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SAFETY SUMMARY

The following general safety precautions must be observed during all phases of operation, service, 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.

‘ WARNING I

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

viii
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SAFETY SYMBOLS

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

I WARNING I
;ECAunoué

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 beforeioperating the equipment.

Frame or chassis terminal2’A connection to the frame (chassis) of
the equipment which nérmally 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.




Step #

a2 WM

14
15
16
17
18
19
20
21
22
23
24

25

26

PERFORMANCE TEST RECORD
24 HOUR LIMITS

HEWLETT—PACKARD MODEL 3456A Test Performed By
DIGITAL VOLTMETER Date
SERIAL NO.
DCV Test Temperature = 23°C + 1°C
I;:;“;' Set-Up and Configuration Il.:::; Reading ti::l: ;::: I::Il
Open Self-Test -
Open Press RESET --- - -
Open Set to 6 dig. resolution .- “e- -- =imis
Short .1 V Range +00.0024 -3 -00.0024 -
Short 1 V Range +.000004 -.000004
Short 10 V Range +0.00002 -0.00002
Short 100 V Range +00.0003 -00.0003
Short 1 kV Range +000.002 -000.002
+10VDC Autorange +10.00010 +9.99990
+1VDC Autorange +1.000013 +.999987
+.1vDC Autorange +100.0046 -3 +99.9954
+100 Vv DC Autorange +100.0014 +99.9986
+ 1000 V DC Autorange +1000.133 +999.867
-1vDC 10 V Range -1.00003 -.99997
-5V DC 10 V Range -5.00006 -4,99994
-10vDC 10 V Range -10.00010 -9.99990
-10vDC Int. = 100 -10.00010 -9.89980
-10v DC Int. = 1 -10.00014 -9.99986
-10vDC Int. = .1 -10.0009 -9.9991
-10 v DC Int. = .01 -10.008 -9.992
-10 v DC Int. = 10, Filter On -10.00010 -9.99990
-10vDC Filter Off, Autozero Off -10.00011 -9.99989
Open Press RESET -- - s P
10V DC to DCV/DCV Ratio 1.00002 .99998
REFHto VH
and REFLto VL
10V DCto ACV +DCV/DCV Ratio 1.00111 .99889
REFHto VH
and REFLto VL
See Below CMR Test .- - N o —
CMR Test

1.

@

Connect a 1 K ohm resistor between the HIGH and LOW VOLTS terminal and connect GUARD
to VOLTS HIGH.

Take a reading.
Apply 100 V dc between the 3456A’s chassis and VOLTS HIGH terminal.
The 3456A reading should be within .00001 V of reading in Step 2.

NOTE

Do the tests in the order they are given since, for example, the Reset will set-up
the 3456A to a certain configuration (5 digit mode, etc.).



HEWLETT—PACKARD MODEL 3456A

DIGITAL VOLTMETER

SERIAL NO.
Ohms Test
Stop # ety
1 Open
3 Open
4 4-Wire Short
5 4-Wire Short
6 10 k2
7 1 k@
8 1000
9 100 k2
10 1 MO
1 10 MQ2
12 1Gn
13 1 MQ
14 10 k@
15 10 k2
16 100 k@
17 100 k@

Set-Up and Configuration

Press RESET

Set to 6 dig. resolution

2-Wire Ohms

4-Wire Ohms
Autorange
Autorange
Autorange
Autorange
Autorange
Autorange
Autorange

2-Wire Ohms

4-Wire Ohms
100 K Range

Autozero Off

Autozero On
2-Wire O.C.

4-Wire O.C.

Temperature = 23°C + 1°C

00.2024
00.0024
10.00024 +3
1000.024
100.0054
100.0022 +3
1000.062 +3
10.00412 +86
1110.001 +6

1000.062 +3

10.0004 +3
10.0006 +3

100.0024 +3

100.0022 +3

PERFORMANCE TEST RECORD
24 HOUR LIMITS

Test Performed By

Date

Reading

Low
Limit

-00.0024
-00.0024
9.99976 +3
999.976
99.9946
99.9978 +3
999.938 +3
9.99588 +6
889.999 +6

999.938 +3

9.9996 +3
9.9994 +3

99.9976 +3

99.9978 +3

Test
Pass

Test
Fail




PERFORMANCE TEST RECORD

HEWLETT—PACKARD MODEL 3456A

DIGITAL VOLTMETER

SERIAL NO.

ACV Test

24 HOUR LIMITS

16
17
18

Temperature = 23°C + 1°C

Input to
3456A
Open
.01 vDC
.01V, 1 kHz
0.1V, 1 kHz
0.5V, 1 kHz
1.0 V, 1 kHz
10V, 1 kHz
100 V, 1 kHz
700 V, 1 kHz
.01V, 100 kHz
1.0V, 100 kHz
10V, 100 kHz
100V, 100 kHz
700V, 100 kHz
1.0V, 250 kHz
10V, 250 kHz
1.0V, 20 Hz

1.0V, 20 Hz

Set-Up and
Configuration
Press RESET
ACV +DCV
ACV
ACV
ACV
ACV
ACV
ACV
ACV
ACV
ACV
ACV
ACV
ACV
ACV
ACV

Filter On

ACV+DCV

High
Limit

.01057
.01056
.10060
.50080
1.00105
10.0105
100.105
701.38
.01275
1.00800
10.0800
100.800
706.90
1.05630
10.5630
1.00360
1.00360

Test Performed By

Date

Reading

Low
Limit

.00943
.00944
.08940
.49920
.99895
9.9895
99.895
698.61
.00725
-99200
9.9200
99.200
693.10
.94370
9.4370
.99640
.99640

Test
Pass

Test
Fail




Step #

-

W N

w

11
12
13
14
15
16
17
18
19
20
21
22
23

24

25

26

PERFORMANCE TEST RECORD

HEWLETT—PACKARD MODEL 3456A

DIGITAL VOLTMETER

SERIAL NO.

90 DAY LIMITS

Test Performed By

Date

DCV Test

Input to
3456A
Open
Open
Open
Short
Short
Short
Short
Short
+10VvDC
+1VvDC
+.1VvDC
+100 V DC
+ 1000V DC
-1vDC
-5 v DC
-10vDC
-10vDC
-10 vV DC
-10vDC
-10v DC
-10v DC
-1ovDC
Open
10 VDC to
REFHto V H
andREFLto VL
10 V DC to
REFHto VH
and REFLtoV L

See Below

CMR Test

1. Connect a 1 K ohm resistor between the HIGH and LOW VOLTS terminals and connect GUARD to VOLTS

HIGH.

Temperature = 23°C + 1°C

Set-Up and Configuration

Self Test
Press RESET
Set to 6 dig. resolution
.1 V Range
1 V Range
10 V Range
100 V Range
1 kV Range
Autorange
Autorange
Autorange
Autorange
Autorange
10 V Range
10 V Range
10 V Range

Int. = 100

Int. 1
Int. = .1

Int. = .01

Int. 10, Filter On
Filter Off, Autozero Off
Press RESET

DCV/DCV Ratio

ACV + DCV/DCV Ratio

CMR Test

2. Take a reading.

w

Do the tests in the order they are given since, for example, the Reset will set-up
the 3456A to a certain configuration (5 digit mode, etc.).

Limit Readiag

+00.0024 -3
+.000004
+0.00002
+00.0003
+000.002
+10.00025
+1.000028
+100.0058 -3
+100.0029
+1000.146
-1.00004
-5.00014
-10.00025
-10.00025
-10.00027
-10.0009
-10.008
-10.00025
-10.00026

1.00005

1.00143

NOTE

Low
Limit

-00.0024 -3
-.000004
-0.00002
-00.0003
-000.002
+9.,99975
+.999972
+99.942 -3
+99.9971
+999.874
-.99996
-4.99986
-9.99975
-9.99975
-9.99973
-9.9991
-9.992
-9.99975
-9.99974

.99995

.99857

Apply 100 V dc between the 3456A's chassis and VOLTS HIGH terminal.
4. The 3456A reading should be within .00001 V of reading in Step 2.

Test
Pass

Test
Fail




HEWLETT—PACKARD MODEL 3456A

DIGITAL VOLTMETER

SERIAL NO.
Ohms Test
oot
1 Open
3 Open
4 4-Wire Short
5 4-Wire Short )
6 10 kQ
7 1 k@
8 100
9 100 k0
10 1 M0
1 10 M0
12 1GQ
13 1 MQ
14 10 k@2
15 10 k@
16 100 kit
17 100 kit

PERFORMANCE TEST RECORD

90 DAY LIMITS

Temperature = 23°C + 1

Set-Up and Configuration

Press RESET
Set to 6 dig. resolution
2-Wire Ohms
4-Wire Ohms
Autorange
Autorange
Autorange
Autorange
Autorange
Autorange
Autorange
2-Wire Ohms

4-Wire Ohms
100 K Range

Autozero Off

Autozero On
2-Wire O.C.

4-Wire O.C.

°C

High
Limit

00.2024

00.0024

10.00034
1000.034
100.0064
100.0032
1000.072
10.00422

1160.001

+3
+3
+6

+6

1000.072 +3

10.0005 +3

10.0007 +3

100.0034 +3

100.0032 +3

Test Performed By

Date

Reading

-00.0024
-00.0024
9.99966 +3
999.966
99.9936
99.9968 +3
999.928 +3
9:99578 +6
893.999 +6

999.928 +3

9.9995 +3

9.9993 +3

99.9966 +3

99.9968 +3

Test
Pass

Test
Fail




HEWLETT—PACKARD MODEL 3456A

DIGITAL VOLTMETER

SERIAL NO.

ACV Test

PERFORMANCE TEST RECORD

90 DAY LIMITS

Test Performed By

Step #

11

12
13
14
15
16
17
18

Temperature = 23°C + 1°C

Input to
3456A
Open
.01vDC
.01V, 1 kHz
0.1V, 1 kHz
0.5V, 1 kHz
1.0V, 1 kHz
10 V, 1 kHz
100V, 1 kHz
700V, 1 kHz
.01V, 100 kHz
1.0V, 100 kHz
10V, 100 kHz
100V, 100 kHz
700V, 100 kHz
1.0V, 250 kHz
10V, 250 kHz
1.0V, 20 Hz

1.0V, 20 Hz

Set-Up and

Configuration

Press RESET

ACV +DCV

ACV
ACV
ACV
ACV
ACV
ACV
ACV
ACV
ACV
ACV
ACV
ACV
ACV
ACV
Filter On

ACV+DCV

Test
Fail

Date
e el Pan
.01072 ____ .00928
0107 ____ .00%29
.10077 .09923
.50105 .49895
1.00140 .99860
10.0140 9.9860
100.140 99.860
701.68 - 69832
.01296 .00704
1.00840 199160
100840 __ ¢ 9.9160
100.840 N 99.160
707.24 S 692,76
1.05650 .94350
10.5650 ____ 9.43580
1.00400 _____  .99600
1.00400 ____  .99600




SECTION |
GENERAL INFORMATION

1-1. INTRODUCTION.

1-2. The information contained in this Manual is for
the Installation, Operation, HP-IB Programming and
Service of the Hewlett-Packard Model 3456A Digital
Voltmeter.

NOTE

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

1-3. The Installation, Operating, and HP-IB Program-
ming information in this Manual is also contained in the
Operating Manual.

1-4. This section in the manual contains general infor-
mation concerning the 3456A Digital Voltmeter. Includ-
ed are instrument description, specifications, sup-
plemental characteristics, instrument and manual iden-
tification, options, accessories, and other information
on the instrument.

1-5. DESCRIPTION.

1-6. The Hewlett-Packard Model 3456A is a versatile
Digital Voltmeter with ac, dc, ohms, and various math
functions. This voltmeter is an excellent bench meter
and since it is remotely programmable it is anCexcep-
tional system measurement device. Other features for
which you may have some good uses are the selection of
power line cycles integrated, the selection of certain
number of readings/trigger, settling delay, ratio, and
other unique and useful functions.

1-7. The 3456A also employs a feature called AUTO
ZERO. This feature of the instrument is very useful for
good stability. The internal reference device and
reference resistors are also selected for good accuracy
and stability. Another good feature is the TEST func-
tion of the 3456A. With this function the instrument’s
operation can be partially verified for correct operation
by the operator.

1-8. SPECIFICATIONS.

1-9. Specifications of the 3456A are the performance

characteristics of the instrument which are warranted.
These specifications are listed in Table 1-1, and are the
performance standards or limits against which the in-
strument can be tested. Included in Table 1-1 are also
some supplemental characteristics of the 3456A and
should be considered as additional and general informa-
tion for you, the user. Because of the many operational
capablities of the 3456A, exercise care when determin-
ing the instrument’s specifications.

1-10. Any changes in the specifications due to manufac-
turing changes, design, or traceability to the National
Bureau of Standards will be covered in a manual change
supplement or revised manual pages. The specifications
listed here supercede any previously published.

1-11. INSTRUMENT AND MANUAL IDENTIFICATION.

1-12. Instrument identification is by a serial number
located on the rear panel of the instrument. Hewlett-
Packard uses a two-part serial number. The first part
(prefix)-identifies a series of instruments and the last
part(suffix) identifies a particular instrument within a
sevies. A letter between the prefix and suffix identifies
the country in which the 3456A is manufactured.

1-13. This manual applies to instruments with serial
number indicated on the title page. Updating of the
manual is accomplished either by a change sheet or
revised pages.

1-14. OPTIONS.

1-15. The following options are available for use with
the 3456A:

Option 350: for 50 Hz Power Source

Option 360: for 60 Hz Power Source

Option 907: Front Handle Kit

Option 908: Rack Mounting Kit

Option 909: Front Handle and Rack Mounting Kit
Option 910: Additional Set of Manuals

1-16. ACCESSORIES SUPPLIED.

1-17. The 3456A is supplied with a 3/8 amp, 250V fuse
for the 220V and 240V power line voltages.

RevB 1-1



General Information Model 3456A

Table 1-1. Specifications.

DC VOLTAGE
Input Characteristics
Maximum Reciaticn Maximum
Reading Ba0lv Input Input
Range (5 digit) 6 Digit 5 Digit 4 Digit Resistance Voltage
0.1V .119999V 100 nV 1uV 10 puV > 1019q + 1000V
1.0v 1.19999V 1 pV 10 uV 100 puV > 1010q peak
10.0V 11.9999v 10 xV 100 pV 1mVv > 10190
100.0V 119.999Vv 100 pV 1mVv 10mV 10MQ+.5%
1000.0V 1000.00V 1mV 10mV 100mV 10MQ +.5%

Guard to Chassis: + 500V peak
Guard to Low: =+ 200V peak

Measurement Accuracy: + (% of Reading + Number of Counts).
Auto-zero on and filter off.

24 hours: 23°C + 1°C

Range 6 Digit (= 10 PLC") 6 Digit (1 PLC) 5 Digit (.1 PLC) 4 Digit (.01 PLC)
0.1V .0022 + 24 0.0024 + 32 0.007 + 14 0.06 + 3
1.0V 0.0008 + 4 0.0012 + 5 0.007 + 3 0.06 + 2

10.0V 0.0008 + 2 0.0011 + 3 0.007 + 2 0.06 + 2

100.0V 0.0011 + 3 0.0014 + 4 0.007 + 2 0.06 + 2

1000.0V!? 0.0011 + 2 0.0013 + 3 0.007 + 2 0.06 + 2

90 Day: 23°C + 5°C

Range 6 Digit (= 10 PLC) 6 Digit (1 PLC) 5 Digit (.1 PLC) 4 Digit (.01 PLC)
0.1V 0.0034 + 24 0.0035 + 32 0.008 + 14 0.06 + 3
1.0v 0.0024 + 4 0.0025 + 5 0.007 + 3 0.06 + 2

10.0V 0.0023 + 2 0.0024 + 3 0.007 + 2 0.06 + 2

100.0V 0.0026 + 3 0.0027 + 4 0.007 + 2 0.06 + 2

1000.0V! 0.0024 + 2 0.0025 + 3 0.007 + 2 0.06 + 2

1Add .012 [ Input Voltage |\ 2o, 45 o4 reading.
1000

> 90 days: 23°C + b°C
Add + .0006% of Reading/month to 90 day accuracy.

Temperature Coefficient: (5 digit}2 + (% of Reading +
Number of Count)/°C

Range 0.1v 1.0v 10.0v 100.0v 1000.0V

Temp. Coef. 0.0002 + 0.2 0.0002 + 0.02 .0002 + .002 0.0002 + 0.02 0.0002 + 0.02

Auto-Zero OFF: (5 digit)2

For a stable environment + 1°C, add 10 counts for .1V range, 1
count for 1V and 100 ranges, and .1 count for 10V and 1000V
ranges.

Filter ON: Rejection is > 60 dB at 50 Hz. Add 2uV for .1V, 1.0V
and 10V range and 200 pxV for 10V and 1000V range.

2For 6 digits, multiply counts by 10
For 4 digits, multiply counts by .1

*Integration in POWER LINE CYCLES

1-2 RevB



Model 3456A General Information

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

Response Time:
Filter OFF - For default delay (0.0 seconds), erroris < .0005 % of

input voltage step.

Filter ON: For default delay (.65 seconds), error is < .01% of in-
put voltage step.

Noise Rejection (dB)
Integration Time
in Power Line AC3 % | AC3* nc
Cycles (PLC) NMR ECMR? ECMR*
.01 PLC or .1 PLC (o} 90 140
> 1PLC 60 150 140
> 1 PLC with Filter 120 160 140

3For 50, 60 Hz (depending on option) + .09%.
41 KQ unbalance in Lo

AC RMS VOLTAGE

Input Characteristics

Maximum Resolution Maximum
Reading o Input Input
Range (5 Digit) 6 Digit 5 Digit 4 Digit Impedance Voltage
1.0V 1.19999V 1V 10 wV 100 pV 1M +.5% + 1000V
10.0V 11.9999V 10 uV 100 pV, TmVv shunted by peak
100.0V 119.999V 100 pV 1mVv 10mv < 75pF (700V rms)
1000.0V 700.00V TmVv 10mvV 100mVv 108VHZ
Guard to Chassis: =500V peak
Guard to Low: + 200V peak
Measurement Accuracy: + (% of Reading + Number of Counts)
Auto-zero on, > 1% of full scale, and DC component < 10% of
AC Component.
For inputs > 500V rms add .07% of reading.
24 hours: 23°C £ 1°C
Frequency in Hz
Integration Time
In Power Line Filter 0ff— 400-20k 20k to 50k 50k to 100k 1100k to 250k
Cycles (PLC) 20 to 30 30-20k 20k to 50k 50k to 100k 1100k to 250k
6 Digit (= 1 PLC) .33 + 300 .05 + 550 .15 + 1500 | .63 + 2700 | 5.0 + 6300
5 Digit (.1 PLC) .34 + 33 .06 + b5 16 + 160 .54 + 270 5.0 + 630
4 Digit (.01 PLC) .39 +5 o5 & TR O 21 + 17 .59 + 29 5.1 + 65
90 day: 23°C + 5°C
Frequency in Hz
Integration Time
in Power Line Filter Off — 400-20k 20k to 50k 50 k to 100k | '100k to 250k
Cycles (PLC) 20 to 30 30-20k 20k to 50k 50k to 100k 1100k to 250k
6 Digit (= 1 PLC) .35 + 500 .07 + 700 .17 + 1700 | .55 + 2900 | 5.0 + 6500
5 Digit (.1 PLC) .36 + 53 .08 + 73 .18 + 173 .56 to 293 5.0 + 653
4 Digit (.01 PLC) 41 + 7 13 + 9 .23 + 19 61 + 31 5.1 + 67

'Frequencies > 100 kHz are specified for 1.0V and 10V ranges only.

> 90 day: 23°C x 5°C (5 digit)2
Add + (.004% of Reading + 12 counts)/month to 90 day accuracy.

Rev B
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General Information

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

Model 3456A

Temperature Coefficient: (5 digit)2

+ (% of Reading + Number of Counts)/°C

+ (.008 +6)/°C for DC component < 10% AC component
+ (.008 + 12)/°C otherwise

2For 6 digit, multiply counts by 10.
For 4 digit, multiply counts by .1.

DC Component > 10% of AC Component: (5 digit)2
Add + (.05% of Reading + 50 counts) to accuracy.

Crest Factor: > 7 at full scale.

Common Mode Rejection (1kQ unbalance in Lo):: > 90 dB DC to
60 Hz

Auto-Zero Off: For stable environment
change.

+ 1°C no accuracy

Default Delays:
Filter Off - .06 seconds
Filter On - .80 seconds

Response Time: For default delay, error is < .1% of input voltage
step.

