measurement uncertainties
for frequencies below 50 Hz and above 20 kHz, the AC
Calibrator should be calibrated and its error measure-
ment control should be used to adjust out the errors in-
dicated on the calibration chart. For example, if the
calibration chart indicates that the 745A output is
0.04% high at 1 V, 50 kHz, set the 745A error measure-
ment control to + 0.04% to obtain a precise 1 V output,
The 745A/746A can be calibrated during a routine per-
formance test using the procedures outlined in the
745A/746A Operating and Service Manuals. Calibra-
tion charts for these instruments are normally valid for
at least 30 days.

4-33. A Test Oscillator such as the -hp- Model 652A can
be used to verify the ac voltmeter accuracy of the 3455A
for frequencies above 100 kHz (specified for 1 V and 10
V ranges only). The required accuracy can be obtained
by adjusting the Test Oscillator output so that the
3455A reading at 10 kHz is the same as the reading ob-
tained with the highly accurate AC Calibrator. This
reference level can then be maintained to within +
0.25% over the 100 kHz to 1 MHz range using the
expanded-scale meter on the Test Oscillator. If higher
accuracy is desired, an ac-to-dc thermal transfer techni-
que (Figure 4-3) can be used.

4-34. Test Procedure.
Equipment Required:

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

frequency is changed.

THERMAL CONVERTER™

(3oL )

~

h

E
MODEL 885AB DC
DIFFERENTIAL VOLTMETER

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

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

a. Set the 3455A controls as follows:

FUNCTION .......c.covviinnnann. ACVY
RANGE ........cooiviiiiinnnnnnn. 1V
GUARD ivimiasssnnseian ode s ON
INPUTSELECT .........c0n.t. 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
(ACYV) reading should be within the Test Limits
listed in Table 4-6.

e. 1. Standard Model 3455A: Using the AC
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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,
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Table 4-4. AC Accuracy Test 30 Hz to 100 kHz (Standard Model 3455A only).

Test Input 3455A 24 Hour** 90 Day**
Frequency Level Range Test Limits Test Limits
30 Hz* 1V 1V 0.99920 to 1.00080 | 0.99900 to 1.00100
100 kHz 1V 1v 0.99520 to 1.00480 | 0.99400 to 1.00600
30 Hz* 5V oV 4.9940 1o 5.0060 4.9925 10 5.0075
100 kHz 5V v 4.9720 to 5.0280 4.9650 to 5.0350
30 Hz* 10V v 9.9920 to 10.0080 9.9900 to 10.0100
20 kHz 10V oV 9.9920 to 10.0080 9.9900 to 10.0100
100 kHz 10V mnov 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 kHz 100 Vv 100 v 99.520 to 100.480 99.400 to 100.600
30 Hz* 1000 V 1000 V 998.00 to 1002.00 997.50 to 1002.50
10 kHz 1000 V 1000 V 998.00 to 1002.00 997.50 to 1002.50

* Frequencies below 300 Hz apply to ACV Function only.
* *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 listed in Table 1-1.

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

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

0. Set the Test Osciilator 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.

g. 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

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

Test Input 3455A 24 Hour* 90 Day*
Frequency | Level Range Test Limits Test Limits
1 MHz 1V iv 0.92400 to 1.07600 | 0.90900 to 1.09100
1 MHz 5V 0V 4.4900 10 5.5100 4.3900 to 56100
350 kHz 5V 10V 4.7600 to 5.2400 4.7000 to 5.3000

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

4.7
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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 3455A
(ACV) (FAST ACV) Level Range
30 Hz 300 Hz 1V 1V
50 Hz 500 Hz 1v 1V
250 kHz 250 kHz 1v 1NV
30 Hz 300 Hz 5V 10V
100 kHz 100 kHz 5V 10V
250 kHz 250 kHz 5V 1oV
30 Hz 300 Hz 10V 10V
100 Hz 1 kHz 10V 10V
100 kHz 100 kHz mnov 1oV
30 Hz 300 Hz 100 v 100 V
100 kHz 100 kHz 100 v 100 V
30 Hz 300 Hz 1000 vV 1000 V
10 kHz 10 kHz 1000 vV 1000 V

0.99460 to 1.00540
0.99630 to 1.00370
0.99240 to 1.00760
4.9695 to 5.0305
4.9930 to 5.0070
4.9590 to 5.0410
9.9460 to 10.0540
9.9885 to 10.0115
9.9885 to 10.0115
99.460 to 100.540
99.885 to 100.115
994,60 to 1005.40
998.75 to 1001.25

0.99430 to 1.00570
0.99600 to 1.00400
0.99190 to 1.00810
4,9680 to 5.0320
4.9925 to 5.0075
4.9565 to 5.0435
9.9430 to 10.0570
9.9875t0 10.0125
9.9875 10 10.0125
99.430 to 100.570
99.875 t0 100.125
994.30 to 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 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 5 volt 3455A reading
recorded in step 1. Adjust the meter reference controls
for a zero reading on the meter of the Test Oscillator
and use the level controls to maintain this reading
whenever the frequency is varied.

u. 1. Standard Model 3455A: Set the Test Oscillator
to each of the last two Test Frequencies listed in
Table 4-5 (maintain reference level on meter of
Test Oscillator). At each frequency setting, the
3455A reading should be within the Test Limits
given in the table.

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

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

w. Repeat step u.

4-8

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

Test Limits
{High Res. On)

3455A
Range

Decade

Resistor 24 Hour

90 Day*

100 k02 100 99.9871 to 100.0029 99.9955 to 100.0045

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

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

4.35. Ohmmeter Accuracy Test.

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 Procedure.
Equipment Required:

Decade Resistor (calibrated General Radio
Model 14337)

a. Set the 3455A controls as follows:

FUNCTION ........... 2 WIRE K OHM
RANGE ...........coiiiiiiinn, .. 100
HIGH RESOLUTION .............. ON
GUARD .............c.e.e. I ON
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Table 4-8. Four-Wire Ohms Accuracy Test.

Section 1V

(A) (B)
Test Limits Test Limits
(High Res. Off) {High Res. On)
Decade 3455A
Resistor Range 24 Hour* 90 Day* 24 Hour* 90 Day*
100 Q 0.1 0.099993 to 0.100007 0.099990 to 0.100010
1 kG 1 0.999971 to 1.000029 0.999960 to 1.000040
10 k&2 10 9.99951 to 10.00049 9.99935 to 10.00065
100 k2 100 99.9975 to 100.0025 99.9959 to 100.0041
1 MQ 1K 999.876 to 1000.124 999.860 to 1000.140
10 MQ 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 outside of
the temperature range over which the 24-hour or 90-day specifications apply (see Table 1-1). Derive 6-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.

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

d. Set the 3455A controls as follows:

FUNCTION ........... 4 WIRE K OHM
RANGE voovmivsinevsaiieiiseias 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.

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 ..., DCV
RANGE: .iiisswsnmiisie s 10V
HIGH RESOLUTION .............. ON
GUARD ... ... ON

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

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

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

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

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

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

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

4.39 PERFORMANCE TEST.

4-40. DC VOLTMETER ACCURACY TEST.



Section 1V

4-41, The DC Transfer Standard required for the
following test must be calibrated toa 1.017 Vto 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
10-volt output accuracy using NBS-calibrated stan-
dards. It is recommended that the Transfer Standard be
calibrated and adjusted just prior to use. After calibra-
tion, it should be left on and, if possible, kept in a con-
trolled environment where the ambient temperature is
within one or two degrees of the temperature in which it
was calibrated. The following procedure should be per-
formed in that same environment.

4-42. If the recommended DC Transfer Standard or its
equivalent is not available, an NBS-calibrated standard
cell (1.017 V to 1.019 V) can be substituted. If this is
done, check the full-scale accuracy of the 3455A 1 V and
10 V ranges using the Reference Divider recommended
in the procedue.

4.43. Test Procedurs.

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

a. Set the 3455A controls as follows:

FUNCTION ..., DCV
RANGQE oo v dadss s v 1V
HIGH RESOLUTION ............. OFF
AUTOCAL ...vovvuvassnwisansnss ON
GUARD ........onmmws smmsmmramenmyes 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 4-9, verifying its 1-volt full-scale accuracy
with High Resolution off.

Model 3455A

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 V, 10 V Full Scale; High
Resolution On).
24 Hour 90 Day
Level | Range Test Limits Test Limits
1V 1V |0.999966 to 1.000034 |0.999936 to 1.000064
iov]i10ov 9.99977 to 10.00023 9.99947 to 10.00063

Table 49. DC Accuracy Test (1 V, 10 V Full-Scale; High
Resolution Off).

Input | 3455A 24 Hour 90 Day

Level | Range Test Limits Limits

1V 1V

0oV oV 9.9997 to 10.0003

0.99996 to 1.00004 |0.99993 to 1.00007
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 1-volt full scale accuracy with
High Resolution on.

4-10

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

g. Set the Transfer Standard for an output of 1 V and
set the 3455A RANGE to 1 V. Set the 3455A GUARD
to OFF; connect the 3455A GUARD terminal to the
High INPUT terminal.

h. Reverse the 3455A INPUT connection to obtain a
negative 1 V reading. Repeat Steps ¢ through f to verify
the 1 V and 10 V full-scale accuracy for negative
readings.

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

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

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

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

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

n. Set the Reference Divider’s Input Voltage switch
to 1000 V and center its course and fine adjustment con-
trols. Set the Reference Divider’s Output Voltage switch
to 1000 V.

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

FUNCTION ..........coiinnnnn. DCV
RANGE . .....vvn v mpimsmsmminam s 1 kV
HIGH RESOLUTION ..... vevev... OFF
GUARD s s asidiv iige ON

CAUTION

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

p. Turn the 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 100 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.

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

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

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

Divider 3455A 24 Hour 90 Day
Output Range Test Limits Test Limits
1000 V* | 1000V | 999.95 to 1000.05 | 999.92 to 1000.08
500 Vv 1000V | 499.97 to 500.03 499.96 to 500.04
100V 100V | 99.995 to 100.005 | 99.992 to 100.008
0.1V 0.1V |.099992 to 1.00008 |[.099989 to .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 3455A 24 Hour 90 Day

Qutput Range Test Limits Test Limits

1000 v* 1000 v 999.957 1o 1000.043 999.927 10 1000.073
500 v 1000 vV 499.977 o 500.023 499 962 10 500.038
100 v 1000 v 99.993 10 100.007 99.990 10 100.010
100 v 100 v 99.9957 10 100.0043 99.9927 10 100.0073
50 v 100 v 49,9977 1o 50.0023 49.9962 10 50.0038
1m0v 100 v 9.9993 to 10.0007 9.9990 10 10.0010
5V nv 4.99987 10 5.00013 499972 10 5.00028
1v v 0.99995 10 1.00005 0.99992 to 1,00008
05V 1v 0.499981 to 0.500019 | 0.499966 to 0.500034
01V 1V 0.099993 10 0.100007 | 0.099990 to 0.100010

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

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

NOTE

AUTO-CAL may have to be turned off

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

u. The 3455A reading should be within the Test
Limits given in Table 4-11 (1000 V, 1 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 Qutput
Voltage setting is changed, check for null
and, if necessary, readjust the Reference
Divider’s fine control to obtain a null indica-

tion.
1Ecaunoni

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

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

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

z. Adjust the DC Standard and Reference divider as’

outlined in Steps q through t.

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

bb. Set the 3455A RANGE to 1 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.)

412
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ZAALAASARA AR

fCAUTIONS

ASAAAAAAAAN,

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
limitation.

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

ee. Set the 3455A RANGE to 1 kV and HIGH
RESOLUTION to ON. Set the Reference Divider 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 3455A 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. If higher
accuracy is desired, an ac-to-dc thermal transfer techni-
que (Figure 4-5) can be used.

4-47. Test Procedurs,
Equipment Required:

AC Calibrator (-hp- Model 745A/746A)
Test Oscillator (-hp- Model 652A)
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Thermal Converter and adjust DC Differential Voltmeter for
null. Disconnect the DC Standard and apply the Test Oscillator
output to both the Thermal Converter and the 3455A, Adjust
the Test Oscillator output level for a null indication on the DC
Differential Voltmeter. This makes the rms value of the ac input
to the 3455A equal to the highly accurate output of the DC
Standard. Repeat this procedure each time the Test Oscillator
frequency is changed.
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Figure 4-5. AC/DC Thermal Transfer Measurement (Alternate Frequency Response Test).

a. Set the 3455A controls as follows:

FUNCTION
RANGE
GUARD
INPUT SELECT

.....................

...............

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 3455A 1V, 30Hz
reading should be within the Test Limits listed

in Table 4-13.

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

listed in Table 4-15.

e.

1. Standard Model 3455A: Using

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

. 3455A Option 001: Using the AC Calibrator,

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

f. Set the 3455A FUNCTION to FAST ACV.

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

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

4-13
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Table 4-13. AC Accuracy Test 30 Hz to 100 kHz (Standard Model 3455A only).

Test Input 3455A 24 Hour** 90 Day**
Frequency Level Range Test Limits Test Limits
30 Hz* 1v 1V 0.99920 to 1.00080 | 0.99900 to 1.00100
300 Hz 1V 1V
10 kHz v 1V
20 kHz 1V 1V
50 kHz 1V 1V 0.99520 to 1.00480 | 0.99400 to 1.00600
100 kHz 1V 1V
30 Hz* 5V v 4.9940 1o 5.0060 4,9925 10 5.0075
300 Hz 5V 10V
20 kHz 5V 0V
100 kHz 5V v 4.9720 to 5.0280 4.9650 to 5.0350
30 Hz* mnov 10V 9.9920 to 10.0080 9.9900 to 10.0100
50 Hz" 10V 10V
100 Hz* 10V 10V
500 Hz mov 10V
1 kHz mov LAY
5 kHz mov v
10 kHz 10V 10V
20 kHz iov 10V
50 kHz 10V 10V 9.9520 to 10.0480 9.9400 1o 10.0600
100 kHz 1m0V 1oV | I
30 Hz* 100 v 100 v 99.920 to 100.080 99.900 to 100.100
300 Hz 100 v 100 v
10 kHz 100 v 100 v
20 kHz 100 v 100 v
100 kHz 100 v 100 v 99.520 to 100.480 99.400 to 100.600
30 Hz* 1000 v 1000 V 998.00 to 1002.00 997.50 to 1002.50
300 Hz 1000 Vv 1000 v
10 kHz 1000 V 1000 V

*Frequencies below 300 Hz apply to ACV Function only.

**These test limits do not include the temperature coefficients that must be added
if the instrument is operated outside of the temperature range over which the
24-hour or 90-day specifications apply (see Table 1-1). Derive 6-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 to 1 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 Oscillator frequency is varied.

q. 1. Standard Model 3455A: Set the Test Oscillator
to each of the first four Test Frequencies listed
in Table 4-14 (maintain reference level on meter
of Test Oscillator). At each frequency setting,
the 3455A display reading should be within the
Test Limits given in the table.

2. 3455A Option 001: Set the Test Oscillator fre-
quency to 250 kHz (maintain reference level on
meter of Test Oscillator). The 3455A display
reading should be between 0.99240 V and
1.00760V (24-hour spec.) or between 0.99190 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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Table 4-14. AC Accuracy Test 100 kHz to 1 MHz (Standard Model 3455A 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 | 0.97750 to 1.02250
250 kHz 1V 1v
500 kHz 1v 1V 0.95600 to 1.04400 0.94500 to 1.05500
1 MHz 1V 1v 0.92400 to 1.07600 0.92000 to 1.08000
110 kHz 6V 10ov 5.8720 to0 6.1280 5.8550 to 6.1450
250 kHz 6V 10V I
500 kHz 6V mnov 5.7200 to 6.2800 5.6500 to 6.3500
1 MHz 6V mov 5.5500 to 6.4500 5.4400 to 6.5600

*These test limits do not include the temperature coefficients that must be
added if the instrument is operated outside of the temperature range 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.

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.

s. 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 3455A
{ACV) (FAST ACV) | Level Range
30 Hz 300 Hz 1V 1V
50 Hz 500 Hz 1V 1v
100 Hz 1 kHz 1V 1V
10 kHz 10 kHz 1V 1V
50 kHz 50 kHz 1V 1V
100 kHz 100 kHz 1V 1v
30 Hz 300 Hz 5V 1m0V
50 Hz 500 Hz 5V v
100 Hz 1 kHz 5V 1oV
10 kHz 10 kHz 5V 10V
50 kHz 50 kHz 5V mnov
100 kHz 100 kHz 5V 1oV
30 Hz 300 Hz v v
50 Hz 500 Hz 10V 0oV
100 Hz 1 kHz v 0V
10 kHz 10 kHz mnov mnv
20 kHz 20 kHz v v
50 kHz 50 kHz 10V mnov
100 kHz 100 kHz 1m0V mnov
30 Hz 300 Hz 100 v 100 v
50 Hz 500 Hz 100 v 100 v
100 Hz 1 kHz 100 v 100 v
10 kHz 10 kHz 100 vV 100 v
50 kHz 50 kHz 100 v 100 Vv
100 kHz 100 kHz 100 v 100 v
30 Hz 300 Hz 1000 vV 1000 Vv
50 Hz 500 Hz 1000 V 1000 Vv
100 Hz 1 kHz 1000 Vv 1000 Vv
10 kHz 10 kHz 1000 V 1000 V

0.99460 to 1.00540
0.99630 10 1.00370
0.99885 to 1.00115

4.9695 to 5.0305
49790 to 5.0210
4.9930 to 5.0070

9.9460 1o 10.0540
9.9630 to 10.0370
9.9885 to 10.0115

99.460 to 100.540
99.630 to 100.370
99.885 t0 100.115

994.60 to 1005.40
996.30 10 1003.70
998.85 to 1001.15
998.75 to 1001.25

0.99430 to 1.00570
0.99600 to 1.00400
0.99875 to 1.00125

4.9680 to 5.0320
49775 t0 5.0225
4.9925 to 5.0075

9.9430 to 10.0570
9.9600 to 10.0400
9.9875 to 10.0125

99.430 to 100.570
99.600 to 100.400
99.875 10 100.125

994 .30 to 1005.70
996.00 to 1004.00
998.75 to 1001.25
998.65 to 1001.35

*These test limits do not include the temperature coefficients that must be added if the instrument

is operated outside of the temperature range over which the 24-hour or 90-day specifications
apply (see Table 1-1). Derive 6-month test limits from Accuracy Specifications listed in
Table 1-1.

4.15



Section IV Model 3455A
Table 4-16. Two-Wire Ohm Accuracy Test.
(A) (B)
Test Limits Test Limits

(High Res. Off) (High Res. On)
Decade 3455A
Resistor Range 24 Hour* 90 Day* 24 Hour* 90 Day*
100 2 0.1 ' 0.099593 to 0,100407 0.099590 to 0.100410
1 k2 1 0.99956 to 1.00044 0.99954 to 1.00046 0.999571 to 1.000429 0.999560 to 1.000440
10 k2 10 9.9989 to 10.0011 9.9987 to 10.0013 999911 to 10.00089 9.99895 to 10.00105
100 k2 100 99.996 to 100.004 99.994 to 100.006 999971 to 100.0029 99,9955 to 100.0045
1 M0 1K 999.83 to 1000.17 999.81 to 1000.19 999.876 to 1000.124 999.860 to 1000.140
10 M 10K 9989.5 to 100105 9989.5 to 10010.5 9989.96 to 10010.04 9989.95 to 10010.05

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

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

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

w. Repeat Step u.

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

4-48. Ohmmeter Accuracy Test.

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

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

a. Set the 3455A controls as follows:

FUNCTION ........... 2 WIRE K OHM
RANGE: ...0ce0o0smanansisiss s 0.1
HIGH RESOLUTION ............. OFF
GUARD ussaweanisvissie s psies ON

b. Using a shielded cable equipped with banana-plug

4-16

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

c. Algebraically add the Decade Resistor’s correction
factor to the 3455A reading. The algebraic sum should
be within the Test Limits given in Table 4-16(A), verify-
ing the 3455A 2-wire ohms accuracy with High Resolu-
tion off.

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

e. Set the 3455A RANGE to 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 oivimisn s vy v 0.1
HIGH RESOLUTION ............. OFF

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

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

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



Model 3455A Section IV
Table 4-17. Four-Wire Ohms Accuracy Test.
(A) (B)
Test Limits Test Limits

{High Res. Off) (High Res. On)
Decade 3455A
Resistor Range 24 Hour* 90 Day* 24 Hour* 90 Day*
100 2 0.1 0.099993 to 0.100007 0.099990 to 0.100010
1 k2 1 0.99996 to 1.00004 0.99994 to 1.00006 0.999971 to 1.000029 0.999960 to 1.000040
10 k&2 10 99993 to 10.0007 99991 to 10.0009 9.99951 to 10.00049 9.99935 to 10.00065
100 kQ 100 99.996 to 100.004 99.994 to 100.006 99,9975 to 100.0025 99.9959 to 100.0041
1 MLl 1K 999 .83 to 1000.17 999 .81 to 1000.19 999.276 to 1000.124 999 .860 to 1000.140
10 M2 10K 9989.5 10 100105 9989.5 to 10010.5 9989.96 to 10010.04 9989.95 to 10010.05

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

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

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

n. Repeat Step | for each additional 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 dc, 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 dc, verifying
the maximum output voltage specification for an open-
circuit condition.

4.51. COMMON-MODE AND NORMAL-MODE REJECTION TEST.

4-52. Effective common-mode rejection is the ratio of
the peak common-mode voltage to the resultant peak er-
ror in the reading, with a 1 kilohm imbalance in the Low
input lead. The formula for calculating effective
common-mode rejection (ECMR) is:

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

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

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

4.54, Test Procedure.
Equipment Required:

DC Standard (Systron Donner Model M106A)

AC Calibrator (-hp- Model 745A)

Frequency Counter (-hp- Model 5300A)

Resistor (1 k2 + 10% 1/4 W -hp- Part
Number 0684-1021)

Resistor (10 k2 + 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:

FUNCTEION oicosnnsnivsims snmedya DCV

RANGE: v vanss wsem s wiaieasmns 1V

HIGH RESOLUTION .............. ON

GUARD ...t OFF
c. Record the 3455A reading: V.

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

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

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

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

4-17



Model 3455A

Section IV

DC STANDARD
SYSTRON DONNER MODEL MIOBA

L

DIGITAL VOLTMETER
hp 34554
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Figure 4-6. DC Common-Mode Rejection Test.

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

i. Record the 3455A reading: V.

j. Disconnect the Frequency Counter and connect the
AC Calibrator between the High INPUT terminal and
chassis of the 3455A as shown in Figure 4-7.

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

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

m. Without disturbing the frequency setting set the
AC Calibrator for an output of 7.07 V (10 V peak).
Disconnect the AC Calibrator from the 3455A.

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

High and Low INPUT terminals.

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

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

q. The 3455A reading should be within 00.0100 V of
the reading recorded in Step o, verifying that the 50 Hz
or 60 Hz normal-mode rejection is greater than 60 dB.

r. This completes the Common-Mode and Normal-
Mode Rejection Tests. Disconnect the AC Calibrator
from the 3455A and disconnect the GUARD from the
High INPUT terminal.

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

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

AC CALIBRATOR
hp 745A

ELECTRONIC
COUNTER

hp 5300

(9] o
o @a@-TT o OIO O

¥

DIGITAL VOLTMETER
hp 3455A

CONNECTED TO

o0 00 R | d JdJd
CHASSIS GROUND e & °

__JJJ.IJJ)"

S dd A Addddddd

>
o I
)

10K

=
4

3455 -6-4734

Figure 4-7. AC Common-Mode Rejection Test.
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a. Connect the low output of the DC Standard to the
Low INPUT terminal of the 3455A. Using short clip
leads, insert the 1 megohm resistor in series between the
DC Standard’s high output and the High INPUT ter-
minal of the 3455A. Connect a clip lead across the
resistor.

b. Set the 3455A controls as follows:

FUNCTION o swiwaanivi aniionma DCV
RANGE o sapauvivs bsvisai e 10V
HIGH RESOLUTION .............. ON
GUARD «ovvsmunisvsnssmaessiosmas ON

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

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

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

f. Set the 3455A RANGE to 100 V; Auto-Cal OFF.
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.

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

4.56. AC VOLTMETER INPUT IMPEDANCE TEST.
Equipment Required:

Test Oscillator (-hp- Model 652A)

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

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

a. Set the 3455A controls as follows:

Section IV

FUNCTION .cvimeama svasiiniis ACV
RANGE ... o wwiw: cavsssinssis mianarsns 1V
GUARD .....oo00 sumsemanapesssapos ON
INPUT SELECT (rear panel) .... FRONT
AUTO-CAL ..........ccovvnvnn.. ON

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

c. Set the Test Oscillator frequency to 50 Hz and ad-
just its output level for a 3455A reading of 1.00000 V.

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

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

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

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

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

i. The 3455A reading should be greater than
0.61017 V, verifying that the input shunt capacitance is
less than 100 pF.

j. Set the rear panel INPUT SELECT switch to
REAR. Connect the Test Oscillator 50-ohm 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
3455A reading should be greater than 0.70822 V verify-
ing that the rear terminal input shunt capacitance is less
than 75 pF.
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OPERATIONAL VERIFICATION TEST CARD

Hewlett-Packard Model 3455A (Standard)

Tests Performed By:

Digital Voltmeter Date
Serial No.
DC ACCURACY TEST
3455A 3455A
Input 3455A High Positive Negative
Level Range Resolution Reading Reading Test Limits*®
01V 01V OFF
1V 1V ON
1V v ON
5V v ON
10V v ON
oV ov OFF
100 v 100V 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 dc.

AC VOLTMETER ACCURACY TEST 30 Hz TO 1 MHz

(Standard Model 3455A Only)

3455A 3456A

Test Input 3455A Reading Reading
Frequency Level Range (ACV) (FAST ACV) | Test Limits**
30 Hz* 1V 1V —_—
100 kHz 1V 1V
350 kHz 5V 0V
30 Hz* 5V iov ——
100 kHz 5V 10V
1 MHz 1V 1V
1 MHz 5V v
30 Hz* oV V| — | ===
20 kHz 10V 0ov
100 kHz VAV v
30 Hz* 100 Vv WOV | ey | &=
100 kHz 100 vV 100 v
30 Hz* 1000 V WV | e | = m-
10 kHz 1000 V 1000 V

*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 Q 0.1 4 Wire
1kQ 1 4 Wire
10 kQ2 10 4 Wire
100 kQ2 100 4 Wire
100 kQ 100 2 Wire
1 MQ 1K 4 Wire
10 MQ 10K 4 Wire

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

Table 1-1.

DC VOLTMETER INPUT RESISTANCE TEST

3455A Test

Range Reading Test Limits

ov I —_—V 9.99900 V to 10.00000 V
100V —_—V 9.0900 V t0 9.0917 V



OPERATIONAL VERIFICATION TEST CARD

Hewlett-Packard Model 3465A (Option 001) Test Performed By:

Digital Voltmeter Date
Serial No
DC ACCURACY TEST
3455A 3455A
Input 3455A High Positive Negative
Level Range Resolution Reading Reading Test Limits*
0.1V 0.1V OFF
1V 1V ON
1V v ON
5V v ON
10V v ON
10V v OFF
100 vV 100 v ON
1000 v** 1000 V ON | ———— | ===

*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.

AC VOLTMETER ACCURACY TEST (OPTION 001 ONLY)

3455A 3455A

Frequency Frequency Input 3455A Reading Reading
(ACV) (FAST ACV) Level Range (ACV) (FAST ACV) | Test Limits*

30 Hz 300 Hz 1V 1vi | — ] ==
50 Hz 500 Hz 1V 1V
250 kHz 250 kHz 1V 1V _—
30 Hz 300 Hz 5V W0V | —_——— | ====
100 Hz 100 kHz 5V 10V —
250 kHz 250 kHz 5V 10V
30 Hz 300 Hz 10V v T
100 Hz 1 kHz 10V mnov —
100 kHz 100 kHz 10V 10V _
30 Hz 300 Hz 100 v 100 v ===
100 kHz 100 kHz 100 vV 100V
30 Hz 300 Hz 1000 V 1000 V S
10 kHz 10 kHz 1000 v 1000 V PR

*Record 24-hour or 90-day test limits from 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 kQ 1 4 Wire

10 k2 10 4 Wire

100 kQ 100 4 Wire

100 kQ 100 2 Wire

1 MQ 1K 4 Wire

10 MQ2 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 Test Limits

v | _V 9.99900 V to 10.00000 V
100 V _V 9.0900 V t0 8.0917 V



Hewlett-Packard Model 3455A

Digital Voltmeter

Serial No.

DC ACCURACY TEST (High Resolution off]

PERFORMANCE TEST CARD

(Standard Mode! Only)

3455A 3455A

Input 3455A Positive | Negative

Level Range Reading Reading | Test Limits*®
1V T
1oV 1oV
1000 V** | 1000V e ————
500 V 1000 V
100 V 100 vV
0.1V oav

*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 ACCURACY TEST (High Resolution on)

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

3455A 3455A

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

1v 1v

1wV v

1000 V** | 1000 V I ———

500 V 1000 vV

100 v 1000 V

100 vV 100 V

50 V 100 V

oV 100 v

5V v

1V oV

os5vVv 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 positive readings only. Do not apply negative voltages greater
than - 500 V dc.

Tests Performed By :
Date




PERFORMANCE TEST CARD (Cont'd)

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

3455A 3455A
Test Input 3455A Reading Reading
Frequency Level Range (ACV) (FAST ACV] | Test Limits**
30 Hz* 1V W o "
300 Hz 1V 1V
10 kHz 1v ¥
20 kHz 1V 1v
50 kHz 1V 1V
100 kHz 1V 1V
30 Hz* 5V oV e
300 Hz 5V oV
20 kHz 5V LAY
100 kHz 5V v
30 Hz* 10V oV i
50 Hz* oV oV e
100 Hz* mnov 0V o ——T—
500 Hz 10V oV
1 kHz oV 1oV
5 kHz v v
10 kHz 0V 1oV
20 kHz 0V VAY
50 kHz A" oV
100 kHz LAY oV
30 Hz* 100V 100 vV e
300 Hz 100 v 100 V
10 kHz 100V 100 v
20 kHz 100 v 100 Vv
100 kHz 100 V 100 V
30 Hz* 1000 V 1000 V e
300 Hz 1000 V 1000 V
10 kHz 1000 vV 1000 V
110 kHz 1V 1V
250 kHz 1V 1V
500 kHz 1V 1V
1 MHz 1V 1V
110 kHz 6V v
250 kHz 6V v
500 kHz 6V v
1 MHz 6V oV

*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.

[§]



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 0.1
1 k§2 1

10 k2 10
100 k22 100
1M 1K

10 M 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.

FOUR-WIRE OHMS ACCURACY TEST
High Res. Off High Res. On

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

100 2 0.1
1k 1

10 k2 10
100 k2 100
1MQ 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: _______V (< 4.7 V dc)
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. DC-CMR + 0.000050 V
i AC-CMR + 0.000010 V
o. NMR —  |%00100V

DC VOLTMETER INPUT RESISTANCE TEST

3455A Test

Range | Reading Test Limits

nov —V | 999900 V to 10.00000 V
100 V .V | 90900V 1080917V

AC VOLTMETER INPUT IMPEDANCE TEST

Front-Terminal Reading (Step e): V (0.66443 V to 0.66887 V)
Front-Terminal Reading (Stepi)i___ V (>0.61017)
Rear-Terminal Reading (Step e): V (0.66443 V to 0.66887 V)
Rear- Terminal Reading (Step k): V (> 0.70822)




Hewlett-Packard Model 3455A (Option 001 only)

Digital Voltmeter
Serial No.

DC ACCURACY TEST (High Resolution off)

PERFORMANCE TEST CARD

3455A 3455A

Input 3455A Positive Negative

Lewvel Range Reading Reading | Test Limits*
1v 1V
v 1oV
1000 V** | 1000V - ————
500 V 1000 V
100 vV 100 vV
01V oAV

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

1V 1V

v Vv

1000 V** | 1000V ——

500 V 1000 V

100V 1000 V

100 vV 100 Vv

50V 100 V

oV 100 v

5V 0oV

1v 10V

o5V 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 positive readings only. Do not apply negative voltages greater

than - 500 V de.

Tests Performed By:

Date




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 0.1
1 k2 1
10 k2 10
100 k2 100
1 MO 1K
10 MO 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.

FOUR—-WIRE OHMS ACCURACY TEST
High Res. Off High Res. On

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

100 2 0.1
1k 1
10 k2 10
100 k2 100
1 MQ 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 'i-1.

OHMS VOLTAGE TEST

Voltage for Valid Reading: ___V (< 4.7 V dc)
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
i. _— |ACCcMR + 0.000010 V
o. —_ INMR —_— |ro0100V

DC VOLTMETER INPUT RESISTANCE TEST

3455A Test

Range | Reading Test Limits

v —V | 999900 V to 10.00000 V
100V —_—V | 90900V t09.0917V

AC VOLTMETER INPUT IMPEDANCE TEST

Front-Terminal Reading (Step e): V (0.66443 V to 0.66887 V)
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): V (>0.70822)



PERFORMANCE TEST CARD (Cont'd)

AC VOLTMETER ACCURACY TEST (OPTION 001 ONLY)

3455A 3455A

Frequency Frequency Input 3455A Reading Reading

(ACV) (FAST ACV) Level Range (ACV) | (FAST ACV) | Test Limits*
30 Hz 300 Hz 1V 1V
50 Hz 500 Hz 1V 1V
100 Hz 1 kHz 1V 1V
10 kHz 10 kHz 1V 1V
50 kHz 50 kHz 1V 1V
100 kHz 100 kHz 1V 1V
30 Hz 300 Hz 5V nov
50 Hz 500 Hz 5V mnv
100 Hz 1 kHz 5V v
10 kHz 10 kHz 5V v
50 kHz 50 kHz 5V v
100 kHz 100 kHz 5V v
30 Hz 300 Hz LAY v
50 Hz 500 Hz 10V mnov
100 Hz 1 kHz 10V mnv
10 kHz 10 kHz oV v
20 kHz 20 kHz 10V 10V
50 kHz 50 kHz 10V v
100 kHz 100 kHz inov mov
30 Hz 300 Hz 100 v 100 Vv
50 Hz 500 Hz 100 v 100 V
100 Hz 1 kHz 100 v 100 vV
10 kHz 10 kHz 100V 100 v
50 kHz 50 kHz 100 VvV 100 vV
100 kHz 100 kHz 100 v 100 vV
30 Hz 300 Hz 1000 vV 1000 V
50 Hz 500 Hz 1000 V 1000 V
100 Hz 1 kHz 1000 v 1000 V
10 kHz 10 kHz 1000 V 1000 V
250 kHz 250 kHz 1V 1V
250 kHz 250 kHz 6V 10V

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

test procedure. Derive 6-month test limits from specifications listed

in Table 1-1.



‘ WARNING I

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



Model 3455A

Section V

SECTION V
ADJUSTMENTS

5-1. INTRODUCTION.

5-2. This section contains complete adjustment procedures
for the Model 3455A Digital Voltmeter. After the instru-
ment is adjusted according to the procedures given in this
section, it should meet the 24-hour accuracy specifications
listed in Table 1-1.

5-3. EQUIPMENT REQUIRED.

5-4. The test equipment required for the adjustments is
listed at the beginning of each adjustment procedure and
in the Recommended Test Equipment table in Section I.
If the recommended equipment is not available, use sub-
stitute equipment that meets the critical specifications
given in the table.

6-5. ADJUSTMENT INTERVAL.

5-6. The 3455A adjustments should be performed at 90-
day or 6-month intervals depending on the environmental
conditions and your specific accuracy requirements. Adjust-
ments should also be performed after the instrument has
been repeaired.

5-7. ADJUSTMENT SEQUENCE.

5-8. The 3455A Adjustments must be performed in the
sequence in which they are presented. If the dc¢ and ohms
accuracy of the instrument are satisfactory, the DC Zero
Adjustments and Reference Adjustments can be omitted
and the RMS or Average Converter adjustments can be
performed to optimize the ac voltmeter accuracy.

59. TEST POINT AND ADJUSTMENT LOCATIONS.
5-10. Test points and adjustments are labeled on the top
inner cover and rear panel (Reference Module) of the

instrument or are shown in figures designated in the adjust-
ment procedures.

5-11. DC ZERO ADJUSTMENTS.
Equipment Required:
DC Digital Voltmeter (-hp- Model 3490A or 3455A)

a. Remove the 3455A top outer cover and top inner
cover to gain access to the A10 (Mother) board.

b. Set the 3455A controls as follows:

PUNCTION i o waives i o s e a5 DCV

Figure 5-1. 100 Volt Zero Adjustment.

RANGE: . o vrasvndis o s s oni o v
HIGH RESOLUTION. . . ............ ON
AURDCAL ... oo s wiw mmmsimis s io OFF
GUARD ........ ... .. ... ........ ON
TRIGGER . i . oo vivvis in voin o ain via s INT
MATH: o on wavng on o s an o 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 AI0TO1 (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 count. If
it is not, repeat Steps b through d. If this does not correct
the problem, refer to Section VIII for troubleshooting
information.

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

g. Set the 3455A RANGE to 1 V. Connect a copper
shorting strap across the 3455A INPUT terminals.

h. Allow the 3455A to run at room temperature for
at least 30 minutes.

i. The 3455A reading should be 0.000000 V * 4 counts.
If it is, proceed to the DC Reference Adjustments (Para-
graph 5-12). If it is not, it will be necessary to change the
value of padding resistor AIORI10 as outlined in the
following steps.

j. Record the 3455A reading: ___.

5-1
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Figure 5-2. 1 Volt Zero Adjustment.

k. Remove the top covers and note the value of
A10R106 — if there is an R110 installed (see Figure 5-2).
Refer to Table 5-1 and record the Offset Voltage that cor-
responds to the current value of A10R110: . (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 to the terminal
marked *-”, the polarity of the offset is posirive.

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

m. Refer to Table 5-1 and locate the Offset Voltage
that is closest to the total offset voltage recorded in Step 1.
Obtain a resistor that corresponds to that offset voltage.

n. Remove the original AI0R110 (Figure 5-2). If the
total offset (Step 1) is positive, connect the new R110
between the unmarked terminal and the terminal marked
.7, 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 3455A 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

Voltage Value® -hp- Part No.
05 uVv M 0683-3055
1.0 uv 1.5M 0683-1555
1.5 uV 10M 0683-1055
20 uv 750 K 0683-7545
25 uVv 620 K 0683-6245
3.0 pVv 510 K 0683-5145
35 uVv 430 K 0683-4345
4.0 pv 360 K 0683-3645
4.5 uV 330 K 0683-3345
5.0 uV 300 K 0683-3045

*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 l-volt and
10-volt output accuracy using NBS-calibrated voltage
standards. The Transfer Standard should be adjusted just
prior to use. After adjustment, it should be left on and, if
possible, kept in a controlled environment where the
ambient temperature is within one or two degrees of the
temperature at which it was adjusted. The following pro-
cedure should be performed in that same environment.

5-14. Adjustment Procedure.
Equipment Required:

DC Transfer Standard (Fluke Model 731A)
Standard Resistor (1 kilohm % 0.0005%; Guildline
9330/1 K)

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

NOTE

All of the reference adjustments are screw-
driver adjustments 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 be performed after a 30-
minute warmup period with all covers installed.

a. Set the 3455A controls as follows:

FUNCTION .o wo iw waiianion o ws wvn DCV
RANGE. . .viivs i smsmsives i samas 10V
HIGH RESOLUTION. . . ............ ON
AUTOCAL . ........... .. ON
GUARD 5 52 500ia s 58 seesbodin s 2 amsios ON
TRIGGER s s vy ws 5 watve INT
MATH. . v in s mowan ez or s 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.

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

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

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

f. Set the 3455A RANGE to 10 V and set the Transfer
Standard for an output of 10 V.

g. Repeat Steps ¢ through f until optimum adjustment
is obtained.



Model 3455A

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

i. 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,

1. Set the 3455A RANGE to 100.

m. Adjust the 1 megohm pot for a 3455A reading of
100.0000 kilohm (* 1 count).

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

5-15. RMS CONVERTER ADJUSTMENTS (A15 Assy.,
Standard Model 3455A Only).

NOTE

For 3455A Option 001 instruments, refer to
the Average Converter Adjustments (Para-
graph 5-16).

Equipment Required:

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

DC Standard (Systron Donner Model 106A)

AC Calibrator (-hp- Model 745A)

a. Set the 3455A controls as follows:

FUNCTION . . ... i i e iieenns ACVY
RANGE. . . ....c.ccvcivivrononas 10V
AUTOCAL % 55 50 Sy @6 oW awmss i ON
GUARD :oviii s cansans ins swwaiiss s ON
TRICGGER a5 s weavmvias i v wiomvmis s INT
MATH. coace ain s s wimmi w6 e sgeinide s OFF
AC—AC/DC(Rear Panel). ... ......... 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 TPS.

d. Adjust R65 (PREAMP OFFSET ADJ) for a DVM
reading of 0 V * 10 microvolt.

e. Connect the DVM Low to TP6 and High to TP5.
Adjust R56 (ABS AMP OFFSET ADJ) for a DVM reading
of 0 V £ 10 microvolts.
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f. 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 dc. Connect the DC
Standard output (Negative Polarity) to the 3455A INPUT.

i. Note the 3455A reading.

j. Reverse the polarity of the DC Standard’s output and
note the 3455A reading.

k. Adjust R51 (AC-DC TURNOVER ADJ) so that the
readings in Steps i and j are equal + 0.0005 V.

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

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

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

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

NOTE

If, in the following steps, there is insufficient
adjustment range for the 1 V, 10 V or 100 V
high-frequency (40 kHz) adjustment, the
adjustment range can be expanded by remov-
ing the appropriate jumper wire on the AlS
board (see Table 5-2). Refer to the AlS5
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 ADJ) for a 3455A display reading of 10.0000 V
+ 5 counts.

r. Set the AC Calibrator frequency to 40 kHz. Adjust
R72 (10 V, 40 kHz ADJ) for a 3455A reading of
10.0010 V (tolerance = + 20 counts).

s. Set the 3455A RANGE to 100 V. Set the AC Cali-
brator for an output of 100 V, 100 Hz. Adjust R94 (100 V,
100 Hz ADJ) for a 3455A reading of 100.000 V £ 5 counts.
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t. Set the AC Calibrator frequency to 40 kHz. Adjust
C34 (100 V, 40 kHz ADJ) for a 3455A reading of
100.010 V (tolerance = + 20 counts).

u. Set the AC Calibrator for an output of 1V, 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
10 V, 40 kHz Jumper 3
100 V, 40 kHz Jumper 1

5-16. AVERAGE CONVERTER ADJUSTMENTS (A13
Assy., 3455A Option 001 Only).

5-17. The following adjustments require an AC Calibrator
such as the -hp- Model 745A. For optimum adjustment ac-
curacy, the AC Calibrator should be calibrated at 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 745A)

a. Set the 3455A controls as follows:

FUNCTION:; s o0 siians 56 w4 et & & ACV
RANGE: . cv s winmisra om icenomsans ava 1Y
AUTQCAL + o siwssvmonns s wsmass o a ON
GUARD. ..iv s 50 sssvnimie s somimaso oo o8 ON
TRIGGER . ..................... INT
MATH. .. ci5 o 3 S3minis 73 Ssssm o & OFF

b. Set the AC Calibrator for an output of 10 mV,
1 kHz. Connect the AC Calibrator output to the 3455A
INPUT.
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c. Adjust R12 (DC OFFSET) for a 3455A reading of
0.01000 V % 3 counts.

d. Set the AC Calibrator to 1 V, 100 kHz (use error
measurement control). Adjust R13 (1 V HI FREQ) for a
3455A reading of 1.00000 V + 5 counts.

e. Set the AC Calibrator frequency to 1 kHz (turn 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 £ S 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 VIII) 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 HI FREQ) for a 3455A reading of 100.000 V
+ 10 counts.

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

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

Adjustment Remove
10 V, 100 kHz Jumper 2
100 V, 100 kHz Jumper 1
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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.
6-4. ORDERING INFORMATION.
6-5. To obtain replacement parts, address order or inquiry

to your local Hewlett-Packard Field Office. (Field Office
locations are listed at the back of the manual.) Identify

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

6-6. NON-LISTED PARTS.

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

6-8. PARTS CHANGES.

6-9. Components which have been changed are so marked
by one of three symbols; i.e., A, A with a letter subscript,
e.g., Ay, or A with a number subscript, e.g., 4;9. A A with
no subscript indicates the component listed is the preferred
replacement for an earlier component. A A with a letter
subscript indicates a change which is explained in a note at
the bottom of the page. A A with a number subscript indi-
cates the related change is discussed in backdating (Section
VII). The number of the subscript indicates the number of
the change in backdating which should be referred to.

6-10. PROPRIETARY PARTS.

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

Table 6-1. Standard Abbreviations.

ARSALYATIONS
Ag v hertz (cyclelsl par second] NPO pOwitive tero ol shde
Al wluminum rero temper, coethcwnt) sPOT ungle-pole double-thiow
A ampereis) [+ inside dismater ns 8 = 10~ 9 seconds SPST single-pole  single-throw
Au pold mpg impregnated L not separately replacesbie
ncd ncandescant Ta . tentelum
c capecitor ing nsulationied) o . . . ohmish TC .. temparature  coafficient
car ceramic obd Lo order by descriphion Tz titanium dionide
cosl cosfficent kil kilohmisl = 10*3ohms 0D outside R 1og . . 1oggle
com common kHz . hilohertz = 10+ 3 hertz 1ol 3 tolerence
comp cOMposition ® N poak nm Trmma
conn connection L inducion pA . pacosmpeteis) TSTR trangiston
o linear taper pe printed  circuit
dep deposited log logarnthimic taper oF picolarsdis) 10~ 12 farads v . . welis)
oPOT double-pole double throw piv poak inverse voltage vacw aiernating current working voltage
DPST double-pole Bngle-throw mA miliampare(s! = 10~ 3 amperes o part of ver . . . variable
MHZ megaheriz « 10+ 6 hanz pos . . posticals]  vdew diract current working voltage
wlect electrolytic Ml megohmis) = 10+ 6ohms  poiy potystyrene
encap mat fim matad fikm pot. potentiomater w .. wattisl
mir manulacture: [-2-] .o 58 peak to pesk w/ with
F Tarad(sl ms millisecond pom parts par millsan wiv . working inverses voltage
FET fisid effect transistor mig . moUnting [ - ‘ s ficient, wio R L. weithout
Ind fied mv millivoltisl = 10~ 3 vohs iong term stabllity and/or tolerancel e . . wirswound
oF microlaredis)
Gahs . ] % mecrosecond|(si R <. . resistor
GHr . gigahertz = 10+ 9 hartr v micravoltisl = 10-6 volta  An rhodum
wd guardied) my Mylar (1) ms OOt mean- squae - opTImuUmM vaiue selected at factory,
Ge germanum ot . ... rotmry average valus shown (par may be omitted)
gnd @roundied) n& = 10. g amps no standecd type number Kssigred
NC normalty closed Se saienum seiected of special type
M hanryins) Ne . neon sect section|s
Hg mercury  NO normally open  Si sificon @ Dupont de Nemaours
DENGRATORS
A snaembly FL fitter [+] . transistor Ts tarminal strip
] mator HA haater acR ansision-diode u <o . MECrOCHCIT
BT battery Ic integrated carcuit Rip) renistoripack) v . . vacuum tube, neon bulb, photocel, etc
c capacitor 4 L ek AT thermistor w s s - cable
CR dinde or thyristor K ralay s switch X. . socket
oL dalay line L inductor T tranaformas xDS lampholder
oS M mater bl terminal bosrd AF Tunshalder
E misc shectromc part L machanical parn TC thermocouple Y - crysml
13 P plug ™ o8l point z rtwork
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nator column are available only for repair and service of
Hewlett-Packard Instruments.

6-12. EXCHANGE ASSEMBLIES.

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

6-14. For service convenience, the Processor Assembly
(A3) and Reference Assembly (A11) may be replaced on an

Model 3455A

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

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

Reference Exchange Assembly (A11), -hp- part num-
ber 11177-69501

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 Al1) and selected components necessary for
efficient repair. The Service Kit may be ordered through
your nearest Hewlett-Packard Office. Order Service Kit
Number 03455-69800.

Table 6-2. Code List of Manufacturers.

Manufacturer
Number Manufacturer Name Address
FROO2 EFCO Components Saint-Malo France 35
GMO077 Amp Deutschland Germany
00000 U.S.A. Common Any Supplier of the U.S,
00114 Jermyn Industries
0022U United Chemicon Inc
o121 Allen-Bradley Co Milwaukee, Wi 53212
01295 Texas Instr Inc Semicond Cmpnt Div Dallas, TX 756231
02735 RCA Corp Solid State Div Sommerville, NJ 08876
03888 KDI Pyrofilm Corp Whippany, NJ 07981
04713 Motorola Semiconductor Products Phoenix, AZ 85008
07263 Fairchild Semiconductor Div Mountain View, CA 94040
11236 CTS of Berne Inc Berne, IN 46711
11237 CTS Keene Inc
11502 TRW Inc Boone Div Boone, NC 28607
14140 Edison Elek Div McGraw-Edison Manchester, NH 03130
15818 Teledyne Semiconductor Mountain View, CA 94040
16365 Dayton Rogers Mfg Co Minneapolis, MN 55407
17856 Seliconix Inc Santa Clara, CA 95050
19701 Mepco/Electra Corp Mineral Wells, TX 76067
24226 Gowanda Electronics Corp Gowanda, NY 14070
24355 Analog Devices Inc Norwood, MA 02062
24546 Corning Glass Works (Bradford) Bradford, PA 16701
24931 Specialty Connector Co Inc Indianapolis, IN 46227
27014 National Semiconductor Corp Santa Clara, CA 95051
27264 Molex Products Co Downers Grove, IL 60515
28480 Hewlett-Packard Co Corporate HQ Palo Alto, CA 94304
32997 Bourns Inc Trimpot Prod Div Riverside, CA 92507
34335 Advanced Micro Devices Inc Sunnyvale, CA 94086
56289 Sprague Electric Co North Adams, MA 01247
71785 TRW Elek Components Cinch Div Elk Grove Village, IL 60007
72136 Electro Motive Corp Sub IEC Willimantic, CT 06226
73138 Beckman Instruments Inc Helipot Div Fullterton, CA 92634
74970 Johnson E F Co Waseca, MN 56093
75915 Littelfuse Inc Des Plaines, IL 60016
79727 C—W Industries Warminster, PA 18974
8G464 Bergquist Co Minneapolis, MN 55420
91637 Dale Electronics Inc Columbus, NE 68601
91833 Keystone Electronics Corp New York, NY 10012
99800 Amer Prcn Ind Inc Delevan Div Aurora, NY 14052
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Table 6-3. Replaceable Parts
Reference HP Part Descripti Mfr
: 4 Qty ription Mfr Part Number
Designation Number P Code
Al 03455-66501 1 P.C ASSEMBLY, OUTGD MB 28480 03455-66501
AlLL 01 60-0362 3 CAPACITOR-FXD S10PF #=5% 300WVDC MICA 28480 0l&60-0362
AlC2 0180-0291 21 CAPACITOR-FXD LUF+10X 35vDC TA 56289 150D105X9035A2
ALL3 0LBO-03T4 5 CAPACITOR-FXD 10UF+—10X 20VDC TA 56289 1500106X902082
ALC% 01 80-0197 7 CAPACITOR-FXD 2.2UF+-10% 20VDC TA 56289 150D225X9020A2
ALlLCS 0180-1735 5 CAPACITOR~-FXD .22UF+-10T 35VDC TA 56289 1500224X3035A2
AlLe 01 B80-0197 CAPACITOR-FXD 2.2UF+=10% 20VDC TaA 56289 1500225X9020A2
ALCT Q0180-1735 CAPACITOR-FXD ~22UF+=10% 35VDC TA 56289 150D224X9035A2
AlLB 0180-03T74 CAPACITOR-FXD LOUF+=10% 20VDC TA 56289 15001 06X902082
ALLY 01 80-0197 CAPACITOR-FXD 2.2UF+-10% 20VDC TA 56289 L50D225X3020A2
ALLLL 0180-1735 CAPACITOR-FXD .22UF+-10% 35V0C TA 56289 1500224X9035A2
AlCl2 0180-0374 CAPACITOR-FXD LOUF+-10% 20VDC TA 56289 1500106X902032
ALCL3 01 &0-0128 1 CAPACITOR-FXD 2.2UF +-20X S0WMVDC CER 28480 0l160-0128
ALCLS 0LB0-03T4 CAPACITOR-FXD lOUF+10T Z0VDL TA 56289 150D0106X902082
AlLle 01 680-0291 CAPACITOR-FXD 1UF+-10% 35VDC TA 56289 1500105X9035A2
ALCLT 0Ll80-0D291 CAPACITOR-FXD 1UF+-10% 35vDC TA 56289 150D0105X9035A2
AlLle U1 80-0693 3 CAPACITOR-FXD LOOOUF+50-10% 25VDC AL oozzu 25VB5L1000
ALLLY 0180-0228 1 CAPACITOR-FXD 22UF+-10% L5VDC TA 56289 150D2286%901582
ALl 01 E80-0291 CAPACITOR-FXD LUF+-10% 35vDC TA 56289 1500105X9035A2
AlCz2 01 BO-0694 1 CAPACITOR-FXD T500UF+100-10% 12V0DC AL 28480 01lB0-069%
Aluzl 0180-0291 CAPACITOR=-FXD 1UF+=-10% 35V0C TA 56289 L50D105X9035A2
Alu2s 01 80-0291 CAPACITUR-FXD LUF+—10% 35vDC TA 56289 150D0105X9035A2
Alued 0180-0291 CAPACITOR-FXD LUF#+—L0X 35VDC TA 56289 1500105X9035A2
AlLZo Ji40-0198 2 CAPACITOR-FXD 200PF +-5% 3004VDC MICA T2136 DML5F201J0300WVLICR
Alued 0180-0291 CAPACITOR-FXD LUF+-10X 35VDC TA 56289 150D0105X9035A2
ALLeB 0L60-2204 5 CAPACITOR-FXD L00PF +-5% 300WVDC MICA 28480 0160-2204%
ALC2Zy 0180-1735 CAPACITOR-FXD .22UF+-10% 35VDL TA 56283 150D224X9035A2
AlLL3L 0180-0291 CAPACITUR-FXD 1UF+10% 35vDC TA 56289 1500105X9035A2
AlL3c Ap 0l B0-1735 1 CAPACLTOR-FXD .22 UF+-10% 35VDCTA 56289 1500224 X903A2
ALL3s 0L 6&0-2605 & CAPACITUR-FXD .02UF +80-20% 25WVDC CER 28480 0160-2605
ALL 3% 0L&0-0302 CAPACITOR-FXD 5L0PF #-5% 300WVDC MICA 28480 0l60-03862
Alcas 0l 80~0291 CAPACITOR-FXD LUF+—10% 35V0C TA 56289 1500105X9035A2
AlL3b 0150-0093 2 CAPACITOR-FXD .O0LUF +80-20% LOONVDC CER 28480 0150-0093
ALL3T Dl60-0s02 CAPACITOR-FXD S5LOPF +=5% 300WVDC MICA 28480 0160-0362
AlL3s Ul e0-0291 CAPACITOR-FXD LUF+=10% 35VDC TA 56289 150D105X9035A2
AlL3y 0180-0£91 CAPAZ ITOR-FXD LUF+-10% 35VDC TaA 56289 150D0105X9035A2
AlCa 01600185 1 CAPACITOR-FXD 1000PF +—20% 250WVAC CER 28480 0160-0195
AlC42 01800291 CAPACITOR—FXD 1UF +-10% 35VDC TA 56289 150D105X9035A2
A1C43 ag 0180-0281 CAPACITOR—FXD 1UF +-10% 35VDC TA 04200 150D0105X9035A2
AICA4 Ac 01801701 CAPACITOR-FXD B.BUF +-20% 6VDC TA 04200 1500685X0006A2
AlLklL L9d0l-0400 4 DIODDE-PWR RECF 100V L.5A 04713 S5R1B846-9
AlLk2 1901-0200 DIODE=PWR RcCT LOO0V l.5A 04713 S5R18456-9
ALLKS 1901-0050 45 DIDDE-SWITCHING 80V 200MA ZNS DO-T 28480 1901-0050
ALCRS 19GCl=-0u50 DIDDE-SWITCHING B8OV 200MA 2W5 DO-T 28480 1901-0050
ALLno L9CLl-0us0D DIDVE-SWITCHING B0V Z0OMA 2ZNS DO-7 28480 1901-0050
ALLRT 1902-0631 3 DIDDE-INR LNS5351B8 14V 5% PU=5W TCL=+75% 04713 IN53518
ALLHB 190l-0028 12 DIODE-PWR RECT 400V T50MA D0-29 28480 1901-0028
ALCRY 190l-0028 DIODE-PWR RECT 400V T50MA DD-29 28480 1901-0028
ALLRLL L901-0050 DIODE-SWITCHLING BOV ZOOMA 2ZNS DU-T 28480 1901-0050
ALCKLZ 19G2-0u4ey 5 DIODE=INR 6.19V 5% DO=-T PO=.4W TC=+.022% 28480 1902-0049
ALLRLS 1902-0126 1 DIODE-INR 2.61lV 5% DO-7 PU=.4W TC=-,0T73% 04713 52 10939-14
ALCKLS L902-0631 DIJDE-INR LN53518 14V 5% PO=5m TC=+751 04713 IN53518
AlLwl> 19C1-uusy DIODE-SWITCHING 80V ZOOMA ZNS DO-T 28480 1901-0050
AlLRlo 1902-3136 1 DIDDE=INR 8.00V 5% DO-T PO=.4W TC=+.052% 0aTl3 57 10939-155
AlJl L251-3195 1 CONNELTUR 4-FRIN M POST TYPE 272 6% 09-60-104112403-04A)
AlJz 1251-4313 1 CUNNECTOR LT-PIN M POST TYPE 2T264 22-04-2181
ALJ3 L251=-32T76 2 CONNECTOR &6=RIN M POST TYPE 27264 09-560-1061
AldS L251-3276 CONNECTOR &=PIN M POST TYPE 27264 09-60-1061
AlJo 1251-2035 3 CUNNELTOR-PL EUGE L15-CONT/ROUW 2-ROMWS TLT85 252-15-30-300
Al L251=-4315 1 CONNECTOR 7-PIN M POST TYPE 2T264 22-04-2081
Al Le51-431% 1 CUNNECTOR L15-PIN M PUST TYPL 27264 22-04-2161
AlLLL 9L4U=-0L3T 1 CUOIL=MLD LMH 5 Us60 190X.44LG SRF=3MHL 99800 2500-28
Alul L653-0010 5 TRANSISTUR PNP S1 TU-18 PU=300MH 26480 1853-0010
Alds 1L854-0410 3 TRANSISTOR NPN Z2N2222 51 T0-16 PD=500Me D4TL3 2N2222
Alds L854=02L10 THANSISTOR NPN £N2222 51 TJ-1d PD=500MW 04713 2N2222
ALué 1LB%53-0uL0 THANSISTOR PNP 51 TO-18 PD=36UMW 28480 1853-0010
Alds 1850210 TRANSISTOR NPN 2N2zZ2 SI TU-18 PD=500MW 04713 2N2222
Alub 1853-0uUlv TRANSISTOR PNP SI TO-18 PO=300MW 28480 1853-0010
Alwi L653-00L20 15 TRANSISTOR PNP SI PO=300MW FT=150MHI 28440 1853-0020
AlLJB LE53-0U0 TRANSISTUR PNP 51 PD=300MW FT=150MHZ 28480 1853-0020
AlwY 1853-0020 TRANSISTUR PNP 51 PD=300Mm FT=150MR{ 28480 1853-0020
Alull L853-0409 a THANSISTOR PNP S1 DARL TO-22048 PD=60W 28480 LB53-0409
C46 4G 0160-3622 CAPACITOR-FXD .1UF +B0 —20% 100VDC CER 2B480 0160-3622
AA SEE NOTE ONSCHEMATIC 8

4B SEE NOTE ON SCHEMATIC 10
AC SEE NOTE ON SCHEMATIC 10
AG SEE :HOTE ON SCHEMATIC IIO
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Table 6-3. Replaceable Parts

HP Part i e Mfr
Reference Qty Description Mfr Part Number
Designation Number Code
AlQlz 1853-0409 TRANSISTOR PNP SI DARL TO-2Z20AB PD=60W 28480 1853-0409
AlQl3 L853-0409 TRANSISTOR PNP SI DARL TO-220A8 PD=60M 28480 1853-0409
Aldl% 1853-0409 TRANSISTOR PNP S1 DARL TO-220A8 PD=60W 28480 1853-0409
ALulS 1853-0409 TRANSISTOR PNP 51 DARL TO-220AB PD=60M 28480 18530409
Aluls 1853-0429 TRANSISTOR PMP S1 DARL TO-220AB PD=60W 28480 1853-0409
AluLT 1853-0409 TRANSISTOR PNP 51 DARL TO-220A8 PD=60W 28480 18530409
ALULHE 1853-0409 TRANSISTOR PNP 51 DARL TO-220AB PD=60M 28480 1853-0409
ALRL 0757-0290 4 RESISTOR 6.19% 1% .125M F TC=0+-100 19701 MF4CL/8-TO-6191-F
ALKRZ 075T-0273 & RESISTOR 3.0lK 1X .125W F TC=0+-100 245456 C41/8-T0-3011~-F
ALR3 0757-0290 RESISTOR 6.19K 1% .125W F TC=0+—100 19701 MF&C1/8-TO-6191-F
AlLR4 0757-0273 RESISTOR 3.01K LT .1256 F TC=04+-100 24546 C4-1/8-TO-30Q11-F
ALKS 0757-0283 11 RESISTOR 2K 1% .125W F TC=0+=100 24546 C4-1/8-T0-20Q01-F
AlLRG 0757T-0290 RESISTOR 6.19K 1% .1254¢ F TC=0+-100 19701 MFACL/8-TO-6191-F
ALRT 0757-0273 RESISTOR 3.01K 1% .125W F TC=0+-100 245456 Cé4~1/8-TO-3011-F
ALKE 0757-090 RESISTOR 6.19K LX .125W F TC=0#+-100 19701 MF4C1/8-TO-56191-F
ALR9 0757-0273 RESISTOR 3.01K 1% .125W F TC=0+-100 24546 C4-1/8-TO-3011-F
AlRrll 07570420 3 RESISTOR 750 L% -125W F TC=0+=100 24545 C4L/8-TO-7561~F
Almlz 0757-0801 1 RESISTOR 150 L% .54 F TC=0+-100 19701 MFTC-1/2-T0-151-F
Alwi3 Do98-4484 3 RESISTOR 19.1K 1T .125W F TC=0+-100 24546 C4-1/8-TO-1912-F
ALKLS 0757-03%9 3 RESISTOR 22.6K 1% .125W F TC=0+-100 24546 C4-1/8-TD-2262-F
ALKLS 07570289 3 RESISTOR 133K 1% .125W F TC=0+-100 26545 C4-1/8-T0-1332-F
ALALS 0T57-0419 3 RESISTOR 661 1% -125m F TC=0+-100 24546 C4-1/8-TO-6B1R-F
ALRLT 0T57T-0465 ] RESISTOR LOOK 1T .125W F TC=0+-100 26545 C4-1/68-TO-1003~F
AlrlS DT757-0349 RESISTOR 22.6K LT .125W F TC=0+-100 24546 Cé4-1/8-TO-2262-F
ALRLY 07570289 RESISTOR 133K 1% .125W F TC=0+-100 24545 C4-1/8-T0-1332-F
Alm2l 0757-0419 RESISTOR 681 1X .125W F TC=0+-100 24546 C4—1/8-T0-68LR-F
AlR2Z 0757-0465 RESISTOR 100K 1T .125# F TC=0+-100 24546 C4=1/8-TO-1003-F
Alwed 06 56-44b% RESISTOR 19.1K 1% .125W F TC=0+-100 24546 C4~1/8-TO=-1912-F
Alnds 07570289 RESISTOR 133K 1% 125w F TC=0+-100 24545 C4-1/8-T0-1332-F
AlRZY 0T 57-0419 RESISTOR 681 1% .125W F TC=0+-100 24546 C41/8-TO-681R-F
ALRéo 0757T=-0465 RESISTOR 100K 1T .125W F TC=0Q+-100 24545 C4=1/8-TO-1003~-F
Aln2T 06 98-4404 RESISTOR 19-.1K 1% .125W F TC=0+-100 24545 C4-1/8-T0-1912-F
ALrZE 07 57-0349 RESISTOR 22.6K 1% .125W F TC=0+-100 24545 C4-1/8-TO-2262-F
ALnZYy 0757=-0410 1 RESISTOR 301 L3 -125W F TC=0+-100 24545 C4—1/6-TO-30QLR~-F
ALR3L 07 57=04565 RESISTOR 100K 1% .125W F TCL=0+-100 245485 C4=1/8-TO-1003-F
Aln3e 07571-0283 RESISTOR 2K 1% .125W F TC=0+-100 24546 C4-1/8-T0-2001-F
ALR33 0757-0280 13 RESISTOR LK 1% .125W F TC=0+-100 24545 C4-1/8-TO-1001-F
ALK 34N 0757-0280 RESISTOR 1K 1% .125W F TC=0#4-100 24546 C4-1/8-TO-1001-F
ALR3S5 0757-0442 ] RESISTOR 10K 1% .125W F TC=0#+-100 24545 C4=-1/8-TO-1002-F
LYCED UT5T-0283 RESISTOR 2K 1% 125w F TE=0+-100 24545 C4-1/8-TO-2001-F
ALR3T 0757-0483 RESISTOR 2K 1% .125W F TC=0+-100 24545 C4-1/8-T0O-2001-F
Aln3e 0757-0263 ReSISTOR 2K LY .125W F TC=0+-100 24546 C4-1/8-T0-2001-F
Alriy 0T57-0283 RESISTOR 2K 1% .125W F TC=0+-100 24545 C4-1/8-T0-2001-F
ALlr40 LB 10-0uU55 1 NETWORK=RES 9=PIN-5IP .15-PIN-5PCG 28480 1810-0055
Alrél OT57-0199 2 RESISTOR 21.5K 1% .125W F TC=0+100 26545 C4&-1/8-TD=-2152-F
AlRag 0757T=-0199 RESISTOR 21.5K 1% .125W F TC=0+-100 24545 C4-1/8-TO-2152-F
Alré3 0757T-0:73 RESISTOR 3,01K 1% 1254 F TC=0+=100 24546 C4-1/68-TO-3011-F
Alrnds U757-0442 RESISTOR 10K 1% .125W F TC=0+-100 264545 C4-1/8-TO-1002-F
Alnad 0658-4453 1 RESISTOR 402 1% .125W F TC=0+-100 245456 C4=1/B-TO-402R-F
Alr4o 0757-0401 RESISTOR 100 1% 1256 F TC=0#-100 26565 C4=1/8-TO-101-F
AlnaTl 0757-0368 1 RESISTOR 34 1T .125W F TC=0+-100 245456 C4-1/8-TO-34R0O-F
Alit4s 0757=-0407 3 RESISTOR 200 1% .125W F TC=0+-100 24545 C4&-1/8-T0-201-F
ALnay 075T-0407 RESISTOR 200 1% .125W F TC=0+-100 24545 Cé4=1/8-TO-201~F
ALRSL 0757T-0429 2 RESISTOR L.B2K 1% .125W F TC=0+-100 24548 Cé4=-1/8-TO-1821-F
Aln>g 0757-0280 RESISTOR 1K 1£ -.125W F TC=0+=-100 24546 C4-1/8-T0-1001-F
ALKS3 0757-0%29 RESISTUR 1.B2K 1% .125W F TC=0+-100 24545 Cé4=1/8-T0-182L-F
ALKS% 0757T-0407 RESISTOR 200 1% .125W F TL=0+-100 24546 C4-1/8-TO-201-F
ALRSS Do98-4123 1 RESLIS5TOR 499 1% .125W F TC=0+-100 26545 C4—L/B-TO-499R-F
AlRSL 0757-0:83 RESISTOR 2K 1% .125W F TC=0+-100 24546 C4-1/8-TO-200L~-F
ALRST 0757-0483 RESISTUR 2K 1% .125W F TC=0+-100 24545 C4-1/8-TO-200L-F
ALKSY 0757-0283 RESISTOR 2K 1% .125W F TC=0+-100 24546 C4=1/8-T0-2001-F
AlrbY 0751-0e80 RESISTOR 1K 1% .1254 F TC=0+-100 24545 C4=1/8-TO-1001-F
AlRbL 0757T-0280 RESISTOR LK 1% .1254 F TC=04-100 24546 C4-1/8-TO-1001-F
Alnhog 0757=-0280 RESISTOR 1K 1% .125W F TC=0+-100 26545 C4-1/8-TOo-1001-F
Alno3 Q757-0420 1 RESISTOR 750 1% .125W F TC=0+-100 24545 C4-1/8-TO-T51-F
AlnGs 0757T-0280 RESISTOR 1K 1% .125W F TL=0+=100 26545 C4-1/8-TO=-1001-F
Alabd 0T57-0c60 RESISTOR 1K 1% .125W F TC=0+-100 246545 C4=1/8-TO-1001-F
Alnoo a757-0280 RESISTOR 1K 1% .125W F TC=U+=100 24545 C4=1/8-TO=-1001-F
Alned 0757=-0200 RESISTOR LK 1% -125W F TC=0#=100 24546 Cé4-1/8-TO-1001-F
AIRBE Ap 07570442 RESISTOR 10K 1% ,1256W 03292 C4-1/8-TO-1002-F
ATRE9 aAg 0757—-0401 RESISTOR 100 1% .125W F TC=0+-100 03292 C4—1/8-TO-101-F
A151 31011973 1 SWITCH-SL 7-1A-NS DIP-SLIDE-ASSY .1A 11237 206 TYPE
ALJl le20-1200 2 IC-DIGITAL SNT4LSO5N TTL LS HEX 1 oL295 SNT4L505N
Alde 1820-1197 T IL-DIGETAL SNT4LSOON TTL LS QUAU 2 NAND 01295 SNTALS00N
alus 1820-1053 i IC-DIGITAL SNT414N TTL HEX 1 01295 SNT4L4&N
Alus LB820=-1112 3 IC-DIGITAL SNT4LST4N TTL LS DUAL 01295 SNTALST&N
AlJus LB820-1£00 IC-DIGITAL SNT4LSOS5N TTL LS HEX 1 01295 SNT&LSO5N

Ap SEE NOTE ON SCHEMATIC 10
Ag SEE NOTE ON SCHEMATIC 10
L L
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Table 6-3. Replaceable Parts

Reference HP Part . Mfr
y : Qty Description Mfr Part Number
Designation Number Code
Alus 18 20-1558 3 IC-DIGITAL MC3441P TTL® QUAD 04713 MC3441P
Alu7 L820-1206 2 IC-DIGITAL SNT4LS2TN TTL L5 TPL 3 NOR 01295 SNT4LSZTN
Alus 1820-1199 8 JIC-DIGITAL SNT4LSO4N TTL LS HEX 1 01295 SNT4L S04N
Alug 1820-1558 IC-DIGITAL MC3441P TTL* QuUAD 04TA3 MC3441P
Alulo 1820-1199 IC-DIGITAL SNT4LSO4N TTL LS HEX 1 0L295 SNT4ALSO4N
Alull 1820-1196 24 IC-DIGITAL SNTALSL1T4N TTL LS HEX 01295 SNT4LSLTAN
Aluls 18 20—-1558 IC-DIGITAL MC3441P TTL* QUAD D4T13 MC3441P
Aluls l820-1201 5 IC-DIGITAL SNT4LS08N TTL L5 QUAD 2 AND 01295 SNT4L508N
AlULS 1820-1197 IC-DIGITAL SN74LSOON TTL LS QUAD 2 NAND 01295 SNT4LSOON
Aluls 1820-1198 9 IC-DIGITAL SNT4LSO3N TTL L5 QUAD 2 NAND 01295 SNT4LSD3N
Alule 1820-1198 IC-DIGITAL SNT4LSO3N TTL LS QUAD 2 NAND 01295 SNT4ALSO3N
ALuLd 1820-1198 IC-DIGITAL SNT4LS0O3N TTL LS QUAD 2 NAND 01295 SNT4LSO3N
AlUuls L820-1198 IC-DIGITAL SNT4LSO3N TTL LS QUAD 2 NAND 01295 SNTALSO3N
AlUle L820-1196 IC-DIGITAL SNT4LSLT4N TTL LS HEX 01295 SNT4LSLTAN
ALJ20 1820-1196 IC-DIGITAL SNT4LSLT4N TTL LS HEX 01295 SNT4LSLT4N
Alu2l L820-15648 & IC-DIGITAL SNTALS125N TTL LS QUAD 1 BUS 01295 SNT4LS5125N
Alude LB820-1568 IC-DIGITAL SNT4LS125N TTL LS QUAD 1 BUS 01295 SNTALSL25N
AlUZs 1820-1196 IC=DIGITAL SN7T4LS174N TTL L5 HEX 01295 SNTALSLT4N
Alule 1820~-1196 IC-DIGITAL SNT4LSLT4N TTL LS HEX 01295 SNTALS1 74N
Aluzs L820-1196 IC-DIGITAL SNT4LSLT4N TTL L5 HEX 0L295 SNTALSLTSN
Aluie L820~1112 IC-DIGITAL SNT4LS74N TTL LS DUAL 01295 SNTALSTAN
Alugd L9 0&—0uT5 1 DIDDE ARRAY 28480 1906-0075
Aluds 1820-1280 2 IC-DIGITAL SNTALSLIBLN TTL LS 01295 SNT4LSLBLN
Alugy 1820-1196 IC-DEGITAL SNT4LSLT4N TTL L5 HEX 01295 SNT4LSLTaN
Alusu 1820-1280 IC-DIGITAL SNT4LS1BLN TTL LS 01295 SNTALS1 81N
AlJ3l L820~-1196 TC-DIGITAL SNT4LSLIT4N TTL LS HEX 01295 SNT4LSLT&N
Aluse 1820-1208 1 IC-DIGITAL SNT4LS32N TTL LS QUAD 2 OR oL295 SNTALS32N
Aluss L8 20-1216 2 IC-DIGITAL SNT4LSL38N TTL LS 3 01295 SNT4L5138N
Aluss 18 20-1568 IC-DIGITAL SNT4LS125N TTL LS QUAD 1 BUS 01295 SNT4LS125N
ALU3s 1820-1568 IC-DIGITAL SNT4LSL25N TTL LS QUAD 1 BUS 01295 SNT4LSL25N
Aluis 1820—1432 F IC-DIGITAL SNT4LS163N TTL LS BIN 01295 SNT4LS1 63N
ALJad 1820~ 1432 IC-DIGITAL SNT&LS163N TTL LS BIN 01295 SNT4LSL63IN
Aluss 1820-1201 IC-DIGITAL SNT4LSOBN TTL LS QUAD 2 AND 01295 SNT4LS06N
LRYEL] L820-1199 IC-DIGITAL SNTALSO4N TTL L5 HEX 1 01295 SNTALS04N
ALUS0 1820-1112 IC~DIGITAL SHT4LST&4N TITL LS OUAL 01295 SNTALSTAN
Aldsl L820-1216 IC-DIGITAL SNT4LSL138N TTL LS 3 01295 SNT4LSL38N
ALUsd 18 0-1568 IC-DIGITAL SNT4LSL25N TTL LS QUAD 1 BUS 01295 SNT4LS125N
Alda3 1820-1568 IC-DIGITAL SNT4LS5125N TTL LS QUAD 1 BUS 01295 SNT4LSL25N
Alu4s 1818-0199 2 IC AM9112APC LK RAM NMOS 34335 AM9112ZAPC
ALuss 1818-0199 IC AM9LLZAPC 1K RAM NMOS 34335 AMIL1ZAPC
AlJbs 1820~-1198 IC-DIGITAL SNT4LSO03N TTL LS QUAD 2 NAND 0L295 SNT4LSD3N
Aluad l620-1201 IC-DIGITAL SNT4LSOBN TTL LS QUAD 2 AND 01295 SNTALS0BN
AlJu4d LBcl—-1423 1 IC-DIGITAL SNT4L5123N TTL LS DUAL 01295 SNT4L5L23N
Aldey 1820-1199 IC-DIGITAL SNT4LSO&N TTL LS HEX 1 01295 SNT4HLSD4N
ALuso LB20-1497 IC-DIGITAL SNT4LSOON TTL LS QUAD 2 NAND oL295 SNT4L SO0N
Alusl 1820-1196 IC-DIGITAL SNT4LS5LT4N TTL LS HEX oL295 SNT4LSLT4N
AlUuse 1820-1199 IC-DIGITAL SNT4L504N TTL LS HEX 1 01295 SNT4LS04N
ALJ53 L820~-1206 IC-DIGITAL SNT4LSZTN TTL L5 TPL 3 NOR oL29s% SNT4LS52TN
ALJSs 1820-1196 IC-DIGITAL SNTALSLT4N TTL LS HEX 01295 SNTALSLTAN
ALusy 1820~-1197 IC-DIGITAL SNT4LS00N TTL LS5 JQUAD 2 NAND 01295 SNT4LSOON
Aluse 1B20-1245 F IC-DIGITAL SNT4LSLS5N TTL LS DUAL 2 oL295 SNT&LSL55N
ALUST ap 14 20-0987 1 IC ENCDR TTL L B-INP 02237 93L18PC
AlUSe 1820-1196 IC-DIGITAL SNT4LSLT4N TTL LS HEX 01295 SNT4LSLT4N
Alusd L820—1198 IC-DIGITAL SNT4LSO3N TTL LS QUAD 2 NAND 0L295 SNT4L 503N
Aldeu 1820-1198 IC-DIGITAL SNT4LSO3N TTL L5 QUAD 2 NAND 01295 SNT&LS03N
Alubi L820-1197 IC-DIGITAL SNT4LSOON TTL LS5 QUAD 2 NAND 01295 SNT4LS00N
AlUoe 1820-160% 1 IC-DIGITAL SHT4LS4BN TTL LS 4 01295 SNT4LS48N
Aluos LB2u—-1196 IC-DIGITAL SNT4LSLTGN TTL LS HEX oL295 SNT&LSLT4N
Alubs L8 40-1245 IC-JIGITAL SNT4LSLS55N TTL LS DuaL 2 01295 SNT4LSL55N
AlUuss L820-1196 IC-DIGITAL SMT4LSLT4N TTL LS HEX 0L295 SNT4LSLTaN
Alubo 1820-1196 IC-DIGITAL SNT&LSLT&N TTL LS HEX 01295 SNT4LSLTGN
AlueT L820-1196 IC-DIGITAL SNT4LSLT4N TTL LS HEX 01295 SNT4LSLTaN
Aluos 1820-1195 IC-DIGITAL SNT4LSL1T4N TTL LS HEX 01295 SNT4LSLTAN
alued 1820-1196 IC-DIGITAL SNT4LSL1T4N TTL LS HEX 01295 SNT4LSLTSGN
ALuTo Ld20-1196 IC-DIGITAL SNT4LSLT4N TTL LS5 HEX 01295 SNT4LSLT4N
ALUTL 18201740 1 IC-DIGITAL US5S8863N MOS* OSPL ORVR 2701% DS8863N
ALVl 04 10-1001 1 CRYSTAL, QUARTZ 1.3 MHZ 28480 0410-1001
12000485 1 SUCKET:ZIC 14-PIN PC MOUNTING 28480 1200-0485
L200-0473 2 SUCKET=IC 16-CLONT DIP-SLDR 28480 1200-0473
U3E0-0686 2 *uUS GAR-MBZ3 00000 08D
03 £0-00487 2 *BUS BAR-MBZ23 00000 neo
5040-01T0 z GUIDE:PLUG-IN PC BOARD 28480 5040-01T0

Ap SEE NOTE ON SCHEMATIC 10
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Table 6-3. Replaceable Parts

HP Part _ Mfr
Reference Qty Description Mfr Part Number
Designation Number Code
A2 03455-66502 L PC ASSEMBLY, DISPLAY 28480 03455-66502
AZCKL L9 90-054T7 36 LED-VISIBLE LUM-INT=2MCD IF=20MA-MAX 28480 1990-0547
AduRE 1990-0547 LED=VISIBLE LUM=INT=2MCD IF=Z20MA-MAX 28480 1990-0547
A2LR3 1990-0547 LEDO-VISIBLE LUM-INT=2ZMCD IF=20MA-MAX 28480 1990~0547
AdLRb L990—-054T LED-VISIBLE LUM-INT=2MCD IF=20MA-MAK 28480 1990~-0547
AZLHS 1L990-0547 LED-VISIBLE LUM—INT=2ZMCD IF=Z20MA-MAX 28480 1990-054T
AZCHD 1990-0547 LED-VISIBLE LUM—INT=2MCD IF=20MA-MAX 28480 1990-054T
A2LKT L990-0547 LED=-VISIBLE LUM-INT=2MCO [F=20MA-MAX 28480 1990-054T
AZLRYE 1990-054T LED=-VISIBLE LUM-INT=ZMCD 1F=20MA-MAX 28480 1990-054T
A2LRY L990-0547 LED=-VISIBLE LUM=INT=2MCD IF=20MA-MAX 28480 1990-0547
A2CRLD L990-0567 LED=VISIBLE LUM-INT=2ZMCD IF=20MA-MAX 28480 1990-0547
AZLRLL L990-0547 LED-VISIBLE LUM-INT=2ZMCD IF=2Z0MA-MAX 28480 1990-0547
AZukle L990-0547 LED=-VISIBLE LUM-INT=2ZMCD IF=20MA-MAX 28480 1990-0547
AZLR13 1990-0547 LED-VISIBLE LUM-INT=2MCD IF=20MA-MAX 28480 19900547
AZLRL% L990-054T LED=VISIBLE LUM=INT=2MCD ]F=20MA=MAX 28480 1990-0547
ALLRLS 1990-0547 LED=VISIBLE LUM-INT=2MCD IF=20MA-MAX 28480 1990-0547
AZCRLB L9950-0547 LED-VISIBLE LUM-INT=2MCD IF=20MA-MAX 28480 1990-054T
AZLRLT L990-0547 LED=-VISIBLE LUM-INT=2MCD IF=20MA-MAX 28480 1990-0547
AZLRLlE 1990-0547 LED=-VISIBLE LUMN-INT=2ZMCD IF=20MA-MAX 28480 1990-0547
A2LRLY L990-0547 LED=VISIBLE LUM-INT=2MCD IF=Z0MA-MAX 28480 1990-054T
AZLRZ0 1990-0547 LED-VISIBLE LUM-INT=2ZMCU [F=20MA—-MAX 28480 1990-0547
AlLKel 1950-0547 LED=-VISIBLE LUM=INT=2MCD IF=20MA-MAX 28480 19900547
AduKked L990-054T LED-VISIBLE LUM-INT=2MCD [F=20MA-MAX 20480 1990-0547
A2LKES 1990-0547 LED-VISIBLE LUN-INT=ZMCD IF=Z0MA-MAX 28480 1990-0547
AdLRis 1990-0567 LED-VISIBLE LUM=INT=ZMCD IF=Z0MA-MAX 28480 1990-0547
AluneS 1990-054T LEDO=-VISIBLE LUM-INT=2MCD [F=20MA-MAX 28480 1990-0547
A2CheH 1990-0567 LED=-VISIBLE LUM—INT=2ZMCO IF=Z0OMA-MAX 28480 1990~-0547
Adured LI9S0-056T LED-VISIBLE LUM=INT=2ZMCD IF=20MA-MAX 28480 1990-0547
AZLRZd 1990-0547 LED=VISIBLE LUM-INT=2ZMCO IF=20MA-MAX 28480 1990-0547
AduRr2d 1990-0547 LED=VISIBLE LUM-INT=2ZMCD IF=2UMA-MAX 28480 1990-0547
AZLR3IV 1990-054T LED=VISIBLE LUM-TINT=2MLD 1F=20MA-MAX 28480 1990-054T
AZCK3l 1990-0547 LED=-VISIBLE LUM-INT=2MCD IF=20MA-MAX 28480 1990-0567
ALLR3IL L990-0567 LEDO-VISIBLE LUM-INT=2MCD IF=20MA-MAX 28480 1990-0547
AZCK33 1990-0547 LED=VISIBLE LUM-INT=2ZMCO IF=20MA-MAX 28480 1990-0547
AZLR 3% L990-056T LED-VISIBLE LUM-INT=2ZMCD I[F=20MA-MAX 28480 1990~0547
Adurdd 1990-0547 LED-VISIBLE LUM-INT=2MCD IF=20MA-MAX 28480 1990-0547
AdusMl 1L9%0-0539 1 DISPLAY-NUM SEG «5-CHAR .408-H 28480 1990-0539
AlusMe L950-05%0 T DISPLAY=NUM SEG 1-CHAR .43-H 28480 1990-0540
A2UsMi L9 %0-0540 DISPLAY-NUM SEG 1-CHAR .43-H 28480 L990-0540
AlusHs L990-0540 DISPLAY=NUM SEG L-CHAR .43-H 28480 1990-0540
A2usMs 1990-0540 DISPLAY=NUM SEG L-CHAR .43-H 28480 1990-0540
AluJaMe—DSMB 1990-0540 DISPLAY=NUM SEG L-CHAR .43-H 28480 1990-0540
AZP1 NO PART NUMBER: SEE A2W1
A2P2 1251-4340 1 CONNECTOR 16—-PIN F POST TYPE 27264 22-01-2181

1261-3476 CONTACT-CONN U/MW POST TYPE FEM CRP (P/O P2) 28480 1251-3476
Acdl J683-2015 4 RESISTOR 200 5T .25W FC TC=—400/+600 o112l cazois
Acln2 Do83-2415 3 HRESISTOR 220 5% .25W FC TC=-400/+600 o112l caz2215
AdR 3 Jbd3i-2215 RESISTOR 220 5% .25W FC TC=-400/+600 oLL2l CB2215
el 0683-3505 -1 RESISTOR 33 5% .25W FC TC=-400/+500 oLLzl CB3305
adns 064d3-3305 RESISTOR 33 5% .25W FC TC=-400/+500 oLL21 CB3305
hino 0o d3-3305 RESISTOR 33 5% .25W FC TC=-400/+500 oLL21 CB3305
AenT 0683-3305 RESISTOR 33 54 .25W FL TC=-400/+500 o112l CB3305
AZnd 0683-3305 RESISTOR 33 5¢ .25W FC TC=-400/+500 oLLzl CB3305
A2ZR9 U6 83-3305 RESISTOR 33 5% .25w FC TC=-400/+500 oLL2l CB3305
ALK LU 0bB3=-3305 RESISTOR 33 5% .25W FC TC=-400/+500 o121 CB3305
AZRLL 06 83-3305 RESISTOR 33 5% .25W FC TC=-400/+500 olL21 CB33o0s
Alhle 1810-0229 5 NETWORK=RES B-PIN-5IP .1-PIN-SPLG 11236 750-81-R330
AZHL3 18 10-0229 NETWORK-RES B-PIN-5IP .L-PIN-SPLG 11236 750-81-R330
AZRLY L610-029 NETWORK=RES B8-PIN-51P .1-PIN-5PLG 11236 750-81-R330
A2RLY LBl0-0229 NETWORK=-RES B8=PIN-S5IP .1-PIN-5PCG 11236 750-81-R330
Adnlo L810-029 NETWORK=RES 8-PIN-SIP .1-PIN-5PLG 11236 750-81-R330
AZRLT Ap 18 10- 0206 4 NETWORK—RES 8-PIN-51IP .1-PIN-5PLG 02483 750-81-R10K
A2RlE Ap 18 10- 0206 NETWORK=RES B-PIN-5IP .1-PIN-5PCG 02483 750-B1-R10K
Ae51-528 S50ou-9430 28 PUSHBUTTON SWITCH 28480 5060-9436
Alel 8120-245% 1 *LABLE ASSEMBLY, DISPLAY(INCLUDES P1) 28480 B8120-225%
Acus U3455-0l601 1 CABLE ASSEMBLY, KEYBOARO[INCLUDES P2) 28480 03455-61601

L200-04T76 a SUCKET=IC L4-CONT DIP-SLDR 28480 1200-04T4

Aa SEE NOTE ON SCHEMATIC 10
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Table 6-3. Replaceable Parts

HP Part i
Reference Qty Description Mr Mfr Part Number
Designation Number Code
A3 J3455-66503 1 P«C« ASSEMBLY, PROCESSOR 28480 03455-566503
03455-69503 REBUILT EXCHANGE ASSEMBLY 28480 03455-69503
A3C L U1l80-0210 3 CAPACITOR-FXO 3.3UF+-20% 15V0C TA 56289 1500335X00L5A2
A3LZ 01 80-u2l0 CAPACITOR=-FXUD 3.3UF+=20% 15V0C TA 56289 1500335X0015A2
AsL3 V180-0210 CAPACITOR-FXD 3.3UF+-20Z 15VDC TA 562837 L50D335X001 542
A3dlL, R2 OTST-0483 ResISTOR 2K L% 125w F TC=u+-100 24545 C4-1/8-TO-2001-F
AdK3* PADDING LIST
0698-3155 3 RESISTOR %.64K LT .125W F TC=0+-100(5.0V) 24545 C4=L/B-TO-4b641-F
U6 98=3151 1 RESISTOR 2.67K L3 .125W F TC=0+-100(4.5V] 24546 C4=1/8-TO-28T71-F
P S VEE] L RESISTOR Ll.96K 1T .125W F TC=0+-100(4.0V) 24545 C4-1/8-TD=-1961~-F
06 Gd=442 3 1 RESISTOR 1.37K 13 «125W F TC=0#-100{3.5V] 26545 Cé4=1/8=-TO=-13TL-F
0757T-0£60 RESISTOR LK 1% .1258 F TC=0+-100 (3.0V) 24546 C4=-1/8-TO-100L-F
06%4-3700 1 RESISTOR 715 L4 125w F TC=0+-100 (2.5V) 24565 C4=L1/8-TO-TL5R-F
UTS5T-0415 1 RESISTOR SLL 1% 125 F TC=u+-100(2.0V) 24545 C4-1/8-TO-511R~-F
adul Le20-12Ul IC-DIGITAL SNT4LS508N TTL LS QUAD 2 AND 01295 SNT4LS08N
A3Uue L620-1201 IC-DIGITAL SNT4LS508N TTL LS QUAD 2 AND 01295 SNT&L508N
Aduil LB20-1194 IC-DIGITAL SN74LS03N TTL LS QUAD Z NAND 01295 SNT&L 503N
PENES L820-1199 IC-DIGITAL SNT4LSO&4N TTL LS HEX 1 01295 SNT4LS0&N
Adus L8 20~1195 1 IC-DIGITAL SN74LSLT5N TTL LS QuUAD 0L295 SNT&LS1 75N
Aduo L8 ld-026b i *IC, ROM-MOS 28480 1818-0266
A3UT 1618-0265 1 *[l, HOM-MO5 28480 1818-0265
LEDE) L8l8-0ca% 1 *IC, ROM=MD5 28480 1818-026%
ASUT 1820-1u91 2 IL-DIGITAL MOs 28480 1820-16986
4040-0748 6 EXTRACTOR-PC BOD BLK PULYC .006Z2-B0-THKNS 28480 4040-0T748
ALD 03 455-0b510 1 Pele ASSEMBLY, INGD MB 28480 03455-66510
AlJClL 01604479 1 CAPACITOR-FXD 220PF +-10% 28480 01604473
AluCd D160-245T & CAPACITUR-FXD LOPF +-=5% 500wvDC CER 28480 0160-225T7
Alul3 Ul el-3450 4 CAPACITOR-FXD 100PF +-10% LO0OOWVDL CER 28480 0160-3466
AloLs AC VLE0-0L59 2 CAPACITOR-FXD GBOOPF «—10% 200 VDC POLYE 28480 0160-0159
ALuLS 0lL&60-0134% 1 CAPALITOR-FXD 220PF +=5I 300WVDC MICA 28480 0l60-0134
AlULo 01 50=-00T1 2 CAPACITOR-FXD 400PF +-5% 1000WVDC CER 28480 0L150-00T1
ALocT 0L50=0uTl CAPACITOR-FXD 400PF +-53% LO00OWYUC CER 28480 0150-00T1L
AlLuCa 0l Bu-0c30 13 CAPACITOR-FXD LUF+20% S50VDC TA 56289 1500105X0057A2
ALOoLy J180-0230 CAPACITOR-FXD LUF+-203 50VDC TaA 56289 1500105X005042
AluLlLl 0140-0229 3 CAPACITUR-FXD 33UF+=10Z% LOVOC TA 56289 1500336X901082
Alucile Qle0-0LeT P CAPACITUR-FXD LUF +-=20L 25WV0L LER 28480 0160-0127
ALULLS Ul&0-3466 CAPACITOR=-FXD 100PF +-10% 10U0WVDL CER 28480 0160-3486
ALUCL% U1 60-3460 CAPACITOR-FAD LOOPF +-10% 1000WYDL CER 28480 0l60-34066
AlUcla Ulol-2306 2 CAPACITUR-FXD ZTPF +-5% 300WVDC MICA 26480 0160-2306
AluClu V1l40-020% 1 CAPACILTOR-FXD 47TPF +-5% 500MYOC MICA T2L36 DML5E4TOJO520WVLICR
AluCLr Dlol-220% CAPACITOR-FXD LDOPF +-5% 300WVOL MICA 26440 0160-2204
ALocCLa 01&60-0<30 CAPACITOR-FXD LUF+=20% SOVDC TA 56289 150D105X0050A2
AlucCly 0180-0430 CAPACITOR-FXD LUF#+-20% 50VDL TA 562689 1500105X0050A2
AluL2l Ji60-4461 ] CAPACITUR-FXO L50PF #-2.5% 160WVDL PULYP 28480 0l60-4461
AlUu2éd 0lo0=-225T7 CAPACITOR-FXD LOPF +-5% 5004VDC CER 28480 0le0-22517
ALluLes V160-0L5% CAPACLITUR-FXD 2200PF #-10¢ 200W¥YDC POLYE 56289 292p22292
AlULés 0l160-23006 CAPACITOR-FXD 2TPF +=5% 300WVDC MICA 28480 0160-2306
AlOudd 0l EO-0195 i CAPACITOR=-FXU 33UF+=20% 35VUC TA 50289 1500334 X0035A2
AluLzs JL60-384T 3 CAPACITOR=FXD LOLUF #l100-u% 50WVDC CER 28480 0160-384T
AluLzi? Ul 60-3647 CAPACITUR=FXD .0LUF +100-0% 50WVDC CER 28480 0160-3847
AlULct L0474 CAPACITOR-FXO LOUF+=10% ZUVODC Ta 56289 150D106X902082
ALuLey 0L el-2us5 L5 CAPACITOR-FXD .OLUF +80-20% LOOWVDC CER 28480 0160-2055
AlJdLal ULl el=-2055 CAPACITOR-FXD .OLUF +80-20% LUOWVDLC CER 28480 0160-2055
ALUL3L 0180-0230 CAPACITOR-FXD LlJF+=20% 50V0DC TA 56289 1L50D105X0050A2
ALul3s 01lo0=-3047 CAPACLITOR-FXD -OLUF #10U-0Z 50WVDOC CER 28480 0160-3847
ALdL3e J1E80-0c30 CAPACITOR=-FXAD LUF+=20% 50V0C TA 56289 150D105X005042
AlUL3S 01 60-2055 CAPACITOR-FXD .OLlUF +B0-20% L00OmwVOC CER 28680 0160-2055
AlUCse Qled-2055 CAPACITOR-FXD .OLUF #o80=-20% LOOWVUC CER 28480 0le0-2055
Alue3d 0L6u-2055 CAPACITOR-FXD OlUF #B0-2U0& 100WVDC CER 28480 0160-2055
AluL3s Ule0-2055 CAPACITOR-FXD -OLUF #80-20% L00WVDC CER 28480 0L60-2055
AlJdL3d Q1 60-2055 CAPACITOR-FXD .OLlUF #80-204 100WYDC CER 285480 0160-2055
ALOC#L Jloud-2055 CAPACITUOR-FXU0 -OLUF +BU-20% 100WVYDL CER 28480 0l60-2055
AlUiLsl Jlel=-2055 CAPACITOR-FXD -ULUF +80-204 L00UWVDL CER 28480 0160-2055
AlULea JL60-2055 CAPACITOR=-FXD .0lUF #+8U-20% 100WYDL CER 28480 0160-2055
ALULes 01 &0-3400 CAPACITOR-FXD LOOPF #=10% LOOOWVDC CER 28480 0160-3466
Aldibes 0L80-0230 CAPACITOR-FXD LUF+-201 50V0C TA 56287 150D105X005042
ALOL%o JiLo0-0249 CAPACITOR-FXD 33UF+10% lovDC Ta 562837 150D0336X901082
ALULsd 0l &d=-2055 CAPACITOR~-FXD ~OLUF +80-20% LUOWYDC CER 28460 0160-2055
AluLso Uled-cuss CAPACITUR-FXD LOLUF +80-20% LUuOMVUC CER 28480 0160-2055
ALULSY 1 60=-2055 CAPACITOR-FXD OLUF +#B80-20% LUOnVDC CER 28480 0160-2055
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Table 6-3. Replaceable Parts

HP Part B Mfr
Reference Description Mfr Part Number
Designation Number Code
ALUuLSL 01 60-2055 CAPACITOR-FXD .OLUF #B0-20% 100wWVDC CER 28480 0160-2055
ALULSE 160-20605 CAPACITOR-FXD .0D2UF +80-20% 25WYDL CER 28480 0160-2605
AlUuLs3 Jlel-2603 CAPACITUR=-FXD .02UF #d0-20C ZoWVDL CER 28480 0160-2605
ALULSS 0180-0£30 CAPACITUR-FXU LUF+-20% 50vOL TaA 56289 1500105%X0050A2
ALOLSS Ul ed-ulel CAPACITUR=-FXD LUF +=20% Z5AVOL CER 28480 0L60-0127
AluLSa 0130-0c30 CAPACITOR-FXD LUF#+-20% 50VDC TA 56289 1500105X0050A2
ALOuLST Uls0-2023 CAPACITUR-FXD 220UF+50-10% 50VDC AL 28480 01B0-2628
Aldu5d Ul bl-2628 LAPACITOR-FXD 220UF+50-104 50VOC AL 28%80 0180-2628
AluL59? 01 60-0230 CAPACITOR-FXD LUF+=20T 50VDC TA 56289 1500105X0050A2
Alutel Ulb0-0e93 CAPACITOR-FXD l000UF+50-10% 25VOC AL o022y 25V¥B5L1000
AlJies J180-0693 CAPACITOR-FXD LOOUUF+50-10&% 25VDC AL 00220 25VB5L1000
AluLbl JlBu=-usiu CAPACITOR-FXU LUF+-20% 50VDC TA 56287 150D105X0050A2
AluLes U1l 80-0e95 CAPACITOR-FXD #200UF+100-10% L2VDL AL 28480 0180-0695
AluLos Glat-0230 CAPACITUR-FXD LUF+-20% SOVDL TA 56289 L500105X0050A2
ALuChl 19 01-0586 QIUDE-GEN PRP 30V 25MA TU-T72 28480 1901-0586
Alulke LYUl=-0%486 DIODE=-GEN PHP 30V 25MA TO-T2 28480 1901-0586
ALJOLK S L90L-310% 2 DIDDE=INR 5.6V 53 DO-T7 PD=.4W TC=+.016% 15818 CD 35634
AluLné L9Cl-0050 DIODE-SWITCHING BOV 200MA 2N5S DO-T 28480 1901-0050
ALJUCR3 L901-0050 DIODE-SHITCHING B0V 2GOMA N5 DO-T 28480 1901-0050
AlLULRG 194l-0050 DIDDE=-3W1TCHING BOV ZO00MA 2N5 DU-T 28%80 1901-0050
ALULRT 1902-0164 5 DIJDE=INR lb.2V 5% D0-7 PO=.4W TC=+.066% 04TL3 S1 10939-242
AlUCko L901-0050 DIDDE-SWITLAING 80UV ZOOMA 2N5 00-T 28480 1901-0050
ALUCKY 19u2-ulds DIODE-ZINR Ll&.2V 5% DO-T PO=.4W TC=+.066% 04713 51 10939-242
AluLkll L902=0id% DIODE~INR 16.2V 5% DO-T PO=.4w TC=+.006% 04713 51 10939-242
AluLkle L901-0u50 DIDDE-SWITCHLNG B0V ZOOMA 2N5 DO-T 28480 1901-0050
ALUCKLS 1901-0050 DICDE-SWITCHING 80Y 200MA 2NS DO-7 28480 1901-0050
ALUCRLS 1902-3002 L DIODE=INR 2.37TY 5% DO-T PD=.4d TC=—.0T74% 15818 LD 35526
ALULKLS 1902-0us9 DIODE-INR 6.19Y 5% DO-7 PUO=.4W TC=+.0221 28480 1902-0049
AluLkis 1901-0050 UIJOE-SWITCHING B0V ZOOMA ZN5 DO-T 28%80 1901-0050
ALOCHLT 1901-0u50 DIOJE-SWITCHING 80Y ZUOMA 2NS DO-T 28480 1901-0050
AlULHLE 1L901-0586 DIDDE-GEN PRP 30V 25MA TO-72 28480 1901-0586
ALUCRLY 1901-0%86 DIDDE-GEN PRP 30V 25MA TO-T72 28480 1901-0586
ALOCHZL 1L901-0%80 DIDDE-GEN PRR 30V 25MA TO-T2 28480 1901-0586
AluChed L901-0580 DIODE-GEN PRP 30V 25MA TO-T2 28480 1901-0586
ALuCke3 1901-0050 DICDE-SWITCHING BOV 200MA 2NS DO-T 28480 1901-0050
ALJLREw L9GLl-0u50 DIUDE-SWITCHING B0V 200MA ZN5 DO-T7 28480 1901-0050
ALUCKZS 15C1-0050 DIODE-SWITCHING B8OV 200MA 2NS DO-7 28480 1901-0050
ALJCKZS 1901-0050 DIODE-SWITCHING 80V 200MA 2ZNS DO-T 28480 1901-0050
AluCreT 1901-0376 4 DIUDE-GEN PRP 35V 50MA DO0-7 285480 1901-0376
ALUCRZa 1L901-03T6 DIODE=-GEN PRP 35V 50MA DO-7 28480 1901-03T76
ALuCRed L902-0l8s DIODE=-INR 16.2V 5% U0-7 PD=.4W TC=+.066% 04713 S1 10939-242
LYTTREYS 1902-0134 DIODE=INR 16.2V 5% DO-T7 PO=.4W TL=+,066% 04713 SI 10939-262
AluLRae 1901-0050 DIDDE-SWITCHLNG 80V 200MA 2NS DO-T 28480 1901-0050
AlUCAIS 19C1-0030 UVIDDE-SWITCHING BOV 200MA 2NS DO-T 28480 1901-0050
ALULH3% L901-0050 DIOUE-SWITCHING BUV ZUOMA 2ZN5 DO-7 28480 1901-0050
ALOCK3> 1901-0050 DIODE-SWITCHING BOV 200MA 2ZN5 DO-T 28480 1901-0050
ALOCKSS L90L-0050 DIODE-SWITCHING B8OV 2Z00MA ZN5 DO-T7 28480 1901-0050
ALOCRST L9G1-0050 DIUDE-SWITCHING 80V 200MA 2NS DO-T 28480 1901-0050
ALOCRr38 L901-0050 DIDDE-SWITCHLING BOV 200MA 2NS5 DO-T 28480 1901-0050
ALOLRIY 19CL-0050 DIUDE-SWITCHING 80V 200MA 2N5 DO-T 28480 1901-0050
ALOCR4L 190¢1-0u52 DIODE-SWITCHLNG B8OV ZJUUMA 2N5 DU-T 28460 1901-0050
ALOCH&Z 1901-00U50 DIODE~-SWITLHING 80V 200MA 2NS DO-7 28480 1901-0050
ALOLR&3 19C1-0050 DIUDE-SWITCHING 80V ZOOMA 2N5S DO-T 24480 1901-0050
ALUCH %% 1901-0u50 DIODE=-SWITCHING BOV 200MA ZN5 DU-T 28480 1901-0050
ALOCR4> L901-0050 DIODE~-SWITCHLNG 80V 2U0MA 2N5 DO-T 28480 1901-0050
AlULR%o 1901-0u5y DIODE-SWITCHING BUV 200MA 2NS DO-T 28480 1901-0050
ALUCR& I 19CLl=-0uU50 UIDDE-SWITCHING B0V 200MA 2Ns DO-T 28480 1901-0050
ALJCK4E 1901-0vz28 DIODE-PWR RECT 400V 750MA DO-29 28480 1901-0028
ALUCH&Y 1901-0028 DIDDE-PWR RECT 400V TSOMA DO-4£9 28480 1901-0028
ALUuLKaL 1L901-0028 DIUDE-PWR RELT 40uv 750MA DO-29 28480 1901-0028
ALULRSZ 19Cl-0uZa DIODE-PWR RECT 400V 750MA DO~-29 28480 1901-0028
ALUCK33 1901-0uzs DIODE=-PWR RECT 400V T50MA DO-29 28480 1901-0028
ALULHSS 1901-0u2y DIODE-PWR RECT 400V 750MA 00-29 28480 1901-0028
AlulKas 1901-0vz8 DIUDE-PWR RELT 400V 750MA DO-29 28480 1901-0028
ALULR>S L90L-0028 DIODE-PWR RECT 400V T50MA 00-29 28480 1901-0028
ALUCRST 19Cl=-0u2d DIODE-PWR RECT 400V T50MA DO-29 28480 1901-0028
ALUCHSE L9Cl-0uzZs DIUDE-PWR RECT 400V T5J0MA 00-29 28480 1501-0028
ALOCRSY Ly Cl=uus0 DIODE-SWITCHING BOV 200MA 2NS DO-T 28480 1901-0050
AlJCKol 1902-0049 DICJE-INR 6419V 5% DO-7 PO=.4W TC=+.022% 28480 1902-0049
ALdLRbe L9CL-0200 QIDDE-PWR RECT 100V 1.5A 04713 SR1846-9
AlUChb3 L9Cl-uvdou DIDDE-PWR RECT LOOV 1.5a 04TL3 SR1B46-9
AlUCRo% 1L902-0170 2 DIJUE~INR 4T.5V 53 DO-15 PD=1W TC=+,0813 04T13 S5I-11213-335
AluLrod L9 02-0U49 UIDDE=-INR b6.19V 5% DO-T7 PO=.4W TC=+.022% 28480 1902-0049
AlULnbo L9G2-0L1T6 DIODE=-INR 4T7.5V 5% DO-15 PD=LwW TC=+.081% J4T13 51-11213-335
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Alulrel L902-3104% DIDJDE=-INR 5.62Y 5T DO-T7 PO=.4W TL=+.0l6Z 15818 CD 35634
AlULkoo L962-0631 DIJOE-INR INS3518 L4V 53 PD=5w TC=+75% 04713 IN53518
AlULKoDY 1901-0u30 DIODE-SWITCHEING B8OV Z00MA ZN5S 00-T7 28480 1901-0050
AIOCR71,72 4 1901-0050 DIODE-SWITCHING BOV 200MA 2NS DO-7 28480 19010050
AlOEL 1970-0077 1 #5URGE ¥V PTCTR 28480 1970-0077
Aluke g1 10-0u52 1 WIAE=RES 2.6-UHM/FT .01-UIlA 28480 8110-0052
Aludl 1251-2035 CONNECTOR=PC EDGE 15-CUNT/RUW 2Z-ROMWS5 71785 252-15-30-300
ALoJe LZ51-£035 CUNNECTOR-PC EDGE 15-CUNT/RUW 2-RONWS TLT785 252-15-30-300
LYNINE] 1251-4189 L CUNNELTOR-PC EDGE 15—CONT/ROW 2 ROWS
AloJa 1251-4325 L CUNNECTOR 10-PIN M POST TYPE 28482 1251-4325
ALludd L&s1-3192 1 CUNNECTOR 3-RIN M POST TYPE 2T264 09-60-103112%03-03A)
ALUKL D4 90-0T740 1 RELAY :REED 28480 0490-07 40
AluKe J490-00ol i RELAY-REED 1A 1O00MA 1000VUC S5VDC-COIL 28480 0490-0663
ALJKS 0490-0663 RELAY-REED 1A L00OMA 1000VODL SVDC-COIL 28480 0490-0663
ALUKG U4 90=0004 “ RELAY-REED 1A 100MA 250VDC 5VOC-COIL 28480 0490- 0664
ALuKks 0490-0ut3 RELAY=-REED 1A LOOMA LOOUVDC SVOC-COIL 28480 0490-0663
ALUKe 0490-00663 RELAY-REED LA LOOMA L000VDL 5VDC-COIL 28480 0490-0663
ALukT Us S0-ubbhe RELAY-REED 1A l100MA 250VDC SvVDC-COIL 28480 0490-0664
AlUKa 04590-00664% RELAY-REED 1A 100MA 250VUC S5VDC-CDIL 28480 04300664
ALOKY 0490-06064% RELAY=-REED 1A LOOMA 250VDC 5VDC-COIL 28480 0490-0664
AluLl 91C0-1lesl 1 CUlL-MLD 240UH 5% Q=65 .155DX.375LG 248226 157243
A10P1 1261-4311 1 CONNECTOR B8-PIN F POST TYPE 27264 22-01--2081
1251-3476 CONTACT-CONN U/W POST TYPE FEM CRP (P/OP1) 28480 1261--3476
A10P3 1251-4310 1 CONNECTOR 2-PIN F POST TYPE 27264 22-01- 1021
ALOoul 50€E8-To028 4 TRANSISTOR, FET 28480 5088-To28
Aluwe 508d-7028 TRANSISTOR, FET 28480 5088-7028
ALluu3l 5081-7047 9 TRANSISTOR, FET KOVARSF 53005 28480 650817047
AlJdus 5081-7047 TRANSISTOR, FET KOVARSF 53005 28480 60817047
AluQs 1455-0308 1 TRANSISTOR-JFET DUAL N-CHAN D-MODE 51 28480 1855-0308
ALOQs 18 55-0:47 3 TRANSISTOR-JFET DUAL N-CHAN D—-MODE TO-T1 28480 1855-0247
AluQr 18 54-0071 13 TRANSISTOR NPN SI PD=300MW FT=200MHI 28480 1854-0071
ALOwE L4 53-0086 1 TRANSISTOR PNP SI PD=3L0MW FT=&40MHZ 28480 1853-0086
ALOUS L8s3-0u2o THANSISTOR PNP 51 PD=300MW FI=150MHL 28480 1853-0020
Aloull 18540071 TRANSISTOR NPN 51 PD=300MW FT=Z200MHZ 28480 1854-00T1
Aluwle 1854-0087 3 TRANSISTOR NPN SI PD=360MA FT=T75MHL 28480 1854-0087
ALluwks 5088-T028 TRANSISTORs FET 28480 5088-T028
ALOULS 5088-Tu2A TRANSISTOR, FET 28480 5088-7028
Aludls B0B1-7047 TRANSISTOR, FET KOVARSF 53005 28480 50817047
Aluule 5081-7047 TRANSISTOR, FET KOVARSF 53005 285480 650817047
AlogLr 1L855-02%6 2 THANSISTOR=JFET DUAL N-CHAN D-MUDE TO-T71 28480 1855-0246
Alvuls 5081-7047 TRANSISTOR, EET KOVARSF 53005 28480 5081- 7047
Aluuld 5081-7047 TRANSISTOR, FET KOVARSF 53005 28480 5081-7047
Aldudl 50817047 THANSISTOR, FET KOVARSF 53005 28480 5081-7047
AlUude 1855-0420 11 TRANSISTOR J-FET 2N4391 N—CHAN O—MODE 04713 2N4391
AlduZs 1854-0087 TRANSISTOR NPN S1 PD=360MW FT=T75MHI 28480 1854-0087
Aluwie Lo 54=00T71 TRANSISTOR NPN 51 PD=300MW FT=200MHL 28480 1854-0071
Aluues La%6~0071 THANSISTOR NPN SI PD=300Mw FT=200MHL 28480 1854-0071
Aluvie 1853-0020 TRANSISTOR PNP 51 PD=30UMW FT=150MHZ 28480 1853-0020
AloQed L855-0368 ] TRANSISTOR J-FET N-CHAN D-MOOE TO-T2 51 28480 1855-0368
Aluues L855-0368 TRANSISTOR J—FET N—CHAN D-MODE TO-T2 51 28480 1855-0368
AlOwey 1855-0368 TRANSISTUR J-FET N-CHAN D—-MDOE TO-T72 51 28480 1855-03 68
ALlUN3L L855-024% 2 STRANSISTOR, JFET N-CHANNEL ZN4857 28480 1855-02 %4
AlOuie LB55-024% *TRANSISTOR, JFET N-CHANNEL IN4857 28480 1855-024%
Aluuss 18550420 TRANSISTOR J-FET 2N4391 N-CHAN D-MODE 04713 2N4391
ALUuss LB55-0420 TRANSISTOR J-FET 2ZN4391 N-CHAN D-MODE 04713 ZN4391
ALUu3s 18 55-0368 TRANSISTOR J-FET N-CHAN D-MODE TO-72 51 28480 1855-0368
Alvuse L855-0568 TRANSISTOR J=FET N-CHAN D-MODE TO-T72 51 28480 1855-0368
LYOEY L855-0240 TRANSISTOR—JFET DUAL N-CHAN D-MODE TO-T1 28480 1855-02 46
AlDQ3e 50817047 TRANSISTOR, FET KOVARSF 53005 28480 5081-7047
ALOW3? 5081-7047 TRANSISTOR, FET KOVARSF 53005 28480 5081-7047
ALJusd L855-0568 TRANSISTOR J-FET N-CHAN D-MUDE TO-72 51 28480 1855-0368
ALDuSsL 1853-00U20 THANSISTOR PNP S1 PD=300MW FT=L50MHI 28480 1853-0020
Alouse L853-0020 TRANSISTOR PNP 51 PD=300MW FT=150MHL 28480 1853-0020
ALOub3 1853-0020 TRANSISTOR PNP S1 PD=300MW FT=150MHL 28480 1853-0020
ALUUSS 1456~-0071 TRANSISTOR NPN SI PD=300MA FT=200MHZ 28480 1854-0071
ALUUSS 1454-0071 TRANSISTOR NPN S1 PD=300Md FT=200MHL 28480 1854-00T71
AlOuso 1853-0020 TRANSISTOR PNP S1 PD=300MW FT=150MHL 28480 1853-0020
AlLURklL Q8 13-00s2 2 RESISTOR S0K 5% SW PW TC=0+-20 LE3T R5-5
Aluke U bs-0u32 RESISTUR 50K 5% 5W PW TC=0+-20 91637 R5-5
ALOWS Je93-8737 12 RESISTOR LUOK 53 .25W CC TC=-400/+800 o112l CB10O45
ALuns 0698-81713T7 RESISTOR 100K 5% .25W CC TC=-400/+800 o1121 LB1045
Aluks 0o 83-1535 4 RESISTOR 15K 5% .25W FC TC=-400/+800 oLzl CB1535
Aluke UG B3-24%45 2 ReSISTOR 240K 54 .25W FC TC==800/+900 oLLZl CB2445
ALunT Qo E3-£445 RESISTOR 240K 5% .254 FC TC=-400/+900 oLl CB2445
Alunb UT57-0440 2 RESISTOR 15K 1% .125¢ F TC=0+-100 26545 C4-1/8-TD-1502-F
ALJIKY T 57-04%0 ReSTSTOR L5K 1% 125w F TL=0+#-100 24546 C4-1/8-TO-1502-F
Alurll acC Jud3d-1325 9 RESISTOR 1.3K 5% .25W FL TL=-400/+T00 01607 CB1325

AC SERIAL NUMBERS 1622A01806 AND ABOVE: REPLACES 0683-20256

A Diodes CR71 and CR72 apply only to serial numbers

i’&moou 'Iland above.

See introduction to this section for ordering information
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Table 6-3. Replaceable Parts

Reference HP Part - Mfr
> A Qty Description Mfr Part Number
Designation Number Code
AlURLE 06d3-3325 i ReSISTOR 3.3K 5T .25W FC TC=-400/+T00Q 01121 CB3325
ALJRLS ULSE-8T3T RESISTOR 100K 5% .25W CC IC=-400/+800 oL12l CBLO4S
ALunl% Jod3d-1uls F4 RESISTOR 100 5% .<£5W FL TL==400/+500 o112l cBLO1S
ALUKL> V6E3I=-BeLD L RESISTOR B.2K 5% .25W FC TC=-400/+700 oLizl cBazzs
AlUHlo Jed>-1535 RESISTOR 15K 3% .25w FC TC=-400/+800 01121 CBL1535
Alurli Qo 83-2u35 '] RESISTOR 20K 5% .25W FC TC=-400/+800 oL121 CB2035
AlURLo 0695-4479 2 RESISTOR 14K 1% .125w F TC=0e-100 245645 C4-1/8-T0-1402-F
ALJKLY 06 98-3138 1 RESISTOR 17.8K 1% .l25wW F TC=0+-100 24546 C4-1/8-TD-1T782-F
ALOKZL Ubd3-5625 3 RESISTOR 5.6K 5% .25W FC TC=-400/+700 o112l CB5625
AluKZe Vo a3-5625 RESISTOR 5.6K 5% .25W FC TC==400/+T700 o121 CB5625
ALIRZS O&dd-1535 RESISTOR L5K 56 .25wW FC TC=—400/+800 o112l CB1535
Alddew 0698-BT777 8 RESISTORy FXD 1000 OHM .03 28480 0698-8T777
ALORZY D698-4479 RESISTOR 14K 1% .1254 F TC=0+-100 24545 C4-1/8-TO-1%02-F
AluRZo 0683~ Lu2y 1 HESISTOR L.BM 5% .25W FC TL=-400/+T700 o1L21 CcB1825
ALuneT D683~2415 RESISTOR 220 54 .25W FC TC=-400/+600 oLLzZ1 cB2215
Alunis J6E3-5145 7 RESISTOR 510K 5% .25W FC TC=-3800/+900 oLLz2L CB5145
ALUReY 0693-8737 RESISTOR LOOK 5% .25W LC TC=-400/+800. olLzl CBLO4S
Aldkil Ue83-1035 15 RESISTOR LOK 5% .25W FC TC=-400/+T700 oLL2l CB1035
ALJR3e Q6 E3I-50625 RESISTOR 5.6K 5% .25W FC TC=-400/+700 oLL2l CB5625
ALUK3 3 0683-9115 1 RESISTOR 910 5% .25W FC TC=-400/+600 o112l cB9115
ALUR34 069d-8137 RESISTOR LOOK 5% .25W CC TC=-400/+800 oLL21 CBLOAS
ALUR3> 08 1Ll-3415 1 RESISTOR Tb.8 13 LW PW TC=0+-20 91637 RS=1A
AlUK3o 0e98-81T6 1 SRESISTORy FXU LO OHM .05 28480 0698-8776
ALOR3T 0683-2035 RESISTOR 20K 5% .25W FC TC==400/+800 o1L2l CBZ0O35
LYDLET] Joe98-87T77 RESISTORy FXD 1000 OHM .05 28480 0698-8777
ALOR3IY OoS4-8737 RESISTOR 100K 5% .25W CC TC=-400/+800 o112l CBLO45
Alunsl 0658-8093 2 RESISTOR 20K 1% .125W F TC=0+-25 03888 PMES5S
AlLJRwe 0698-8692 1 RESISTOR Ll60K 1T .125W F TC=0+-25 03888 PME555
AlOR%s 0698-8693 RESISTOR 20K L% .125W F TC=0+-25 03888 PMES5S
AlURSS Q698-8737 RESISTOR 100K 53 .25W CC TC=-400/+800 o1121 CBLO4S
ALJIK&S 0683-5135 1 RESISTOR 51K 5% .25W FL TC=-400/+800 o112l CB5135
Aluras 06988777 RESISTOR, FXD 1000 OHM .05 28480 0698-8777
ALORST UB 11-3461 2 RESISTIVE SET, 10OM/100KOHM (INCLUDES RE3) 28480 08ll-3461
ALJK4d 1L810-0c32 2 NETWORK-RES 8-PIN-SIP .L-PIN-SPCG 7X100K 56289 216CHLD4XIPH
AlLUKey L810-0£32 NETWORK—RES G-PIN=-SIP .1-PIN-SPCG 7X100K 56289 Z16CHLO04K9PN
ALUuKrSL 0e98-8T737 RESISTOR 10ONM 5% .25W CC IC=-400/+800 oL121 CBLOAS
ALURSe 0683-2025 RESISTOR 2K 5% .25W FC TC=-400/+700 o112l cB2025
ALUKS3 0bgI~6225 1 RESISTOR 6.2K 5% .25W FL TC=-400/+700 oLL2l CBe225
ALUKRSS 0699-T332 2 RESISTOR 1M 1% .125e4 F TC=D#-100 19701 MF5C1/8-T0-1004~F
ALJRS> 0698-T332 RESISTOR LM 1% .125W F TC=0+=100 19701 MFSCL/8-T0-1004-F
ALUKSG 0683-5145 RESISTOR 510K 5% .25W FC TC=-800/+%00 01121 CB514A5
ALORST 069d-6320 5 RESISTOR 5K .1% .125W F TC=0+-25 03888 PME55-1/8-T9-5001-8
ALJR5H 0o98-6320 RESISTOR 5K .1T .125W F TC=0e—-25 03888 PME55-1/8-T9-5001-8
ALUOKSY Do93=1uskl 2 RESISTOR 100K 10% 2W CC TC=0+882 oLzl HELO41
AlLUKGL 0653-1041 RESISTOR 100K 10% 2W CC TC=0#B882 oLzl HBLO041
Aludbs 0698-8737 RESISTOR 100K 5% .25W CC TC=-400/+800 oLL2l CBL045
ALUOKG 3 Jall-3461 RESISTIVE SET, 10M/100KOHM (INCLUDES R47) 28480 0B8L1-3461
ALORG% 0698-8777 RESISTOR, FXD 1000 OHM .05 285480 0698-87T7
Alunb> 0683-T7535 1 RESISTOR 75K 5% .25W FC TC=-400/+800 o121 cB7535
Alures 2100-3383 1 RESISTOR-TRMR 50 10% C TOP-ADJ 1-TRN 73138 72-101-0
ALURLT 0683-2025 RESISTOR 2K 5% .25W FC TC=—400/+700 oLL2l cB2025
ALORBS 06598-8737 RESISTOR 100K 53 .25W CC TC=-400/+800 ollLzl CBLO45
ALURLY 07 57-0455 RESISTOR 100K 1T .125W F TC=0+-100 24565 C4-1/8-T0O-1003~F
ALJRTL 0751-040b RESISTOR 100K 1T 125w F TC=0+-100 24546 C4-1/8-TO-1003-F
ALURTZ Obdi-2015 RESISTOR 200 5% .25W FL TC=-400/+600 o112l CB2o15
ALURT3 0757T-0460 1 RESISTOR 61.9K 1% .1256 F TC=0+-100 24545 C4-1/8-TO-6192-F
ALUKTS 0683-4725 6 RESISTOR 4.7TK 5% .25W FC TC=-400/+700 oL121 CB4T25
ALUKT > J6 B3=-1035 RESISTOR 10K 5% .25W FL TC=-400/+700 oLLZl CBl0O35
ALURTe 0643-2035 RESISTOR 20K 5% .£5W FC TC=-400/+800 oL1Zl CB2035
ALURTT Vo d3~4725 RESISTOR 4.7K 5% .25W FC TC=-400/+700 o112l CBaT25
ALURTY U6 B3-4T725 RESISTOR 4.7TK 5% .25W FC TC=-400/+700 oL121 CB4T25
ALURTY 0698-8777 RESISTOR FXD 1000 OHM .05 28480 06988777
Alural 0683-2025 RESISTOR 2K 5% .25W FC TC=400/+800 o CB2025
AlURBe 06E63-9145 1 RESISTOR 910K 5% .25w FC TL=-800/+900 01121 CBIL&S
ALUKb3 U698-8T73T RESISTOR 100K 5% .254 CC TC==400/+800 oLL2l CBLOAS
Alunss 06 E3-1035 RESISTOR 10K 5% .25W FC TC==400/+T700 oLzl CBl03s
Aldroos 0696-8T37 RESISTOR 100K 5% .25W CC TL=-400/+800 oL121 CBLO4S
AlUrdo 0698-8T77 RESISTOR, FXD L1000 UHM .05 28480 0698-8777
ALORGET De9-arltl RESISTOR; FXD 1000 OHM .05 28480 0&698-8T717
AluKBe Ubd3~511L5 ¥ RESISTOR 510 5% .25W FC TC==400/+600 oL1zl CB5115
AlLURGY 06 E3-5115 RESISTOR 510 53 .25d4 FC TC=-%00/+600 oLzl CB5115
ALukal Ue83-2035 RESISTOR 20K 5% .25W FC TL=-400/+800 o112l CB2035
ALuR9e Q06 33-2035 ReSISTOR 20K 53 25K FL TC=-400/+800 o112zl cLezois
ALUunys VL ES=-3045 4 RESISTOR 3K 5% .25W FC TC=-400/+700 oLLZl cB3oz2s
ALUKIS 0683-2025 RESISTOR 2K 5T .25W FL TC=-400/+T00 olLzl cB2025
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Table 6-3. Replaceable Parts

Reference HP Part Descripti Mfr
. e Qty ription Mfr Part Number

Designation Number Code

ALORIS 0683-2015 RESISTOR 200 5% .25W FC TC=-400/+600 o112l CB2015

ALOR9a 0683-2015 RESISTOR 200 5% .25W FC TC=-400/+600 o112l cBzaols5

ALORST 0683~-2025 RESISTOR 2K 5% .25W FC TC=-400/+700 oLL21 cB2025

ALORSY 06 83-2025 RESISTOR 2K 5% .25W FC TC=-=400/+T00 oL121 CB2025

ALORSY 06988777 RESISTOR FXD 1000 DHM .05 06888777

AI0R101, R102 06832035 RESISTOR 20K 5% .25W FC TC=—400/+800 o2 CB2035

A10R103 0683-4725 RESISTOR 47K 5% .26W FC TC= —400/+800 o121 CBa725

AN0R104 06831335 1 RESISTOR 13K 5% .25W FC TC=~400/+4800 on21 CB13386

ATR105* 1 | PADDING LIST: (P/O 03455-62501)
06983250 [RESISTOR 7.87K 1% .125W F TC=0+-100{.2.0V) 24546, C4-1/8-T0-7871--F
06983497 1 RESISTOR 604K 1% .125W F TC=0+—100{-2.5V} 24546 C4-1/8—TO-B04R-—F
07570437 1 RESISTOR 4.75K 1% .125W F TC=0+=100(-3.0V) 24546 C4-1/8-TO-4751~F
07570435 2 RESISTOR 382K 1% .126W F TC=0+-100(-3.6V) 24546 CA-1/8-TD-3821-F
0767-0433 3 RESISTOR 3.32K 1% .125W F TO=04-100(-4.0V) 24546 C4-1/8-T0--3321+F
D698 4436 1 RESISTOR 28K 1% .125W_F TC=0+-100(-4.5V) 24546 C4-1/8--T0-2801-F
0688-3150 1 RESISTOR 237K 1% .125W F TC=0+-100(.5.0V) 24546 CA—-1/8-T0-2371=F

Aluride 0757-0274 RESISTOR 1.21K 1% .125W F TC=0+=100 24546 CA-1/8-TD=-1213-F

ALURLOT 06 E3-2025 RESISTOR 2K 5% .25W FC TC=-400/+T00 oLzl cB2o25

ALORLOB Do E3-4T725 RESISTOR 4.TK 5% .25W FC TC=-400/+T700 o121 CB4T25

ALUKLLY D683-4725 RESISTOR 4.7TK 5T .25W FC TC==400/+700 o112l CB4T725

ATOR111 44 0683-4725 RESISTOR 4.7K 5% .25W FC TC=—400/+700 o CB4725

ALUSL Apg 0490-0602 1 SWITCH-MAG REED FURM A 3VA L200V CONT 28480 0490-0802

ALUTl 9100-06T78 1 TRANSFORMERs PULSE 28480 9L00-06T78

ALOTZ2 9100-36T79 1 THANSFORMER, PULSE 28480 9100-3879

AlOul LB26-0343 2 IC MC 1436C OP AMP 04713 MC 143606

Aluue 1826-0L0% 2 IC HA 2625 OF AMP 28480 1826-0109

Alou3 18260304 1 IC LF 355 OF AMP 27014 LF355H

Aluus LB 26=0347 5 ICy J COMPUTER LM339 SPEC. 28480 18260347

AlOus 1B 26-034T ILs J COMPUTER LM339 5PEC. 28480 L1B826—-0347

Aluus 1626-0347 IC, J COMPUTER LM339 5PEC. 28480 1826—-0347

AlOou? 1826-0471 1 1C OP AMP LOW-DRIFT TO-88 02180 oP-07CJ

Alous 1B26-0347 ICs J COMPUTER LM339 SPEC. 28480 1826-0347

ALluus 18260347 ICy J COMPUTER LM339 SPEC. 28480 1826-0347

Aluull 1820-1196 IC-DIGITAL SNT4LS174N TTL LS HEX 01295 SNT4ALSLT4N

Aluurz 1820-1.i96 IC-DIGITAL SNT4ALSLT4N TTL LS HEX 0L295 SNT4ALSLT4N

ALOULs 1820-11986 IC-DIGITAL SNT4LSL1T4N TTL LS HEX 01295 SNT4LSLT4N

AlUUL% LB840-1210 IC=DLGITAL SHT4LS138N TTL LS 3 01295 SNT4LS138N

AlUUL> L820~-1196 IL-DIGITAL SNT4LS1T4N TTL LS HEX 01295 SNTALSLT4N

Aluule L820-1196 IC-DIGITAL SNT4L51T4N TTL LS HEX 01295 SNT4LSLT4N

Alouri LB20-1196 IC-DIGITAL SNT4LS1T&4N TTL LS HEX 01295 SNT4ALS1 T4N

Aluuls 1826-0343 IC MC 1436C 0P AMP 04713 MC143606

Aluuly LB20-04T1 4 IC-DIGITAL SNT406N TTL HEX 1 01295 SNT406N

Alouzl 1820-1197 IC-DIGITAL SNT4LSO0ON TTL L5 QUAD 2 NAND 01295 SNT4LS00N

ALOUge 1820-1199 IC-DIGITAL SNT4ALSO&N TTL LS HEX 1 0L295 SNT4LS04N

Aaloues LB20-1420 2 IC-DIGITAL SNT4LS592N TTL LS Div=-x-12 01295 SNT4L592N

AluUed LB820-0471 IC~-DIGITAL SNT4#06N TTL HEX 1 01295 SNT 406N

ALOULs Ld18-22T70 1 1Cs MUS-ROM 28480 1818-22T0

AldUct D3456-62501 NANCPROCESSOR ASSY INCLUDES A10R105* 28480 03455-62501

Aluuel lLu20-1198 IC=-J1GITAL SNT4LSO3N TTL LS QUAD Z NAND 01295 SNT4LSO3N

Aluuéd L620~-1199 IL-DIGITAL SNT4LS504N TTL LS HEX 1 01295 SNT4LSO4N

Aluuzs 1820-1197 IC-DIGITAL SNT4LSOON TTL LS QUAD 2 NAND 01295 SNT4LSODN

Aluusl L820- 1420 IC-DIGITAL SNT4L592N TTL LS DIV-X=-12 01295 SNTALS92N

AlUU3se la20-1112 IC-DIGITAL SNT4LS5T4N TTL LS DUAL 01295 SNTALSTAN

ALOU3S 1820-1112 IC-DIGITAL SNT&LST4N TTL LS DUAL 01295 SNT&LST &N

ALUUds 19%0-05%T7 2 OPTO=1SOLATOR LED=-PDIO/XSTR IF=S50MA-MAX 28480 1990-0577

AluUis 1990-0577 OPTO-ISOLATOR LED-POIO/XSTR IF=50MA-MAX 28480 1990-057T

AlOuis L826-0150 1 Ic V RGLTR 27014 SL26683-24

FYOOEY) 18 26-0G299 b ic ¥V RGLTR 27014 LM320T-24

Aluu3d 18.26~0396 1 IC T815C ¥V RGLTR 02237 7815UC

ALOUsY 1826-027T7 i IC LM 320 V RGLTR 2701 % LM320T-15
12050309 4 HEAT SINK S5GL TO-220-PKG 28480 1205-0309

Aldml 03455-01607 1 CABLE ASSEMBLY, L.I.(INCLUDES P1) 28480 03455-61607

Alowz 03455-061l008 1 CABLE, 10/l DIVIDER 28480 03455-615608

AlOoal LZ200-04060 1 SOCKET-IC 40-CONT DIP-SLDR ooL11d A=-23-2030Y

a1JY1 04 10-0063 i CRYSTAL, QUARTZ 4915200 kHz 28480 0410-0663
5040-01T70 GUIDE :PLUG—1N PC BOARD 28480 5040-0170

all Ac 11177-68501 1 ASSEMBLY, REFERENCE 28480

11177A

NOT FIELD REPAIRABLE.
AEBUILT EXCHANGE ASSEMBLY

REPLACEMENT ASSEMBLY

aAa RESISTOR A10R111 APPLIES ONLY TO SERIAL NUMBERS 1622A00411 AND ABOVE.
ap REEDSWITCH A105) APPLIES ONLY TO SERIAL NUMBERS 1622A00410 AND BELOW.
AC REPLACE WITH A20 ASSEMBLY PART NUMBER 111778 FOR REPLACEMENT OR EXCHANGE.