RESISTANCE

Input Characteristics

' Haxin_lum Current Maximum Maximum
Reading Resolution Through Valid Reading | Open Circuit
Range (5 Digit) 6 Digit 5 Digit 4 Digit Unknown Voltage Voltage
1000 119.9990 100uQ Tm@ 10mQ TmA 1.2V 5.5V
1kQ 1199.990 TmQ 10mQ 100mQ TmA 1.2V 5.5V
10k 11.9999k0 10mQ 100mQ 10 100uA 1.2V 5.5V
100kQ 119.998kN 100mQ 10 100 50pA 6V 9.5V
1MQ 1199.99kQ 10 100 1000 SuA 6V 9.5V
10MQ 11.9999MQ 100 1000 1k 500nA 6V 9.5V
100MQ 119.999M0 1000 1k 10k0 =< 500nA7T 5V 5.5V
1GQ 1000.00MQ 1kQ 10k 100kQ =< 500nA7l 5V 5.5V
Non-destructive overload: 350V peak.
Measurement Accuracy: + (% of Reading + Number of Counts)
Auto-Zero on, filter off, and 4-wire ohms.
24 hours: 23°C + 1°C
Range 6 Digit (=10 PLC) 6 Digit (1 PLC) 5 Digit (.1 PLC) 4 Digit (.01 PLC)
1000 0.003 + 24 0.003 + 32 0.009 + 14 0.07 + 3
TkQ2 0.002 + 4 0.003 + 5 0.008 + 3 0.07 + 2
10k 0.002 + 4 0.003 + 5 0.008 + 3 0.07 + 2
100k 0.002 + 2 0.003 + 3 0.008 + 2 0.07 + 2
1MQ 0.006 + 2 0.006 + 3 0.012 + 2 0.07 + 2
10MQ 0.041 + 2 0.041 + 3 0.07 + 2 0.12 + 2
100MQ 1.3+ 1 1.3+ 1 1.5 + 1 1.6 + 1
1GQ 11+ 1 11+ 1 13+ 1 13 + 1

10hms source is a 500nA current source in parallel with a 10MQ
resistance,

1-4 Rev B
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Table 1-1. Specifications (Cont'd).

90 days: 23°C + 5°C

Range 6 Digit (= 10 PLC) 6 Digit (1 PLC) 5 Digit (.1 PLC) 4 Digit (.01 PLC)
100Q 0.004 + 24 0.004 + 32 0.01 + 14 0.07 + 3
1k 0.003 + 4 0.004 + 5 0.009 + 3 0.07 + 2
10k 0.003 + 4 0.004 + 5 0.009 + 3 0.07 + 2
100kQ 0.003 + 2 0.004 + 3 0.009 + 2 0.07 + 2
1MQ 0.007 + 2 0.007 + 3 0.013 + 2 0.07 + 2
10MQ 0.042 + 2 0.042 + 3 0.07 + 2 0.12 + 2
100MQ 1.8+ 1 1.8+ 1 20+ 1 2.0 + 1
1GQ 16 + 1 16 + 1 18 + 1 18 + 1

> 90 days: 23°C +5°C
Add +.0004% of Reading/month to 90 day accuracy.

2-Wire Ohms Accuracy: Same as 4-wire ohms except add < .2
ohm offset.

Auto-Zero Dff Accuracy: (5 digit)?

For a stable environment + 1°C, add 10 counts for 1000 range,
1 count for 1kl range and 10k ranges, and .2 counts for =
100kQ ranges.. Changes in lead resistance are not corrected for a
4-wire ohms.

Maximum Lead Resistance Maximum Offsat Voltage for Default Delay
Range for 4-Wire Ohms Offset Compensated Ohms in Seconds

1000 100 .01V 0
1kQ 1000 AV 0
10k 10000 AV 0

100kQ 10000 BV .001

1MQ 10000 .008
10MQ 10000 .08
100MQ 10009 .08
1GQ 10000 .08

Offset Compensated Ohms Accuracy: Same as 2-wire and 4-wire ex-
cept maximum reading may be reduced by 9% for large offset
voltages. 1000 - 100kQ range are used.

Response Time: With default delay and < 200pF of capacitance,
first reading is in specification.

Filter is not operational in ohms.

Temperature Coefficient: (5 digit)2 + (% of Reading + Number of
Counts)/°C

1kQ

10kQ
Range 100Q | 100kQ 1MQ 10MQ 100MQ 160
T.C. .0004 | .0004 | .0004 .0010 .16 1.6
+.2 +.02 +.004 +.004 +0 +0

2For 4 digit, multiply counts by .1.
For 6 digit, multiply counts by 10.

RevB 1-5
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Model 3456A

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

RATIO
Type: DC/DC, AC/DC, or (AC+DC)/DC
Method: 4-Wire with Volts Lo input common.

Signal Voltage
Ref. Hi Voltage — Ref. Lo Voitage

Ratio =

Signal Measurement: Same as DC Volts, or AC + DC Volts.

Reference Measurement: Automatically selects .1V, 1V, or 10V
DC Volts range and a 0.0 msec. settling time. Filter is off.

Maximum Reference Voltage:

Ref. Hi: + 12V

Ref. Lo: + 9% of Ref. Hi.
Ref. Hi-Ref. Lo: + 11.9999Vv
Protection: + 350V peak

Accuracy: Total % signal error + total % reference error (same as
.1V, 1V, or 10V DC volts)

MEMORY

Reading Store:
e Can store up to 350 most recent readings.
e Can be recalled from the HP-IB interface or the front panel.

Program Memory:

e Can execute an internal program which controls instrument
configuration and measurement sequence.

e Program is input from the HP-IB interface with up te, 1400
ASCII characters.

Memory Size:

e Total size = 1400 bytes

e Memory used = 1 byte per ASCIl character + 4 bytes per
reading stored.

READING RATE

Reading rates are with autorange, math, display and filter off.
Output is to internal memory using internal trigger and packed
Mode. Packed output in place of internal memory adds .35 msec;
ASCII output adds 2.3 msec.

Rates vs. Integration Time and Auto-Zero: DC Volts and 1002 thru
10kQ ranges with default (-0.0 sec.) delay. Also, AC or AC+DC
Volts and 100kQ thru 10MQ ranges with 0.0 sec. delay.

Rates
Integration Auto-Zero Auto-Zero
]'ime in Power Off On
Line Cycles (PLC) | G0 Hz | 50 Hz | 60 Hz | 50 Hz
0.01 330 290 210 180
.10 210 180 120 100
1.00 48 40 25 20.8
10.00 5.8 4.8 2.9 2.4
100.00 .57 0.47 .29 0.24

Rates with 1 Power Line Cycle Integration and Default Delays.

Rates
60 Hz | 50 Hz |
- DC Malts and 1001 thru 10kQ, Auto-zero Off 48.0 40.00
— D€ Volts, Filter ON 1.48 1.47
—~AC or AC +DC Volts, Auto-zero OFF 12.0 11.00
~ AC or AC +DC Volts, Filter ON 1.2 0.95
- 100kQ range, Auto-zero OFF 46.0 35.0
- 1MQ range, Auto-zero OFF 34.0 28.0
- 10MQ range, Auto-zero OFF 9.9 9.0
— 100M and 1GQ range, Auto-zero OFF 6.6 6.10
- DC/DC ratio 5.2 4.40
- Offset Compensated Ohms 10.0 9.00

1-6
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Table 1-1. Specifications (Cont'd).

MATH FUNCTION SPECIFICATIONS

General: Math function specifications do not include error in X
(instrument reading) or in entered values (R,L,U,Y,Z). Range of
values input or output is + (0.000000 x 102 to 1999999 x
109). Out of range values send “’LL"’ to display and + 1999999.
x 109 to HP-IB.

PASS/FAIL: Displays: ‘‘HI'* for values > upper limit (U), "'LO"" for
values < lower limie (L}, and X for values between the limits, with
no introduced error.

SRQ mask can be programmed to respond to HI or LO conditions.

Maximum execution time: 20ms

STATISTICS:

1 C

M = X — I (X -X,)

ean (M) , + C =4 T
c 1

L X - Xx? L (X-X)|2
Variance (V) = | = 1 i="1

c-1

Maximum (U) and Minimum (L) are the most positive and negative
instrument readings, respecitvely. X is displayed during calcula-
tion of statistics.

X, is the first reading taken after enabling statistics and is stored
in the Z register. The number of readings taken (C) is stored in the
count register.

Accuracy of Mean: < + Q—UTII'—} + 1LSD
10

L2
Accuracy of Variance: < =+ % + 1LSD
10

Maximum execution time: 50ms

NULL: X - X, (X, is the first valid reading taken after enabling null
and is stored in the Z register).

Maximum execution time: 15ms

x2/R

dBm(R): 10 log R is the user-entered impedance.

Output range: -280 to + 340 dBm
Accuracy: + .001 dBm

Maximum execution time: 150ms

THERMISTOR (°F): Converts resistance of thermistor
HPO837-0164 to temperature in °F.
Qutput range: -112 to 302°F

Accuracy: -103 = T < + 266 °F: + 11°F max.
-116 = T = + 320°F: = 27°F max.

Maximum execution time: 150ms

THERMISTOR (°C): Converts resistance of thermistor
HP0837-1064 to temperature in °C.
Output range: -80 to 150°C

Accuracy: -75 = T < + 130°C + 06°C max.
-80 =T =< + 150°C = 15°C max.

Maximum execution time: 100ms
SCALE: (X-Y)Y

Accuracy: = 1LSD

Maximum execution time: 60ms

% ERROR: 100% x (X-Y)/Y
Accuracy: + 1 LSD
Maximum execution time: 60ms

dB: 20 log X
Y

Output Range: -620 to + 620 dB
Accuracy: .001 dB

Maximum execution time: 100ms

GENERAL

Voltmeter Control Functions: Description: The voltmeter control
function in the math section of the front panel is designed to con-
trol the measurement parameters of the 3456A. Included in this
front panel section is the:

1) Number of digits displayed.

2) Number of readings per trigger.

3) Delay time between readings.

4) Integration time in number of power line cycles (PLC).

Number of Digits Displayed allows selection of 3 to 6 digits
displayed plus sign and exponent. The range of the display is +
1,999,999 + 9.

Number of Readings per Trigger allows selection of specific number
ofcreadings to be taken with just one trigger. The time between
readings is controlled by the delay time selected.

Delay Time allows selection of the time between measurement
cycles. It is provided to allow the selection of settling time. The
range is from O to 999.999 sec. in 0.001/sec. increments. Ac-
curacy is 1% of time selected.

Integration Time in Power Line Cycles allows the selection of the
time for measurement integration. The units of integration time in
power line cycles (PLC) apply for both 50 and 60 Hz power line
frequencies. The range of integration time selection is from 0.01
to 100 power line cycles (PLC) per measurement.

Front-Rear Terminal Switch - On the front panel. Operated manual-
ly. Its status can be read via software.

The actual measurement time is a function of the integration time,
the delay time, auto zero, filter, etc., voltmeter complete, external
trigger, and function selected.

Operating Temperature: O C to 50 C

Warmup Time: One hour to meet all specifications

Humidity Range: 95% R.H., 0C to 40 C

Storage Temperature: -40 C to +75 C

Power: 100/120/240V + 5%, -10% 48 Hz to line operation
80VA; 220V £ 10% 48 Hz to line operation BOVA.

Size: 88.9mm high x 425.5mm wide x 527.1mm deep (3%"’
high x 16%"* wide x 20%"’’ deep)

Woeight: Net 10.49 kg (23.13Ibs.)




General Information

1-18. ACCESSORIES AVAILABLE.

1-19. The following is a list of available accessories for

the 3456A:

Accessory No.

Description

Model 3456A

1-20. SAFETY CONSIDERATION.

1-21. The 3456A is a safety class 1 instrument (provided
with a protective earth connection). The instrument and
manual should be reviewed for safety symbols and in-
structions before using,

10631A HP-IB Cable 1 Meter (39.37 in.)
10631B  HP-IB Cable 2 Meter (78.74 in.) 1-22. RECOMMENDED TEST EQUIPMENT.
10631C  HP-IB Cable 4 Meter (157.48 in.)
10631D  HP-IB Cable 0.5 Meter (19.69 in.) 1-23. Required equipment to maintain the Model
11000A  Test Leads, Dual Banana Both Ends 3456A is listed in Table 1-2, Other equipment may be
11002A  Test Leads, Dual Banana to Probe substituted if it meets the requirements listed in the
and Alligator table. The table is also repeated in Section IV of the
34111A  High Voltage Probe (40 kV dc) Operating and Service Manual.
44414A 4 Thermistors
Table 1-2. Recommended Test Equipment.
Instrument Critical Specification Recommended Model Use
DC Voltage Standard Voltage: 10mV to 1000V Systron Donner Model M107 PAT
* Accuracy: +.005%
DC Transfer Standard Output Voltages:1V, 10V, 1.018V, 1.019V Fluke Model 731B PA
Accuracy: = 5ppm
Stability: =.001% (30 Days)
AC Calibrator Frequency: 20 Hz to 250 kHz Fluke Model 5200A and PAT
Qutput Level: 100mV to 1000V Model 5215A
Accuracy: +=.1%
Voltage Stability (6 mos.} =+ 07%
Reference Divider Division Ratio Accuracy: &£.001% Fluke Model 750A PA
Output Voltage Range:\TV to 1kV
Guildline Model
Resistance Standard Resistance: 100Q 9330/100 or 9330A/100 P
Accuracy: = .0005%
Resistance: 1kQ 9330/1K or 9330A/1K PA
Accuracy: =.0005%
Resistance: 10kQ 9330/10K or 9330A/10K PA
Accuracy: +.001%
Resistance: 100kR 9330/100K or 9330A/100K PA
Accuracy: +.001%
Resistance: 1MQ 9330/1M PA
Accuracy: =.002%
Resistance: 10MQ 9330/10M PA
Accuracy: +.01%
Resistance*: 1GQ -hp- Part No. 03456-67902 P
Accuracy: *=2%
DC MNull Voltmeter Voltage Range: 1xV to 10V -hp- Model 419A PA
Bus System Analyzer*® * HP-IB Control Capability -hp- Model 59401A T
Desktop Computer HP-IB Control Capability serves as printer for out- | -hp- Model 9825A, 98258, oT
put data 9835A, 98458, or 85A
Oscilloscope* * Bandwidth: DC to 100 MHz -hp- Model 1740A T
Sweep Time: 50ns to 20ms/div
Digital Voltmeter* * Voltage Range: 1004V to 1000V -hp- Model 3456A T
Resolution: 1 uV {or 3455A)
Resistors Resistances: 1 k@2 = 10% -hp- Part No. 0684-1021
Signature Analyzer* * -hp- Model 5004 A T
Test Program Cartridges* -hp- Part Number T
03456-10001 (9825A/B)
03456-10002 (9835A,
(9845A/B)
03456-10003 (85A)




Model 3456A

General Information

Table 1-2. Recommended Test Equipment (Cont'd).
Instrument Critical Specification Recommended Model Use
Isolation Logic Test Jumper* -hp- Part No. 03456-61602 T
HP-IB Signature Analysis -hp- Part Number T
Modules™*,** 5061-11563
5061-1154
5061-1155

*These items included in 3456 A Digital Voltmeter Service Kit for Component Level Repair (-hp- Part Number
03456-69800)

* *These items are not required if a board level repair strategy is to be used. This strategy does require a
3456A Digital Voltmeter Service Kit for Board Level Repair (-hp- Part Number 03456-69801).

P = Performance Test T = Troubleshooting
A=A o

djustment Operators Check
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SECTION i
INSTALLATION

2-1. INTRODUCTION.

2-2. This section of the manual contains the necessary
information and instructions to install and interface the
Model 3456A Digital Voltmeter. Included are initial in-
spection procedures, power and grounding require-
ments, enviromental information, and instructions for
repacking the instrument for shipment.

2-3. INITIAL INSPECTION.

2-4, This instrument was carefully inspected both
mechanically and electrically before shipment. It should
be free of mars or scratches and in perfect electrical
order upon receipt. The instrument should be inspected
for any damage that may have occurred in transit. If the
shipping container or cushioning material is damaged, it
should be kept until the contents of the shipment have
been checked for completeness and the instrument has
been mechanically and electrically checked. Procedures
for checking the electrical performance of the 3456A are
given in Section IV. If there is mechanical damage, or
the contents are incomplete, or the instrument does not
pass the performance tests, notify the nearest Hewlett-
Packard Office (a list of the -hp- Sales and Service Of-
fices is located at the back of the manual). If the ship-
ping 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 3456A requires a power source of 100,
120, 220, or 240 V ac (—10%, + 5%), 48 Hz to 66 Hz
single phase. Maximum power consumption is 80 VA.

2-8. Line Voltage Selection.

2-9. Figure 2-1 provides information for line voltage
and fuse selection. Make sure the rear panel line selector
switches are in the correct position and the correct fuse
is installed in the 3456A, before applying ac power to
the instrument.

2-10. Power Cords and Receptacles.

2-11. Figure 2-2 illustrates the different power plug
configurations that are available to provide ac power to
the 3456A. The -hp- part number shown directly below
the individual power plug drawing is the part number

for the power cord set equipped with the appropriate
mating plug for that receptacle. If the appropriate
power cord is not included with the instrument, notify
the nearest -hp- Sales and Service Office and a replace-
ment cord will be provided.

220V T

[‘_24‘” 375nA _]
F120V (%

I:I-IDOV:l 750mA =N

100V
220V
J I
E““" 375mA J
CJr120v —1 (}:
L 100V 750mA
100V N [ N
120V
220V
I
Cz‘m"’ S?EImﬁ —]
F120V C):) =7
. 750mA
oo | "™ LD
220V
220V
J [
Ez‘mv 375mA J
Cf120v j\ <}: —
100V 750mA
A I )
240V
NOMINAL OPERATING RANGE EUSE
VOLTAGE —-10%, +5% OF NOMINAL |
100V 90 to 105 Volts 750 mA
120V 108 to 126 Volts 750 mA
220 V 198 to 231 Volts 375 mA
240 V 216 to 252 Volts 375 mA

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

2-13. To protect operating personnel, the National
Electrical Manufacturer’s Association (NEMA) recom-
mendation is to ground the instrument panel and
cabinet. The -hp-Model 3456A is equipped with a three
conductor power cable which, when plugged into an ap-
propriate receptacle, grounds the instrument.

2-1
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250V 250V
OPERATION

OPERATION

250 V 250 V
OPERATION OPERATION

N
% ;%\%

PLUG*: NEMA 1-15P
CABLE*: HP 8120-0684

PLUG*®: NZSS 198/AS C112
CABLE": HP 8120-0696

PLUG*: BS 1363A
CABLE": HP B120-1703

PLUG*: SEV 1011.1959-24507
PLUG*®: CEE7-V11 PLUG": CEE22-V1 PLUG*: DHCR 107 TYPE 12
CABLE*: HP 8120-1692 CABLE®: HP 8120-1860 CABLE": HP 8120-2956 CABLE*": HP B120-2104
125V -BA*"* 250 v 250 V 250 V - BA*®* 126V -BA**
OPERATION OPERATION

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

PLUG*: NEMA 5-15P
CABLE*: HP 8120-1521

STD-B-4195 (Rev.)

*The number shown for the plug is the industry identifier for the plug only.
The number shown for the cable is an HP part numBef for a complete cable including the plug.
**UL listed for use in the United States of Amefica

Figure 2-2: Power Cables.

2-14. Bench Use.

2-15. The Model 3456A is shipped with feet and tilt
stands installed and is ready for use as a bench instru-
ment. The feet are shaped to permit ‘‘stacking’’ with
other full-module Hewlett-Packard instruments.

2-16. Rack Mounting.

2-17. The -hp- Model 3456A can be rack mounted by
adding rack mounting kit Option 908 or Option 909.
The basic hardware and instructions for rack mounting
are contained in Option 908 and addition of front
handles to the basic rack mount kit are contained in Op-
tion 909. The rack mount kits are designed to permit
mounting of the 3456A in a standard 19 inch rack, pro-
vided that sufficient rear support is available. Also
make sure the air intake at the rear of the instrument is
unobstructed.

2-18. Interface Connections.

2-19. The -hp- Model 3456A is compatible with the
Hewlett-Packard Interface Bus (HP-IB).

NOTE

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

2-2

The 3456A’s HP-IB connection is made by an HP-IB
Interface cable to the 24 pin HP-IB connector located at
the rear panel. A typical interconnection of HP-IB is
shown in Figure 2-3 in which system interconnection is
made by three HP-IB Interface Cables. The ends of the
cables have both a male and female connector to enable
connections to other instruments and cables. As many
as 15 instruments can be connected by the same inter-
face bus. However, the maximum length of cable that
can effectively be used to connect a group of in-
struments should not exceed 2 meters (6.5 feet) times the
number of instruments to be connected, or 20 meters
(65.6 feet), whichever is less. For a pictorial view of the
HP-IB connector and its pin designation, refer to Figure
2-4,

2-20. Address Selection.

2-21. The HP-IB “‘talk’’ and *‘listen’’ address of the
Model 3456A is set by the instrument’s address switch,
located at the rear panel. The talk and listen address is a
5-bit code which is selected to provide a unique address
for each HP-IB instrument. The 3456A normally leaves
the factory with the address switch set to decimal code
¢¢22.” The corresponding ASCII code is a listen address
code of *“6’’ and a talk code of ‘‘V.”’ Refer to Figure 2-5
for the factory address switch setting.
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)

3455-8- 4600

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

STD- B - 4090

LINE ﬁc;\unon;
DIO <

D102 The 3456A contains metric threaded HP-IB cable mounting

pio3 studs as opposed to English threads. Metric threaded -hp-

Dio4 10631A, B, or C HP-IB cable lockscrews must be used to

DI05 secure the cable to the instrument. Identification of the two

D106 types of mounting studs and lockscrews is made by their

DI0o7 color. English threaded fasteners are colored silver and

D108 metric threaded fasteners are colored black. DO NOT mate

EOI silver and black fasterners to each other or the threads of

REN either or both will be destroyed. Metric threaded HP-IB cable

DAV hardware illustrations and part numbers follow.

NRFD

NDAC LOCKSCREW LONG MOUNTING STUD SHORT MOUNTING STUD
1390-0360 0380-0643 0380-0644

IFC

SRQ

ATN

SHIELD—CHASSIS GROUND
P/O TWISTED PAIR WITH PIN 6

P/O TWISTED PAIR WITH PIN 7

P/O TWISTEDPAIR WITHPING [ THESEPINS
P/O TWISTED PAIRWITHPIN S » |NTERNALLY
P/O TWISTED PAIR WITHPIN 10 | GROUNDED
P/O TWISTED PAIR WITH PIN 11

ISOLATED DIGITAL GROUND

Figure 2-4, HP-IB Connector.
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ADDRESS
SELECTION
TALK
ONLY “1 rlE 4 l\

. \ 3456-2-5

| NOT USED /UPOSITIDN (DOWN)
ADDRESSABLE © POSITION (UP)

Figure 2-5. 3456A Address Switch.
NOTE

The 5-bit decimal code, consisting of bits Al
through AS, is often used by controllers
which use this convention as a System Device
Number for instruments.

2-22. ““Talk-Only’’ mode. The instrument has a ‘“Talk-
Only’’ mode which can also be set by the address switch.
The Remote Operation chapter in Section III of this
manual gives a detailed description of the 3456A’s
“Talk-Only”’ mode, including the address codes.

2.23. External Trigger.

2-24. An External Trigger input to the 3456A is pro-
vided by a BNC connector located at the rear panel of
the instrument. The trigger input should be driven by
negative going TTL level signals. For more information
refer to Section III in this manual.

2-25. Voltmeter Complete Connector.

2-26. A Voltmeter Complete output is also provided by
the 3456A through a BNC connector located at the rear
panel. This connector provides an output which is com-
posed of a TTL level signal and is generated during a
measurement cycle.

2-27. ENVIRONMENTAL REQUIREMENTS.

I WARNING l

To prevent electrical fire or shock hazards,
do not expose the instrument to rain or ex-
cess moisture.

2-4
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2-28. Operating and Storage Temperature.

2-29. In order to meet and maintain the specifications
listed in Table 1-1, the 3456A should be operated within
an ambient temperature range of 23°C +/—5°C (73°F
+/—9°F). The instrument may be operated within an
ambient temperature range of 0°C to 55°C (+ 32°F to
131°F) with less accuracy.

2-30. The 3456A may be stored or shipped within an
ambient temperature range of —40C to + 75C (—40F
to + 167F).

2-31. Humidity.

2-32. The instrument may be operated in environments
with relative humidity of up to 95%. The instrument
must, however, be protected from temperature extremes
which may cause condensation within the instrument.

2.33. Altitude.

2-34. The instrument may be operated at altitudes up to
4572 meters (15,000 feet).

2-35. REPACKAGING FOR SHIPMENT.

NOTE

If the instrument is to be shipped to Hewlett-
Packard for service or repair, attach a tag to
the instrument identifving the owner and
indicating the service or repair to be made.
Include the model number and full serial
number of the instrument. In any corre-
spondence, identify the instrument by model
number and full serial number. If you have
any questions, contact your nearest -hp-
Sales and Service Office.

2-36. Place instrument in original container with ap-
propriate packaging material and secure with strong
tape or metal bands. If the original container is not
available, a replacement container can be purchased
from your nearest -hp- Sales and Service Office.

2-37. If the original container is not to be used, do the
following:

1. Wrap the instrument in heavy plastic before plac-
ing in an inner container.

2. Place packing material around all sides of the in-
strument and protect the front panel with card-
board strips.

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

4. Mark shipping container ‘‘DELICATE INSTRU-
MENT,”’ “FRAGILE,” etc.



SECTION 1ii
OPERATION

3-1. INTRODUCTION.

3-2. This is the information and instructions for the
operation of the -hp- Model 3456A Voltmeter showing
front panel and remote operations. In addition, you will
find functional checks you can perform. For more ad-
vanced users a Quick Reference Guide is shipped with
the instrument. The information in the guide is most of
the 3456A’s operating characteristics, including remote
programming codes.

3-3. Before reading the operating information in this
section, familiarize yourself with the front and rear
panel features as indicated in Figure 3-1. Use the figure
as a reference while reading this section.

3-4. Read the front panel operations of the 3456A
before the remote operations since most front panel
operations also apply to the remote operations.

3-5. PRE-OPERATING INSTRUCTIONS.

3-6. The 3456A’s operation can be separated into five
main areas. A good understanding of these areas is fun-
damental to learning the operation of the instrument.
The five areas are:

a. Reset and Test Operation.

b. Function, Range and Trigger.

c. Voltmeter Control Functions, (Delay, Number of
Readings/Trigger, Number of Digits Displayed).

d. Math.

e. Remote Operation.
3-7. Refer to Figure 3-1. Note that the 3456A’s front
panel can be separated into three areas: Display,
Voltmeter Configuration, and Numbered Keyboard.

Keep these areas in mind when you use the 3456A.

3-8. To learn the operation of the instrument, a logical
approach is to ask yourself the following questions:

a. ‘““What type of measurement do I want to make?”’
- FUNCTION

b. ““Do I want autoranging?’’ - RANGE

c. ““Do I want the input filter in?”’ - FILTER

d. “‘Is a math operation desired?’’ - MATH FUNC-
TION

e. “Do I want remote control of the 3456A7?”’
-REMOTE OPERATION

Once you have decided what you want the 3456A to do,
the next step is to learn how to do it.

3-9. GENERAL OPERATING CHARACTERISTICS.

3-10. These paragraphs describe some of the 3456A’s
General Operating Characteristics. Refer to Figure 3-2,
the Display Area, for the following discussion.

3-11. Turn-On and Warm-Up.

3-12. Before connecting ac power to the 3456A, make
sure the rear panel line selector switches are set to cor-
respond to the available power line voltage. Be certain
the correct fuse is installed in the instrument. To meet
adéuracy specifications, the 3456A should be warmed
up for at least one hour.

3-13. Reset.

3-14. After power connection and warm-up, to make
sure the instrument is in the ““turn-on’’ state, press the
RESET button. This places the instrument in the power-
up condition without cycling power. This provides you a
convenient starting place and avoids thermal and elec-
trical shock to the instrument, therefore maintaining its
accuracy and improving reliability. The turn-on state is:

FUNGCTION <« cosivisiniesimsn srsmsim i mpmn DC
RANGE ........ ..o AUTO
TRIGGER ...........coiiiiiint, INTERNAL
MATH . coiciivaven svasinins vsasansvesaais OFF
DELAY i vouiwisiv s s DEFAULT (0 SEC.)
NUMBER OF READ-

INGS/TRIGGER ........coiiiiiiiinnnnnnn 1
NUMBER OF POWER

LINE CYCLES INT. ...cccovrasssvvvosass 10
NUMBER OF DIGITS DISPLAYED......... 5
AUTOZERO......cccivvinverrrvesssnsns ON
OPERATING MODE................ LOCAL
FILTER :iowimsessm 2y e @emmvat mismm s OFF
READING STORAGE. .................. OFF
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Display - Indicates polarity and amplitude of the measure-
ment. Measurement results are indicated in either 3%, 4 %,
5%, or 6} digits, dependent on the Number of Digits
displayed and the Number of Power Line Cycles Integrated.
The LED at the bottom left hand corner of the display in-
dicates the front panel sample rate.

Function Selection Buttons - DCV, ACV, ACV+DCV,
2-Wire Ohms, and 4-Wire Ohms. Included is the SHIFT but-
ton which is used to place the 3456A into the shifted func-
tion consisting of: DCV/DCV Ratio, ACV/DCV Ratio,
ACV+DCV/DCV Ratio, 2-Wire 0.C. Ohms, and 4-Wire
0.C. Ohms. The LED to the function button’s right will'also
light when the button is pressed.

Autozero Button - enables or disables the Autozero feature.
The LED to the button’s right is lit when the feature is
enabled. Refer to Paragraph 3-48 for more information.

Filter - enables or disables the Analog Filter. The LED to the
button's right is lit when the Filter is enabled. Refer to
Paragraph 3-52 for more information.

Numbered Keyboard - is used to select math operations,
storing a number value into registers which are used in
some math operations and other operational changes
{(Number of Digits displayed, etc.). Refer to Paragraph 3-54
for more information.

Ratio Ref/4WRQ Sense Terminals - are used for the Ratio
Reference Voltage or 4-Wire Ohms measurement.

Volts/2WRQ/4WRQ Terminals - input terminals for the
ACV, DCV, ACV +DCV, and 2-Wire Ohms measurement,
In addition, the terminals supply the current for a 4-Wire
Ohms measurement.

Front/Rear Switch - With the switch ""out’’ the front ter-
minals are enabled and with the switch ‘‘in’’ the rear ter-
minals are enabled.

Front Guard Switch - internally connects the GUARD ter-
minal to the VOLTS LOW terminal.

Front Guard Terminal.

® @ ®

@

(19

Clear Cont - is used to continue with the 3456A’s last
operation after an attempt was made to store into a
register. It is also used to clear the display after a register
has been recalled.

Trigger Buttons - permits selection of Internal, External,
Single, or Hold Trigger modes. An LED to each of the but-
ton’s right is lit when the button is selected. Refer to
Paragraph 3-46 for more information.

Range Selection Buttons - are used to manually or
automatically uprange and downrange the 3456A. The
LED to the AUTO button’s right is lit when Autoranging is
selected.

Test Button - enables or disables the 3456A's Internal
Test. Refer to Paragraph 3-17 for more information.

Reading Storage Button - allows the 3456A to internally
store a number of readings. The LED to the button’s right is
lit as long as readings are stored. The LED turns off when
Reading Storage is disabled and when the 3456A’s internal
memory is full. Refer to Paragraph 3-101 for more informa-
tion.

HP-IB Control Buttons and Status Indicators defined as
follows:

SRQ Button - enables the 3456A to send a ''Require Ser-
vice Message’’ when the button is pressed. Refer to Para-
graph 3-198 for more information.

Local Button - takes the 3456A out of Remote.

SRQ Light - indicates a ‘'Require Service'’ condition when
lit. Refer to Paragraph 3-130 for more information.

Listen Light - is lit when the 3456A is addressed to
“listen’’.

Talk Light - is lit when the 3456A is addressed to “‘talk’.
Remote Light - indicates that the 3456A is in Remote when
lit.

Line Switch - With the switch “‘out’” the 3456A is turned
off and with the switch *‘in"’ the instrument is on.

Reset Button - returns the 3456A to its turn-on condition
when pressed.

3-2

Figure 3-1. Front and Rear Panel Features.
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@ Ratio Ref/4WRQ Sense Terminals - are used for the Ratio
Reference Voltage or 4-Wire Ohms measurement.

Volts/2WRQ/4WRQ Terminals - input terminals for the
ACV, DCV, ACV +DCV, and 2-Wire Ohms measurements.
In addition, the terminals supply the current for a 4-Wire
Ohms measurement.

Rear Guard Switch - internally connects the GUARD ter-
minal to the VOLTS LOW terminal.

@ Rear Guard Terminal.

@ Voltmeter Complete Connector - Outputs pulse duringmea-
surement cycle.

" Fuse -90 V to 126 V -.75 amp, 198 V to 252 V -.375

@ HP-1B Connector used to connect to HP-IB.

HP-IB Address Selection Switch - Sets 3456A HP-IB Ad-
dress.

Ex}érnal Trigger Input Connector.

Power Line Voltage Selection - Refer to Paragraph 2-8.

amp.

@ AC Power Connector

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

3-15. When pressing the RESET button, the display
will momentarily display this for about 1 second:

Add 022 0
3456A HP-IB Talk-Only Indicator
Address in (0 = Normal Mode,
Decimal 1 = Talk-Only Enabled)

See Paragraph 3-150 for the HP-IB address setting and
Paragraph 3-154 for the ‘“Talk-Only’’ mode.

3-16. When power is cycled, ‘““HP 3456’ is momentari-
ly displayed and then the address code is displayed.

3-17. Self Test Operation.

3-18. The 3456A’s Test Operation consists of certain
analog gain, offset, and digital checks when the TEST
button is pressed. Make sure the 3456A’s input ter-
minals are completely floating and the GUARD switch
is in the ““IN’’ position, when selecting the test opera-
tion. The test may not pass if external connections are

made to the input terminals, because certain input cir-
cuitry measurements are made. When the TEST button
is pressed, the instruments displays

“+1.8.8.8.8.8.8.+ 8.

3456A DIGITAL VOLTMETER
HEWLETT = PACKARD

+ H8E88688H +8

L) L ¥
1 10 100 K MATH

“exp-/

—— STATUS ——
LISTEN SROQ

A - -
o [ 5 o
TALK REMOTE

Figure 3-2. Front Panel Display Area.
Rev B 3-3
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and light all the front panel LEDs. This remains until
the test is completed. Once the test is completed, the
display and the LEDs go blank for a time and the test
operation starts again. If any of the internal checks do
not pass, a negative integer corresponding to the check
which did not pass is displayed. The displayed number is
also output over the HP-IB with the 3456A in remote. A
‘100"’ is output when the test passes. To disable the test
operation press the TEST button a second time.

NOTE

Make sure no connection is made at the
3456A°s Input Terminals and the GUARD
switch is in the “IN’’ position during the
Test mode.

NOTE

Refer the 3456A to a Service Trained Per-
son, if the Internal Test does not pass.

3-19. Display.

3-20. Refer to Figure 3-3 to see how readings are
displayed. Note that the 1 V through 1000 V ranges are
displayed as they are measured with the decimal point in
the correct place like this:

1.00000 1 V Range
10.0000 — 10 V Range
100.000 — 100 V Range
1000.00 — 1000 V Range

3456A DIGITAL VOLTMETER
HEWLETTe PACKARD

40979

A A
0 100 1K MATH

e _ ) s ]

,_.
s
(=

Figure 3-3. 3456A Display.

Additionally, a 1, 10, 100, and 1 K are marked on the
front panel and are located below the decimal point of
the respective ranges with the other ranges indicated in
engineering notation. The position of the decimal point
on the display marks the decade multiplier.The range is
easily determined by multiplying the displayed exponent

3-4
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by the decade multiplier. For example:
1 0 9 . 7 9 -3
decade multiplier - 1 10 100 1K EXP

shows a reading of .10979 V or 109.79 mV. The decade
multiplier is not used in the 3456A’s Ratio and Math
functions.

3-21. Error Messages.

3-22. Error Messages are displayed for invalid
operating conditions. They are displayed like this:

ED

where ““D”’ is the number indicating which error is
generated. The instrument keeps displaying the Error
Message until the condition producing the error is
changed to a valid state. A listing of the various error
messages is given in Table 3-1.

Table 3-1. Error Messages.

Error No. Description
1 Autozero disabled in any Shifted Functions.
Displayed in Remote only.
2 Analog Filter enabled in any Ohms Functions.
Displayed in Remote only.
3 Any invalid Range and Function combination

(Example: 10 M ohm Range selected for the DCV
Function). Displayed in Remote only.

4 Attempt was made to store invalid number into a
register (Example: a **9"' is stored into the Num-
ber of Digits Displayed register).

5 Attempt was made to store any number into
register C, M, or V.
6 Attempt was made to recall non-existent stored

readings from memory.

3-23. OPERATING CHARACTERISTICS.

3-24. Refer to Figure 3-4, the front panel’s Voltmeter
Configuration area, for the following paragraphs.

—— FUNCTION —————

=/ = . et

1

0.C. 2WR 0.C. AWRQl
m 4
y RANGE
& TRIGGER

. ’

Figure 3-4. Front Panel Voltmeter Configuration Area.

3-25. DC Voltage Measurement.
3-26. The -hp- Model 3456A is capable of measuring dc
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voltages from 100 nanovolts through 1000 volts in five
ranges: 100 mV, 1 V, 10 V, 100 V, and 1000 V. All
ranges are overload protected from input voltages up to
1000 V peak. The DCV input impedance is greater than
1010 ohms in the 100 mV to 10 V ranges and 10 M ohms
in the 100 V and 1000 V ranges.

3-27. The measurement data can be displayed either as
a6ls, 5%, 4Y:, or a 3% digit reading, depending on the
Number of Power Line Cycles Integrated (see
Paragraph 3-61) and the Number of Digits selected (see
Paragraph 3-63). Refer to Table 1-1 for accuracy
specifications.

3-28. AC Voltage Measurement.

3-29. The -hp- Model 3456A uses a True RMS conver-
tor and is able to measure voltages from 1 pxV to 700 V
RMS in four ranges: 1 V, 10 V, 100 V and 1000 V. All
ranges are protected from input voltages up to 1000 V
peak or 700 V RMS, whichever is less. Measurement
data can be displayed either as a 614, 5%, 4%, 0ora 3l
digit reading, depending on the selected Number of
Power Line Cycles Integrated (see Paragraph 3-61) and
the Number of Digits selected (see Paragraph 3-63). The
frequency response of the convertor is from 20 Hz to
250 kHz with a maximum input voltage of 1000 V peak
(700 V RMS, 108 VHz). The input impedance of the
convertor is 1 M ohms shunted by < 75 pF. Refer to
Table 1-1 for accuracy specifications.

3-30. AC+DC Measurement.

3-31. The AC+DC mode of the 3456A measures the
combined ac and dc components of the input signal and
displays its RMS value. Other operating characteristics
are the same as the ACV function. Refer to Table 1-1
for accuracy specifications.

3-32. One use of the AC+ DC function is to determine

Operation

the necessary power rating of an amplifier. Since many
amplifiers have ac signals with dc components, the true
RMS value of those complex waveforms may need to be
known. The AC + DC feature of the 3456A can simplify
these measurements since it can measure the RMS value
of the sum of the ac plus the dc voltage on the
waveform,

3-33. Resistance Measurement.

3-34. The Model 3456A is capable of measuring
resistance from 100 micro-ohm to 1 giga-ohm in eight
ranges. The ranges extend from the 100 ohm full scale to
the 1000 Meg-ohm full scale range. Resistance Measure-
ment can be made using either the 2-wire or the 4-wire
configuration. Refer to Figure 3-5 for the correct ohms
connection.

3-35. Resistance Measurements can be displayed as
either a 62, 514, 414, or a 3V digit reading, depending
on the Number of Power Line Cycles Integrated (see
Paragraph 3-61) and the Number of Digits selected (see
Paragraph 3-63). The 4-WIRE ohm sense terminals are
protected to a maximum level of 350 V peak. Refer to
Table 1-1 for accuracy specifications.

3-36.-The 3456A displays negative (minus) resistance
usider two conditions:

a. The inputs to the 4 WIRE SENSE (RATIO REF)
or the 2WRQ/4WRQ (VOLTS) terminals are reversed
from each other in 4-wire ohms function.

b. Small negative voltages on measuring circuitry.

NOTE

With the measuring leads shorting or when
measuring small resistances, negative
readings may be displayed due to offsets in
the ohms circuitry.

YOLTS
2WRIL
AWRA

RATIO REF

4WR {1 SENSE CUARD

]

O

? O
O

OHMS
CURRENT

2-Wire Ohms Measurement

VOLTS
RATIO REF 2WRN
4WR (L SENSE 4WRN GUARD
"—{ :) (O]
OHMS
CURRENT
3456-3-5

4-Wire Ohms Measurement

Figure 3-5. Ohms Connection.
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NOTE

The 3456A°s Analog Filter (see Paragraph
3-52) should not be used with any ohms
Junctions. The filter is disabled when the
ohms functions are selected from the front
panel,

3-37. Shift Operation.

3-38. The purpose of the SHIFT button is to place the
3456A in the Shifted Functions. To disable the shifted
functions, press the SHIFT button again. The SHIFT
button’s color is green and corresponds to the green let-
tering and symbols above the function buttons to iden-
tify shifted functions. All shifted functions readings are
made by taking multiple measurements.

NOTE

The 3456A°s Autozero feature (see Para-
graph 3-48) is automatically enabled in front
panel selectable shifted functions.

3-39. Ratio.

3-40. The -hp- Model 3456A can either make
DCV/DCV, ACV/DCV, or ACV+DCV/DCV Ratio
Measurements. This is done by taking a Signal,
Reference High, and Reference Low Voltage reading
which are all referenced to a common point, the VOLTS
LOW terminal. The Signal Voltage is measured from
the VOLTS HIGH terminal to the VOLTS LOW-com-
mon. The Reference High Voltage is measured from the
RATIO REF HIGH terminal to VOLTS LOW and the
Reference Low Voltage is from the RATIO REF LOW
terminal and VOLTS LOW. Refer to Figure 3-6 for a
typical Ratio Measurement. Select the Ratio functions
using the DCV, ACV, ACV +DCYV function buttons in
the shifted mode (press the SHIFT button). The green
symbols above the function buttons identify the Ratio
functions. Refer to Table 1-1 for accuracy specifica-
tions.