See introduction to this section for ordering information
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Table 6.1. Replaceable Parts(Cont'd)

1

A SEE NOTE ONSCHEMATIC 4,
4B SEE NOTE ON SCHEMATIC 4,

Reference < Mfr

Designation HP Part Num ription Code | Mfr Part Number
A2 0345566512 1 PC ASSEMBLY, OHM CONVERTOR 28480 0345566512
Al2ct 0180-0230 CAPACITOR FXD 1UF+-20% 50vVDC TA 56289 1500 105X0050A2
A12C2 01600164 1 CAPACITOR FXD 039UF + - 10% 200 VDC 28480 0160-0164

Al12C3 ag 0160-M&7 1 CAPACITOR FXD 4700PF + =10% 200vVDC 28480 0160-0157
AV2CR1-CR4 19010050 DIODE-SWITCHING BOV 200MA 2NS DO-7 28480 1901--0050

AN12CRS 1902-0777 1 DIODE-ZNR 1NB25 6.2V 5% DO-7 PD=25W 04713 INB25

AV2CR6, CR7 1901 -0050 DIODE-SWITCHING BO V 200MA 2NS DO-7 28480 1901--0050

A12CRB 1901 -0036 1 DIODE-HV RECT 1KV G00OMA DO-29 28480 1901 -0036

A12CRI 1902-3139 1 DIODE-ZNR 8.25V 5% DO-7 PD=4W TC=+053% 04713 52 10939-158
AI12CR11 CR15 19010050 DIODE-SWITCHING B0V 200MA 2NS DO-7 28480 19010050

Alzon 1855-0247 TRANSISTOR-JFET DUAL N-CHAN D-MCDE TO-71 18550247

A1202 1853-0020 TRANSISTOR PNP S| PD=300MW FT=150MHZ 28480 18530020

A1203 1854 -0087 TRANSISTOR NPN SI PD=360MW FT=75MHZ 28480 18540087

A1204 18540079 1 TRANSISTOR NPN 2N3439 51 TO-5 PD=1W 02735 2N3439

A1205 18550247 TRANSISTOR-JFET DUAL N-CHAN D-MODE TO-T1 28480 1855-0247

AIZR1 0683-1115 1 RESISTOR 110 5% .25W FC TC=-400/+600 0121 CB1115

Al12R2 0683-4325 1 RESISTOR 4.3K 5% .25W FC TC=—400/+700 a2 CB4325

A12R3 0757 -0059 1 RESISTOR W 1% 5W F TC=0+-100 19701 MF7C1/2-TO-1004-F
A12R4 0683-2735 3 RESISTOR 27K 5% 25W FC TC=-400/+B00 o121 CB2735

AIZR5 06984468 1 RESISTOR 1.13K 1% .126W F TC=0+-100 24546 C4-1/B-TD-1131- F
Al12ZRE6 0698 -4202 a4 RESISTOR B.B7X 1% ,125W F TC=0+-100 24546 CA-1/8-TD-8871- F
AV2R7 RB 14 Ag 0757-0442 6 RESISTOR 10K 1% .125W F TC=0+-100 03292 C4-1/8-TO-1002-F
AI2RS 0683-1235 3 RESISTOR 12K 5% 25W FC TC=-400/+800 on CB1235

AZR1I 06834715 2 RESISTOR 470 5% .25W FC TC=-400/+600 IR KA CB4715

AIZR12 DEB3- 2425 1 RESISTOR 24K 5% 25W FC TC=-400/+700 o CB2425

AIZR13 06833035 1 RESISTOR 30K 5% .25W FC TC=-400/+800 0112% CB3035

Al2R14 D698 - 3451 1 RESISTOR 133K 1% .125W F TC=+-100 24546 C4-1/B-TO 1333-F
A12R15 0683-2735 RESISTOR 27K 5% .25W FC TC=—400/+800 o2 CB2735

A12R16, R17 A4 AB 0757-0442 RESISTOR 10K 1% .125W F TC=0+-100 03292 C4-1/8 TO-1002--F
Al12R18 0683-4335 3 RESISTOR 43K 5% .26W FC TC=—4D0/+800 o2 CB4335

AIZR18 D6B3- 1635 RESISTOR 16K 5% .25W FC TC=-400/+800 o CB1535

AT2R21 0683 1235 RESISTOR 12K 5% 25W FC TC=-400/+800 01121 CB1235

A12R22 0683-1126 1 RESISTOR 1.1K 5% 25W FC TC=-400/+700 onn CB1125
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Table 6-3. Replaceable Parts

Reference HP Part £ Mfr
: 2 Qty Description Mfr Part Number
Designation Number Code
AL2R23 07 60-0009 1 RESISTOR 100K 2% 1W MO TC=0+-200 11502 RG32
ALZTL 9100-0679 1 TRANSFORMER, PULSE 28480 9100-0679
Al2ul 1820-0223 2 IC LM 301lA OF AMP 27014 LM30LAH
Al2ug 1L820-0223 IC LM 301A OP AMP 27014 LM301AH
AL3 03455-66513 1 P.C. ASSEMBLY, AC CONVERTER 28480 03455-66513
Al3CL 0l60-2199 4 CAPACITOR-FXD 30PF +=5I 3004VDC MICA 28480 0160-2199
AliCz 01 60-4404 1 CAPACITOR-FXD .15UF #-10% LOOWYDC POLYP 28480 0160-4404
Al3C3 0160-4401 3 CAPACITOR-FXD -OLlUF +-10% LOOWVDC POLYP 28480 0160-4401
AL3CS 01 60-4402 1 CAPACITOR-FXD .lUF +—10% 100WVDC POLYP 28480 0160-4402
AL3LS 0160-2199 CAPACITOR-FXD 30PF +—5X 300MYOC MICA 28480 0160-2199
AlL3Co 0160—-4298 3 CAPACITOR-FXD .0B2ZUF +-10% 200WVDC POLYP 28480 0160-4398
AL3CT 01604398 CAPACITOR-FXD -082UF +—-10% 200WYDC POLYP 28480 0160-4398
Al3cCs 0160-4401 CAPACITOR-FXD .01lUF +-10% LOOWVODC POLYP 28480 0160-4401
AlL3CY 01604401 CAPACITOR-FXD .0lUF +-10% LOOWVDC POLYP 28480 0160-4401
AlisCll 0l 80-0229 CAPACITUOR-FXD 33UF+=10% 10VDC Ta 56289 1500336 X901082
Al3CL2 0ol 80-0197 CAPACITOR-FXD 2.2UF+-10X ZOVODC TA 56289 1500225X9020A2
[YEINE] 0180-1735 CAPACITOR-FXD «22UF+—-10% 35VDC TA 56289 150D0224X9035A2
AlL3CLl4 01&60-2199 CAPACITOR-FXD 30PF +=5% 300WVDC MICA 28480 0160-2199
AL3LLS 0121-0432 1 CAPACITOR-V TRMR-AIR 1.T7/14.1PF 350V T49T0 189-505-125
Al3iCle 0160-0763 1 CAPACITOR-FXD 5PF +-10% 500WVDC MICA 28480 0160~0763
A13C17 01600363 1 CAPACITOR-FXD 620PF +-5% 300WVDC MICA 28480 0160-0363
A13C18 0180-1746 1 CAPACITOR-FXD 15UF+—10% 20VDC TA. 56280 1500156 X902082
A13C19 0160-3949 2 CAPACITOR-FXD 346PF +-1% GOOWVDC.PORC 28480 0160—3948
A13C21 01580093 o CAPACITOR-FXD 01UF +80-20% 100WVDC-CEB 28480 Q160—-0083
A13C22 01800187 CAPACITOR-FXD 22uP+-10% 20vDO TA 58289 1BDD2256X9020A2
A13C23 016803134 2 CAPACITOR—-FXD DI1UF +-10% 1DOWVDC CER 28480 0160-3134
A13C24 0180-0197 CAPACITOR-FXD 2.2UF+-10% 20VDC TA 56289 150D225X9020A2
A13C26 '8 A 0160-0378 CAPACITOR—FXD 27PF +—5% 500V DC MICA 28480 01600181
0160-2150 CAPACITOR—FXD 33PF +-5% 300WVDC MICA 28480 0160-2150
01400190 : CAPACITOR—FXD 39PF +—5% 300WVDC MICA 28480 0140-0190
A13C2E 0160-3945 2 CAPACITOR-FXD 39PF +— 1% 500WVDC MICA 28480 01603945
A13C27 0150-0096 1 CAPACITOR-FXD .05UF +80-20% 100WVDC CER 28480 Q160--0086
Al3CZe 0160-2199 CAPACITOR-FXD 30PF +-5% 300WVDC MICA 28480 0160-2199
Al3Ley 01 60-3976 1 CAPACITOR-FXD LlOPF +-1X 1000WYAC PORC 28480 0160-39Ts
ALiIL3L 01 80=-3977 1 CAPACITOR-FXD 9T0PF +—1X L00WVDC PORC 28480 0160-3977
AL3C3Z 0140-0202 1 CAPACITOR-FXD L5PF +=5% 500WVDC MICA T2136 DM15C150J0500WVICR
AL3L33 0160-3930 1 CAPACITOR-FXD lOPF +-1% 2500WVDC PORC 28480 0160-3930
AL3L3s 01 21-0430 2 CAPACIFOR-V TRMR—AIR 2.4/24.5PF 350V T4970 169-509-125
AL3C35 01 &0-3581 2 CAPACITOR-FXD +1UF +-20% £30WVODC MET FRrROO2Z 007104560
AL3LKL 1902-3237 3 DIDDE-INR 20V 5% DO-T PD=.4W TC=#.073% 04713 S1 10939-269
Al3LRZ 1901-0033 2 DIODE-GEN PRR L8OV Z00MA DO-T 28480 1901-0033
Al3CK3 1901-0040 24 OIODE-SWITCHING 30V S0MA 2NS DO-35 28480 1901-0040
AlL3LR4& 1901-0033 DIODE-GEN PRR 18OV Z00MA DO-T 28480 1901-0033
AL3CRS 1901-0518 5 DIODE-SCHOTTKY 28480 1901-0518
AL3CAs 1901-0518 DIDDE-SCHOTTKY 28480 1901-0518
AL3Lnid 1902-3128 1 DIDDE-INR T.32V 5% DO-7 PD=.4W TC=+.048% 04713 51 10939-143
AL3LRB 1901-00%0 DLODE~SWITCHING 30V 50MA 2NS DO-35 28480 1901-0040
AlL3CRY 19G1-0040 DIODE-SMITCHING 30V SOMA 2ZN5 DO-35 28480 1901-0040
Al3CALsL 19CL-0040 DIDDE-SWITCHING 30V S0MA 2N5 DO-35 28480 1901-0040
Al3CRLZ 1901-0040 DIODE-SHITCHING 30V 50MA 2N5 DO-35 28480 1901-0040
AL3ICRL3 1902-3086 2 DIJDE-INR 4.T5V 2% DO-T7 PD=.4W TC=-.019% 04TL3 5L 10939-90
ALICRL% 1902-3086 DIODE—=INR %.75V 2% DO-7 PD=.4W TC=-.019X 04713 51 10939-90
AL3LKLS 1901-0u40 DIUDE-SWITCHING 30V 50MA 2NS5 D0-35 28480 1901-0040
AliCRle 1901-0040 DIODDE-SWITCHING 30V 50MA ZN5 DOD-35 28480 1901-0040
ALSCRLT L9CLl-0u47 2 DIODE-SWITCHING 20V TS5MA 1ONS 28480 1901-0047
AL3CRLE 1901-0u4T DIODE-SWITCHING 20V T5MA 1ONS 28480 1901-004T
ALl3CKL? 1901-0u40 DIDDE-SWITCHING 30V 50MA 2ZN5 DO-35 28480 1901-0040
AliLRZL 1901-0040 OIDDE-SWITCHING 30V 50MA 2N5 DOD=-35 28480 1901-0040
Al3Lk2e 1901-0040 DIODE-SWITCHING 30V 50MA 2NS DO-35 28480 1901-0040
AlsKl 04 90~ 0683 RELAY-REED 1A 100MA 1000VDC SYDC-COIL 28480 0490-0683
AL3Ke 0490~ 0683 RELAY=-REED 1A 100MA 1000VDC 5vVDC-COIL 28480 04900683
AL3K3 0490-0063 RELAY-REED 1A lODOMA 1000VDC 5vDC-COIL 28480 0490-0863
AL3ul 1854-00T1L TRANSISTOR NPN SI PD=300MW FT=200MHL 28480 1854-00T1
AL3ge L854+-00T1 TRANSISTOR MNPN SI PD=300MW FT=200MHI 28480 1854-00T1
ALl3d3 LB E5-03b0 4 TRANSISTOR J-FET 2N4392 N-CHAN D-MODE 04713 2N&392
AlIgs 1855-0386 TRANSISTOR J-FET 2ZN4392 N-CHAN D-MOOE 04T13 2N4392
AL3NS 1855-0386 TRANSISTOR J-FET 2N4392 N-CHAN D-MODE 04713 2N4392
Alive 1855-038e TRANSISTOR J-FET 2N4392 N-LHAN D-MODE 04713 2N4392
LYEY LB 54-0351 2 TRANSISTOR NAN 51 TO-18 PO=3560MW 28480 1854-0351
LYETT) 18 £3-0010 TRANSISTOR PNP 51 TO-18 PD=300MM 28480 1853-0010
LYET 18550420 TRANSLISTOR J-FET 2N4391 N-CHAN D-MOOE 04713 2N4391
AL3QLL L854-0351 TRANSISTOR NPN 51 TU-18 PD=360MW 28480 1854-0351
Apa SEE NOTE ON SCHEMATIC 2
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Table 6-3. Replaceable Parts

Reference HP Part T Mfr
: . Qty Description Mfr Part Number

Designation Number Code
Al3QL2 1853-0010 TRANSISTOR PNP 51 TO-18 PD=360MM 28480 1853-0010
Al3ul3 1850071 TRANSISTOR NPN SI PD=300MW FT=200MHLI 28480 1854-0071
Al30Le L855-0420 TRANSISTOR J-=FET 2N4391 N-CHAN D-MODE 04713 Z2N4391
Al3Qls 1855-0202 1 TRANSISTOR-JFET DUAL N-CHAN D—-MODE 51 17856 E421
AL3RL 06E3-5145 RESISTOR 510K 5% .25W FC TC=-800/+9%900 oLL21 CBS5145
AL3R2 0683-2235 8 RESISTOR 22K 5% .25W FC TC=-400/+800 oLLz1 cB2235
ALIR3 0683-2235 RESISTOR 22K 5% .25W FC TC=-400/+800 o112l CB2235
AL3R% 0698-3458 2 RESISTOR 348K 1% .125W F TC=0+-100 91637 CAF=55-1y T-1
AL3IRS 06 568-3458 RESISTOR 348M LX .125W F TC=0+-100 91637 CMF-55-1, T-1
AL3IRG 075T-0465 RESISTOR LO00M LX .125W F TC=0#-100 26545 CA-1/8-T0O-1003-F
[YELY) 0757T-0270 1 RESISTOR 249K 1% .125W F TC=0+-100 24546 CA~1/8-TO-2493-F
Al3RB 0683-2235 RESISTOR 22K 5% .25W FC TC=-400/+800 oL121 CB2235
ALIRS Ue83-1035 RESISTOR 10K 5% .25W FC TC=-400/+T700 o1121 CBLO3S
ALIKLL 0683-5145 RESISTOR 510K 5% .25M FC TC=-800/+900 oLL2l CB5145
Al3RL2 2100-3308 3 RESISTOR-TRMR SOK 10% C SIDE-ADJ 17-TRN 32997 3006P-1-503
AL3RLI 2100-3309 1 RESISTOR—-TRMR 2K 10% C SIDE-ADJ 1T7-TRN 32997 3006P-1-202
ALSRLS 0698-446T 1 RESISTOR 1.05K 1X .125W F TC=0+100 24546 C4-1/8-TO-1051-F
AL3RLS 0683-1035 RESISTOR 10K 5% .25M FC TC==400/+#700 oLi21 CB1035
Al3Kloe 0T757-0401 RESISTOR 100 1% .125W F TC=0+-100 24546 C4-1/8-TO-10Q1-F
ALIWLT 0698-3122 1 RESISTOR 412 1% .125W F TC=0+-100 03888 PME55-1/8-T0-4120-F
AL3RLS 0683-2045 2 RESISTOR Z200M 5% .25W FC TC=-800/+900 oLL2l CB2045
AL3RLY 0683-5105 5 RESISTOR 51 5% .25W FC TC=-400/+500 oLL21 cBs5105%
Alsnzl 0T57T-0453 1 RESISTOR 30.1K 1T .125W F TC=0+-100 245456 C4-1/8-T0-3012-F
[YETFFS 06984488 1 RESISTOR 26.7K 1% .125W F TC=0+100 245456 C4-1/8-TD-26T72-F
AL3RZS 2100-3308 3 RESISTOR-TRMR 5K 10X C SIDE-ADJ LT7T-TRN 32997 3006P-1-502
ALIRZ% 0683-2025 RESISTOR 2K 5% .25W FC TC=-400/+T700 o1zl CB2025
AL3RE> 06%8-8215 3 RESISTOR 54K 5% |P/O MATCHED SET R25,38,43) 28480 0698-8215
Al3RZL 0683-205 RESISTOR 2K 5% .25W FL TC=-400/+700 01121 cB2oz5
ALIRLT 0663-1015 RESISTOR LOO 5% .25W FC TC=-400/+500 oL121 celiols
Alindd 06 83-2415 1 RESISTOR 240 5% .25W FC TC=-400/+600 o121 CB2415
AliRed 0683-2245 RESISTOR 22K 5% .25W FC TC=-400/+800 oLL2L CB2235
AL3IR3L D6 83=-1035 RESISTOR LOK 5% .25W FC TL==400/+T700 o121 CBl1035
[YETE P 0683-5145 RESISTOR 510K 5T .25W FC TC=-B00/+900 oLL21 CB5145
AL3R33 DT5T-044%2 RESISTOR 10K 1% .125W F TC=0#-100 24545 C4=1/8-TO-1002-F
ALIR3S Qo83-1235 RESISTOR 12K 5% .25W FC TC=-400/+800 o1121 CBl1235
ALIRIS 0683-3025 RESISTOR 3K 53 .25W FC TC=-400/+T00 oLL21 ca3azs
Al3k3o 21C0=-33086 RESISTOR-TRMR 50K 10% C SIDE-ADJ 17-TRN 32997 3006P-1-503
Alawsld 06 83-4T15 RESISTUR 470 5% .25W FL TC=—400/+600 oL121 CB&T1S
AL3w3y V698-8215 RESISTOR 487K .5% (P/O MATCHED SET R25, 38,43) 28480 0698-8215
ALIR39 0698=-4202 RESISTOR B.HTK 1T .125W F TC=0+=100 24545 C4~1/B-TO=-BBTL-F
ALIR%L 0696-4202 RESISTOR 8,.B7TK L% .125W F TC=0+=100 24545 C4-1/8-TO-BBT1~-F
LY ELTY Ob9e-4202 RESISTOR B.BTK 1T .125wW F TC=0+-100 265456 C4L/8-TO-BATL-F
ALIKR%3 0698-8215 RESISTOR 2M 5% (P/O MATCHED SET R25,38,43) 28480 0698-8215
ALIRGS 0695B-8216 4 RESISTOR 20.2K .5% (P/O MATCHED SET R44, R45) 28480 0698-8216
ALIK4S 0696-6<10 RESISTOR 2M 5% (P/O MATCHED SET R44, R45) 28480 0698-8216
LY ELTTN 2100-3311 F RESISTOR-TRMR 500 10X C SIJE-ADJ LT7-TRN 32997 3006P-1-501L
Aliul 1826=-0039 3 IC LM 201A OP AMP 2T014% LM20OLAH
Alauz 18 26-0059 IC LM 20lA OGP AMP 2T01% LMZOLAH
Alsus 1B 10-u250 ' ICy FINE LINE CHIP 28480 1810-0250
ALk 1826~0059 IC LM 20LA OP AMWP 2T01% LH20LAH
AL3US Le26~0l09 IC HA 2625 UP AMP z_suo 1826-0109
YR 1820-04T1 IC-DIGITAL SNT40&N TTL HEX 1 01295 SNT406N

L&U0-0515 1 STAMPING; BRS .020" THK 16365 0aD

4040-0748 2 EXTRACTOR=-PC 8D BLK PULYC .062=-BD-THKNS 28480 4040-0T48
ALy Q3455-6651% 1 Pals ASSEMBLYy AD CONVERTER 28480 03455-66514%
Al%cl 01 50~-0uas 3 CAPACITOR-FXD .l1UF +80-20% 100WVDC CER 28480 0150~-0084
ALlasCe Dla0-4398 CAPACITOR-FXD «UB82UF +-10% 20UWVDC POLYP 208480 D160-4398
Al4L3 0L 40-0149 i CAPACITOR-FXD 4TOPF +-5T 3004VDC MICA T2135 DMLSF4T1J0300WVLICR
Alsls 01 50-008% CAPALITOR-FXD «lUF +80-20% LOOWVDC CER 2B%80 0L50-0084
ALSCS 01 50-0084% CAPACITOR-FXD .lUF +80-20% L00OWVDC CER 28480 0150-0084
AlsLo 0L60=-2204 CAPACITOR-FXD LOOPF +=5% 300wVDC MICA 28480 0160-2204
AlsLrl 1902=-325T7 DIJDE-INR 20V 5% D0-T7 PO=.4W TC=+.0T73% 04713 51 10939-269
AlaLne OA 1901-0376 DI0DE-GEN PRP 35V 50MA DO-35 28480 1901-0376
LYEIHE 1901-0040 DIUDE=SWITCHING 30V S50MA 2ZN5S DO-35 28480 1901-0040
AlGLrRé 19Gl-0376 DIOUE=-GEN PRP 35V 50MA DO-T 28%80 1901-0376
AL+CRY 1901-0376 DIJDE-GEN PRP 35V SOMA DO-T 28480 1901-0376
AlaCho LA 1901-0376 D10DE-GEN PRP 35V 50MA DO-35 28480 1901-0378
ALSLAT L902-3£37 DIJDE=INR 20V 5% DO~T7 PD=.4W TC=+.0T73% 04713 51 10939-269
Alslho L9CL-0u40 DIJJE-SWITCHING 30V 50MA NS DO-35 28480 1901-0040
AL&4CRY L90L-0040 DIODE-SWITCHING 30V SOMA 2NS DO-35 28480 1901-0040
ALsLR LY L9CL-0uad DIODE-SWITCHING 30V 50MA 2NS DO-35 28480 1901-0040

AA SERIAL NUMBERS 1622A05231 AND ABOVE. NOTE (4B) ON SCHEMATIC 6.
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Table 6-3. Replaceable Parts

HP Part £ Mfr
Reference Qty Description Mfr Part Number
Designation Number Code
ALSCRLL 1901-0518 DIODE~-SCHOTTKY 28480 1901-0518
Al4CRL2 1901~0040 DIODE-SWITCHING 30V 50MA 2NS DO-35 28480 1901-0040
Als0l 1853-0020 TRANSISTOR PNP SI PD=300MN FT=150MHL 28480 1853-0020
Al4uz 1853-0034 1 TRANSISTOR PNP S1 TO-18 PD=360MN 28480 1853-0034
AlL4Q3 1855-0420 TRANSISTOR J-FET 2N4391 N-CHAN D-MODE 04713 2N4391
Al4Qe 1855-0033 1 TRANSISTOR J-FET N-CHAN D-MODE TO-72 SI 28480 1855-0033
AL4QS 1855~ 0246 1 TRANSISTOR-JRET DUAL N-CHAN D-MODE TO-7. 28480 1855- 0246
Al4Ge 1853-0020 TRANSISTOR PNP SL PD=300MW FT=150MHI 28480 1853-0020
Al4Rl 4B 06 B3~ 1035 1 RESISTOR 10K 5% .25W FC TC=-400/+70Q 01607 cB1035
AL4R2Z 0683-2025 RESISTOR 2K 5% .25W FC TC=-400/+¢700 01121 cB2025
ALeR3 0698-3155 RESISTOR 4.64K 1% .125M F TC=0+-100 24548 C4-1/8-TO-45641-F
AL4R4 0811-2577 2 RESISTOR 10K .1% .125M PMW TC=04-2 14140 1274-1/16-A-1002-8
ALSRS 0757-0436 1 RESISTOR 4.32K 1% .125M F TC=0+100 24546 C4-1/8-T0-4321-F
Al4ke 0757-0280 RESISTOR 1K 1% .125W F TC=0+-100 24548 C4-1/8-T0-1001-F
AL4RT 0698-3226 1 RESISTOR 6.49K 1T .1258 F TC=0#-100 24546 C4-1/8-T0-56491-F
AL4RB 0757~ 0440 1 RESISTOR 7.5K 1X .125 F TC=04-100 24548 C4-1/8-TO-7501-F
ALSRS 07 57-0462 1 RESISTOR 75K 1X .125W F TC=0+-100 24545 C4-1/8-T0-T502-F
AL4RLD 0757-0430 1 RESISTOR 2.21K 1% .125W F TC=0+-100 24548 C4-1/8-T0-2211-F
ALSKLL 0698-3511 1 RESISTOR 665 1% .125W F TC=04-100 2454 C4-1/8-TO-665R-F
ALsR1Z 0683-3025 RESISTOR 3K 5% .25W FC TC=-400/+700 oLzl CB3025
Al4R13e 0683-2265 1 RESISTOR 22M 5% .25W FC TC=-900/+1200 o112l CB2265
AL4R1L4 0757~ 0442 RESISTOR 10K 1% .125M F TC=0+-100 245486 C4-1/8-T0-1002-F
ALsKLS 0811-3017 1 RESISTOR 19.8K 1% .1258 PWN TC=04-5 14140 1350-1/8-C-1982-F
ALSRLG 0757-0441 1 RESISTOR B.25K 1% .125W F TC=0+-100 2454¢ C4-1/8-T0-8251~F
ALeRLT 0757-0465 RESISTOR 100K 1% .125 F TC=04-100 24545 C4-1/8-T0-1003-F
Alénls 4B 0757-0273 RESISTOR 301K 1% .125W F TC=04-100 03292 C4-1/8-T0-3011 ~F
Al4Rly 4B 0698—4460 1 RESISTOR 649 1% .125W F TC=04-100 03202 C4-1/8-T0-649R -F
Alsked 4B 0698-3226 RESISTOR 649K 1% .125W F TC=0+-100 03292 C4~-1/8-T0-6491 -F
Al4nil 0811-25TT RESISTOR 10K 1% .125W PWM TC=04-2 14140 12T4-1/16-4-1002-3
AlsRe2 0658-3155 RESISTOR 4.64K 1T .125W F TC=0+-100 24545 C4-1/8-TO-4641-F
Al%Hed Qo d3-8215 1 RESISTOR 820 5% .25W FC TC=-4%00/+600 oLLz2l CcBB215
AleR24 4B 0683~ 1035 RESISTOR 10K 5% .25M FC TC=-400/4700 01607 CB1035
Al4K25 AB 0683~ 1035 RESISTOR 10K 5% .25W FC TC=-400/+700 01607 CB1035
Al4KZo 0698-3260 2 RESISTOR 464K 1% .125W F TC=0+-100 91637 CHF=55-1, T-1
Al4Red 0693-8649 2 RESISTOR 1.28M .1% .25W F TC=04-25 19701 MF52C-1
AL4K2B 0683-2735 RESISTOR 27K 5% .25W FC TC=-400/+800 01121 €82735
AlaK2d 0683-3925 1 RESISTOR 3.9K 5% .25W FC TC=-400/+700 o121 €83925
Alak3u 0698-8649 RESISTOR 1.28M .13 .25W F TC=0+-25 19701 MF52C-1
Alen3l 0698-3260 RESISTOR 464K 1X .125W F TC=0+-100 91637 CMF-55-1, T-1
Alak32 0696-3499 3 RESISTOR 40.2K 1% .125W F TC=0+-100 245486 C4-1/8-T0-4022-F
AL#R33 0698-3499 RESISTOR 40.2K 1% .125W F TC=0+-100 24545 C4-1/8-TD-4022-F
Al4R34 0683-1025 1 RESISTOR 1K 5% .25H FC TC=-400/+600 01121 CB1025
ALGH3> Ub 98-3499 RESISTOR 40.2K 1% .125W F TC=0+-100 24545 C4-1/8-T0-4022-F
AL4R3b 06 83-2435 1 RESISTOR 24K 5% .25M FC TC=-400/+600 01121 CB2435
AL4K3T 0683~ 1035 RESISTOR 10K 5% .25W FC TC=-400/+700 01121 C81035
Al4R3s 06 B3-3045 1 RESISTOR 300K 5% .25W FC TC=-B800/+900 o112l CB3045
ALeK3Y 06 83-3025 RESISTOR 3K 5% .25M FC TC=-400/+700 01121 CB3025
Alereu 075T-0442 RESISTOR 10K 1% .125W F TC=0+-100 24540 C4-1/8-T0-1002-F
Al4R4l 0T 5T-0442 RESISTOR 10K 1% .125W F TC=0+-100 24548 C4-1/8-T0-1002-F
AleRe2 0683-4735 1 RESISTOR 47K 5% .25W FC TC=-400/+800 01121 CB4T35
Al4Res 0683-2035 RESISTOR 20K 5% .25W FC TC=-400/+800 oLzl cB2035
Al4ras Aa 06 83~ 2055 3 RESISTOR 2M SX .25W FC TC==900/+1100 1607 CB2055
AL4nas 0683~ 1065 RESISTOR 10M ST .25 FC TC=-900/+1100 o1i21 CBLO6S
AL4R4s 06 B3~ 1065 RESISTOR 10M 5% .25W FC TC=-900/+1100 o121 CB1065
Al4ReT 0698-44T5 1 RESISTOR 9.76K 1% .125W F TC=04-100 03888 PMES5-1/8-T0-9761~F
Al4R4d 0757-0407 1 RESISTOR 182K 1% .125W F TC=0+-100 03292 C4-1/8-T0-1823-F
al4ul 1906-0070 2 DIODE-ARRAY 28480 1906-0070
Alau2 19C6-0070 D10VE~ARRAY 28480 1906-0070
AL4u3 1826-0471 2 1C OP AMP LOW-DRIFT TO-99 02180 OP—07CJ
AL4us 1826-0309 IL AD 518J OP AMP 24355 AD518J
AlaUS 18..0-0203 1 IC, AMPL. OPERATIONAL 15818 T4LCE009
Al4ub 1826-0138 1 IC LM 339 COMPARATOR 27014 LM339N
5040-6843 2 EXTRACTOR, P.C. BOARD 28480 5040-6843
5000-9043 2 PIN:P.C. BOARD EXTRACTOR 28480 5000-9043

AA  SEE NOTE ON SCHEMATIC 6.
4B SERIAL NUMBERS 1622A05231 AND ABOVE. SEE NOTE ON SCHEMATIC 6.
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Table 6-1. Replaceable Parts(Cont'd)

Reference .. Mfr
¢ 3 u r Description Mfr Part Number
Designation | HP Part Number | - Qty P Code rt Numbe
Al5 03455-66515 1 PC ASSEMBLY, AC RMS 28480 0345566515
A15C1 0150-0121 9 CAPACITOR-FXD .1UF +80-20% S0WVDC CER 28480 0150-0121
A15C2 0170-0066 1 CAPACITOR-FXD 027 UF 200V 28480 0170-0066
A15C3 0170-0038 1 CAPACITOR-FXD .22 UF 200V 28480 0170-0038
A15C4 01603094 1 CAPACITOR—FXD .1UF +-10% 100WVDC CER 28480 0160-3094
A15C5 0160-3134 CAPACITOR—FXD .01Uf +—10% 100WVDC CER 28480 01603134
A15C6 0160-2035 1 CAPACITOR—FXD 750PF +-5% 300WVDC MICA 28480 01602035
A15C7 0160-2204 CAPACITOR-FXD 100PF +-5% 300WVDC MICA 28480 01602204
A15C8 0160-0163 CAPACITOR-FXD 033 UF 200V 28480 0160-0163
A15C9 01603686 1 CAPACITOR—FXD .27 UF +—10% 50WVDC MET 28480 01603686
A15C1 0160-2264 CAPACITOR-FXD 20PF +-5% S00WVDC CER 28480 01602264
A15C12 0140-0198 CAPACITOR-FXD 200PF +-5% 300WVDC MICA 72136 DM15F201J0300WVICR
A15C13 0160-2257 CAPACITOR-FXD 10PF +-5% 500WVDC CER 28480 0160-2257
A15C14,.C15 0180-0291 CAPACITOR-FXD 1UF =—10% 35VDC TA 56289 1500 105X9035A2
AT5C16 0160-2257 CAPACITOR-FXD 10PF --5% 500WVDC CER 28480 01602257
A15C17--18,C21 0150-0121 CAPACITOR-FXD .1UF +80—20% S0WVDC CER 28480 0150-0121
A15C22* PADDING LIST
0160-2257 CAPACITOR-FXD 10PF +-5% 500WVDC 28480 01602257
01602259 CAPACITOR—FXD 12PF +-5% 500WVDC 28480 01602259
01602261 CAPACITOR-FXD 15PF +-5% 500WVDC 28480 01602261
A15C23, C24 0150-0121 CAPACITOR—FXD .1UF +80—20% SOWVDC CER 28480 0150-0121
A15C25 0160-3949 CAPACITOR-FXD 346PF +—1% 500WvDC PORC 28480 0160-3949
A15C26 0150-0121 CAPACITOR-FXD .1UF +80-20% S0WVDC CER 28480 0150-0121
A15C27 01603945 CAPACITOR-FXD 39PF +—1% S500WVDC PORC 28480 01603945
A15C28 0150-0121 CAPACITOR-FXD .1UF +80-20% S0WVDC CER 28480 0150-0121
A15C29, C30 0160-4480 2 CAPACITOR, FXD 10PF 100V 28480 01604480
A15C31 0160-3948 1 CAPACITOR—FXD 970PF +—1% 500WVDC PORC 28480 01603948
A15C32 01602200 CAPACITOR-FXD 43PF +-5% 300WVDC 28480 01602200
A15C33 4P 01603986 CAPACITOR-FXD 22UF +-10% 400VDC 28480 01603986
A15C34 0121-0436 CAPACITOR-V TRMR—AIR 2.4/24 5PF 350V 74970 189-509-125
A15C35 0140-0193 1 CAPACITOR-FXD 82PF +-5% 300WVDC MICA 72136 DM15E820J0300WV 1CR
A15C36-38 A 01602055 3 CAPACITOR-FXD .01UF +80-20% 100VDC CER 28480 01602055
A15CA0 Ay 0160-0128 1 CAPACITOR-FXD 2.2UF +-20% 500vVDC CER 28480 0160-0128
A16CA1,2,3 1801-0040 DIODE-SWITCHING 30V 50MA 2NS DO-35 28480 1901-0040
A15CR4, 5 1901-0518 DIODE-SCHOTTKY 28480 1901-0518
A15CRB 1901-0040 1 DIODE-SWITCHING 30V 50MA 2NS DO-35 28480 19010040
A15CR7 19010586 2 DIODE, GEM PRP 30V 25MA TO-72 28480 1901-0586
A15CRB, CRO 1902-3073 DIODE-2ZNR 4.32V 5% DO—7 PD=4W TC= - 035% 04713 SZ 1093977
A15CA11-CR13 18010040 DIODE-SWITCHING 30V 50MA 2NS DO-35 28480 1901-0040
AI5K1, K3 48A 0490-0683 RELAY-REED 1A 100MA 1000V DC 5VDC-COIL 28480 0490-0683
A15K2, K4 0490-0683 RELAY-REED 1A 100MA 1000V DC 5 VDC-COIL 28480 0490-0683
A1501 1854-0071 TRANSISTOR NPN S| PD=300MW FT=200MHZ 28480 18540071
A15Q2-04 18550420 TRANSISTOR J-FET 2N4391 N-CHAN D-MODE 04713 2N4391
A1505 1855--0062 1 TRANSISTOR J—FET N—CHAN D-MODE S1 28480 18550062
A1506 18540071 TRANSISTOR NPN DI PD=300MW FT=200MHz 28480 18540071
Al5Q7 . 1853-0020 TRANSISTOR PNP S PD=300MW FT=150MHz 28480 18530020
A1508 1855-0420 TRANSISTOR J-FET 2N4391 N-CHAN D-MODE 04713 2N4391
A1509, Q11 18540753 2 TRANSISTOR, ADB18 28480 18540753
A15Q12 1853-0020 TRANSISTOR PNP S| PD=300MW FT=150MHZ 28480 1853-0020
A15Q13 1854--0071 TRANSISTOR NPN S| PD=300MW FT=200MHZ 28480 18540071
A15Q14 1853-0089 1 TRANSISTOR PNP 2N4917 SI PD=200MW 07263 2N4917
A15Q15 18540216 1 TRANSISTOR NPN S| PD=350MW FT=300MHZ 04713 SPS 3611
A15Q16 18540071 TRANSISTOR NPN SI PD=300MW FT=200MHZ 28480 18540071
A15Q17 1853-0020 TRANSISTOR PNP Si PD=300MW FT=150MHZ 28480 18530020
A15Q18 18550081 1 TRANSISTOR J-FET 2N5245 N~CHAN D-MODE Si 01295 2N5245
A15019, Q20 18550420 TRANSISTOR J-FET 2N4391 N-CHAN D-MODE 04713 2N4391
A15R1 06831035 RESISTOR 10K 5% .25W FC TC=-400/+700 o2 CB1035
A15R2 06832235 RESISTOR 22K 5% .25W FC TC=-400/+800 o2 CB2235
AI5R3 0683-5145 RESISTOR 510K 5% .25W FC TC=—800/+900 01121 CB5145
Al5R4 06832235 RESISTOR 22K 5% 25W FC TC=—400/+800 on21 CB2235
A15R5 06835145 RESISTOR 510K 5% 25W FC TC=—800/+900 o1z £B5145
AI5RE* PADDING LIST
06984470 RESISTOR 698K 1% .125W F 24546 C4—1/8-TO-6891-F
0757-0444 RESISTOR 12.1K 1% .125W F 24546 C4-1/B-TD-1212-F
06984308 RESISTOR 169K 1% .125W F 24546 C4-1/8-T0-1692-F
A15R7 07570449 1 RESISTOR 20K 1% .126W F TC=0+-100 03202 4-1/8-TO--BAOA-F
AI5RE 06988692 1 RESISTOR 160K 1% 125W F TC=0+-25 07716 CEA-993-N330
A15R9 06983262 1 RESISTOR 40.2 1% .125W F TC=0+-100 24548 C4—-1/8-TO-4022-F
A15R11 06983158 1 RESISTOR 26.1K 1% .125W F TC=0+-100 24546 C4-1/8-TO-2612-F
A15R12 0683-2455 1 RESISTOR 2.4M §% .25W FC TC=-900/+1100 01121 CB2455
A15R13 0698-3456 1 RESISTOR 287K 1% .125W F TC=0--100 24546 C4-1/8-TO-2873-F
A15R14 06831035 RESISTOR 10K 5% .25W FC TC =—400/+700 0121 CB1035
A15R15 0683-2235 RESISTOR 22K 5% .25W FC TC=-400/+800 0121 CB2235
AI5R16 2100-3161 RESISTOR TRMR 20K 10% C SIDE-ADJ 17-TRN 32997 3006P—1-203
AISR17 ac 21003056 RESISTOR-TRMR 5K 10% C SIDE-ADJ 17-TRN 03744 3006P—1-502
AI5R18 AL, 3N 06988350 RESISTOR 732K 1% 125\ F TC=0+-100 03202 MC5C-1/8 107323 F
A15R19 0757-0417 RESISTOR 562 1% .125W F TC=0+-100 24546 C4-1/8-TO-562H-F
AISR21* PADDING LIST
06831845 RESISTOR 180K 5% 25W FC 01121 CB1845
06832245 RESISTOR 220K 5% 25W FC 01121 CB2245
06832445 RESISTOR 240K 5% 25W FC 01121 €B2445
0683-3045 RESISTOR 300K 5% .25W FC onn CB3045
06833645 RESISTOR 360K 5% 25W FC 01121 CB3645
0683-5145 RESISTOR 510K 5% 26W FC o CB5145
06837545 RESISTOR 750K 5% .25W FC o121 CB7545
06831555 RESISTOR 1.5M 5% 25W FC ozt CB1555
A15R22 0757-0401 1 RESISTOR 100 1% .125W F TC=0+—100 24546 C4-1/B-T0-100R-F
AA  SEE NOTE ONSCHEMATIC 3.
AC  SEE NOTE ON SCHEMATIC 3.
A)  SEE NOTE ON SCHEMATIC 3.
AL, AN SEE NOTE ON SCHEMATIC 3.

AP SEE NOTE ON SCHEMATIC 3.
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Table 6-3. Replaceable Parts(Cont'd)
Reference s Mfr
¢ s r| Qty Description Part N
Designation HP Part Numbe p Code Mfr Part Number
A15R23 A¢ 06831045 RESISTOR 100K5% .25W FC TC=—400/+800 01607 C81045
A15R24 3¢ 0683-2235 RESISTOR 22K 5% .26W FC TC=-400/+800 01121 €B82235
A15R25 0698 7082 2 RESISTOR 100K .1% .125W F TC=0+-25 03202 NESS5
A15R26 0698 -4429 RESISTOR 1.87K 1% .125W F TC=0--100 24546 C4-1/8-TO-1871-F
A15R27 0698-3279 RESISTOR 4.99K 1% .125W F TC=0+—100 24546 C4-1/8-T0-4991-D
AI5R29 2100-3161 RESISTOR-TRMR 20K 10% C SIDE-ADJ 17-TRN 32997 3006P-1-203
AI5R31 AL, AN 06988350 RESISTOR 732K 1% 125W F TC-0+-100 03292 MC5C—1/8-T0-7323-F
A15R32 06980084 1 RESISTOR 2.15K 1% .126W F TC=0+—100 24546 C4-1/8-T0-2151—F
A15R33 06983492 1 RESISTOR 2,67K 1% .125W F TC=0+—100 24546 C4-1/8-T0-2671-F
A15R34 0757-0417 RESISTOR 562 1% .125W F TC=0+-100 24546 C4-1/B-T0- 862R—F
A15R35 0757-0280 RESISTOR 1K 1% .125W F TC=0+-100 24548 C4-1/B-TD-1001-F
A15R36 06984460 1 RESISTOR 649 1% .125W F TC-0+-100 03292 C4-1/8-TD-G49R-F
A15R37 0683-5105 RESISTOR 51 5% .25W FC TC=—400/+500 01121 €B5105
A15R38, A39 06835105 RESISTOR 51 5% .25W FC TC=~400/+500 01121 85105
A15R41 0757-0413 1 RESISTOR 392 1% .125W F TC=0+—100 24546 CA-1/8-T0-392R- F
A15R42 06984429 RESISTOR 187K 1% .125W F TC-0+—100 24546 C4-1/8-TO-1871-F
AlSR43 06984478 1 RESISTOR 10.7K 1% .1256W F TC=0+-100 24546 C4-1/8-TD-1072-D
A15R44 0683-5105 RESISTOR 51 5% .25W FC TC=-400/+500 01121 CB5105
A15R45 0698 --4429 RESISTOR 1.87K 1% .125W F TC=0+-100 24546 C4-1/8-TO-1871-F
A15R46 0698 4447 1 RESISTOR 280 % .125W F TC=0+-100 24546 C4-1/8 TO-280R-F
A15R47 0757-0433 RESISTOR 3.32K 1% .125W F TC=0+-100 24546 C4-1/8-T0-3321-F
A15R48 07570438 RESISTOR 5.11K 1% .125W F TC=0+-100 24546 C4-1/B-T0-5111-F
A15R49 06983279 RESISTOR 4.99K 1% .125W F TC=0+-100 24546 C4-1/B-T0-4991-F
AI5R51 A 2100- 3095 1 RESISTOR-TAMR 200 10% C SIDE 03744 3006P 1-201
A15R52 3¢ 06986630 1 RESISTOR 20K .1% .125W F TC-0+-25 03292 NES5
A15RS3 Ac 0698 6360 RESISTOR 10K.1% .125W F TC=0+-25 03292 NESS
A15RS54 0698-3431 1 RESISTOR 23.7 1% .125W F TC=0+-100 03888 PMES5-1/8-T0 23R7-F
A15R55 06986320 RESISTOR 5K .1% .125W F TC=0+-25 03888 PMES5-1/8-T9-5001 B
A15R56 2100-3161 RESISTOR-TRMR 20K 10% C SIDE-ADJ 17-TAN 32997 3006P-1 203
A15R57.R58 06831508 RESISTOR 15 5% .25W FC TC=-400/+500 01121 €81505
AI5R50 Aa 0683-1045 2 RESISTOR 100K 5% .25W FC TC 01607 CB1045
A15R61 06831035 RESISTOR 10K 5% .25W FC TC=-400/+700 01121 81035
AI5RE2 07570417 RESISTOR 562 1% .125W F TC-0+-100 24546 C4-1/8-TO- 562R—F
A15R63 07570487 RESISTOR 825K 1% .125W F TC=0+-100 24546 NA4
A15R64 0698-6320 RESISTOR 5K .1% .125W F TC=0+-25 03888 PMESS- 1/8-T9-5001-8
A15RE5 2100-3161 RESISTOR-TRMR 20K 10% C SIDE-ADJ 17-TRN 32097 3006P—1-203
A15R66 30 0683-1635 RESISTOR 16K 5% .25W FC TC=—400/+800 01607 €81635
A15R67 20 06831335 1 RESISTOR 13K5% .25W FC TC-—400/+800 01607 CB1335
A15R68 0683- 1035 RESISTOR 10K 5% 25W FC TC-—400/+700 01121 81035
A15R69 06831035 RESISTOR 10K 5% .25W FC TC=—400/4700 o1121 CB1035
A15R71 0757- 1 RESISTOR 332
AI5R72 Ag 2100-3122 2 RESISTOR-TAMR 100 10% C TOP 03744 3006P - 1- 101
A15R73 2100-3056 RESISTOR-TAMR 5K 10% C SIDE-ADJ 17-TRN 01885 43P502
A15R74 21003306 RESISTOR-TRAMR 50K 10% C SIDE-ADJ 17-TRN 32997 3006P- 1503
A15R75 3p 2100~ 3154 1 RESISTOR-TAMR 1K 10% C SIDE-ADJ 17- TRN 03744 3006P-1-102
A15R76 06988782 RESISTOR 220K .5% (P/O MATCHED SET R76,86,91) 28480 06988782
AIBR77 07570487 5 RESISTOR B25K 1% .126W F TC=0+-100 24546 NA4
A15A78 3G 0757-0280 RESITOR 1K 1% .125W F TC=0+-100 03202 €4-1/8-T0-1001 —F
A15R79 06831505 RESISTOR 15 5% 25W FC TC-—400/+500 01121 CB1505
A15RB1 AM 06985354 2 RESISTOR 549K 1% .1W F TC=0+—10 28480 06988964
A15AB2 M 06988963 1 RESISTOR 169K 1% .1W F TC=0+-10 28480 06988963
A1SRB3 AM 0698 - 8965 5 RESISTOR 1.87K 1% .IW F TC-0+-10 28480 06988965
Al5ARB4 07570433 RESISTOR 3.32K 1% .125W F TC=0+-100 24546 CA-1/8- TO-3321-F
A15RE5 AM 06088966 RESISTOR 634 1% .IW F TC=0+-10 28480 06988966
A15R86 06968782 RESISTOR 1.98M .5% (P/O MATCHED SET R76,86,91) 28480 06988752
A15RE8 0683- 1505 4 AESISTOR 15 5% 25W FC TC=—400/+500 01121 CB1505
AISRBI" 2A PADDING LIST
D688--4308 RESISTOR 16.9K 1% .125W F TC=0+-100 03292 C4-1/B-TO-1692-F
0698-3136 RESISTOR 17.8K 1% .125W F TC=0+~-100 03292 C4-1/8-TO-1782-F
0757--0448 RESISTOR 18.2K 1% ,125W F TC=0+-100 03292 C4—1/B-TO- 1882 F
06984483 RESISTOR 18.7K 1% .125W F TC=0+-100 03292 C4-1/8-TO-1872-F
06984484 RESISTOR 19.1K 1% 125W F TC=0+ - 100 03292 C4-1/8-TO-1912-F
07570449 RESISTOR 20K 1% .125W F TC=0+- 100 032902 C4-1/8-TO-2002—F
A15R91 06988782 3 nes»gron sr.';, MATCHED 2M 5% (P/O MATCHED SET 28480 0698-8782
R76, RE6, R9T)
A15R92 0698-8216 RESISTOR 2M .5% (P/O MATCHED SET R92, R93) 28480 06988216
A15R93 06988216 RESISTOR 20.2K 5% (/O MATCHED SET R92, R93) 28480 0698-8216
A15R94 2100-3311 RESISTOR-TAMR 500 10% C SIDE—ADJ 17-TRN 32097 3006P—1-501 D00~F
A15R95 07573557 1 RESISTOR 806 1% .125W F TC=0+-100 28480 0757-3557
A1ERIE A 06985540 1 RESISTOR 1.1M 6% 25W FC TO 01607 CB1156
AI5RI7 3A 0683-1045 RESISTOR 100K 5% .25W FC TC 01607 CB1045
A15U1 1826-0340 1 IC, OP AMPL. LF356 28480 1826-0340
A15U2 1820-0478 1 IC LM 308 OP AMP 27014 1 M308H
A15U3, U4 3H 1826-0516 2 IC 357 OP AMP TO-99 28480 18260516
A15U5 1820--0471 IC—DIGITAL SN7406N TTL HEX1 01295 SN7406N
A15U6 1826-0357 1 IC LF357H OP AMP 27014 LF357H
4040-0748 2 EXTRACTOR-PC BD BLK POLYC .062-80 THKNS 28480 40400748
1205-0090 1 HEAT SINK-SEMICONDUCTOR 28480 12050090
1205-0002 1 HEAT SINK TO —5/T0-39-PKG 28480 1205-0002
A20 3 1117769501 1 ASSEMBLY, REFERENCE
AA  SEE NOTE ONSCHEMATIC 3 NOT FIELD REPAIRABLE ORDER
48  SEFE NOTE ON SCHEMATIC 3 REPLACEMENT ASSEMBLY ACCESSORY NO. 111778
RS (SEENOTE ON SERmANcS AL, 3N SEE NOTE ON SCHEMATIC 3.
v a SEE NOTE ON SCHEMATIC 5.
SH  SEE NOTE ON SCHEMATIC 3
i 40 SEE NOTE ON SCHEMATIC 3.
Bl SEE NOTE ON SCHEMATIC 3.
AK SERIAL NUMBERS 1622A02796 AND ABOVE REPLACES 07570280 (502 0}
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Table 6-3. Replaceable Parts(Cont'd)

3 SERIAL NUI
AA  SERIAL NU
4B SERIALNU

MBERS 1622A00411 AND ABOVE. REPLACES PARTS 5041-0139 AND 50410144,
MBERS 1622A02436 AND ABOVE. REPLACES 03455-04303.
MBERS 1622A05631 AND ABOVE. REPLACES PART 50607454,

Reference ... Mfr
: . HP Part Number | Qty Description Mfr Part Number
Designation P Code
CHASSIS MOUNTED PARTS
B1 3160-0266 1 FAN-TBAX DCV 28480 3160-0266
3150-0300 1 FILTER, AIR 28480 3150- 0300
C1-C6 0180-0291 CAPACITOR-FXD 1UF+-10% 35vVDC TA 56289 150D105X9035A2
cRl 1990-0547 LED-VISIBLE LUM=INT=2MCD IF=20MA-MAX 28480 1990-0547
Fi 2110-0201 1 FUSE .25A 250V SLO-BLO 220/240V OPERATION 75815 313.2505
2110-0012 1 FUSE 5A 250V FAST-BLO100/120V OPERATION 04703 312.500
N 5061-1131 4B 2 TERM ASSEMBLY, REAR INPUT 28480 5061-1131
Jz 12500083 1 CONNECTOR-RF BNC FEM SGL-HOLE-FR 50-0OHM 2493 2B8JR--130-1
43 1251-3283 1 CONNECTOR; 24-CONT; FEM; MICRORIBBON 28480 1261-3.83
0380-0643 1 STANDOFF, LG STUDMOUNT (METRIC THREAD) 0046A 0BD #
J4 9100-3910 1 FILTER—-LINE 28480 81003910
J5 50607454 TERM ASSEMBLY, FRONT INPUT 28480 50607454
P1 1261-3201 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 27264 22-01--2181
1251-3476 17 CONTACT-CONN U/S POST TYPE FEM CRP (P/O P3) 28480 1251-3476
P4 1251-3277 CONNECTOR 4-PIN F POST TYPE 27264 09-50-7041
PS 12513276 CONNECTOR 6-PIN F POST TYPE 27264 09-50-7061
P& 1251--3276 2 CONNECTOR 6-PIN F POST TYPE 27264 09- 50 7061
s1 3100-3380 1 *SWITCH, ROTARY INPUT SELECT ZB4B0 31003380
0370-1103 1 KNOB 28480 0370-1103
3030-0007 1 SCREW-SET 4-40 .126-IN-LG 28480 3030-0007
52,83 2101-0961 2 SWITCH-5L SPDT-NS MINTR .5A 125VAC/DC PC 79727 G-124-0013
54 3101-2042 2 SWITCH-SL DPDT-NS STD 2A 250VAC SLDR LUG 28480 3101-2042
55 3101-2042 SWITCH-5L DPDT-NS STD 2A 250VAC SLDR LUG 28480 31012042
56 3101=-2216 1 SWITCH-PB DPDT 4A 250VAC 28480 3101- 2216
5040-7023 1 PUSH ROD 28480 5040-7023
57 3101-1299 1 SWITCH-PB DPDT ALTNG .45A 116VAC PC 28480 3101-1299
0370--0683 1 PUSHBUTTON, OLIVE BLACK 28480 0370-0683
T1 91000680 1 TRANSFORMER, POWER 28480 91000680
u 1820--0430 1 IC LM 309 V RGLTR 27014 LM309K
03400580 1 INSULATOR-XSTR RUBBER RED BGA64 7403--10-02
1200-0456 1 SOCKET-XSTR 2-CONT T0-3-PKG 28480 1200-0456
u2 1826--0181 1 iIC LM 323 V AGLTR 27014 LM323K
u3 1826-0117 1 IC 7812C V RGLTR 07263 7812KC
1200-0479 2 SOCKET-XSTR 2-CONT TO-3 SLDR-TUR 91833 4601
w1 0345561603 1 CABLE ASEEMBLY, VOLTS 28480 03455--61603
w2 03455-61604 1 CABLE ASSEMBLY, OHM 28480 0345561604
W3 03455-61606 1 CABLE ASSEMBLY, HP-IB [INCLUDES J3 AND P3) 28480 03455-61606
W5 0345561605 1 CABLE ASSEMBLY, POWER 28480 03455-61605
XF1 2110-0470 1 FUSEHOLDER-EXTR POST 20A 200V UL/IEC 76015 345003-010
5041-0309 o 2 KEY CAP-UNL PTYGRY 28480 5041-0509
5041-0139 1 KEY CAP— UNL MG (OBS| 28480 5041-0139
5041-0318 & 2 KEY CAP—L PTYGRY 28480 5041-0318
5041-0144 1 KEY CAP-L MOSGRY 28480 5041-0144
5041-0267 AA 1 KEY-CAF UNL 28480 5041-0267
50410450 2 KEY CAP-L SEABLU 28480 5041-0450
5040-6897 1 LENS, LED 28480 5040- 6897
5041-0375 AaA 3 KEY CAP— UNL 28480 5041-0375
5040 -6688 " LITE PIPE 28480 5040- 6898
7120-6410 1 WARNING LABEL: 50-60 HZ SELECTION 28480 7120-6410
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Table 6-3. Replaceable Parts

Reference —_— Mfr
. ] Description Mfr Part Number
Designation HP Part Number | Qty P Code
MECHANICAL PARTS
MPL 5020-8eul 1 ®FAONT FRAME 28480 5020-8801
MPZ 5020-8832 2 SI0E STRUTS 28480 5020-8832
MP3 5020-84022 1 *REAR FRAME 28480 5020-8802
MP& 5060-98635 1 TUP COVER 28480 5060-9835
MP3 5060-9847 1 BOTTOM COVER 28480 5060-9847
MPS 5060-98706 2 #5IDE COVER ASSEMBLY 28480 5060-9876
MPT 5060-9u04% 2 STRAP HANDLE, 18" 28480 5060-9804%
MPE 5040-T219 2 STRAP HANDLE, CAP, FRONIT 28480 5040-7219
MPY 5040-T220 F 4 STAAP HANDLE. CAP, REAR 28480 5040-7220
MPLlO 5040-T7201 “ FooT 28480 5040-T201
MPLL 1460~ 1345 1 WIREFORM 1.34-W 3-LG 55T 28480 1460-1345
WPLZ 5001-0438 1 TRIM STRIP 28480 5001-0438
MPL3 5040-Tzo2 1 TRIM, TOP 28480 5040-T7202
MP LG 03455-04302 1 PANELy FRONT, DRESS 28480 03455-04302
MPLS 03455-00204 1 SUB-PANELy FRONT 28480 03455-002 04
MPLlL 4l 140641 1 *WINDOW DISPLAY 28480 4l14-0641
MPLT 03455-00401 'S GUARD ASSEMBLY 28480 03455-00401
MPLE 03455-00101 1 GUARD, MAIN 28480 03455-00101
0403-0141 2 GUI DE-PC BD BLK POLYC .062-BD-THKNS 28480 0403-01 41
0403-0452 2 GUIDE-PC BD BLK POLYC .062-BD-THKNS 1-LG 28480 0403-0152
le00=-0574% 1 SLOCKING STHRAP 28480 1600-0574
MFPLY U3 455-u0102 1 GUARD, SIDE 28480 03455-00102
04030152 GUIDE-PC BD BLK POLYC .062-BD-THKNS 1-LG 28480 0403-0152
MP20 03455-00603 1 SHIELD, A.C. CONVERTER 28480 0345500603
MPZL 03455-ul203 1 BRACKET, FT TERM 28480 03455-01203
MP£2 03455-04107 1 COVERy VOLTAGE KEGULATOR 28480 03455-04107
LLFE] 03455-01£01 1 BRACKET, REFERENCE 28480 03455-01201
04 03-0141 GUIDE-PC BD BLK POLYC .062-BD-THKNS 28480 0403-0141
HPi4H 03455-00602 1 SHIELDs LT ISOLATOR 28480 03455-00602
MPE5 0345506102 1 COVER, BOTTOM GD 28480 03455-04102
MPLo W3455-04101 1 COVER, TOP GD (AVERAGE AC CONVERTER) 28480 03455-04101
MPL6 0345504108 L COVERs TOP GUARD(RMS AC CONVERTER) 28480 03455-04108
03455-041086 1 CUVERs AC CaAL 28480 03455-04106
LLLFY] 03 455-01204 | MUUNTING BHACKET, OUTGD 28482 03455-0120%
MPLB 03455-01101 1 HEAT SINK 28480 03455-01101
MP29 03455-00103 1 GUSSET 28480 03455-00L03
HP3U S5u40-8081 4 INSULATOR, SLIDE 28480 5040-8081
MP3IL 03455=-04301 1 PLATE, SLIDE 28480 03455-04301
MP32 03455-00601 1 COVER, LINE 284R0 03455-00601
MP33 03455-01202 1 BRACKET, TRANSFORMER 28480 03455-01202
MP34 03455-00301 1 PANEL ASSEMBLY, REAR 28480 03455-00301
LEEL] 03455-04103 1 DUDR s REFERENCE 284E0 03455-04103
1350-0247 1 FASTENER=CPTVE SCR AS5Y PANEL THKNS 28480 1390-024T

i [TF]
MP21 . MP1
MP25 " MPN [en——
MP1D

MP18 MP20
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Model 3455A Section VII

SECTION VI
MANUAL CHANGES

7-1. INTRODUCTION.

7-2. This section of the manual normally contains informa-
tion necessary to adapt this manual to instruments for
which the content does not directly apply. Since, at this
printing, the manual does apply directly to instruments
having serial numbers listed on the title page, no change
information is given here.

7-1/7-2



Model 3455A

Section VIII

SECTION VI
SERVICE

8-1. INTRODUCTION.

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

8-3. SAFETY CONSIDERATIONS.

8-4. Although this instrument has been designed in accor-
dance with international safety standards, this manual
contains information, cautions, and warnings which must
be followed to ensure safe operation and to maintain the
instrument in safe operating condition. Service and adjust-
ments should be performed only by qualified service
personnel.

8-5. Any adjustment, maintenance, and repair of the
opened instrument while any power or voltage is applied
should be avoided as much as possible, and, when inevit-
able, should be carried out only by a skilled person who is
aware of the hazard involved.

l WARNING I

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
and 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, result in personal injury.

8-8. RECOMMENDED TEST EQUIPMENT.

8-9. Test equipment required to maintain the Digital Volt-
meter is listed in Table 1-3. Equipment other than that
listed may be used if it meets the listed critical specifica-
tions.
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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 functional block
diagram shown in Figure 8-1. The detailed description
describes the methods and pertinent circuitry used to
accomplish the function of each block of the detailed block
diagram.

8-12. INPUT SWITCHING AND DC ATTENUATOR.
8-13. General.

8-14. The front or rear input terminals of the 3455A are
selected by a two-section rotary switch located on the
rear panel of the instrument. Reed relays are used to per-
form all internal input switching where voltages greater
than 17 volts may be encountered. 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 SI. Relays K3
and K9 connect the Ohms Converter to the “Ohms Signal™
terminals. Relays K2 and K4 are used to convert the Multi-
meter from 4-wire to 2-wire ohms measurement capability.

The “Input™ terminals are connected to the dc preampli-
fier input on the .1 V dc¢ through 10 V dc and all “Ohms”
ranges by relay K1 and FET switch QI. Relay K5 connects
the input to the operational attenuator on the 100 and
1000 V dc ranges. Output of the Attenuator is connected
to the input of the 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
preamp input by FET switch Q3.

8-17. Operational Attenuator.

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

8-19. AUTO CALIBRATION-DC VOLTAGE.
8-20. General.

8-21. The purpose of the Auto Calibration sequence is to
eliminate offset and gain errors which may be present in the
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Figure 8-2. Simplified Input Switching Diagram.
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Figure 8-3. Operational Attenuator Diagram.

analog 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 ratio of the external input to the internal refer-
ence, times a range factor. Figure 8-4 shows a very basic
diagram of the Voltmeter.
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3455 8- 4438

Figure 8-4. Basic Voltmeter Diagram,

A basic equation describing a measurement of one of the
three inputs is: V( )= (E( )+ EQ)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 S1 applies the internal reference voltage. The circuit
output would be: Vief = (Eref + Eg) G. The offset error is
measured by closing S2, grounding the input. The resultant
output would be Vy = E;G. Measurement of the external
input would yield Vip = (Ejp + Eg)G. The equation describ-
ing the Auto-Calibration is:
Yin-Vo
Vref- Vo
Substituting the basic equations into the Auto-Cal
equation would yield:

- (Ein+Ep) G-EoG

Output Reading = x K¢

Output Reading x K¢

(Eref + Eo) G - EoG
This equation reduces to:

Output Reading = .E.lﬂ x Ky
Eref
or: the output reading is equal to the ratio of the
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Figure 8-5. Simplified Auto-Cal Switching Schematic.
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external input voltage to the internal reference volt-

age times the range factor (K;).

8-22. Circuit Description.

8-23. Figure 8-5 shows a simplified schematic of the auto-

Model 3455A

cal switching circuitry. The following paragraphs describe
circuit operation for the various auto-cal measurements.

8-24. 10 V dc Input Offset Error Measurement. Figure 8-6
illustrates the circuit configuration for making the 10 V dc
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Figure 8-6. 10 V 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 10 V dc range.

8-25. 1 V dc and .1 V dc Input Offset Error Measurement.
Offset error measurements on the 1 V dec and .1 V dc ranges
are made in the same manner as the 10 V dc range except
for DC Preamp gains of X10 for the | V dc range and X100
for the .1 V dc range. The circuit configuration for the 1V
dc Offset Error Measurement is shown in Figure 8-7. A DC
Preamp gain of X10 is selected by FET switch A10Q21.
Figure 8-8 shows the circuit configuration for making the
.1 V dc Offset Error Measurement. In this case, the feed-
back path for the DC Preamp is through Amplifier A10U3,
which has unity gain, FET switch Q27, the precision 10-to-
1 divider (A11R7 and A11R8) and FET switch A10Q18 for
a gain of 100. The resultant measurements are stored by the
main controller to correct measurements made on the .1 V
dc and 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
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through FET switch A10Q15. Attenuator feedback on the
1000 V dc range is selected by FET switch A10Q39 (atten-
uation of 100 to 1) and is applied to the DC Preamp input
through FET switch A10Q16. DC Preamp gain is XI for
both error measurements.

8-27. 10 V dc Gain Error Measurement. On the 10 V dc
range the gain error measurement is made by applying the
internal reference voltage (+ 10 V dc), through a 100 kil-
ohm resistor and FET switch A100Q4, to the input of the
DC Preamp (see Figure 8-10). A DC Preamp gain of X1 is
selected by FET switch A10Q19. The measurement result
is stored by the main controller as the 10 V dc full scale
constant.

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

8-29. A separate gain error measurement is not made for
the .1 V dc range. Since the only difference between the
1 V dc and .1 V dc circuit configuration is a precise gain of
ten, the .1 V dc gain error constant is computed by the
main controller.
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8-30. 1 V dc Reference Offset Error Measurement. Since
the 1 V dc full scale reference was derived by dividing the
internal reference by the precision ten-to-one divider, a

THEORY OF OPERATION
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separate offset Error measurement is made to include any
offsets present in the ten-to-one divider and associated
circuitry. Figure 8-12 illustrates the circuit configuration
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for the 1 V dc Reference Offset Error Measurement. The 8-31. 100 V dc and 1000 V dc Gain Error Measurement.
input of the DC Preamp is grounded through the ten-to-one Figure 8-13 shows the circuit arrangement for making the
divider by FET switch A10Q16. Preamp gain is X10. 100 V dc gain error measurement. The reference voltage is
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connected to the input of the operational attenuator
through FET switch A10Q33 and relay A10K6. The attenu-
ator is set to a gain of 0.1 (10 to 1 attenuation) by FET
switch A10Q35. The output of the operational attenuator

is connected to the DC Preamp input by FET switch
A10Q15. A DC preamp gain of X10 is selected by FET
switch A10Q21. The measurement result is stored by the

Model 3455A

main controller as the 100 V dc gain error constant.
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8-32. A separate gain error measurement is not made for
the 1000 V dc range. Since the only difference between
the 100 V dc¢ and 1000 V dc circuit configuration is a
precise attenuation difference of 10, the 1000 V dc gain
error constant is computed by the main controller.

8-33. 100 V dc Reference Offset Error Measurement.
Since the reference voltage for the 100 V dc range is
divided by the operational attenuator; a separate offset
error measurement is made to include any offsets which
might be associated with the attenuator and FET switches
used. Figure 8-14 illustrates the circuit configuration for
this measurement.

8-34. AUTO-CALIBRATION — OHMS.
8-35. General.

8-36. During the ohms function the ohms converter sup-
plies a current through both the unknown resistance and
the reference resistance (see Figure 8-15). Since the same
current flows through both resistors, their respective volt-
age drops are proportional. As with the DC Auto-Cal
sequence, the offset errors are measured and subtracted
from the unknown and reference resistance measurements.
The voltage developed across the unknown resistor is mea-
sured by closing S1 while the reference voltage, developed
across the reference resistor, is measured by closing S2. The
value of the unknown resistance is computed by the main
controller. An equation describing this computation is:

—[(VRx + Eg) G1 — Eg G1l

(VREF + Eg) G2 — Eq G2
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Figure 8-15. Basic Ohms Measurement Diagram.

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

_ VrRx G

- Kr
VREF G2

Ry

8-37. Circuit Description.

8-38. .1 k{2, 1 k€2, 1 M£2 Offset Error Measurements. The
offset error constants derived for the .1 V dc and 1 V dc
ranges are also used for the .1 k€2, 1 k2, 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 k2, 100 k2, 10 MS2 Offset Error Measurements.
Two additional offset measurements are made to compen-
sate for errors which might be present when making mea-
surements on the 10 k€2, 100 k€2, or 10 M€ ranges. Figure
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Note 1: VOLTAGE LIMITEDTOS5 V.

8-16 illustrates the circuit configuration for these measure-
ments. The DC Preamp input is grounded through a 100 k2
resistor by FET switch A10Q2. The feedback path for the
X2 gain is through FET switches A10Q22 and A10Q21.
Feedback for X20 gain is through A10Q22, isolation amp-
lifier A10U3, 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 controller.

8-40. .1 k2, 1 k2, 10 k2 Reference Measurements. The
ohms reference voltage is developed across the reference
resistance. On the .1 k€ through 10 k€2 ranges the refer-
ence resistance is 1 k&2 (see Figure 8-17). The .7 mA
current source is connected to the 1 k£ reference through
relay A10K7. The 999 k&2 reference resistor is shorted
by the combination of relay A10K7 and A10K8. 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 k<2, 1 MS2, 10 MS2 Reference Measurements. On
the 100 k€2 range, A10K7 is opened and the .7 mA current
source is applied to the combination of R1 and RS (1 MQ).
The reference voltage developed across Rl and RS is ap-
plied to the DC Preamp input through FET switch
A10Q14. On the 1 MQ and 10MS ranges, relay A10KS8 is
opened and the .7 uA current source is applied to the 1 MQ
reference resistance. The reference voltage is applied to
the DC Preamp input through A10Q14.

8-42. AUTO CALIBRATION-A/D CONVERTER.

8-43. Two Auto-Cal measurements are made to correct
errors which might be generated in the A/D Converter. One
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Figure 8-18. Simplified A/D Converter Diagram.
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measurement is made to correct for offsets. The second
measurement is made to correct for any difference between
the plus and minus “run-down’" current references.

8-44. Circuit Description.

8-45. Offset Error Measurement. Figure 8-18 shows a
simplified schematic of the A/D Converter. During the
offset error measurement all input switches to the inte-
grator are opened. During the integration period, the inte-
grator is permitted to charge to a voltage equal to any off-
set current present in the integrator circuit. At the end of
the integration period the integrator is “run-down” and
the offset digitized and stored as the A/D Converter offset
error by the main controller.

8-46. Current Ratio Measurement. During the current
ratio measurement the plus and minus references are
applied to the input of the integrator through diode switch
Uld and U2d. The references are switched at a 1 milli-
second rate 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 output of the
rms converter is 6.6667 V dc. Figure 8-19 is a simplified
schematic of the true rms converter. The mathematical
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expression describing the measurement of an rms level is
V output = +/ Vin 2 which states that the output voltage

(Vo) is equal to the square root of the average of the abso-
lute value of the input voltage (Vip) 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 attenuator of the
rms converter is an RC circuit which provides a fixed
attenuation of 100-to-1 on the 100 V ac and 1000 V ac
ranges. Attenuator 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 output of 1 V rms from the
input amplifier. Table 8-1 shows the input attenuation and
amplifier gain combinations used on each range.

Table 8-1. AC Converter Ranging.

Input
Voltage Attenuation Amplifier Total
Range Factor Gain Gain
") 1 1 1
10V 1 0.1 0.1
100 vV .01 1 0.01
1000 vV .01 0.1 0.001

8-53. Absolute Value Amplifier. The absolute value ampli-
fier, as the name implies, solves for the absolute value of
the signal input to it. The operation of this circuit is similar
to a full wave rectifier. That is the negative portion of the
signal is inverted and combined with the positive portion.
The resultant positive signal is applied to the input of the
squaring amplifier,
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8-54. Squaring Amplifier. The squaring amplifier is a log 8-61. Converter Amplifier. The converter amplifier uses a
amplifier circuit which takes the log of the input voltage, or dual FET input stage to maintain a high input impedance.
in this case since there are two transistors (Q9A and Q11A) An operational amplifier provides the necessary gain to
in the feedback loop, takes twice the log of the input drive the output stage of the converter amplifier. The out-
voltage. Therefore, the output of the squaring amplifier is put stage of the amplifier is a current driver circuit. Two ac
equal to 2 log |V in| or logﬁ,v in|?. 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

8-56. Square Root and Averaging Amplifier. The square the t_Jutput of the (?onvener Amplifier. The intcgrati_ng

root amplifier reverses the action of squaring amplifier. amplifier also determines the low frequency cut-off point

The input to the amplifier is through logging transistors :iotx!-;fnaig;l;?(tg[ﬁn(;ﬁlltﬁ?i:gst‘l]?;g;or{:foqufgﬁfin;g I-llszi)pr;
B. Out t lifier i

QU.D and. 123 utput of the square m/—v'FElol Fmpier 18 the ACV mode.) A diode protection circuit is used to limit

equivalent to 1/2 log | Vinl? or log inl*. The ; o
operations of the square root amplifier and the averaging ihg ‘? mpa‘il(t of the Convertc_r An}p]lt_lﬁer tol_?_pproxlrndtely
amplifier are simultaneous and inter-dependent. The com- % 6V peak to prevent saturation of the amplilier.

bined output of the two circuits is a dc level proportional

to the rms value of the input signal. 8-62. AC Ranging. AC ranging is accomplished by attenu-

ating the input signal and changing the gain of the converter
8-56. AVERAGE RESPONDING AC CONVERTER amplifier. The input attenuator provides a fixed attenuation

(Option 001). of 100 to 1. The Converter Amplifier has fixed gains of 1
or 0.1. Table 8-1 shows the various combinations of amp-
8-57. General. lifier gain and input attenuation necessary for the input

voltage ranging. Full scale output of the Converter Amp-

8-58. The average ac converter is an average responding cir- lifier is approximately 1 volt rms for all ranges.

cuit calibrated to the rms value of a sinusoidal input. Full

scale output of the converter is 6.6667 V dc for all ranges. 8-63. Rectifier and Filter Amplifier. The output of the
Figure 8-20 shows a simplified schematic of the converter. Converter Amplifier is applied to a rectifier circuit which
produces both a positive going and a negative going half-
8-59. Circuit Description. wave rectified signal output (see Figure 8-20). The rectified
signals are summed to provide ac feedback for the Con-
8-60. AC Input Attenuator. The ac input attenuator is an verter Amplifier. The Filter Amplifier has a fixed gain of
RC circuit which provides a fixed attenuation of 100-to-1 approximately 6.6. The feedback circuitry of the Filter
on the 100 V ac and 1000 V ac ranges. Attenuator switch- Amplifier provides one pole of filtering. The output of the
ing is done by reed relays which are controlled by the Filter Amplifier is applied to a one pole RC filter network
inguard controller. Input resistance of the AC Converter is for FAST ACV operation and a two pole RC filter network
approximately 2 megohms. for ACV operation.
NpuT AMPLIEIER
ATTENUATOR as
‘W’—WJ N\
2M 2M recrridh M 0l
r o, LAY
, 534K
‘:20!( PRS '!LCRS FILTER
o= @ | 8o BUFFER
g )
® 80k
v |} £ P
: 430 ':‘ﬁo
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S0K
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Figure 8-20. Simplified Average Responding AC Converter.
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8-64. Output Buffer Amplifier. An Operational Amplifier
with unity gain is used to isolate the output of the AC Con-
verter. Full scale output of the AC Converter is + 6.6667 V
dc for all ranges.