P VOLTS
RATIO REF 2WR(L

4WRO SENSE |  awrn BUARD

—QO g

SIG. REF.
VOLT. VOLT.
. 3456-3-6

Figure 3-6. Ratio Connection.
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a. Ratio Formula. A Ratio Measurement is a
mathematical operation expressed in this formula:

Signal Voltage

Ratio =
Reference Voltage

The 3456A Ratio Measurement formula is:

Signal Voltage

Ratio =
atio Reference High - Reference Low

Remember, the three voltages are referenced to the
VOLTS LOW terminal. The Reference Low voltage
should be kept low for an accurate Ratio measurement
(within + 9% of Reference High Voltage). The voltage
can be kept low by shorting or otherwise connecting the
RATIO REF LOW and VOLTS LOW terminals to each
other, either at the terminals or measuring point.

NOTE

For a three wire Ratio Measurement connect
the REFERENCE LOW and VOLTS LOW
terminals to each other.

b. Ratio Measurement. For a Ratio Measurement the
Reference Voltage can be between 0 to + 12 V dc. The
127V level is the maximum Reference Voltage level the
instrument is able to measure (the RATIO REF ter-
minals are protected up to 350 V peak). The Signal
Voltage, which is applied at the VOLTS terminals, can
either be dc, ac, or ac+dc volts from 0 to 1000 V peak
or 700 V RMS. In addition, the Analog Filter (see Para-
graph 3-52) and Delay (see Paragraph 3-67) are not used
for the Reference Measurement. These features can be
selected for the Signal Voltage Measurement. The
following is a typical Ratio Measurement procedure.

1. Measure your Signal and Reference Voltages and
make sure they are within the range for a Ratio
Measurement (refer to Table 1-1 for the limits).
Use the instrument’s unshifted functions for those
measurements.

2. Connect the Reference Voltage between the HIGH
and LOW REFERENCE terminals.

3. Connect the Signal Voltage between the HIGH
and LOW VOLTS terminals and connect RATIO
REF LOW to VOLTS LOW.

4. Set the 3456A to the desired range or to
Autorange.

5. Place the instrument into the Ratio mode by press-
ing the appropriate button (DCV/DCYV,
ACV/DCYV, or ACV+DCV/DCYV in the shifted
mode).

6. Read the Ratio reading on the display.
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NOTE

It is important to remember that the RATIO
REF LOW and VOLTS LOW terminals can-
not be more than + 12 V from each other.

c. Typical Ratio Measurement. Matching resistor
values for an accurate voltage divider is one way to use
the 3456A’s Ratio feature. Try this by using the set up in
Figure 3-7. Connect the instrument as indicated in the
figure. Make sure that REFERENCE LOW is con-
nected at the top of R2 and that Signal (Volts) Common
is connected at the bottom of R1. Once the instrument is
connected and placed in the DCV/DCV Ratio mode, a
Ratio Measurement is made. The voltage drop across
R1 and R2 is measured including any offset voltages
between Signal Common and Reference Low. The off-
set voltage is used to compensate for any error causing
voltages between the input and resistors. Once all the
measurements are taken, the Ratio Measurement is
displayed on the front panel. If the resistors are equal in
value, the reading should be approximately
“—1.00000".

HIGH
R1 S SIGNAL VOLT.
COMMON
— s R LEAD REF.
| LOW LW REFERENCE
' HIGH
R2 3
HIGH
3456-3-7

Figure 3-7. Typical Ratio Measurement.

3-41. Offset Compensated Ohms Measurement (0.C.
Ohms).

3-42. This feature of the -hp- Model 3456A lets you
take resistance measurements of components in the
presence of small dc voltages. If this shifted function is
selected, the instrument takes an ohms measurement
and stores the reading into its internal memory. The
ohms current source is then turned off and a dc reading
is taken. This reading is subtracted from the previous
reading and the resultant ohms reading is displayed on
the front panel. Any small offset voltage on the
measured component is compensated by the O.C. Ohms
measurement. The maximum voltage level depends on
the range selected (.01 V dc for the 100 ohm range, etc.).
The O.C. Ohms ranges are from 100 ohm to 100 K ohm.
Refer to Table 1-1 for the accuracy specifications.

Operation

NOTE

Due to internal switching in the 3456A, high
capacitance(s) in parallel with the device or
component being measured in the O.C.
Ohms mode may cause erroneous readings.

3-43. You can use the O.C. Ohms feature of the 3456A
to measure the contact resistance of a relay. Since some
relay contacts may generate a small dc voltage (due to
thermocouple effects), a normal ohms measurement
technique may give incorrect readings. The O.C. Ohms
feature subtracts this voltage from the ohms reading,
and thereby gives an accurate resistance measurement of
the relay.

3-44. Ranging.

3-45. The front panel range selection is controlled by
three pushbuttons: the UPRANGE, DOWNRANGE,
and AUTORANGE button. Their operation is as
follows.

a. Uprange. The UPRANGE button’s function is to
set the 3456A to the next higher range, each time it is
pressed. The highest selectable range depends on the
function selected. For example, the 100 M ohm in the
ohms function is not a valid range for the DCV or ACV
functions and the 3456A defaults to the next highest
valid range. The UPRANGE button is identified by an
upward pointing arrow on its face.

b. Downrange. The function of the DOWNRANGE
button is to set the 3456A to the next lower range, each
time it is pressed. The lowest selectable range is the
100 mV or 100 ohms range. Similar to UPRANGE
operation, the lowest range depends on the function.
The ACYV function, for example, has the 1 V range as
the lowest range. If previously set to a lower range, the
3456A defaults to the 1 V range when the ACYV function
is selected. The DOWNRANGE button is identified by
a downward pointing arrow on its face.

c. Autorange. With Autorange selected, the 3456A
automatically selects the present reading’s optimum
range. Upranging is done when the reading is at or
above 120% full scale. The downrange point is at or
below 11% full scale. Try the following.

1. Place the 3456A into the Autorange mode; use a
variable power supply and apply 1.0 V dc to the
input. The range selected by the instrument is the
1 V range.

2. Increase the input voltage to > 1.2 V; the 3456A
should then uprange to the 10 V range.

3. Decrease the input voltage to < 1.1 V; the instru-
ment should then downrange back to the 1 V
range.
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d. Fast Autorange Feature. Autoranging by the
3456A is done quickly in both the upranging and
downranging operations.

1. Upranging. When a voltage applied to the
3456A’s input is higher than the range used at that
time, an overload condition is detected. The
overload condition is detected before the input
measurement is complete. Upranging is done until
the overload condition disappears and the op-
timum range is reached. Since the total measure-
ment is never completed until the optimum range
is reached, upranging is fast.

2. Downranging. Downranging is also done quickly
by using a different method. When a non-
overload measurement is made, the 3456A takes a
complete measurement. Once the measurement is
completed, the instrument then calculates the op-
timum range from the reading. A maximum of
three ranges can be skipped at one time, enabling
the 3456A to downrange quickly.

3-46. Instrument Trigger Modes.

3-47. The -hp- Model 3456A has four trigger
modes: Internal Trigger, External Trigger, Single Trig-
ger, and Hold. A description of each mode is as follows.

a. Internal Trigger. This trigger is internally
generated by the 3456A and is used to initiate a
measurement cycle. The instrument is placed into.the
Internal Trigger mode by pressing the INT (Inté€rnal
Trigger) pushbutton located on the front panél. This
trigger is also automatically selected when the RESET
button is pressed and at turn on.

b. External Trigger. In the External Trigger mode,
the instrument can be triggered by an externally applied
trigger pulse. The pulse is applied to the External Trig-
ger Input connector located on the rear panel and
should be at least 500 nsec wide. The External Trigger
Input is TTL compatible with actual instrument trigger-
ing occurring on the falling (negative) edge. By applica-
tion of the pulse, the 3456A triggers and initiates a
measurement cycle. After this cycle is completed, the in-
strument can be triggered again for a new cycle. If any
triggering is done during the measurement cycle, the
trigger is ignored until the cycle is completed. To start a
new measurement, the 3456A has to be triggered again.

c. Single Trigger. The Single Trigger operation is
similar to the External Trigger operation with triggering
being accomplished by the front panel’s SINGLE trig-
ger pushbutton. Depressing the button first places the
3456A into the Signal Trigger mode (if the 3456A is in
another trigger mode) and then triggers the instrument.
A measurement cycle is then initiated. If the pushbutton
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is pressed again during the cycle, a new measurement cy-
cle is started. The 3456A can be triggered again by
depressing the SINGLE trigger pushbutton.

d. Hold. The Hold operation prevents the 3456A
from accepting locally generated trigger commands,
although an HP-IB trigger is accepted. Refer to the
Remote Operation paragraphs for additional informa-
tion on the HP-IB trigger.

3-48. Autozero.

3-49. The Autozero feature of the -hp- Model 3456A is
used to compensate offsets in the dc input amplifier cir-
cuit of the instrument. Its main purpose is to correct for
any zero drift in circuitry which may cause errors. The
method used is to short the amplifier’s input to circuit
ground and take its offset reading. The reading is then
stored in the instrument’s internal memory and is later
used to correct the following input measurement(s).
Once the offset reading is taken, the short is removed
and a regular input measurement is taken. As long as
the Autozero feature is enabled, the 3456A takes an
Autozero measurement and an input measurement.
When the feature is disabled, an Autozero measurement
is taken and is immediately stored into memory. No new
Autozéro measurements are made for the successive
readings; only an input measurement is made. The
stored Autozero reading is subtracted from the input
measurement to correct the reading. Since only the in-
put measurement is made, the 2456A’s reading rate in-
creases. This also makes the instrument more suitable
for making measurements on high impedance circuitry,
since no input switching is done. The 3456A’s long term
stability is affected (see Table 1-1) with the disabled
feature, unless the Autozero reading is updated. Up-
dating is done when any change in instrument state
occurs. The only exception is that no updating is done
by triggering, Front Panel SRQ, and HP-IB Local com-
mands. The Autozero feature is enabled when the
3456A is first turned on and when pressing the RESET
button.

3-50. Autozero Effects on 4-Wire Ohms Measurement.

3-51. The Autozero measurement is normally made
with the input amplifier shorted to circuit ground. In the
4-Wire Ohms mode, the input amplifier is shorted to the
4-WRQ SENSE Low terminal for the Autozero Mea-
surement. With Autozero ““ON’’, the Autozero reading
is updated for each measurement cycle. With Autozero
“OFF”, the reading is not updated and causes an ohms
measurement error if the measuring lead’s impedance
changes. To prevent this error, a new Autozero reading
should be taken by changing or updating instrument
state with the new measuring lead configuration. A
disabled Autozero is useful in ohms measurements for a
faster reading rate and where the 3456A’s input swit-
ching may have affected the measurement.
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3-52. Analog Filter.

3-53. The 3456A’s Analog Filter is a 3 pole active filter
with greater than 60 dB attenuation at frequencies of 50
Hz and higher. The filter is normally applied between
the instrument’s input terminals and input amplifier.
An exception is when the 3456A is in the ACV or
ACYV + DCV unshifted or shifted functions. The filter is
then applied between the output of the ac convertor and
the input amplifier. In these modes, select the filter for
accurate measurements below 400 Hz. Refer to Table
1-1 for the ACV and ACV/DCYV accuracy specifications
with the filter in or out. The Analog Filter is enabled (or
disabled) by pressing the FILTER button.

3-54. NUMBERED KEYBOARD OPERATIONS.

3-55. Refer to Figure 3-8 for the 3456A’s Numbered
Keyboard selectable operations.

3-56. Storing Into Registers.

3-57. The next paragraphs explain the Number of
Power Line Cycles Integrated, Number of Readings per
Trigger, Settling Delay, and a variety of math opera-
tions. Except for math, other operations are changed by
storing numbers into appropriate registers. The math
operations are selected by pressing the appropriate math
key. Table 3-2 gives a short description of the registers
and math operations.

Figure 3-8. Front Panel Numbered Keyboard Area.

3-58. The Numbered Keyboard is very similar to those
in pocket calculators with some keys performing more
than two functions. Refer to the front panel. Note that
the differences in key color, and the labeling above and
below the keys determine the key’s function. The blue
color identifies the math operation, the white color
identifies registers, and the black color identifies
numbers, decimal point, and polarity. The white and
blue color buttons located to the keyboard’s left cor-
responds to the math and register operations.

Operation

3-59. Various LEDs on the keyboard annunciate which
math function has been selected and which register con-
tains a non-default number. For example, the LED next
to the PASS/FAIL label lights if you select this math
operation.

3-60. Storing numbers into registers:

a. Store. Numbers stored into registers changes the
instrument’s operation. For example, select the 100
Power Line Cycles Integrated mode (10 Line Cycles is
the default value). To do this, ‘“100’’ has to be stored in-
to register N CYC INT. Try the following procedure.

1. Press the ‘1”” key and the ‘‘0’’ key twice. These
keys are on the Numbered Keyboard.

2. A **100”’ should now be displayed on the front
panel.

3. Next press the white STORE button and then the
CHS key (note, the white label above the CHS key
is N CYC INT). The CHS key, which is normally
the Change of Sign key, becomes the N CYC INT
register key when the STORE button is pressed.
(The CHS key is normally used to change the
polarity of a number which is typed in from the
keyboard, before storing into a register.)

4. The 3456A is now set to 100 Power Line Cycles In-
tegrated. Use the same method to store numbers
into the other registers.

Using this method you can select a six digit number (and
a ‘“‘1” as the overrange number) of any value and store
it into a register. When a number is entered from the
keyboard, the number is displayed before it is stored in-
to a register. There is one important thing to remember
when storing numbers. Some registers only accept cer-
tain numbers. The N DIG DISP (Number of Digits
Displayed), for example, only accepts either a 3, 4, 5, or
6, since these are the only number of digits the 3456A
can display. If you try to store an illegal number, Error
4 will be displayed.

NOTE

Since only a six digit number and overrange
number can be entered, any additional
numbers will be ignored.

b. EXP (Exponential). There are two ways to store
numbers into registers using the Numbered Keyboard,
Fixed Point and Floating Point. One way is to enter a
number digit by digit and the other way is using the
EXP (Exponential) key. A digit to digit entry looks like
this: Enter 2. ‘0, ‘0, ““0”’ to display *‘2000”’

or
Enter i(.” &‘0’!‘ “2” [0 display ”.02!}
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To enter the same numbers using the EXP key, first
enter all of the number’s significant digits and then
press the ENTER EXP button. Once this is done, the
displayed number is then stored into the desired register.
The exponent can also be changed froma ““+ ' toa “-”’
by pressing the CHS key. This is done before or after
you enter the exponent and after pressing the ENTER
EXP key. To enter ‘“2000*’, do this:

Model 3456A
Enter ““2”’, press ENTER EXP key, and enter ‘3"
displaying ‘2 + 3. The same as ‘“2000"’
To enter the number ‘“.02”’ do this:

Enter ‘2", press the ENTER EXP button, enter ‘2",
and press the CHS key displaying ‘‘2 -2’". The same as

€.02”

Table 3-2. Registers and Math Listing.

. Registers 5 i
Key Register Default Values Description
CHS | NCYC INT 10 Used for changing and determining the Number
of Power Line Cycles Integrated
VARIANCE -00.000-3 Used for storing the varience value determined
from Statistics Math Operation

0 MEAN 199999+9 Used for storing the Mean Value determined
from the Statistics Math operation.

1 LOWER -1999999+9 Used for storing the lower value for the
Pass/Fail Math operation or the lowest reading
taken in the Statistics Math operation.

2 UPPER 1999999+9 Used for storing the upper value for the
Pass/Fail Math operation or the highest reading
taken in the Statistics Math operation.

3 DELAY SEC o} Used for changing and determining the
3456A’s Settling Delay.

4 R 600 Used far storing the resistor value for the dBm
Math(operation or for recalling readings taken in
the’3456A’'s Reading Storage mode.

5 COUNT 0 WUsed for storing the number of readings taken
while in the Statistics Math operation.

1 N RD/TRIG 1 Used for changing and determining the Number
of Readings taken or are to be taken per Trigger.

7 Z 0 Used for storing a number value for the Scale
Math operation and stores the first statistics
Reading.

1 Y 1 Used for storing a number value for the Scale
and %Error Math operation.

9 N DIG DISP 5 Used for changing and determining the
3456A's Number of Digits Displayed.

Math
CHS -

0 OFF Disables Math operation.

1 PASS/FAIL Used to determine if a reading(s) is within set
limits.

2 STATS Used to calculate the Mean, Variance, Upper,
Lower, and Count of a reading(s).

3 NULL Used for offset compensation of the following
reading(s) taken.

DBM dBm calculation.

5 THMS F Used in calculating a Thermistor readingl(s) in
degrees Fahrenheit.

6 THMS C Used in calculating a Thermistor reading in
degrees Celsius.

7 (X-Y)Y Used for the Scale calculation.

8 100 (X-Y)Y Used for the %Error calculation.

9 20 LOG X/Y Used for the dB calculation.

3-10
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NOTE

Pressing the EXP key before entering a
number will display 1 + 0.

c. Recall. Any of the Registers can be recalled at any
time. By pressing the RECALL button and the key for
the Register to be displayed. (Remember, the registers
are in white.) The Register’s value is then displayed on
the front panel.

d. Clear-Continue. The CLEAR-CONTINUE but-
ton, when pressed, clears the display and continues with
the previous operation. This can be useful when ac-
cidently entering an incorrect number from the
keyboard. The Clear-Continue feature clears the incor-
rect number and starts a new measurement cycle. This
feature can also be used when a register is recalled and
no changes in the register are desired.

3-61. Number of Power Line Cycles Integrated.

3-62. This feature of the -hp- Model 3456A allows you
to select the integration time from .01 to 100 power line
cycles in multiples of 10. Since a power line cycle of ““1”’
has a time period of 1/60 second, 1/50 for the 50 Hz op-
tion, the intergration time is 1/60 or 1/50 second. The
Number of Power Line Cycles Integrated determines
measurement time. The slowest integration time of the
3456A is 100 Power Line Cycles Integrated and the
fastest is .01 line cycles. For good power line frequency
noise rejection (Normal Mode Rejection), use integra-
tion times of either 1, 10, or 100 power line cycles>Use
the Store method in Paragraph 3-60 to select the various
integration times (Number of Power Line Cycles). The
default value of the Number of Power Line Cycles In-
tegrated is 10 (at Turn-on and Reset).

3-63. Digits Displayed.

3-64. The 3456A can display either a 3, 4, 5, or 6 digit
reading. Select any of these digits using the Store
method in Paragraph 3-60. The Number of Power Line
Cycles Integrated determines the maximum number of
digits the 3456A can display. If the 1 to 100 Power Line
Cycles Integrated are used, the 3456A can display from
3 to 6 digits. With .01 Integration Time the maximum
number of digits then is 4 and with .1 Line Cycles In-
tegrated the maximum is 5. Five is also the number of
digits displayed at Turn-On or when the RESET button
is pressed.

3-65. Number of Readings per Trigger.

3-66. The Model 3456A is capable of taking from 1 to
9999 Readings per Trigger. Selection of the Number of
Readings per Trigger is accomplished by using the Store
method in Paragraph 3-60. The selected number of
readings are executed each time the instrument is trig-
gered. Although the Internal, External, and Single Trig-
ger modes will take the selected number of readings, it

Operation

may be advantageous to use the External or Single Trig-
ger modes. Using these modes, if a Single Trigger is sent
the 3456A starts taking the readings and stops when all
the readings are taken. Another trigger repeats the same
operation. An Internal Trigger also does the same thing,
but automatically triggers again when all readings are
taken. The default value of the Number of Readings per
Trigger at Turn-On or at Reset is ‘1.

3-67. Settling Delay.

3-68. This feature of the -hp- Model 3456A can be used
to delay the 3456A’s input measurement for a
preselected time, before a measurement cycle (A/D
operation) is started. The amount of Settling Delay is
selected by using the Store method in Paragraph 3-60.
In some modes (ACV, OHMS, and Analog Filter), a
delay value is selected by the instrument. These selected
delays are defined in Table 3-3 and can be changed to
another value by using the Store method. Any number
value from .001 second to 999.999 seconds (including 0)
can be chosen for a delay in any mode. To return a
3456A selected delay to its default value store any
negative number into the DELAY register.

Table 3-3. Default Delays.

3456A Set-Up Condition Delay (in second)
DCV, Filter On .650
ACV or ACV + DCV, Filter Off .060
ACV or ACV + DCV, Filter On .800
Ohms, 100 K Range .001
Ohms, 1 M Range .008
Ohms, 10 M Range .080
Ohms, 100 M Range .080
Ohms, 1 G Range .080

3-69. Optimizing the Reading Rate.

3-70. The previous paragraph stated that the Number
of Power Line Cycles Integrated has an effect on the
Number of Digits displayed. In addition to that, the
measurement accuracy and power line frequency noise
rejection (NMR) are also affected. You can select a
faster reading rate with a low Number of Power Line
Cycles Integrated. But keep in mind that the 3456A’s
measurement error increases and that the ability to re-
ject power line frequency noise rejection is lessened.
Table 3-4 gives some ideas on how to optimize the
3456A’s reading rate.

3-71. MATH FEATURE.