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

8-67. The Ohms Converter is a voltage limited current
source which supplies a constant current through the
unknown and reference resistors until the output voltage
reaches approximately 4.75 volts 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 1 and 10 megohm ranges.
The converter becomes a constant voltage source when
measuring resistance greater than 5.8 kilohm on the 10 and
100 kilohm ranges and greater than 5.8 megohm on the 10
megohm range. Since the same current flows through both
the unknown resistance and the reference resistance, the
voltage drops across them are directly proportional. The
unknown resistance value is the ratio of the voltage drop
across the unknown resistance times circuit gain to the
voltage drop across the reference resistance times circuit
gain multiplied by the range constant; or

THEORY OF OPERATION
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8-68. Circuit Description.

8-69. Ohms Converter Power Supply. An inverter circuit
is used to derive power for the ohms converter. The inverter
operates at a frequency of 30.72 kHz on 60 Hz operation
or 25.6 kHz on 50 Hz operation. Transformers A10T1 and
AI12T1 provide complete isolation of the ohms converter.

8-70. Current Source. Figure 8-21 shows a simplified sche-
matic of the current source used in the ohms converter. The
circuit is designed to provide an output current of .7 mA or
.7 uA. 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 uA 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 I5=.7V/I M
= .7 pA. Operational Amplifier Ul drives output transistor
Q4 and provides the gain necessary to maintain the proper
output current. Relay K7 is used to select a reference
resistance of 1 kilohm for the .1 kilohm through 10 kilohm
ranges or 1 megohm for the 100 kilohm through 10

Vry G megohm ranges. Both the reference resistance and the
_ YRx L] - . .
x = — unknown resistance are in the feedback circuit of the
VREF G2 operational amplifier.
K7
a A.-d-"‘
B )
KG["‘C
i R/O Al
oK 4K
RE R3 * W
+62V—AME A
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1a13K$ +6.2V
A7 ov RIB
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Figure 8-21. Ohms Converter Current Source.
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Figure 8-22, Ohms Converter Voltage Limit.

8-71. Voltage Limit. Figure 8-22 shows a simplified sche-
matic of the voltage limit circuit used in the ohms con-
verter. During the current mode of operation the non-
inverting input of U2 is positive, as referenced to ohms
ground. In this mode the positive output of U2 is blocked
by CR14, making the voltage limit circuit inoperative. As
the resistance of Ry is increased the collector voltage of Q4
becomes more negative. This change is coupled to the non-
inverting input of U2 through the voltage divider composed

of R14 and R23. As the input of U2 approaches 0 V the
output reverses polarity and forward biases CR14. At this
point U2 takes control of output transistor Q4 and main-
tains a constant voltage of approximately - 4.7 V dc at the
collector. During the time the ohms converter is in the volt-
age limit mode, transistor Q3 supplies the feedback neces-
sary to balance the current source circuit (see Figure 8-21).
The converter operates as a voltage source when measuring
resistances greater than 5.8 kilohm on the 100 ohm through
100 kilohm ranges and greater than 5.8 megohm on the 1
megohm and 10 megohm ranges.

8-72. Overload Protection. The ohms converter is pro-
tected from the accidential application of high voltage to
the ohms terminals by diodes CR1, CR2, CR11 and CRI12.
These diodes provide a current path through R23 and the

ohms reference resistance to dissipate the applied voltage..

High voltage diode CR8 prevents current flow through Q4
when a negative voltage is applied to the *“High™ ohms
terminal. High voltage transistor Q4 is biased off to pre-
vent current flow when a positive voltage is applied.

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

8-75. The DC Preamplifier provides the necessary isolation
and amplificiation of signals from the dc input, ac or ohms
converter, and Auto Cal circuits for use in the A-to-D Con-
verter. The DC Preamplifier is designed to provide high
input impedance and linear gain characteristics.

8-14

8-76. Circuit Description.

8-77. Input Circuit. A dual FET (Q17) is used as the input
to the DC Preamplifier to provide high input impedance.
The sources of Q17 are driven by a current source (Q24) to
maintain linear circuit operation. Operational amplifier U2
provides the gain necessary to drive the output circuit of
the preamplifier.

8-78. Output Circuit. The output circuit of the DC Pre-
amplifier consists of an amplifier (Q7 and Q8) and a current
source (Q12). Operation of the output amplifier is similar
to that of an inverting operational amplifier with a gain of
approximately 30 (see Figure 8-23). The amplifier controls
the output by shunting current from the current source.
The output circuit drives the DC Preamplifier feedback cir-
cuitry and the A/D Converter,

8-79. Feedback Circuit. The feedback circuitry for the DC
Preamplifier consists of two 10-to-1 resistive dividers, a
buffer amplifier, and FET switches. Figure 8-24 shows a
simplified schematic of the feedback circuitry and lists the
various switch closures necessary for the particular pre-
amplifier gains. Buffer Amplifier U3 is a precision X1 Amp-
lifier used to isolate the output divider from the precision
10-to-1 divider.

8-80. Overload Protection. The preamplifier circuit is pro-
tected from saturation by diodes CR4 and CRS. These
diodes limit the voltage difference between the drains of
Q17. The output of the preamplifier is limited to approxi-
mately £ 17 V by zener diode CR7 and diode CR6 clamp-
ing the output stage of U2.

8-81. Switch Bias Amplifier. The switch bias amplifier sup-
plies a gate bias voltage for the FET switches to make the
gate-to-source voltage equal to zero during the time the
FET switches are ON. The bias amplifier has a unity gain
and uses an FET input to prevent loading of the input
signal. Output of the bias amplifier is coupled through 100
kilohm reistors to the gates of the input switching 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.

8-85. Circuit Description.

8-86. The ohms reference circuit is an adjustable resistive
network which supplies a precise 1 kilohm or 1 megohm
reference. The precision ten-to-one divider is an adjustable
resistance divider used to produce the 1 volt reference volt-
age and a precise ten-to-one division for use in the opera-
tional attenuator and DC preamp feedback circuitry. Figure
8-25 shows a simplified diagram of the reference voltage cir-
cuit. The reference for this circuit is a package which con-
tains a reference diode and heater plus associated circuitry.
An operational amplifier (U2) provides the necessary gain
to supply a stable + 10 V dc output. Resistors 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 [C package and are composed of the
basic resistances plus padding resistors to match the divider
to the particular reference diode. Resistance Ry also
includes a potentiometer which is used as the *“fine” adjust-
ment for calibrating the + 10 V dc output. The circuit is
returned to the - 15 volt supply to reduce ground currents.

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

8-89. The 3455A Multimeter uses a multi-slope integration
technique to convert analog input signals to digital informa-
tion. This method permits relatively high speed, high accur-
acy measurements. The following explanation of the A/D
Converter operation uses the integrator output waveform
pictured in Figure 8-26. The waveform shown is for a nega-
tive input voltage. For positive inputs the integrator output
would range between 0 and - 10 volts. This waveform can
be divided into three major portions: the integration period
(time T7p), the run-down period (time T7) and the auto-zero
period (time T3). During time T, the input voltage is inte-
grated and the most significant digits of the output reading
are determined. During time T2 the input voltage is re-
moved and the charge remaining on the integrator capacitor
is used to determine the least significant digits of the
output reading. During time T3, the integrator is reset to
approximately O volts 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 T}.

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

cycles. The number of charge-discharge cycles depends
upon the input voltage applied (as shown in Figure 8-27)
and whether the voltmeter is in the 5 or 6 digit readout
mode. For the 5 digit mode, time T, 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 T is increased to 8/60 second (8/50
second for 50 Hz operation), allowing approximately 127
charge/discharge cycles to occur for a full scale input.

8-91. At the end of time Ty, the input voltage is removed
and the reference voltage applied. The integrator is quickly
discharged at a fixed rate to approximately 0.2 volts
(period tf). During period tg the discharge rate is slowed to
allow accurate zero detection (point of complete dis-
charge). This type of run-down permits both speed and ac-
curacy. The ‘“‘counts” accumulated during the run-down
period (T?7) 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 period (time Ty, Figure 8-26) and is
open during periods T 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 “slow™ discharge reference.
The fast discharge references are used during the td cycles
of the integration period to discharge the integrator and are
also used for the *“‘fast run-down” period (time tf). The
“slow™ discharge references are used during the “slow run-
down™ period (time tg) only. Diodes are used to switch the
references because of their high speed switching ability.
The following description uses the positive “fast-discharge™
reference, consisting of Ula, R4, CR2 and Uld, to explain
the reference switching operation. Except for different
input levels to the negative reference switches, operation of
all reference switching is identical.

8-95. During the time the switch is turned “off™, diode
CR2 is forward biased by approximately - 2 V dc on the
cathode. Current flows from the + 20 volt supply through
R4 and CR2. Under this condition the voltage at the anode
of Uld is negative (approximately - 1.5 V dc) which reverse
biases Uld, holding it off. (The cathode of Uld is held at
virtual ground by the integrator.) During the “on” condi-
tion, CR2 is reverse biased by applying approximately
+ 3 V dc to the cathode. Diode Uld becomes forward:
biased and allows the current to flow through R4 to the
integrator input. The purpose of diode Ula is to compen-
sate for the voltage drop across switching diode Uld by
raising the reference voltage by one diode drop. The refer-
ence current is determined by the voltage across R4 (10 V
dc/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 0 V (see Figure 8-29).

8-97. Slope Amplifier. The purpose of the slope amplifier
is to increase the speed of the “auto-zero” function and

THEORY OF OPERATION
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reduce sensitivity to offsets in the zero detect comparator.
The slope amplifier is a conventional non-inverting operat-
tional amplifier with a gain of 100 and is used to drive the
auto-zero circuitry and zero detect comparator. Sensitivity
at the output of the integrator is approximately .5 milli-
volts per count of output reading.

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 US
forward biases transistor Q6 allowing it to conduct. For
negative inputs transistor Q6 is biased off and amplifier US
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 volts. 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 T1, 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 T2
(Figure 8-26). This information is used by the inguard
controller in determining the point to remove the “fast-
discharge” reference and apply the “slow-discharge”
reference.

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

8-105. Figure 8-30 shows the basic steps performed by the
inguard controller. The inguard controller receives data con-
taining range, function, and resolution information from
the main controller. This data, containing 36 bits of infor-
mation and a parity bit, is transferred serially at a rate
determined by the main controller. The inguard controller
decodes the information, sets the input and auto-cal
switches to their required states, and selects the appropriate
range, function, and sample time for the resolution indi-
cated. During the measurement process, the inguard con-
troller manages the analog-to-digital conversion sequence
and stores the digital equivalent of the 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 DC@ 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 DCI is used for
the transfer-clock signal during both transfer modes. Con-
trol Lines DC2 and DC3 are driven by the inguard control-
ler. Control Line DC2 is used by the inguard controller to
indicate whether it is in a “send” or “receive” state. Transi-
tion from the receive to the send status indicates to the
main controller when the inguard controller is ready to
send data. Control Line DC3 is used by the inguard con-
troller to indicate when it is ready to receive data during
the main-to-inguard transfer mode and to send data during
the inguard to main transfer mode.

8-109. Transfer signals for both data transfer modes are
illustrated in Figure 8-32. During the main controller to
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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-
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tion, composed of 6 bits of trigger information, 30 bits of
range and function information and a parity bit, to the
inguard controller. The inguard controller transfers 25 bits
of information, composed of 1 bit of polarity information,
23 bits of measurement data, and a parity bit, to the main
controller.

8-110. Reset Circuit. The reset line is driven by the main
controller to reset the inguard controller to the beginning
of its program routine. Figure 8-33 shows a simplified
schematic of the reset circuit. A pulse transformer is used
to electrically isolate the reset line between the inguard and
outguard sections of the voltmeter. The reset pulse applied
to the preset input of flip-flop U32A sets the “Q” output
high. The high output of U32A causes the output of U27B
to go low. The output of U27B sets the “interrupt request”
input of the inguard processor. Upon receiving interrupt
request, the processor stops driving its data Lines (D@
through D7), allowing them to go high and sets the inter-
rupt acknowledge line high. This signal allows the output
of U27C to go low which puts the “start” address on that
processor’s data bus. The processor (after reaching its
“start™ address) sets the interrupt acknowledge line low to
remove the output of U27C from the data bus and to reset
the interrupt circuit to its normal state.

8-111. A/D Converter Control Circuitry. Figure 8-34
shows the control circuitry between the inguard processor
and the analog-to-digital converter. There are six output
lines from the inguard controller which control the input,
reference, and auto-zero 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 D5)
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Figure 8-33.
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and transferred to the converter through output latch U1S.
Table 8-2 describes the purpose of each of the A/D Con-
verter switch signals and the “true” state of each. The three
“detect” outputs of the A/D 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

Section VIII

Table 8-2. A/D Converter Switch Control Signal

Descriptions.
True
- Signal Description State
LVIN A/D Converter input switch signal Low
(A14Q3)
LNRS Negative slow-discharge reference switch signal | Low
(A14U2¢)
HPRS Positive slow-discharge reference switch signal | High
HAZ Auto-zero switch signal (A14Q4) High
HPRF | Positive fast-discharge reference switch signal High
(A14CR2)
LNRF Negative fast-discharge reference switch signal Low
(A14CR6)

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

8-113. Program ROM. Figure 8-35 shows a simplified sche-
matic diagram of the program ROM circuitry used in the
inguard controller. The program ROM contains the opera-
tion instructions for the inguard controller routine. There
are 512 eight bit program storage locations contained in the
ROM which are addressed by nine input lines (IQ 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 scts
the “*program gate” signal high.

8-114. Output Circuit. The output circuit of the inguard
controller controls all inguard switching of the voltmeter.
Switch control signals are transferred through six latches
(see Figure 8-36). Each latch is set individually to output
the proper switch signals. The inguard processor sets the
switching information for the latches on the data bus (pro-
cessor output D@ through DS) and the select code for the
particular latch to accept the information on device select
lines DSQ 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-IB interface,
display and inguard section of the multimeter and to per-
form mathematical calculations to correct measurement
data and provide measurement scaling or percent error
readings. The following is an explanation of the operations
performed by the main controller as illustrated in Figure
8-37.

a. The main controller reads and stores the status code
of the front panel switches (local operation) or HP-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 controller
generates switching information for the analog section and
transfers this information to the inguard controller.

c. During the time the inguard controller is setting the
switches and making the required measurements, the main
controller computes the constants used to correct the mea-
surement data. This step is shown in Figure 8-37 as “per-
form preliminary math calculations’ and involves combin-
ing the offset error and full scale error readings, relevant to
the measurement being made, into two constants.

d. The main controller receives the measurement data
from the inguard controller, applies the correction factors
found in the previous step and computes the corrected
measurement answer.
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e. The main controller next checks to see if one of the
math functions have been selected The math functions pro-

X —
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 ( —3 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-1B
buffers are active (outputting data to the bus). If the HP-1B
buffers are not active, the main controller loads the answer
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into them. If the buffers are active the controller bypasses
this step.

g. The main controller loads the final answer in the dis-
play buffers and returns to the start of the program.

8-118. Circuit Description.

8-119. ROM Circuit. The main controller uses three
ROM’s to store the programs necessary to control the var-
ious functions and operations of the voltmeter. Each ROM
is capable of storing 2048, eight bit “words™ of program
information and is divided into two “pages” of 1024 words
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Figure 8-36. Simplified Output Circuit.

8-23



Sect

ion VIII

THEORY OF OPERATION

START

READ STATUS CODE OF
FRONT PANEL SWITCHES
OR HP—I1B

:

TRANSFER SWITCHING
INFORMATION TO IN-—
GUARD CONTROLLER

1

PERFORM PRELIMINARY
MATH CALCULATION

i

RECEIVE MEASUREMENT
DATA FROM INGUARD
CONTROLLER

.

COMPUTE ANSWER

| COMPUTE MATH ANSWER

HP—IB OUTPUT ™\ YES

ACTIVE

LOAD ANSWER IN HP—IB
BUFFERS

J,__ |

LOAD ANSWER IN DIS—-
PLAY BUFFERS

‘

RETURN TO START

3455-B-4580

8-24
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each. Five of the six pages contain the programs necessary
for the normal operation of the voltmeter while the sixth
page contains a test program to aid in troubleshooting and
to verify proper operation. This test feature is not program-
mable from the front panel. The ROM’s are addressed by
the main processor through the program address bus (pro-
cessor outputs PAQ through PA9). The program informa-
tion is sent to the processor through the processor data bus
(lines D@ through D7). All ROM’s receive the address in-
formation. The particular program information received by
the processor is determined by the program address code,
the page select signal, and which ROM is enabled.

8-120. Figure 8-38 is a schematic of the ROM circuitry.
During normal operation, the test connector J1 is con-
nected as shown. This connection disables the upper page
(test program) or ROM U8 and allows ROM’s U6 and U7 to
be enabled. Removing the jumper permits only the upper
page (test program) of U8 to be enabled. Connecting the
jumper between ground and the *‘disable” connection dis-
ables all ROM outputs to aid in testing the main processor.

8-121. During normal operation, the ROM’s are enabled in
the following manner. At turn on, only the lower page of
U8 may be enabled. This is because the normal turn on
state of address line PA10 is low which allows 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 DY 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.

c. Address line PA1O 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 PA1¢} low.

8-122. At the beginning of an “interrupt sequence” the
processor enables gates U3A and U3B by activating output
Y5 of the device select decoder and setting the READ/
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Figure 8-38. Main Controller ROM Circuit.

WRITE output low (READ). The outputs of U3A and U3B
are then sent to the processor through data lines D@ and D1
and represent the page and ROM that was active at the
time of interrupt. The ROM and page information along
with the address code are stored by the processor so that
after the interrupt routine it can return to that step in the
program.

8-123. RAM Circuit. The RAM’s are used to store temp-
orary data such as auto-cal constants, display data, front
panel and HP-IB status codes, math computations and
references, and control status codes. Figure 8-39 is a sche-
matic diagram of the main controller RAM circuit. The
RAM’s can be set to a particular address by the main pro-
cessor or are automatically incremented to the next mem-
ory address each time data is stored or read. This method
allows groups of data to be transferred between the RAM’s
and main processor without having to address each step and
results in higher operating speed.

8-124. The RAM’s are addressed by the main processor in
the following manner:

a. The processor sets the desired address code on data
lines DQ 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 U42
to apply the address code to the inputs of presettable
counters U36 and U37.

d. The negative-going pulse from output Y4 of device
select decoder U4l is applied, through gates U38B and
U38D, to the “load” inputs of U36 and U37 to load the
address code into them. The code which has been loaded
into the presettable counters is then applied to the address
inputs (lines AQ through A7) of the RAM’s (U44 and U45
U45).

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

a. The processor sets the data to be stored on data lines
D@ through D7, sets the proper code on device select lines
DS® through DS3 to activate output Y1 of device select
decoder U41, and sets the Read/Write output high (write).

8-25
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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 1/O lines and is also applied
to the R/W input of the RAM’s to enable the write ampli-
fiers. The negative-going pulse from output Y1 of U4l is
applied to the CE inputs of the RAM’s to enable them to
store the data. Output Y1 of U4l is also applied to the
“clock” inputs of U36 and U37 (through U38) to incre-
ment the address code by one upon completion of the
“store” operation.

8-126. The processor “reads” data from the RAM’s as
follows.

a. The processor sets the code necessary to activate out-
put Y1 of U41 on device select lines DS® through 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 U4l is applied to
the CE input of the RAM’s to enable their outputs. The
RAM output data is applied to the inputs of buffers U35
and U43 which are enabled by the low output of gate
U46A.

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 ALU’s are
8 bit binary codes and are entered as follows:

a. The processor sets the numerical data on data lines
D@ through D7, sets the READ/WRITE line high (write),
and sets the device select lines DSQ through DS3 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
U3s.

d. The ALU operation instruction is a 6-bit binary code
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Figure 8-40. Main Controller ALU Circuit.

composed of a 4-bit instruction code, 1 bit of mode infor-
mation to determine whether the operation is to be an
arithmetic or logic function, and 1 bit of “carry” informa-
tion.

e. The operation instruction is entered into the ALU’s
in the same manner as the numerical data except, only pro-
cessor data lines D through D5 are used to output the
data.

8-129. The output of the ALU’s is read by the processor in
the following manner:

a. The processor sets the READ/WRITE line low
(READ) to disable buffers U34 and U42 and sets the
proper code on device select lines DS@ through DS3 to
activate output Y4 of U33.

b. Output Y4 of U33 enables the ALU output buffers
U21 and U22 and the data is read by the processor on data
lines D@ through D7. In the event that a “carry” occurred
during the ALU operation, the carry output (CN + 4) of
U28 is output through gate 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-IB Interrupt is assigned the highest
priority and will be serviced before the external trigger or
front panel interrupts. The external trigger interrupt is
assigned the second highest priority and will be serviced
before the front panel interrupt. All three interrupt signals
have priority over the display strobe signal. The turn-on
interrupt occurs only at initial turn-on of the voltmeter.
Figure 8-41 is a simplified schematic of the Main Controller
Interrupt Circuit.

8-131. HP-IB Interrupt. When the HP-IB requires service,
it sets the HP-IB Interrupt signal high. This signal is applied
to the input of US3B. The output of US3B is applied to
U47B to disable the front panel interrupt circuit and
through US2A to the interrupt gates which set the 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-1B Interrupt address to main-
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Figure 8-41. Main Controller Interrupt Circuit.

tain priorities. After accepting the interrupt address, the
processor sets the interrupt acknowledge line low to disable
address gates U46B and U46D. The 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 US5B and USSC 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 U40B is applied to U47D to
disable the interrupt address gates and through U39B to set
the inputs of U47A and US5C high.

8-134. As the output of multivibrator U46A returns high,
the following occurs:

a. The front panel output latch is set to the new switch
status code.

8-28

b. The positive-going signal is applied to the “clock™
input of U40A to set the Q output low. This signal, applied
through U47B and U39C, disables the input of U48A to
prevent premature retriggering.

c. Interrupt gate U5S5C is enabled to set the main pro-
cessor interrupt input.

8-135. Upon recognizing the interrupt signal, the main pro-
cessor sets the interrupt enable output low to remove the
interrupt signal and sets the interrupt acknowledge signal
high. The interrupt acknowledge signal enables gate U47A
which enables the front panel output buffers allowing them
to set the new switch status code on the processor’s data
bus (D@ through D7).

8-136. Upon accepting the switch status information, the
processor sets the interrupt acknowledge signal low. This
signal is applied to U47A to disable the front panel output
buffers and through U39A to the clock input of U40B to
set the Q output high. This removes the disable from U47D
and applies a disable signal to 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,

8-138. Display Strobe Circuit. When no interrupts are pre-
sent, the interrupt circuit is used in the display function of
the voltmeter. Monostable multivibrator U48B is triggered
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Figure 8-42. Simplified Turn-on Interrupt Circuit.

by output Y2 of device select decoder U41. The output of
U48B is a negative pulse approximately | millisecond in
duration and is applied to the strobe inputs of the display
driver decoder to enable it. As the output of U48B returns
high, gate U5S3B is enabled. The low output of U53B is
applied through U52A to the interrupt gates to set the pro-
cessor’s interrupt input of the processor. Upon noting the
interrupt, the processor sets the interrupt enable signal low
to remove the interrupt input and sets the interrupt
acknowledge high to enable the interrupt gates. The pro-
cessor then checks the data bus (D) through D7) for the
interrupt address. In this case all data inputs are high which
the processor recognizes as the display function interrupt
address.

8-139. Turn-On Interrupt. The purpose of the “turn-on”
interrupt is to start the main processor at a known program
address when power is initially applied to the voltmeter.
Figure 8-42 shows a simplified schematic of the turn-on
interrupt circuit. At turn-on, a negative-going pulse is
applied to the “preset” input of latch U26B from the RC
network composed of R31 and C19. This sets the “Q” out-
put high and the “Q” output low. The Q output is applied
to U47C which sets the interrupt input to the processor.
The Q output is applied through inverter U5 to the pro-
cessor data bus (D2 through D7) to set the starting address.

8-140. Upon recognizing the interrupt signal, the processor
reads the start address from the data bus and sets the inter-
rupt acknowledge output low. The interrupt acknowledge
signal is applied through inverter 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 eighth bit available for a parity check. Data is trans-
ferred by means of an interlocked ‘“‘handshake™ technique
which permits asynchronous communication over a wide
range of data rates. Figure 8-43 illustrates the HP-IB inter-
face connections and overall Bus structure. Bus communica-
tion is controlled by the five general interface management
(control) lines. These lines determine how information will
be interpreted by devices on the Bus. The data bus (lines
DIO1 through DIOS8) 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 Ul1, U19, U20, and U26A are
low.

b. Signal inputs to buffers U15, U16, 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 and U12 are low.
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Figure 8-43. Interface Connections and Bus Structure.

NOTE

It is possible for the interface circuit to momen-
tarily drive the Bus lines low (true) before the
turn-on sequence has been completed.

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

a. Acceptance of the command data.
b. Voltmeter execution of the command.

c¢. Completion of the *handshake” sequence.

d. Receive Data.

e. Output Data.
8-147. Acceptance of the Command Data. The follow-
ing describes the sequence performed by the Voltmeter
interface circuit to accept command data. This sequence
applies to all command statements received from the
HP-IB.
8-148. The controller in charge of the HP-IB sets the code
of the command data to be transferred on data lines DIO1

through DIOS8 and sets the ATN (Attention) line low (true).
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The ATN signal is input to the Voltmeter interface circuit
through inverter U3E and is applied to the input of buffer
U15A and inverter U3B. The low output of U3B disables
qualifier gates U2D, U14B, U14D and U13D and is applied
to U2C to set its output high. The high output of U2C sets
the enable inputs of UI3A 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
“settle”, the HP-1B controller sets the DAV (data valid) line
low (true). The DAV signal is input to the interface circuit
through transceiver U9 and is applied to the signal input of
qualifier gate U13A. The high output of U13A is coupled
through gate U2B and inverter UIOD to the inputs of
buffer U15D and interrupt gate U7C. The low (true) output
of U7C is applied to the input of U2A to set the interrupt
signal to the main processor.

8-150. Upon recognizing the interrupt signal, the main pro-
cessor enables buffers Ul5 and Ul6 to read the status
word. In this case, bit 3 is set, indicating valid data is on the
bus, bit 5 must be set to enable the voltmeter to go to
remote operation, and bit 6 is set to indicate the message is
a command statement. The main processor enables buffers
U17 and U18 to read the data byte.

8-151. After reading the data byte, the processor sets the
“nrfd” output (1Q) of latch Ul1l 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 U9. 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 Ul1 high (false). The ndac
signal is applied through inverter UI0A to the enable input
of U2B and the signal input of U13B. The low output of
U13B 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:

“Listen’’ Command
“Unlisten” Command
“Talk” Command
“Untalk” Command

eo o

8-163. 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
output (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 Ul1 high (true).
The mla signal is applied, through inverter U8D, to the
input of qualifier gate U2C to maintain its output high. At
this point the Voltmeter has been addressed to listen and
enabled to receive data messages.

8-154. Unlisten Command. Upon recognizing the “‘un-
listen” command, the processor sets the output (pin 10) of
latch U70 high to turn A2CR2 (listen enunciator) off (see
Front Panel Assembly Schematic). The processor next sets
the “mla” output (4Q) of latch Ull low (false) to return
the interface circuit to the **turn-on” state.

8-155. Talk Command. When the processor receives a
“talk” address from the HP-IB it enables inverter Ul and
reads the address code the Voltmeter has been set to. This
code is determined by the settings of address switch S1.
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 (talk enuncaitor) on (see Front Panel
Assembly Schematic). The processor next sets the *‘dav
req” output (5Q) of latch U11 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 “dav req”output (5Q) of latch U11 low (false) to return
the interface circuit to the “‘turn-on” state.

8-157. Handshake Completion. After all instruments on
the HP-IB have accepted the command data (the NDAC Bus
line has gone high) the HP-IB controller sets DAV high
(data is no longer valid). This sets the receiver D output of
transceiver U9 low. The low output of U9 is applied to the
input of U13A and through inverter U10C to the input of
qualifier gate U13C causing its output to go high. The out-
put of U13C is applied to the signal input of buffer U15C
and to the input of interrupt gate U7A. The low output of
U7A is applied to the input of gate U2A to set the interrupt
signal to the processor.

8-158. Upon recognizing the interrupt signal, the processor
enables buffers U15 and U16 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 U1l low (true).
The low output of Ul1 is applied through inverter U10A to
the inputs of U2B andU13B. If the ATN signal or the mla
signal is true the output of Ul13B will be set high. The high
output of UI3B 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 Ul low (false). The
low output of Ul1 is applied to the driver A input of U9
to set the NRFD output high (false) and to the input of
U13C to disable it and remove the interrupt signal. This
completes the sequence for accepting and executing com-
mand statements. '

8-159. Receive Data. Data received from the HP-IB is used
to remotely program the Voltmeter’s front panel controls
(range, function, math, etc.). The Voltmeter must have pre-
viously been addressed to *listen” and set to remote con-
trol before it will respond to program data messages.

8-160. The following paragraphs describe the interface cir-
cuit response to program data messages. The HP-IB control-
ler sets the program information on Bus lines DIO1 through
DIO8. After allowing time for the information to “settle”,
the controller sets DAV (data valid) low (true). The DAV
signal sets the receiver D output of transceiver U9 high
(true). The high output of 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 UIOD and applied to the
input of buffer UI5D 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 UlS and Ul6 and reads the status word.
After determining the nature of the interrupt, the processor
enables buffers U17 and U18 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
Ul1 high (true). The output of Ul1 is applied to the enable
input of qualifier gate U13C and to the driver A input of
transceiver U9 which sets the NRFD bus line low (true).
The processor next sets the ndac output (6Q) of latch Ul1
high (false). This signal is applied through inverter UI0A
to the input of qualifier gate U2B to disable it and remove
the interrupt signal to the processor. The ndac signal is also
applied to the input of gate U13B. The low output of U13B
is applied to the driver B input of transceiver U9 which
stops driving the NDAC bus line (allows it to go high). This
indicates to the HP-IB controller that the Voltmeter has
accepted the data and is ready for more data.

8-162. Sensing that the Voltmeter has accepted the data,
the HP-IB controller sets the DAV line high (data on the
DIO lines is no longer valid) and prepares to output the
next data byte. The DAV high signal sets the receiver D
output of transceiver U9 low. The low output of U8 is
applied to the input of gate U13A to disable it and through
inverter U10C to the input of gate U13C. The high output
of U13C is applied to the signal input of buffer Ul5C and
to the input of interrupt gate U7A. The low output of U7A
is applied to the input of gate U2A to set the interrupt out-
put to the processor. The processor recognizes the interrupt
signal and enables buffers UlS and Ul6 to read the bus
status word. '

8-163. Upon determining the nature of the interrupt, the
processor sets the ndac output (6Q) of latch Ull low
(true). The output of U11 is applied through inverter UIOA
to the input of qualifier gate U2B and to the input of gate
U13B. The high output of U13B is applied to the Driver B
input of transceiver U9 which sets the NDAC Bus line low
(true). The processor then sets the nrfd output (1Q) of
Ul1 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 output
measurement data to the HP-IB. The voltmeter must have
previously been addressed to “talk” and the HP-IB must
NOT be in the command mode before the voltmeter can
output measurement data.

8-165. When the Voltmeter is addressed to talk the “dav
req” output (5Q) of latch Ull 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 Ul4C is set
low. The output of U14C is applied to the input of buffer
U16C 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 U15 and U16 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 UI4A and gate UI3D. The high output of Ul13D 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 U14B.
The high output of U14B is applied to the input of gate
Ul4A to enable it. The low output of Ul4A is applied to
the signal input of U16D 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 Ul16 and Ul5 and reads the status word.
After determining the nature of the interrupt, the processor
sets the dav req output (5Q) of latch Ul1 high. The proces-
sor then sets the dav output (2Q) of U10 low (false). This
signal is applied to the input of gate UI3D to remove the
DAV signal from the Bus and to the input of qualifier gate
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,
8-169. Circuit Description.

8-170. Control Switches and Ennunciators. Refer to the
Front Panel Assembly Schematic for the following descrip-
tion. Pressing a front panel key sets one of the input lines
to priority encoder 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 “I2” is
low the output is 010, etc. The encoder also sets the gate
output (pin 14) low to initiate the processor interrupt cir-
cuit. The outputs of U57 combined with the outputs of
gate US0A and inverter U49A are applied to the inputs of
latch U58. The inputs to U58 make up a code which repre-
sents the key pressed. The interrupt circuit, after a time
delay of approximately 6 ms, sets the clock input (pin 9)
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of U58 high to latch the switch code and also sets the inter-
rupt input to the main processor.

8-171. Upon recognizing the interrupt input, the processor
sets the interrupt enable output high to enable buffers 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 U65 through U70. The new enunciator
code is contained on lines D@ through D5. 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. Outputs
1YQ through 1Y3 are enabled by the signal from device
select decoder U41. Outputs 2Y® and 2Y1 are enabled by
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8-173. Display. Measurement data is transferred to the
display one number at a time. The polarity or numerical
data is applied to the input of latch U54 and the digit (or
position in the display) and decimal information is applied
to the input of latch U63. The output of device select
decoder U4l is applied to the clock input of U54 and U63
to latch the information. The position information is ap-

device select decoder U33. The outputs of U64 are acti-
vated by the delayed clock signal from US2F and applied
to the clock inputs of latches U65 through U70. All
outputs of U64 are high except the one driving the latch
which is to accept the data. The enunciators are lit when
the output of the latch driving them is set low.

plied to the select and data inputs of US6 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

TROUBLESHOOTING

8-174. INTRODUCTION.

8-175. The following portions of this manual contain
information to aid in troubleshooting and repair of the
3455A. This information consists of a General Block
Diagram Theory of Operation, a Preliminary Trouble-
shooting Check, and eight Service Groups. An instru-
ment block diagram and schematics are also included in
this section of the manual.

8-176. General Block Diagram Theory of Operation.

8-177. Read this subsection if you wish to become
familiar with the internal operation of the 3455A. Refer
to the simplified block diagram (Figure 8-44) for the
following discussion.

8-178. To understand the basic operation of the 3455A,
the instrument can be divided into two sections. These
sections of the Outguard Section and the Inguard Sec-
tion.

8-179. Outguard Section.

8-180. The Outguard Section consists of most logic cir-
cuits and their power supplies. These circuits function as
the internal main controller, HP-IB interfacing, and
front panel interface of the instrument.

8-181. The main controller circuits are used to control
communication between the front panel. HP-IB inter-
face, and the Inguard Section. The controller also per-
forms mathematical calculations to correct measure-
ment data, and to provide instrument scaling or percent
error readings.

8-182. The heart of the main controller circuits is a pro-
cessor (referred to as the nanoprocessor) used in con-
junction with the main controller ROMs. The processor
and ROMs are located on the A3 board. The ALUs are
used for calculations and are located on the 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-IB and the instruments main controller.
Information can pass either from the HP-IB to the main
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Figure B-44. 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.).

B-185. Inguard Section.

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

8-187. The circuits used for Auto-Cal and DC
measurements are basically the same. The Auto-Cal
measurements consists mostly of gain and offset
measurements of various op-amps and FETs. The Auto-
Cal function can be turned on or off, as desired by the
operator.

8-188. The following procedure outlines a typical DC
measurement.

a. A DC signal is applied to the input of the 3455A.
This signal may or may not be attenuated by the input
attenuator circuits.

b. The signal is next applied to the Main Amplifier
through the Auto-Cal and Measurement Switching cir-
cuits. After pre-amplifications by the Main Amplifier,
the signal is applied to the A/D convertor (10 V DC for
full scale).

¢. The A/D convertor changes the analog signal to a
digital signal and sends the digital signal to the inguard
controller. The inguard controller then transfers this in-
formation to the outguard controller.

d. The outguard controller processes the information
and displays the reading on the front panel.

8-189. Auto-Cal measurements are taken in the form of
Auto-Cal constants and are used to compensate for in-
ternal measurement errors. To help generate the cal con-
stants (gain and offset), stable reference voltages (+
10 V) and stable resistive divider (1 k2, 100 k2, 900 k{1,
and 1 MQ) 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.

8-191. The 3455A offers a choice of either a True RMS
or an Average Responding AC Convertor. Both conver-
tors changes an AC voltage to a DC voltage with an-
amplitude of approximately + 6.7 V for a full scale in-
put. This resultant DC voltage is then processed by the
DC circuits, as explained in paragraph 8-188, with the
exception of the DC attentuator circuits. The attenua-
tion is done on the AC convertor board. The main con-
troller receives the digital information from the inguard
controller and is then processed to be displayed as an
AC reading on the front panel. The following is an ex-
planation of the differences between the convertors.

a. True RMS Convertor: The True RMS Convertor
can either be AC or DC coupled. Using operational cir-
cuitry, the input voltage to the convertor is changed to a
DC level proportional to the RMS value of the input
voltage.

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
Inguard/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/Outguard cable assembly from
the outguard connector (A1J7) on each 3455A.
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2. Plug the Inguard/OQutguard Service Cable
from one instrument’s outguard connector (A1J7)
to the other instrument’s Inguard/Outguard cable
assembly (W1). The instruments are now effec-
tively half-split with one unit’s inguard section
connected to the other unit’s outguard section (see
(Figure 8-45)

3. Turn on the instrument with the active in-
guard section and then turn on the instrument
with the active outguard section. The display from
the unit with the active outguard should become
energized. If the instrument malfunction has
disappeared, then the portion of the defective in-
strument used (inguard or outguard) is working.
Consequently, if the malfunction remains, the sec-
tion of the defective instrument used is in-
operative.

4, The defective section can be verified by
reversing the Inguard/Outguard Service Cable

TROUBLESHOOTING Section VIII

and repeating steps 2 and 3. Make sure the
3455A’s are turned off, when switching connec-
tions. Reversing the service cable should verify the
defective section of the inoperative 3455A and
also the working section.

NOTE

Make sure the power supplies of the in-
operative 3455A are good.

b. Once it has been determined in what section the
defective is located (Inguard or Outguard), the correct
Service Group can be used for component isolation (see
Paragraph 8-198 for a summary of the Service Groups).

8-197. If an extra 3455A or an Inguard/Outguard Ser-
vice Cable is not available, use the method described in
Service Group H, Figure 8-H-2. This method is not as
complete as the half-split technique.
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Figure 8-45, Inguard-Outguard Connections.

8-198. Service Group Summary. failures show up as an inoperative front panel ‘‘and’’ a

blank display, at turn on. Use this service group if both

8-199, The following is a summary of the various ser- of these symptoms are observed. The turn-on circuitry is

vice groupsand should be used in conjunction with working properly, if there is any indication on the
Table 8-3. display and the front panel is operative.

a. Turn-On Circuitry (Service Group A): Turn-on b. Auto-Cal and DC Troubleshooting (Service
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Table 8-3. Service Group Listing.
Ser-
IG\:'Ic‘)::p Service Group Description Location Assembly [Schematic

A Turn-On Failures (Inguard, Outguard) Paragraph 8-A-1 A1, A10
Inguard/Outguard Isolation Paragraph 8-A-3 A1 A10
Outguard Troubleshooting Paragraph 8-A-5 A1, A3 8
Inguard Troubleshooting Paragraph 8-A-6 A10, A14 6,7
A10 Board Troubleshooting Paragraph 8-A-8 A10 5,6,7
A/D Board Troubleshooting Paragraph 8-A10 A10, A14 5 6
Inguard/Outguard Transfer Troubleshooting Paragraph 8-A-12 A1, A10 7.8

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

Cc AC Convertor Troubleshooting Paragraph 8-C-1
True RMS Convertor Servicing Paragraph 8-C-3 A15 3
AC Noise Paragraph 8-C-12 A15 3
Miscellaneous Troubleshooting Paragraph 8-C-16 A15 3
Average Responding AC Convertor Paragraph 8-C-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, A14
A/D Convertor Servicing Paragraph 8-E-2 A10, A14 6, 7
A/D Noise Paragraph 8-E-8 A14 6
Inguard Logic Troubleshooting Paragraph 8-E-10 A10 7

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

G Miscellaneous Troubleshooting Paragraph 8-G-1
Power Supplies Paragraph 8-G-2 A10 11
Reference Assembly Paragraph 8-G-3 A11, A20 5
Turn-Over Errors Paragraph 8-G-4 A10, A14 1,5, 6
Other Troubleshooting Paragraph 8-G-6 A1, A3, A10 | 8, 11

H Troubleshooting Diagrams Paragraph 8-H-1
General Troubleshooting Diagram Paragraph 8-H-3 A1, A10
Inguard Troubleshooting Diagrams Paragraph 8-H-4 A10
Outguard Troubleshooting Diagrams Paragraph 8-H-6 A1
Schematics Figure 8-H-28 All Tto 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 dc mode is in-
operative. A self-test failure is indicated if an integer
number or non integer number is displayed, when the
3455A is in the self-test mode. A display of an integer
number indicates an Auto-Cal failure and if only a non
integer number is displayed, the failure is in the logic
circuits. Use the half-split technique to isolate the in-
guard and outguard logic sections and go to Service
Group E for the inguard logic troubleshooting and Ser-
vice Group F for the outguard logic troubleshooting.

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

g. 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. Inguard/Qutguard 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 A3TPS5. 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 (A1US, U26, and associated components). Check for
a pulse at turn-on, as shown below, which can be seen at U26 pin 9. This pulse connects to inverter
US 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.
Rl

5V
|

Ly

— — 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 either toggle from high to low to high, or remain high. If these
conditions do not exist, then troubleshoot the interrupt circuit (A1U46, U47, U53, and USS5). The
turn-on circuit (A1U26) must be working before troubleshooting the interrupt circuit.

e. Using the Signature Analysis routines in Figure 8-H-20 to 8-H-27, troubleshoot the outguard
logic. If any difficulty is observed using the signature analysis routines, go to Service Group F,
paragraph 8-F-1 for troubleshooting hints.

f. Using the information in Service Group F paragraph 8-F-1, troubleshoot the outguard logic.

8-A-6. Inguard Troubleshooting (Schmatic 5, 6, 7).

8-A-7. The Inguard Mother Board (A10) and or the A/D Convertor Board (A14) may cause turn-on
failures. To isolate one from another swap a good A/D convertor board (A14) with the one in the in-
operative 3455A. If a known good A14 board is not available, use the one from the 3455A which was
used in half-splitting the instrument.

8-A-8. A10 Motherboard Troubleshooting (Schematic 5, 6, 7).

8-A-9, Use the following steps in the order they are presented to troubleshoot the Inguard Mother-
board (A10).
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a. Check for a clock signal at A10U26 pin 27. If no signal exists or the signal level is below 4 V
(peak to peak), troubleshoot the inguard clock circuit.

b. Check the + 10 V reference voltages at A10TP8 for + 10V + 100V, 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.

c. Pin 29 of A10U26 should, under normal condition, be toggling. At turn-on it should have a 20
msec negative going pulse. If these signals are not present, then troubleshoot the inguard processor
turn-on circuit. This circuit consists of U24, U19, U9, and their associated circuits. Normally U9 pin
11 should have a 2 V signal with some ripple and about 1.2 V at pin 10. At turn-on U19 pin 2 should
have the approximate pulse as shown below.

“ .

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 releasing it. U26 pin 29 should then toggle. If no toggl-
ing is taking place, troubleshoot the interrupt circuit consisting of U32A and U27. If there is toggling,
check T2 or the outguard section (Al).

e. Check for an A/D waveform (see Service Group E). If none is present, toggle TP10 again and
look for an A-D waveform. If the waveform appears, then troubleshoot the interrupt circuit con-
sisting of U32A and U27.

f. Check for toggling outputs on pins 2, 4, 6, 8, 10, and 12 of U22.
g. The outputs (pins 9 to 15) of U14 should also toggle with 500 nano second wide negative pulses.
h. Check operation of latches Ull to Ul3, Ul5 to Ul7, 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 Troubleshooting (Schematic 5, 6).

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 + 10 V + 100 uV and A10TP7
should be -10 V + 20 mV. 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 half-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 TPI
(outguard). The only exception is the signal at A3TP1. This signal should be the same as the signal at
A10U28 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.

¢. Use the Inguard/Outguard transfer circuit troubleshooting diagram (Figure 8-H-17) for further
troubleshooting.

d. The inguard power supply regulators (10U36 to U39) can also cause transfer problems. The
outguard should power up after the inguard. Check for a slow (more than 200 msec) inguard power

supply.
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8-B-1. AUTO-CAL AND DC TROUBLESHOOTING (INGUARD).

SERVICE GROUP B

Section VIII

8-B-2. All 3455A input signals travel through the main dc amplifier and Auto-Cal circuits. In order
to troubleshoot D.C. and Auto-Cal 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 periocically when the 3455A is in the Auto-Cal mode. A condensed description of all the cal
constants are in Table 8-B-1. If a more detailed description of the cal constants is desired, refer to the
appropriate paragraph in the Theory of Operation section of this manual.

Table 8-B-1. Auto-Cal Constants

10:1 divider with 10 V at the top of the
divider. [nput attenuator at X gain.

IConstant D Circuits Detailed
Number Consinnt Tiption Used Operation
13 lo, no input - A/D offset measurement Paragraph 8-45
12 I+, I ratio - £ 10 V reference input, A/D Paragraph 8-46
current ration measurement.
1 10 V offset - X1 gain with amplifier input  [Figure 8-B-1 Paragraph 8-24
tied to ground. Input attenuator at X1
gain.
10 10 V 3ain - X1 gain with amplifier tied to |Figure 8-B-2 Paragraph 8-27.
+ 10 V reference. Input attenuator at X1
gain.
9 Ohms and .5 V offsets - X20 gain with |Figure 8-B-3 Paragraph 8-39
amplifier input tied to ground. Input atten-
tuator at X1 gain.
8 Ohms and 5 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 (X 1) - gain with amplifier |Figure 8-B-5 Paragraph 8-26
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-6 Paragraph 8-26
tied to 100:1 attenuator with top of
100:1 attenuator tied to ground.
5 100 V gain - X10 gain with amplifier tied |Figure 8-B-7 Paragraph 8-31
to 10:1 attenuator with top of 10:1 at-
tenuator tied to X10 V reference.
4 100 V offset #1 (X10) - X10 gain with |Figure 8-B-8 Paragraph 8-33
amplifier input tied to 10:1 attenuator
with top of 10:1 attenuator tied to
ground.
3 .1 V offset - X100 gain with amplifier in- |Figure 8-B-9 Paragraph 8-25
put tied to ground. Input attenuator of X1
gain.
2 1 V offset # 1 -X10 gain with amplifier in- |Figure 8-B-10| Paragraph 8-25
put tied to ground. Input attenuator of X1
gain.
1 1 V offset #2 -X10 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.
0 1 V gain -X10 gain with amplifier tied to |Figure 8-B-12| Paragraph 8-28
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8-B-5. When pressing the TEST button of the 3455A, each cal constant is measured. The first cons-
tant measured is constant number 13. If constant 13 is within certain limits (which are internally set)
the 3455A will automatically measure the next constant. If constant 13 is out of its limits the self test
operation will stop. A number 13 will be displayed on the front panel of the 3455A. In order to
measure the next cal constant, the TEST 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-1B system and if any of the cal constants fail, the 3455A
will not output any readings. If only the dummy calculation fails then the dummy calculation answer
will be output on the bus. If the 3455A passes its self-test then a 10 will be output on the bus.

8-B-8. The 3455A should not be troubleshoot for Auto-Cal malfunctions in the self-test mode. If any
cal constants fails, including the dummy constant, use the cal constant service procedure (paragraph
8-B-10) for troubleshooting. If only the dummy constant fails try replacing the ALU’s (A1U28, 30),
and their associated circuits, in the outguard section (schematic 8). If the dummy constant still fails,
go to the Outguard Troubleshooting Service Group (Service Group F).
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Figure 8-B-1. Auto-Cal Constant #11 (10 V Offset).
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Figure 8-B-4. Auto-Cal Constant #8 (10 K, 100 K, and 10 M Offsets).
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Figure 8-B-6. Auto-Cal Constant #6 (1000 V Offset).
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Figure 8-B-8. Auto-Cal Constant #4 (100 V Offset #1).

8-47



Section VIII SERVICE GROUP B Model 3455A

RIBR2 Qi
00K [\ \

HE ™ >

Ki
e
>— lo .. 0
l ’_— ]a v DC
Q2 PREAMP T0 A/0
INPUT K5 Q4  gq 03 CONVERTER
E v—eém—'cc <y,
o I: | *+Vrer al
— +VRer
R35 | !
76.8 033 R4|

320K

K& RA47
— 100K Q22

= @ _@

9
< RE3
210M P/0 All 5 /
00k | S00K L us
36 N
VIRTUAL 1 038 |

1
v Q39 Q35
GROUND L7} \C @ C Bor
uBs +
/ OPERATIONAL
| ATTENUATOR
]
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Figure 8-B-12. Auto-Cal Constant #0 (1 V Gain).
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8-B-9. Auto-Cal Switch Closures. (Scheniatic 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).

¢. To locate the desired cal constant or to go through the cal constants completely, briefly press the
AUTO CAL button twice to turn Auto-Cal on and off. Each time Auto Cal is turned on and off, the
Auto-Cal circuitry will attempt to decrement through the cal constants from 13 to @, and the return to
constant 13.

NOTE

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

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

Test

11]10(9)|8|7]|6|5]4(|3(2]|1(|0

A10Q2 X XX X [X
A1004 X
A10Q15 X XX
A10Q16 X XX
A10Q18 X X
A10Q19 X | X XX
Al0Q21 X X1 X XXX
A100Q22
A10Q27
A10Q28
A10029
A10Q31
A10Q32
A10Q33 X
A10Q34 X | X X
A10Q35 X X| X
A10Q36 X
A10Q38 X X XX
A10Q39
A10Q40
A10K6 X

X x|
x

b B Bt

XXX

X = Closed (ON)
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Table 8-B-3. Gate Function in Auto-Cal.

Gates

Used Function
Q19 X1 Gain
Q21 X10 Gain
Q22 X2 Gain
Q2s8, Q28 X1 Buffer
Q29, @31, 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
Qi1 10:1 Attenuator to Input
Q16 100:1 Attenuator to Input
Q33 + V Reference to Attenuator
Q34 Attenuator Input to Ground
Q2 Low Voltage Input to Ground
Q4 + V Reference to Input

Table 8-B-4. Switch Driver Voltage Levels.

Pin Test Pin
Designator | No 1 2 3 4 5 6 7 8 9 10 1 12 13 No.
U4 1 0 0 0 (1] 24 24 24 24 0 a (t] '] 1] (] 1
2 24 -24 -24 -24 24 24 -24 24 0 0 -24 24 -24 -24 2

5§ L L L L L L L L H H L L L L 5

7 H H H H L L L L H H H H H H 7

9 L L L L H L H H L L L L L L 9

10 L L L L H L H H L. L L L L L 10

13 +95 +95 +95 +95 24 +95 24 -24 +95 +95 +95 495 495 495 13

14 24 .24 24 24 0 24 0 1] 24 24 24 24 24 24 14

us 1 24 -24 24 24 24 -24 24 24 -24 -24 -24 24 -24 -24 1
2 24 24 24 0 -24 -24 24 24 24 0 -24 24 -24 -24 2

5§ L L L H L L L L L H L L L L 5

7 L L L L L L L L L L & L L L 7

9 H H H L H H L [ 4 H E L L H H 9

11 L L L L L L H H L L H H L L 1

13 .24 24 -24 -24 24 24 0 g -24 24 99 0 24 -24 13

14 +1 Q Qg 24 0 +1 -24 24 0 -24 24 24 +1 +1 14

ue 1+ Qg -24 -24 -24 -24 0 -24 -24 -24 24 -24 +1 +1 1
2 24 -24 24 0 -24 24 24 -24 24 0 24 -24 -24 -24 2

5 L L L H L L L L L H L L L L 5

7 H H L L L L H L L L L L H H 7

9 L L L L L L H L L L L L L L 9

1 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 <24 499 -24 -24 24 13

14 24 -24 -24 24 -24 24 (1] 24 -24 24 -24 24 24 24 14

us 1 24 24 -24 -24 -24 24 -24 24 -24 -24 -24 24 24 24 1
2 24 0 24 -24 -24 24 0 24 -24 -24 -24 24 .24 -24 2

4 H L H H H H L H H H H H H H 4

7 L L L L L L L L L L L £ L L 7

9 L L L L L L L L L L L L L L 9

1 B B H H B B B B H H B H L L 1

13 24 24 0 r] -24 -24 -24 24 1] ("] 24 0 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

9 H | & L L L L L L L L L L H H 9

1 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 24 495 495 14

The symbols L and H refer to TTL Iogic levels where L is < .B V dcand His > 2.2 V dc.
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d. To determine which cal constant is measured, connect a high input impedance DVM (10 V
range input impedance > 1010 ohms) to one of the points shown in Table 8-B-5.

e. By stepping through the cal constants from constant 13 to 0 and monitoring one of the
points in Table 8-B-5, every cal constant step can be located.

NOTE

The voltages listed in Table 8-B-5 are approximate and should only
be used 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 constant 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 in-
operative. If this should occur, then check the + 10 V reference and/or the inguard logics.

Table 8-B-5. Cal Constant Monitoring Points.

13 12 11 10 9 8 7 6 5§ 4 3 2

Approximate A10TP4 ®® o 100 0 0o 6 -10 0 0 O
Voltage

Voltage at the Multiplexer | - - - 10 - - - - - - -
Mode (Source of A10Q1)

Voltage at the Junction of - e == == == = - --99009 - - -
A10K6 and A10R47

A10TP2 Voltage GO ). = oo oo e e we e e

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
previous closures dependent on the range, function, and Auto-Cal mode of the 3455A. For
troubleshooting malfunctions of the various operations of the instrument, this table may be very
helpful.

8-B-16. Auto-Cal Troubleshooting (Schematic 1, 7).

8-B-17. Most Auto-Cal failures also show up as dc failures and should be repaired first. These
malfunctions usually show up as a failure in the self-test mode of the 3455A. The following are a cou-
ple of hints to troubleshoot these malfunctions.

a. Set the 3455A to the self-test mode and find out which cal constants are failing. Take the 3455A
out of the self-test mode (press any other function button). Using the cal constants service procedure,
go to the bad cal constant. While refering to the various tables and figures in this service group,
troubleshoot the bad constant.
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Table 8-B-6. 3455A DVM Switch Closures.
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Indicates “"Don’t Care.”

X

Note

@ Indicates that the control line will be set the same as the prior measurement state.
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b. If unable to repair the Auto-Cal failure, Table 8-B-6 may be helpful if applicable. The dc in-
operative section paragraph 8-B-18 in this service group may also be helpful.

8-B-18. DC Inoperative (Schematic 1).

8-B-19. When the dc function of 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

13 12
12
12

11 10 9 8 7 6 b5
10 5
9 5
11 10 9 8 7 6 b5
11 10 9 8 7 6 5
11 10 9 8 7 6 b5
1 9 8 7 6 65
11 10 7 6
11 9 8
10 9 5
10 5
10 9
10 6 5
10 9 5
10
10
9 8
9 7 6 5
9 7 6 5
9 7 6 5
9 5
9
9
9
9
8 5
7 5
7 5
7
6
5
5
5
5

PN NN NN

FFNEN

A ABADN

WWWWwwww

ww

WWWWwwww

[a%]

nN MO N

—

— o — -

—

O OO0OO0O olelole) o000 O

oo

oo

.0757

.0007
.0000
.0074
9.8438
.0000

9.7650
.0000

9.6703
2.5026

6.7542
X XXXX

Shorted A14U1d

Open A14C2

A10Q36 Shorted

Gate Bias

DC Pre-amp

DC Pre-amp

A10Q4 Shorted

A10Q19 Open

A10U3

A10Q16 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
A10Q39 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
A10Q35 or AT0K6 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: 1V, 100 mV, 100 V,
and 1000 V ranges. The following paragraphs contain the procedures which should be used for
leakage failures.

8-B-23. 10 V Range or Constant 10 and 11 Fail.

a. Set the 3455A to the 10 V range, Auto-Cal on and short the input terminals. If the reading on
the display is positive (more than 5 counts), A10Q1 may be leaky. If the reading is negative (more
than 5 counts), Q2 may be leaky. To doublecheck for a defective QI 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. AI0TP8 should be + 10V
+ 100 xV 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 Range or Constant 0, 1, and 2 Fails.

a. For the 1 V range check, do the procedure as explained in paragraph 8-B-23a.

b. For the 1 V range full 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 A10TP1 (adjust R66). Measure the voltage at J3 pin 9 for
exactly + 1 V. If the reading is low, Q39 or Q18 may be leaky. If the reading is good, check the
operation of Q36. This can be done by changing the high voltage amp offset. The 1 V reading at
J3 pin 9 should change, because the gain of the 1 V range is changed.

8-B-25. 100 mV Range or Constant 3 Fails.
a. For the 100 mV range zero check, do the procedure of paragraph 8-B-22a.
b. For the 100 mV range full scale check do the following:

1. Apply + 100 mV to the input of the 3455A. The instrument should be set to the 100 mV
range with Auto-Cal. Measure for approximately + 10 V at A10TP4 and 1/10 of this voltage at
TPS. 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 TP1 (adjust R66). Measure the
voltage at the 10:1 divider (J3 pin 9) for exactly 1/10 the voltage at TP2. If this voltage is incor-
rect, Q16 or Q21 may be leakly.

8-B-26. 100 V Range or Constants 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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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 to the 100 V range with Auto-Cal off. Adjust R66
for a zero reading at TP1. If unable to adjust for a zero voltage, check for a leaky C21, C22, C26,
CR32, or Q37. If the zero reading is good, the 3455A should display 0 V + 1 count, a short time after
Auto-Cal is turned on. If an offset remains on the display, Q36 may be defective.

¢. For a 100 V range full scale check, observe for a cal constant 5 failure, when the 3455A is in the
self-test mode. If cal constant 5 fails, troubleshoot its circuitry by using the procedure of paragraph
8-B-11. If cal constant 5 passes, step to cal constant 5 by using the procedure of paragraph 8-B-11. If
cal constant 5 passes, step to cal constant 5 by using the procedure of paragraph 8-B-11. Measure
TP2 for approximately -1 V and measure for approximately -.1 V at the 10:1 divider (pin 9 of J3).
Check for exactly + 10 V at the junction of R47 and Q33, and for + 9.9 V at the junction of R47 and
K6. If + 10 V is measured at R47 and K6 instead of + 9.9 V or R63 may be open.

8-B-27. 1000 V Range or Constant 6 Fails.

a. For the 1000 V range zero check, remember that some of the same circuits are used in the 100 V
range. The 100 V range zero and gain should be working before troubleshooting the 1000 V range.
Check for the proper switch closures used in cal constant 6 (use the procedure of paragraph 3-B-11 to
locate constant 6).

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

c. Set the 3455A to the 1000 V range with Auto-Cal on, and apply 1000 V to the input terminals. If
the reading on the display changes intermittently from 100 counts to 200 counts, A10KS5 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.

| WARNING l

For safety, connect the scope probe to the 100 K resistor R47.

Connect channel B of the scope (2 V/div) to pin 10 of U24. Set the scope to the chop mode and trig-
ger on channel B. If channel B indicates a 5 V spike when arcing occurs, as seen on channel A, then
K6 may be breaking down. If the indication on channel B appears to be good, K5 may be defective.
C21, C23, or the input node of Q37, may also be defective.

8-B-28. Various Other Malfunctions.
8-B-29. Shorted FET’s.

a. Occasionally FET’s on the multiplex node may short. Two ways can be used to isolate shorted
FET’s.

1. Measure the gate to on resistance with an ohmmeter.

2. Short the input of the 3455A and turn the high resolution and Auto-Cal functions off.
While monitoring A10TP3 step through all the dc ranges (1 V, 10 V, etc.) and ac functions.
Make sure Auto-Cal is turned off after every range and function change. If TP3 dipsto-24 V, a
FET may be shorted. Usually, the deféctive FET is normally turned off in that particular range
or function.

b. If A10U1 gets very hot Ul, Q2, Q13, or Q14 could possibly have their gates shorted to their
can.
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¢. Shorted FET’s and Ul may show up as on ““OL"’ indication on the display of the 3455A. This
condition can be checked by measuring the voltages at TP4. If the voltage reads approximately + 16
Vor-16 V, then measure TP3. If TP3 appears to be floating or is at a -24 V level, short the multiplex
node to ground. If the *“OL"’ condition disappears, a FET on the multiplex node is shorted. Use the
procedure of paragraph 8-B-29a, b to find the shorted FET. Some possible.FET failures may be Q3,

Q4, Q15, Q19, or Q21.

8-B-30. Other Troubleshooting Hints.
a. If either A10KS or K6 sticks closed, it may damage the other relay. Both should be replaced.
b. A sticking K5 could also damage R47, when K6 closes.

c. If 9.9009 V is displayed on the 100 V and 1000 V ranges of the 3435A with the input open,
A10KS6 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, 1 V, 100 V, and 1000 V ranges are out of tolerance, then
A10Q29 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 K6 may be shorted.

j. If Auto-Cal constant 5 fails and the 100 V and 1000 V ranges are way out of tolerance, then
A10R46 or R63 could have changed value.

k. If 17 V appears on the multiplex node, check for a defective A10Q15, Q18, CR12, or Ul2.

8-B-31. General Noise.

8-B-32. Noise in the 3455A may show up in one or more functions. If more than one function is
noisy it usually indicates dc noise. The dc noise source should be found first, before troubleshooting
any ac or ohms noise. Go to Table 8-3, to find the correct service group for ac and ohm noise.

8-B-33. DC Noise (Schematic 1, 5, and 6).

a. Equal amount of noise on all ranges: Noise of this nature is usually caused by the output of the
dc amplifier (A10U2), the reference assembly (A1l or A20), or the A/D convertor (A14). 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 ophms), measure the 10 V reference at AIOTPS8. If the reference voltage is
noisy, replace the reference assembly (All 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 A10TP8.

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 should be in HOLD/MANUAL and with Auto-Cal off. The noise should not be greater
than the + 10 V reference noise measured at TP8. If the -10 V reference is too noisy, replace U7.

d. Readings at 1/10 scale noisy and several counts low on any range: A14C2 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 A10TP1. It the voltage is noisy, try replacing R69, R71, U18, or Q37. If TP1 is not
noisy, measure with a DVM across TP5 and TP6. The low input of the DVM should be connected to
TP6 and the high input to TP5. If excessive noise is measured, replace U3.

f. Noise and 5 counts to 10 counts turnover on the 1 V range: Replace A10R41 to R43.

g. 1000 V dc noisy: A10KS5, 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).

8-C-3. Before troubleshooting the 3455A’s True RMS Convertor, the instrument should operate
properly in the dc mode. Verify for the correct operation of the dc section, before servicing the ac
convertor. The following procedure should be followed before troubleshooting or repairing the ac
convertor.

a. Check the dc operation of the 3455A. Verify for correct full scale and zero scale readings on all
ranges.

b. Set the 3455A to the 10 V range, ac function, and short the input.

¢. Check for approximate zero levels at A15TP8 and TPS5, with the low input of the meter con-
nected to TP6 (go to paragraph 8-C-4 or 8-C-6 if bad).

d. Short TP3 to TP6 and measure the voltage at TP1. TPI should read approximately zero.
Remove the short (go to paragraph 8-C-8 if bad).

e. Check for proper biasing of A15U2. The voltage at U2 pin 2 should be between -2 mV and -3
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 A15TP8. The amplitude of the sinewave
should be approximately 2.8 V peak to peak with no shift in the dc level (go to paragraph 8-C-4
if bad).

2. A halfwave rectified sinewave should be observed at TP5. The amplitude of the
waveshape should be approximately 1.4 V peak to peak, with no shift in the dc level (go to
paragraph 8-C-6 if bad).

3. The waveshape shown below with an approximate + .75 V dc level, should be observed at
TP4 (go to paragraph 8-C-8 if bad).

IV'W’\'\—_—_/
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
A A U

5. Check for approximately + .5 V dc at TP2 (go to paragraph 8-C-8 if bad).

6. Check for approximately + 6.67 V dc at TP1 (go to paragraph 8-C-8 if bad).

7. Check for approximately zero volts at TP7 with the 3455A in the 10 V or 1000 V ranges.

This voltage level should change to approximately -15 V when the instrument is switched to the
1 V or 100 V ranges (troubleshoot gain switching circuit, if bad).
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g. If all the above checks are good and the 3455A displays approximately 10 V ac (with 10 V, 100
Hz input), the RMS convertor should be ready for calibration. If the reading is incorrect, A10Q3 may
not be turned on or may be defective.

8-C-4. Preamplifier and Input Attenuator Circuitry.

8-C-5. The waveshape at TP8 appears to be incorrect, try the following checks (except where noted,
the input signal should be a 10 V, 100 Hz sinewave).

a. Check for the correct power supply voltages at U6 pins 4 and 7. Pin 4 should have approximate-
ly -15 V and pin 7 should have approximately + 15 V.

b. Set the 3455A on the 10 V range and short the input terminals. Make sure TP8 can reach zero
volts, when adjusting R65. If unable to reach zero, try changing R77 to 412 k2 (part number: 0698-
4540). If R77 is a 412 K resistor already, replace U6.

c. If the signal at TP8 is riding on a high dc level, make sure CR7 and Q20 are not touching any
shielding. Also make sure Q19 is not touching the heat sink of U6. Check CR7 and Q20 for shorts.

d. If the zero reading at TP8 is good on the 10 V and 1000 V ranges and bad on the 1 V and 100 V
ranges, try the following checks.

1. Check the gain switching circuitry of Q16 to Q19, and US5. Make sure TP7 reads approx-
imately zero volts on the 10 V and 1000 V ranges. On the 1 V and 100 V ranges TP7 should read
approximately -15 V.

2. If the gain switching is correct, lift the drain or source of Q19. Check for a zero reading at
TP8 with the 3455A in the 1 V range. If the reading is good, replace Q19.

3. If the reading at TP8 is still bad, short the drain to the source of Q18. If the reading is then
good, replace Q18.

4. If the reading at TP8 is still bad, short TP8 to the junction of R86 and R87. If the reading
is corrected, troubleshoot the feedback network.

e. If the 3455A has a history of bad Q19’s replace K1, K3, and Q18. Q18 may be damaged if Q19
has been damaged. The timing of K1 and K3 could be incorrect, causing Q19 to be destroyed by a
1000 V input. Check ac calibrator output for any spikes and make sure the 107 V Hz limit has not
been violated.

f. If it becomes necessary to replace the matched set of resistors R76, R86, and R91, the new set
should be properly aged. Do the following procedure.

1. Set the 3455A to the 10 V range and apply a 10 V, 100 Hz signal to the input. Note the
reading on the display.

2. Apply a 1000 V at 100 Hz signal to the input. Leave the 1000 V connected for about two
minutes.

3. Remove the 1000 V signal and reapply the 10 V at 100 Hz signal to the input. After a cool-
ing down period (less than 2 minutes), the reading on the display should have not changed more
than 25 counts from the reading in 1 above. Replace R76, R86, and R91 if necessary.

g. If it becomes necessary to replace the matched set of resistor R91 and R93, they also need to be
aged. Use the procedure in f above. The only exception to the procedure is to have the aging done on
the 100 V range rather than the 10 V range. A 100 V at 100 Hz signal should also be applied in place
of the 10 V signal.

h. Other circuits on the A15 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.

8-C-7. If the waveshape at TPS appears to be incorrect, try the following checks (except where
noted, the input signal should be a 10 V, 100 Hz sinewave).

a. To check if other circuits on the Al4 board causes failures in the absolute amplifier, the ab-
solute amplifier can be isolated. This can be accomplished by lifting R52 and R53. The amplifier
should now be operating correctly. Troubleshoot the amplifier circuit, if defective.

b. Check the power supply voltages at pins 4 and 7 of U7. Pin 4 should be approximately -15 V
and pin 7 approximately + 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 should have a sinewave with slight distortion at
the zero crossover point. Replace CR4 or CRS, if necessary.

f. If the signal at TPS is distorted, CR4 may have leakage. CR4 and CRS5 can be interchanged.

g. If Q14 or Q15 appear defective, check with an ohmmeter and replace, if necessary.

8-C-8. Squaring Amplifier, Integrator, and Antilog Circuitry,

8-C-9. The squaring amplifier, integrator, and antilog circuits are connected by feedback paths.
Isolation of these circuits may be difficult. There are, however, some checks used to help
troubleshoot these circuits (except where noted, the input signal should be a 10 V, 100 Hz sinewave).

a. In some cases it is possible to isolate the integrator from the other circuits on the Al15 board.
This can be accomplished by shorting TP6 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.

c. Reapply a 10 V, 100 Hz sinewave to the input of the 3455A. The instrument should be on the 10
V range. Check for dc readings of approximately + .66 V at TP4, -1.15 V at TP3, -.6 V at TP2, and
+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 Q (part number: 0698-4460).

g. If the display of the 3455A indicates an overload condition with a good waveshape at TPS,
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short C13. The squaring amp circuit should now act like an emitter follower with a gain of one. Short
the input of the 3455A and if the display indicates zero, Q9A or Q11A may be defective. If the instru-
ment is still in overload, short the cathode of CR3 to TP6. If the overload condition disappears, the
square root amp (U2 and associated circuits) or Q11B may be defective. If the overload condition re-
mains, troubleshoot the integrator (U1l 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 R6. 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 dc coupling,
add C40 (2.2 uF capacitor, part number: 0160-0128). A short procedure for the addition of C40 is as
follows.