3-72. A variety of math operations can be done by the
Model 3456A. Use the instrument’s Numbered
Keyboard to select a math operation and to enter values
into registers used by the math operations. Refer to the
Numbered Keyboard for the following discussion and
make sure you know how to store values into registers
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Table 3-4. Optimizing Reading Rate.

Your maximum reading rate with the 3456A is influenced
by a large number of factors, not the least of which is the
signal you are trying to measure. These factors can be
divided into two categories; signal related and voltmeter
related. Among signal related factors are:

- desired accuracy (or resolution)
- nature of the signal (dcv, acv, or ohms)
- signal environment (line related and broadband noise)

Among voltmeter related factors are:

- method of measurement transfer (Packed Output,
Reading Storage, System Output)

- number of convenience features selected (Math
operations, Autorange)

For all operations, an equally important consideration is
what you're trying to accomplished by measuring fast. Are
you

scanning a large number of points so that faster
readings mean a better picture of what is happening at
a single point in time?
trying to read fast so that you do not use up valuable
computer time waiting for the measurement operation
to complete?

- trying to digitize waveforms?

The 3456A can solve these application problems in many
different ways.

AT TURN-ON

For most bench and system applications, the preprogram-
med settling times assure accurate readings regardless of
the signal and signal environment. However, knowledge
about your signal and/or signal environment can let you
achieve up to 330 rds/s (at 60 Hz) with noise rejectionand
10 microvolt sensitivity.

YOUR SIGNAL ENVIRONMENT

Your signal is subject to line related and broadband noise
which can interfere with the measurement. There are two
ways of rejecting noise on the 3456A; integration and in-
put filtering.

Integration is a process where the affect of line related
noise is averaged to zero over the period of an integer
number of Power Line Cycles (PLC) during the A to D con-
version. The basic integrator is an Op Amp with a (in-
tegrator) capacitor in its feedback loop. The signal is con-
nected to the input of the Op Amp for a period of the line
frequency. This configuration theoretically provides infinite
noise rejection at integer multiples of the inverse of the in-
tegration period and single pole roll-off (20 dB of amplitude
attenuation for every decade increase in frequency above
the knee frequency) for broadband noise. Refer to the graph
for more detail.

The input filter provides excellent noise rejection. The price
you pay is an additional 650 ms settling time which allows
the filter output to settle to a final value before the input is
measured. The fastest possible reading rate measuring
widely varying signals with line rejection is provided by 1
PLC integration time. But, if you are looking at a slowly
varying signal or scanning similar signals, you can get
faster readings by overriding the preprogrammed settling
time selecting 0.01 or 0.1 PLC integration time and the
filter. The trade-off is less accuracy and resolution as well
as more uncertainty about the filtered input.

SPEEDING THE MEASUREMENT CYCLE

The thermal stability of the measurement environment is
important. By simply keeping the temperature of the
3456A at a fixed value, you can nearly double the reading
rate by turning Auto Zero off. The 3456A is slightly less ac-
curate but the faster reading rate may be worth it. In addi-
tion, any range, function, or filter change that takes place is
automatically accompanied by an Auto Zero update which
removes any accumulated offsets. Of course, if the
measurement environment is quiet enough to omit NMR
then only the accuracy and resolution of your desired
measurement are the factors and you can achieve up to
210 or 330 rds/s with .1 and .01 PLC respectively (60 Hz).

Further, you can speed the measurement cycle by selecting
a fixed range instead of using the Autorange function. Even
at 1 PLC integration time there is a 10% reduction of the
reading rate with Autorange on. Of course, if your signal is
changing, Autorange is far faster than letting your software
range the 3456A over the HP-IB.

AC Volts requires some special attention. With the filter
off, you can measure signals of greater than 400 Hz fre-
quency at a rate of 12 rds/s with the preprogrammed settl-
ing time of 60 ms. If you are monitoring a slowly changing
ac signal or scanning similar signals, you can minimize the
settling time to achieve up to 330 rds/s. Keep in mind that
the input could change drastically before your readings
waould indicate a large change.

For signals of less than 400 Hz the input filter is connected
in series with the ac converter to slow the signal response
to the A to D converter. Again, you can override the
preprogrammed settling time of 800 ms but beware! Large
changes in the input signal level may let you read numerous
wrong readings while the ac converter and the input filter
are settling to a final value.

The 3456A can read resistance measurements as fast as
dc volts up to the 10 K ohm range, but you can not use the
input filter. Above the 10 K ohm range, additional settling
time is required for stable resistance measurements. If all
you want is an indication of the actual resistance above
10 K ohm, you can override the preprogrammed settling
times. However, just considering the size of the resistance
you are trying to measure and any associated stray
capacitance in the measuring circuit, you may want to add
settling time between reading for best accuracy.

Offset Compensated Ohms is very slow {10 rds/s) by com-
parison with a standard ohms measurement. But, for a
single input reading, it is the fastest way to measure low
value resistances accurately in the presence of thermally
generated voltage offsets.

Before leaving the topic of Speeding the Measurement Cy-
cle, it is important to ask why you would use 100 or 10
PLC integration times. The answer is increased accuracy
and reduced internal noise. If you really need all the ac-
curacy and repeatability you can get, the 100 PLC is the
place you want to be.

SPEEDING THE READING TRANSFER

You might make many accuracy compromises to attain an
acceptable reading rate and still not be able to read as fast
as you could. Why? Because you have not optimally handl-
ed the transfer of data over the bus from the 3456A to
your computer.

Let’s take a closer look at the reasons for fast reading rates:
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Table 3-4. Optimizing Reading Rate (Cont'd).

- High speed scanning
- Data Throughput
- Waveform Characterization

HIGH SPEED SCANNING

Typical applications of high speed scanning include
temperature and strain profiling where a large number of
measurements must be taken very quickly to ‘‘freeze’’ the
phenomenon at some point in time. For this type measure-
ment, data transfer from the voltmeter to the computer is
not really required to go fast. As long as the scanner data
does not exceed 350 measurements, the built-in memory
can store all the measurements for one scanned sequence
and transfer the data at the end of acquisition. In conjunc-
tion with Reading Storage, three other 3456A features
make high speed scanning particularily easy to do:

- Program Memory
- Voltmeter Complete
- External Trigger

Program Memory can be used to store a series of measure-
ment sequences and operate on the acquired data. For ex-
ample, in a high speed scanning situation you could acquire
the measurements as fast as possible in the Reading Store
mode. Flag the computer and then output the data, perhaps
already scaled, in ASCI| format. It is almost a 10 to 1 sav-
ings in time during acquisition and the results are just as
easy to use as if you load, acquire, and transfer individual
readings. Voltmeter Complete can be used to increment the
scanner sequentially without software interaction between
the voltmeter, the scanner, and the computer.

To close the loop, the scanner can output a signal to the
3456A's internal trigger. The result is that once the
measurements are initiated by your computer there is no
additional need for computer interaction until the meastire-
ment sequence is complete.

The fastest possible reading rate for any integration time is
achieved when:

- Autorange, Auto Zero, Math, Display and Filter are off.
- Measurements are stored in the built-in memory using
internal trigger and the packed format mode.

Since the packed mode and Display off are functions only
available over the HP-IB, the maximum reading rate is
achievable only with remote operation. If your trigger
source is fast enough, external triggering is just as fast as
internal triggering.

Transferring the measurements in packed format over the
bus to a 9825A Calculator using a Fast Read/Write Buffer
transfer reduces the maximum reading rate by 10% and
you have to unpack the stored data. But, you can store
many more measurements using the computer’s memory.

DATA THROUGHPUT

The 3456A solves many of the data throughput problems
because Reading Store and Program Memory remove the
constant control necessity from the computer. The ability
to flag the computer from the front panel of the 3456A,
store measurement sequences in its memory, and flag the
computer when it is done, lets you use both the 3456A and
the computer to their best advantage. To avoid overrunning
the computer with data from the 3456A, you can select
the Systems Output mode which updates the output only
after handshake.

WAVEFORM CHARACTERIZATION

The 3456A can digitize sinewaves up to about 100 Hz
with fairly good accuracy. All the high speed modes must
be used to acquire at least two samples per cycle. The
Delay generator gives you about 1% timing accuracy.

Waveform characterization should be performed with a
System Voltmeter. These voltmeters use a sample and hold
technique which allows the waveform to be ‘“frozen’’ at a
well-defined point in time. An integrating-type voltmeter,
like the 3456A, will always average the waveform over its
integration period giving less accurate results. System
voltmeters also typically have higher speed, greater band-
width, and much more precise delay generation.

To summarize, let's look at the fastest reading rate set up
again. Note that all convenience and accuracy features are
eliminated and that the data is stored internally in the pack-
ed mode. This may not be right for your use. You may want
a final answer which the Math functions could provide
without computer interaction.
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(read Paragraph 3-56). Figure 3-8, the Numbered
Keyboard figure may also be helpful for the following
discussion of the math operation. They are:

%Error

Scale

Pass/Fail (Limit Test)

dB

dBm

Null

Thermistor
in Degrees C
in Degrees F

Statistics
Mean
Variance
Count
Limits

3-73. Math operations can only be done on instrument
acquired measurement data.

3-74. A Math operation is selected by first pressing the
front panel’s blue MATH button and then pressing the
desired math key. The blue label below the front panel’s
numbered keys shows the various math operations. An
LED, located to the center and below the display also
lights when a math operation is selected. The registers
used in the math operations are identified by the white
labels above the numbered keys. The range of numbers
you can store into the registers or use in math is from
+ 0.000000 x 107 to 1999999 x 10°. The 3456A does,
however, do internal calculations using 9 digit floating
point numbers. If any of the math calculations‘are out
of range, an ‘“LL”’ is displayed. The following describes
the 3456A’s math operations.

3-75. %Error.

3-76. The %Error math feature of the 3456A can best
be described by the formula:

X-Y
Y

Results in percent = x 100

where ‘X’ is the present measurement value and “‘Y"’
is the value in register Y. This formula gives the percent
difference between the reading taken by the 3456A and
the value in register Y. The default (Turn-On or Reset))
value in register Y is 1. The %Error feature is selected
by the ““8’* [100 (X - Y/Y)] key. Refer to Table 1-1 for
the %Error accuracy specifications.

3-77. You can use the %Error function to determine
the percent difference between an ideal voltage and a
measured voltage. For example, you may wish to know
the %Error of a 10 V dc measurement. The first thing to
do is to store 10 into register Y. Then set the 3456A to
the %Error math function and take a 10 V measure-
ment. If the reading is exactly 10 V a ‘‘0”’ is displayed.

3-14
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If the reading is, for example, 10.1 V, the result
becomes:

x100 = .01x100 =1

Result = X-Y 5 100 = 10-1-10
¥ 10
showing that the measured value is 1% higher than the

ideal value. The number displayed on the front panel
would be ““17’.

3-78. Scale.

3-79. The Scale feature of the -hp- Model 3456A lets
you modify a measurement value by a selected value.
The modification can be done either by addition, sub-
traction, multiplication, or division, depending on how
the Scale function is used. The Scale mode is repre-
sented by the formula:

X-Z

Results =

where ““X’’ is the present measurement value, ““Y”’ is
the value in register Y and ““Z”’ is the value in register Z.
The default (Turn-On/Reset) values in register Y and Z
are 1 and 0, respectively. The Scale math feature is
selected by the 7" [(X - Z)/Y] key. Refer to Table 1-1
for'Scale accuracy specifications.

3-80. To do an addition or a subtraction, first enter a
““1”” into register Y. If you wish to perform an addition,
enter a negative number into register Z. If a subtraction
is desired, enter a positive number into register Z. The
Scale formula then becomes:

X - (+2) _
1

Results = X - (x 7)

To perform a division, enter a “‘0”’ into register Z and
the divisor value into register Y. The Scale formula then
becomes:

Results = X-0_ X
Y

Y

Multiplication is performed by dividing the measured
value by the inverse of the multiplier value (a fraction).
Here again, a “‘0”’ is to be entered into register Z with
the inverse value going into register Y.

3-81. Pass/Fail (Limit Test).

3-82. The Pass/Fail math operation can be used to
make a voltage or ohms measurement and to then deter-
mine if the reading falls within certain limits. The limits
are selectable from the 3456A’s front panel and should
be stored into the instrument’s UPPER and LOWER
registers. Once the limits are stored and the Pass/Fail
math operation is selected, the 3456A can then be set for
a regular volts or ohms measurement. If the measured
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reading is within the selected limits, the reading will be
displayed. If the reading is above the upper limit, ‘““HI”’
will be displayed. If the reading is below the lower limit,
“LO’" will be displayed. The default (Turn-On/Reset)
values of the UPPER and LOWER registers are
+ 1999999+9 and -—1999999+9, respectively. The
Pass/Fail feature is selected by the ‘1"’ (PASS/FAIL)
key. Refer to Table 1-1 for the Pass/Fail accuracy
specificaitons.

3-83. A way to use the Pass/Fail feature, is to make
sure that a certain number of 1 K ohm resistors are
within a 1% tolerance. To do this, you first should store
the upper and lower accuracy limits into the 3456A’s
respective registers. In this case ‘‘1010”’ is stored into
the UPPER register and a ‘‘990’’ is stored into the
LOWER register. The next step is to select the ohms
function and the 1 K ohms range. After you have done
this, select the Pass/Fail math feature and start to
measure the resistors one at a time. If the resistor value
is within the 1% tolerance, in other words between
1.01 K ohms and .99 K ohms, the actual value of the
resistor will be displayed on the front panel. ‘“‘HI” will
be displayed for any readings above 1.01 K ohms and
“LO” will be displayed for any readings below .99 K
ohms.

3-84. dB.

3-85. This feature of the 3456A is a Ratio Measurement
of two voltages which is calculated and displayed in
Decibels (dB). The dB formula is:

vl
Y

where ‘X’ is the present measurement value and “Y”’
is the value in register Y. The default (Turn-On/Reset)
value in register Y is 1. The dB feature is selected by the
““9? (20 LOG X/Y) key. Refer to Table 1-1 for the dB
accuracy specifications.

dB = 20 Log

3-86. You can use the dB feature to measure the voltage
gain of an amplifier. First measure the input voltage to
the amplifier and store it into register Y. (You can store
the reading directly into Y without re-entering the
reading from the keyboard.) For this example a voltage
reading of .1 V is assumed. The next step is to measure
the amplifier’s output voltage and set the 3456A to the
dB math operation. The gain of the amplifier is then
displayed in decibels. Assuming that the amplifier’s out-
put voltage is 10 V, the dB equation becomes:

dB = 20 Log %=20L0g ‘_‘l’ = 20 Log 100 = 40

giving you a gain of 40 decibles.

3-87. dBm.

3-88. The dBm feature of the 3456A is used to calculate
a power ratio using a resistance as the reference. The
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dBm equation is:
X2/R

dBm = 10 Log
1 mW

where ““X’’ is the present measured value, ‘1 mW’’ is
the power reference, and ‘‘R”’ is the resistance reference
value to be entered by you. The default (Turn-
On/Reset) value in register R is 600 ohms. The dBm
math feature is selected by the ‘4"’ [dBm (R)] key.
Refer to Table 1-1 for the dBm accuracy specifications.

3-89. The dBm feature can be used to measure the input
power of a speaker. In this example we assume an 8 ohm
speaker load and an input voltage of 10 volts. The for-
mula now becomes:

100/8

dBm = 10 Log = 40.97

giving you a value of 40.97 dBm.

3-90. Null.

3-91. The Null feature of the 3456A is described by the
formula:

Displayed Results = X - X,

where ‘X, is the first measurement taken after the
Null feature has been selected and where ‘X’ is the
reading(s) after the first reading. When the “X;”’
reading is first taken it is stored into register Z. That
reading is then subtracted from the following reading(s)
with the net present result displayed on the front panel.
Since the first reading is stored in register Z, you can
recall its value by recalling the register. The Null math
feature is selected by the ““3’* (NULL) key.

3-92. The Null feature can be used to make more ac-
curate 2-Wire Ohms measurements. To do this, short
the input leads together at the measuring point and
place the 3456A into the Null and 2-Wire Ohms mode.
The first reading taken, which is the lead resistance, is
stored into register Z. Remove the short from the input
leads and take the unknown resistance measurement.
The displayed reading is the total resistance measure-
ment minus the lead resistance, giving you an accurate
2-Wire Ohms Measurement. The Null formula
becomes.

Unknown Resistance = X - X; = X -R

where “X’’ is the total unknown resistance (including
““R’’) and where ‘““R”’ is the lead resistance.

3-93. Thermistor.
3-94. The 3456A makes temperature measurements us-

ing an externally connected thermistor, when selecting
this mode. To correctly do this operation, set the 3456A
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to the ohms function. It is advisable to first select an
ohms range which corresponds closely to the resistance
value of the thermistor for the temperature to be
measured. When the Thermistor operation is selected,
the ohms reading (thermistor resistance) is then
calculated by the instrument and can be displayed either
in degrees C or degrees F dependent on which math
feature is selected. The Thermistor math operation with
the results displayed in degrees C is selected by the “‘6”’
(°C) key. The *‘5”’ (°F) key is used for degrees F. Refer
to Table 1-1 for the Thermistor accuracy specifications.
The recommended Thermistor can be ordered by -hp
Part Number 0837-0164. A package of 4 thermistors is
also available under Accessory Number 44414A. The
thermistor’s corresponding resistor value at high and
low temperature limits and at nominal room
temperature is:

Temperature Resistance
150°C 92.7 Ohms
25°C 5000 Ohms
-80°C 3684 K Ohms

3-95. Keep a couple of things in mind when using the
Thermistor mode. Choosing an optimum ohms range
for the termperature measurement has been mentioned
in the preceding paragraph. This is important for a
stable reading. You can use other ranges or autorange,
but the reading may be unstable. To demonstrate this,
choose a high ohms range for the thermistor. An ohms
reading is still taken and the temperature is still
calculated; but since a higher range is more sensitive\for
low ohms values, the reading is not as stable. Autgrange
may have the same effects, since there may be a dif-
ference from range to range. Another thing to keep in
mind is lead resistance. If 2-Wire Ohms is used, any lead
resistance is added to the thermistor resistance causing
an inaccurate temperature reading.

3-96. Statistics.

3-97. The Statistics math feature of the -hp- Model
3456A is used to make a Mean and Variance calculation
of reading(s) taken in any function. These calculations
are made when the instrument is set to the Statistics
(STAT) mode and after a measurement cycle is com-
pleted. The Mean value is then stored into the MEAN
register with the number of readings taken stored into
the COUNT register. The Variance value is stored into
the VARIANCE register with highest reading taken
stored into the UPPER register and the lowest reading
into the LOWER register. In addition, the first reading
taken is also stored into register Z. Except for the
Variance calculation, all other statistics calculations are
done after the first measurement cycle is completed. The
Variance calculation needs at least two readings to
calculate its value. The default values of the MEAN,
VARIANCE, COUNT, UPPER, LOWER, and Z
registers are 199999 +9, —00.000 —3 (0), 0, 1999999
+9, —1999999 +9, and 0 respecitvely. The Statistic
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mode is selected by the *“2’* (STAT) key. To reset the
registers to their default values without pressing the
3456A’s RESET button or cycling power, select the
statistics function again by pressing the MATH button
and STAT key. Refer to Table 1-1 for the Statistics Ac-
curacy Specifications.

NOTE

Since the math calculations are made to 9
digits, certain accuracy limitations as shown
in Table 1-1 should be kept in mind.

3-98. Mean. The Mean (Average) value is calculated by
the formula:
C

L £ x-X)=X
=

Mean (M) = X + —
C

1

Where *‘X; is the “‘ith”’ reading taken after enabling
statistics, ““X;”” is the first reading taken after enabling
Statistics, and*“C”’ is the total number of readings taken
with the present reading (X) displayed on the front
panel. The present Mean value is in the MEAN register
and it, along with the other registers used in the
Statisti€s mode, can be recalled at any time by recalling
the dppropriate register.

3-99. Variance. The Variance value is calculated by the
formula:

Variance (V) =

< X - Xp2 ~ 1 5 XX
> .- - —| = i
=" cl=1 '

1 =

1

C-1

Where ““X;” is the “‘ith”’ reading taken after enabling
statistics, ‘‘X;”’ is the first reading taken after enabling
Statistics and ‘‘C’’ is the total number of readings taken
with the present reading (X) displayed on the front
panel. The present Variance value is in the VARIANCE
register and it, along with the value(s) in the other
register(s), can be recalled at any time by recalling the
appropriate register.

3-100. Statistics Example. One way to use the Statistics
feature is to calculate the average value of a number of
resistors. Start by setting the 3456A to the ohms func-
tion and Single Trigger mode. Then select the Statistics
Math mode. Next connect the first resistor to the input
terminals and trigger the instrument (push the SINGLE
trigger button). Do the same for the other resistors after
the measurement cycle is completed. When all of the
resistors are measured, you can determine the average
value of the resistors by recalling the MEAN register.
The Variance of the register values can be recalled by
the VARIANCE register. To doublecheck the number
of resistors you have measured, recall the COUNT
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register. For the lowest value, recall the LOWER
register and the UPPER register for the highest value.

3-101. READING STORAGE.