1. Remove CR3 and install pins into the eyelet holes where CR3 has been removed.
2. Solder both CR3 and C40 to the pins. Make sure CR3 is mounted in the correct direction.

b. Difficulty in balancing ac and dc input signals with the 3455A set for ac/dc operation: Try
changing R5S5.

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).

8-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 10 V, 100 Hz sinewave to the input of the 3455A. Set the instrument to the 10 V range
in the ac normal function.

b. With a DVM, measure the ac signal at TP8. It may also be possible to check the signal of TP8
with an oscilloscope, if the noise is great enough. If the signal is noisy, troubleshoot the input and
preamplifier circuits of the ac convertor.

NOTE

Sometimes it is possible to check noise at TP8 with a DVM in the dc
mode. The input of the 3455A has to be shorted with the DVM connected
to TP8. There should be very little deviation noted.

c. With the 10 V, 100 Hz sinewave applied to the input terminals, measure the voltage at TPS5 with
a DVM in the ac mode. Again, it may be possible to measure the voltage with an oscilloscope. If the
signal is noisy, troubleshoot the absolute amplifier circuits.
NOTE

It is also possible to check for noise at TP5 with a DVM in the dc mode.
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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 a1 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 RS should be approximately + 15 V dc. The gate levels of Q3 and
Q4 should be complimentary to the gate levels of Q2 and Q8.

¢. Noisy in the fast ac mode: Check for a defective R9.

d. Other noise: If the 30 V regulator (A10U36) is defective, it may cause bursts of RF with heat.
This may show up as noise on all functions and ranges of the 3455A. It would be, however, more
noticeable in the ac function.

8-C-16. Miscellaneous Troubleshooting (Schematic 3).

a. 10 kHz reading high: Check for the correct high frequency padding of R89. In order to obtain

optimum accuracy over the entire frequency range of the 3455A, R89 should be padded approximate-

ly 4000 counts high with a 1 V, 1 MHz input. Use the following procedure.

1. The 3455A should be turned on and warmed up for at least 1/2 hour. All shields and
covers should be in place.

2. Perform the RMS convertor adjustment in Section V of this manual.

3. Apply 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.
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e. Unable to adjust 100 V at 40 kHz, within limits: Moving the wire connecting the R92, C29, and
C32, C34 modes away from the shield, may raise the reading.

f. The 100 V and 1000 V ranges inaccurate: The R92 and R93 resistor divider may have changed
value. K1 - K3 contacts may be resistive.

g. Overload indication with a 1000 V at 1 kHz to 10 kHz sinewave applied to the input: 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 KS5. 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 A15 board. If the overload condition disappears, K2 may be defec-
tive.

h. 1 V and 10 V ranges inaccurate and out of calibration: A15K3 may be shorted.

i. Full scale readings go high with an increase in temperature: A15Q9 or Q11 may be defective.

j. 1500 counts error on the higher ac ranges: Connect guard to low.

k. Differences in high frequency readings between the front and rear input terminals: Short the
rear terminals’ guard to low.

1. The ac convertor should be calibrated with the guard cover in place.
8-C-17. Average Responding AC Convertor (Schematic 2).

8-C-18. Due to the simplicity of the average responding ac convertors, only a few pertinent
troubleshooting hints are given.

a. Component location and layout may be critical to the convertor’s freqency response.
Capacitors, especially in the input circuit, should not be too close or too far from the PC board.
Make sure the relays are not touching the ground plane.

b. The ac convertor should be calibrated with the inguard cover in place.

c. A13Ql5, U4, US, 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. Apply a 1 V, 100 Hz sinewave to the input of the 3455A, with the instrument set to the 1 V
range.

2. U5 pin 6 should have a 1 V peak to peak sinewave and TP1 should have a 5 V peak to peak
sinewave.

3. A 6.67 V dc voltage should be read at TP2. If this voltage is good and there is an incorrect
reading on the display, A10Q3 may not be turned on or may be defective.
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SERVICE GROUP D

8-D-1. OHM TROUBLESHOOTING (SCHEMATIC 1, 4).
B-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 ohms
section of the instrument.

a. With the instrument set to the dc function, check the zero and full scale reading on the display.
These checks should be made on all ranges (100 mV, 1 V, 10V, 100 V, and 1000 V ranges). If any
malfunctions occur, go to Service Group B for further troubleshooting.

b. Using the self-test mode of the instrument (see paragraph 8-B-3 for an explanation of the self-
test), check for any Auto-Cal constant failure. Go to Service Group B if any constants fail.

c¢. If the dc readings on the instrument are good and the self-test passes, continue with this service
group for ohms troubleshooting.

8-D-4. Ohms Servicing.
8-D-5. The following checks may be useful if the ohms function is completely inoperative.
a. Set the 3455A to the 2 wire ohms function, 1 K ohms range, and Auto-Cal off.

b. With no load applied to the terminals of the 3455A, check the voltage across the input ter-
minals. The voltage should be approximately -4.7 V dc (typically -4.5 V to 4.8 V). If the voltage is in-
correct, the ohms convertor board (A12) or the input relays may be defective. Go to paragraph 8-D-6
for further troubleshooting.

¢. When approximately -4.7 V is observed at the input terminals, the ohms convertor is in voltage
limit. This is a correct indication with an open circuit input. Connect a 1 K chm resistor across the in-
put terminals of the 3455A. Measure the voltage drop across the resistor. The voltage should be ap-
proximately -.7 V dc and indicates correct constant current operation of the ohms convertor. Go to
paragraph 8-D-6 if the voltage is incorrect.

d. The above steps should isolate malfunctions in the current source circuitry of the ohms conver-
tor. If all the steps indicate correct ohms operations, the miscellaneous troubleshooting section of
this service group may be helpful (paragraph 8-D-8).

8-D-6. Ohms Convertor Troubleshooting (Schematic 1, 4).
8-D-7. Ohms convertor malfunctions may be caused by the ohms convertor board itself, or by the
A10 mother board. It is important to remember that the mother board and ohms convertor have in-
terconnecting ohms circuitry. Try the following procedure to troubleshoot ohms malfunctions.

a. With a dc voltmeter, measure the voltage across A12C1. The low side of the meter should be
connected to TP - V and the high side connected to the plus side of C1. The meter should read + 19 V
dc. If the reading is low by .5 V or more, AI12T1 or A10T1 may be at fault.

b. With an oscilloscope, measure the ripple across A12C1. The ripple should not be more than .1
V peak to peak. If the ripple is too high, check A10T1, A12T1, C3, CR4, or Cl.

c. If the voltage across A12C1 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
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for 60 Hz line frequency. If the signal is nonexistant, check for an approximately 3 V peak to peak
signal at A10U33 pins 9 and 12. If there is a signal at these pins, troubleshoot the circuit between the
outputs of A10U33 and the secondary of AI2T1.

d. If there is no signal at A10U33 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 HIO6 line is low.

e. If all the above checks are good and the power supply voltages at A12TP - V and TP + V are
good, the other ohms circuits may be defective. Troubleshoot the ohms circuits on the A10 mother
board first. Make sure the correct relays and FETs are turned on. Troubleshoot the current amplifier
circuit and the voltage clamp amplifier circuit or the ohms convertor board.

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 A10QI13.
¢. 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.

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

Range Ref Ref Unk Res I v V Unk Relays Unk Res
in K Ohms | Res | Gain Gain (fs) Ref (fs) Closed for 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 X20 X2 .5 mA 0.5 5 K7,8 (> K)
100 1M | X2 X20 5 A 0.5 K8 0 (> 0)
1K 1M | X10 X10 .7 pA 0.7 0.7 (> M)
10K 1M | X20 X2 5 pA 0. b (> 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 A10R59. If the
offset disappears, Q13 may be leaky.
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8-D-11. Ohms Noise (Schematic 1, 4).

8-D-12. To prevent possible damage to sensitive components being measured, the ohms current
source of the 3455A is limited to 5 V. Lower currents are used to keep this voltage low. Because of the
small currents, the ohms section of the instrument may be susceptible to noise.

8-D-13. Before troubleshooting for any ohms 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 A12Cl1. If the voltage is low
by .5V, AI12T1 or A10T1 may be at fault.

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

c. Noise on the .1, 1, and 10 ranges: A10K9 may be defective.

d. Possible noise on the 100, 1 K, and 10 K ranges with very high readings at 1/10 scale: A12CR7
may be defective.

e. 1/10 scale reading on the 100 K range is noisy and low: Check for oscillation at A10TP4. This
can be accomplished by setting the 3455A to the ohms function. The instrument should be on the 100
K range, with Auto-Cal off, and placed in Hold/Manual. TP4 should be monitored with an
oscilloscope. Press the HOLD/MANUAL button and observe for any oscillation at TP4. If any
oscillation is noted, try changing A10C4 to .0068 uF (part number 0160-0159) and A10R11 to 1.3 K
(part number 0757-0426).

f. Noisy at 1 M and/or 10 M ranges: Push all wiring away from the ohms board and all input
wiring away from the top guard cover. place the red wire, connected between the front/rear switch
and the A10 board, next to the guard sheet metal. All wires should be kept away from transformers
and transistors.

g. 10 M range very noisy: Make sure the 50/60 Hz switch is in the correct position.

h. Noise on the 1 K range: If noise shows up on older instruments, make sure on 18 guage teflon
coated wire is installed in the instrument. The wire should be connected between pin E of A10J3 and
the cardinal ground terminal located between K7 and K9. The wire may reduce noise on the 1 K ohms
range as well as the 1 V ac and dc ranges.

i. Noise in ohms function: To reduce external noise in 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.
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SERVICE GROUP E

8-E-1. A/D CONVERTOR AND INGUARD LOGIC TROUBLESHOOTING.
8-E-2. AID 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 A10TP9 to
ground.

¢. 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.

e. 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.

N

h——ls.? ms——|

Signal at A14 TP1 (A/D Wavelorm).

] |

Signal at A14 pin 5 (zero detect signal).

— T

Signal at A14 pin 14 (.2 V detect signal).

5 V———

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 8-E-6.

8-E-4. No A/D Waveform.

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 -10 V dc, the input circuit may be inoperative. The multiplex node may also be loaded down by
one or more FETs.

¢. Measure for a -10 V dc voltage at A10TP4. If the voltage is incorrect, troubleshoot the main
amplifier circuit. Make sure A10Q19 is turned on.

d. Measure the instrument’s reference voltages. A10TP8 should be + 10 V = 100 uV and TP7
should be -10 V + 20 mV. 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.

e. 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-10V

O Detect Level =5V =0V
10 V Detect Level =0V =5V
.2 V Detect Level =0V =0V

If the levels in the table are incorrect, troubleshoot A14U4, 5, 6 and their associated circuits.

g. Other circuits on the A/D board may affect A/D operation. These circuits are the input circuits
and diode array #1 and #2 and their associated circuits. Also make sure A14Q3, Q4, and their
associated circuits are operating correctly. If these circuits appear to be working correctly, the in-
guard logic may be at fault. Go to paragraph 8-E-10 for further troubleshooting.

8-E-6. Incorrect A/D Waveform.

a. Check for a leaky A14C2, QS5, U3, or U5 and associated circuits. Circuits past 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 V or §
V).
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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 A12R7, R8, R16, and R17 from 4.99 K to 10 K ohm (part number 0757-0442).

¢. Check for the correct operation of A14US5S and its associated circuitry. Since US-and its
associated circuitry is an absolute amplitifer, the output of the amplifier (emitter of U6) should be the
same as the signal at TP1. Therefore, pins 14 and 15 of the A14 board should also show the absolute
value of the signal at TP1. The correct signals for a -10 V 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 A14 board. The pins can be
cleaned with a soft lead eraser.

8-E-8. A/D Noise (Schematic 6).

8-E-9. A/D noise will usually show up in all ranges and all functions of the 3455A. Two circuits to
check for noise on the A/D board are the integrator and the input circuits.

a. Check for a noisy A14QS5 or U3. Make sure there are not oscillations present at TP1.

b. Check for a stable zero detect signal at A14U6 pin 1. If the signal is unstable, U4 or ‘U6 may be
noisy.

c. 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.

8-E-12. Inguard Logic Troubleshooting with no A/D Waveform.

a. The signals at A10U26 pins 34 to 37 should be the same as those on A3TP4 to TP1. The only ex-
ception is the signal at A10U28 pin 9. If the signals do not agree, check for malfunctions in the in-
guard light isolators, A10U34 and U35, plus their associated circuits. Line F@ and F1 transfer data
from outguard to inguard (F@ is the data transfer line and F1 is the data transfer rate line).

b. If pin 9 of A10U28 is different than pin 37 of U26 and the HAZ line (pin 1 of U27) is low, the
pulse transformer and/or associated circuits may be defective. This interrupt circuit can be checked
by manually clocking A10TP10, and can be achieved by pulling TP10 low and then releasing it. If no
toggling is taking place, troubleshoot the interrupt circuit consisting of A10U32A and U27. If there is
toggling, check T2 or the outguard section (Al).

c. 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 B-E-1. Mnemonic Definitions.

P FF N
Poliarity —|_ T
Indicator Specific Line
(H = High True T Indicator
L = Low True)
Function
Indicator
Mneumonic Definitions 4
HAC High True AC (AC Enable)
HAC1 High True Auto Cal 1(100 V, 1 kV Auto-Cal Constant [Cal Constant 4, 5, 6, 7])
HAC2 High True Auto Cal 2
HAD1 High True AnalogDC 1 (.1 V, 1V, 10 V Range and Ohms)
HAD2 High True Analog DC 2 (100 V, 1 kV Range)
HAD3 High True Analog DC 3 (1 k V Range)
HAZ High True A/D Zero (Enables or Resets A/D)
HIO1 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)
HI04 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, 9, 11])
HMC2 High True Measure Constant 2 (Measures 10 V Gain [Cal Constant 10))
HMC3 High True Measure Constant 3 (1 kV Range Enable [Cal Constant O, 1, 6])
HMC4 High True Measure Constant 4 (Measures 1 V Gain [Cal Constant 0])
HMD1 High True Measure DC 1 (100 V Range)
HMD2 High True Measure DC 2 (.1 V 1 V, 10 V Range and Measure & Unk)
HMO1 High True Measure Ohms 1 (Measure Ohms Ref, Range 100K, 1 M, 10 M)
HMO2 High True Measure Ohms 2 (Measure Ohms Ref, Range .1 K, 1 K 10 K)
HPD1 High True Pre-Amp DC 1 (x 20 and x 100 Gain)
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 Output (x 2 and x 20 Gain)
HPRF High True Positive Rundown Fast (For Negative Input Voltage)
HPRS High True Positive Rundown Slow (For Negative Input Voltage)
HR12 High True Range 12 (Sets AC Converter Range 1, 10)
HR24 High True Range 24 (Sets AC Contertor Range 10, 100)
HR34 High True Range 34 (Sets AC Converter Range 100, 1000)
LACF Low True AC Fast (AC Fast Enable)
LAC3 Low True Auto Cal 3 (100 V, 1 kV Auto-Cal Constants [Cal Constant 4, 5, 6,
71)
LACS Low True Auto-Cal (1 kV Range and 1 ku, 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 Voltage)
LVIN Low True Voltage Input (Enables A/D Input)

e. The clear line of A10U1S5 pin | should have an approximately + 5 V level. Troubleshoot U9,
U19, and their associated circuits.
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f. Check for a clock signal at A10U15 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, U14 may be at fault,
8-E-13. Inguard Logic Troubleshooting with an A/D Waveform. .

a. Check the light isolators and associated circuits as explained in paragraph 8-E-12a.

b. Check for a defective A10U26.

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

8-F-1. OUTGUARD LOGIC TROUBLESHOOTING (SCHEMATIC 8, 9, 10).

8-F-2. Outguard logic troubleshooting should be done using the Signature Analysis Routines (SA) in
Figures 8-H-20 to 8-H-27. If any incorrect signatures are observed, the following checks may be
helpful.

a. If any incorrect signatures are observed check for a 1 pF 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).

¢. 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.

T e e

j¢—= 1.9 msec—¥

oV
8-F-3. Main Controller Troubleshooting (Schematic 8).

a. Data lines D@ to D7 (pins 18 to 25 of U3U9) and program address lines PA@ to PA9 (pins I to 8
of U9) should have voltage levels approximately + 4.5 V peak to peak. Check for any circuits that
may cause loading.

b. Sharp peaks of 3 V to 3.5 V may be observed on some lines of the processor (A3U9). This is
normal. The peaks are present when the processor is in a tri state mode.

c. Check the back gate bias voltage (G.B.) of the outguard processor (A3U9). If the voltage is dif-
ferent from the voltage marked on the processor (by + .35 V) check for the correct value of the pad-
ding resistor A3R3. If R3 is the correct value and the bias is incorrect, replace the A3 board. The cor-
rect value of R3 is listed in the following table.

G.B. A3R3 -hp- Part No.
-5.0V | 4.64 k2 0698-3155
-4.5V |2.87 k2 0698-4436
-4.0V | 1.96 kQ 0698-0083
-3.5V | 1.00 k@ 0757-0280
-2.5V |715Q 0698-3700

B8-F-4. Front Panel Troubleshooting.
8-F-5. Front Panel Operation Check.

a. Turn the 3455A off. Place the instrument in the SA mode by disconnecting the test jumper on
the A3 board and disconnect the plug from Al1J7.

b. Turn the 3455A on. Half of the instruments from panel LEDs should alternately turn on and
off with the other half.

c. At the time the instrument is turned on and half the front panel LEDs turn on, a 0 should be in-

dicated on the left side of the display. The 0 should move one position to the right each time the LEDs
change. When the 0 reaches the far right of the display, a .0 will start at the left and move to the right.
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d. The same operation takes place for 1, .1, 2, .2, 3, .3, after the .0 has moved to the far right of
the display. If any of the LEDs do not light, replace them or troubleshoot their drive circuits. If some
numbers of the display are bad, troubleshoot the display and associated drive circuits.

8-F-6. Front Panel Servicing (Schematic 10).
a. If the display blanks out any zeroes, try replacing A1U62.

b. The proper operation of the front panel buttons can be checked by monitoring A1US7 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 US57.

c. If the front panel buttons do not operate, check for a high level (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 A1US51, U50, or U53.

d. If the front panel has a sticky switch, try the following: With a low temperature soldering iron,
heat the solder connection of the LED within the switch. While the solder is warm, push the button in
and out several times. This should straighten out the LED and relieve any pressure on the switch.

e. If the procedure in the precendent paragraph does not relieve sticky switches, change LEDs
A2CRS5 to CR11, CR19 to CR22, and CR24 to CR35 from -hp- part number 0990-0547 to -hp- part
number 1990-0665. These changes should be made for instruments with serial number 1622A01336
and below. A procedure for changing or replacing LED’s are in paragraph 8-F-7.

f. A modification to reduce key bounce is as follows: Change A1U57 from a 9318 to 98L18 (part
number: 1820-0987), A2R17 and R18 from a 2.2 K ohm resistor pak to a 10 K ohm resistor pak (part
number: 1810-0206). This change should be made for instruments with serial number 1622A00906
and below.

NOTE
Switch bounce can be observed by pressing the ENTER Z button and
then pressing the MATH OFF button only once. If two 2’s are displayed,
the 3455A has key bounce.

g. For all other front panel malfunctions use Troubleshooting Diagram 8-H-26.

8-F-7. Front Panel LED's Switch, and Key Cap Replacement Procedure.
a. Removal Procedure.
1. 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, carefully
melt the plastic studs down into a little dome to secure the switch body.

3. Insert LED with shorter leg toward top of board. Make sure LED is flush with the board.
4. Replace key cap.

5. Depress key all the way to seat LED in place, and then solder LED using a minimum of
solder.

6. Hold 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 500°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 III of this

manual).

a. If incorrect data is sent over the HP-IB lines, make sure the data is different than what is
displayed on the front panel. If the data is the same, the instrument’s HP-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-IB cable external to the instrument is good.

c. Use the HP-IB SA Troubleshooting Diagram (Figure 8-H-27) for most of the HP-IB Section of
the 3455A. SA can check most of this section, except for the HP-IB lines themselves. Use the 59401 A
Bus System 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).

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.
c. Following are some voltages of the inguard power supplies.

1. Main power supply voltages.

Al0TP11: +9Vito +11V
AlOTPI2: +19.5Vito +23.5V
Al10TP13: -19.5 Vto -23.5 V
Al10TP14: +38Vito +44V

Al10TP15: -38 Vto-44V
AI0TP+9: +8.1 Vto +9.9 V (Inguard processor must be installed).

2. Ohms supply voltages

A10T1 pins 1 and 3: 10 V rms (20 V peak to peak) square wave.
Al10T1 and A12T1 connection: .2 V rms (.25 V open circuit) square wave.
Al12TI1 pins 1 and 3: 40 V rms (80 V peak to peak) square wave.

3. Allowable noise on the ohms supply as measured with a true rms voltmeter.

+ 6.2 V supply: 30 pV noise
-6.2 V supply: 60 pV 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 B-G-1. Power Supplies Locations.

Power U1 1o U35 (Integrated Circulis snd OF Ampsl Assemblies | Transistors (Q)
Spplies |1 2 4 & 6 7T % 9 4112 13 14 05 06 17 1A 19 2 22 21 M4 25 2 27 I 19 3 32 33 M IS|AD Ref AC| 25 41 4o
+ 30V IX X —_ — — — - X S N S —
ygavy = = S T o — P X =
w18V | —ox — - e _ — X 7 —
8V I S s X ]
+ 6V X X X X X X X X X X X X X X X X X x X X x| X x X

24V X x X X X X X X

15V == E e e ! T

zV e X — e —

8-G-3. Reference Assembly (Schematic 5).
a. The reference assembly of the 3455A is on the exchange program and should be returned to the
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nearest -hp- Service Office, if inoperative. The only checks that can be made are the following.

1. If the reading on the display jumps 10 or 100 counts when adjusting any adjustments on
the reference assembly, the wiper of the pot may be dirty. Work the adjustment screw of pot
back and forth to clean the wiper.

2. Make sure an oxidation layer has not formed on any pins of the assembly printed circuit
board. The pins can be cleaned with a soft lead eraser.

3. Typically, the maximum noise allowed on the reference voltages (use a DVM with input Z
> 1010) are 20 pV for the + 10 V reference and 30 xV for the -10 V reference. Replace
the assembly if excessive noise is present.

4. The + 10 V reference voltage at A10TP8 should be adjustable to +10 V +
100 pV and the -10 Vto -10 V + 20 mV. Replace the assembly if both the + 10 V and
-10 V are not adjustable. Replace A10U7 if only the -10 V reference is incorrect.

8-G-4. Turn-Over Errors (Schematic 1, 5, and 6).

8-G-5. Turn-over errors are present when, for example, a positive input reading is good and the
negative input reading is out of tolerance. This can be checked by taking a positive reading and then
reversing the input leads. The following are a few turn-over checks and hints.

a. When checking for turn-over errors, the 10 V range and zero offsets should be the first things to
check.
b. Check the A/D converter (A14) 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 disappears, CR1 and/or CR2 may be leaky. Make sure the + 10 Vand -10 V
references are good (A10TP8 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.

e. Turn-over errors on the top three ranges: Check A10K6 and Q15.

f. Turn-over differences on the 100 V and 1000 V ranges: Lift A10Q9 and CR29. If the error
disappears, CR31 and/or CR29 may be leaky. Do the same with CR16 and CR17. Q8 may also be
defective.

g. The FETs connected to A10TP2 may cause turn-over errors, if leaky. Q40 may also be leaky.

h. If the negative readings are good and all positive readings above 20 V are unstable on the 100 V
range, check A10Q36.

8-G-6. Other Troubleshooting (Schematic 8 and 11).

a. If the instrument fails to sample in the dc volt, high resolution mode and the ac volt normal
resolution mode, check A1C29 or U48.

b. If the HP-IB operation is intermittent with the instrument’s LED’s dim, make sure the 50/60
Hz switch is in the correct position.

c. If the fan refuses to spin after repeated turn-ons, change A1R15, 19, and 24 from 11.8 kQ to
13.3 kQ (0757-0289). This change should not be made on operating fan circuits.

d. A good fan measures approximately 30 Q 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 Outguard Troubleshooting.

8-H-3. General Troubleshooting Diagram.
8-H-4. The General Troubleshooting Diagram (Figure 8-H-2) may be used in place of the Half-

Splitting Technique of paragraph 8-196. Since this method is not as complete as the Half-Splitting
Technique, use it only if an extra 3455A or if an Inguard/Outguard Service Cable is not available.
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Model 3455A SERVICE GROUP H Section VIII

8-H-4. Inguard Troubleshooting Diagram.

8-H-5. The following diagrams in this group can be used to troubleshoot the Inguard section of the
3455A. A troubleshooting procedure for the Inguard/Outguard Transfer Citcuitry is also included.
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Turn The Instrument Off.
Remove The A14 Assem-
bly. Disconnect The Brown
Test Jumper On The A3
Assembly. Disconnect The
Brown Test Jumper Lo-
cated Between A10U27
And U28. Use A Clip Lead
To Short A10J2 Pin 14 To
Inguard Ground. Turn The
Instrument ON.

4

Measure The Switch Drive
Signals On A10U15, Pins
2,5,7,10,12 And 15.

The Signal
Levels >4 V
Peak-To-Peak

Is
The Device
Select Signal
At A10U15
Pin9 >4V
Peak-To-Peak?

Troubleshoot The Device

Select Circuit (AT0U14,
U26 And Associated Com-
ponents).

Replace Or Troubleshoot
The A/D Converter (A14
Assembly). The Problem lIs
Most Likely In The Swiitch-
ing Circuits (A14U1, U2,
Q3, Q4 And Assocrated
Components.

Troubleshoot The Inguard
Logic Circuit (A10U15,
U222, U26 And Associated
Components.)

3455-B-1

re 8-H-3. Inguard Troubleshooting Procedure Diagram,
Auto-Cal Circuitry TEST 13.
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Turn The Instrument OFF.
Remove The Al14 Assem-
bly. Disconnect The Brown
Test Jumper On The A3
Assembly. Disconnect The
Brown Test Jumper Lo-
cated Between A10U27
And U28. Use A Clip Lead
To Short A10J2 Pin 14 To
Inguard Ground. Turn The
Instrument ON .,

l

Use An Oscilloscope To
Measure the Switch Drive
Signals On Pins 2, 5, 7,
10, 12 and 15 Of A10U15.

Are
The Signals
> 4 V Peak-To-
Peak ?

Is
The Device
Select Signal At
A10U15Pin 9
>4 V Peak-To-
Peak?

Troubleshoot
Select  Circuit
U26 And Asso
ponents),

The Device
(A10U14,
ciated Com-

Use A DVM To Measure
The + 10 V Reference At
A10TP8 And The - 10 V
Reference At A10TP7.

Troubleshoot The Inguard
Logic Circuit {A10U15,
U22, U26 And Associated
Components).

Are
The Voltages

At A10TP7 and
TP8 10 volts
+ 01 Vv?

Troubleshoot The Refer-
ence Circuits (A11 Assem-
bly, A10U7 And Associ-
ated Components).

Replace Or Troubleshoot
The A/D Converter (A14
Assembly ). The Problem Is
Most Likely In The Switch-
ing Circuits (A14U1, U2,
Q3, 04 And Associated
Components),

3455-B-2

Figure 8-H-4. Inguard Troubleshooting Procedure Diagram,
Auto-Cal Circuitry TEST 12.
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With A Display Reading Of
“11" (Test 11 Failure},
Measure The Switch Drive
Voitage On Pin 13 Of
A10US8.

Is

The Drive YES

Voltage Approx.
@ Vdc?

Is
The Driver
Input Voltage
At Pin 11 Of
A10U8 >4 V dc

Is
The Device
Select Signal At
Pin 9 Of A10U12
> 4V Peak-to-

Troubleshoot The Device
Select Circuit {A10U12,
U14, U26 And Associated
Components).

Is
The Gate Bias
Voltage At
A10TP3 Approx.
@ Vdc?

Check A10U8 And Associ-
ated Components.

Troubleshoot The Gate
Bias Amplifier  Circuit
{A10U1, Q5 And Associ-
ated Components).

Troubleshoot The Logic
Circuit (A10U12, U22,
U26 And Associated Com-
ponents).

Is
The Switch Drive
Voltage At Pin 13
Of A10U5 Approx.
@ Vdc?

The Driver Input
Voltage At Pin 11

Of A10Us >1.22V
! de ?

Check Switching FET's
A10Q2, Q19 And Associ-
ated Components.

The Gate Bias
Voltage At A10TP3
Approx.( V dc?

YES

Check AT0U5 And Associ-
ated Components.

Troubleshoot The Gate
Bias Amplifier  Circuit
(A10U1, Q5 And Associa-
ted Components).

Is
The Device Select
Signal At Pin 9
Of A1OU16 >4V
Peak-To-Peak

YES

Troubleshoot The Device
Select Circuit (A10U16,
U14, U26 And Associated
Components).

Figure 8-H-5. Inguard Troubleshooting Procedure Diagram,
Auto-Cal Circuitry TEST 11.
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Troubleshoot The Logic
Circuit (AT10U16, U22,
U26 And Associated Com-
ponents).

3455-B-3




With A Display Reading Of
“10" (Test 10 Failure),
Measure The Switch Drive
Voltage On Pin 13 Of
A10UB.

Is
The Drive

Voltage Approx. YES

+10 V dc?
(Ignore The 2 msec
pulse)

Is

Is

The Driver The Gate Bias

Input Voltage At Voltage At
Pin 11 Of A10UB A10TP3 Approx. ated Components.
>4 Vdc? +10 V de?

Check A10U6 And Associ-

NO

Troubleshoot The Gate
Bias Amplifier  Circuit
(AT0U1, Q5 And Associ-
ated Components).

Is
The Device
Select Signal At

Troubleshoot The Logic
Circuit (A10U186, U22,‘

YES

The Switch Drive
Voltage At Pin 13
Of A10U5 Approx.
+ 10 V dc?
(lgnore The 2 msec
pulse)

Check Switching FET’s
A10Q4, Q19 And Associ-
ated Components.

Is

Is

The Gate Bias
Voltage At A10TP3
Approx.+ 10 V dc?

The Driver |nput

Voltage At Pin 11 YES Check A10U5 And Associ-

ated Components.

Of A10US >4 V dc
?

NO

Troubleshoot The Gate
Bias  Amplifier Circuit
(A10U1, Q5 And Associ-
ated Components.

The Device Select
Signal At Pin 9 Of

Pin 9 Of A10U16
> 4 V Peak-To-
Peak?

U26 And Associated Com-
ponents).

Troubleshoot the Device
Select Circuit (AT0U16,
¢

A10U16 > 4 V Peak-
To-Peak?

U14, U26 And Associated
Components).

3455-B-4
Figure 8-H-6. Inguard Troubleshooting Procedure Diagram,
Auto-Cal Circuitry TEST 10.
8-89/8-90



Start

With A Diaplsy Reading Of
9" (Test 9 Failure) Mea-
sure The Switch Drive
Voltage On Pin 13 Of
Al10U8.

Is
The Drive

YES

Is
The Switch Drive

Voltage Approx.
@ Vdc?

Is

The Driver Input

Voltage At Pin 11

Of A10U8 >4 Vdc
?

The Device Select
Signal At Pin 9 Of
Al0UI2 >4 V

Peak-To-Peak

Is

The Gate Bias
Voltage At A10TP3

Approx. @ V dc ated Components.

Check A10U8 And Associ-

?

NO

Troubleshoot The Gate
Bias Amplifier Circuit
(A10U1, Q5, And Associ-
ated Components).

Troubleshoot The Logic
Circuit (A10U12, U22,
U26 And Associated Com-
ponents).

Troubleshoot The Device
Select Circuit (A10U12,
U14, U26 And Associ-
ated Components).

Voltage At Pin 1 Of
A10U4 Approx.
@V dc?

Is

The Driver Input
Voltage At Pin 7 Of
AT0U4 >4 Vdc
?

The Device Select
Signal At Pin 9 Of
AIQU1I3 >4V
Peak-To-Peak
?

NO

Is
The Voltage
At A10TP1

Approx. @ V dc

Check A10U4 And Associ-
ated Components,

Troubleshoot The Attenu-
ator Circuit (A10U18, Q35
Q37, @38, Q39, Q40 And
Associated Components),

Troubleshoot The Logic
Circuit (A10U13, U22,
U26 And Associated Com-

ponents).

Troubleshoot The Device
Select Circuit (A10U13,
Ul4, U26 And Associa-
ated Components).

The Switch Drive
Voltage At Pin 2 Of

YES

Is
The Switch Drive

A10U4 Approx.
@ Vdc?

Is
The Driver Input
Voltage At Pin 5 Of
A10U4 > 4 V dc

?

The Device Select
Signal At Pin 9 Of
A10U13 >4V
Peak-To-Peak

YES

Troubleshoot The Device
Select Circuit (AT0U13,
U14, U26 And Associated
Components).

Is
The Voltage
At A10TP6
Approx. @ V dc
?

Check A10U4 And Associ-
ated Components,

Troubleshcot The Feed-
back Amplifier (A10U3,
Q9, Q11, Q25, Q26 And
Associated Companents).

Troubleshoot The Logic
Circuit (A10U13, U22,
U26 And Associated Com-
ponents).

YES

Is

The Switch Drive Cneck Switching FET's

A10Q2, Qi8, Q22, Q27,

Voltage At Pin 2 Of
A10US5 Approx.
@ Vdc?

The Driver Input
Voitage At Pin 5 Of

A10U5 >4 Vdc
?

The Device Select
Signal At Pin 9 Of
ATOUI6 >4 V
Peak-To-Peak

Is

The Gate Bias
Voltage At A10TP3
Approx.(® V dc

Check A10US5 And Associ-
ated Components.

Troubleshoot The Gate
Bias Amplifier  Circuit
(A10U1, Q5, And Associ-
ated Components).

Troubleshoot The Logic
Circuit  (A10U16, U22,
U26 And Associated Com-
ponents).

Troubleshoot The Device
Select Circuit (AT0U16,
U1l4, U26 And Associ-
ated Components).

Voltage At Pin 2 Of
A10UB Approx.
@V dc?

Q28, Q32 And Associated
Components.

Is
The Driver Input
Voltage At Pin 5 Of
A10UB >4 V dc
?

Is
The Voltage At
A10TP6 Approx.
@V dc?

Check A10U6 And Associ-
ated Components,

NO

Troubleshoot The Feed-
back Amplifier [A10U3,
Qg9, Q11, Q25, Q26 And
Associated Components).

The Device Select
Signal At Pin9 Of
ATOUIE >4 V
Peak-To-Peak

Troubleshoot The Logic
Circuit (A10U16, U22,
U26 And Associated Com-
ponents).

Troubleshoot The Device
Select Circuit (A10U16,
U1l4, U26 And Associ-
ated Components).

3455-D-5

Figure 8-H-7. Inguard Troubleshooting Procedure Diagram,
Auto-Cal Circuitry TEST 9.
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With A Display Reading Of
8" (Test 8 Failure), Mea-
sure The Switch Drive
Voltage On Pin 13 Of
A10U8R.

Is
The Drive

YES

Voltage Approx.
M Vdc?

Is

Is

The Driver Input
Voltage At Pin 11
Of A10U8 > 4 V dc

The Gate Bias
Voltage At A10TP3

ated Components.
Approx.d V de

Check A10U8 And Associ-

?

?

NO

Troubleshoot The Gate
Bias Amplifier Circuit
(AT0UT, Q5 And Associ-
ated Components).

Troubleshoot The Logic
Circuit  (A10U12, U22,
U26 And Associated Com-
ponents),

The Device Select
Signal At Pin 9 Of
Al0U12 >4 VvV
Peak-To-Peak

NO

Troubleshoot The Device
Select Circuit (A10U12,
U144, U268 And Associ-
ated Components).

The Switch Drive
Voltage At Pin 2
Of A10U4 Approx.
0V dc?

The Driver Input
Voltage At Pin 5
Ot A10U4 > 4 V dc
?

The Device Select
Signal At Pin 9 Of
AIOUI3 >4V

Peak-To-Peak

The Switch Drive

Check Switching FET's
Voltage At Pin 14

Is
The Voltage At
AT0TPE Approx.
2 Vdc?

NO

A10Q2, Q21, Q22 And
Associated Components.

Ot A10U5 Approx.
0V dc?

Is Is

Check A10U4 And Associ-

ated Components.

The Gate Bias
Voltage At A10TP3
Approx. 9 V dc

The Driver Input

Voltage At Pin 9 Of

AT0US > 4 V dc
?

Troubleshoot The Feed-
back Amplifier (AT0U3,

Q9, Q11, Q25, Q26 And
Associated Components).

Troubleshoot The Logic
Circuit  {AT0U13, U22,
U26 And Associated Com-
ponents).

Troubleshoot The Device
Select Circuit (A10U13,
u14, U226 And Associ-
ated Components).

Check A10U5 And Associ-
ated Components.

?

NO

Troubleshoot The Gate
Bias  Amplifier Circuit
(A10U1, Q5 And Associ-
ated Components).

The Device Select
Signal At Pin 9 Cf
AlOUIE >4 V

Troubleshoot The Logic
Circuit  (AI0U16, U22,
U26 And Associated Com-

Peak-To-Peak ponents),
Troubleshoot The Device
Select Circuit  (A10U16,
Ul4, U26 And Associ-
ated Components). 3455 -B-6

Figure 8-H-8. Inguard Troubleshooting Procedure Diagram,
Auto-Cal Circuitry TEST 8.
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With A Display Reading
Of 7" (Test 7 Failure),
Measure The Switch Drive
Voltage On Pin 14 Of
A10U4.

Is
The Drive

YES

Voltage Approx.
@ Vdc?

Is
The Driver
Input Voltage At
Pin 9 Of A10U4
>4 \Vde?

The Device Select
Signal At Pin 9 Of
ATOUI3 >4 V
Peak-To-Peak

NO

ated Components,

Check A10U4 And Associ-

Troubleshoot The Logic
Circuit  {A0U13, U22,
U26 And Associated Com-
ponents},

Troubleshoot The Device
Select Circuit [AT10U13,
U4, U26 And Associ-
ated Components).

The Switch Drive
Voltage At Pin 10

YES

Of A10U24 Approx.
@V dc?

The Driver Input
Voltage At Pin 11
Of A10U24 >4 V dc

The Device Select
Signal At Pin 9 Of
AIOUIZ >4 V
Peak-To-Peak

Check A10U24 And Asso-
ciated Compaonents,

Troubleshoot The Logic
Circuit  {AT0U72, U22,
U26 And Associated Com-
ponents),

Troubleshoot The Device
Select Circuit (AT0U12,
Ul4, U26 And Associ-
ated Components).

Is
The Switch Drive

Check Switching FET's
YES | aA10Q15, Q19, 034, Q35,

The Switch Drive
Voltage At Pin 13

. YES
Voltage At Pin 1 Ot
A1T0U9 Approx.
@ Vdc?
NO
Is Is
The Driver Input .
Voltage At Pin 7 YES The Gate Bias YES Check A10U9 And Associ-
Of AT0U9 > 4 V dc Voltage At A10TP3 ated Components.
% Approx. B V dc
! ?
NO NO
Troubleshoot The Gate
Bias  Amplifier Circuit
(AT10U1, Q5 And Associ-
ated Components),
Is
The-Device Select Troubleshoot The Logic
Signal At Pin 9 Of YES Circuit (A10U13, U22,
A10U13 >4 V U26 And Associated Com-
Peak-To-Peak ponents).
?
NO

Troubleshoot The Device
Select Circuit (A10U13,
U14, U26 And Associated
Components).

Relay A10K6 And Associ-
ated Components.

Of AT0US Approx.
@V dc?

Is
The Driver Input
Voltage At Pin 11

Is
The Gate Bias
Voitage At A10TP3

Of AT10UB > 4 V dc Approx, @ V dc

Check A10U5 And Associ-
ated Components.

Troubleshoot The Gate
Bias Amplifier Circuit
{A10U1, Q5, And Associ-
ated Components),

Troubleshoot The Logic
Circuit  (A10U16, U22,
U26 And Associated Com-
ponents).

The Device Select
Signal At Pin 9 Of
ATOUI6 >4V
Peak-To-Peak

NO

Troubleshoot The Device
Select Circuit  (AT0U16,
utl4, U26 And Associ-
ated Components).

3455-D-5

Figure 8-H-9. Inguard Troubleshooting Procedure Diagram,
Auto-Cal Circuitry TEST 7.
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With A Display Reading Of
8" {Test € Failure), Mea-

sure  The Switch Drive
Voltage On Pin 14 Of
Al10U4,

Is
The Drive

YES

Voltage Approx.
@ Vdc?

Is
The Driver
Input Voltage At
Pin O Of A10U4
>4 \Vdc?

The Device Select
Signal At Pin 9 Of
A1OUI3 >4V
Peak-To-Peak
?

NO

Check A10U4 And Associ-
ated Components.

Troubleshoot The Logic
Circuit  (AI0U13, U22,
U26 And Associated Com-
ponents).

Troubleshoot The Device
Select Circuit (A10W13,
U1l4, U26 And Associ-
ated Components).

3455-D-7

The Switch Drive
Voltage At Pin 10 Of

YES

Is
The Switch Drive

Voltage At Pin 14 YES

The Switch Drive YES

Voltage At Pin 1 Of

AT0U24 Approx.
@ Vdc?

The Driver Input
Voltage At Pin 11 Of
A10U24 > 4 V dc

Check A10U24 And Assoc-
iated Components.

?

The Device Select
Signal At Pin 9 Of
AlOU1Z >4 V
Peak-To-Peak

Troubleshoot The Logic
Circuit  (AT0U12, WU22,
U26 And Associated Com-
ponents).

Troubleshoot The Device
Select Circuit (A10U12,
U14, U26 And Associ-
ated Components),

Of AT0UB Approx.
@ Vdc?

The Driver Input
Voitage At Pin 8 Of
A10UB > 4 V dc
?

The Device Select
Signal At Pin 9 Of
ATOUIE >4 V
Peak-to-Peak
?

YES

NO

Troubleshoot The Device
Select Circuit (A10U186,
U14, U26 And Associated

Components),

Is

The Voltage
At A10TP1
Approx. @ V dc

ated Components.

Check A10UB And Associ-

Troubleshoot The Attenu-
ator  Circuit  (A10U1B,
Q37, G35, Q38, Q39 And
Associated Components).

Troubleshoot The Logic
Circuit  (AT0U16, U22,
U26 And Associated Com-
ponents),

AT0U6 Approx.
@ Vdc?

The Driver Input
Voltage At Pin 7 Of

A10UB >4 V dc
?

The Device Select
Signal At Pin 9 Of
AlOUIG6 >4 V

Peak-To-Peak

NO

Troubleshoot The Device
Seiect Circuit (AT0U16,
U14, U26 And Associated
Components).

Is
The Gate Bias
Voltage At A10TP3

Approx. @ V dc
I

Check A10U6 And Associ-
ated Components,

NO

Troubleshoot The Gate
Bias Amplifier Circuit
(A10U1, Q5 And Associ-
ated Components).

Troubleshoot The Logic
Circuit  (A0U16, W22,
U26 And Associated Com-
ponents).

The Switch Drive
Voltage At Pin 13 Of
AT0US Approx.

The Driver Input
Voltage At Pin 11
Of A10US > 4 V dc

The Device Select
Signal At Pin 9 Of

@ Vdc

?

AIQUIE =4V
Peak-To-Peak

Check Switching FET's
YES A10Q16, Q19, Q34, Q39,
Relay A10K6 And Associ-
ated Components,

Is

The Gate Bias
Voltage Ay A10TP3
Approx.0 Vdc

Check A10US5 And Associ-
ated Components.

?

Troubleshoot The Gate
Bias Amplifier Circuit
(A10U1, Q5, And Associ-
ated Components),

Troubleshoot The Logic
Circuit  (AT10U16, U22,
U26 And Associatted Com-
ponents),

Select
U4,

Troubleshoot The Device

Circuit  (A10U16,
U26 And Associ-

ated Components}.

Figure 8-H-10. Inguard Troubleshooting Procedure Diagram,
Auto-Cal Circuitry TEST 6.

8-97/8-98




With A Display Reading
Of 5" (Test 5 Failure),
Measure The Switch Drive
Voltage On Pin 13 Of
A10U4.

Is

The Drive YES

Voltage Approx.
+95 Vdc
?

Is
The Driver

Input Voltage At
Pin 10 Of A10U4

Check A10U4 And Associ-
ated Components.

Approx.0 V dc

Troubleshoot The Logic
Circuit  (A10U13, U22,
U26 And Associated Com-
ponents).

The Device Select
Signal At Pin 9 Of

AIQU13 >4V
Peak-To-Peak

Troubleshoot The Device
Select Circuit (AT0U13,
Ul4, U26 And Associ-
ated Components).

3455-D-7

The Switch Drive YES

Voltage At Pin 10 Of
A10U24 Approx.
@ Vde?

The Driver Input
Voltage At Pin 11
Of A10U24 > 4 V dc
?

Check A10U24 And Asso-
ciated Components,

The Device Select
Signal At Pin 9 Of
A10U12 >4 V
Peak-To-Peak

Troubleshoot The Logic
Circuit  (A10U12, U22,
U26 And Associated Com-
ponents).

Troubleshoot The Device
Select Circuit (A10U12,
U14, U26 And Associated
Components).

The Switch Drive
Voitage At Pin 1 Of

YES

The Switch Drive
Voltage At Pin 14

A10U9 Approx.
-1 Vdc?

Is
The Driver Input
Voltage At Pin 7 Of
A10U9 >4 Vdc
?

Of A10US Approx.
-1 Vdce

Is
The Driver Input
Voltage At Pin 9 Of

A10U5 >4 V dc
?

Is
The Gate Bias
Voltage At A10TP3
Approx. -1 Vdc

Check A10U9 And Associ-
ated Components.

Troubleshoot The Gate
Bias Amplifier Circuit
(AT10U1, Q5 And Associ-
ated Components).

The Device Select
Signal At Pin 9 Of

AlOUTI3 >4 V
Peak-To-Peak

Troubleshoot The Logic The Device Select
Circuit (AT0U13, U22, Signal At Pin 9 Of
U26 And Associated Com- AloUie >4V
ponents)., Peak-To-Peak

Troubleshoot The Device
Select Circuit (AT0U13,
U14, U26 And Associated
Components),

YES

Troubleshoot The Device
Select Circuit (A10U186,
ut4, U26 And Associ-
ated Components).

Figure 8-H-11. Inguard Troubleshooting Procedure Diagram,
Auto-Cal Circuitry TEST 5.
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Check Switching FET's
A10Q15, Q21, Q33, Q35,
Relay A10K6 And Associ-
ated Components.

Is

The Gate Bias
Voltage At A10TP3
Approx. -1V dc

Check A10U5 And Associ-
ated Components.

?

NO

Troubleshoot The Gate
Bias  Amplifier  Circuit
{(A10U1, Q5 And Associ-
ated Components).

Troubleshoot The Logic
Circuit (A10U16, U22,
U26 And Associated Com-
ponents).




With A Display Reading Of
“4* (Test 4 Failure), Mea-
sure The Switch Drive
Voltage On Pin 14 Of
Al10U4,

Is

The Drive YES

The Switch Drive YES

Is
The Switch Drive

YES

The Switch Drive
Voltage At Pin 14 Of

Voltage At Pin 10 Of

Voltage Approx.
@ Vdc?

Is

The Driver
Input Voltage At
Pin 9 Of AT0U4

Check A10U4 And Associ-

ated Components,

>4 Vdce?

The Device Select
Signal At Pin 9 Of
A10U1I3 >4V
Peak-To-Peak

Troubleshoot The Logic
Circuit  (A10U13, U22,
U26 And Associated Com-
ponents).

7

Troubleshoot The Device
Select Circuit (A10U13,
U14, U26 And Associated
Components).

3455-D-8

A10U24 Approx.
0 Vdc?

The Driver Input
Voltage At Pin 11 Of
A10U24 > 4 V de
?

iated Components,

Check A10U24 And Assoc-

The Device Select
Signal At Pin 9 Of
AlOU1I12 >4V
Peak-To-Peak

Troubleshoot The
Circuit  (AT0U12,

ponents) .,

U26 And Associated Com-

Troubleshoot The Device
Select Circuit (AT0U12,
U14, U26 And Associ-
ated Components),

Voltage At Pin 1 Of
A10U9 Approx.
@ Vdc?

Is
The Driver Input
Voltage At Pin 7

Of A10U9 >4 Vdc
?

The Device Select
Signal At Pin 9 Of
A10U13 >4V
Peak-To-Peak
2

Troubleshoot The Device
Select Circuit  (A10U13,
U14, U26 And Associ-
ated Components).

Is

The Gate Bias
Voltage At A10TP3
Approx. @ V dc

Check A10US And Assoc-
iated Components.

Troubleshoot The Gate
Bias  Amplitier  Circuit
(A10U1, O5 And Associ-
ated Components),

Troubleshoot The Logic
Circuit  (AT0U13, U22,
U26 And Associated Com-
ponents).

A10US Approx.
@ Vdc?

Check Switching FET's
A10Q15, Q21, Q34, Q35,
Relay A10K6 And Associ-
ated Components,

Is

The Driver Input

Voltage At Pin 9 Of

A10US >4 Vdc
?

Is

The Gate Bias
Voltage At A10TP3
Approx.@ V dc

Check AT0US And Associ-
ated Components.

?

Troubleshoot The Gate
Bias Amplifier Circuit
(AT0U1, Q5 And Associ-
ated Components).

The Device Select
Signal At Pin 9 Of
A10UI6 >4 V
Peak-To-Peak

Troubleshoot The Logic
Circuit  (AT0U16, U22,
U26 And Associated Com-
ponents).

?

Troubleshoot The Device
Select Circuit {A10U186,
U14, U26 And Associ-
ated Components).

Figure 8-H-12. Inguard Troubleshooting Procedure Diagram,
Auto-Cal Circuitry TEST 4.
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With A Display Reading Of
“3" (Test 3 Failure) Mea-
sure The Switch Drive
Voitage On Pin 13 Of
A10U8.

Is
The Drive

YES

Voltage Approx.
@ Vdc?

Is

The Driver
Input Voltage At
Pin 11 Of A10U8
>4 \ dc?

The Device Select
Sginal At Pin 9 Of
AlOU12 >4V
Peak-To-Peak

YES

Troubleshoot The Device
Select Circuit (A10U12,
U14, U26 And Associated
Components).

3455-D-8

Is

The Gate Bias

Voltage At A10TP3
Approx. @ Vdc

?

Check A10UB And Associ-
ated Components.

Troubleshoot The Gate
Bias Amplifier  Circuit
Al10U1, Q5 And Associ-
ated Components).

Troubleshoot The Logic
Circuit  (AT0U12, U22,
U26 And Associated Com-
ponents),

The Switch Drive
Voltage At Pin 1 Of

A10U4 Approx.
@ Vdc?

Is
The Driver Input
Voltage At Pin 7
Of A10U4 >4 V dc

The Device Select
Signal At Pin 9 Of
AlOUI3 >4V
Peak-To-Peak

Troubleshoot The Device
Select Circuit {(A10U13,
U14, U26 And Associated
Components).

Is

The Gate Bias
Voltage At A10TP3
Approx.@ V dc

Check A10U4 And Associ-
ated Components.

?

NO

Troubleshoot The Gate
Bias Amplifier Circuit
(A10U1, Q5 And Associ-
ated Components).

Troubleshoot The Logic
Circuit  (A10U13, U22,
U26 And Associated Com-
ponents).

Is
The Switch Drive
Voltage At Pin 2 Of

YES

The Switch Drive
Voltage At Pin 2 Of

A10U5 Approx.
@ V'de?

The Driver Input
Voltage At Pin 5 Of
A10U5 >4 V dc

The Device Select
Signal At Pin 9 Of
A10UI6 >4 V
Peak-To-Peak

Troubleshoot The Device
Select Circuit (A10U186,
uUl4, U26 And Associ-
ated Components).

Is
The Gate Bias
Voltage At A10TP3

Approx, @ V dc
?

NO

Troubleshoot The Gate
Bias Amplifier  Circuit
(A10U1, Q5 And Associ-
ated Components).

Troubleshoot The Logic
Circuit (A10U18, U22,
U26 And Associated Com-
ponents).

Check A10U5 And Associ-
ated Components.

A10UG Approx.
@ Vde?

The Driver Input
Voltage At Pin 5
Of A10UE >4 V dc

The Device Select
Signal At Pin 9 Of
A1OU16 >4 V
Peak-To-Peak

Troubleshoot The Device
Select Circuit [A10U16,
U14, U26 And Associated
Components).

Figure 8-H-13. Inguard Troubleshooting Procedure Diagram,

Auto-Cal Circuitry TEST 3.
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YES

Check  Switching FET's
A10Q2, Q18, Q27, Q28,
Q38 And Associated Com-
ponents.

Is

The Voltage
At A10TP6
Approx. @ V dc

Check A10U6 And Associ-
ated Components.

?

NO

Troubleshoot The Feed-
back Amptifier (A10U3,
Q9, Q11, Q25, Q26 And
Associated Components).

Troubleshoot The Logic
Circuit  (AT0U16, U22,
U26 And Associated Com-
ponents).




With A Display Reading Of
“2" (Test 2 Failure) Mea-
sure The Switch Drive
Voltage On Pin 13 Of
A10U8.

YES

Check Switching FET’s
A10Q2, Q21 And Associ-

The Switch Drive

Voltage Approx.
@ Vdc?

Is
The Driver
Input Voltage At
Pin 11 Of A10U8
>4 Vdc?

Is

Voltage At Pin 14 Of
A10US Approx.
@ Vdc?

ated Components,

The Gate Bias
Voltage At A10TP3
Approx.® V dc

Check A10UB And Associ-
ated Components.

Is Is

The Driver Input The Gate Bias

Voltage At Pin 9 Of Voltage At A10TP3

?

NO

Troubleshoot The Gate
Bias  Amplifier  Circuit
(A10U1, Q5 And Associ-
ated Components).

The Device Select
Signal At Pin 9 Of
Al10U12 >4 V

Peak-To-Peak

YES

Troubleshoot The Logic
Circuit (A10U12, U22,
U26 And Associated Com-
ponents).

Troubleshoot The Device
Select Circuit (A10U12,
U14, U26 And Associated
Components).

3455-B-9

Approx.® V dc

Check AT10US And Associ-
ated Components,

A10U5 >4 Vdc
?

Troubleshoot The Gate
Bias  Amplifier  Circuit
{A10U1, Q5 And Associ-
ated Components).

The Device Select Troubleshoot The Logic

Signal At Pin 9 Of Circuit (A10U16, U22,
Al0UI6 >4V U26 And Associated Com-
Peak-To-Peak ponents),

Troubleshoot The Device
Select Circuit (A10U16,
U14, U26 And Associ-
ated Components).

Figure 8-H-14. Inguard Troubleshooting Procedure Diagram,
Auto-Cal Circuitry TEST 2.
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With A Display Reading
Of *1" (Test 1 Failure)
Measure The Switch Drive
Voltage On Pin 1 Of
Al0U4.

Is
The Drive

YES

Voltage Approx.
@ Vdc?

Is Is

The Driver Input
Voltage At Pin 7
Of A10U4 > 4 V dc

The Voltage
At A10TP1
Approx. @ V dc

Check A10U4 And Associ-
ated Components.

? ?

Troubleshoot The Attenu-
ator  Circuit (A10U18,
Q37, Q35, 038, Q39, Q40
and Associated Com-
ponents).

Troubleshoot The Logic
Circuit  (A10U13, U22,
U26 And Associated Com-
ponents),

The Device Select
Signal At Pin 9 Of

AT0U13 >4 V
Peak-To-Peak

Troubleshoot The Device
Select Circuit (AT0U13,
U114, U26 And Associated
Components).

3455-D-10

Is
The Switch Drive
Voltage At Pin 1 Of

YES

Is
The Switch Drive

Voltage At Pin 2 Of YES

A10UB Approx.
@ Vdc?

The Driver Input
Voltage At Pin 7 Of

A10U6 >4 V dc
?

The Device Select
Signal At Pin 9 Of
AlQUIE >4 V
Peak-To-Peak

YES

Troubleshoot The Device
Select Circuit (AT0U16,
U14, U26 And Associated
Components).

Is
The Gate Bias
Voitage At A10TP3

Approx. @ V dc
?

Check A10U6 And Associ-
ated Components.

Tioubleshoot The Gate
Bigs  Amplifier Circuit
(¢#110U1, Q5 And Associ-
ar;bd Components).

T oubleshoot The Logic
Creuit (A10U18, U22,
U?6 And Associated Com-
p Inents).

A10U8 Approx.
@ Vdc?

Is
The Driver Input
Voltage At Pin 4
Of A10U8 Approx.
0 Vdec?

Check A10U8 And Associ-
ated Components.

Troubleshoot The Logic
Circuit (A10U21, U22,
U26 And Associated Com-
ponents),

The Device Select
Signal At Pin 9 Of
A10U21 >4V
Peak-To-Peak
?

Troubleshoot The Device
Select Circuit (A10U21,
U14, U26 And Associ-
ated Components).

Figure 8-H-15.

Is
The Switch Drive
Voltage At Pin 14 Of
A1T0US Approx.
@ Vdc?

YES

Is
The Driver Input
Voltage At Pin 9 Of
A10US > 4 V dc
?

The Device Select
Signal At Pin 9 Of
A10U16 >4 V
Peak-To-Peak
?

Troubleshoot The Device
Select Circuit (A10U12,
U14, U26 And Associated
Components).

Check Switching FET's
A10Q16, Q21, Q36, Q38
And Associated Com-
ponents.

Is
The Gate Bias
Voltage At A10TP3
Approx. @ V dc

Check A10U5 And Associ-
ated Components.

Troubleshoot The Gate
Bias Amplifier  Circuit
(AT0U1, Q5 And Associ-
ated Components).

Troubleshoot The Logic
Circuit  (AT0U16, U22,
U26 And Associated Com-
panents).

Inguard Troubleshooting Procedure Diagram,

Auto-Cal Circuitry TEST 1.
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With A Display Reading Of
“@ (Test @ Failure), Mea-

sure The Switch Drive
Voltage On Pin 14 Of
A10U9.

Is
The Drive YES
Voltage Approx.
+ 10 V dc?

NO

Is
The Driver Input
Voltage At Pin 9 Of

A10U9 >4 V dc
?

YES

NO

The Device Select
Signal At Pin 9 Of
AlCU13 >4V
Peak-To-Peak
?

YES

NO

Troubleshoot The Device
Seiect Circuit (AT10U13,
U14, U26 And Associated
Components),

3455-D—-10

Is
The Voltage
At A10TP8
+ 10 V de?

NO

Troubleshoot The Refer-l

ence Supply (A11 Assem-
bly A10U7 and Associ- _
ated Components).

Troubieshoot The Logic
Circuit (A10U13, U222,

U266 And Associated Com-
ponents).

YES

Check AT10U9 And Associ-

ated Components.

(S
The Switch Drive
Voltage At Pin 1 Of
A10U4 Approx.
@ Vdc?

YES

NO

Is
The Driver itnput
Volitage At Pin 7 Of

A10U4 > 4 V dc
?

YES YES

At A10TP1

Approx.® V dc
?

NO
NO

Troubleshoot The Attenu-
ator Circuit (A10U18,
Q35, Q37, Q38, Q39, Q40
And Associated Com-
nonents).

Troubleshoot The Logic
YES o | Circuit (A10U13, U22,

The Device Select
Signal At Pin 9 Of
A10U13 >4V

Peak-To-Peak
?

U26 And Associated Com-
ponents).

NO

Troubleshoot The Device
Select Circuit {A10U13,
U114, U26 And Associated
Components),

Check A10U4 And Associ-

ated.Components.

he Switch Drive
Voltage At Pin 1 Of

A10UB Approx.
+ 1 V dc? {Ignore
The 2 Msec
pulse)

NO

YES

Is
The Driver Input
Voltage At Pin 7 Of

A10UB >4 V dc
?

YES

NO

The Device Select
Signhal At Pin 9 Of
A10U16 >4 V

Peak-To-Peak
?

YES

NO

Troubleshoot The Device
Select Circuit (AT0U16,

U14, U26 And Associ-
ated Components).

The Gate Bias
Volitage At A10TP3
Approx. + 1 V dc?
(Ignore The 2 msec
pulse)

YES

NO

Troubleshoot The (Gate
Bias Amplifier Circuit
(AT0U1, Q5 And Associ-
ated Components}.

Troubleshoot The Logic
Circuit  (A10U16, U22,
U26 And Associated Com-
ponents).

Check A10U6 And Associ- |

ated Components.

The Switch Drive
Voltage At Pin 14 Of
A10U5 Approx.
+ 1 V dc? {lgnore
The 2 msec
pulse)

YES

NO

s
The Driver Input
Voltage At Pin 9 Of

AT0US > 4 V dc
?

NO

The Device Select
Signal At Pin 9 Of
AlQUTe >4 V

Peak-To-Peak
?

YES

NO

Troubleshoot The Device
Select Circuit (A10U16,

U14, U26 And Associ-
ated Components}.

Figure 8-H-16. Inguard Troubleshooting Procedure Diagram,

Auto-Cal Circuitry TEST 0.
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Check Switching FET's
A10Q16, Q21, Q29, Q31,

Q32, Q38 And Associ-
ated Components.

Is
The Gate Bias
Voltage At A10TP3
Approx.+ 1 V dc?
(Ignore The 2 msec
Pulse)

NO

Troubieshoot The (Gate
Bias Amplifier Circuit
(A10U1, Qb And Associ-
ated Components).

Troubleshoot The Logic
Circuit {A10U16, U22,

U226 And Associated Com-
ponents).

Check AT10U5 And Associ-
ated Components.



Volt/Div.

20

Waveform 1

T L LR
5y 8 z

Time/Div.
5 msec

Turn The Instrument OFF.
Disconnect The Test
Jumper Located Between
A10U27 And U28, Use A
Clip Lead To Connect
A10TP9 To Inguard
Ground. Be Certain That
The Test Jumper On The
A3 Assembly Is Discon-
nected And The Plug Is
Disconnected From A1J7.
The Front Panel GUARD
Switch Should Be "In"
Connecting GUARD and
INPUT Low. Connect The
Oscilloscope To A14TP1.

Turn Instrument  ON.
Using A Clip Lead,
momentarily Short
A10TP10 To Inguard

Ground. Apply - 10 V dc
To The 3455A INPUT.

Is
Waveform 1
Present At

A14TP1
?

The Majority Of The Inguard Logic And
The A/D Converter Is Working. The
Following Procedure Tests The Inguard/
Outguard Transfer Circuitry.

Turn The Instrument OFF
And Reconnest The Plug
To A1J7. Remove The Clip
Lead From A10TP9. Con-
nect The Oscilloscope To
AT10TP9. Turn Instrument
ON.

A MNegative Pulse,
Approximately 4 msec NO
In Duration And
>4V P-To-P, present
?

YES

Is The
In REQ High
Or Toggling At

U26 Pin 29
9

Troubleshoot U26 Turn-
On Circuit (A10U24, 19,
9).

NOTE

These Signals Are Difficult Te Qbserve
On  An  Oscilloscope.  An  Alternate
Method To Determine If The Signals Are
Present Would Be To Use A Logic
Probe, Such As The -hp- Model 10525T.

Connect The Scope To
A3TP1.

Is
A Positive Pulse,

In Duration And
>4 V P-To-P, Present
?

Approximately 12 msec |NQ

Go To Outugard Trouble-
shooting Section.

Troubleshoot FQ Transfer
Circuit [A10Q9, A10U35,
A10U27, AI0U28 And
Associated Components).

’

Connect The Oscilloscope
To A10U26 Pin 36.

A Negative Pulse,

Approximately 1.3 msec [NO
In Duration And

Connect The Scope To
A3TP2.

>4 V P-To-P, Present
?

A Negative Pulse,
Connect The Oscilloscope

To A10U27, Pin 5. In Duration And

>4 V P-To-P, Present
?

YES

Approximately 1,3 msec | NO

Go To Outguard Trouble-

shooting Section.

Troubleshoot  The F1
Transfer Circuit (A1Q8,
A10U35 And Associated
Components).

Is
A Positive Pulse,

Approximately 2 usec
In Duration And
>4V P-To-P

Connect The Scope To
ATU33, Pin9.

Present

A Negative Pulse
Approximately .5 usec
In Duration And
>4 V P-To-P, Present
?

Go To Outguard Trouble-

shooting Section.

Troubleshoot The Transfer
Interrupt Circuit {A1Q7,
A10T2, A10U32, A10U27,
A10U28 And Associated
Components),

3455-D-12

—

v

Connect The Oscilloscope
To A3TP4,

A Negative Pulse,

In Duration And
>4 V P-To-P, Present
?

YES

Approximately 15 msec |NO

Connect The Scope To
A10U286, Pin 34.

Reconnect The Test
Jumper Located Between
A10U27 And U28. Con-
nect The Oscilloscope To
A3TP3.

Is
A Positive Pulse,

A Megative Pulse,

Approximately 15 msec |NO
In Duration And
>4V P-To-P, Present

Check Inguard Processor
A10U26 And A10Q42.

?

Troubleshoot The F3
Transfer Circuit (A100Q42,
A10U34, A3U9, And
Associated Components).

>4V P-To-P,
Present?

)

Connect The Scope To
A10U26, Pin 35,

Go To Outguard Trouble-
shooting Section, Figure
8-63.

A Negative Pulse

Approximately 50 usec
In Duration And
>4 \ P-To-P Present

Check Inguard Processor,
A10U26 And A100Q43.

?

Troubleshoot The F2
Transfer Circuit (A10Q43,
A10U34, A3U9 And
Associated Components.

Figure 8-H-17. Inguard Troubleshooting Procedure Diagram,
Inguard/Outguard Transfer Circuitry.
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Measure The
Inguard Power
Supplies (6 Labeled
Test Points On The
A10 Assembly).
Are The Voltages

Marked Values

Reference Supplies.

Within £+ 5% Of The

Also Measure + 10V

Troubleshoot The Inguard
Power Supplies.

7

»

Measure

Replace A10R105 With
The Proper Value.

The Bias
Voltage On Pin 38
Of A10U26. Is
This Voltage Within
+ .25 Volts Of The

Value Marked
On U26
?

NO

YES

A10R105 The
Proper Value For
The Voltage Marked

On A10U267

-20V =787k
-25V =604 k2
-30V =475k
-35V =392k
-40V =332k
-45V =280k
-50V =237k

YES

A

Turn Instrument OFF And

Carefully Remove
A10U26. Turn Instrument
ON,

he Bias Voltage
On Pin 38 Of The
1C Socket Within
t .3 volts Of The
Value Marked On

Replace A10U26.

U26 May Have Aged And |
Replaced

3455-B-13

!

Connect The Oscilloscope
To A10U26, Pin 27.

Is
The Clock
Signal (Waveform 2)
Present?

Is

The Interrupt

Signal At Pin 29

Of A10U26 Held

High or Toggling
?

The Data Signals
On Pins 18 Through
25 Of A10U26 >4
Volts Peak-To-Peak
?

Volts/Div
g "

Troubleshoot Clock Cir-
cuit (A10U21, A10U23,
A10U28 And Associated
Components).

Troubleshoot The Inter-
rupt Circuit (A10U9, 19,
21, 24, 27 28, 32 And
Associated Components),

Troubleshoot The 1/O Cir-
cuit (A10U11, 12, 13, 15,
16, 17, 22, 25, 26, 27 And

Associated Components).

Waveform 2

Time/Div
.5 usec

Figure 8-H-18. Inguard Troubleshooting Procedure Diagram,
Power Supply and Controller Circuitry.
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B
|

Turn The Instrument OFF,
Reconnect The Plug To
A1J7. Be Certain That The
Test Jumper On The A3
Assembly s Disconnected.
Turn The Instrument ON.

Is
The Device Select
Signal Present At
Pin 9 Of A10U15?
(This Signal Is A
Negative-Going Pulse
Approximately 1 usec
In Duration And
> 4 Volts Peak-To-
Peak.)

The Signals At
Pins 2, 10, And 12
Of A10U15 > 35
Volts Peak-To-Peak
?

Is
The A/D Input
Voltage At A10TP4
-10 V dc?

The Reference
Voltage At A10TP7
-10 V dc?

Troubleshoot The Device
Select Circuit (A10U14,
U26 And Associated Com-
ponents).

Troubleshoot The A/D
Switching Circuit
(A10U15, A14U1, U2, 1
Through Q4 And Associ-
ated Components).

Troubleshoot The DC
Preamp And Input Switch-
ing Circuitry (Schematic
No. 1). Be Certain That
- 10 V dc Is Applied To
The 3455A Input Termi-
nals.

The Reference
Voltage At A10TP8
+10 V dc?

Turn The Instrument OFF,
Disable The Inguard Clock
By Disconnecting The Test
Jumper Located Between

A10U23 And AIT0R79.

Turn Instrument ON,

Troubleshoot The Minus
Reference Supply (A10U7,
A14U2 And Associated
Components).

:

The Voltage

At A14TP1 Greater

Than + 10 V dc
?

Troubleshoot The Inte-
grator Circuit (A14U3, U4,
Q5, Q4 And Associated
Components),

Is
The Voltage At
Pin 14 Of The A14

Assembly > +4 V dc
?

Troubleshoot The .2 V De-
tect And Absolute Value
Circuits (A14U5, U6, Q6
And Associated Compo-
nents).

Is
The Voltage At
Pin 15 Of The A14
Assembly > +4 V dc

Troubleshoot The 10 V
Detect And Absolute
Value Circuits (A14U5,
U6, Q6 And Associated
Components).

The Voltage At
Pin S Of The A14
Assembly > 4 V dc
?

Troubleshoot The @ Detect
Circuit (A14U6 And
Associated Components).