3-102. The Reading Storage feature of the 3456A
allows you to store into the instrument’s internal
memory a certain number of readings. The memory size
is 1400 bytes and since each reading takes 4 bytes of
memory up to 350 readings can be stored, depending on
available memory space. This is because the Program
Memory Operation of the 3456A (see Paragraph 3-200)
also uses the internal memory and, if used, reduces
memory space allowing fewer readings to be stored. The
number of storable readings can be determined by this
formula:

Memory Size - Memory Used = Memory Available
(rounded off to the lowest value)

For example, if you use 85 bytes of memory for the Pro-
gram Memory operation the total number of readings
you can store is:

M = 328.75

allowing you enough space for 328 readings.

3-103. The Reading Storage feature is enabled by press-
ing the front panel’s RDGS STORE button. The LED
next to the button then lights and the instrument starts
storing a reading when triggered. The LED turns off
when the feature is disabled or when the 3456A’s inter-
nal memory is full. To turn the Reading Storage feature
off, press the RDGS STORE button a second time. The
readings in the memory are cleared when the Reading
Storage is first turned on and the 3456A is triggered, by
the Self Test mode, and at Turn-On.

3-104. Readings are stored into memory with the most
recent reading as reading #1 and the preceding readings
as #2, #3, and so on. For example if you take 350
readings, the reading taken after enabling the feature is
#350 and the last reading taken is #1. The reading order
is important to keep in mind when recalling the
reading(s). Any or all of the readings can be recalled
either one at a time or they can be scrolled. These two
methods operate as follows.

a. Recalling Single Readings. To recall a single
reading from memory

1. Set the 3456A to Trigger Hold and then turn
Reading Storage on. The Trigger is set to Hold
because a trigger restarts the Reading Storage,
when enabled, and the previously stored readings
are cleared.

2. Next store the number corresponding to the
reading you wish to recall into register R (use store
method in Paragraph 3-60).

Operation

3. Then recall the R register (by pressing the
RECALL button and key ‘‘4’’).

The reading is then displayed on the front panel. When
you press the RECALL button again without pressing
the ‘4’ key, the following reading is then displayed.
Press the button again and the next reading is displayed,
and so on. Try the following example in which reading
#3 through #1 are recalled.

1. Press the HOLD trigger button and then press the
RDGS STORE button.

2. Store *‘3”’ into register R by pressing the STORE
button and then key 4.

3. Recall the register by pressing the RECALL but-
ton and key 4. Reading #3 is now displayed on the
front panel.

4, Press the RECALL button again and reading #2 is
displayed.

5. Reading #1 is next displayed when the RECALL
button is again pressed.

b. Scroll Readings. This procedure is very similar in
recalling a single reading. The only difference is that the
reading number is entered into register R as a negative
number. When that register is then recalled the reading
which corresponds to the stored number is then dis-
played. The display time is determined by the DELAY
register value. The next reading is then displayed and
then the next reading and so on. Since the time between
readings is very short and makes it impossible to see the
readings, store a delay into the DELAY register. A 1 se-
cond delay, for example, will display each reading for 1
second. The last reading to be displayed is reading #1
and remains until the 3456A’s operation is changed.

3-105. The 3456A can also perform other operations
while recalling readings. When recalling a single
reading, the reading number is displayed before dis-
playing the actual reading. But since the display time is
determined by the value in the DELAY register, the
reading number may not be seen. Here again, a delay
has to be stored into the DELAY register. The reading
number is then displayed for a time determined by the
delay. Another operation you can do is to select a math
operation while the recalled readings are scolled. For in-
stance, select the Statistics math operation to find the
Mean, Variance, Upper, Lower, and Count values of
the stored readings. An example on how to use this
feature with 350 stored readings is as follows.

a. Press the HOLD trigger button and then the
RDGS STORE button.

b. Enter “‘-350”’ into the R register to scroll the
readings starting with reading #350.
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c. Select the Statistics math operation by pressing the
MATH button and then the ‘2’ (STAT) key.

d. Recall the R register by pressing the RECALL but-
ton and then the ‘“4” (R register) key. The scrolled
readings should now be displayed.

e. When the scrolling is completed (no updating of
the display), the reading’s Mean, Variance, and Count
values can now be determined by recalling register
MEAN, VARIANCE, and COUNT respectively.

3-106. VOLTMETER COMPLETE.

3-107. The voltmeter complete connector is a BNC con-
nector which outputs a sync signal during the measure-
ment cycle . The signal itself is composed of an approx-
imately 330 nanosecond wide negative going TTL level
pulse. One way to use the sync signal is to advance a
scanner, like the -hp- Model 3497A. To do this, connect
the 3456A’s voltmeter complete output to the scanner’s
channel advance input. Once the connection is made,
the scanner advances to the next channel during the
3456A’s measurement cycle. The voltmeter complete
output is designed to drive at least one TTL input.

3-108. GUARDING.
3-109. General.

3-110. The Guarding Terminals on the -hp- Model
3456A can be used to reduce or cancel error causing
common-mode voltages. Figure 3-9 gives three methods
of making guard connections. A Guard Terminal on the
3456A is used to make the connections. Both the front
panel and the rear panel have a Guard Terminal. For
most measurements the terminal should be connected to
the common (Low) input terminal. This is done inter-
nally in the instrument when the Guard Switch is in the
IN position. Each of the Guard Terminals use a separate
switch for a connection to each of the common ter-
minals, with the switches located above their respective
Guard Terminals.

3-111. Guarding Information.

3-112. Detailed information on guarding methods and
the purpose of guarding can be found in -hp- Applica-
tion Note Number 123, “‘Floating Measurements and
Guarding”’. This application note is available through
your nearest -hp- Sales and Service Office.

3-113. FRONT/REAR SWITCH LOCKOUT.

3-114. The Model 3456A is provided with an interlock
for the Front/Rear Switch. This has been provided for
you to lock the switch either for the front or rear ter-
minals, preventing any quick changes from front to
rear. The switch is locked in the front position when the
arrow marked on the lock is pointing toward the
FRONT lettering. In the rear position the arrow is point
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to the REAR lettering. A procedure to install and
remove the lock is given in Appendix B.

3-115. REMOTE OPERATION.
3-116. General.

3-117. The following gives instrument dependent infor-
mation necessary to remotely operate the -hp- Model
3456A over the Hewlett-Packard Interface Bus
(HP-IB). Directions for mechanical interface connec-
tions to the HP-IB are given in Section II (see Paragraph
2-18) of this Manual. You should be familiar with the
front panel (local) operation of the instrument before
attempting to use the 3456A in the remote (HP-IB)
operating mode. The front panel operational informa-
tion is located in the Operating  Characteristics
paragraphs (starting with Paragraph 3-10) in this section
of the Manual.

NOTE

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

3-118. HP-IB Description (in Appendix A).

3-119. A general description of the HP-IB is in this
Manual’s Appendix A. Refer to it for any non 3456A
related HP-IB information. Included in the appendix is
a worksheet you can use to tabulate the 3456A’s HP-IB
capabilities and of other Bus compatible devices. It is
assumed, in the following paragraphs, that you are
knowledgeable about the HP-IB.

3-120. 3456A Response to Bus Messages.

3-121. The following paragraphs deal with the im-
plementation of the HP-IB using the 3456A. The instru-
ment’s Bus capabilities are listed in Table 3-5. The
following also explains the 3456A’s response to Bus
Messages, also known as Meta Messages.

Table 3-5. Interface Functions.

Mnemonic Interface Function Name
SH1 Source Handshake Capability
AH1 Acceptor Handshake Capability

T5 Talker (Basic Talker, Serial Poll, Talk Only Model,
Unaddressed to Talk if Addressed to Listen)

L4 Listener (Basic Listener, Unaddressed 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
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has priority over other trigger conditions. If the 3456A
is triggered during a measurement cycle, the cycle is
aborted. If the instrument is executing a measurement
cycle, it will be aborted upon receipt of a Bus Trigger.
The 3456A has to be programmed to “‘listen’’ to execute
the trigger.

3-126. Clear.

3-127. The Clear Message sets the 3456A to the turn-on
state. This action is similar to pressing the RESET but-
ton on the instrument’s front panel. The Clear, Turn-
On, and Reset differences are listed in Table 3-6.

Table 3-6. 3456A Clear, Home, and Reset Differences.

Program
Memory
and
Status Byte | HP-IB Reading
Byte Address "":::::" Storage | Time
Reset Reset Clear
Power-On Y Y Y Y =3 sec
Reset Y Y N N <.5 sec
Clear Y N N N < 5 msec
Home Y N N N <5 msec

Nate: Y =YES, N=NO

Figure 3-9. Guard Connections.
3-122. Data.

3-123. The Data Message is used to transfer informa-
tion between the 3456A and the controller. It is used
either to send data or receive data. A description is as
follows.

a. Send Data is the 3456A’s set up information (set to
DCYV, etc.). The instrument has to be in Remote and
Listen (a listener) and the controller a Talker.

b. Receive Data is the 3456A’s output. This includes
readings and instrument status. To send the data, the
3456A is the talker and the controller is a listener.

3-124. Trigger.

3-125. The Trigger Message causes the 3456A to initiate
a measurement cycle. It is an HP-IB Trigger and triggers
the instrument in any front panel Trigger mode, since it

3428. Remote.

3-129. The 3456A is in the local front panel mode when
first turned on. A Remote Message allow the 3456A to
be controlled over the HP-IB. In Remote, the front
panel controls are disabled (except the LOCAL button)
and are then controllable over the HP-IB. The instru-
ment’s initial set up is determined by the front panel set-
ting before being placed in remote.

3-130. Local.

3-131. This message clears the remote operation of the
3456A and enables the front panel operation. Pressing
the front panel LOCAL button also sets the instrument

to local, provided the button has not been disabled by
the Local Lockout Message (see next paragraph).

3-132. Local Lockout.

3-133. This message disables the 3456A’s Local Front
Panel controls, including the LOCAL button. The
message is in effect until the message is cleared over
the HP-IB or power is cycled.

3-134. Clear Lockout and Set Local.

3-135. This message places the 3456A to local and
clears the Lockout.

3-136. Require Service (SRQ).

3-137. The Require Service Message (SRQ) is indepen-
dent of all other HP-IB activity and is sent on a single
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line called the SRQ line. Its state is either true or false,
with low being true and high being false. When the Re-
quire Service Message is sent and more than one device
on the HP-IB has the capability to send this message,
the user must decide which device is sending the mes-
sage. This is done by conducting a ‘‘Serial Poll’’ for the
device(s) on the Bus. The device polled responds by sen-
ding a Status Byte. The Status Byte indicates whether
the device has requested service and if so, for what
reason. If the device polled shows that it did not send
the Require Service Message, the other devices would
typically be polled. Paragraph 3-140 describes the
3456A’s Status Byte.

3-138. When the 3456A sends a Require Service
Message, the front panel SRQ LED is on. The message
and LED are cleared when the 3456A is polled, although
some of the messages are cleared by the instrument (i.e.
Front Panel SRQ, Program Memory Complete, and
Data Ready). The following are the conditions that can
cause a Require Service Message.

Front Panel SRQ (can be cleared by the 3456A)

Program Memory Execution Complete (can be clear-
ed by the 3456A)

Data Ready (can be cleared by the 3456A)

Trigger Too Fast

Illegal Instrument State/Internal Error/Syntax Error

Program Memory Error

Limits Failure

3-139. The 3456A requires service only if told to do'so.
It has to be programmed to output the Require Sérvice
Message for the previously listed conditions. This is
done by setting the Service Request Mask. The mask is
set by sending certain program codes to the 3456A and
is explained in Paragraph 3-169.

3-140. Status Byte.

3-141. The Status Byte Message is output by the 3456A
in response to a Serial Poll. Each bit represents a
message. Table 3-7 lists the bits which are defined as
follows.

NOTE

Remember to set the SRQ mask to output
the Require Service Message.

a. Front Panel SRO. A Require Service Message can
be output when pressing the 3456A’s front panel SRQ
button. The button is only enabled in Local operation.

b. Program Memory Execution Complete. A Re-
quire Message is output when the 3456A’s internally
programmed operation, called Program Memory, is
completed. Information on the Program Memory Oper-
ation is in Paragraph 3-200.

c. Data Ready. A Require Service Message is output
when the 3456A’s measurement cycle is completed (e.g.
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a DCV reading is taken). More information on Data
Ready is in Paragraph 3-206.

Table 3-7. Status Byte Definition.

Octal | Decimal Bit

Code Code Definition

101 65 0 | Front Panel SRQ - When the front panel
SRQ button is pressed, this Require Ser-
vice is output. Pressing the button a se-
cond time will clear the Service Reguest.

102 66 1 |Program Memory Execution Complete
-Indicates to the controller that all the
program codes in the 3456A's internal
memory are executed. The Require Ser-
vice condition is cleared when the Pro-
gram Memory is executed again.

104 68 2 |Data Ready - Indicates to the controller
that measurement data is ready to be
output. The Require Service is cleared
when a new measurement cycle is ini-
tiated.

110 72 3 |Trigger Too Fast - Indicates that the
34B66A was triggered while executing a
measurement cycle. This only occurs in
External Trigger.

120 B0 4 |lllegal Instrument State - Indicates that
the 3456A is unable to do an operation
because of an invalid set-up (e.g. 10 M
ohm range in DCV)

Internal Error - Indicates a failure in the
3456A

Syntax Error - Indicates to the controller
that invalid Program Code(s} where sent
to the 3456A (e.g. code F9)

140 96 5 |Program Memory Error - Indicates that
the Program Memory Execution com-
mand or the Test function was stored in
memory, or an overflow of memory oc-
curred while loading into memory.

300 192 7 |Limits Failure - Indicates that the
Pass/Fail measurement made is out of
the selected limits.

Note: Bit 6 is not in this table, because it is the SRQ bit.

d. Trigger Too Fast. This Require Service Message is
output if the 3456A is triggered while outputting data
over the HP-IB. This can only be caused by the External
Trigger.

e. Illegal Instrument State/Internal Error/Syntax
Error. This Message is output for the following condi-
tions:

1. Illegal Instrument State. An Illegal Instrument
State is when the 3456A is, for example, unable to
complete internal operations. An example is pro-
gramming the instrument to the 10 M ohm range
while in the DCV function. This range is invalid in
the DCV function.

2. Internal Error. An Internal Error occurs is when
a digital failure occurs in the 3456A. If this may
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happen, refer the instrument to a Service Trained
Person.

3. Syntax Error. A Syntax Error is when invalid pro-
grams codes are sent to the 3456A. An invalid pro-
gram code is F9.

f. Program Memory Error. This error occurs under
the following two conditions.

1. When trying to execute the program memory from
memory (program codes X1 in program memory)
and when enabling the Internal Test from memory
(program codes TEI in memory). Both conditions
terminate the Program Memory Operation.

2. When exceeding internal memory space during
program memory loading (storing more than 1400
bytes into memory).

g. Limits Failure. A Limits Failure occurs when a
limit is exceeded in the 3456A’s Pass/Fail math opera-
tion. More information on the Pass/Fail feature is in
Paragraph 3-81.

3-142. The Status Byte Message in Figure 3-10 is
represented in octal code. Each bit, except for bit 6, in-
dicates a particular Require Service condition. Bit 6
(seventh bit) is the Service Request bit and is true when
service is required. The bit lets the controller know that
a Require Service condition exists. Remember, set the
SRQ mask to output the Require Service Message.

3-143. If the SRQ mask has been set for more than one
condition, more than one bit of the Status Byte Message
may be true. For example:

a. A Require Service condition sets bits 1, 2, and 6
true. (Remember, bit 6 is true for any Require Service.)
The conditions are caused by Program Memory Execu-
tion Complete and Data Ready.

b. The Status Byte looks like:
by bg
lof1lofofof1f1]o]
NOTE

A ““1”’in this example indicates a true condi-
tion.

Operation

c. The byte is output in octal code and the correspon-
ding octal number is:

01 000 110

Lghe I
The resultant decimal number of octal 106 is 70.
3-144, Status Bit.
3-145. The 3456A does not respond to a Parallel Poll.

NOTE

The Status Bit is not part of the Status Byte
Message and should not be confused with
the bits in the Status Byte Message.

3-146. Pass Control.
3-147. The 3456A does not have controller capabilities.

3-148. Abort (Interface Clear).

3-149. All HP-IB communication is terminated, in-
cluding the 3456A’s Bus communication. Control is
retirned to the system controller. The Abort Message
does not remove the 3456A from remote control.

3-150. 3456A Addressing.

3-151. HP-IB requires that a device on the Bus needs to
be identified as a Listener or a Talker, in order to ex-
ecute the Bus Messages and commands. Because of this
requirement, each device on the HP-IB has a unique
““listen’” and ‘‘talk’’address to distinguish themselves
from each other. The device is then able to receive pro-
gramming instructions when addressed to listen or sent
data when addressed to talk.

3-152. The 3456A’s address is set by the address switch
located at the instrument’s rear panel. The switch is a
seven section ‘“DIP’’ switch with five switches used for
address selection, as shown in Table 3-8. The sixth
switch is not used and the seventh switch sets the instru-
ment to the ‘“Talk-Only’’ mode (see Paragraph 3-154).
The 3456A’s allowable address settings are listed in
Table 3-8. Its factory address setting is a listen address
of 22 decimal (ASCII character ‘‘6’’) and a talk address
of 54 decimal (character ‘“V”’).

| 67| b6 | b5 b4 [63]b2]b1[b0 ]

Limits Failure
Service Request
Program Memory Error

Front Panel SRQ
Program Memory Execution Complete
Data Ready

Internal Error
Syntax Error

llegal Instrument State ]

Trigger Too Fast

Figure 3-10. Status Byte.
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NOTE

Setting the 3456A°s Address Switch to the
Listen Address’ corresponding decimal code
will also set the Talk Address.

INSTRUMENT
TALK ADDRESS

ONLY 5 1

Hondb

@ POSITION (DOWN) 1 POSITION (UP)

NOT USED

ASCII Code
Character Address Switches 5bit
Listen Talk A5 A4 A3 A2 A Decimal Code
SP @ ] 0 0 0 ] oo
1 A 1} ] 0 0 1 01
o B o 0o o 1 0 02
# c o 0 o0 1 1 03
$ D 0o 0o 1 0 o0 04
% E V] 0 1 0 1 05
& F o 0 1 10 06
! G 0 0 1 1 1 07
| H o 1 0 0 O 08
) I 0 1 ] ] 1 09
.. J 0 1 4] 1 4] 10
+ K 0 1 0 1 1 11
L o 1 1 0 0 12
— M 0 1 1 0 1 13
a g 0o 1 1 1 0 14
/ o 1 1 1 1 15
Q P i1 0 0 0 O 16
1 Q 1 0 0 0 1 17
2 R 1 1] 0 1 0 18
3 S 10 0 1 1 19
4 T 1 0 1 4] 0 20
5 u 1 0 1 0 1 21 3456A
6 v 1 0 1 1 4] 22« FACTORY
7 w 1 0 1 1 1 23 Setting
8 X 1 1 0 4] 4] 24
9 Y 1 1 0 0 1 25
e Z 1 1 0 1 0 26
s [ 1 1 0o 1 1 27
< \ 1 1 1 0 i} 28
= ] 1 1 1 0 1 29
> R 1 1 1 1 4] 30

Table 3-8. 3456A Address Codes.

3-153. Instrument address commands are usually in this
form:

universal unlisten, device talk, device listen.

The universal unlisten command removes all listeners
from the HP-IB to allow only the addressed listener to
receive information. The information is sent by a talker
which is designated by the device talk code.

3-154. Talk-Only (No Controller).

3-155. Setting the 3456A to the ““Talk-Only’” mode can
provide measurement data to another device, like a
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printer, without a Bus controller. The 3456A is placed
to the ““Talk-Only’’ mode by setting the rear ““DIP”’
switch to the mode (set the seventh switch to ““1’’). Once
this is done measurement data is output after each trig-
ger. Instrument set up (function, range, etc.) is done
from the front panel.

3-156. 3456A HP-IB Programming.

3-157. Now that the basic HP-IB operation is known,
the next thing is to program and use the 3456A over the
Bus. First, determine the measurement or instrument
operation you want. Then determine the 3456A’s pro-
gram codes. The codes are ASCII characters transmit-
ted over the HP-IB to the instrument.

3-158. Once you have defined the instrument criteria
and program codes, next write an algorithm on how to
make the measurement. When you have done this, con-
vert the Algorithm to controller language. Refer to your
controller’s operating manual for the language.

3-159. Algorithm.

3-160. The algorithm should show exactly how to set up
and use the instrument in a certain function. To simplify
the algorithm, use the twelve Bus Messages as key words
in the algorithm. The messages are repeated here for
your reference.

. DATA

. TRIGGER

CLEAR

REMOTE

LOCAL

LOCAL LOCKOUT
CLEAR LOCKOUT AND SET LOCAL
REQUIRE SERVICE
STATUS BYTE

10. STATUS BIT

11. PASS CONTROL
12. ABORT

VENAUNE LN~

3-161. The definitions of the Bus Messages are given in
this manual’s Appendix A, Paragraph A-11.
Remember, refer to your controller manual to convert
the messages. If you have an -hp- Model 9825A Con-
troller, the controller’s Extended 1/0 Manual (-hp- Part
Number 09825-90025) has a listing of the codes. For the
9835A/B, refer to the I/O Programming Manual (-hp-
Part Number 09835-90060). If your controller manual
does not have a code conversion chart, you may be able
to use the technical description of the messages located
in Appendix A.