Force The Integrator To
Auto-Zero By Connecting
A Clip Lead Between The
Cathode Of A14CR8 And
Inguard Ground.

Troubleshoot The Refer-
ence Supplies (A11 Assem-
bly, A10U7, A14U1, U2
And Associated Compo-
nents).

Is
The Voltage At

A14TP1 @ Vdc £ .2Vdc
?

Troubleshoot The Inte-
grator Circuit {A14U3, U4,
Q4, Q5 And Associated

Components),

Remove The Clip Lead
From A14CR8 And
Inguard Ground And Con-
nect It Across A14C2.

3455-D-12

Is
The Voltage At
Pin 14 Of The A14
Assembly @ Voits
+ .3 Volts de?

Troubleshoot The .2 V
Detect And  Absolute
Value Circuits (A14U5,
Us, Q6 And Associated
Components).

Is
The Voltage At
Pin 15 Of The A14
Assembly @ Volts
+ .3 Vdc?

Detect  And

Components).

Troubleshoot The 10 V
Absolute
Value Circuits (A14U5,
U6, Q6 And Associated

Is

The Voltage At
Pin S Of The A14
Assembly @ Volts
+ .3V dc?

Circuit (A14U6

Troubleshoot The @ Detect

And

Associated Components).

Remove The Clip Lead
From A14C2.

I1f, At This Point, The Problem Has Not
Been Isolated To A Circuit, Recheck The
Symptoms To Be Certain The Problem
Is In The Inguard Section Of The Instru-
ment, Refer To The Theory Of Opera-
tion And Schematics To Locate Prob-
lens Not Covered By This Procedure.

Figure 8-H-19. Inguard Troubleshooting Procedure Diagram,

A-to-D Convertor Circuitry.
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Model 3455A SERVICE GROUP H Section VIII

8-H-6. OUTGUARD TROUBLESHOOTING.

8-H-7. This section contains information and procedures to aid in troubleshooting the digital
(outguard) portion of the 3455A.

8-H-8. A Signature Analyzer (-hp- Model 5004A) is required to perform the Outguard

Troubleshooting procedures. If one is not available, it is suggested that the 3455A be returned to an
-hp- Sales and Service Office for repair.
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NOTE 1

The Signature

Analyzer Controls

Should Be Set As Follows For This

Test.

LINE. . ...

SELFTEST.

NOTE:

..... ON (IN)

ceee N (IN)

.. .OFF (ouT)

Proper Operation Of The Outguard Test
Routine Is Indicated By A Number Or
Being Strobed Across The
Display And The Front Panel Enunci-

Character

Turn The Instrument OFF,
Disconnect The Test
Jumper On The A3 Assem-
bly. Disconnect The Plug
From A1J7. Set All HP-IB
Address Switches To The
“@" position (down). Turn
The Instrument ON.

ators Being Alternately Lit.

——.—‘_‘

Or Check The +5 V
Signature For 4F53 (An
Alternative Quick-Check)

Does The
Instrument
Enter The
QOutguard Test
Routine?

Go To The Main Controller
Troubleshooting

Connect The Signature

Analyzer As Follows:

1. START input to
A3TP1.

2, STOP Input To A3TP1.

3. CLOCK Input To
A3TPS.

4, GND Input To Chassis
(See NOTE 1 For Signa-
ture Analyzer Control
Settings.)

Use The Signature Analy-
zer To Check The Signa-
tures At The Following
Points:
Location
A1U34
Pin 2 184P
Pin b T7FPH
Pin 9 AFOP
Pin 12 UHUC
Alu42

Pin 2 PBPH
Pin 5 P961
Pin 9 PH16
Pin 12 BCPA

Signature

Signature

Pro-

Go To The Main Controller
Troubleshooting Proce-
dure.

NOTE:

Or Check The +5 V
Signature For CH29. (An
Alternative Quick-Check)

Go To The ALU Trouble-
shooting Procedure.

Are
These Signatures
Correct

The RAM Circuitry Is Working Correctly.
Connect The
Analyzer, START And
STOP Inputs To A3TP2
And Check The Following
Signatures:

Location Signature
A1U34
Pin 2 6A09
Pin 5 5042
Pin9 U330
Pin 12 9954
AluU42
pin 2 PPO5
Pin 5 AH54
Pin9 530U
Pin 12 2A69
These
Signatures
Correct?

‘The ALU Circuitry Is Working Correctly.
Go To The Device Select
Troubleshooting
cedure.

ol 3455-B-17

Figure 8-H-20. Preliminary Outguard Troubleshooting Procedure Diagram.
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NOTE 1

The Signature  Analyzer Conlrols
Should Be Set As Follows For This

Test:
LINE . oo vii vnnwe o JON(IN]
START s i v s N (IN)
STOP. ... iv v S (oUT)
CEOCK . v woi s S (our)
HOLD o vm wvivs e OFt (OUT)
SELFTEST . v o v v OFF{OUT)

NOTE 2
The Fullowing Is A List Q1 Caomponents
Which Are Connected o The Processor

Input Duty Bus.

Schematic 8 Schematic 9 Schematic 10

Alls AlUl ATUSY
AlU2] ATUILS ATUGO
ANU22 AlUI6

ATL27 AlUI7

All34 AlUIS

ATU3S AlS1

Alli42

AlU43

ATRH0

WAVEFORM 1

B 2
et L
Volt/Div. by
10

A S T

ov

~ -n‘
LS G Fen
A58 AR ) AN
Time/Div,
b usec

Start

Be Certain That: The Test
Jumper On The A3 Assem-
bly s Disconnected, The
Plug Is Disconnected From
A1J7 And The HP-IB
Address Switches Are All
Set To The "0 " position.
Turn The Instrument ON.

v

Check The Following Pins
On A1J6 For The Volt-
ages Listed (A3 Assembly
Plugged In}:

Pin Voltage

+5V t 3V
+9V:5HYV
Egqual To The
Voltage Stamped
On A3U9 & 3V

r2r

v

Use The Signature Analy-
zer To Check The Signa-
tures On The Following
Pins Of The A3 Assembly:

)
s

Signature

3A9C
H3FH
P2F8
62PP
7078
F757
15FU
97C6

A-ImmopoOow

Are
The Voltages
Correct
7

The Clock
Signal (Waveform
1) Present At
A3TPS?

Are
These Signatures
Correct?

Connect The Signature
Analyzer START And
STOP Inputs To A3TP2
And Check The Following
Signatures:

Pin Signature
B BAAF
Cc BI3A
D C304
E 4F 60
F Cc43u
H ACHH
J 6C93
K 9H95

Troubleshoot The Power
Supplies. If The Woltage
At A1J6 Pin L Is Incor-
rect, Be Certain That
A3R3 Is The Proper Value
For The Voltage Stamped
On A3U9.
Voltage Resistance
50V 4.64 k2
-45V 2.87 k&2
40V 196 kO
-35V 1.37 k2
-30V 1.00 k$2
-25V 715 02
20V 511 8
Troubleshoot The Clock

Circuit (Schematic 8).

Turn The Instrument OFF.
Warning: Make Sure The
3455A Is Turned Off Or
Incorrect Signatures May
Be Present When The A3
Board Is Reconnected.
Remove The A3 Assem-
bly And Connect It To An
Extender Board. Place
Tape Accross Pins B
Through K (8 Pins) Of The
Extender Board (To Break
The Data Bus Connec-
tions) And Insert It In
A1J6. Connect The Sig-
nature Analyzer START
And STOP Inputs To
A3TP3. Connect The
CLOCK Input To A3TPS
And The GND To The
Chassis. (See NOTE 1 For
Signature Analyzer Con-
trol Settings. Turn In-
struments ON.

.

Are
These Signatures
Carrect?

Connect The Signature
Analyzer START And
STOP Inputs To A3TP3
And Check The Following
Signatures:
Pin Signature

PC79

A102

TAAU

0cs2

6UAO

H8CH

1P29

U478

A-ITmmQOoOm

‘

+5V: 4F53

Are

These
Signatures
Correct?

Replace The A3 Assembly.

Replace The A3 Assembly.

+5V: CH29

Connect The Signature +5V: 79FU
Analyzer START  And T
Stop Inputs To A3TP4
And Check The Following
Signatures:

Pin  Signature

B CHC4

o 6COP

D A43P

E 129C

F 0Ca3

H CPB5

J F517

K 6P03

Are

These
Signatures
Correct

Replace The A2 Assembly.

?

Replace The A3 Assembly.

Connect The Signature
Analyzer START And
STOP Inputs To A3TP3
And Check The Following
Signatures:

+5V: 02C2

Pin  Signature

4 UsP6
7 23F8
9 2A6F
10 3A9F
1 6242

+5V: 02C2

Are

These
Signatures
Correct

Replace The A3 Assembly.

Lse An Oscilloscope To
Measure The Amplitude Of
The Waveforms At A3TP1,
TP2, TP3, And TP4.

¢

—p

Are

All Waveforms
=>4V
Peak-To-Peak

Repla

ce The A3 Assembly.

?

YES

The Main Controller Test Routine |s
Operating Properly.

4

Use An Oscilloscope To
Measure The Amplitude Of
The Signals On The Proces-
sor Data Bus Lines At The
Following Points:

A1U34 Pins 5,9,12
A1U42 Pins 2,5,9,12

Are
These Signals
> 4 V Peak-To-Peak
?

The Voltage
At Pin 2 Of

The Processor Input Data Bus s

Refer To Schematic 8 To
Determine Which Data Bus
Line (D@ Through D7) Is
Being Held. Troubleshoot
The Components Which
Are Connected To This
Line, (See Note 2.)

In Most Cases, A High
Resolution Voltmeter
{1 gV Resolution) May Be
Used To Determine The
Bad Component. If The
Data Line |s Being Held
Low, The Component With
The Lowest Voltage
Reading Will Generally Be
The Faulty Part. If The
Line Is Being Held High,
The Bad Part Will Normal-
ly Have The Highest
Voltage Reading.

When Troubleshooting The
Processor Data Bus, The
A3 Assembly Should Be
Removed From The Instru-
ment. (Be Sure To Remove
The Tape From The
Extender Board.)

Operating Properly.

b

Turn The Instrument OFF.
Remove The A3 Assembly
From The Extender Board
And Replace It In The
Instrument. (Be Sure To
Remove The Tape From
The Extender Board.) Turn
The Instrument ON.

4

Go To The RAM Trouble-
shooting Procedure.

3455-C-I8

Figure 8-H-21. Outguard Troubleshooting Procedure Diagram,

Main Controller Circuitry.
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+5V: 4F53
Pin | Signature
u34 1 7622
2 184P
3 184P
4 7622
5 7FPH
6 7FPH
7 0000
8 AFOP
9 AFOP
10 7622
1 UHUC
12 UHUC
13 7622
14 4F53
u3s 1 3A71
2 184P
3 184P
4 3AT1
5 7FPH
6 7FPH
7 0000
8 AFOP
9 AFOP
10 3AT71
1 UHUC
12 UHUC
13 3A71
14 4F53
u3e 1 4F53
2 F281
3 AFOP*7078*,**
4 UHUC*F757*,**
5 7FPH*15FU" **
6 184P*97C6" **
7 183F
8 0000
9 1PPS
10 183F
" 671F
12 FF11
13 1UFP
14 143A
15 B8P0
16 4F53

The following signatures are for the outguard RAM circuits. The
signatures are taken with the start/stop inputs of the signature
analyzer connected to A3TP1.

NOTE
**These signatures apply when U44 and U45 are
removed from their sockets.

*To obtain this signature, a 10 K resistor must be
connected between the 5 volt TP and the probe tip
of the signature analyzer.

To check for proper logic tracer connections verify
signature of +5 test point is 4F53. The signatures in
this section take one or two readings to stabilize.

Pin Signature
4F53
F281
PslesAgcl.' -
PO61*H3FH* **
8CPA*P2F8* **
PH16*62PP* **
4F53
0000

1PP5
4F53
93AF
UBFF
OHAH
4AC4
183F
16 4F53

us7

RN DNOOAWN =

u3s 5 1PP5
8 1PP5
1 F281
12 1PPS
13 9037

HF64
9037

u3se

w o

7622
P6PH
P6PH
7622
P61
P961
0000

PH16
PH16
7622

8CPA
8CPA
7622

4F53

A Dm0 N AN =

3AM
P6PH
P6PH
3AT1
P961

P61

0000

PH16
PH16
10 3ATY
1" BCPA
12 8CPA
13 3A71
14 4F53

WO N0 s WK =

2

in

Signature

u44

u4s

u46

SRR RNoOS® DNOMBAWN =

o NV AWLWN =

-l o b b
DO E WK =

WK =

93AF
UGFF
OHAH
4AC4
1UFP
FF11
671F
0000

AFOP*7078* **
184P*97C6"," "

UHUC*F757* **
JFPH*15FU* **
9037

7622

143A

4F53

93AF
U6FF
OHAH
4AC4
1UFP
FF11
671F
0000

PH16*62PP* **

8CPA'P2F8*,**
P961*H3FH" **
PsPHISAgc. '. -
9037

7622

143A

4F53

HF64
7622
3AT1



NOTE 1

The Signature Analyzer Controls
Should Be Set As Follows For This
Test:

EINE s ici cavansia ini as ON (IN)

START..« v sveis 0 & L (IN)

STOP. .o oo .. /(ouT)

CLOCK. . o\ v ... /(ouT)

HOLD © .o vovn., OFF (OUT)

SELFTEST ... ... OFF (OUT)
NOTE 2

The Following Is A List Of Components
Which Are Connected To The Output
Data Bus.

Schematic 8 Schematic 9 Schematic 10

ATU23 Aluti ATU5T
AlU24 ATUIS ATUS4
AlU25 AlUI9 ATU63
A1U29 AlU20 ATU64
ATU3T AlU26 AlU65
AlU34 ATUG6
AlU35 AlU67
AlU36 AlU6S
AlU37 Al1U69
AlU42 ATU70
AlU43

F

Be Certain That The Test
Jumper On The A3 Assem-
bly Is Disconnected, The
Plug Is Disconnected From
Al1J7 And All HP-IB
Address Switches Are Set
To The "'@" Position. Turn
Instrument ON.

b

Connect The Signature
Analyzer START and
STOP Inputs To A3TP1.
Connect The CLOCK
Input To A3TP5 And The
GND To The Chassis, (See
NOTE 1 For Signature
Analyzer Control Settings.)

b

Use The Signature Anal-
zer To Check The RAM
Output Signatures At The
Foliowing Points:

Location Signature

A1U34

Pin 2 184P
Pin5 7FPH
Pin9 AFOP
Pin 12 UHuC
Al1U42

Pin 2 PEPH
Pin 5 P961
Pin9 PH16

Pin 12 8CPA

Are
These
Signatures
Correct?

The RAM Circuits Are Operating Cor-

rectly.

Go To The ALU Trouble-
shooting Procedure.

3455-B-20

4

Check The Signatures At
The Following Points:

Location  Signature

Al1U44

Pin9 AFOP
Pin 10 184P
Pin 11 UHUC
Pin 12 7FPH
Al1U45

Pin9 PH16
Pin 10 8CPA
Pin 11 P961
Pin 12 PG6PH

Are Is

The Enable
h
SI;a:flares Signature At
Correct A1U43 Pin 1
3A71

¢ ?

v

Turn The Instrument OFF.
Connect A 10 k&2 Resistor
Between The +5 V Test
Point On The A1 Assembly
And The Probe Tip Of The
Signature Analyzer Turn
The Instrument ON.

!

Go To The Device Select

Troubleshooting Proced-

ure.

Turn The Instrument OFF
And Carefully Remove Output Buffer A1U35 Or
AlU44 And UA45. Turn A1UA43.

The Instrument ON.

v

Check The Signatures At
The Following Points:

Location  Signature

AlU44

Socket

Pin 1 93AF
Pin 2 UBFF
Pin 3 OHAH
Pin 4 4AC4
Pin5 1UFP
Pin 6 FF11
Pin 7 671F

Pin 15 143A

Are

These NO

Check The Signatures At
The Following Points:

Location  Signature
AlU44

Socket

Pin9 7078

Pin 10 97C6

Pin 11 F757

Pin 12 15FU
A1U45

Socket

Pin 9 62PP

Pin 10 P2F8

Pin 11 H3FH

Pin 12 3A9C

Signatures
Correct
?

The Enable
Signature At
A1U44 Pin 13
9037

Go To The Device Select
Troubleshooting  Proced-
ure,

RAM, A1U44 Or U45.

Are
These
Signatures
Correct
?

Did
Any Of The
Points Checked
Have A
Signature
Of §oee

Is
The Signature
At Pin 2 Of
A1U36 F281?
Is The Signature
At Pin 9 Of
A1U36 1PP5
?

Presettable Counter
A1TU36 Or U37.

Data Bus Qutput Buffers
ATU34 or U42,

A Signature Of Q 0 Q @
Indicates The Qutput Data
Bus Line Is Being Held
Low. Troubleshoot The
Components Which Are
Connected To This Line.
(See Note 2.)

In Most Cases, A High
Resolution Voltmeter
{1 uV Resolution) May Be
Used To Determine The
Bad Component, In Gen-
eral, The Component Hold-
ing The Line Low Will
Have The Lowest Voltage
Reading. When Trouble-
shooting The Data Bus,
The A3 Assembly Should
Be Removed From The
Instrument.

Go To The Device Select
Troubleshooting  Proced-
ure.

NOTE 3

Be Sure To Remove The 10 kQ
Resistor Connected Between The
Signature Analyzer Probe Tip And
The +5 V Test Point,

Replace A1U44 And A1U45.

Figure 8-H-22. Outguard Troubleshooting Procedure Diagram, RAM Circuitry.
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+5V: CH29

Pin

Signature

u1é

u21

u22

u23

LW NOONBWN= oo

CPP3
CPP3
03FA

6457
8CPU
9954
6457
UPUH
5042
0000

6A09
2131
6457
U330
HAF7
6457
CH29

6457
9445
PPOS
6457
CPOH
AH54
0000

2A69
POF9
6457

530U
F84U
6457

CH29

CH29
osu7?
UHO1*
17A6*
2762
FH98*
3us2
0000

U23H
9uU2A
32UF*
5C08
FAA3*
3s541*
5673
CH29

The following signatures are for the outguard ALU circuits. The
signatures are taken with the start/stop inputs of the signature

analyzer connected to A3TP2,

To check for proper signature analyzer connections
verify signature of +5 V test point is CH29.

NOTE

*To obtain this signature, a 10 K resistor must be
connected between the 5 volt TP and the probe tip of
the signature analyzer.

Pin Signature
u24 1 CH29
2 AB1P
3 UHO1*
4 17A6*
5 37FH
6 FH98
7 9P30
8 0000
9 3UFF
10 94AU
1 32UF*
12 CH29
13 CH29*
14 CH29*
15 CH29
16 CH29
u2s 1 CH29
2 6406
3 FAA3*
4 3541*
5 9COF
6 150U
7 H4UF
8 0000
9 3UFF
10 3P95
1 21H1*
12 CH29
13 CH29*
14 CH29*
15 CH29
16 CH29
u28 1 6406
2 UCHB
3 9U2A
4 3uU52
5 2762
6 08U7
7 OPGP
8 5673
9 HAF7
10 8CPU
11 UPUH
12 0000
13 213
14 32AC*
15 F693
16 CPP3
17 5C84
18 3P395
19 HHF5
20 H4UF
21 HO74
22 9COF
23 87Cc2
24 CH29

Pin | Signature
u29 1 CH29
2 UCHé
3 FAA3*
4 3541*
5 87C2
6 150U
'’ HO74
8 0000
] 25H1
10 HHF5
11 21H1*
12 CH29
13 CH29*
14 CH29*
15 CH29
16 CH29
u30 1 A81P
2 S5H5C
3 gu2a
4 3uUs2
5 2762
6 08U7
7 5C08
8 5673
9 9445
10 CPOH
11 POF9
12 0000
13 F84u
14 1456
15 0129
16 OPGP
17 HAPB
18 94AU
19 3H92
20 9P30
21 59H2
22 37FH
23 THHA
24 CH29
u31 1 CH29
2 S5H5C
3 UHO1*
4 17A6*
B THHA
6 FH98
7 59H2
8 0000
9 25H1
10 3H92
11 32UF*
12 CH29
13 CH29
14 CH29
16 CH29
16 CH29



The Signature Analyzer Should Be
Set As Follows For This Test.

Be Certain That: The Test

LINE; 5 25 vaeiss _.{JN (IN) Jumper On The A3 Assem-
g;gsr .......... f(oﬂff‘:(‘,)} bly Is Disconnected, The

---------- Plug Is Disconnected From
CLOCK: % in w359 /'(UUTJ A1J7 And All HP-IB Ad-
HOLD . ........ OFF (OUT) dress Switches Are Set To
SELFTEST « v v iun OFF (oUT) The “@ * Position. Turn

The Instrument ON.

!

Connect The Signature
Analyzer START and
STOP Inputs To A3TP2.
Connect The CLOCK
Input To A3TP5 And The
GND Input To Chassis.
(See NOTE 1 For Signa-
ture Analyzer Control Set-

tings.)

Use The Signature Analy-
zer To Check The ALU
Output Signatures At The
Following Points:

Location  Signature

AluU42

Pin 2 PPO5
Pin 5 AH54
Pin9 530U

Pin 12 2A69

These
Signatures
Correct?

Check The Following ALU
Qutput Signatures:

Location  Signature

A1U34

Pin 2 6A09
Pin5 5042
Ping9 U330

Pin 12 9954

!

3455-D-I19A

Are
These

NO

Signatures
Correct?

Is
The
Signature
At Pin 6 Of

A1U16 03FA
?

Is
The
Signature
At Pin 5 Of
A1U16 CPP3
?

1

Check The Signatures At
The Following Points:

Location  Signature

A1U21
Pin 2 8CPU
ALU, ATU28 Pin 5 UPUH
Pin 9 2131
Pin12  HAF7

Inverting Gate A1U16.

The ALU Circuit Is Operating Correctly.

Go To The Device Select
Troubleshooting  Proced-
ure,

Are

Check The Signatures At
The Following Points:
Location  Signature
ATU22

Pin 2 9445

Pin 5 CPOH

Pin9 POFS

Pin 12 F84uU

These Signatures
Correct?

Are

These
Signatures
Correct

Qutput Buffer A1U21.

Check The Signatures At
The Following Points:

Location  Signature

A1U29

Pin 2 UCH6
Pin§ 87C2
Pin 7 HO74

Pin 10 HHF5

Are

Check The Signatures At

The Following Points:

Location

ATU3
Pin 2
Pin 5
Pin 7
Pin 10

Signature

5H5C
THHA
59H2
3H92

Is

The Device
Select Signature
At Pin 1 Of

Output Buffer A1U22

A1U22 6457

Go To The Device Select
Troubleshooting Pro-
cedure.

Signatures
Correct?

Are
These

These
Signatures
Correct?

Input Latch A1U29 Or
ALU A1U2Z2B.

Check The Signatures At
The Following Points:

Location  Signature

Al1U25

Pin 2 6406
Pin 5 9COF
Pin 7 HAUF

Pin 10 3P95

Are

Check The Signatures At

The Follow

Location

AlTU24
Pin 2
Pin 5
Pin 7
Pin 10

ing Points:

Signature

AB1P
37FH
9P30

94AU

These
Signatures
Correct?

Are

These
Signatures Input Latch A1U25 Or
Correct? ALU A1U28.

ALU, A1U28

Check The
The Foliow

Location

ATU23
Pin 2
Pin 5
Pin 7
Pin 10
Pin 12
Pin 15

Signatures At
ing Points:

Signature

osu7
2762
3U52
9U2A
5C08
5673

!

Is

Is
The Device

Are

These Select Signature Go To The Device Select
Signatures At Pin 9 Of Troubleshooting  Proced-
Correct? ATU23 U23H ure.

?

Input Latch A1U23 Or
ALU ATU30.

Is

The “Carry”

Signature At Pin 7 Of

A1U28 OPGP
?

ALU, A1U28 Or ALU,
ATU30

Qutput Buffer A1U22 Or
ALU ATU30

The Device
Select Signature
At Pin9 Of

Go To The Device Select

Troubleshooting
cedure.

Pro-

ATU31 25H1
?

Input Latch A1U31 Or
ALU A1U30.

Is
The Device

Select Signature
At Pin 9 Of

N044

Go To The Device Select
Proced-

Troubleshooting
ure.

A1U24 3UFF
?

Input Latch A1U24 Or
ALU ATU30.

Figure 8-H-23. Outguard Troubleshooting Procedure Diagram, ALU Circuitry.
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NOTE 1

The Signature Analyzer Controls
Should Be Set As Follows For This
Test:

EINE s sps wici s & ON (IN)
START iuci s v v - O (IN)
STOP. v v v v vvn Sour)
CLOCK. . . v .. S(ouT)
HOLD .. ....... OFF (OUT)
SELFTEST......OFF(OUT)
+5V: 02C2

Be Certain That: The Test
Jumper On The A3 Assem-
bly Is Disconnected, The
Plug Is Disconnected From
A1J7 And The HP-IB Ad-
dress Switches Are All Set
To The "@" Position. Turn
The Instrument ON.

!

Connect The Signature
Analyzer START And
STOP Inputs To A3TP3.
Connect The CLOCK
Input To A3TP5 And The
GND Input To Chassis.
(See Note 1 For Signature
Analyzer Control Settings.)

!

Use The Signature Analy-
zer To Check The Device
Select Input Signatures At
The Following Points:

Location  Signature

A1U33

Pin 1 6242
Pin 2 3A9F
Pin 3 2A6F
Pin4 23F9

Is

The Signature YES

At A1U46 Pin 3
5AP5?

A3 Assembly A1U32, U34,
U39 U42, U44, U45 Or
U46.

The Signature
At A1U46 Pin 2
USP6?

The Signature
At A1U46 Pin 1
58577

A1U35, U43 Or U46.

The Signature
At A1U39 Pin 9
5AP5?

ATU39

Are

These
Signatures
Correct?

Turn The Instrument OFF
And Carefully Remove
RAM's A1U44 And U45,
Turn The Instrument ON.

A3 Assembly Or ATU33,
ua1.

The Signature
At ATU39 Pin 9
Now 5AP5?

ATU38, U39 Or U41.

3455-D-19

RAM A1U44 Or U45.

The Signature
At A1U38 Pin 11
cus0?

NO

YES

The Signature
At A1U38 Pin 8
P7377?

NO

YES

The Signature
At A1U33 Pin 11
5UH2?

NO

YES

The Signature
At ATU33 Pin 12
77312

NO

YES

The Signature
At ATU33 Pin 13
H4CH?

NO

YES

The Signature
At ATU33 Pin 14
5A8F?

NO

YES

The Signature
At ATU33 Pin 9
17647

NO

YES

Is
The Signature
At AT1U33 Pin 10
55PA?

NO

YES

The Signature
At ATU38 Pin 12
P7377?

YES

NO

A1U38 Or U41.

A1U36, U37, Or U38.

A1U36, U37 Or U38.

ATU21, U22 or U33.

A1U24, U25 Or U33.

A1U29, U31 Or U33.

A1U23 Or U33

A1U33 Or A1Q7

A3 Assembly Or ATU33

The Signature YES

At A1U39 Pin 10
2P587

The Signature
At A1U39 Pin 11
2FPA?

A1U18,U17 Or U39

The Signature
At ATU32 Pin 4
2FPA?

A1U32 Or U417

The Signature
At ATU32 Pin 5
u754?

A1U32

The Signature
At A1U39 Pin 13
usPB?

A1U32 Or U38

A3 Assembly A1U32, U34,
U39, U42, Ud4, U4s

The Signature
At A1U32 Pin 3
02c2?

A1U19, U20 Or U32.

Is

The Signature YES

The Signature

At A1U8 Pin 2
4C967?

The Signature
At ATUB Pin 1
49247

A1UB8, U15, U186, Or U18,

The Signature
At ATU32 Pin 10
49247

A1U32 Or us1

A1U4, U8, Or U32.

At A1U32 Pin 11
02C27?

A1U11, U26 Or U32

The Signature YES

The Signature

At A1U7 Pin6
HC61?

Is

At A1U41 Pin 13
AC4A?

A1U41, U48, Us4 Or UB3

The Signature
At A1U7 Pin 5
H9H3?

The Signature
At A1U41 Pin 15
02077

ATUT Or ATU41

A1U41 Or UGBS

ATU1 Or A1U7

The Signature
At ATU33 Pin 7
00667

A1U33 Or UB4

The Signature
At A1U33 Pin 15
F541?

A1U33 Or Us1

The Device Select Circuits Are Operating

Correctly.

Go To The Interrupt
Troubleshooting  Proced-
ure.

Figure 8-H-24. Outguard Troubleshooting Procedure Diagram,

Device Select Circuitry.
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NOTE 1

The Signature Analyzer Controls
Should Be Set As Follows For This
Test:

LINE. .o e ON (IN)
START. v v ovv e e \ (IN)
L0 i es ot e s /(ouT)
CLOCK, .o o 53 3 S(ouT)
HOLD .\ v vvn .. OFF (OUT)
SELFTEST . ... .. OFF (OUT)
+5V: 79FU
3455-D- 2|A

Be Certain That: The Test
Jumper On The A3 Assem-
bly Is Disconnected, The
Plug Is Disconnected From
A1J7 And The HP-IB
Address Switches Are All
Set To The '@ " Position.
Turn The Instrument ON.

|

Connect The Signature
Analyzer START And
STOP Inputs To A3TP4.
Connect The CLOCK
Input To A3TP5 And The
GND Input To Chassis,
{See Note 1 For Signature
Analyzer Control Settings.)

Is

2AF0( instruments with serial number
1622A015065 and below the pulse is 5
msec wide.

BFor Instruments with serial number
1622A01506 and above and with a

Rev. D of the A1 board. The pulse is—_ |

positive when keys are pushed and

The Front
Panel Interrupt
Signal Correct

Connect The LOGIC
TRACER START And
STOP Inputc Ts A3TP3.
Press And Hold One Of
The Front Panel RANGE
Keys.

Connect The Oscilloscope
To A1U5B5 Pin 3. Press
And Hold One Of The
Front Panel Keys. The En-
able Signal Should Be A
Negative-Going Pulse Ap-
proximately 15 msec” In
Duration And 4 V Peak-
To-Peak

Is
The Front
Panel Interrupt
Signature
At A1U48 Pin 2
42AP?

Go To The Display Trou-
bleshooting Procedure.

negative when keys are released.

CFor instruments with serial number
1622A03538 and above or where Ser-
vice Note 3455A-13 has been im-
plemented, the negative pulse is 1.5
msec wide.

The HP-IB

Interrupt Go To The HP-IB Trouble-
Signature At shooting Procedure.
A1US3 Pin 5

ASF1?

Use An Oscilloscope To
Measure The Display Inter-
rupt Signal At A1US3, Pin
3. This Signal Should Be A
Negative-Going Pulse
Approximately 1 msec In
Duration Followed By A
Negative-Going Pulse
Approximately 2.8 msec In
Duration. Amplitude
Should Be About 4 V
Peak-To-Peak.

Is

One-Shot Multivibrator
A1U48, A1C32, A1R41,
A1U40, Latch A1US8,
And Gates A1U47, Or
A1US55.

Is

The Enable
Signal Correct
?

A1U40, U39, U47 Or
Us5.

Connect A Clip Lead To
The EXTERNAL TRIG-
GER Input (Rear Panel
BNC). Connect The Signa-
ture Analyzer Probe To
A1US3 Pin 4, This Point
Should Be Low (Signature
Of 00@0, and Probe Light
OFF.) Momentarily Touch
The Clip Lead To The
+5 V Test Point And Then
To Chassis Ground.

The Display
Interrupt
Signal Correct?

Connect The Signature
Analyzer START AND
STOP Input To A3TP3.

Is
The Device
Select Signature
At A1U48 Pin 10
AC4A?

Connect The Oscilloscope
To A1US5 Pin 4. Press
And Hold One Of The
Front Panel Keys (Except
LINE, LOCAL And
GUARD). The Front Panel
Interrupt Signal Should Be
A Negative-Going Puls
Approximately 15 msec

Did
The Probe
Light Blink

Go To The Display Trou-
bleshooting Procedure.

One-Shot Multivibrator
YES | A1u48, A1C29, A1RA42,
Gate A1US3, Or Decoder
A1U56.

Use The Signature Analy-
zer To Read The Signature
At ATUS53 Pin 6. Be Sure
The START And STOP
Inputs To The Signature
Analyzer Are Connected
To A3TP4.

in Duration And 4 V Peak- Decoder A1U41, One-Shot

To-Peak Multivibrator A1U48, Or
Latches A1US4 And
ATUB3.

1 6 usec if A1C32is a .68 uF capacitor.

The Signature

At A1UB5 Pin 6
The Same As
The Signature

Gate A1U53 Inverter
A1U52 Gate ATUS5.

At ATU53 Pin §

The Signature

At ATUS55 Pin 3
The Same As
The Signature

At A1UB5 Pin §

With The Signature Analy-
zer Probe Connected To
A1US5 Pin 3, Press And
Hold One Of The Front
Panel Keys.

The Signature
Change Momentarily
To GOQQ

?

Use An Oscilloscope To
Measure The Voltage Level
At A1U47 Pin 8.

The Voltage
At A1U47 Pin 8
>4 Vdc?

A3 Assembly Or A1U47.

Is
The Voltage
At A1U47 Pin 10
>4 Vdc?

Turn-On
U26 And Associated Com-
ponents.

Al1US,

Is

The Voitage
At A1UB5 Pin 12
< 2 Vdc?

A3 Assembly Or A1USS5.

The Interrupt Circuits Appear To Be
Working Correctly, However, The Dyna-
mic Operation Of The Following Com-
ponents Has Not Been Checked:

A1U39 Pin2
A1U46 Pins 6 And 11
A1U47 Pins 3,8 And 11

A1US5 Pin 11

Go To The Display Trou-
bleshooting Procedure.

Figure 8-H-25. Outguard Troubleshooting Procedure Diagram,

Interrupt Circuitry.
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The following signatures are for the outguard Display circuits. The
signatures are taken with the start/stop inputs of the signature
analyzer connected to A3TP3,

NOTE
*To obtain this signature, a 10 K resistor must be
connected between the 5 volt TP and the probe tip of
the signature analyzer.

**To obtain this signature, press and hold the
front panel MATH OFF key.

tTo obtain this signature, press and hold the front
panel LOCAL key.

t1To obtain this signature, press and hold the front

panel DCV key.
. To check for proper logic tracer connections verify
#hv: 0202 signature of +5 V test point is 02C2.
Pin Signature Pin Signature Pin Signature Pin Signature
u46 8 S5AP6 usé 1 3F5A U4 1 02c2 UeEs 1 02C2
9 cua4 2 Probe Tip Blinks 2 0066 2 | 895P
10 4F88 3 6144 3 u478* 3 CF21*
4 Probe Tip Blinks 4 1961 4 UBSA*
u49 1 66HET 5 A874 5 CH2H 5 | 4P3H
2 64641 6 Fas5A 6 F62P 6 TAAU*®
7 PACP 7 60C6 7 F9A4
4 Probe Tip Blinks
5 3AAA 9 5381 9 HA33 9 HA33
6 3818 10 | 1P93 10 | U39s 1C| 86C7
1" J4AP 13 | 1P29 11| OCs2*
uso 1 66HET 12 OPF4 14 | 0000 12| 379H
2 3818 13 | 67567 15 | 0207 13| 6UAOD*
3 B6F341 ues 1 02C2 14| HBCH*
; mt‘* us? 1 | 330H** 2 | 287¢ 15| 58P8
3 401F1t 3 CF21*
6 42APTT 4 64641 4 UBSA* ues 1 02c2
6 |6asat 5 | 38ua 2 | 3H62
8 401F 7 64641 6 7AAU* 3 CF21*
9 42AP 9 64641 7 2690 4 UG5A*
10 42AP 14 | 401Ftt 5 AAHH
1 B6H6T 9 60C6 6 TAAU*®
12 | 6464t use 3 | 6464t 10 | 1AHF 7 | 709A
4 64641 11 | ocs2*
us1 2 42AP 6 64641 12 HP75 9 CH2H
3 | CF21* 11 | 6464t 13 | 6uaO* 10} Pak?
4 | UBBA® 13 | 6F34t 14 | HBCH* 111 0cs2
5 31CU 16 | 63A2 12| 2851
6 TAAU*® us9 3 UPBC 13| BUAOD*
7 3AAA 6 2H84 U6 1 02C2 14| HBCH*
8 | Fa00 2 | Hocs 15| 052A
9 F541 11 | sa3c 3 | cF21*
10 AU99 4 UBSA* u7o 1 02Cc2
11 | Oocs2* ueo 3 | 3071 5 | 9ccs 2 | 766P
12 | 1u38 6 ua78 6 7AAU* 3 | CF21*
13 | BUAOD" 8 55H6 7 21C2 4 | UBSA*®
14 | HBCH* 11 | 9A99 5 | 26PP
16 | 6464 ue2 1 |Fusa 8 P s E SBA;U
3 Ledni 10 | 25CC
usz2 b5 02c2 6 aFss 11 | Ocs2*
6 | 0000 7 | snar 12 | 142F 9 | U3gs
8 | 0000 14 | HBCH* 11) ocs2*
9 | o2c2 . |AE 15 | A19P 12 | 0s0C
10 | e6Het 10 ]904A 13| 6UAO*
11 | 6836 14| HBCH*
11 | 64641 12 | 6363 ue7 1 | 02c2
12 | 02Cc2 13 | usad 2 uec1 15| 2867
13| %000 14 | 5APE 3 | cr1* U7t 2 | A29F
15 | P579 & |Use 3 | ps79
us3 8 330H b AHTA & | es63
9 31cu ues 2 | 6757 6 | 7AAU* 8 | usas
3 CF21* 7 BFHP
us4 2 SHAF 4 UBSA*
3 | 6uao* 5 |6144 9 | 1961 o .
4 HBCH* 6 TJAAU* 10 | A2C1
5 FU84 7 35FA 11 | ocs2* 15 | 5AP6
6 | 1p29° 12 | PeAA 17 | 54A7
7 | CuA4 9 |Acaa 13 | 6UAO*
9 | Acaa 10 | 54A7 14 | HBCH*
10 4F88 11 | 0C52* 15 | 865H
1 u478*




NOTE 71

The Signature Analyzer Controls
Should Be Set As Follows For This
Test:

LINE. .o v v i v annn ON (IN)

START: wnws v wen wrave \(IN)

STOP ek & 55 S (ouT)

CLOCK. ... v v v S our)

HOLD o isviis aii OFF (OUT)

SELFTEST ...... OFF (OUT)
NOTE 2

A Character, Starting At The Most Sig-
nificant Digit, Is Strobed Across The
Display. The Characters Displayed Are
1,2,3,4,5,6,7,8,9,(,/,",L,L, Blank And
Period. Each Character Is Strobed Across
The Display Twice. The Decimal Point
Accompanies The Character On The
Second Strobing Sequence. Also, In The
Least Significant Digit, The Decimal
Paint Is Lit On Each Strobe. The Only
Meaningful Displaying Of The + And -
Signs Is Before The Number 0 And 1
Start Their Display Segquence. The Time
Required To Run The Complete Test
Is 3 Minutes.

Be Certain That: The Test
Jumper On The A3 Assem-
bly Is Disconnected, The
Plug Is Disconnected From
Al1J7 And All HP-IB
Switches Are Set To The
“@ " position. Turn The
Instrument ON.

'

Connect The Signature
Analyzer START And
STOP Inputs To A3TP3.
Connect The CLOCK
Input To A3TP5 And The
GND Input To The
Chassis. (See Note 1 For
Signature Analyzer Control

Settings.)

Press And Hold The Front
Panel LOCAL Key.

Is
The Signature
At A1U57 Pin 14
64647

While Observing A1US57
Pin 14 With The Signature
Analyzer, Press Each Of
The Math Entry Keys
{Those Marked In Blue
And The STORE Keys).

Is
The Signature
330H When
Each Key Is

Pressed
?

+5 V: 02C2

The Signature
At A1U51 Pin 15
64647

Is
The Device
Select Signature
At ATU5S1 Pin 9
F541?

A251,

A2W2, Or A1US7

Input Latch AT1US1

Go To The Device Select
Troubleshooting Pro-
cedure.

Is
The Signature
At A1U51 Pin 5
31cu?

YES

401

At Al

Wh

The

The Signature

Each Key Is
Pressed

The Signature
34,6 6464

LOCAL Key
Is Pressed

The Signature
At A1U58 Pin 11
6464 When

Key Is Pressed

The Signature
At A1U58 Pin 13
B6F34 When
The LOCAL Key
Is Pressed

The Signature
At ATUBO Pin 1
38187

Is

F When

?

US8 Pins

en The

LOCAL

?

The Signature
At A1U51 Pin 2
42AP?

Input Latch A1U51 Or
Inverter ATUS0.

Inverter A1US0, Switches
S2, §7 -89, S13, 515-S22,
Cable A2W2 Or A1US7.

ATU57 Or A1UB8

Gate ATUS0, Inverter
A1U49 Or A1UBS8

Gates  A1US0  Inverter
A1U48 Or A1US8

The Signature
At A1U51 Pin 7
3AAA?

Input Latch A1U51 Or
Inverter AT1U49.

Input
A1U53.

Latch A1U51 Or

While Observing A1UB7
Pin 14 With The Signature
Analyzer, Press Each Of
The Remaining Keys
Except The LINE And
GUARD Keys).

Inverter A1US3, Switches
$1-56, S10-S13, S§23-—-
$28, Cable A2W2 Or
A1U57.

*

Connect A
tween The
A1C41 And
Oof A1UB1)
Ground.

Clip Lead Be-
Junction Of
ATR43 (Pin 1
And Chassis

Buffer ATUB0 Or Inverter
ATU49,

'

Is

The External
Trigger Interrupt
Signature At
ATU52 Pin 6

AU99?

The Signature
At ATUB1 Pin 2

TH8A?

The Signature
At A1UB2 Pin 5
AH2C?

The Signature
At A1U51 Pin 10
AU99?

Do

Inverter AT1US52 Or Gates
A1U46 Or AT1UB3.

All Display

Segments And
Decimals Light?
{See Note 2 For

Use Schematic No. 10 And
The Display Signatures

Table To Troubleshoot

A Description
P The Display Circuitry.

Of The Display
Operation.)

Input Latch A1US51 Or
Gate ATUB1.

Gate A1UB1 Or Inverter
AlU52,

The Signature
At A1UB1 Pin 5
1U38?

The Display Circuitry Appears To Be
Working Correctly, However, The Oper-
ation Of Latch A1U58 And Output Buf-
fers A1US9 And UBO Have Not Been

Checked.

Go To The HP-IB Trou-
bleshooting Procedure.

Gate ATUB1.

Remaove The Clip Lead.

Input Latch A1US51 Gate
A1UB1T.

3455-D-2I

Do
All Front

Panel Enunciators
(except REAR
TERMINAL) Light?
{Half Of The
Enunciators Are
Lit Alternately
With The Other

Half.)

YES

Use Schematic No. 11 And

A The Display Signatures
Table To Troubleshoot

The Enunciator Circuitry.

Figure 8-H-26. Outguard Troubleshooting Procedure Diagram,
Display Circuitry.
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The following signatures are for the outguard HP-1B circuits. The
signatures are taken with the start/stop inputs of the signature

analyzer connected to A3TP4,

NOTE

*To obtain this signature, a 10 K resistor must be
connected between the 5 volt TP and the probe tip of

the signature analyzer.

To check for proper logic tracer connections verify
signature of +5 V test point is 79FU.

+5V: 79FU
Pin | Signature Pin | Signature Pin | Signature Pin | Signature Pin | Signature
u1 1 0000 u7 3 7J9FU ui7 1 1P0O3 uU26 2 CcP65*
u12 . F4P2
2 P
| e s | 7oFu 3| crzH 3 | ocr s | oo
6 0A1A 6 0000 p 2N 4 HC7A
8 A725
10 | 77H9 us 1 F509 g 29563"; g ;;:g e 5 LFJ%?
1 2A3P
AR - Sen A o e . vl
4 PUA
vz 1 3504 5 alrd 1; g‘c';'; i Zi;;g 8 g.r?;;
9FF 6
3 | aort g | mes 13 | 3%0F i3 | 7ree o | cosv
4 1682 9 ABA9 :g igg: 10 | 3613
g g;s'lz‘l 10 270U (AR 1 CH2H 1 BAHS
11 5P30 2 7F46 12 3613
U13 1 9U3A
s | st gla vt oa e e w|
o | eem v 2 270U * ABAB e HPos -
12 79FU 3 5P30 5 FE21 8 6725 12 . C94u
13 | F2cA 4 5P30 g g807
s e 8 4FFC ? . 9":’: 1 1 Foe0
0A1A
us 1 0000 6 7907 % | Eeco 12 | 2952
2 79FU 7 00F8
3 0000 9 P6US .5, gusa u19 2 CH2H
4 79FU 10 qu3Aa 12 23y 3 CHCa*
5 0000 11 9U3A 18 JUsA 4 6CoP*
s | o000 15 | 70en U 1 | oors e | e
9 79FU uto 1 cscP : gggg‘ 7 91PF
10 0000 2 FF71 4 0 9 BBH7
1 79FU 5 9uU3A o 10 390F
12 0000 5 79FU .
w 2 | o000 o | oos2 g | e ER 21 e
9 9H17
s | 7opu 13 | poes o] oe 5 | Roa
1 P
5 0000 Ut 1 79FU }2 ?9,?!% 6 F517*
s | oo 3| chcar [ a2 o | sy
10 | 79FU 4 6COP* 15 1 0000 10 | 28PH
1 F509 g iﬁg?‘ 2 CFF6 11 6PO3*
3 40CF
ué 2 69H7 7 F2CA 5 0380
3 1018 9 8AH5 6 27H9
4 1018 10 ABA9 8 2A3P
5 HC7A n 129C* 9 4FFC
6 HC7A 12 | 9H17 1 | A728
7 A2C5 13 0Co3* 13 709H
9 67FF 14 F517*
10 | 1P03 15 | cscP 16 1 29FU
1 1PO3 2 CFF6
12 CC75 3 6P52
13 28PH 8 6725
15 5122 9 PC93
1 0A1A
12 9668




NOTE 1

The Signature Analyzer controls
should be set gs follows for this test:

LIRE cavvaracvsasing & ON (IN)
START: iovwsiins fvva s L (IN)
STOP. . . .. S s (ourT)
CLOCK. « v v v v v v Sour)
HOLD .. .o v OFF (OUT)
SELFTEST .. .... OFF (OUT)
+5V: 79FU

f

Be Certain That: The Test
Jumper On The A3 Assem-
bly Is Disconnected, The
Plug Is Disconnected From
A1J7 And The HP-IB Ad-
dress Switches Are All Set
To The “@" Position. Turn
The Instrument ON.

4

Connect The Signature
Analyzer START And
STOP Inputs To A3TP4,
Connect The CLOCK
Input To A3TP5 And The
GND Input To Chassis.
(See Note 1 For Signature
Analyzer Control Settings.)

!

Use the Signature Analyzer
To Check The Signatures
At The Following Points:

Are
These Signatures
Carrect

Check The Signatures At
The Following Points:
Location Signature
A1U18

Pin 1 CH2H
Pin9 91PF

Pin 12 2952
AlU17

Pin 1 1PO3

Pin 4 HC7A
Pin9 1018

Pin 12 390F

Location Signature
A1U34
Pin2 6P03
Pin 5 40CF
Pin9 2A3P
Pin 12 77H9
Alu42
Pin 2 6P52
Pin5 0A1A
Pin9 AT25
Pin 12 6725
3455-D-22

Are
These Signatures
Correct
?

Are
The Signatures

At The Following

Points Correct?

A1U19
Pin2 CH2H
Pin§ 2952 N
Pin7  91PF . Latches A1U19 Or U20.
Pin 10 390F

A1U20
Pin2 1018
Pin 5 HC7A
Pin7  1P0O3
Pin 10 28PH

YES

Bus Transceivers A1UG
And U12 Or Output Buf-
fers A1U17 And U1B.

The Signature YES

At ATU1B Pin 8
67257

The Signature
At A1U14 Pin 9
9H17?

AlU14.

Latch A1TU11 Or Gate

The Signature
At A1U14 Pin 10

Output  Latch

A1U18,

Gate A1U14, Or Inverter

27uu? AlU10.

Is

The Signature Bus Transceiver A1U9,
At A1U9 Pin 3 Gate ATU13 Or Inverter

5P30? ATUS.
The Signature Qutput Buffer A1U15,
At A1U14 Pin 12 Inverter  A1U3, Gates

79FU? A1U2 Or U14.

Gate A1U14 Or Inverter
AlUS.

The Signature YES

At A1U16 Pin 12
96687

The Signature
At A1U14 Pin 2
9U3A?

Latch A1U11, Or Gates
A1U13 Or U14.

Output  Buffer A1U1G,
Gate A1U14 Or Inverter
A1USB.

The Signature
At ATU14 Pin1
00F8?

The Signature
At ATUI3 Pin6
79077

Bus Transceiver A1US9 Or
Gate A1U14,

Latch  A1TU11, Inverter
A1U10, Or Gates A1U13
Or A1U2.

The Signature
At ATU13 Pin5
FF71?

4FFC?

709H?

Is

0000?

79FU?

The Signature
At A1U15Pin 9

The Signature
At A1U15 Pin 13

The Signature
At A1U15 Pins 1
And 5 And
A1U18 Pin 5

The Signature
At A1U16 Pin 1

The Signature
At ATU13 Pin 9
PEUS?

Qutput Buffer A1U15 Or

Gate A1U7 Or

A1U13.

Bus Transceiver A1U9,
Gate A1U13 Or Inverter
A1U10.

Output Buffer A1U15,
Inverter ATU10 Or Gates
A1U2 Or U7.

OQutput Buifers A1U15,
U18 Latch A1U4 Or
Inverters A1U3, U8.

Inverter ATU1 Gate A1U7
Or Switch A181.

The Signature
At ATUB Pin 8
H166?

Gates A1U2 Or ATU13,

Output  Buffer
Latch AlU4,
A1U3 Or Gate

ATU1E,
Inverter
ATU7.

Latch A1U11 Or Inverter
ATUB.

Check The Signatures At
The Following Points:

Location Signature
A1U9

Pin 2 27UU
Pin7 00F8
Pin9 PBUS
Pin 15 709H

Are
These Signatures
Correct
g

| ¥

Use The Clip Lead To
Short The ATN Input (J3
Pin 11) To Chassis Ground.

The Signature
At A1U34Pin 5
79H1?

Inverter A1U3 Or Output
Buffer A1U15.

Bus Transceiver ATU9.

Use The Clip Lead To

Check The Signatures At
The Following Points:

Location Signature
A1UB

Pin 2 69H7
Pin 7 A2C5
Pin 9 B7FF
Pin 15 5122

Are

These
Signatures
Correct?

Short The REN Input (J2
Pin 16) To Chassis
Ground.

The Signature
At A1U34 Pin 12
FC1u?

Inverter A1U3 Or Output
Buffer A1U15.

Connect The Signature
Analyzer Probe To A1U18
Pin 5.

Bus Transceiver A1UG.

Check The Signatures At
The Following Points:

Location Signature
Alui2

Pin 2 F4P2

Pin 7 509H

Pin 9 P823

Pin 15 40F3

Are

These
Signatures
Correct?

Does
The Probe

Tip Blink
When The
Ground Is
Removed

Qutput
Latch

And ATR11.

Bufter
ATU4,
A1U3 And A1U8 Or A1C1

ATU1B,
Inverters

The HP-IB Circuitry Appears To Be
Working Correctly. If The Problem Still
Exists: Check To Be Certain That The
Proper Procedures (lnguard Or Out-
guard) Have Been Performed, Trouble-

Bus Transceiver A1U12

shogt The ROM And Page Select Cir-
cuitry On The A3 Assembly And The
Circuits Listed In The Troubleshooting
Procedures Which Have Not Been

Use A Clip Lead To Short
The IFC Input (J3 Pin 9)
To Chassis Ground.

The Signature
At A1U42 Pin 2
CHC4?

Thoroughly Checked.

Output
Latch
ATUS,

Buffer A1U16,
Al1U4,  Inverter
Or Gate A1U7.

>

Figure 8-H-27 Outguard Troubleshooting Procedure Diagram,

HP-IB Circuitry.
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Figure 8-H-28. Detailed Block Diagram.
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Section VIII Model 3455A
Replaceable Parts
Reference HP Part o Mfr
X A N Qty Description Mfr Part Number
Designation umber Code
ALL J34553-006510 1 Pals wSLEMBLY, INGU Mi 28400 03455-66510
AluCl 01604479 1 CAPACITOR-FXD 220PF +-10% 28480 01604479
AluCe OLod-2e57 4 CAPACITUR-FXU LCPF +=3% 30unvul Cthk LH480 UlL0=-2257
AluLs Uisu-34v0 4 CaPALITUR-FX0 LUUPF #=LlU4 LUOUWYUL CEH 28480 0l60-3466
AluiLs 4C Ul e0-uLs9 2z CAPACITOR-FXD BBOUPF #=10U% 20U VDL POLYL 28480 0160-0159
Aluuy Jiou=0Li% 1 CAPALITUR=-FAD 2£0PF #=54 sulLwvul Mica 28460 0160-01 34
allue Ul sU-uull < CAPACITUR=-FAL &400PF #=52 LJJUaVUC LER 28460 0L50-0071
Aluld J150-0uTL CAPALITUR-FAD 4UUPF #=3% LJUJWVUL LER 28480 uls0-00T1
Aluls Ul =03 13 CAPAC [ TUR=-FXD LUF#=ZU% S0VUC Ta 26489 L500105X3052A2
Alucy DRR-L g VEED LAPACITUR-FXD LUF#=20x 23V0L 14 b6263 1500105x005242
AluLil Jlau=-usLey 3 CAaPACITUK=FAL J3UF+=1lJs LJIVUC Ta 56287 1500336X901082
AluLle Jlud-0kel < LAPACLTUR=FXU LUF #=2us 25aVie cenr 28480 0l69-0127
AluLis Ultu-3549b6 LAPACITOR-FXD 100PF #-LlU& LUvJmvuL LER 28440 0160-3466
AluCls J 1ol 3400 CAPACITUR=FAD LJOPF #=1uZ LUOUWVDL CER 28460 0l60-3466
Alucl> Jlou-23uve < CAPAL I TUK=FXU <THF #=57% 300aVUL MICA 28480 0160-2300
AluClLu JlsU-ulus 1 CAPALLTUK-FX0 4TPF #=5% 50UWVUL MICA 72136 UMLSE&TOJO520WVLICR
AluLdt Ulou-celn CAPALL TUK=FAD LUUPF #=5. 30JdVJe MICA 2b%d0 0l160=-220%
AluLls Jlod-uedd CAPAZ L TUR=FAU LUF#-202 SOVOL TA So2by 1500105%X00524A2
AluLlY Il ou=UL 30 CAPACT TUR=FXL LUF#=2U¢ 50vulL TA 56209 1500105XJ0524A2
AluLel JltU-a4bl 1 CuPACITUR=FAU L5UPF #=£.51 loJdmVul PLLY? 26480 Olu0-446l
Alueee Jhed=denT LasAL ITUR-FAD LUPF #+=54 5JJ0a¥UC CER 28460 Oleg-2257
AluLes Jiuw=ULo% CAPACITUR-FAL £Z200PF #=10. 20uaVOL PULYE 56289 292P22292
Alunds Jitu-2200 LAPACLIUR=FXAU ZTPF #=D33 JuuaVUL MiLA 20480 0160-2306
Aluvés ULEJ=-ULT L LAPAC I TUR=FXJ =33uUF+=-2J35 33VU0C TA S50Z89 1500334 X0035A2
Aluice J1ou=3usl ] CAPALTTUR=FXU JUluF +LJ0=-utl SuwVJuL LER 26483 Oled-3d4T
ApuLed Jiuu=3uel LAPACITUR-FAL «JLUF #lud-u, suWvuL LER 28480 0160-384T
Aluico Jiuimuila CAPALLTUR-FAU LUUF#+=104 civue TA be2dd 1500100X4902032
Alutey vieu=2d52 s LAPACT TOR-FXU JLUF +dU-2us LUOWVOL CER 24480 0L60-2255
AlJdlal Jlou=2das LAPACITOK=FXU «ULUF #ud=éls Luvavul CER 28480 0160-2055
Alulse J180-0254 CAPALITOK=FAD LJyFe=2d¢ S0vuL TA S50l83 L5UDL05X0050A2
AluiLss Jilou=3ual LaPALITUR=FAD +ULlur #lUu=-us suWVUL LCER 24440 0l60-3847
AldLis V1 EX-U 3V CAPALITUR=F AU LUF+-201 S0VOC TA 56289 L500105X005 242
Aluli3s J1eu-2uss CAPACLTUR=F AL OLJF #4u-20s Lulavol CER 28440 Uleu=-2055
ALllLau JLe=2Ua0 Ca?ALL TUR=FXI) JOLUF tou=-guk LIUAVUL CkR 2u4d0 DloU-2055
AlJeadl Jibu=2u55 CAPACI TUK=FAU <JlUF #bJd=-2Je LJUmVUL LEx 23580 0160-2055
ALULaE Uled=-2u33 LAPACITOR=-FRU LULUF #Lu=-205 LUUmaVYUL iR 244080 Ui6e0=-2055
ALdi3d Ji16ed-2usi CAPACITUR=-FAL «ULUF #ocud=-20% LJURVDL LM 24480 0leU-2055
Alulhs Jle-2u55 CAPACITUM=FAU <ULUF #iJ=-Zus LOOaYOL CER 20440 J160-2055
Aluwsd Jlou-2uss CAPACLTUK=-FXEL «ULUF #dd-cUe LUUAYDL LER 28480 01led-205>
AluLses Jilwd-2usd CarALITUR=-FAL «UlUF *Bu-2ud LIDAYOL LER 28460 0160-2J55
ALldias ulov=3v00 CaPAC I TUR=-FX0 IwOPF #=lud LuJumvul LER 254%80 0l60-3460
AlJLss J1du=-0230 WnPAZITUR=FAD LUF+=204 >0vul TA 56287 L5uD105XU05082
AlOC4o Jiel=-Uedd LAPACITUR=FXU 35uF+=1lL, LUVDL Ta 5L287 L500336X901082
AloLed Jied=2uad LAPACI TUR=FRU <ULUF #cJd=2J% LJUmVLC CER 23460 0l6U-205%
AluLho Uled=cdos CuPACITUR=-FAL «ULUF +du—2us LUORVLL CER 28%060 01460-2055
ALULSY JLlud-cUdd CAPALT TUKR=FXEY «ulUF #00-2Ui LuumVUL CEeX 26400 Jlel=-2055
AC SERIAL NUMBERS 1622A01806 AND ABOVE: REPLACES 0160-0159
] | |
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Model 3455A

Section VIII

Replaceable Parts

ference HP Part i s Mfr
Referenc: Description Mfr Part Number
Designation Number Code
AluLail Jiod=Luvo CAPACITUR-FXU ULUF #b0=-2ui LUOWVUL CER 20483 U160-2055
AlULse Vlt0-<cuds CAPACITUR=FAU ~U2UF +d0-20% 25nVOL LER 28480 0160-2605
Aluvas Jiuvduda CAPAC A TUR=FXN .UZUF #gu-2df ZowVUL LEn 20487 Ul60-20605
ALuLsé Jl-usad CaPACITUR-FAL LUF+=202 SUVUL TA 56289 1500105%X005342
AlULas viw-uled? CAPACITUR=FXU LUF #=20% Z3aVUe CEK 20480 0160-0127
Alulde i ed=uUoad CaPACLTUK=FALU LUF#=203 2Uvaul T4 Selud 15001 05X205J42
Aluad Ul ou=-gudd LAPACITUR-FXD 2.0UF#bu=LU: 50UYUL AL 28480 0180-2624
Aluubo Ul oU=cudd LAPACITUR=FAD 2Z20uF#5u-luU. 20VLl AL 26980 0ld0~-2624d
Alduss OLdu=uiav CAPALITUR-FXD LUF+=2Uus Suvul 1A 56289 150D0105X005042
Aluiuy Jibd=Ucad CAPAC ITOK=FXU LUOJUF+350-1u. £aVUC AL oo22v 25VBsLLILLO
Aldiue Jlsu=-dl s CAPALITJR=FXD LUDUJF+5J4-1Us £2VUL AL gzl 25VB5L1000
AluLos Jiw-uesy CAPACTTOR-FAU LUF#=2us SUVULL TA S6283 1500105X0050A2
Aluiey R T CAPACITUR=FXU 4Z0UJF#l0J=-104 L12VOL AL 20480 0180-0695
AluLou Ui ad=doad CAPACTTUR=FAL LUF+=205 50vaL 14 s0db? 1500105X005042
AlJikl L9cl-usse VIWJE=uEN PRP 3UV 25Ma TU-T¢ 20480 1901-0536
Alulré Ldul-unde ULOJE=GEN PRI 3uV 25Ma Tu-T2 28480 1901-0580
AlJLks LY Ld=3uds DIVDE=2ZNR 2.5cV 53 UU-T PO=.4d TL=4.J10% 15813 CD 35634
AluLné LY Ci=-0usu UVIOUE-SWITLHING B8OV 20JMA ZNs DU-T 26460 1901-0052
ALJCH S L9el-Luau UIJOE=-SWITCHING BUY 2UUMA cha ud=1 28480 1901-0050
AlUiko 19 ul=0us0 DIUDE=amlTCHING SuV 2UDMA 205 0J-7 28480 1901-0050
ALULhi L90c=01d 4 DIJDE-INK LbedV 535 UU-T Pu=.4W IC=+.00064 JaTl3 52 10939-242
AluLhy L9G1-0usy UIJIE-5mITLALNG UV ZUUMA Zh> D=7 28440 1901-0050
AluCkY 1yu2-ulLds VIDOE=ZNR LluedV 54 OU=T PO=.4m TC=+,008% 04713 52 10939-242
AluLkil LYce=Uids ULJOE=INR LloedV 54 00-T Pi=abm TL=+.0064 04713 5L 10939-262
ALuLkLlZ L9Cl-0casu UIUJE-SWITLHLNG BUY 200MA 2h5> Lu-T 28480 1901-0050
AlUCria 19Cl-0050 DIGUE-SWITCHING 40V 2UJMA ZN> UO-7 28480 1901-0050
ALOLRLS L9C2-3002 UIUDE=INK 2.3TY 5% DU-T Pu=.4d 1L=-.0T43 158139 LD 35526
AluLklo L9u2=0uay DIOJE-INR 0. 19V 5% DU-T Pu=<bm TL=#.024% 28480 1902-0049
AlUukl s L30L=0usd UIJJE-SWITLHING B0V LUUMA £H3 0J=T 28580 1901-0050
ALJLKLT 190C1-0u50 DIVJE-SWITCHING 80V 2u0MA ZNS DC-T7 28480 1901-0250
ALJLRLE 19Ci-0b80 DIODE=GEN PRP 30UV 25Ma& Tu-T2 28480 1901-0585
ALUCRLY L9¢l-ub8o DIOVE~-GEN PRP 30V 25MA Tu-T2 26480 19501-05856
AluLKel L9Ql-usida DIUDE-GEN PHP 30V 25MA Tu-72 28680 1901-0586
Alulree L901-0546 DIODE-GEN PrRP 30V 25Ma T0-T2 28480 L901-0586
AlJLkes L9ul=-0Ouau DIUDE-3WITCHING duUV 2UUMA 2N3 DU-T 284080 1901-0050
AlJLrlS L9Ci=0usu DIUDE=SWITCHING 80V 2U0MA N3 0U-T7 28420 1901-0050
ALuCkes 15C1-udsu DIDUE-SWITLHING BOV 20UMA 2NS DO-T 24480 1901-0050
ALlJUkes 1L901-0u59 DIUJE-SWITLHLNG B8OV Z0UMA ZN5 DU-T 28480 1901-0050
AluLrel L9¢1-05Te DIUDE=GEN PKP 35V 50MA DO-7 28%80 1901-0376
AlULKés L9Cl-Uale UIODE-GEN PRP 33V 50MA DU-T 28480 1901-0376
ALJLred L9C-Uite UIODUE=INR Lu.dV 54 UU=T PD=.4n TC=+.006% 04713 SI 10939-242
Aluinal L902=Ulan DIOVE=INK Ll6.2V 54 DU-T Po=.4m TL=+.066% 04713 51 10939-262
AlULK3e 19dl-uus0 DIJJE-SWITLHING 80V ZUUMA 2N3 Du-T7 26480 1901-0050
AluCdss 19C1=002d VIDVE=SWITCLHING BOY 2JUMA 2N3 ODU-T 20480 1901-0050
ALuLk 34 L9Cl-0us0 ULOUE-SWITCHING bUV ZuuMa 2N5 UO-1 28480 1901-0050
ALOLKI> 1901-0Uu50 CIOUE-SWITCHING 30V 2u0MA 2N> DuU-T 26480 1901-0050
ALOCKia L9CL-0u22 UIJIE-SWITCHING BOV Z00UMA 22N> LO-T 28480 1901-0J50
ALULKRST L9CL-0050 DIJIOE-SwITCHING dU¥Y 2U0MA 2ZNS DO-T 28480 1901-0050
ALOLK 3G 19ULl-0usy DIDDE=-SWITCHING 8UV 200MA 2ZN5 UO-T 28480 1901-0050
ALULR3Y 19CL-0uSv VIUDE=SWITCHING 8OV 200UMA &Ns DU-T 28480 1901-0050
ALOCK&L 1901-0u3d DIODE-SWITCHENG BUV ZUUMA 2N5S OU-T 28480 1901-0050
ALULCASGe 1901=0u30 DIODE-SWITLHING BUV 200MA 2N5 DU-T 28480 1901-0050
AlULKes L9Cl=-0us0 DIUDE-SWITCHING B8OV JuuMA 2NS DO-T 24480 1901-0050
ALUChés 1901-0u50 DIDJE-SWITCHING B0V 200MA 2NS OU-T 28480 1901-0050
ALULRS> L49CLl-00s0 DIODE-5SwITLHLING B8OV ZuUMA 2ZN3 DU-T 28480 1901-0050
AluLR4o L9C1-0usd DIDDE-SWITCHING 3uv 200MA 2NS DU-T 28460 1901-0050
ALOCRGT 19CLl=-0usu VIUJE-SWITLHING BOV 200MA 2Ns DO-T 28480 1901-0050
ALJCHAE 1901-0ucs UIUDE-PwR RECT 400V T50MA 0U-29 28480 1901-0028
ALUCKSY 1901-0u2s VIDDE-PWR KECT 400V T50MA JU-.9 26480 1901-0028
ALulral L9Ci-o002y OIUDE-PWR RELI 400V J5UMA UO-29 28480 1901-0028
ALULRSZ L9Cl-0vd DIUDE-PWR RECT 400V T50MA 00-29 284860 1901-0028
ALUCka s L9Cl-0u2a DIDDE-PWR RECT 400V T50MA LU-29 28480 1901-0028
ALULRSS 19C1-0uvu DIVDE-PWR RECT 400V T750MA 00-29 268460 1901-0028
AluCras 1901-0u28 DIVOE-PWR RECT 400v T5JMA UU-29 28480 1901-0028
ALULR 3G L19d1-00du UIODE-PWR RECT 400V TH0MA 00-29 28480 1901-0028
ALUCRST 19CL-0u2a DIODE=-PWR RECT 400UV 750MA 00-29 28480 1901-0028
ALUCHSH 19CLl-0u2s DIUDE~PWR KECT 400V T5J0MA 0029 28480 190l-0028
ALOCRSY 19Cl=-uusy DIJDE-SWITCHING BUV 200MA N5 DO-7 28480 1901-0050
AlJCkoel 19402-0049 DIOJE=INR ©.l9V 5% 00-7 Pu=.4W TC=+.0224 28480 1902-0049
ALDLHLZ 19Cl-u200 UI0DE-PwR RECT 100V 1l.5A 04713 SR1O46-9
AluCnos L9Cl-ueud UIODE-PWE RECT LOOV l.54 04713 SR1846-9
AlUCRo4 19&=01To ULJJE=INK 4T.5V Si DU-15 PU=LW TC=+.061s 04713 S$I-11213-335
Aldirdod 19 02-uus9 UIOJE=INR 6.19V 5% UU-T Pu=.4W TL=+.022% 24480 1902-0049
ALULnbL L9G2-0ilo DIJJE~LINK 4T.5V 5% DU-15 PO=1w TC=+.0611 Ja7l3 5I-11213-335
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Section VIII Model 3455A