3-162. Here is an example Algorithm for the 3456A.
Note that only the key words are used, not the codes.

a. In this algorithm, the 3456A is set up to make a
DCYV measurement, output it over the HP-IB and print
the reading. The program ends if the 3456A sends a Re-
quire Service Message. The algorithm is as follows.
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. ABORT all previous operations

Set the 3456A to REMOTE
CLEAR the 3456A

. LOCAL LOCKOUT the Instrument
. Send DATA to set up the 3456A to

OB W N

a) the dc function

b) autorange

¢) hold trigger

d) set SRQ mask to Illegal Instrument State,
Internal Error, and Syntax Error.

6. TRIGGER the 3456A

7. Send the measurement DATA to the controller
and store in a variable

8. Check the 3456A to see if it REQUIRE’s SER-
VICE

9. If REQUIRE SERVICE, check the STATUS
BYTE; otherwise skip the next step

10. If the 3456A sent the STATUS BYTE, it did RE-
QUIRE SERVICE and the program is ended

11. Print out the DATA from the variable
12. CLEAR LOCKOUT AND SET LOCAL
13. End program

3-163. Programming the 3456A over the HP-IB.

3-164. Programming the 3456A is done by DATA
messages. Remember, DATA is sent or received. The
DATA received by the 3456A is for instrument set up
(function, range, etc.). The DATA sent by the 3456A is
output data. Included in the following paragraph are
programming examples of the Bus Messages and the
algorithm. They are given in the HP-IB format, HPL
(9825A Controller Language), and Enhanced Basic
(9835A/B and 9845B Controller Language).

3-165. Program Codes (Data received by the 3456A).

3-166. Program codes are used for the 3456A’s set up
information. A listing of the codes is in Table 3-9. The
instrument must be in ‘‘remote’’ and ‘‘listen’’ to receive
the codes. An example is as follows.

a. HP-IB Format:

CMD MODE DATA MODE
———,  — .,
1 U 6 Fl R1 MO T4

universal unlisten command —[hold trigger
controller “‘talk’* address math off

3456A “‘listen"" address

autorange
de volts function

Operation

b. HPL (9825A Controller Language).
wrt 722,F1 R1 M0 T4”

¢. Enhanced Basic (9835A/B, 9845B Controller Lan-
guage).

OUTPUT 722;‘°F1 R1 M0 T4”
NOTE

The “7°° in the ‘722’ address code is the
98254, 9835A/B and 98458 Controllers 1/0
Card select code.

NOTE

The spaces between the program codes
(FlspaceR1, etc.) shown in the example are
not necessary. They are only included to
separate the different program codes.

3-167. Storing into Registers (Y, Z, Delay, etc.) over the
HP-IB.

3-168; Storing into register is similar to the front panel
method. First enter the number to be stored and then
store it into the register. The following examples shows
how to do it, by storing ‘10"’ into the Number of
Readings/Trigger register. The DCV function’s pro-
gram codes is also included in the example to show that
other than register program codes can be in the same
string.

a. HP-IB Format.

CMD MODE DATA MODE
—— | ——
? U 6 FI 10STN

unlisten mmmand—‘l- I l —[:srore 10 readings into register

controller “*talk’ address N (¥ of Readings)
3456A"s “listen"" add) DC Function

b. HPL (9825A Controller Language).
wrt 722,°F1 10STN”’

¢. Enhanced Basic (9835A/B, 9845B Controller
Language).

OUTPUT 722;¢‘F1 10STN”’

In the example, ‘“F1’’ and ‘‘10STN”’ is separated by a
space to keep the numbers apart. This is not necessary
but may be less confusing. You can, however, enter a
“W’’ instead of a space. The *“W’’ is ignored by the
3456A but can be used to separate numerical entries
from commands. The same program string with “W?”’
looks like this:

“FIWI10STN”
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Table 3-9. 3456A Program Codes.

Thermistor (°F)
Thermistor {°C)
Scale [(X - Z)/Y]
%Error [(X - Y)Y x 100]

Control Program Code
FUNCTION Shift Function Off (Unshifted) S0
DCV F1
ACV F2
ACV+DCV F3
2 Wire K Ohms F4
4 Wire K Ohms F5
Shift Function On (Shifted) S1
DCV/DCV Ratio F1
ACWV/DCV Ratio F2
ACV +DCV/DCV Ratio F3
0.C. 2 Wire K Ohms F4
0.C. 4 Wire K Ohms F5
RANGE Auto R1
100 mV or .1 K Ohms R2
1000 mV or 1 K Ohms R3
10V or 10 K Ohms R4
100 V or 100 K Ohms R5
1000 V or 1 M Ohms R6
10 M Ohms R7
100 M Ohms R8
1000 M Ohms R9
TRIGGER Internal T
External T2
Single T3
Hold T4
AUTOZERO On 1
Off z0
FILTER On FL1
Off FLO
TEST On TE1
Off TEO
REGISTERS Storing into/Begisters ST
Recalling. Registers RE
Numberotf Readings N
Numbér of Digits Displayed G
Number of Power Line Cyc. Int. [
Delay D
Mean Register (Read only) M
Varience Register (Read only) v
Count Register (Read only) C
Lower Register L
R Register R
Upper Register u
¥ Register Y
Z Register Z
MATH Off Mo
Pass/Fail M1
Statistic (Mean, Variance, Count) M2
Null M3
dBm M4
M5
M6
M7
ms
M9

READING STORAGE

SYSTEM QUTPUT MODE

DISPLAY

QUTPUT FORMAT

CLEAR-CONTINUE

NUMERIC SEPARATOR
HOME COMMAND
FRONT/REAR SWITCH SENSE
EOI

PROGRAM MEMORY

dB (20 Log X/Y)
On
Off

On
Off

On
Off

Packed Format On
Packed Format Off (ASCIl Format}

Active

Separates Numbers (e.g. FIW10STN)
Software Reset

1 = Front, 0 = Rear

Enable
Disable

Load Program (Syntax) On
Load Program (Syntax) Off
Execute Program Memory

RS1
RSO

SO
s0o0

D1
Do

P1
PO

cL1

SwWi1
01

L1

X1

Model 3456A
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3-169. Programming the SRQ Mask.

3-170. Program codes are used to set the SRQ Mask.
Use the programming procedure in Paragraph 3-165 to
send the codes. Remember, the 3456A has to be in
“‘remote’’ and “‘listen’’ to receive the codes. Since the
Status Byte Message is in octal, the mask is programmed
in octal by using the corresponding octal codes of the
message. For example, bit 2 (Data Ready) is to be set
and is done by sending its octal code, 004. The following
example illustrates this.

a. HP-IB Format.

CMD MODE  DATA MODE

SM004
—l——sel mask where 02 is the

octal code for bit | of the
Status Byle Message

¥ U 1]
unlisten command ._T l
controller “1alk’ address
3456A “listen” address

b. HPL (9825A Controller Language).
wrt 722, ‘“‘SM004”

¢. Enhanced Basic (9835A/B, 9845B Controller
Language).

OUTPUT 722; ““‘SM004”’

3-171. Any, all, or combinations of the Require Service
conditions can be set by programming the SRQ mask.
All the bits can be disabled by programming the mask tg
‘iOm”'

3-172. 3456A's Measurement DATA (Data sent by the
3456A).

3-173. 3456A measurement data can be sent to the con-
troller in two different formats, ASCII or Packed For-
mat. The following explains the formats.

3-174. ASCII Format.

3-175. Output Statement. The 3456A’s output data in
the ASCII Format consists of 14 bytes and is in this
form:

+ D .DDDDDDE £ D CR EOI LF
Polarity of measurement {(a *' + "—T -[ Line Feed
is send for ac measurement) End or ldentify {if enabled)

Overrange digit {1 or 0) Carriage Return
reading exp: ) —

in scientific notation (the D is a

decimal digit)

NOTE

The decimal point in the output statement is
“free field”’ and can move to any place on
the left side of the “E’’ and the right of the
overrrange digit.

Each character in the output statement is one byte and
adds up to 14 bytes (the Carriage Return and Line Feed

Operation

are one character each). The first digit (D) is the over-
range digit and is either *“1’” or *‘0’’. The decimal point
can be anywhere between the right of the overrange digit
(shown in this example) and the left of the exponent
(*°E”’). The Carriage Return and Line Feed are used to
terminate the output statement. The End or Identify
(EOI) line is normally set by the 3456A prior to the Line
Feed if enabled. The EOI statement can be disabled over
the HP-IB (see Paragraph 3-186).

3-176. Overload Output Statement. The output state-
ment from an overload condition is in this form:

+ 1999999, E% CR EOI LF

Polarity of chrload—]— | ] L Line Feed
Overload Indication End or Identify (if enabled)

Carriage Return

The overload polarlity depends on the type of overload
condition. A ‘‘+ 7’ is normally output when a measure-
ment overload is present. A ‘‘-’’ can be output when a
math overload condition is present.

3-177. Multiple Reading Output. The output statement
for multiple readings (Number of Readings per Trigger
feature) is similar to the normal output statement. The
only difference is that no Carriage Return (CR), Line
Feed(LF), and End or Identify (EOI) is output until all
réadings are taken. A comma (,) is used in their place to
’separate the readings. An example for 3 multiple
readings is as follows:

+D.DDDDDDE + D,-DD.DDDDE + D,
+DDD.DDDDE-D CR EOI LF

3-178. Packed Format.

3-179. Unlike the ASCII Format, the Packed Format
outputs 4 bytes instead of 14. A faster reading transfer
is possible using the Packed Format. Before the 3456A
can output readings in the packed mode, it must be
remotely programmed. The codes are “P1’’ (see Table
3-9) to enable and ‘‘P0’’ to disable the Packed Format.
The ASCII Format is automatically selected at turn-on.

3-180. Output Statement. Once the 3456A is program-
med to output data in the Packed Format, each
measurement is output in 4 bytes. Each byte shows a
certain part of the measurement data. Here is a graphic
description of the packed mode.

First Byte
by by
[ZToooln]n]: Dl Tox
Exponent Sign ——r —E—— Overrange (1 or (1)
Exponent —— Polarity ol Measurement
L Exponent LSD (Least Signiticam Digit)

The decimal point in the Packed Format is
implied to the Overrange Digit’s left.
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Second Byte
by b

[o]p[p[p][p[p]p|D|

Measurement’s MSD (Most 2nd Measurement Digit

Sigmificant Digit)

Third Byte

by by

[o]p[plelolp[p! D]

| L— 4th Measurement Digit

3rd Measuremem Digit

Fourth Byte
by ba
(o[o[ofololololo]

l—.\-icasurcmcn:'n LSD (Least

Significant Digit)

Sth Measurement Digit

The sign (polarity) is indicated with ‘*“+’* as a *‘0”” and
‘. aga ““1””. The exponent and the measurement digits
are in packed Binary Coded Decimal (BCD). The
decimal point is implied to the overrange digit’s left.
The End or Identify (EOI) line is normally set prior to
the 4th byte.

3-181. Overload Output Statement. The Overload Out-
put Statement in the Packed Format follows the same
number convention as the ASCII overload statement.
The difference is that the numbers representing the
overload condition is output in the Packed mode.

3-182. Multiple Reading Output. No delimiters are s-
ed between the readings with the End or Identify (EOI)
being suppressed. The EOI will not be activated urtil all
readings are output.

3-183. Unpacking the Packed Output. Since only four
bytes of data is output in the Packed Format, some sort
of unpacking should be done for the reading(s) to make
sense. This is done simply by converting each 8 bit
binary number to a decimal number. An unpacking pro-
gram using Enhanced Basic (9835A/B, 9845B Con-
troller Language) is in Appendix A.

3-184. Reading the 3456A’s Output Data.

3-185. First choose the output format you wish to use.
The ASCII Format is chosen in this example. To output
data, the 3456A has to be addressed to ‘‘talk’” and the
device receiving the data is the listener. Here is an exam-
ple.

a. HP-IB Format.

?5V +D.DDDDDDE +D CR EOI LF

unlisten command Line Feed
controller “listen’” address End or Identify (if enabled)
3456A s ""talk"" address Carriage Return
3456As output data
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b. HPL (9825A Controller Language).
red 722,A

c. Enhanced Basic (9835A/B, 9845B Controller
Language).

ENTER 722;A
NOTE

Although it is not specified in the HP-IB
Format, the output of the 3456A is normally
stored in a variable. This is the reason why
variable ““A’’ is used in the controller
language examples.

3-186. Disabling the End or Identify (EOI) Statement.

3-187. The End or Identify (EOI) statement can be
disabled over the HP-IB for a faster transfer of
readings. This is done by sending program codes “‘O@”’
to the 3456A using the programming procedure in
Paragraph 3-165. Disabling the EOI statement and us-
ing the 3456A’s Internal Trigger mode allows the faster
possiblecreading transfer. The EOI statement is enabled
by serding codes ‘‘O1’’ and at turn-on.

3-188. System Output Mode.

3-190. With the 3456A’s System Output Mode enabled,
a new measurement cycle is not initiated until the pre-
sent reading is output by the instrument. The reading is
output by addressing the 3456A to ‘“‘talk’’. Once this is
done, a new measurement cycle is started. As long as the
System Output mode is enabled and no reading is out-
put, the instrument does not take any new readings. The
mode is an advantage when using controllers slower
than the 3456A. For example, if the Number of
Readings per Trigger operation is selected to output
readings, the readings are output one after another. A
slow controller may not be able to accept the readings at
the 3456A’s output speed and loose some or all
readings. The System Output mode prevents this from
happening. The 3456A waits until the controller is able
to receive data. The mode is enabled by sending pro-
gram codes ‘‘SO1’* and disabled by codes ““SOQ’". Use
the programming procedure in Paragraph 3-165 to send
the codes.

3-191. Home Command.

3-192. The Home Command is used to reset the 3456A
to the same conditions as sending the CLEAR message,
except faster. The differences between Home, Clear,
Reset, and Turn-On are listed in Table 3-6. The Home
Command is sent by program code ‘“H’’ using the pro-
gramming procedure in Paragraph 3-165.
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3-193. Front/Rear Switch Position.

3-194. The Front/Rear Switch position can be remotely
determined over the HP-IB. This is done by sending
program codes ‘““SW1”’ to the 3456A and then reading
its output. If “‘0’’ is output, the switch is set to REAR
and ‘‘1”’ indicates FRONT. Use the programming pro-
cedure in Paragraph 3-165 to send the codes and the
procedure in Paragraph 3-184 to read the output data
(switch position). The output is as follows:

lor0 CREQOILF
Qutput in ASCII format with the Line Feed

“1" indicating the FRONT posi- End or Identify (if enabled
tion and *'0"" the REAR position Carriage Return

3-195. Complete Program Example.

3-196. After you know how to program the 3456A
using the HP-IB, the next step is to write a program of
the algorithm in Paragraph 3-162. Again, the program
is given in the HP-IB Format, HPL (9825A Controller
Language), and Enhanced Basic (9835A/B, 9845B Con-
troller Language).

a. HP-IB Format.

1. Interface clear ABORT all previous operation

2. U6 REMOTE the 3456A

3. U6 004 CLEAR the instrument

4, 021 LOCAL LOCKOUT the
3456A (including the other
devices on the contreller’s
select code)

5. U6 Send DATA to set up the in-

FIR1T4SMO020 15 strument to the dc function,
12 autorange, hold trigger, and
set SRQ bit 4 mask (15 is CR
and 12 is LF)
6. U6 010 TRIGGER the 3456A
7. U5V Send the measurement DATA
+D.DDDDDDE +D to the controller and store in
015 EOI 012 a variable
8. 75V 030 If REQUIRE SERVICE,
check the STATUS BYTE;
otherwise skip the next step
(the 030 is the Serial Poll
enable)
No STATUS BYTE is sent by
the 3456A (the 031 is the Serial
Poll disable)
Print out the DATA in vari-
able A
CLEAR LOCKOUT AND
SET LOCAL (in this case,
only for the 3456A)

Ends the program

9, 10. 031

11. Controller Lan-
guage
12. ?U, 001

13. Controller Lan-
guage

Operation

b. HPL (9825A Controller Language).

0:cli 7 ABORT

1: rem 722 REMOTE 3456A

2: clr 722 CLEAR 3456A

3:llo7 LOCAL LOCKOUT

4: wrt 722, DATA. Set up instrument
“FIR1T4SM020’

5: trg 722 TRIGGER 3456A

6: red 722,A DATA.Output of 3456A into

variable
REQUIRE SERVICE?
If no STATUS BIT, skip the

7: rds (722) — S
8: if S=0; gto 10

next line

9: stp Stop the program

10: prt A Print output DATA in
variable

11: lel 722 CLEAR LOCKOUT AND
SET LOCAL (3456A)

12: end Ends the program

c. Enhanced Basic (9835A/B, 9845B Controller
Language).

ABORT
REMOTE 3456A
CLEAR 3456A

10 ABORTIO 7
20 REMOTE 722
30.CLEAR 722

40 LOCAL LOCAL LOCKOUT
LOCKOUT 7
50 OUTPUT 722; DATA. Set up instrument
“FIR1T45SM020”

TRIGGER 3456A

DATA. Output of 3456A into
variable

REQUIRE SERVICE?

If no STATUS BIT, skip the

60 TRIGGER 722
70 ENTER 722;A

80 STATUS 722;S
90 IF S=0 THEN

GOTO 110 next line
100 STOP Stop the program
110 PRINT A Print output DATA in
variable
120 LOCAL 722 CLEAR LOCKOUT AND
SET LOCAL

130 END Ends the program

3-197. The information you have received in the
preceding paragraphs should give you a good start in
programming the 3456A over the HP-IB. The following
paragraphs explain some more unique remote opera-
tions.

3-198. Front Panel SRQ.

3-199. The Front Panel SRQ feature of the 3456A out-
puts a Require Service Message when the Front Panel
SRQ button is pressed. Before this can take place, set bit
0 on the SRQ mask (refer to Paragraph 3-169 to set the
mask). Once this is done, press the SRQ button. The
front panel SRQ LED will turn on and the Require Ser-
vice Message is output. This condition will remain until
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the SRQ button is pressed a second time or a Serial Poll
is done by the controller.

3-200. Instrument Program Memory Operation.

3-201. With this feature, you can store into the 3456A’s
internal memory any valid remote operations (excluding
Test and Program Memory Execution) using program
codes. Total available memory size is 1400 bytes.
Because a program code takes one byte of memory you
can store 1400 codes. The memory is also used with
Reading Storage and any stored codes takes space away
for storing readings.

3-202. Storing Program Codes. The 3456A has to be
told to store into its internal memory. The program used
are ‘‘L1”’ to enable the storage and ‘‘Q’’ to disables the
storage. This is illustrated in the following example.

L1 F1 RS1 T3 i
Load Program into Memory On Load Program into Memory Off
Set 3456A to DCV Function Ste 3456A to Single Trigger
Reading Storage On

Program codes ‘“L1”’ and ‘‘Q’’ are not stored into
memory. The total memory used is 7 bytes. The codes
remain in memory until the 3456A is turned off (Reset,
Clear, and Home do not clear the memory). The
memory can be cleared by sending codes ““L1Q"’.

NOTE

Unlike regular remote operation, program
memory only ignores blanks. Other invalid
characters can produce a Syntax Error dur-
ing program memory execution.

3-203. Program Execution. Once the program codes
are stored in memory they can be executed. This is done
by sending program codes ‘‘X1”’ to the 3456A. The in-
strument then performs the operation. In the previous
example, when Program Memory is executed, a dc
reading is taken and stored into memory.

NOTE

The Execute (X1) and Internal Test (TEIl)
codes can cause a program memory execu-
tion error.

NOTE

With Home (H) command stored in program
memory while executing the memory the
3456A is reset to the Turn-On state and stops
the program memory operation.

3-204. Multiple Operations. You can store and execute

more than one remote operation into memory. For ex-
ample, the 3456A can be programmed to do a DCV
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measurement, Trigger it, do an ACV measurement,
Trigger it, and so on. The next example illustrates this.

-

“Ll1 F1 T3 F2 T3 X1
Load Program into Memory On Execute Program Memory
Set 3456A 1o DCV Load Program into Memory Off
Trigger the 3456A Trigger the 3456A
Set 3456A 1o ACV

3-205. Recall of Readings from Memory. Readings are
remotely recalled and output from memory similar to
the front panel recall operation (see Paragraph 3-104).
This is done by storing into register R the corresponding
number of the reading you wish to recall. Then recall
the register and output the reading. The following pro-
cedure illustrates this operation. In the procedure,
reading #1 and #2 are to be recalled.

a. Set the 3456A to listen. Send the program codes
for Hold Trigger, Reading Storage On, and store a ‘‘1”’
(reading #1) into register R.

‘“T4 RS1 1STR”
b. Send program codes to recall the R register.
‘lRER!l

©. Set the 3456A to talk. Output the reading (#1) over
the HP-IB.

d. Set the 3456A to listen. Send the program codes to
store a ‘2"’ (reading #2) into register R.