Replaceable Parts
Reference HP Part =i Mfr
: : Qty Description Mfr Part Number

Designation Number P Code
AlULkol 1902-3104% DIOJE-INK 5.62V 5% DO-T PU=.4W TC=+.0162 15813 CD 35634
AlULRoo 1902-0e31 DISIE-INR LIN53518 14V 5% PD=5w TC=+75X 04713 LN53518
AlUuLKoy = 1901=0u>0 DIODE-SWITCHING BUV 200MA 2NS DO-T 28480 1901-0050
AIOCR71,72 4 19010050 DIODE-SWITCHING 80V 200MA 2NS DO-7 28480 1801-0050
AlOEL 1910-0077 1 *5URGE V PTCTH 28480 1970-0077
Aluks 81 10-0ub2 1 WIRE=RES 2.0-UHM/FT .0l-UlA 28480 8110-0052
Aludl L251-2035 CUNNECTUR=PC LUGE L15-CUNT/HRUN Z2=ROWS TLT785 252-15-30-300
LY A LE2bl-cuias CUNNECTOR-PC EuSE L5-CUNT/RUW Z-ROWS TLTBS 252-15-30-300
ALDJ3 12514189 L CUNNELTOR-PC EDGE 15-CONT/ROW 2 ROWS
Aluds 1251-432> 1 CUNNECTUR 1u-PIN M POST TYPE 28482 1251-4325
Aldas L251-3192 1 CONNELTOR 3-PIN M POST TYPEL 27264 09-60-1031125%03-034A)
ALUKL Uh90=-0T40 1 RELAY :REED 28480 0490-0740
ALuKe J45u-0cod 11 RELAY-REEU LA 100MA 1000VUL S5vDC-CUIL 28480 0490-0663
ALuks 0490-0Le3 RELAY-REED 1A 100MA lU00OVDL 5VDC-COIL 28480 0490-0663
ALuns U4 90-Uubs - RELAY-HEED LA LOOMA 250VDL SvoC-COIL 28480 0490-0664%
ALUKS 0490-0ut3 RELAY-REED 1A 100MA LOOOVDC SVDC-COIL 28480 0490-0663
ALuKe 0% 90-0063 RELAY-REED LA LOOMA LOOOVDL SVDC-COIL 28480 0490-0663
ALUKT Us S0-UbLS RELAY-REED LA l00MA 250VDC SVOC-COIL 28480 0490-0664
ALUKg U490-0604 RELAY-REED LA LODMA 250VULC SVDC-COIL 28480 0490-0664
ALOKY 04950-0604 RELAY=REED LA LOOMA 250VOC SVDL-CulL 28480 0490-0664
AluLi 91 W-lesl 1 CUIL=MLD 240UH 5T =65 .1550X.375L6G 26226 157243
A10P1 1261-4311 1 CONNECTOR 8-PIN F POST TYPE 27264 2-01-2081

1261-3476 CONTACT-CONN U/W POST TYPE FEM CRP (P/OP1) 28480 1261-3476
A10P3 125614310 1 CUNNECTOR 2-PIN F POST TYPE 27264 22-01- 1021
ALOul 50€8-7028 L] TRANSISTOR, FeT 28480 5088-T028
Aluue S0 dg-7028 TRANSISTOUR,s FET 268480 5088-T7028
Aluws 50817047 9 TRANSISTOR, FET KUVARLF 53005 28480 50817047
Aluus 5081-7047 TRANSISTOR, FET KOVARSF 53005 28480 50817047
AloQs 1855-0308 1 TRANSISTOR=-JFET DUAL N-CHAN O-MODE 51 28480 1855-0308
ALUGo LB 55-0.47 3 TRANSISTOR-JFET DUAL N-CHAN D-MOUE TO-TL 284560 1855-0247
AlowT 1854-0071 13 TRANSISTOR NPH SI PO=300MW FT=200MHZ 286480 1854-00T71
LYUI] Ld 53-00806 ' THRANSLISTOR PNP 51 PD=3LUMW FT=40MHI 28480 1853-0086
ALUuS L8ss-0u20 TRANSLISTOR PNP 51 PD=300MW FT=130MHL 28480 1853-0020
Aluwll 18540071 TRANSISTOR NPN SI PU=30uMW FT=Z20UMHL 28480 1854-00T71
Alvwle L85-00BT 3 TRANSISTOR NPN S1 PD=360Ma FT=T75MHI 28480 1854-0087
Aluvls 5088-Tuia TRANSISTOR, FET 28480 S088-T028
AlUUls 5088-TudA TRANSISTOR, FET 20480 5088-T028
Aludla 65081-7047 TRANSISTOH, FET KOVARSF 53005 26480 50817047
Aludle 50817047 TRANSISTUR, FET KOVARSF 53005 28480 5081-7047
ALUgsTd L855-0chb F TRANSISTUR=JFET DUAL N-CHAN U-MUDE TO-T1 28480 L855-02 &6
Aluvdle 5081-7047 THANSISTOR, FET KOVARSF 53005 28480 50817047
Aluuld 5081-7047 TRANSISTOR, FET KOVARSF 53005 28%80 5081-7047
Aluuel 5081-7047 THANSISTOR, FET KUVARSF 5,005 28480 5081-7047
AlOude 18 55-0420 11 THRANSISTOR J-FET 2N4391 N-CHAN DO—-MUOUE 04713 2ZN4391
Aldues L834-0087 THRANSISTOR NPN SI PO=360Mm FT=735MHZ 28480 1854-0087
Aluvze Lo54-0071 THANSISTOR NPN S1 PU=300MW FT=200MHL 28480 1854-0071
Aluuds Lo5—-00T1 THANSISTOR NPN SI1 PD=300Mw FT=200MHL 28480 1854-00T71
Aludie L883-0ud0 THANSISTOR PNP 51 PO=30UMW FT=150MHL 28480 1853-0020
AloQeTd Lat5~0368 [ THANSISTOR J-FET N-CHAN D-MUOOE TU-T2 51 28480 1855-0368
Aluués LE55-0308 TRANSISTUR J=rET N-CHAN D-™MJuDE TO-T72 51 28480 1855-0368
AlOwey L8 55=-0468 TRANSISTUR J=FET N-CHAN U-MOUDE TO-T72 SI 28480 1855-0368
Aluwsi Lb35=024w 2 STHANSISTOR, JFET N-CHANNEL IN485T 28480 LB55-02 4%
CYUTNE P L855=Ul44% SIRANSISTORy JFET N-CHANNEL IN485T 28482 1855-02 44
Aluuss LBE5-u4a20 TRANSISTUR J-FET 2N4391 N-CHAN D-MUDE 04713 2N4391
LYSIVELY LB55=-04620 TRANSISTUR J-FET £N4391 N-CHAN O-MOUE 04713 2N4391
Aluuds L6 55=-0368 THANSLSTOR J=FET N-CHAN D-40DE TO-72 Sl 28480 1855-0368
Aluvso LE55-uasd THANSISTOR J-FET N-CHAN D-MODE TO-TZ 51 28480 1855~-0368
Aluwal 1855-0l%0 TAANSISTOR=JFEN DUAL N-LHAN D-MUDE TO-T1 28480 1855-0246
AlOQ3e 5081—-7047 THANSISTORy FET KJUVAKSF 53005 28480 5081-7047
AlOudd 5081-7047 THANSISTUR, FET KUVARSF 53005 28480 5081-7047
ALYy L8 55-0s68 THRANSISTUR J=FET N-CHAN D-HMulE TO-7Z Si 28480 1855-0368
ALOUSL LE823~0uu TARANSISTOR PNP 51 PU=300MW FT=L5J0MHL 28480 1853-0020
Aldgse Ld53=0u20 TRANSISTOR PNP 51 PO=300MW FT=150MHL 28480 1853-0020
ALOuS3 lat3=0029 THANSISTOK PNP 51 PD=3U0MW. FT=150MHL 28480 1853-0020
Aludss Lo S=00TL TRANSISTOR NPN S1 PU=300Mn FT=200MHL 28480 1854-00T1
ALUuusS LaS~0uTi TRANSISTOR NPN 51 PD=300Ms FT=200MHL 284580 1854-00T1
AlVuso L8 53=0uey TRANSLISTUR PNP 51 PD=300MW FT=L150MHL 28480 1853-0020
LITLYS Je li=0uss 2 RESISTUOR SOK 5% 5W PW TC=0+-20 91637 R5-5
Aluke Wi la=uniZ HESISTUK 50K 5% 5w PW TC=0+-20 91537 RS-5
ALOKs Ve 9d=-8ial le RESISTOR LUOK 55 .25W CC Tu=-400/+800 oLL21 CB10OAS
Aluns OoS8-8737 RESISTOR LOUK 53 .25W CC TC=-400/+800 o1L21 CBLO45
Alund Uol3=1335 L] RLSISTOR L5K 5% .25W FL TC==400/+d00 o1L2l CB1535
AlUno Vb os=24%3 £ ReSISTOR 240K 54 «25w FL TL==d00/+900 oLL21 CB2445
ALORT U6 dd=244> HoSISTOR 24UK 5& 254 FL TC=-d400/+900 oLl CB2445
AluKp UT57T-04%5 2 RLSISTOR 15K 1% .l25w F TC=0+-100 26545 C4—-L/B-TO-1502-F
ALdnry JI51-04%0 ReSISTUR L5K L& 125w F Te=0+=-100 24546 C4=-1/8-TO-1502-F
AlukllL AC Doda3-1325 9 RESISIOR 1.3K 9% 254 FL IL=-400/+700 01607 cB1325
AC SERIAL NUMBERS 1622A01806 AND ABOVE: REPLACES 0683-2025

o 1 1
a Diodes CR71 and CR7Z apply only to serial numbers mﬁ and above.
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ALORLE Ob83=332> i ReSISTOR 3.3K 5% .25W FC TC=-400/+T0Q o1121 CB3325
ALURL3 ULSU-8T37 ReSISTOR LOOK 5% 256 CL TC=-400/+500 o112l CBLO45
ALUKlLS Jod3d~1uls Fd RESISTOR LOOD 5% .c5%d FL ML=-400/+500 oLLzl CBLOLS
ALUKLS Ueed-deed L RESISIOR B.2K 53 <25k FL TL=-400/+T700 oLL21 ceaz2zs
AlUKlo Joba=1535 RESISTOR 15K 34 25w FC TL==-400/+800 01121 CBL535
ALUKLYT JoB83i-2Us5 a RESISTOR ZUK 9% .25W FL TC==400/+800 oLLZl CB2035
AlUkle 06 96-4479 £ RESISIOR 14K 13 125w F TL=0#-100 24545 C4-1/8-TO-1402-F
ALJRLY Ue98-3130 1 RESISTOR L7.8K L% .l&5W F TL=0+-100 24546 C4-1/8-T2-1T782-F
AlLOKZL Vb d3-5625 3 KESISTUR 5.6K 5% .25W FC TC=-400/+700 oLzl CB5625
Alvkee Jo8i-5025 RecSISTOR 5.6K 53 .25W FL TC=-4u0/+T00 oLzl cB5625
ALJREZS Ob83-1535 RESISTOR 15K 5L .25w FC TL==400/+600 oLLZl Cal1535
Aluncy J698=-E6T77 8 RESISTURy FXD LUOO OUHM .u> 28480 0698-8T77
ALORZ> 069-44T79 RESISTUR 14K L& 1254 F TC=0¢=1lu0 24545 C4-1/8-TO-1%02-F
AluRio PLY-E g TFE 1 HESISTOR LUK 5% .25W FC TL=—400/+T00 oLLz2l calsezs
Alaw2? ULT-ELFa &3 ReSISTOR 220 54 25w FC TC=-400/+000 oL121 cB2215
Alundo Jobl=5l45 T ResISTOR 510K 5% .25« FC IL=-800/+%900 o121 CB5145
Alunred 069a-8737 RESISTOR LOUK 5% .25W LL TC=—400/+500 o1L2l CBLO4S
AluKal Ueds—luis 15 RLSISTOR LUK 5% .25W FL IC=-400/+700 oLL21 CBl035
ALUR3e J6E3I-5645 HESISTOR 5.6K 5% .25m FL iC=-400/+T700 oLi121 cas5625
ALUK3 S 06 83-9115 1 RESISIOR S10 5T .25w FL TCL==400/+600 o121 CB9115
ALUR3& Ve9d-8737 ReSISTOR LOOK 53 .25W CL TL=-400/+B800 o112l CBLO4S
ALUuK3> 08 LLl-3415 1 RESISTUR To.8 13 LW PW TCL=0+-20 91537 R5-1A
AlUK3o VeS-8iTe 1 *HESISTUR, FXu 10 OnM .05 28480 0698-8776
ALUR3T Jb83-2035 RESISTOR 20K 5% .25W FC TC=-4%00/+b600 oLL21 CB2035
ALUKss Jo9e=-8TT7 RESISTOR, FXD L0000 UHM .05 28480 0698-8777
AlUn3y QuSe-8737 RESISTOR 100K 5% .25W CC TC=-400/+800 oLzl CB1045
Alunsl V6 58-8u93 2 RESISTOR 20Kk 13 .125W F TC=0+-25 03868 PMES5S
AlJRse Ve98-Bo92 1 RESISTOR 160K 13 1254 F Tl=0+-25 03888 PMESSS
AlUkes Vo S8-8693 RESISTOR 20K 1% .125W F TL=0#-25 03s88 PMES555
Alunss Vo98-8737 RESISTOR 100K 5% .25W CL TC=-400/+500 oLizl CBLO45
ALJK4> 0683-5133 L RESISTOR 51K 5% .25« FL Ti=-4J0/+800 oLL2l CB5135
Alunss JoSa=-87T7T7 RESISTOR, FXO LO0O0 OHM .U> 24480 0698-8771
[YULTY) e 1l-346l 2 RESISTIVE SET, LOM/10UKOHM (INCLUDES R63) 28480 DBll-3461
Alunss 18 10-0c32 2 NETWORK=KES B-PIN-S51P <1-=PIN-5PLG7X100K 56289 216CHLO4XSPH
LY LT L810-0c32 NETWOKK—=RES 8-PIN-5IP .1-PIN-5PCG 7X100K 56289 216CH104XK9PM
Alursl Ve98-48737 KESISTOR LOUK 5% .25W CC TC=-400/+800 o112l CELO&5
AluKkSe 06 H83-2us KESISTUR 2K 5% .25W FL TL=-40u/+T00 orizi CB2025
Alunos VDbdi=bsils 1 RcSISTOR 8.2K 53 .25W FL TL=-400/+700 oLL2l CBs225
ALJRSS QeYe-T332 2 HRESISTUR IM 1Z 1254 F IL=0+-100 19701 MFSC1/8-T0-1004-F
AlJnSs J698-T332 RESISIOR LM L& .125W F TC=0+=100 19701 MF5CL/8-T0~1004~F
ALUKSG Vb EI-5145 RESISTUR S10K 53 .25W FC To==000/+900 o1121 CB5145
ALORST Vs Fd=0320 5 RESISTOR 5K 1% 125w F TL=0#-25 03888 PMES5S5-1/8-T9-5001-8
ALJK5d Josd-6 520 RESISTOR 5K 1% .1l25wm F TC=0#=cd 03888 PME55-1/8-T9-5001-3
AlUKDY Jo9d=lukl 2 KESISTOR 1O0UK LOZ £W LL TC=0¢d8s oLL2l HBL1O41
Aluktl UbS3=lusl R=3ISTOR 100K LU% 2W CC TC=0woBe oL12l HB1041
Aldroe 0653-6137 ReSISTUR 100K 5% 25w CC To=—400/+800 oLLZl CBLO4S
ALUKGL Jd l1-340i RESISTIVE ScTy L0M/ 100 KOHM (INCLUDES R47) 28480 VBll-3461
AlURow Joya=diT’l RESISTOR, FXD LU0 UHM .05 28480 0698-37177
AlJdros Jed3-T535 |} RL3ISTOR 75K 5% .25W FC TC=-400/+800 oLLZ2l CBT535
ALURbL £100-3.H3 1 RLSISTOR-THRMR 50 10s C TOP-AUDJ L-TRN 73138 T72-101-0
AldkeT Wb B3-ZuLs RESISTOR 2K 5% .22W FC TC=-400/+T00 oLL21 LB2025
AlLURoo OuS8-8T37 ReSISTUR LOUK 54 256 LLC TL=-400/+800 ollel CBLOGS
Alurby AT 51-0405 RL3ISTON LOUK LT .L25a F IC=0+-100 26545 C4-1/8-TO-1003~F
ALURTIL AT EI-Usub RESISTOR LOOK 1T «125m F TL=0+-100 24546 C4-1/8-T0-1003-F
ALUKTE Jods-2uls KESTSIOR 200 5% «25W FL TL=-400/+600 orLel CB20L5
ALURT S QI sl=Ussd L RESLIS5T0R Gl.9% L% 1294 F TL=0#=100 245456 C4-1/8-TO-6192-F
ALOKT& JuBa-uwlcd 6 ACSLISTUR %o 7K 5% .25W FL TC=-%00/+100 oLLz1 cBaT2s
ALUKT > o E3-1uss RESISTOR LOK 2% 256 rL TL=—400/+T00 o112l Cblo3s
AlJHio P ELPIVEE] ReSISTOR 20K 5% 225w Fu TC=-400/+d00 oLLl C82035
ALurTT Joda=4&ldn RESISTUR #.7K 54 254 FC Te==400/+ 700 aLLz2i ChaT25
ALJURToe WL BI-4Tso KESISTOR 4.7TK 3% .25w HC TL=-400/+100 oL1Zl CB4T25
ALURTY 06988777 RLSISTUR FXD 1000 OHM .05 28480 06988777
Alural 06832025 RESISTOR 2K 5% .25W FC TC=400/+800 on21 CB2025
ALURBe Joebs=9les 1 RoSISTOR 910K 5% 25w FC TC=-d00/+9500 o1zi C89145
AluKo 3 UGYB=a74T7 RLSISTUR LOUK 38 254 CLu To=-400/+dU0 oLLZl CBLl045
Alunbs Juba-luad RoSISTUR LOUM 58 29W FL TL=-4J0/+T00 ulLél CB1035
AlJdkoa JoSb-uT37 KESISTUR LOUK 5S4 «29%n CL lo==400/+a0U oLL21 CBLO4S
Alunou JoSe=-817T7 RESISTURY FAU LUOU UHM .09 20460 0698-87T77
LITLTY) Qe'M-diT1 ReSISTORy FXU LUOOD UMM .03 28480 0698-87T77
AluKBa wodI=5LLS F RESISTOR 5Ly 54 250 FC TL=—400/+600 0llel CB5115
AlURoy Dodd=S%115 ReslSTUR 510 98 <254 FL TC==400/+600 oLLzL CB5115
AluKdli Judd-Juiu RESISIUR 20K 54 .25W FL TL=-400/+d00 ollzl LB2035
ALuk9e dodid-duss HcSESTOR 20K 93 <254 FL Te=—-4u0/+8u00 oLzl LB2035
Alunys Wb Bi=auea 4 KESISTOR 3K 9% 25w FL Tu=-402/+T00 Ollel CB30es
ALUKA & Uobd=2uds Hz51ISTUR 2K 5L .23W FL TL==200/+T00 01Kl LB2025
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Section VIII Model 3455A
Replaceable Parts
Reference HP Part = Mfr
: g Qty Description Mfr Part Number
Designation Number Code
ALURS > Vb ed-2uls RESLSTOR 200 5% .25W FL TC==400/+0600 o1zl 82015
AlinYo Yo B3-2015 RESISTOR 200 5% .25W FC TCL=-400/+600 oL121 CBzol5
ALORYT Ubdi-2025 RESISTOR 2K 5% .25W FC TC=-%400/+700 oLL21 CB2025
ALOnYo Ve 83— 2025 RESISTUR 2K 5% .25W FL TC==-400/+700 oli21 CB2025
ALORSY 06988777 RESISIOR FXD 1000 OHM .05 069688777
AI0R101, R102 06832035 RESISTOR 20K 5% .26W FC TC=-—400/+800 onx CB2035
A10R103 06834725 RESISTOR 4.7K 5% .26W FC TC= —400/+800 on21 CB4725
AT0R104 0683-1335 1 RESISTOR 13K 5% .25W FC TC=—400/+800 o221 CB1335
AIR105* 1 PADDING 1 IST  (P/O 03455-62501)
060R--3259 RESISTOR 7.87K 1% .126W F Tr=0+-100(.2.0V) 24546 C4-1/8-TO-TRT1--F
06983497 1 RESISTOR 6.04K 1% .125W F TC=0+-100(-2.6V) 24546 C4—1/B-TO-604R-F
0757—-0437 1 RESISTOR 4.75K 1% .125W F TC=0+-100(-3.0v) 24546 C4-1/8-TO- 4751-F
07570435 2 RESISTOR 3.92K 1% .125W F TC=0+-100(-3.5V) 24546 C4-1/8-T0-3921-F
0757-0433 3 RESISTOR 3.32K 1% .125W F TC=0+-100(-4.0V) 24546 C4-1/8-T0- 3321 +F
0608—4436 1 RESISTOR 2.8K 1% .126W F TC=0+-100{-4.5V) 24546 C4-1/8-T0-2801-F
06983160 1 RESISTOR 2.37K 1% .125W F TC=0+-100(-5.0v) 24546 C4-1/8-T0-2371--F
Alunlio 0757=-0.T4% RESISTUR 1.21K 1% .125W F TC=u+100 245456 C4-1/8-TO-1213~-F
ALURLOT Vo ud-2025 KRESISTOR 2K 5% .25W FL TC=-400/+700 oLL2l CB2025
ALOKLOB Vo ds=-4T25 RESISTOR 4.7K 5% .25W FC TC=-4%00/+T700 01121 CBAT2S
ALUKluY 06 B3-4725 RESISTUH 4.TK 53 .25wW FL TC==400/+T700 oLL21 CB4T25
AT0R111 4A 0683-4725 RESISTOR 4.7K 5% .25W FC TC=-—400/+700 o2 CB4726
Alusl ag 04900002 1 SMITCH-MAG REED FURM A 3VA L2u0V CUNT 28480 0490-0802
ALUTl 9100-06T78 1 THANSFORMERs PULSE 28480 9100-0678
Aotz 9100-3679 1 THANSFUORMER, PULSE 28480 9100-3879
AlOoulL LB26-0343 2 IC MC 1436C OP AMP 04713 MC143606G
Aloue L826-0109% 2 1L 4A 2625 UP AMP 28480 1826-0109
ALOu3 18260304 1 IC LF 355 OF AMP 27014 LF355H
Aluus LB 26=0347 5 ICy J COMPUTER LM339 SPEC. 28480 1B26-0347
ALOus 18 26-034T 1Ly J COMPUTER LM339 SPEC. 28480 LB26-034T7
Aluus L6 26-034T ICy J COMPUTER LM339 S5PEC. 28480 1B26—034T
ALOu? 1826-0471 1 IC OP AMP LOW-DRIFT TO99 02180 QP-07CJ
Alous 1B46~0347 ICsy J COMPUTER LM339 SPEC. 28480 LB26-0347
Alouy LB26~03%7 Iue J COMPUTER LM339 5PEC. 28480 1826-0347
Aloull 1820-119¢ IC=0IGITAL SNT4LSLT4N TTL LS HEX 0L295 SNT4LSLTAN
Aloulr2 LB820~1.96 IL-0IGITAL SNT4LSLT4N TTL LS HEX 01295 SNTHLSLT4N
AlOuls 1d20~-1196 IC-DIGITAL SNTALSLT&N TTL LS HEX 01295 SNT4LSLT4N
AlUulé Lécu-1dle IC=DIGITAL SNT&LSL38BN TTL LS 3 01295 SNT4L5138N
ALUUL> LB20-1196 Ju=DIGITAL SNT4LSLT&N TTL L5 HEX 01295 SNT4ALSLT4N
Aluule 1820-119%0 IC-DIGITAL SNT4LSLT4N TTL LS HEX 01295 SNT4LSLT4N
ALouLrt Legd-119s IC=-DIGITAL SNT4L5174N TTL LS HEX 01295 SNT&LS1TeN
AlUuls Lo db-0343 IL MC 1436C 0P AMP 24713 MC143606G
Aluuly L8£0-04T1 & IC-DIGITAL 5NT406N TTL HEX 1 01295 SNT&06N
Alouzi L820-1197 IC-DIGITAL SNT4LSOON TIL L3> QUAD £ NAND 0129% SNT4LSOON
ALDuce L820-1199 IC-DIGITAL SNTALSO4N TIL L5 HEX 1 01295 SNT4LSO&N
ALOUZs 18201420 4 IC=JIGITAL SNTAL592N TTL LS Div-x-12 01295 SNT4LS92N
Aluucs LB20~-04T1 IC-01GITAL >NT&06N TTL HEX 1 01295 SNT406N
Alduga L0 18=-22T0 1 ILy MUS-ROM 26480 1818-22T0
Alduce 03455-62501 NANOPROCESSOR ASSY INCLUDES A10R105* 28480 03455-62501
Alvueid lug0=-1198 IL=D1GLITAL SNT4LS03N TTL LS QUAD < NAND 01295 SNT4LSO3N
AlOudd 1b2u=1199 IL-DIITAL SNT4LSO4N TTL LS HEX 1 01295 SNTALSO4&N
Aluuzy L8 20=1197 IC-D1uITAL SNT4LSOON TTL LS QUAD & NAND 01295 SNT4LS00N
[YUNEYY Lodu=l4c0 IC-DIGITAL >NT&LS592N TTL LS DIV=X=12 01295 SNT4LS92N
AlUuse Le20=1112 IC-DIGITAL SNT4LST4N TTL LS DUAL 1295 SNTHLSTAN
ALOU3I> Lddu-111¢ IC=OIGITAL SNT&LST4N TTL LS DUAL 01295 SNTALST4N
ALOU3S L950=-05TT 2 OPTO=1SOLATOR LED-PDIU/XSTR IF=50MA-MAX 28480 1990-0577
Aluuls 19900517 OPTO=ISOLATUR LED-PDIU/XS5TH IF=50MA-MAX 28480 1990-05T77
AlUuis L826=0450 1 Ic V KGLTR 27014 SL26683-24
[YOIEY 18 i6=0299 1 1c V RGLTH 27014 LM320T-24
AlJu3s 18 26~ 0396 i IC TBLS5C V RGLTR 02237 7815UC
AlDuUs9 L826-02T77 L Ic LM 320 V KGLTR 27014 LM320T-15
12u5-0309 4 HcAT SINK SGL TU=220-PKG 28480 1205-0309
ALJdml J3455-0l 607 1 LABLE ASSEMBLY, Le.l«{INCLUDES P1) 28480 03455-61607
Aluwe U3 455-ololo 1 CapbLEs 10/1 DIVIDER 28480 03455-61608
Alual 1200-0460 1 3UCKET=1C 40-CUNT DIP-5LDK 0011y A=23-2030Y
ALJYL 0% lu=0vob 3 i CAYS5TALy UUARTZ 4915200 kHz 28%80 0410-0663
S504U=01T7J GUIVE:PLUG-IN PL uOARD 28430 5040-0170
All AC 11177-68501 L ASSEMBLY, REFERENCE 20480
NOT FIELD REPAIRABLE.
REBUILT EXCHANGE ASSEMBLY
111774 REPLACEMENT ASSEMBLY

ApA RESISTOR A10R111 APPLIES ONLY TO SERIAL NUMBERS 1622A00411 AND ABOVE.
ag REEDSWITCH A10S1 APPLIES ONLY TO SERIAL NUMBERS 1622A00410 AND BELOW.
ac  REPLACE WITH A20 ASSEMBLY PART NUMBER 111778 FOR REPLACEMENT OR EXCHANGE.
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Model 3455A Section VIII
Reference ;e Mfr
. - r

Designation HP Part Number | Qty Description Ciitla Mfr Part Number
A2 0345566512 1 PC ASSEMBLY, OHM CONVERTOR 28480 0345566512
Al2C1 0180-0230 CAPACITOR FXD 1UF+-20% 50VDC TA 56289 150D105X0050A2
A12C2 0160-0164 1 CAPACITOR-FXD .039UF +—-10% 200 vDC 28480 0160-0164

A12C3 ap 0160-0157 1 CAPACITOR-FXD 4700PF +—10% 200VDC 28480 0160-0157
A12CR1-CR4 19010050 DIODE-SWITCHING BOV 200MA 2NS DO-7 28480 19010050

A12CR5 1802-0777 1 DIODE-ZNR 1NB25 6.2V 5% DO-7 PD=25W 04713 1NB25

A12CRE, CR7 1901-0050 DIODE-SWITCHING 80 V 200MA 2NS DO-7 28480 1901-0050

A12CRB 1901-0036 1 DIODE-HV RECT 1KV 600MA DO0O-29 28480 1901-0036

A12CR9 1902-3139 1 DIODE-ZNR 8.25V 5% DO-7 PD=4W TC=+.053% 04713 SZ 10939-1568
A12CR11-CR15 1901-0050 DIODE-SWITCHING 80V 200MA 2NS DO-7 28480 1901-0050

Al2a1 18550247 TRANSISTOR-JFET DUAL N-CHAN D-MODE TO-71 28480 1855-0247

Al202 1853-0020 TRANSISTOR PNP S| PD=300MW FT=150MHZ 28480 1853-0020

A1203 1854-0087 TRANSISTOR NPN S| PD=360MW FT=75MHZ 28480 18540087

A1204 18540079 1 TRANSISTOR NPN 2N3439 S| TO-5 PD=1W 02735 2N3439

A1205 1855--0247 TRANSISTOR-JFET DUAL N-CHAN D-MODE TO- 28480 18550247

A12R1 0683-1115 1 RESISTOR 110 5% .25W FC TC=—400/+600 onz21 CcB1118

AI2R2 0683--4325 1 RESISTOR 43K 5% .25W FC TC=-400/+700 o221 CB4325

A12R3 0757-0059 1 RESISTOR 1M 1% 5W F TC=0+-100 18701 MF7C1/2-T0-1004—-F
A12R4 0683-2735 3 RESISTOR 27K 5% .25W FC TC=-400/+800 o CB2735

A12R5 06984468 1 RESISTOR 1.13K 1% .125W F TC=0+-100 24546 C4-1/8-TO-1131-F
A12RE 06984202 4 RESISTOR B.87K 1% .125W F TC=0+-100 24546 C4-1/8-TO-BB71-F
A12R7, RB ap ag 0757 -0442 6 RESISTOR 10K 1% .1256W F TC=0+-100 03292 C4-1/B-TO-1002-F
A1ZR9 06831235 3 RESISTOR 12K 5% .25W FC TC=-—400/+800 o2 CB1235

A1ZR1N 06834715 2 RESISTOR 470 5% 25W FC TC=-400/+600 o121 CBa715

A12R12 06832425 1 RESISTOR 24K 5% .25W FC TC=—400/+700 o CB2425

A12R13 06833035 1 RESISTOR 30K 5% .25W FC TC=-400/+800 on21 CB3035

Al2R14 06963451 1 RESISTOR 133K 1% .126W F TC=+-100 24546 C4-1/8-T0- 1333-F
A12R15 0683-2735 RESISTOR 27K 5% .25W FC TC=-400/+800 o2 CB2735

A12R16, R17 apa 4B 07570442 RESISTOR 10K 1% .125W F TC=0+-100 03292 C4-1/8-T0-1002-F
Al1ZR18 0683-4335 3 RESISTOR 43K 5% .26W FC TC=—400/+800 o2 CB4335

A12R19 06831535 RESISTOR 15K 5% ,25W FC TC=—400/+800 onn CB1535

A1ZR21 0683-1235 RESISTOR 12K 5% .25W FC TC=-—400/+800 on2 CB81235

A12R22 06831125 1 RESISTOR 1.1K 5% .25W FC TC=-400/+700 oz cB1125

A A SEE NOTE ON SCHEMATIC 4,
4B SEE NOTE ON SCHEMATIC 4,

1
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Section VIII Model 3455A
Replaceable Parts
Referen HP Part T Mfr
eference Qty Description Mfr Part Number
Designation Number Code
ALZRZS Q7 £0-0uL9 1 RESISTOR 100K 2% LW MU TC=0+-200 11502 RG32
ALLTL 9L00-06TY 1 TRANSFORMER, PULSE 28480 9L00~-06T79
Al2Uul 1820~-0223 2 IL LM 301Aa UP ANP 27014 LM30LAH
hi2ug 1620-023 Ie LM 30LA DP AMP 2T0L% LM301AA
AL3 03455-u6513 1 P.C. ASSEMBLY, AC CONVERTER 28480 03455-66513
llatl_l. Uil6U=-2139 4 CAPACITOR=FAD 30PF +=5& 3004VDC MICA 28480 0160-2199
Absle Ule0-440% 1 CAPACITUR-FXD LL5UF +-10% LOOWYDC POLYP 28480 0160-4404
ALILS 0Le0-4401 3 CAPACITOR-FXD LOLUF #-10% LOOWVDC PULYP 28480 0Ll60-4401
AL3CS U160-4402 1 CAPACITOR-FAD .lUF +—10% 100WYOC POLYP 28480 0L60-4402
AlsLd DLED-2199 CAPACITUR=FXD 30PF +=5% 300wWVUL MICA 284480 0160-2199
ALsCoe Dlel—4%398 3 CAPACITOR-FXD .082UF +-10% 200WvOUC POLYP 28480 0160-4398
ALsLT D1l60-4598 CAPACITOR-FXD ~UB2UF +-10% 200WvDC POLYP 208480 0l60-4398
Al3Le UL60-4401 CAPACITOR-FXD .0LlUF +=LUX LUOWVDC POLYP 28480 D160-4401
AL3LY Vi60-44ul CAPACITOR-FXD LOLUF +-10% 100WVDC POLYP 28480 0160~4401
ALsCLL Q1 BU=-0229 CAPACITUR=-FXD 33UF+—1UZ LluvuC TA 56289 1500336X90L082
ALiCLe UL B0-0197 CAPACITOR-FXD Z.2UF+=10% 20VDC TA 56289 150D0225X902042
AL3CL3 Ul 80~1T735 CAPACITUR-FXD .22UF+-1UZ 35VDC TA 56289 150D0224X9035A2
ALICLS JL1E0-2199 CAPACITOR-FXD 30PF +-5% 300WvVDC MICA 285480 0160-2199
AL3Ll> 01l<l-0432 1 CAPACITOR=V THMR=AIR 1.T/14.LlPF 350V T4970 189-505-125
Al3Clo 0loD=-uTbl E CAPACITOR-FAD 5PF +-10% 500WvVDC MICA 28480 0160-0T63
A13C17 0160-0363 1 CAPACITOR-FXD 620PF +—5% 300WvDC MICA 0160--0363
A13C18 0180-1746 1 CAPACITOR—FXD 15UF+-10% 20vDC TA 56289 150D 156 X902082
A13C19 01603949 2 CAPACITOR-FXD 346PF +-1% 500WVvDC PORC 28480 0160-3949
A13C21 01500093 CAPACITOR-FXD .01UF +80-20% 100WVDC CER 28480 0150-0083
A13C22 01800197 CAPACITOR—FXD 2.2UF+-10% 20VDC TA 56289 1600225 X9020A2
A13C23 0160-3134 2 CAPACITOR—FXD .01UF +-10% 100WVDC CER 28480 0160-3134
Al13C24 0180-0197 CAPACITOR—FXD 2.2UF+-10% 20vDC TA 56289 150D0225X9020A2
A13C25 4A 0160-0378 CAPACITOR-FXD 27PF +-5% 500VDC MICA 28480 0160-0181
0160-2150 CAPACITOR—FXD 33PF +—5% 300WVDC MICA 28480 0160-2150
0140-0190 CAPACITOR—-FXD 39PF +-5% 300WVDC MICA 28480 0140-0190
A13C26 0160-3945 2 CAPACITOR-FXD 39PF +— 1% 500WVDC MICA 28480 0160-3945
A13C27 0150-0096 1 CAPACITOR-FXD .05UF +80-20% 100WVDC CER 28480 Q150-0096
AlL3LZb QL60-2199 CAPACITOR=-FXD 30PF +=5% 30JWVDC MICA 28B4BD 0160-2199
AL3Ley 0l e0=3%76 i CAPACITOR=-FXD LUPF #=1% 1000WYAC PURC 28480 0160-39T6
AL3C3L ULe0=-35TT 1 CAPACITUR-FAD 9TOPF +-1% LOOWVDC PORC 28%80 0160-3977
AL3Lie 0l 40-0202 1 CAPACITUR=FAU L5PF +=5% SUUWYUC MICA T2136 DMLSC150J0500WVICR
AlsL3s JL&0-13930 1 CAPACITOR=-FXD LUPF #-1Z 2500wVDC PORC 28480 0160-3930
FYETRTY 0l 21-0430 2 CAPACITOR=-V TRMR=AIR 2.4/24.5PF 3507 T4970 189-509-125
AL3L35 Jled=-3581 2 CAPACITUR-FXD LUF #=20% o30WVDC MET FROOD2 00710460
AL3LKL 1902-3£37 3 DIODE-INR 20V 54 DO-T7 PU=.4W TC=+,073% D4TL3 51 10939269
ALSLRZ LYUL-0u3s 2 UVIDJE-GEN PRP LB0OV Z0UMA wu-T7 28%80 1901-0033
AL3Ck3 1901-0040 & VIUDE-SWITCHING 30V SOMA ZN5 DO-35 28480 1901-0040
AL3LRSG 19C1l-0u3d UVIOUE-GEN PHP L8OV Z00MA wO-T 28480 1901-0033
AL3SCRS 1901=-0510 5 DIODE-SCHOTTKY 28480 1901-05138
ALICAD L9GL-0%13 DI0DE=-5CHOTTKY 28480 1901-0518
ALsLad L902=31248 L OI0VE=INR T.32V 5% DO-7 PO=.4W TC=+.048% 04713 S 10939-143
AL3SLKY L9ul=-0us0 DIOJE-SWITCHING 30V S50MA ZNS 00D-35 28480 1901-0040
AL3CKY 19¢1-0us0 DIOVDE-SWITCHING 30V SOMA N5 UO0=35 28480 1901-0040
AL3CALy L9CL=uu40 DIDDE-SWITCHING 30V 50MA 2NS DO-35 28%80 1901-0040
AL3CRLZ L9CL-00%0 DIUDE-SWITCHING 30V S50MA N> DO-35 28480 1901-0040
AL3CHLS 1904=3086 F UIJDE-INR 4.75V 2% DU-T PO=.4W TC=—-.019Z 04713 S 10939-90
AL3CHLw L9 G2-3ub6 DIJDE=INR 4.75V 2% DO=7 PO=.4W TC=-.019% 04713 SZ 1093%-90
ALILrlS LY Cl-0u4su UIJJE-SmITCHING 30V S50MA 2N3 DO-35 28480 1901-0040
AliCHlo 19 Ul-vusu UVIODE=-3WITCHING 33UV SUMA £N3 Uu-3% 28480 1901-0040
ALICRLI LYCl-udubTd & DIJDE-SWITLHING 20V TSMA LONS 28480 1901-0047
AL3CHLG L90l=uusarl DIUVE-SWITCHENG 20V T5MA LUNS 28480 1901-0047
ALSChlvd L9 Cl=du4y DIOJE-SWITCHING 30V S0MA ZN5S DO-35 28480 1901-0040
AL3CnZl L90L-0u4u OIODE-SWITCHING 30Y SUMA N5 LO-35 284860 1901-0040
Al3Ck2e 19 Ul=0udu DIODE-SWITCHING 30V 50MA NS UU-35 28480 1901-0040
AL3IKL U4 90— 0683 HELAY=HKEED LA 100MA LUDOVUC SYDC-COIL 28%80 0490-0683
AL3R b4 50~ 0683 HLLAY-REED 1A luOMA 1000VDC SvDC-CulL 28480 0490~-0683
ALIKS 0490-0003 RELAY=REED LA 1O0MA lOJOVOL 5vDC-LOIL 28480 0490-0663
Al3ul L854=0uTl THANSISTOR NPy S1 PD=300Mm FT=200MHL 28480 1854-00T1
AL3gz L o%-0uT1 THANSISTOR NPN 51 PU=300MM FT=200MHL 28480 1854-00T1
AL3u3 Lo f5%Usdo [ THANSISTOR J=FET ZN4392 N-CHAN D—-MODE 04713 2N&392
Al3us lesa=uzdo THANSISTOR J=FLT 2ZN&392 N-CHAN U—-MOUE 04713 2N4%392
ALIus L85>-04d0 TRANSISTOR J=FET 2N4392 N-CHAN D-MODE 04713 2N%392
Al sve lo55-03du TRANSISTOR J-FET 2N4392 N-LHAN D=MUDE 04713 2N4392
Alsgl? lesé=danl 2 THANSTISTOR NAN 51 TU=LE PU=3oJMW 28480 1854-0351
Alsud 18 £3-0ulu TRANSISTOR PNP SI TU=18 PU=3oUMW 28480 1853-001L0
YR LoSh=Uaey THANSISTUR J=FET £ZN4391 N-LHAN D-MOJE 04713 2N4391
LYETIEY Ldoe-0s21 THANSISTOR NPN S1 TU=L8 Pu=300MKW 28480 1854-0351

A A SEE NOTE ON SCHEMATIC 2
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Model 3455A Section VIII
Replaceable Parts
Reference HP Part — Mfr
s Qty Description Mfr Part Number

Designation Number Code
Alsdle 18 53-0uLd TRANSISTOR PNF 51 Tu=lo PU=35UMN 24480 1853-0012
Alsuirs 1LE5%—-uuTl THANSISTUR APN S1 PD=300MW FT=200MHL 28480 1854-0071
ALliule LB55=0sy THENSISTOR J=FET ZN%391 H-LHAn D=MODE 04713 2N&391
Alivla Lo s5=0.02 1 TRANSLISTOR=JFLT DUAL N=CHAN O-MJUE 51 17856 E&21
AlLsWa V6B3-514%> WLSISTOR 510K 58 25w FL Tl==B0U/+900 o112l CB5145
AL3Re 068i3-2:35 4 RESISTOR 22K 5% 25w FC TC=-400/+800 oLL21 cB2235
ALsR> Jodi=2c35 KLSISTOR 24K 5% .25W FC Tu==400/+800 oLL21 CB2235
AL3nSG Qo 98- 3450 2 RcSISTOR 343K 1% 1254 F T.=0+=100 91537 CMF=55=1,y T-1
AlL3ks Wb Sd=3453 KESISTUR 348K 13 1254 F TC=us=-100 91637 CMF=55-1, T-1
Alsno OT5T=04a2 ReSISIUR LUUK LT 125w F TC=0+=100 24545 C4-1/8-TD-1003-F
Alini UTS5T-07T0 1 KLaISTOR 249K 1% .125W F TL=0+-100 26546 Ca=1/8-TO-2493-F
Alsng JE 3i-2235 ReSTISTOR 22K 5k <250 FLC Tu=-400/+800 o112l CB2235
Al3ny Jubi=luss ReSISTOR LUK 54 256 FC TL==400/+TOU Olliel CBLO35
LYELINS Ubbd-5l4> KeSISTOR 510K 5% .25W FL TC=-800/+90J Jllzl CB5L45
Al3RLZ 2L0U~3306 3 RESISTOR=TRMK 50K 10% C SIUE-ADJ LT-TRN 32997 3006P=1-503
AL3RL> 2100=3309 L KeSISIOR-THMAR 2K LO% L Sluc-Aud LT-TRN 32997 3006P-1-202
AL3Rl% JoGB=44aT 1 HeSISTUR L.U5K L1X 125w F TL=u+1u0 265456 C4-1/8-TO-1051-F
ALsklY Jobd=Lluis RESISIOR LUK 5% .25W FC TL==400/+T700 oLL2l CBlLO3S
Al3kle 075T-uUs01 Keal5i0R 10U L4 <1250 F TC=0#-100 24546 C4=-1/8-T0-101-F
ALsKLT Vo98=-3122 1 Ho315I0R 912 1% o125« F TL=0+-100 03388 PMES5=L/8-T0-4120-F
Alskla UbH3i-2usd £ KoSISTUR Z0UK 5% <290 FL (C==d400/+900 oLL21 CB2045
ALl3wiy ObB3=biud 5 HLSISTOR 51 54 .25W FL TC=-400/+500 oLL2l Cs5105
Alangl OT5T-0454 1 Kol aTUR 3ualk 1T 1254 F TC=0+=100 24545 C4=1/8-TO=-3012-F
AlsKee b 98=4%db 1 RLSISIUR 26.TK 15 1256 F TL=ue+—100 24545 C4%-1/8-T2-2b6T72-F
FYELFEY 2L00-3308 3 HLSISTOR=TRMR 5K LO% C SluE=A0J LT-THN 32997 3006P=-1-502
LY ETFLY Uodd-2u2d KESISIOR 2K 5¢ .25 FL TC=-400/+TO00 oLLzl CB2025
[YETFE ObS8-8ll5 3 KeslSTOR 54K 5% (P/O MATCHED SET R25,38,43) 28480 0698-8215
LYELFEY Qo83=-20e5 RealSIuK 2K 5% .25w FL TC==400/+T00 oL121 CB2025
Alsmed D663-1Ul5 H=3l5TUM LUU 54 258 FL TL==400/+500 oLzl CBlO15
Alsnio Qo BI-dél> 1 RESISTUN 240 9+ <298 FL TO==400/+600 oLzl CB2415
Alswgd Voli=co30 ReSISTOR 22K 20 «25n FL TCL=-400/+800 o1121 CB2235
AL3K3IL Quii-luid Kesl5TUR LUK 54 2254 FL Tu==400/+700 oLL2l Colo3s
FYELEF OoB3I=51+3 RESISTUK 500K 54 o25m FL (L==d0U/+900 01121 CB5145
AL3N33 QT5T=048s Re3ISTOR LOK la oléom F Tu=ue=100 24545 C4%=1/8-TO-1002-F
AliKkiw Jobd=-1.35 ROSISTOR 12K 9% o25W FL Tu==400/+000 01LZl CHl235
AL3IN3> Vb B3=-3ud5 Heal 310Kk 3K 94 -£5W FC TC2=40u/+T700 oLLZl cB3025
Alinso 2lud=3:3Uu RESISTUR=THMA UK Lug C Slue-AUd LT-TRN 32997 3006P-1-503
Alawsld 0683=4T15 ReSI5I0d 470 5% o250 FL TC==400/+600 oLzl CB&TLS
ALin3s Jo9a-tel b RL5ISTUR 487K 5% (P/O MATCHED SET R25, 38,43) 20480 0698-8215
AL3K3Y Jo9d-4cld MeSISIUR dabTh LY 1256 F TL=0#=100 L4545 Cé-1/8-TD-BBTL-F
AL3MwL Jo =4 Us RESISTUR J.HTK 4Z «1&5w F TL=0+=100 24545 C4~1/8-TO-8BTL-F
ALldnse o Yo—-4sud HK_515TOR d.56Th 13 «12%H F TC=0+-100 24545 C4=1/8-TO-8BTL-F
ALiks 3 Do96—o0cld K.SISIUR 2M 5% (P/O MATCHED SET R25,38,43) 28480 069d=-8215
CYETLLY UoSE-64lb 4 MLal510R 202K 5% (P/O MATCHED SET R44, R45) 26%b0 0693-8216
FYETTE ] Vo%b=velo ReSLSIDR 2M 5% (P/O MATCHED SET R44, R45) 20480 Du98-8210
CYELT £ l0-5511 2 RealSTUR-TrMAE U0 LOE L 5iJE-ADJ LT7-TRM 329971 3000P=-1-501
Alsul 1826=uUus9 3 le LM 201lA UP AMP 2T31% LMZOLAH
Alauz 16i6-Uu59 IC LM 20lA GP AMP 27014% LM20LAA
ALaus L8 10-uch) L Iy FINE LINE CHIP 28480 1810-0250
Al3us LBLe—Uub s Iv LM 201A UP AMP 27014 LMZOLAH
Alius lsgo=GLud Ie HA 2625 UP AMP 28680 1826-010%
AlsUo L 20=-0a11 IL=JIGITAL SNTwuoh TTL HEX 1 01295 SNT406N

L&EWr-0515 1 STAMPING y BRS 020" THa L6365 uBL

SU40—074d 2 EATRALTOR=PC vl BLK PULYC 062-dD-THENS 284b0 4040-0T48
AlLS J3455-ub3lN i Pove ASSEMbLYy hd CUNVERTER 28480 03455-66214
Aldel Ul SU-Jdue EY LuPACITUR=FXD LLlUF #du=,.Us ludmvul CER 28440 0150-0084
Alsle Clod-4.44 CAPALITOR=FXU <UdcuUF +=lJs £UunVde PILYP 24430 0160-4394
Al4L3 Ul a—Uisy 1 CAPACITUR=FAD 4TUPF +=5% 3004VOL MICA 12135 OMISF&4TLJO300WVLICR
Alwlée vl 50-Uuud LaPAL L TUK=FAJ LUF #dJ=-<£0% LuunVOL LEK 28%80 0L50-0034%
AlsL> J 1 S=-ulds WHPACITUOR=FXD LlUF +du=204 LOUnVDC CER 28480 0150-008%
AlsLu (V3 N PO CAPACITOR-FXU LUUPF +=5¢ 3JuavUC MILA 28480 0leD=-2204
Alsirl Lyud=s0a7 ULJUE=INR 2JV 9% DU-T7 Pu=.sn TC=#.0T3% 04TL3 51 L0939-269
AléLne SA L9 L1-0376 D10JE~-GEN PRP 35V 50MA DO-35 284482 1901-0376
Alaliri 19Cl=-uubyd DIuDE=5a ITCRING 30V S0MA 2N5 wO=-35 28480 1901-0040
Alsund Lyul-uslo UIUvE=GEN PAP 25V S9MA uu-T 28480 1901-037¢
AL+LH> lyul=0:iTu Ul IDE~GEN P4P 35V 50MA uUL-T 28%80 1901-03To
Al4Cho SA 1¥CL-0376 Jl Jue-GEN PRP 35V 50MA DO-35 28480 1901~-0376
Aldinl L9 Q2=3:37 UIJIL=INK 23V 5 DU=T Pu=z.b4n TL=+,373% 04713 51 10939=-269
Alslno LY Cl=Uuhy DIJJE=3mlICHANG 30V S0MA oS LDU-3> 2840 1901-02%0
AlsCHY L9CI-Uuéy JIJDE=SWITChING 30V SJIMA (NS DU=35 286480 1901-0040
Alsuriu LoCl-Uusy JIJUE=5nITLHING 30V 50MA chd =35 26480 1901-0040

AA  SERIAL NUMBERS 1622A05231 AND ABOVE. NOTE (4B) ON SCHEMATIC 6.
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Section VIII Model 3455A
Replaceable Parts
Reference HP Part Qty Descripti Mfr
. . escription Mfr Part Number
Designation Number Code
AL4LHLL 190k-0518 DIODE~SCHOTTKY 28480 1901-0518
Al4CHLZ 1901-004y DIODE-SWITCHING 30V 50MA N5 DO-35 28480 1901-0240
Alsul 1853-0020 TIANSISTOR PNP ST PO=300MW FT=150MHZ 28480 1853-0020
ALy 1853~0034 1 TRANSISTOR PNP SI TO-18 PD=360MW 28480 1853-0034
Al4u3 18 55-0%20 TRANSISTOR J-FET 2N4391 N-CHAN D-MODE 04713 2N§391
Alals 1855-0033 1 TRANSISTOR J-FET N-CHAN D-MUDE TO=T72 SI 28480 1855-0033
ALWUS 1855 0246 i TRANSISTOR-JFET DUAL N-CHAN D-MUDE TO-71 28480 1855~ 0246
Alaus 18535-0u20 TRANSISTOR PNP SI PD=300MW FT=150MHZ 28480 1853-0020
Al4RL 4B 06 43~ 1038 1 RESISTOR 10K 5% .25W FL TC=-400/+700 01607 CB1036
Abake 0683~2025 RESISTOR 2K 5% .25M FC TC=-400/+700 01121 cB2025
ALWR3 0698-3155 RESISTOR 4.04K L% .125wW F TC=0+-100 24545 C4-1/8-TO-4b4L~F
ALdké Ve LL=-2577 2 RESISTOR 10K 1% .125w PHW TC=04-2 14140 1274-1/16-A-1002-3
AL4KS 0757-0430 1 RESISTOR 4.32K 1% .125W F TC=0+=100 24546 C4-1/8-T0-4321-F
Alé4ko 0757080 RESISTOR 1K 13 .125w F TC=0+-100 24546 C4-1/8-TO-100L~F
ALan? Vo9d-3226 1 RESISTOR 6.49K 1T .125¢ F 1C=0+-100 24545 Ca=L/B=-TO-5491~-F
AL4KS 07 57-04%0 1 RESISTOR T.5K 1% 1254 F TC=0+-100 24545 C4-1/8-T0-750L-F
ALWkY U7 5T-0462 1 RESISTOR 75K 1% .125W F TL=0+-100 24548 C4-1/8-T0-7502~F
AleRLY 0737-0430 L RESISTOR 2.21K 1% .125W F TC=0+-100 24546 C4-1/8-T0-2211-F
ALaKLL Qo 98=-3511 1 RESISTOR 605 LT .125W F TL=0+-100 24545 C4-1/8-TO-665R-F
AlbklZ 06 83-3025 RESISTOR 3K 5% .25W FC TC=-400/+700 01121 CB3025
AL4KL3® 068322635 1 RLSISTOR 22M 5% .25W FC TL=-900/+1200 o121 CB2265
Alanle V7 57T-0442 RESISTOR LOK Ls .125W F TL=0+-100 24546 C4~1/8~-T0-1002~F
ALdKl> 08 11-30l7 1 RESISTOR 19.8K 12 1254 Ped TC=0+-5 14140 1350-1/8-C-1982-F
Al4Rib 0757-0441 1 RESISTOR B.25K 1% .125W F TC=0+-100 24545 Cé~1/8-TI-B251-F
Alanl? 0757-046%5 RESISTOR LOUK 1% .125~ F TC=0+-100 24545 C4-1/8-T0~1003-F
Alaxld 4B 0757- 0273 RESISTOR 301K 1% .1254 F TC=0+-100 03292 C4-1/8-T0-3011 -F
Al4Rly 4B 06984460 1 RESISIOR 640 1% .125W F TL=0+-100 03202 C4-1/8-T0-648R -F
Alsked 4B 0608-3226 RESISTOR BA9K 14 125w F TL=0+-100 03292 C4~1/8-T0-6431 -F
Albnel 08 11=-2577 RESISTOR LOK 1% .125w PWe TC=0#-2 L4146 L2T4-1/16-A-1002-3
ALaRed 0658-315> RESISTUR %.64K 1% 1254 F TL=0+-100 FLL T C4=L/8-TO-45641-F
Aldncs Vob3-8215 1 RESISTUR B20 5% .25W FL TL=-40U/+000 oii21 CB&215
Al4R2e 4B 06 83~ 1035 RESISIOR 10K 5% .25w FL TC==400/+700 01607 CB1035
Al4K2y 4B 06 83- 1035 ReSISIOR 10K 5% 25N FL TC==400/+700 01607 €81035
AlsKeo V698-3260 2 RESISTOR 464K 13 1254 F TL=0+-100 91637 CHMF=55-1y T-1
AlaKed 0693-Bu49 2 KeSISTOR Lo2aM 1T 25w F TC=04=25 L9701 MF52C-1
Al4akzd Vo B3-£T735 RESISTOR 27K 5& .25W FL TC==-400/+800 o1Lz21 cB273s
ALeKed 06 B3-3925 i RESISTOR 3.9K 5% .25W FL TT==400/+700 oiL2l cs3925
AlaK3iv UG Gd-uu4eY RESISTUR 1.28M 14 25K F TL=0+=25 19701 MF52C-1
AlaK3l 0698=-3260 RESISTOR 464K 1% 1258 F TC=0+-100 91637 CMF-55-1, T-1
Alehie UL98-3499 ] RESISTUR 40.2K LX 1254 F TC=0+-100 26545 Ca-1/8-Tu-4D22-F
AlwKas Vb 9d-3499 RCSISTOR 40.28 1T .1254 F TL=0+-100 24545 C4=-1/8-TO-4022-F
AlaR3s Jwob3i-lu2s 1 RESISTOR LK 5% .25W FL TL=-4%00/+600 o121 CBLOZ5
AL4R3> Vo Y- 3499 ReSISTOR 40.2K 13 125w F TL=0+-100 24545 C4~1/8-T0-4022~F
Al4Hio 06483-2435 1 RESISTOR 24K 5% .25W FL TC=-400/+b00 o121 CBZ435
ALaK37 U6 B3~ Lluls RESISTOR LOK 53 .25W FL TC=-400/+700 01121 LB1035
Al4R3s Vo B3~3U45 i RESISTUR 300K 5% .25W FL iL=-800/+900 oLl CB3045
ALak3Y Vo u3-3u25 RESISTOR 3K 5% .25w FC TL=-400/+700 o121 c83025
Alwnsu D75T=04%2 RESISION LUK 1% 125w F Ti=0+-100 24545 L4=1/8-To-1002-F
ALSHEL WT5T=-Uab2 RESESTOR LOK LE 1256 F TL=U#=-LUD 28545 C4-1/8-T0-1002-F
Al4nes Dobi-4735 1 RESISTOR &TK 5% «c5W Fou TL==-400/+800 01121 Cb4T35
AlGres Do 83-2035 RESISTOR 20K 5% 25w FC TC=-400/+400 aLL2l caz203s5
Al4nad aa 06 83~ 2055 3 RESLSTOR 2M 54 .25n FC TU==900/+1100 01607 CB2056
AL4nss Do B3~ 1065 RESISTOR LOM 5% .25W FC TL==900/+1100 o112 LBLOLS
Al4ddo Vo d3=-LusS ReSISTUR LOM 5% 445k FL Tu==-30u/+1 100 oLLZ2l CAL065
Aleieal Je9d=4&T5 L RESISTOR 9.76K 1% <1454 F TL=us=100 LEVTT] PMES5-1/48-T0-3761~-F
Al4Red Q7157-0807 1 RLSISTOR 182K L% 125w F TL=0D+-100 03292 L4-1/8-T0-1823-F
AlsUl L9Co-0uTu - 4 Ul IDE-ARKAY 28480 1906=-00 19
Alaud L9Co=Gulu UIUUE-ARKRAY 28400 L906=-007)
AlLbu3 L8c6-04T1 Pl fL OP AMP LOW-DRIFT TO-99 02180 OP-07CJ
ALsus L8:6-0309 1. AD 9ldd NP aAMP 24355 ALSLBY
Alaus loa-020u3 1 ICy AMPL. UPEKATIUNAL Ioa18 T4LCEVD9
Alsut LB c6=-0130 1 Tu LM 339 LUAPAHATUR 27014 LM33IN
ELTEN ST ) & EATRACTUR, Pol. bBULAHU 28450 20490-ud4a)
SUCU-9us s < PINIP.Co ouakd tXTRALTUA 204420 5000-9043
A SEE NOTE ON SCHEMATIC 6.
48 SERIAL NUMBERS 1622A05231 AND ABOVE. SEE NOTE ON SCHEMATIC 6,
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Model 3455A Section VIII
Replaceable Parts
Reference o Mfr
. : HP Part r Number
Designation Number | Qty Description Code Mfr Part
A1 0345566515 1 PC ASSEMBLY, AC RMS 28480 03455-66515
A15C1 0150-0121 2] CAPACITOR-FXD .1UF +B0-20% S0WVDC CER 28480 0150-0121
A15C2 01700066 1 CAPACITOR-FXD .027 UF 200V 28480 0170—-0066
A18C3 0170-0038 1 CAPACITOR—FXD .22 UF 200V 28480 0170-0038
A1BCA 01603094 1 CAPACITOR—FXD .1UF +-10% 100WVDC CER 28480 01603094
A16CS 0160-3134 CAPACITOR=FXD .01Uf +—10% 100WVDC CER 28480 0160-3134
A15CE 0160-2035 1 CAPACITOR-FXD 750PF +-5% J00WVDC MICA 28480 01602035
A15CT 01602204 CAPACITOR-FXD 100PF +-5% 300WVDC MICA 28480 0160-2204
A15CB 0160-0163 CAPACITOR-FXD .033 UF 200V 28480 0160-0163
A1ECO 01603686 1 CAPACITOR-FXD .27 UF +-10% S50WVDC MET 28480 01603686
AISC11 01602264 CAPACITOR-FXD 20PF +-5% 500WvDC CER 28480 01602264
AIBC12 01400198 CAPACITOR-FXD 200PF +-5% 300WVDC MICA 72136 DM15F201J0300WVICR
A15C13 0160-2257 CAPACITOR-FXD 10PF +-5% 500WVDC CER 28480 016802257
AIBC14C6 0180-0291 CAPACITOR-FXD 1UF +-10% 35VDC TA 56289 150D105X8035A2
A18C16 0160-2257 CAPACITOR-FXD 10PF +-5% 500WVDC CER 28480 0160-2257
A1BC17-19.C21 0150-0121 CAPACITOR-FXD .1UF +80-20% S50WVDC CER 28480 0150-0121
A15C22* PADDING LIST
0160-2257 CAPACITOR-FXD 10PF +-5% S500WVDC 28480 0160-2257
0160-2258 CAPACITOR-FXD 12PF +-5% 500WVDC 28480 01602259
0160-2261 CAPACITOR-FXD 15PF +-5% S500WVDC 28480 0160-2261
A16C23, C24 0150-0121 CAPACITOR-FXD .1UF +B0D-20% S50WVDC CER 28480 0150-0121
A15C25 01603949 CAPACITOR-FXD 346PF +-1% 500WVDC PORC 28480 0160-3949
A1BC26 0150-0121 CAPACITOR-FXD .1UF +B0-20% S50WVDC CER 28480 0150-0121
A1BC27 0160-3945 CAPACITOR-FXD 39PF +-1% 500WVDC PORC 28480 0160-3945
A15C28 0160-0121 CAPACITOR-FXD .1UF +80-20% S50WVDC CER 28480 0150-0121
A16C20, C30 0160-4480 2 CAPACITOR, FXD 10PF 100V 28480 01604480
A1SC3N 01603948 1 CAPACITOR—FXD 970PF +—1% 500WVDC PORC 28480 0160-3948
AIBC32 01602200 CAPACITOR-FXD 43PF +-5% 300WVvDC 28480 0160-2200
A15C33 AP 01603986 CAPACITOR-FXD 22UF +-10% 400vDC 28480 01603986
A15C34 01210436 CAPACITOR-V TRMR-AIR 2.4/24 5PF 350V 74970 189-509-125
A15C35 01400193 1 CAPACITOR-FXD B2PF +-5% 300WVDC MICA 72136 DM15E820J0300WV1CR
A1BCI6-38 ap 0180-2055 3 CAPACITOR-FXD .01UF +B0-20% 100vVDC CER ZB480 0160- 2055
AISC40 4 0160-0128 1 CAPACITOR-FXD 2.2UF +-20% 500VDC CER 28480 0160-0128
A1BCR1,2,3 1801-0040 DIODE-SWITCHING 30V 50MA 2NS DO-35 28480 1801-0040
AISCR4, 5 1801-0518 DIODE-SCHOTTKY 28480 18010518
AIBCRE 1801-0040 1 DIODE-SWITCHING 30V 50MA 2NS DO-35 28480 18010040
AIBCR7 1801-0686 2 DIODE, GEN PRP 30V 26MA TO-72 28480 19010586
A15CRB, CR® 1802-3073 DIODE-ZNR 4,32V 5% DO-7 PD=4W TC=-.035% 04713 SZ 10939-77
A1BCR11-CR13 1801-0040 DIODE-SWITCHING 30V 5OMA 2NS DO-35 28480 1801-0040
AIBK1, K3 aA 0490-0683 RELAY—REED 1A 100MA 1000VDC 5VDC-COIL 28480 0490-0883
AIGK2, K4 04900883 RELAY-—REED 1A 100MA 1000VDC § VDC-COIL 28480 0490-0683
A15Q1 1854-0071 TRANSISTOR NPN 51 PD=300MW FT=200MHZ 28480 18640071
A1602-04 18550420 TRANSISTOR J—FET 2N4391 N-CHAN D-MODE 04713 2N4391
A16056 18550062 1 TRANSISTOR J-FET N—-CHAN D-MODE SiI 28480 1855-0062
A1506 18540071 TRANSISTOR NPN D! PD=300MW FT=200MHz 28480 18540071
A15Q7 1853-0020 TRANSISTOR PNP S| PD=300MW FT=150MHz 28480 1853-0020
A1508 18560420 TRANSISTOR J-FET 2N4381 N-CHAN D-MODE 04713 2N4391
A1808, Q11 18540763 2 TRANSISTOR, AD818 28480 1854-0763
A15Q12 1863-0020 TRANSISTOR PNP S| PD=300MW FT=150MHZ 28480 1853-0020
A18013 1864-0071 TRANSISTOR NPN 51 PD=300MW FT=200MHZ 28480 1854-0071
A15014 1863—-0089 1 TRANSISTOR PNP 2N4817 51 PD=200MW 07263 2N4g17
A16Q16 18540215 1 TRANSISTOR NPN SI PD=350MW FT=300MHZ 04713 SPS 3611
AI5Q18 18540071 TRANSISTOR NPN SiI PD=300MW FT=200MHZ 28480 1864-0071
A15Q17 1853-0020 TRANSISTOR PNP S| PD=300MW FT=150MHZ 28480 1853-0020
A15Q18 18650081 1 TRANSISTOR J-FET 2N5245 N—-CHAN D-MODE Si 01285 2ZNE245
A15018, Q20 185560420 TRANSISTOR J-FET 2N4391 N-CHAN D-MODE 04713 2N4391
AIBRY 06831038 RESISTOR 10K 5% .25W FC TC=-—400/+700 o CB1038
A1SR2 0683-2236 RESISTOR 22K 6% .25W FC TC=—400/+800 o CB2235
A1SR3 0683-5145 RESISTOR 510K 5% .26W FC TC=-800/+800 o121 CB5145
AIGR4 0683-2235 RESISTOR 22K 5% .25W FC TC=-400/+800 onn CB2235
AISRE 0BB3-5145 RESISTOR 510K 5% .25W FC TC=-800/+900 o CB5145
AISRE* PADDING LIST
06984470 RESISTOR 698K 1% .125W F 24546 CA-1/8-TO-6891-F
07570444 RESISTOR 121K 1% .126W F 24546 CA-1/8-T0-1212-F
RESISTOR 169K 1% .128W F 24546 C4-1/8-TD-1692—F
A1SR? 076570449 1 RESISTOR 20K 1% .125W F TC=0+-100 03292 Ci=1/B=TO-B49R~F
AISRE 1 RESISTOR 160K 1% .125W F TC=0+-25 07716 CEA-883-N330
AI5R9 06983262 1 RESISTOR 40.2 1% .125W F TC=0+-100 24546 C4-1/8-TO—-4022-F
AISR1 0D698-3158 1 RESISTOR 26.1K 1% .126W F TC=0+-100 24546 C4-1/8-T0-2612-F
AISR12 DBB3-2455 1 RESISTOR 2.4M 5% 25W FC TC=-900/+1100 o2 CB2455
A15R13 06983456 1 RESISTOR 287K 1% .125W F TC=0+-100 24546 C4-1/8-T0-2873-F
AISR14 0683-1035 RESISTOR 10K 5% .26W FC TC =—400/+700 o221 CB1035
AISR15 0683-2235 RESISTOR 22K 5% .25W FC TC=-400/+800 o CB2235
A1SR16 2100-3161 RESISTOR TRMAR 20K 10% C SIDE-ADJ 17-TRN 32097 3006P—-1-203
AISR17 Ac 2100-3056 RESISTOR-TAMRA 5K 10% C SIDE-ADJ 17-TRN 03744 3006P-1-502
AISR1B AL, AN 06988350 RESISTOR 732K 1% .125W F TC=0+-100 03202 MC5C-1/8-TO-7323-F
AI5R19 0757-0417 RESISTOR 562 1% .125W F TC=0+-100 24546 C4-1/8-TO-562R-F
AlSR21* PADDING LIST
06831845 RESISTOR 180K 5% .26W FC o CB1B45
0683-2245 RESISTOR 220K 5% .25W FC o2 CB2245
06832445 RESISTOR 240K 5% .25W FC o CH2445
06833045 RESISTOR 300K 5% .28W FC 0121 CB3045
06833645 RESISTOR 360K 5% .25W FC o1 CB3645
0683-5145 RESISTOR 510K 5% .256W FC o CB51456
06837545 RESISTOR 750K 5% .25W FC o CB7545
06831555 RESISTOR 1.5M 5% .25W FC on CB1555
A15R22 0757-0401 1 RESISTOR 100 1% .126W F TC=0+-100 24546 C4-1/8-TO-100R—F
4a SEE NOTE ON SCHEMATIC 3.
AC SEE NOTE ON SCHEMATIC 3.
AJ SEE NOTE ON SCHEMATIC 3.
AL,AN SEE NOTE ON SCHEMATIC 3.

ap

SEE NOTE ON SCHEMATIC 3.
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Section VIII

Replaceable Parts

Model 3455A

“AG SEENOTE ONSCHEMATIC3.
4H SEE NOTE ON SCHEMATIC 3.
4|  SEE NOTE ON SCHEMATIC 3.

Reference — Mfr
: : r| Qty Descr M
Designation HP Part Numbe iption Code fr Part Number
A15R23 Ac 0683~ 1045 RESISTOR 100K 5% 25W FC TC=-400/+800 01607 CB1045
A15R24 Ac 0683-2235 RESISTOR 22K 5% .25W FC TC=—400/+800 01121 CB2235
A15R26 06987082 2 RESISTOR 100K .1% .125W F TC=0¥-25 03292 NES5S
A15A26 0698-4429 RESISTOR 187K 1% .125W F TC=0+-100 24546 CA-1/8-TO-1871—F
A15R27 0698-3279 RESISTOR 499K 1% .125W F TC=0+-100 24546 CA4-1/B-T0—4991-D
A15R29 21003161 RESISTOR-TRMR 20K 10% C SIDE-ADJ 17-TRN 32997 3006P—1-203
A1B5R31 4L, &N 06088350 RESISTOR 732K 1% .125W F TC=0+-100 03292 MCEC—1/8-T0-7323—F
A16R32 0698-0084 1 RESISTOR 2.15K 1% .125W F TC=0+-100 24546 CA-1/8-T0-2151-F
A15R33 06983482 1 RESISTOR 2.67K 1% .126W F TC=0+-100 24546 C4-1/B-T0--2671~F
A15R34 0757-0417 RESISTOR 562 1% .125W F TC=0+-100 24546 C4-1/B-T0O-562R~F
A15R35 0757-0280 RESISTOR 1K 1% .125W F TC=0+-100 24546 C4-1/B-T0D-1001-F
A15R36 06984460 1 RESISTOR 649 1% .125W F TC=0+-100 03292 C4—1/B-TO-B49R-F
A15R37 0683-5105 RESISTOR 51 5% .25W FC TC=—400/+500 on21 €B5105
A15A38, R39 0683-5105 RESISTOR 51 5% .25W FC TC=—400/+500 on21 €85105
AIER41 0757-0413 1 RESISTOR 392 1% .125W F TC=0+-100 24546 C4-1/8-T0-392R-F
A15R42 06984429 RESISTOR 1.87K 1% .125W F TC=0+-100 24546 C4-1/B-TO-1871-F
A15R43 0698-4478 1 RESISTOR 10.7K 1% .125W F TC=0+-100 24546 C4-1/8-T0-1072-D
A15R44 0683-5105 RESISTOR 51 5% .25W FC TC=—400/+500 o121 CB5105
A15R4S 06084429 RESISTOR 1.87K 1% .125W F TC=0+—100 24546 C4-1/B-T0-1871-F
A15R46 06984447 1 RESISTOR 280 1% .125W F TC=0+-100 24546 C4—1/8- TO-280R-F
A15R47 0757--0433 RESISTOR 3.32K 1% .125W F TC=0+-100 24546 C4-1/8-T0D-3321-F
A15R48 0757--0438 RESISTOR 511K 1% .125W F TC=0+-100 24546 CA4-1/8-TO-5111-F
A15R49 0698-3278 RESISTOR 4.99K 1% .125W F TC=0+-100 24546 CA—1/8-T0-4991 - F
A15R51 ac 21003095 1 RESISTOR-TRMR 200 10% C SIDE 03744 3006P- 1-201
A15R52 ac 0698-6630 1 RESISTOR 20K .1% .125W F TC=0+-25 03292 NE5S
AIBRS3 Ag 0698- 6360 RESISTOR 10K.1% .125W F TC=0+-25 03292 NE55
A15R54 06983431 1 RESISTOR 23.7 1% .125W F TC=0+—100 03888 PMESS—1/8-T0-23R7-F
A15R55 06986320 RESISTOR 5K .1% .125W F TC=0+-25 03888 PME55-1/8-T9-5001-8
A15R56 21003161 RESISTOR-TRMR 20K 10% C SIDE-ADJ 17-TRN 32997 3006P-1 203
A15RE57,A58 06831605 RESISTOR 15 5% .25W FC TC=-400/+500 onz21 CB1505
A15R59 Aa 06831045 ] RESISTOR 100K 5% .25W FC TC 01607 CB1045
A15R61 06831035 RESISTOR 10K 5% .25W FC TC=—400/+700 01121 CB1035
A15R62 0757-0417 RESISTOR 562 1% .125W F TC=0+-100 24546 €4-1/8-T0-562R—F
A15R63 0757-0487 RESISTOR B25K 1% .126W F TC=0+—100 24546 NA4
A15R64 06986320 RESISTOR SK .1% .126W F TC=0+-25 03888 PMESS- 1/8—T9-5001-B
A15RE5 2100-3161 RESISTOR-TRMR 20K 10% C SIDE—ADJ 17-TRN 32097 3006P-1-203
A15RB6 40 0683-1635 RESISTOR 16K 5% .25W FC TC=—400/+800 01607 CB1635
A15RE7 40 0683-1335 1 RESISTOR 13K5% .25W FC TC=—400/+800 01607 CB1335
A15R68 0683--1035 RESISTOR 10K 5% .26W FC TC=—400/+700 01121 CB1035
A15RE9 06831035 RESISTOR 10K 5% .26W FC TC=--400/+700 o121 CB1035
A15R71 0757 1 RESISTOR 332
AI5R72 ag 2100-3122 2 RESISTOR-TRMR 100 10% C TOP 03744 3006P-1-101
A15R73 21003066 RESISTOR-TRMR 5K 10% C SIDE-ADJ 17-TRN 01885 43P502
A15R74 21003306 RESISTOR-TRAMR 50K 10% C SIDE-ADJ 17-TRN 32997 3006P--1-503
A15R75 ag 2100- 3154 1 RESISTOR-TRMR 1K 10% C SIDE-ADJ 17-TRN 03744 3006P-1-102
AIBR76 0698-8782 RESISTOR 220K .6% (P/O MATCHED SET R76, 86,91) 28480 06988782
A15R77 07570487 5 RESISTOR 825K 1% .126W F TC=0+-100 24546 NA4
A1SR7B 4G 07570280 RESITOR 1K 1% .128W F TC=0+-100 03292 C4-1/8-T0- 1001 —F
A15R79 0683~ 1506 RESISTOR 15 5% .25W FC TC=-400/+500 on CB1505
A15RB1 AM 0608- 064 2 RESISTOR 549K 1% .1W F TC=04-10 28480 06988964
AI5RE2 AM 0698 -8963 1 RESISTOR 169K 1% .1W F TC=04-10 28480 06988963
A15RE3 AM 0698-- 8965 5 RESISTOR 1.87K 1% .IW F TC=04-10 28480 0698-8965
A15R84 0757-0433 RESISTOR 3.32K 1% .125W F TC=0+-100 24546 C4-1/8-TD-3321-F
AI5R85 AM 0698-8966 RESISTOR 634 1% .1W F TC=04+—10 28480 06988966
A15R86 0698-8782 RESISTOR 198M 5% (P/O MATCHED SET R76,8691) 28480 0698-8782
A15RE8 06831605 4 RESISTOR 15 5% .25W FC TC=-400/+500 01121 CB1505
A15RB9* AA PADDING LIST
0688—-4308 RESISTOR 16.9K 1% .126W F TC=0+-100 03292 CA4—1/8-TO-1692—F
0698-3136 RESISTOR 17.8K 1% .125W F TC=0+—-100 03292 C4—1/B-TO-1782-F
07570448 RESISTOR 18.2K 1% .125W F TC=0+-100 03292 C4—1/B-TO-1882—F
0698-4483 RESISTOR 18.7K 1% .125W F TC=0+—100 03202 C4—1/8-TO-1872—F
06984484 RESISTOR 19.1K 1% .125W F TC=0+—100 03292 C4—1/8-TO-1912-F
07570449 RESISTOR 20K 1% .126W F TC=0+-100 03292 C4—1/8-T0O-2002-F
A15R91 0698-8782 3 RESISTOR SET, MATCHED 2M .5% (P/O MATCHED SET 28480 06988782
R76, RB6, RO1)
A15R92 06988216 RESISTOR 2M .5% (P/O MATCHED SET R82, R93) 28480 06888216
A15R93 0698-8216 RESISTOR 20.2K .5% (P/O MATCHED SET RS2, R93) 28480 06988216
A15R94 2100-3311 RESISTOR-TRMR 500 10% C SIDE--ADJ 17-TRN 32097 3006P—1-501 DOO-F
A15R95 07573657 1 RESISTOR 806 1% .125W F TC=0+-100 0757-3567
A1SRE6 AA 06985540 1 RESISTOR 1.1M 6% .25W FC TO 01607 CB1155
A15R87 A 06831045 RESISTOR 100K 5% .25W FC TC 01607 CB1045
A5 1826-0340 1 IC, OP AMPL, LF356 28480 1826-0340
A1BU2 1820-0478 1 IC LM 308 OP AMP 27014 LM308H
A16U3, U4 4H 18260616 2 1C 357 OP AMP TO-99 28480 1826-0516
A15US 18200471 IC-DIGITAL SN7406N TTL HEX1 01295 SN7406N
A16UE 1826-0357 1 IC LF357H OP AMP 27014 LF357H
40400748 2 EXTRACTOR-PC BD BLK POLYC .062—BD THKNS 28480 4040-0748
12050090 1 HEAT SINK~SEMICONDUCTOR 28480 1205-0090
1205-0002 1 HEAT SINK TO -56/T0-39-PKG 28480 12050002
A0 A 11177-69501 1 ASSEMBLY, REFERENCE
AA  SEE NOTE ON SCHEMATIC 3. NOT FIELD REPAIRABLE ORDER
48 SEE NOTE ON SCHEMATIC 3. REPLACEMENT ASSEMBLY ACCESSORY NO. 111778
&C SEENOTE ON SCHEMATIC 3. 8L, AN SEE NOTE ON SCHEMATIC 3

SEE NOTE ON SCHEMATIC 5.
AQ SEE NOTE ON SCHEMATIC 3.

AK SERIAL NUMBERS 1622A02796 AND ABOVE REPLACES 0757-0280 {502 11}
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NOTE 1

Part S1 is a reed switch which is used as a voltage breakdown device.
This part is used on 03455-66510 Rev. B assemblies only (serial

numbers 1622A00410 and below).

NOTE 2

V for the Offset Adjustment Procedure.

A10. Component Locator Table.

3455-c -459%

Component Col Component Col Component Col Component Col Component Col Component Col
c1 B8 CR1-2 B J cD Q1-5 Cc R1 A S1 A
23 Cc 3-5 D 2 E-F 6 D 2 B
4 o] 6 E 3 A 79, 1 E 34 c T B
56 E 7-8 F 4 B-C 12 F 791 D 2 F
79,1 F 9,1 B 5 E 1316 c 1219 E ul4 D
12 8 1213 D 1718 c-D 21-27 F 56 €
1315 C 14 E 19, 21-22 D 28-29,31-37 B 7 F
16 D 15 F 23-29 E 38 Cc 8 C
17 A 16-17 B JM1-2 F 31-32 F 39,4144 D 9 D
1819 E 1819, 21-22 Cc 3 D 33-36 B8 45 E 1" Cc
21-22 A 3 F 37-39 A 46 F 1213 D
2325 B 24 B K1-2 A 4041 B 47 B 1415 E
26-27 Cc 25-26 c 3 8 4243 E 48 Cc 1617 F
28-29, 31 o] 27-28 A 4.5 A 44.45 A 49 c-D 18 B
32-34 E 29,31 Cc 6 B 46 B 61.58 F 19 C
35-36 F 37-39 o 7 AB 59, 61-62 c 21 o]
37-39,41-49 c 4142 D 8 8 63 A-B 22-23 F
45 D 43-44 A 9 AB 64-65 A 24 c
46 B 4547 B 66-69, 71-72 B 25 D
47 c-D 48-49, 51-56 c L A 73 c 26 E
48 o] 57 58 A 74-78 o] 27-29,31-35 F
49 E 59 B 79, 81 F 36 B-C
51 F 61-64 Cc 8283 B 37 c-D
52-53 B 6568 o] 84 o] 38 D
54.57 Cc 69 F 85 A 39 D-E
58-59, 61 D 7M-72 D 86-89, 91-92 B
6263, 65 E 93-96 E w F
66 F E1 A 97-99 F
E2 (Below K9) A-B 101-102 B Y1 F
103 c
104-108 [»]
106-107, 111 E
108-109 F

Ac  Serial numbers 1622A01806 and above replaces C4: 0160-0154 (.22 uF)

RN:0683-2025 (2 K)

The new values improve stability in the X2 6AN configuration.

The Offset Adjustment is made by connecting a resistor between
the unlabeled lead and either the “+” or ‘“" lead. Refer to Section
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0345566513 AA  For serial numbers 1622A02436 and above. The preferred value for C25 was changed from part
number 0160-2150 (33 pF) to improve frequency response near 10 kHz.
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(Instrument Serial No’s 1622100905 and below.)
AA C37, C38 and R97 have been added and the value of A15R59 has been changed from 10 k2 to

100 k§2 to eliminate transients during auto-ranging which cause inaccurate “‘first’’ readings.

(Instrument Serial No’s 1622A00906 and greater.)

R89 has been made a “selected’’ value to improve the accuracy at 1 MHz. (Instrument Serial

No’s 1622A00101 and greater.)

C36 and R96 have been added to reduce offset at elevated temperatures. (Instrument Serial

No’s 1622A00906 and greater.)

Relay K3 has been changed to a different type to prevent arcing during auto-ranging when

1000 V is applied to the input. (Instrument Serial No’s 1622A00906 and greater.)

The values of potentiometers R72 and R75 have been decreased to improve the temperature

stability of the input amplifier circuity. The value of resistors R81 and R85 have been increased

to center the pots. Previous values were: R72, 200; R75, 2 K; R81, 5.11 K; R85, 662, These

changes have been made on instrument with Serial No's 1622A 00906 and greater.

The following component changes have been made to improve the down-scale linearity of the

RMS converter: R17; from 2 k2 to 5 k2. R23; from 68 k2 to 100 k2. R25; from 25 kQ to

100 k2. R51; from 100 £ to 200 Q. R52; from 10 k2 to 20 k2. R53; from 5 k2 to 10 kQ.

These changes have been made on instruments with Serial No’s 1622A0511 and greater.

Ag  Serial numbers 1622A01000 and above. Replaces 0757-0417 (562 Q) to increase the zero ad-
justment range.

ApH  Serial numbers 1622A01806 and above replaces 5080-9080. The new part is not hand-selected.

A)  Serial numbers 1622A01656 and above replaces R36: 0698-4450 (324 Q) and R95: 0757-0407
(200 Q). R95 provides improved dc compensation. R36 essentially improves temperature sta-
bility.

A)  Serial numbers 1622A02256 and above. Added as ac bypass of CR3.

AL  Serial numbers 1622A01956 and above. Replaces 0757-0486 (825 K) to increase the offset
adjustment range.

AM  Serial numbers 1522A01206 and above the following component changes were made to im-
prove input amplifier temperature stability:

K & & F

¥

Sld Part No.

R81: 0698-3382 (5490)

R82: 0698-4308 (16.9 K)

R83: 0698-4429 (1870)

R85: 0698-4459 (634)

R71: See padding list as per Table 6-1.

AN Serial numbers 1622A03136 and above. Improved specifications on U3 and U1 make the ex-

panded offset adjustment range no longer required. R18 and R31 were changed from part
number 0698-4540 (412 K) to 732 K to reduce this range and improve stability.

AQ R66 was changed from 200 K (0683-2045) to 16 K (0683-1635) to improve the first
reading after switching from the 10 V range to the 100 V range.

Ap €33 was changed from .1 xF (0160-3581) to .22 4F (0160-39886) to improve accuracy at
30 Haz.
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0345A5‘_|625512 AA The value of resistors R7, R8, R16, and R17 have been changed from 4.99 kQ to 10 k2 to
Rev. A properly bias differential amplifiers Q1 and Q5. These changes have been made on instruments
with Serial No's 1622A01056 and greater.
AB  The value of resistor R7, R8, R16, R16 have been changed from 10 K (0757-0442) to 4.99

K (0698-3279) and C3 has been changed from .039 uF (0160-0164) to .0047 uF
(0160-0157) to eliminate first reading errors. These changes have been made on in-
struments with serial numbers 1622A04831 and above.
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The value of R44 has been changed from 40 M to 2 M2 to prevent the zero-detect compara-
tor from oscillating. Instruments with Serial No's 1622A01056 and greater have this change
incorporated.

Serial numbers 1622A05231 and above the following component changes have been made
to improve reliability of A10U15:

Old Part No.

R1: 0683-4335 (5.1 K)
R18: 0757-0435 (3.92 K)
R19: 0757-0421 (825)
R20: 0757-0442 (10 K)
CR2: 1901-0040
CR6: 1901-0040
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AA 32 has been changed from 2.2 uF to .22 uF to eliminate double entry of front panel keys.

AG C46 applies to serial numbers 1622A01506 and ébove. C46 serves to reduce turn-on noise
causina false interrupts.
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Section VIII Model 3455A
Replaceable Parts
rence HP Part - Mfr
Referenc Qty Description Mfr Part Number
Designation Number Code
al e tdo=wundl i Ve AsatduLY, wiluu As Ldwdd vasiv=nosul
Adul Jibu=Lawe E et AL I Tur=E XL TLIPF #=% sddadde Alua 20442 Uled=-0302
dlue Jhwu=wa il 2 CAPALE TUR=FADL LuF#-lu. savilL ia dudad 150U LJd5X7035a2
Alua NEREIVEY &1 3 LaPac L TUR=FAL Llodet=lu. Jdvue 13 2udd? 1500105X902002
LYY Jhwu=ald T 7 CAPAL T Tum=F AL _olduFe=ld., Zavie la Suldd L5uDe 29X 0AL
AlLS Jiw=iias ¥ LAPAL T TUR=T AL snddFe=lda ssbde Ta 06289 l5uv22eX203542
Alvo Uawd=ul T LarautTun=FAL Jedul*+=1s, cdvul Ta Suled 12U 25X9 02082
Al Jlad=1430 Al AL TUR=FAL o2lUre=iuv ., 2oV TA SELLE 120224490352
Alle Jidu=u_iw LardCiTuR=rFaL Liube=LJs dUvil Ia s6283 Lsuul 06X902 J82
aluy Jiwbuldl CaPaliTun=FAun JeduFt=Lay Juvdle Ia 25ed? L5CNe25K902 DAL
Aluli Jlwi=ai.z LaPALLTLUR=F A1 o 22UFe=Lds s3I0 Ta Sh203 1500 264X703542
Alule JLu-dails LaPaliTin=t i Ludre=12. civaii la Socd? 1501064202042
AlLls Jitu-uida i LuPALITUR=FXL Zecur #=cda udVde Les 26450 Ulo9-01c4
AlLus il LAl ALETUP=1 X0 Louke-iu . 2dvue Ta WLl LoulLlueX+402022
aAlile wled=wecdl LaPALLTUP=FAL LJF+=LJ . J5vae la Saddd L5U0iLJaX3033A2
aluki Jiuueidl LarAL L luk=t AU lare=Llu . Savil 1A Solod L5G)L0549035A2
Alvlo Ghed=di 23 3 CAPAC A TUR=FAL LodiJdFebl=lu. caVul aL oo2ed <aVBSLLIUOO
Aloi9 Jilod=0odu i LaPallluk=FAu Jodre=lu, Lavoe Ta 3sdud L50Ni26X401532
AlLel Jaku-usdl CaPaulTUR=FAD LJF+=Llus a2vul 1A S5uce? 1530105 X703542
Alvece Jlbu=uLde i LAPAL L Tur=Fae (.udJdFe Ldu=ius LéVue AL 20440 0180-069%
Alves Jitd=udwl CAPALITOR=FAL LaF+=L100 35vIL (a4 Stlud L50L1USX7035A2
Aluéy Jidd=ue9i CAPAL I TUR=FAD LUF+=10 % 35vIL TA 562€9 150D 105X903542
Alues dléu=uadlL CaPACTTUKR=FXD LuF#=iu- 35viL 1A 089 L500105X403542
AlLdu Jlad=uidd < CarACLTUR=FAD LJUPK #=55 JJuadide MICA Tilis JHLOr 2I1J0320MVILA
Alued Vilcl=-ueyi LAaPAC I TUP=FAL LJdr+=i0J 3aVul Ta 352a% L5 NilusX9035a2
Alees Jieu-diud 5 LAPALITUR=FAD LJUPF #=5, sJumVin MILA db%od OLlad-¢206
Alvés Jidd=Lis> CAPAL I TUR-F XL sceUF+-1J., 35VUL 1A Seesd? 1500248303542
Alual ulub=Jdevl WP AL L TUR=FAU LUFe=lu. 25v2L 1A 20269 15J0105X39035a2
alusc Aa vl iu=-1738 1 LAPAC LTUR=F XD .22 UF+-10% 35 VDC TA 56289 1500224X8035A2
Alvis Jhbd=cud £l CAPAL I TUk=F AU <ulUr #lu=LUe 29d¥I0 Lch FLLEF] vlel-2605
Aluas Jltu-Uaud LAPACLIUR=FAU 3LUPF #=3, 3dunVJl MICA 28400 Ule =032
Alvss Jicw=ulyl LAaPACT TUR=FAU LJUFe=1u. 30vJe Ta 26263 1500105%x703542
AlL3o Jisu=0u493 P CAPACITUR=FXD JuluF +30-200 LudaVui LA 26440 0150-0093
ALLaT i u=dsud CAPACITUK=FXL SLOPF +=5. 3J0adUL HiLA 24420 uvle0-0362
LY Ul Eu=veyl CAPAC L TUR=FAD LUFe=lu« 35vie TA S50ld9 L5UD105X7035a2
All 3y Uhduugdl LAPAC LTUR=FAL LJF+=10+ soVIL Ta Sudd? 1500105X4035A2
AIC41 01600195 1 CAPACITOR-FXD 1000PF +-20% 250WVAC CER 28480 01600195
A1C42 01800201 CAPACITOR-FXD 1UF +=10% 35VDC TA 56289 1500105X9035A2
AICA3 ap 0180-0291 CAPACITOR-FXD 1UF +-10% 35VDC TA 04200 1500105X8035A2
AICA4 Ac 0180-1701 CAPACITOR-FXD 6.8UF +-20% BVDC TA 04200 150D685X0006A2
Alurd A9ul=0.uy + OIUJE=Pwi KELCE LOUV L.oA 0aT13 SR1846-9
Aline 190l=uduu UIJIE=PHK hell LUOV L.5A 0&sT13 SR1d48-9
AbLRa L9Cl=uuisy 45 OIOJE=SWITLHING buV ZUUMA 2M3 wu=1T 2¢480 19u1-0050
Aallr> L9 Ll=uuwsd UIDVE=SWITCHING BuV ZUJUMA 2w OL=T 28480 1901-0250
AlLnd L9Cl=-uLau DIOJE-SKITUCRING BIV Z2UJMA ZNS U=/ 8480 1501-0050
Aluwd L9&2-voesl 3 OI0JE=INR Livd35le L4V S Pusdd TL=e¢T33 04TL3 LN>3518
AlLKe L9Cl-uuzd 12 DIUVDE-PAR KRLCT 400V TH5UMA Ju-29 26%u0 1901-0028
ALCKY L9cl-vule VIUDE=-PwR RECT 40UV THOMA JO=-29 2B4E0 1501-0028
AsLRiL LY4dl=-0usu UIJIE-SwITLHING BUV 2uUdMa N3 uu-T 2B4B0 1901-0050
AlLkle LYLe=Lusy 5 VIOUE=INR 64 19Y 5% LUO-T Pu=.4m TC=#.022% 28480 1902-0049
ALKl LyCe-Uido 1 DIUDE=INR 2Z.61V 54 UU-T Pus.4n Tus=.0T3% O4T13 S1 1U939-14
ALCKLS L9u2=0esl DIJDE-INR LIN535lo LeV 5% PUsom [L=473% 04T13 IN23518
AlLKl> L9Cl=uwubv DICUE-SAITLHEING UV Z00MA 2N5> Lu=T 2e480 1501-0050
AlLkle 1502-3130 i DIDOE=INR B.UuV 54 JU=T Pu=.44 TC=#,.0525 04T13 S 10939-155
AlJL 1251=3195 1 CUNHELTUR 4=PIN M Pull TYP:c 272 6% 09=60-104112403-04A)
Alde Leol=%313 1 CUNNECTOR LT7T-PIN M POs1 TYPe rer4-1] 22-04-2181
ALlJs 1251-3:70 & CUNNELTOR 6=-RIN M POST 1YPE 2724 09=-60-1061
AldS L251-32T6 CUNNELTOR &=PIN M PUST TYPE 27264 09-oU-10561
AlJo L£5l=-cu3s 3 CUNNELTUR-PL EUSE L53-LUNT/HUm 2-RUda TLT85 252-15-30~-300
ALJT L2EM=4515 1 CUNNELTUR T=-PIN M PJST TYPE 27264 22-04-2081
AlJe LeSl-%ui% 1 CUNNECTOR L5=FIn M PUST TYPL 27264 22=04-2101
AlLL FL4u-0L37 1 CUIL=MLU IMH 5 U=0U Ll5UX.%4%L0G 3RF=3MHL 99800 2530-28
Alul leS3=-0ulu ] THRANSISTOR PNP S1 Tu-1d Pu=s0UMe 28480 1853-0010
Alus L8 5%4-020U 3 TRANSISTOR NPN cN2i22 51 ld=le PO=500mw 0VeTL 2N2222
Alus 16 54-0ci0 TRANSISTOR NPN £N222¢ 31 Ti=lo PU=500Mw 0713 2n22z22
ALu4 LB53-00Ld THANSISTOR PNP 51 TU=18 PO=36uMa 24480 1853-0013
Alds 18 5-0J00 TAANSISTOR NPN 2N2£c2 ST Tu-1d PD=500MW 04713 2N2222
Alub l833-uuly TRANSISTOR PNP S1 Tu=-LB PU=3b0MN 23480 1853-0010
Alu? 18 53-00L2V 15 TRANSISTOR PNP SI PO=30UMW FT=L150MHI 2u%H0 1853-0020
Alus Le53-0udu TRANSISTUR PNP S1 PO=30uMm FT=150MHL 28480 1853-0020
Aluy L853-0uve0 TRANSISTUR PNP S1 PU=300Mm FT=L150Mhi 28480 1853-0020
Alull 1853=-0409 a THANSISTOK PWP S1 DAKL TU-220A8B PD=6J0W 28480 L853-0409
C46 AG 0160-3622 CAPACITOR-FXD .1UF +80 — 20% 100VDC CER 28480 0160-3622

A A SEE NOTE ON SCHEMATIC 8

48 SEE NOTE ON SCHEMATIC 10
AC SEE NOTE ON SCHEMATIC 10
AG SEE :IOTE ON SCHEMATIC IP
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Model 3455A Section VIII
Replaceable Parts
HP Part .- Mfr
Reference Qty Description Mfr Part Number
Designation Number Code
Alvie Ldai=Usd2 TRANSISTUR PNP 31 UARL TU-<cuAB PlU=30W 20480 1853-0409
Aluls LE33-0409 TRANSLSTUR P 51 DARL Tu-220ia P0=LJdn LU4B0 LB53=-0409
Aldi® 1653=0409 TRANSISTUKR PAP 31 LAKL Ju=-£delie PU=BUW 24430 L853-0409
Alwis Luzid=-u4ay TRANSISTOR PAP 51 DARL Tu-2204Y Pusslw 286480 1853-0409
Alvie Le53=04ad3 TARANSLIATUR Pk 31 vAKL Tu=<£4und PlU=ogdsw 28482 LB853-0409
Aluli Las3-0409 TAANSLSTOR PAP 31 bDarb TU-£204d Pusopdw 2B4%80 1853-0409
Aldle Léas=0~29 TRANSESTUR PAP 51 UDAKL Tu-ZedAb Pu=bdw 28480 L853-0409
ALKl JTST=0L40 & RealSIO0R CalSK Lla <125 F fL=d+=1l00 19701 MF4LL/B-TO-6191-F
Alke UTET-uel3 o ReSISTUR 3.ulh L3 L1258 F IC=0+—100 24545 C4-1/8-TD-3011-F
LY WIsT=0c99 RLOISTUR 6.19% L% «125W F TL=0%=luu 19701 MF4Cl/8-TO-6191-F
Alrs ATsT-0els KzalSIOR Seulh 1% o125n F TL=J#+-100 24546 C4é-1/8-Tu-3011~-F
ALK> UTsT-0c0s 1l RoSISTOR 2K Le 1250 F TC=Jde=100 24545 C4-1/8-TO0-2001-F
Alko 075T=-ucy RESISTOR 0.1Y9K 14 ol2% F TC=0#=100 19701 MF&4CL/B8-TO-6191-F
ALWT GTET=-0el s KESISTUR 3.UlK LI .125n F IL=us=100 24546 C4-1/8-TO-3011-F
Alnd WT5T=-0e90 K:alS5TOR 6.19% LX oliom F TL=ue=100 13701 MF4C1/8-TO-6191=F
ALK GTLT-uai3 HESISIOR 3.ulk 1% J1le%W F TC=0+-100 245646 C4=1/8-TO=-3011-F
Alnll 07570420 3 KESISTUR 760 LI 1234 F Tu=0¢-100 24545 C4-1/8-TO-751-F
Alnl2 0757-060l 1 ReSI5TUR 150 L& o9a F TL=0#-LJ0 19701 MFTC-1/2-TO-151-F
Almild JuYd-4suh 3 ReSISTI0R 19.1K 13 1254 F TL=0e=100 26548 Lé4=-1/8-TO=-1912-F
ALKLlS 0757-0o%49 3 KESISIOR Z2.0F 1Y% 125w F TL=0+-100C 24540 C4-1/8-T0-2262-F
AlnlS5 07570289 3 RUSTSTOR 133K 13 1254 F IL=0+-100 24545 C4=1/8-T0-1332-F
Aldie OTET-041Y 3 RLalS5TOR 66l 11 1258 F TL=0+=100 24546 C4=1/8-TO0-uB81R-F
ALRALT 0757-0405 b KesISTOR LOUK LS oléom F TL=04-100 24545 C4-1/8-T0-1003~-F
Alnls DTET-054Y9 RESISIUR £2.6K L% o125m F TC=204+-100 24540 C4=-1/8-TO-2262~F
AlKly 07570289 RLSISTUR 133K L5 1254 F TL=U+-100 24545 C4-1/8-TO-1332-F
Alngl OTsT1-0419 ReSISTUR 681 13 .125W F TL=0+=-100 24540 C4-1/8-TO-63LR-F
Alk2e 075T-0405 RESISTOR 100K 12 <1254 F IC=0+=10u 29540 C4=-1/68-T0-1003-F
Alw3d D6 Si-44de KLSISTOR 19.0K 1% 125w F TL=U#=100 245406 C4-1/8-TO-1912-F
Alnds 0757-0289 RESISTUR 133K 1% 125w F TC=0+-100 24545 C4-1/8-T0-1332-F
AlRZS OT5T-0%19 RESTSTUR 681 L4 «leon ¢ Tu=ue=luo 24548 C4-1/8-TO-681R-F
Alrco UT5T-u4bLS RLSISTIOR LOUK Lo 125w F T2=0#-100 24545 L4=1/8-T0-1003-F
Alnel JoYd=a4be RESISTUR 19.1K 1% .12%< F TL=0+-100 24545 Cé=-1/8-TO=-1912-F
Alncl 07 57=-049 RESISTOR 22.64 1% 1254 F TL=U#=400 245%5 C4-1/8-TO-2262-F
Alny OT57=-u4lo 1 RLSISTOR 301 1% <1254 F IL=0+=100 24545 C4~1/8-TO-30LR-F
ALK3l JT57-0405 ReSISTOR 1OUK L «léSm F Fo=d#=-100 24545 L&-1/8-TO-1003~-F
Aln3e OTET-0sb3 RESISIUR 2K 14 «1e&5h F TL=0¢=100 24546 C4-1/8-T0-2001-F
ALR33 0T 57T-0zd0 13 RL3IsIUKk LK L& «Llom F TC=de=-100 24545 C4-1/8-T0-1001-F
ALl e 0T 57T-0ci0 RESISTOR LK L¢ «125W F TC=0#-LUu 24548 Cé-~1/8-TU-1001-F
ALR3S5 UT57T=U442 8 ReSISIOR LOK L3 <1256 F TL=04-100 24545 C4=1/8-TO0-1002-F
AlK3e UTS5T-0cdd Re3IS5TOR 2K 1% .leom F O TL=0#-100 24546 C4-1/8-TO-200L1-F
ALR3T DT75T=Uead RESISTOR 2K 1T «125W F TC=Ue=-100 24545 Cé~1/8-TO-2001-F
Alx3g IT5T=0c03 ResISTOR 2K L% 125w F TC20#=100 245486 C4=1/8-TO0-200L~-F
Alri9 OT57-0s83 RESISIOR 2K L& «125H F TC=0e-100 24565 C4-1/8-T0-2001~F
Alrnsd Lo lu=0u55 i NE T mUAK=RES 9=PIN=3IP .15=PIN-5PLUG 28430 1810-0055
Ald4l JT5T-0199 F ReSISTOR 21.5K 1€ 1258 F TC=0+L00 24545 C4-1/8-TD-2152-F
AlR4z QT5T-0194 ReSISTOR 21l.5K 1% .12%s F TC=0+-100 Lh54b C4&=-1/8-T0-2152-F
Ald4d 07157-0c73 RESISTUR 3.ULK L& <1454 F TC=04=100 245406 C4-1/8-TO-3011~-F
Alddy T 5T-0nb s KESISIOR LUK L& o125 F TL=0#-100 24545 C&=1/8-TO-10D2-F
Alnad 6 SE-4453 1 KesISTOR 4U2 L% 125k F TC=0+-100 24546 C4-1/8-T0-402R~-F
Aln4o 0757-04ul RCSISTOR L0V L& «125m F TC=0+-100 249565 C4-1/8-T0-101-F
AlR4T 0T571-0sa8 1 KuSISTOK 34 L3 1254 F TC=Je-100 24546 Cé4~1/8-TO-34R0-F
Alnas U7 5T=040? 3 RL>ISTOR 200 13 .125W F TC20#=100 265486 C4-1/8-T0-201-F
Alnay QIST=-ua07? KESISTUR 200 L4 125w F TC=0+-100 24546 C4-1/8-T0-201-F
ALRSL UT5T-Us2y F KLSISTOR 1.82K Llx 125w F TL=U+=1U0 245645 C4-1/8-TO-1821-F
Alnde OTST-ueBY RESISTOK LK L& <1254 F TC=2+-100 24546 C4~1/8-TO-1001-F
AlnSs QT5T-0429 RESISTUR L.82K L3 1258 F TL=0+—100 24545 C4~1/8-TO-1821-F
AlaSw OT57-0%u7 ReS515TUR 200 1% «125W F Tu=0+=-i00 24546 C4-1/8-T0-201-F
AldS> Jo9d-4l23 1 RESISIOR 499 L4 «125W F Tu=0+-100 24545 C4-1/B8-TO-499R-F
ALRSG 0757-0cd3 ReSISTOR 2K 1% .125W F TC=0¢-10u 24546 C4%-1/8-T0-2001-F
ALRST 075T-0cd3 RESISTUR 2K 13 .125d F TL=0#-100 24545 C4-1/8-T0-2001-F
AlnSy JT57=-0cB 3 RESISTUR 2K 14 .125w F TC=0+-100 24546 C4-1/8-T0-2001-F
Alnby UT5T=-0eB2 RESISTOR LK 1T L1254 F 1C=u+-100 26545 C4-1/8-T0-1001-F
AlR6L 0757=-0.480 RESISIOR LK 12 1254 F TC=0e¢=-100 24546 C4-1/8-T0O-1001-F
Alkbg UT5T-uddw RESISTOR LK 1% 1254 F TC=0+=L00 24545 C4-1/8-T0-1001~-F
Alne3 0757-0420 i ReSISTUR 750 L3 o12od F TL=0#-100 24545 C4-1/8-TO-T51-F
Alnbs U7 5T=-u2s8y ReSISTOR LK L4 «125m F Tu=0#=l00 24545 C4-1/8-TO-1001-F
AlheS 075T=-Ucii0 ReESISIOR LK L& .125W F TCL=0+-100 26545 C4-1/8-T0-1001-F
AlKbe 0T 5T-0280 RESISTUR LK 1% 125w F TL=ue-100 24545 C4-1/8-TO-1001-F
ALKGT UT5T=-0280 RCSISTOR LK la «125W F TC=0#-100 24545 C4-1/8-T0-1L001-F
AIREE A 07570442 RESISTOR 10K 1% .125W 03292 C4-1/8-TO-1002-F
ATRBD ag 0767-0401 RESISTOR 100 1% .125W F TC=0+-100 03292 C4-1/8-TO-101-F
A1S1 3101-1973 1 SWITCH-SL 7-1A-NS DIP-SLIDE-ASSY .1A 11237 206 TYPE
AlJul L820~-1200 2 IL-DIGITAL SNT4LSO5N TTL LS HexX 1 01295 SNT4L 505N
Alus 1820-1197 T IL-UIGITAL SNT4LSOON TIL LS QUAU 2 NAND 0L295 SNTALSOON
Alus 18201053 i IC-DIGITAL SNT&14N TTL HEX 1 01295 SNT4L4N
Alus L820-1112 El IC-DIGITAL SNT4ALST4N TTL LS DUAL 01295 SNTALSTAN
AlJ5 1B820- 1200 IC-DIGLTAL SNT4L505N TTL L5 HEX 1 01295 SNT4L5S05N
ap SEE NOTE ON SCHEMATIC 10

ap SEE NPTE ON SCHEMATIC 'IDI
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Model 3455A

Section VIII
Replaceable Parts
Reference HP Part e Mfr
: : N Qty Description Mfr Part Number

Designation umber Code
Aldo Lav=1%a20 i) IL=UIGITAL MC344LP Tioe® Juau 04TL3 ML 3441P
wlul J L T < Ju=UlwITAL LNTAHLS2TN TTL L3 TPL 3 NCR 01295 aNTALS2ZTN
alde Lusg0=1.49 o Jo=0IGITAL SNI4LSu4N TIL L Huk 1 aL295 ANTHL S04N
Aluy Logd=1223 IL=-21GITAL MCi4%1lP TTL® Quau aTL3 MCi441P
Aldiv Ladd=Liasd IL=01uaTAL SNT4L50%N TTL L> HEX L uL29es SNTAL 504N
Aluis lea0=11d0 Ly IZ=01GITAL LSNT4L5LT4N TIL LS HEX 01295 SNTALSLT4N
Aidle Legd=1500 Te=0lGITAL MCI44LP TTL® yUau D4T13 MC3441P
ALJdls loct=12a1 =] Te=DIGITAL SNV&L304N TTL Lo JUAD 2 AND oL2ys SNT4LS08N
AlJdlw Lad0-1197 IS=JIGITAL SN/4L300N TIL L3> QUAD 2 NAND 0L2%5 SNT4LSION
AlJdi> lozd=lLda L] IC=D1GITAL SNT4LSO3N TTIL LS JUAU 2 NANU JL29s SNT4LS03N
Alule Ldcu=Li9d IC-DIGITAL SNTALSO3SN TTL L JJAU & WANU 0Le9s SNT4LS03N
AlJdal lagu=11YJ IC=-JIGITAL SNI&LSJOAN TTL LS JUAD 2 NAND ul295 SNT4LSO3N
Alulo le 20-119d IC=JIGITAL SNT4L303N TTL LS GUAD o NAND 01295 SNTALSO3N
AalJdly Lo£0=-L196 IC-DIGITAL SNT4LSLTSN TTL L5 HEX 0L295 SNT&LSLTGN
Aldev loeu-1190 IC=D1GITAL SNT4LSLIT4N TIL L3 HEX J129% SNT4LSLT4N
Alies Lo du=Llbod o Iu=DIGITAL SNT4LSLeanN ITL Ls> QUAD L 3uS 0L295 SNT4LS125N
Alude Lo du=1s08 IL=01GITAL SNT&L5L25N TiL LS Quab 1 4uUs 01295 SNT4LS5L25N
Aldes lodU=117 I2=J1GITAL aWT4L5LT4N TTL Ly HEX 01295 SNT4LSLTA4N
Aldew lo2u~-1lY%0 IL=DIGITAL SNT-LSL74N TTL L3S HEX 01295 SNT4LSL T4N
alJddy Lu20=-1170 IL=-DIGITAL SNTSL3174N TIL L3 HEX 01295 SNT4LS1TAN
aluco lscu=-1112 IZ=-01GITAL SNT4LST4N TTL L> DUAL 01295 SNTALSTAN
Alact L9ve=JdT 2 1 UIDDE AHRAY 28480 1906-0075
Aluecd ledu=leuwy 2 IC=UIGITAL SNT4LSL8LN TIL LS aL295 SNT4LS1BLN
Alued L840-11%0 IC=JIGITAL SNT4LSLT&N TIL LS HEX 01295 SNTALS1T4N
Aldau 1d e0=-1280 IL=-01GITAL ShT4LSLBLN TTL L3 01295 aNT4LS18LN
Alual Ld2u=11906 IL=DIGITAL SNT4LSLT4N TIL L> HEX JLees SNT4LSL Ta4N
Aldac LB20=1£08 1 IC-JIGITAL 5NT&LS32N TIL LS5 QUAD 2 UH w1295 SNT&LS532N
AlJdas logu=1clb 2 IC=J2IuITAL SNT&LS5138N TTL LS 3 01295 SNT4LSL3BN
DY ELY lu20-1500 IC=DIGITAL >NT4L5125N TIL L3> JUAD 1 ous JL295 SNT4L5125N
Aldas loc0=1%68 IC=DIGITAL >NT4L5125N TTL LS JUAD 1 BUS 01295 SNT&LSL25N
LY Lucu=-1432 F JIC-JIGITAL 5S5NT4LSL163n TTL LS BIN 0L295 SNT4AL 51 63N
LYVEY) Ld 20=-1432 IL=DIGITAL SNT4LS163N TTL LS aiN 0L295 SNTALSLG3N
Aluaseo La20-1201 IC=21GITAL SNT4LS08N TTL LS QuAD 2 AND 01295 SNT4LSJBN
LYV ET] LE20-1199 IL=J1GITAL SNT4LSO&N TTL w3 HEX 1 01295 SNTALSUAN
YD L82u-1112 Ie=UlGITAL SNTALST4N TIL L> vUAL 0L295 SNTALSTAN
Aldbl lago=-1<ile IC=JIGITAL S5NT4L5138N TTIL L5 3 01295 SNTALS1 38N
ALdee L8 «0-1268 IL=J1GITAL SNT4LS5125N TTL LS JuAu L BUS 0oL295 SNT4LSL25N
aldaes lo2o=1%0d IC-DIGITAL SNTALS51Z5N TTL LS JUAD 1 BUS 01295 SNT4LSL2Z5N
Aldaes 1818-0199 2 IC AMY11ZAPC LK RAM NMUS 34335 AM9L112APC
LYL Lo 16=-0199 Iu AMYLLZAPC LA RAM NMU> 34335 AMILL12APC
LY LT LodU=1i94 Io=DIGITAL SNTSLSO3N TTL LS JUAD 2 NANOD oL295 SNT4LSO3N
Alusl Ld20-1.01 IC-01uITAL SNT4LSUBN TTL LS QUAD 2 AND 01295 SNT4LSOBN
aluds Ldeld=14s3 i IC=-JIGITAL SNT4LS123N TTL LS ODUAL 01295 SNT4L5123N
ey LB20=1197 IC-DIGITAL >NT4LSO4N TTL LS HEX 1 01295 SNT4LSO4N
Aludu Lodu=1a97 IC=-216ITAL SNT4LSOON TTi L3 QUAD 2 HAND 01295 SNT4LS00N
Alusy L3Z20=119¢ IL-DIGITAL SNT4&LS5LT74N TTL LS HEX 20295 SNT&LSLT4N
Aluaeg L8 20-il3Y IZ2=-JIGITAL SNT4LSO4N TIL L3 HEX ) 01295 SNT4L 504N
AlJdos Loz0=1cds IC-DIGITAL SNI&LSZTN TTL La TPL 3 NOR 0L295 SNT4LS52TN
ALJo% Lloeu-1196 IC-Q2IGITAL SNTALSLT4N TTL L> HEX 01295 SNT4LSLTAN
aldss 1820-1197 IC-DIGITAL SNT4LS00N TTL L> JUAD 2 NAND 01235 SNT4LS00N
AlJdro locd=1céd £ IL=0IGITAL SN74LSLISS5N TTL LS DUAL < 01295 SNT&4LSL55N
ALuoTl Ap 14 20-0987 1 IC ENCDR TTL L B-=INP 02237 93L18PC
aldze 1d20—~1190 IC=JIGITAL SNT4LSLT4N TTL LS HEX 01295 SNT4LSLT4N
Aluzy Ld20—-1198 IC-01GITAL SNT4LSO03N TTL L5 JUAD £ NAND 0L295 SNT4LS03N
Aldoud La£0~-11948 To=DIGITAL SNT&LSU3N TTL L5 JUAD 2 NAND 01295 SNT4LS03N
Aldby 1820-1197 IL=D1uITAL SNT4LSOON TTL L> QUAD 2 NAND 01295 SNT&4LSOON
Aluec 1820~ 160% 1 IC-DIGITAL SNT4L34BN TTL LS & 01295 SNT&LS48BN
AlJdos Ldeu=1l196 IL=JIGITAL SNT4L3L74N TTL L5 HEX 01295 SNTAHLSLT4N
Alubs LB £0=1chd> IC=JDIGITAL SNT4LSLS5N TTL LS DuaL 2 0oL295 SNT4LSLS5N
Alues L320-1136 IC-DIGITAL SNT4LSLT4N TTL LS HEX 0L295 SNT4LSL 74N
ALJbe LdeU=11586 IL=DIGITAL SNTHLSLT&N TTL L5 HEX 01295 SNTALSLTGN
Alvel Ld2d-1190 IC=JIGITAL SN7T4LSLT4N TTL LS HEX 01295 SNT4LSLTAN
Aldod Logd=-114> IC=JIGITAL SNT4ALSL1T&N TTL LS HEX oLz295 SNTALSLT4N
alJed Lezo-1190 IC-DIGITAL SNTALSLT4N TIL LS HEX 01295 SNTSALSLT4N
Aluiu 1d20=-11%0 TIC=JIGITAL SNT4LSLT4N TTL L35 AEX 01295 SNTALSLTAN
aAluli Lb20=Lisu 1 IL=J1GITAL uSBB63IN MOS* USPL URVR 2701% D58863N
ALY L U& lu=Ludl 1 LRYSIALs WUARTZ 1.3 MHZ 28480 0410-1001

L2 00-0485 1 SUCKET:zIC 14=PIN PL MUOUNT ING 26480 L200-0485

L20U=0473 2 SUCKET=IC Ll6=LONT DIP-5LDR 28480 1200-04T73

Usel=0ubo Fa *LUS BAR-MEZ3 o000 08D

03 ed-00d7 2 *3US BAR-MBZ23 ouaoo nego

S04U0-0LT0 2 GUIJE:PLUG-IN PL BUAKHU 28480 5040-01LT70

A SEE NOTE ON SCHEMATIC 10
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Model 3455A Section VIII
Replaceable Parts
Reference HP Part Descripti Mfr
y e Qty ription Mfr Part Number

Designation Number P Code

A2 U3455-00502 1 PL ASSEMBLY, DISPLAY 28480 03455-66502
A2CRL L99=0567 k1] LED-VISIBLE LUM=INT=2MCY [F=20MA-MAX 28%80 1990-0547
Al LY90=054T LED=VISIBLE LUM=INT=2MCD IF=2UMA=MAX 284480 1990-0547
A2LKs 1950-05%4T7 LEJd=VISIBLE LUM=INT=Z2MCO IF=20MA-MAX 2B4B0 1990-0547
ALy 1990-054T LED-VISIBLE LUM-INT=2MCD IF=20MA-MAX 28480 1990-0547
AZ2LRS L9Yd=0b%eT LEO=VISIBLE LUM=INT=ZML] [F=2UMA-MAX 28480 1990-054T
AZCHo 1950-0567 LeU=VISIBLE LUM=INT=2MCU IF=20MA-MAX 28480 L990—-054T
A2LKT LYSU=054T LeD=VISIBLE LJM=INT=2MCD [F=20MA-MAX 28480 1990-0547
A2CRE 1990-054T LeD=VISIBLE LUM—INT=ZMCD [F=20MA=-MAX 28480 1990-0547
AZLKS L990=006T LED=VISIBLE LUM=INT=2MCU IF=20MA-MAX 28480 1990=-0547
AZLRLY L9GU~-054T LED=VISIBLE LUM=INT=ZMCU IF=20MA=-MAX 284832 1990-0547
AgLMLl L950=-0547 LED=-VISIBLE LUM=INT=2MCD IF=20MA=-MAX 28480 L990-0547
Adule LG90-0U%4T LeU=VISIBLE LUM=INT=2MCO IF=20MA-MAX 28480 1990-054T
AZLKLl3 1990=054T LED=VISIBLE LUM=INT=2MCU [F=Z0OMA=MAX 28480 1990-0547
AZLHLS L990-0547 LED=VISIBLE LUM=INT=2MKC0 IF=2UMA—-MAX 28480 19900547
AdLilD> L990-054T7 LED=VISIBLE LUM=[NT=2MCD I[F=20MA—MAX 28480 1990-0547
AlCnio 1950-0547 LED=VISIBLE LUM=INT=ZMCU I[F=20MA-MAX 28480 1990-0547
AZLRLT LI Su—0047 LED=VISIBLE LUM=INT=ZMCU IF=20MA-MAX 28480 1990-0547
AZLRLlB 1L990U—054T ED=VISIBLE LUM=INT=2MCD IF=2U0MA=MAX 2H4BD 1990-0547
AZLRLY 1990-054T EU=VISIBLE LUM=INT=2MCD IF=20MA-MAX 28482 L990-0547
AdLRzU 1990-0567 LEU=VISIBLE LUM—INT=2MCU [F=20MA=MAX 28480 1990-0547
Adlmel 19650-0547 LED=VISIBLE LUM—INT=2MCU IF=20MA-MAX 28480 1990-0547
Aduhed L950-054T LED=-VISIBLE LUM=INT=2MCD IF=20MA-MAX 28480 1990-0547
A2LRLS 1990=-054T LED=VISIBLE LUM=INT=2ZMCD IF=20MA-MAX 28480 1990-0547
AduRis L990-0541 LED=-VISIBLE LUM-INT=Z2MCD IF=20MA-MAX 28480 1990-054T
Adimes 1990-054T7 LED=VISIBLE LUM=INT=2MCU IF=20MA-MAX 28%80 1990-0547
A2CHZE L990-0547 LED=-VISIBLE LUM=INT=2MCD IF=20MA-MAX 28480 1990-054T
AZLned L990-054&7 LEO=YISIBLE LUM=INT=2MCD IF=Z0MA-MAX 28480 1990-054T7
AZLRed 1990-054T7 LED=VISIBLE LUM=INT=ZMCU IF=Z20MA-MAX 28480 1990-0547
AduRZd L990-0547 LED=VISIBLE LUM-INT=2MCD IF=2UMA-MAX 28480 1990—054T
ALLKIV 1990-0547 LED=VISIBLE LUM=INT=2MLD IF=20MA-MAX 28480 1990-0547
AZCRaL 19900547 LED=VISIBLE LUM=INT=2ZMLD IF=20MA-MAX 28480 L990-0547
A2LR3IL L990=0567 LED=VISIBLE LUM=INT=2ZMCD IF=20MA-MAX 28480 1990-0547
AZCR33 L9S50—=054T LEU=VISIBLE LUM-INT=2ZMCU IF=Z20MA-MAX 28480 1990=-0547
A2LR3% 1990-0547 LED=VISIBLE LUM-INT=2MCD [F=20MA-MAX 28480 1990-0547
AZLrid 1990-0547 LEO=VISIBLE LUM-INT=2ZMCD IF=20MA-MAKX 28480 1990-0547
AdusMil L990-0539 1 DISPLAY-NUM SEG .5-CHAR .408-H 28480 1990-0539
AZusMe L950=-0540 T DISPLAY-NUM SEG 1-CHAR .43-H 28480 1990-0540
A2UM3 1990=-0540 DISPLAY=NUM 5EG 1-CHAH .43-H 28480 1990-0540
AZusHe L99U-0540 DISPLAY=NUM SEG L—CHAR .4%3-H 28480 1990-0540
A2ushs 1990=0540 DISPLAY-NUM SEG L-CHAR .43-H 28480 1990-0540
A2usMo—-DSMB 19%0-0540 DISPLAY=NUM 5c6C 1-CHAR .43-H 28480 1990-0540
A2P1 NO PART NUMBER;SEE AZW1

AZP2 1251-4340 1 CONNECTOR 16—PIN F POST TYPE 27264 22-01-2181

1251-3476 CONTACT-CONN UMW POST TYPE FEM CRP (P/O P2) 28480 1251-3476

AZRL Jodi=2ul5 & KeS51STOR 200 5% «25n FC TC==400/+600 o111 CB2015
AdnZ VoB3-2415 3 RESISTOR 220 5% .25W FL TL==400/+600 oL12l cez2215

AdK 3 Jbdi=2415 RESISTOR 220 5K .25W FC TC==400/+5600 oL12l CcB2215

nir V683-3505 L] RESISTOR 33 5 .25m FC TC=-4&00/+300 oLLzl CB3305
AlKS Obd3=-3305 RESISTOR 33 54 .25W FL TL==400/+500 oLL21 CB3305
hino Qudi=33J5 RESISTOR 33 5% 25w FC TC=-400/+500 01121 LB3305
ALRT Vb E3=3305 RESISTOR 33 5¢ .256 FC TC=-400/+500 oLL21 CB3305
AZnb JeBI-3505 RESISTOR 33 5% .25W FL TC=-400/+500 oLzl CB83305
AZRY Jb d3=3505 RESISTOR 35 5% .25w FC TC=-&0uU/+500 oL121 CB3305
AZnl0 JbB3=-3305 ReSISTOR 33 5% .25W FC TC==-400/+500 o1121 CB3305
AZnlLl Jb83i=3305 RESISTOR 33 55 .25W FL TL=-400/+500 oLL21 CB3305
AZMle L8 10-0229 5 MNETWURK=RES 8=PIN=-S5IP .1-PIN-5PLG 11235 750-81-R330
AZRL3 18 10-0229 NETWORK=RES 8-PIN=-5IP .1-PIN-SPCG 11236 750-81-R330
AZRLS Lelo-0cey NETWORR=RES 8-PIN-SIP «1-PIN-5PLG 11236 750-81-R330
AZRLS Lelo~0229 WeTWORK=RES B8=PIN=SIP .1=-PIN=-5PLG 11236 T50-81-R330
Adrlo 1810-0c23 NETWORK=RES B=PIN-SIP .1-PIN-5PLG L1236 T50-81-R330
AnLT ap 18 10~ 0206 Z NETWORK=RES 8=PIN=5IP .1=-PIN-3PCG 02483 750—-81-R10K
AZR1E Ap 18 10~ 0206 NETWORK=RES 8-PIN-SIP .1-PIN-5PLG 02483 750-81-R10K
AcS1-528 S5Uol-9430 28 PUSHBUTTON aWITCH 28480 S060-9436
A2ul BL20-245% 1 SLABLE ASSEMBLY, DISPLAY(INCLUDES P1) 28%80 8120-225%
Adud 03455-ul60l 1 CA3LE ASSEMBLY, KEYBOARU(INCLUDES P2) 28480 03455-61601

L200=04T4 8 SUCKET=IC L14-CUNT DIP-5LDR 28480 1200-0474

Ap SEE NOTE ON SCHEMATIC 10
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Section VIII Model 3455A
Replaceable Parts
Reference HP Part o Mfr
" Qty Description Mfr Part Number

Designation Number Code

A3 03455-66503 1 Pals ASSEMOLY, PRUCESS5UR 23480 03455-66503
03455—-608503 REBUILT EXCHANGE ASSEMBLY 28480 03455-69503

A3CL U1680-0210 3 CAPACITOK-FXU 3.3uF+-203 15VUC TaA 56283 1500335X0015A2

A2 01 80~udclo CAPACITOR-FXU 3.3UF+=20% 1oVOC Ta 56289 1500335X0015A2

A3Cs ULE0-0210 CAPACTTOR-FXU 3.3UF+=20K 15VOC TA 562837 150D0335X001 5A2

A3AL, R2 OT5T-0483 ResISTUR 2K 1€ 1250 F TC=us=100 24545 C4=1/8-T0O-2001-F

A3Ka* PADDING LIST
0698-3155 3 RESISTOR 4.04K LT L1256 F TC=0+10050V) 24545 C4=-1/8-To-4b41~-F
U6 98=-3151 1 RESISTOR 2.07K 131 .125W F TC=0+-100(4.5V) 24546 C4-1/8-TO-28T71-F
J6Y8-gudl i RESISTOR 1.96K LY 125W F TC=0#=100(4.0V) 24545 C4-1/8-TO-1961-F
0b 9d=4423 1 RESISTOR 137K 13 «125W F TC=0+-100(3.5V) 26545 C4-1/8-TO-1371-F
UT5T-0c80 RESISTOR LK L& «125n F TC=0#-100 (3.0V} 24546 C4-1/8-TO-1001-F
0b%a=3700 RESISTOR 715 L4 «125m F (L=0+-100(2.5V) 25565 C&=1/8-TO-T15R~F
JT57T-041% 1 RESISTUR 511 L% <L25W F TL=us-100(2.0V) 245456 C4-1/8-TO-511R~F

LEDRE locU=-1l0l Io=-0lulITAL SHI4LSOEN TTL L3> WAD 2 ANU 01295 SNT4L508N

A3Ue l820~1a0l IC-DIGITAL 5SNT4LSOBN TTL LS QUAL 2 AND 01295 SNT4L508N

Adu3 le20-1194 IL-DIGITAL S5NT4L503N TTL LS JUAD & NAND 01295 SNT4&L 503N

Adde L820-1199 IC-DIGITAL SN74LSO4N TTL LS HEX 1 01295 SNT4LS04N

A3us le20~1195 IC-0IGITAL SNTALSLTS5N TTL LS WUAD 01295 SNT4LSLT5N

A3lo 18 l8-02b0 L *iC, ROM-MOUS 28480 L813-0266

AsuT 1e18-0265 1 *IC, KOM-MOS 28480 16818-0265

A3us 1d18-0co% 1 *[ls KOM=MOS 28480 1818-026%

A3V LB40-1091 4 IL-DIGITAL MO> 28450 1820~-1696
4040-0768 & EATRACTUR-PC BO BLK PULYC +062-oU-THKNS 28480 4040-0T48

28480

AC SERIAL NUMBERS 1622A01806 AND ABOVE: REPLACES 0160-015@

|
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Model 3455A Appendix A

APPENDIX A

A-1. INTRODUCTION.

A-2. The following section of this manual gives some remote programming (HP-1B) examples for
the 3455A. These examples are given in the HP Basic (-hp- Model 9830A/B Controller ), HPL (-hp-
Model 9825A Controller), and Enhanced Basic (-hp- Models 9835A/B and 9845A/B) Controller)
languages.

A-3, For effective program writing, it is advisable to write a good algorithm first. Then write the
3455A program using the HP-IB information in Section III of this manual and the appropriate con-
troller manual. Most -hp- controller manuals have a summary of the HP-1B messages (usually in the
HP-IB section) in a tabular form. These messages are written in the respective controller languages
and are given as sample HP-IB operations. This information and the following program examples
can be very helpful when you start writing programs for the 3455A.

A-4. Program Example #1: In this program example, the 3455A is set up to take 50 readings quickly
(with Auto-Cal off) and stores them into an Array. Each reading is printed out after all the readings
have been taken. The 3455A is then set back to the Auto-Cal mode to insure accuracy. The programs
in this example perform basically the same functions using different languages. The first program in

this example is written in the HP Basic language, the second in HPL, and the third in Enhanced
Basic.

Example # 1 (HP Basic).

Set DVM to DCV (F1), Autorange (R7), Hold/Manual (T3),
18 OIM AL %] / Auto-Cal Off (AD) and Data Ready Off (DO).

2EOCHMD "PUE" s "FIRTPTETISHEDES Begin For...Next Loop

Complete For...Next Loop

28 FOR I=1 B-/_/—— Address DVM to Listen, Controller to Talk.
ig ]r:’|H| IEI | T . ': }____________,___._._._-—-—-—-— Format the Output.
g6 0 lﬁlﬁ-:j'r C13+S@)E56 5y 51 2— Triager the DVM (GET).
7A CHMD "7ys:t Set DVM to Talk.
86 FORMAT El132. & Format the Output (reading).
S EMTER 15 5@ 0 HL [ J=——————— Enter the Output into Variable.
]I.T:E: !UEHJT . ]l IE" s "R Complete For...Next loop.
1 :,Lit E[i B ~£ = T IE:l & U""——'—---—-._._.__________ Auto-Cal on to Maintain Accuracy (A1).
128 PRIWNT ACT ] Begin For...Next Loop.
A [ il \ : i
148 HEXT I\ Print the Entire Array.
158 EH I'l\

Ends the Program.
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Example #1 (HPL).

/Dimension the Array.
B olim AL SH] —//Assign Name to the DVM Address.
dew "Dum"s V22

1: Set DVM to DCV (F1), Autorange (R7), Hold/Manual (T3),
21 wrt “Duim’s "FLR7?T2 T2RADEH S Auto-Cal Off (AD), Data Ready Off (DO)

a2t for I=1 to 50 Begin For...Next Loop.

g P tra }gt LA - Trigger DVM (GET).

2: e ‘JT ]fI U AL or the Reading Into Variable.

t_:; . lr:*; ? A D™y “F1 ——Complete For...Next Loop.

\

a Fur] & Auto-Cal on to Maintain Accuracy.

Qi for Imﬁ:rmat the Output.

1ad prt ALI J\Begin For...Next Loop.

% é f :r-l ’1 f L i %W\Zrint the Entire Array.

131 ape G \complata For...Next Loop.

148 end \ lear the DVM (set to turn on state), (SDC).

27 VHS Advance Printer 3 Spaces.
\nds the Program.

Example #1 (Enhanced Basic)

Choose Option Base for Array (see Note).
OFTION BRSE j|—”"”_/-//W_ﬂDi""*ﬂmim'I the Array.

1

20 DIM Yoltoge!S5H :./ Use Variable for DVM Address.

S8 Dun=dds Set DVM to DCV CED, Autorange (R7), Hold/Manual (T3),
4 CUTPUT Dwws "FIR?T2T3AADE > Auto-Cal Off (AQ), and Data Ready Off (DO 4
Sk Fiok: Irnde==1 T SE———————Begin For...Next Loop.

ok TRIGLER D it——————_Trigger DVM (GET).

i, ':: - E tl ! [1 h Jll “” PVoltaged Indexx Enter the Reading into Variable.

Euﬁ T ! ”D ::‘ “ PN —— Complete For...Next Loop.

16 ' & Auto-Cal on to Maintain Accuracy.

118 MAT FEIHT Yoltoae Format the Array.

188 END \ Print the Entire Array.

\ Ends the Program.

Note: Refer to Controller Manual for Explanation of Option Base

A-5. Program Example #2: When the 3455A is in the Binary mode, another feature called the
‘“‘Learn Mode”’ can be used. With this feature, the set-up of the instrument (F1T3, etc) can be learned
by the controller to be used later on in the program. This can be accomplished by sending the 3455A
an ASCII “‘B” in the Data Mode and reading the next four bytes output by the instrument into a str-
ing variable. The instrument can then be reprogrammed to the previous set-up by using the string
variable instead of program codes. It is important to remember to program the 3455A into the Binary
mode by sending an ASCII *‘B”’. The instrument can transfer its set-up information to the controller
in the Binary mode only. The following programs show how the ‘‘Learn Mode’’ feature can be used.
These programs are written in the HP Basic, HPL, and Enhanced Basic languages.
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Example # 2 (HP Basic)

Dimension Variables.
Store 20 into “'Y"’and -69100 into *’Z’* Registers of DVM

Set DVM to DCV (F1), Scale (M1), Hold/Manual (T3), High
nimM AL 1@ _] ]: E At ] Resolution Off (HQ), Auto-Cal on (A1), 10 V Range (R3),
CHMD "7UE"s "EY2BSYEZ~5918 G -/and Binary Program (B).

CHMD "2US"« "F1M1 TATAHAALR 1 Address DVM to Listen.
B fLT 1] '_' RS = ///'/—/’-Format the Output.
F F I'Z!HT . 4 E' 1 F F:"' " Kl Enter Output into String Variable.
ENTER (13,58)E% B P
B4[ 5 1=B%[ 15 1 nter First Four Characters of Output into String Varia
CHD "PUE" s "FaMaps Y Set DVM to ACV (F3), Math Off (M3), and Autorange on
FOR I=1 TO 1@ A7

B CMD " TLE Y Begin For...Next Loop.

A FORMAT 5B Address DVM to Listen, Controllor to Talk.

B OUTPUT C123: 118025880512 Format the Output.

@ Crh "3 “Trigger the DVM (GET).

8 FORMAT Fl3.6 Set DVM to Talk.

EE.T:EF 1 (13s1 4M Format the Output (reading).

FOR J=1 T0 5@ Enter the Output of the DVM into Variable.
MAIT 168 Complete For...Next Loop.

Il ':, o Local Controller Operation without DVM,
pﬁDT . :! g " Set DVM to Listen.

FORMAT "B Format to set DVM into Binary Mode.
OUTPUT C1a3.22@0B4 Set up DVM to Binary Information in String.
CHD "LE Set DVM to Listen, Controller to Talk.
FORMAT 3E Format the Output.

:EHEPI:II. ..I: 13, 2380236, 8 51 2—vn Trigger the DVM (GET).

FORMAT F13 E—_“‘"“——-—-———______s.tDVMtOka
ENTER ¢13s28800 Format the Output (reading).

Frip I=1 TI_I 1 _\ Enter Output into Variable.
F |;| FHAT ) F 135 . ".\ Begin For...Next Loop.
HEIiE I 1 31ENAC T ]\ Format the Default Printer.
PR If IT \ Print the Entire Array.

FORMAT F13. @, Complete For...Next Loop.

MEITE ©1%. 13 S \ Skip a Space on Default Printer.
PRINT HHH“H“““HHHHHH :

(S N N I NP S o R I R T ¢ O T O O o O o o o o e o

,_
D D O O O O O O T O S S O T O O O )

i

N s e s R Ko R ey,

Format the Default Printer.

FRINT— Print Value in Variable.

CMp " 2Ue~ Skip a S Default Pri
FORMAT 3E ip a Space on Default Printer.
OUTFUT 13 Skip a Space on Default Printer.

BN
Y

R R O S T T R R R N N T R T NS e R R A SR AN e I N N N W S I e e S T Sl Tt St S O R O O ¢ S O A

BB 2EEs e 512
EHD \ Set DVM to Listen, Controller to Talk.
Format the Output.

Clear the DVM (set to turn-on state), (SDC).
Ends the Program.
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A-4

Example # 2 (HPL)

Model 3455A

Dimension Variable.
/Asaign Name to the DVM Address.
H[1B]gB$[i:Lﬂf€’,,,ffﬁﬂﬂﬂa

Wit

[f ] 'j 11 I et Store 20 into *’Y’* and -69100 into *’Z’’ Registers of DVM.
Vodew "Dunta VS
2¢ wrt "Dum"s "EY28SYEZ-69108S 2%':""““ Output.
At fat ol Set DVM to DCV (F1), Hold/Manual (T3), High Resolution
43 wrt “Dum"s "FIT2T3HEMIRIBE— (@ 0" Scele (M1). 10V Range (R3). and Binary Program
(=] N
E' f HEI Ty B Reformat to Turn-On Condition.
o PEL Iy 1 F
[ :_r.,e T i'r i Er !_:,r :: * : "FaIMIRT ™ Entire Binary Characters into String.
2 for I=1 ta 1B Set-up DVM to ACV (F3), Math Off (M3), and Autorange
H 1. e " ]_l i b \(R"].
5] red "Dum"sALI ] Begin For...Next Loop.
1 \:rigger the DVM (GET).

et |
fud E \Cﬂter Output of DVM into Variable.
tor Js to 58 omplete For...Next Loop.

Format Qutput.
Local Controller Operation without DVM.

Set-up DVM to Binary Information in String.
Trigger the DVM (GET).

Enter Output into Variable.

Format the Output.

—Begin For...Next Loop.

Print the Entire Array.

4

59 dsp

Ef pest

7Eowrt Dty "BUsB$
B tra "Tuma

Q9 ored "Domta B

B fxd &

13 for I=1 to 18—
2 prt ACT]

At opewt I

di: fmt f A=

(-

¥ Ry

i) == == =E wm Er Em == =& =4 EE S %5 &R w5 EE a3 =5 EE am

| ol

S Ll Sl Ll L L Ll Ll L T e .

9 ,.HHsy "H-: ——Complete For...Next Loop.
Wit L& B \omat the Default Printer.
clr _ I "'I'\ﬂm Value in Variable.
= W %lnr the DVM (set to turn-on state), (SDC).

e
et \:dvanca Default Printer 3 Spaces.
nds the Program.
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Example #2 (Enhanced Basic)

/Chme Option Base for Array (see Note).
OFTIOM BRSE 1 /_————Dimension the Array.
DIM Amplituded 1682

v Sl Use Variable for DVM Address. )
Dum=rz2 Store 20 into **Y"* and -69100 into 2" Registers of DVM.

ja]

OUTFUT Dums "EYZ2BSYEZ-6918852 —

IMAGE #+12R Format the Output Statement.

OUTFUT Dwm USIHG 485 “F1T2TEHEM 1R 2E-Set DVM to DCV (F1), Hold/Manual (T3), High Resolution
ENTER DumiBinary$ Off (HO), Scale (M1), 10 V Range (R3), and Binary Program

4 (B).
OUTEL baps "FaMERY S
HUTFUT D *F 215k Enter Binary Characters into String.

FOR Index=1 TO 18
TRIGCGER Dum \Sﬂ DVM to ACV (F3), Math Off (M1), and Autorange (R7).
EHTEE DwaiAmelitudes Indexs

Begin For...Next Loop.
HEXT Indes

Local operations FOR J=1 T0O

//

Y]
!

Y
ot

Trigger the DVM (GET).
Enter Output of DVM into Variable.

T
s

:; ﬁ?gg E| vl Complete For...Next Loop.

B HEXT J Local Controller Operation without DVM.

B OUTPUT Dums "B e Binory$ Set-up DVM to Binary information in String.
B TEIGGEE Dum Trigger the DVM (GET).

B EHTEE IhwmiEeodins Enter Output into Variable.

1 FIKED &

MAT FRINT Aaelitude Formet the Cutpdt;
FIZED & Print the Entire Array.

FEINT USIHG "K"iReadinss "R- Format the Default: Printer.
CLERE Ins |'-'|\Xﬁint Value in Variable.
EHD \Clear the DVM (set to turn-on state), (SDC).

Ends the Program.

P N I I e e el o e T T T i e B T SN R
Pl O oD o0 00 00 = Oy N B G0 Tl o= 50 50 05 S T O O e S

Ty T e
Bk B B0 = i

Note: Refer to Controller Manual for explanation of Option Base.
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