‘leTR!!
e. Send program codes to recall the R register.
”RER"

f. Set the 3456A to talk. Output the reading (#2) over
the HP-IB.

NOTE

Make sure the 3456A is programmed to
Hold or Single Trigger when recalling
readings.

The remote recall operation is similar to the front panel
operation. Scrolling is also done similar to front panel
operation. An example to scroll the readings, starting
with #10, is as follows.

a. Set the 3456A to listen. Send program codes for
Hold Trigger, Reading Storage On, and store ‘*-10"’ in-
to register R. (The -10 is used to scroll the readings star-
ting with reading #10.)

“T4 RS1-10STR”
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b. Send program codes to recall the R register.
iiRER’!

c. Set the 3456A to talk. The readings are now output
over the HP-IB starting with reading #10 and ending
with #1.

In the example, multiple readings are output the same as
explained in paragraph 3-177. A program example using
HPL (9825A Controller Language) and Enhanced Basic
(9835A/B and 9845B Controller Language) is given in
Appendix A.

3-206. Data Ready.

3-207. The Data Ready feature, when enabled, outputs
a Require Service Message for a completed measure-
ment cycle. The SRQ mask has to be set before the
message is output. Set the mask by sending program
codes ‘“SM004’’ (for bit 2 of the Status Byte). When the
Require Service message is sent, the front panel SRQ
LED is on. The LED remains on until a new measure-
ment cycle is started (the 3456A is triggered), when the
present reading is output over the HP-IB, or when the
3456A is polled (Serial Poll). If the 3456A is set up to
take a number of readings per trigger, the require ser-
vice condition will be true, at the end of each reading,
for about 320us. The condition will remain true and the
SRQ LED turns on, after all the readings are taken.

3-208. 3456A's Numeric Entry Format and other Input
Considerations.

3-209. The 3456A’s Numeric Entry Format (used in
program codes) are in this form:

Operation

+ D DDDDDD ¢ or E +D

Polarity of Overrange Digit Exponent
‘Overrange Digit (either a 1 or 0) p ial Desig (can be
an upper lower case E)
MNumeric entry where D can be a
value from 0 1o 9

The decimal point is optional and ranges from the right
of the overrange digit to the Exponential Designator’s
left.

3-210. When sending data to the 3456A in remote, all
lower case (except ‘‘e’’) alpha characters, spaces, car-
rage return, and line feed are ignored. All other invalid
ASCII characters are illegal. The optional *“W”’
character can be used as a prefix to a numeric string like
this”’

FIWI10STN
3-211. OPERATOR'S CHECK.

3-212. The following is an Operator’s Check you can
perform to check the major DCV, ACV, Ohms, and
Digital circuitry. The checks are not used to verify per-
formance accuracy. They are only used to check the
operating capabilities of the 3456A. The following can
be used as the Operator‘s Check.

a. Remove everything from the 3456A’s input ter-
minals.

b. press the TEST button. The display should go
blank while doing an internal test. When the test passes
and is completed, +1.8.8.8.8.8.8. +8. is displayed in-
cluding all of the front panel LEDs. The cycle will then
be repeated. If a negative integer is displayed, refer the
3456A to a service trained person. Press the TEST but-
ton a second time.

Rev B 3-29/3-30



SECTION IV
PERFORMANCE TEST

4-1. INTRODUCTION.

4-2. This section has the Performance Test procedures
to verify the 3456A’s Accuracy Specifications, as listed
in Table 1-1. The tests are done without removing any
instrument covers. An HP-IB test is not performed since
the HP-IB Verification Tape is for that purpose. In ad-
dition, no Math Operation checks are made since math
accuracy depends on instrument function accuracy.

4-3. In many instances, a Performance Test is done
after adjusting the 3456A. Since both the Performance
Test and Adjustment procedures use the same test
equipment, a combined procedure is in this Manual’s
Section V, Paragraph 5-21.

4-4. EQUIPMENT REQUIRED.

4-5. All of the required test equipment for the tests is
listed in Tables 1-2 and 4-1. The required equipment for
each individual test is listed at the beginning of each
test. If any recommended test equipment is not avail-
able, substitute equipment may be used. A short de-
scription of the required equipment and the critical re-
quirements necessary to do the various tests is given in
the following paragraphs. This information may be
helpful in choosing substitute equipment,

4-6. DCV Test.

4-7. For the DCV Test a dc transfer standard is
required which is calibrated to a 1.017 V to 1.019 V
standard cell. The standard cell’s accuracy should be
calibrated by and traceable to the National Bureau of
Standards (NBS). If the 3456A is to be calibrated to its
24 hour accuracy specifications, the transfer standard
must be adjusted for an optimum 1 V and 10 V output
using an NBS calibrated standard cell. The standard
should be adjusted shortly before testing the 3456A’s dc
accuracy. It is also recommended to leave the transfer
standard in a controlled environment where the ambient
temperature is within one or two degrees of the tempera-
ture in which it was calibrated. The 3456A should also
be tested in this environment. If the recommended
transfer standard is not available, use an NBS calibrated
standard cell (1.017 V to 1.019 V) or another transfer
standard. If another standard is used, use the recom-
mended reference divider, shown in Figure 4-2, for all
DCV accuracy tests (including 1 V and 10 V). A
simplified schematic of the reference divider and
associated set-up is in Figure 4-3. The following lists
some of the test equipment and their critical re-
quirements.

a. DC Transfer Standard. The DC Transfer Standard
chosen for the DCV Test is the Fluke Model 731B DC
Reference Standard. The critical requirements are:

1. Required output voltage is 1.018 Vor 1.019 V. A
transfer standard with 1.017 V capability can also
be used.

2. Additional required output voltages are 1 V and
10V.

3. Accuracy requirement is at least +5 ppm
(£ .0005%).

4. Stability is better than + 10 ppm (£ .001%) for 30
days.

b. DC Voltage Standard. The DC Voltage Standard
chosen for the DCV Test is the Systron Donner Model
M107 Precision Voltage Source The critical require-
ments are:

1-Output from 10 mV to 1000 V dc.
2. Within + .005% full scale accuracy.
3. Short term stability better than .0002% per hour.

c. Reference Divider. The recommended reference
divider is the Fluke Model 750A Reference Divider. The
critical specifications are:

1. Output voltage range is from .1 V to 1000 V.
2. Division accuracy is better than + .001%.
4.8. Ohms Test.

4-9. For the Ohms Test use the recommended standard
resistors. If the resistors are not available, use
substitutes that meet the critical requirements, as given
below. If a substitute is not available you may be able to
use a calibrated decade resistor with settings that range
from 100 ohm to 10 M ohm. The correction factors on
the decade resistor’s calibration chart must be
algebraically added to the 3456A’s reading to achieve
the required accuracy. The 1000 M ohm resistor, -hp-
Part Number 03456-67902, is also required when using
the decade resistors. The standard resistors and their
critical requirements are:

a. 100 ohm and 1 K ohm standard resistors. The
recommended resistors are the Guildline Model
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9330/100 or 9330A/100 for the 100 ohm resistor and the
Guildline Model 9330/1K or 9330A/1K for the 1 K ohm
resistor. An accuracy of +.0005% or better is the
critical requirement.

b. 10 K ohm and 100 K ohm standard resistors. The
recommended resistors are the Guildline Model
9330/10K or 9330A/10K for the 10 K ohm resistor and
the Guildline Model 9330/100K or 9330A/100K for the
100 K ohm resistor. An accuracy of + .001% or better is
the critical requirement.

c. 1 M ohm standard resistor. The recommended
resistor is the Guildline Model 9330/1M resistor with a
+ .002% or better accuracy as the critical requirement.

d. 10 M ohm standard resistor. The recommended
resistor is the Guildline Model 95206 with a + .01% or
better accuracy as the critical requirement.

e. 1000 M ohm standard resistor. The recommended
resistor has the -hp- Part Number 03456-67902 with a
+ 2% or better accuracy as the critical requirement.

4-10. ACV Test.

4-11. For the ACV Test an ac calibrator is required with
a frequency range of 20 Hz to 250 kHz and a voltage
range of 10 mV to 700 V. To minimize measurement
uncertainties, especially below 50 Hz, the recommended
ac calibrator should be calibrated. Additionally, an¥
errors indicated on the calibrator’s calibration chart
should be adjusted out by adjusting its error measure-
ment control. For example, the calibration chart in-
dicates an output error of + .1% at 20 Hz. To output a
precise 1 V, adjust the error measurement control to
+.1%.

4-12. If a substitute calibrator is used which does not
output a 250 kHz voltage, use the procedure in Para-
graph 4-44 for the 250 kHz check. An -hp- Model 652A
Test Oscillator in conjunction with the substitute
calibrator is used to for the 250 kHz check. The ACV
Test equipment is:

a. AC Calibrator. The recommended ac calibrator is
the Fluke Model 5200A/5215A Precision AC Calibra-
tion System. The critical requirements are:

1. Frequency Response: 20 Hz to 250 kHz.

2. Output Voltage: 10 mV to 700 V.

3. Accuracy: +.05%

4-2
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4, Stability: +.1% for a 6 months period.

b. DC Voltage Standard. The same as for the DCV
Test.

4-13. TEST CARDS.

4-14. Performance Test Cards are provided at the end
of this section to be used to record the 3456A’s perfor-
mance. It is recommended to remove the cards from the
manual and fill them out while doing the test, since the
test limits are printed on the cards. The cards can also be
used as a permanent record and may be reproduced
without a written permission from Hewlett-Packard.

4-15. CALIBRATION CYCLE.

4-16. A periodic performance verification is required
for the 3456A. This should be done as part of an incom-
ing inspection test and at a 90 day interval, depending
on your environmental condition and accuracy require-
ments. The Performance Test can be performed for the
incoming inspection test, 90 day test, and after adjust-
ments.

4-17. TEST FAILURE.

4-18. If the 3456A fails any of the Performance
Tests, perform the necessary adjustments as given
in this Manual’s Section V. It is also noted in the
test procedures themselves when and what adjust-
ment(s) should be performed when a certain test
fails. For example, if the 3456A’s 10 V reading
fails, do the DCV Adjustment. This should be
done before continuing with the rest of the test
since an uncalibrated 10 V will probably show
other DCV and Ohms failures. If the failure cannot
be corrected by adjustments, refer the 3456A to a
service trained person.

4-19. INSTRUMENT SET-UP.

4-20. Instrument set-up is specified in each test pro-
cedure. Also note that instument set-up is also deter-
mined by other parameters, like pressing the RESET
button. This will automatically set the 3456A, for exam-
ple, to the DCV function, Autorange, and 5 digit mode.
Because of this, it is important to follow the procedures
in the given order.

4-21. Unless otherwise specified, the Performance Test
signals can be applied either to the FRONT or REAR in-
put terminals. Make sure the FRONT/REAR switch is
in the correct position before applying the signals.
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Table 4-1. Recommended Test Equipment

Instrument Critical Specification Recommended Model Use
DC Voltage Standard Voltage: 10mV to 1000V Systron Donner Model M107 PAT
Accuracy: +.005%
DC Transfer Standard Output Voltages:1V, 10V, 1.018V, 1.019V Fluke Model 731B PA
Accuracy: + 5ppm
Stability: +.001% (30 Days)
AC Calibrator Frequency: 20 Hz to 250 kHz Fluke Model 5200A and PAT
Output Level: 100mV to 1000V Model 5215A
Accuracy: +.1%
Voltage Stability (6 mos.) +.02%
Reference Divider Division Ratio Accuracy: +.001% Fluke Model 750A PA
Output Voltage Range: 1V to 1kV
Guildline Model
Resistance Standard Resistance: 100Q 9330/100 or 9330A/100 P
Accuracy: +.0005%
Resistance: 1k 9330/1K or 9330A/1K PA
Accuracy: +.0005%
Resistance: 10k 9330/10K or 9330A/10K PA
Accuracy: +.001%
Resistance: 100k 9330/100K or 9330A/100K PA
Accuracy: +.001%
Resistance: 1M1 9330/1M PA
Accuracy: +.002%
Resistance: 10MQ 9330/10M PA
Accuracy: =.01%
Resistance*: 1GQ -hp- Part No. 03456-67902 P
Accuracy: +2%
DC Null Voltmeter Voltage Range: 1uV to 10V -hp- Model 419A PA
Bus System Analyzer** HP-I1B Control Capability -hp- Model 59401A T
Desktop Computer HP-IB Control Capability serves as printer for out- | -hp- Model 9825A, 9825B, oT
put data 9835A, 98458B, or 85A
Oscilloscope™ * Bandwidth: DC to 100'MHz -hp- Model 1740A T
Sweep Time: 50ns e 20ms/div
Digital Voltmeter* * Voltage Range: 1004V to 1000V -hp- Model 3456A T
Resolution: 1 uV (or 3455A)
Resistors Resistances: 1 k@2 =+ 10% -hp- Part No. 0684-1021
Signature Analyzer® * -hp- Model 5004A T
Test Program Cartridges* -hp- Part Number T
03456-10001 (9825A/B)
03456-10002 (9835A,
(9845A/B)
03456-10003 (85A)
Isolation Logic Test Jumper* -hp- Part No. 03456-61602 T
HP-1B Signature Analysis -hp- Part Number T
Modules*®,* * 5061-1153
5061-1154
5061-1155
*These items included in 3456 A Digital Voltmeter Service Kit for Component Level Repair {-hp- Part Number
03456-69800)
* *These items are not required if a board level repair strategy is to be used. This strategy does require a
3456A Digital Voltmeter Service Kit for Board Level Repair (-hp- Part Number 03456-69801).
P = Performance Test T = Troubleshooting
A = Adjustment 0O = Operators Check
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NOTE

Unless otherwise noted, make sure the
3456A°’s GUARD terminal is connected to
the VOLTS LOW terminal (guard button in
the “IN’’ position).

4-22. SPECIFICATION BREAKDOWN.

4-23. The 3456A’s specifications are grouped according
to function (ACV, DCV, etc.). Within each group are
two main sets of specifications, the 24 hour and 90 day
limits. The limits to which the 3456A conforms depends
on when the instrument was last adjusted, either at the
factory or according to this Manual’s Section V. It is
therefore necessary to determine which set of limits
apply. If the instrument was received from the factory
and an incoming inspection test is made, the 90 day
limits apply. If the instrument has been adjusted
(calibrated) within the last 24 hours, the 24 hour limits
apply. Another important consideration is the tempera-
ture coefficients. These are not included in the limits but
must be added when doing the Performance Tests.

4-24. Each set of specifications includes an accuracy
specification for each voltage or ohms range. These are
specified as a percentage of the reading and an add-on
of a certain number of counts. For example, the 24 hour
10 V dc accuracy specification in the 6 digit mode is:

+ .0008% of reading + 2 counts

giving you a full scale accuracy of + .0008% or 8 counts
plus .0002% or 2 counts which is a total of + .0010% or
10 counts. If the 5 digit mode is selected instead of the 6
digit mode, the percentage is the same but the count
number is different. In this example, the percentage is
still +.0010% with the resultant count number of “‘1”*.
At 1/10 scale, the total number of counts is different,
since the percentage is specified at full scale. The resul-
tant limit is + .0008% of reading or .8 counts plus 2
counts giving you a total of 2.8 counts (rounded off to 3
counts).

4.25. TEST CONSIDERATION.
4-26. General.

4-27. Because the 3456A is able to make highly accurate
measurements, certain requirements have to be met. For
example, the standards being used for the accuracy mea-
surements should be good enough so that its errors do
not introduce any significant uncertainties in the
3456A’s Performance Test. A standard which is ten
times better than the accuracy of the 3456A nearly
eliminates the uncertainties. Since standards with these
accuracies are not readily available, a compromise is
necessary. A primary in house standard, one which has
been certified by the National Bureau of Standard
(NBS) and which is capable of supplying the necessary
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outputs (.1 V to 1000 V dc, for example), is recommend-
ed. If these standards are not available, you can try one
of the following.

a. Use a standard that is four or five times more
accurate than the 3456A specificaions to be tested. But
keep in mind the potential uncertainties these standards
may produce (see next paragraph).

b. Use a highly stable calibrated standard and add
the correction factors (usually given on the calibration
charts) to the test reading.

¢. Send the 3456A to an -hp- Service Center or some
other NBS-certified standards facility for calibration.

4-28. Ambiguous Region.

4-29. Some of the available standards provide output
accuracy, range, and resolution to test the 3456A’s per-
formance, although in general they are not an order of
magnitude better than the 3456A. It is therefore impor-
tant to be aware of these uncertainties or ‘‘ambigu-
ities’’. An example is in the next paragraph.

4-30. A hypothetical case is to check the 3456A’s 10 V
full-scale accuracy with a certain standard. The 3456A’s
accuracy to be checked is + .0025% with the standard’s
accuracy at + .00025% (ten times better). If the 3456A’s
reading is ‘“10.00026’’ (.0026% high), the instrument
may or may not meet its 90 day limits, depending on the
standard’s output. With the standard’s output .0002%
high, the 3456A’s actual reading is “‘10.00024’’ or
.0024% high (.0026% - .0002% = .0024%) which is
within the 90 day limits. If the standard’s output is right
on, the 3456A’s actual reading is “10.00026’’ (.0026%
-0% = .0026% high), which is out of the 90 day limits.
Although in both instances the standard is within its
limits, it may show the 3456A to be in or out of
specification and therefore creates an Ambiguous
Region as shown in Figure 4-1. This region gets bigger
when the 3456A’s specifications are tighter and/or the
standard’s specifications are less accurate. The most
accurate check is when you know your standard’s actual
output,

Readings abeve this point show that

I r/ DVM is definitely out of specs

DVMWS\:ﬂx T T e e adtings in this
DVM spec - std spec |- et e e e e e | Tewion are ambiguous
’ ; Readings in this region guarantee
that DVM is within specs
% Error

DOVM spec - std spec . oy L T Ty
DVM spec
DVM spec + std spec

fl— K Readings below this point show that
DVM is definitely out of specs

Readings in this
region are ambiquous

3455-B-4738

Figure 4-1. Ambiguous Regions.
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4-31. PERFORMANCE TEST.

4-32. The Performance Test is separated into three
main tests, the DCV, Ohms, and ACV Test. Each step
in the tests and the tests themselves should be done in
order, starting with the DCV Test. Allow a 1 hour
warm-up time for the Performance Tests. If the 3456A
has been turned on less than 1 hours, inaccuracies may
result.

4-33. DCV Test.

4-34. The DCV Test limits are printed on the associated
Test Card (DCV Performance Test Card) and in Table
4-2.

4-35, Equipment Required.

Reference Divider (Fluke Model 750A)

DC Transfer Standard (Fluke Model 731B)
DC Standard (Systron Donner Model M107)
DC Null Voltmeter (-hp- Model 419A)

4-36. Test Procedure.
a. Disconnect the input terminals of the 3456A from
any external circuitry and press the TEST button. Make

sure the instrument passes the Self-Test (see Paragraph
3-17). Press the TEST button again.

NOTE

Be sure the input terminals are open when
the Self-Test is enabled.

Performance Test

b. Press the RESET button and short the VOLTS in-
put terminals.

NOTE

Pressing the RESET button automatically
sets the 3456A to DCV, Autorange, Internal
Trigger, and 5 Digit Display.

c. Set the 3456A to the 100 mV (100 -3) range and set
it to the 6 digit mode by storing ‘‘6’’ into the N DIG
DISP register.

d. Record the displayed offset reading on the test
card and make sure the reading is within the limits in-
dicated on the Test Card and Table 4-2.

e. Do the same for the 1 V, 10 V, 100 V, and 1000 V
ranges. If any offset is out of the specified limits, refer
the 3456A to a service trained person.

f. Set the 3456A to Autorange and remove the short.

g. Set the Transfer Standard for a 10 V output and
connect the output to the 3456A’s VOLTS input ter-
minals,

I Record the 3456A’s reading on the Test Card and
make sure it is within the indicated limits. If the 10 V
reading is out of tolerance, do the DCV Adjustments in
this Manual’s Section V.

i. Set the Transfer Standard to the 1 V range. Record
and check the reading. If the 1 V reading is out of
tolerance, do the DCV Adjustment in Section V.

Table 4-2. DCV Test Limits.

3456A Input 3456A Range 3456A Set-Up 90 Day Limits 24 Hour Limits
Short .1 V Range DCV -00.0024 -3 to + 00.024 -3 -00.0024 -3 to +00.0024
Short 1 V Range DCV -.000004 to +.000004 -.000004 to +.000004
Short 10 V Range DCV -0.00002 to +0.00002 -0.00002 to +0.00002
Short 100 V Range DCV -00.0003 to + 00.0003 -00.0003 to +00.0003
Short 1 kV Range DCV -000.002 to +000.002 -000.002 to + 000.002
+10Vv DC Autorange DCV +9.99975 to + 10.00025 +9.99990 to + 10.00010
+1VvVDC Autorange DCV +.999972 to + 1.000028 +.999987 to +1.000013
+.1vVDC Autorange DCV +99.942 -3 to + 100.0058 -3 | +99.9954 -3 to + 100.0046 -3
+100V DC Autorange DCV +99.9971 to +100.0029 +99.9986 to + 100.0014
+ 1000 vV DC Autorange DCV +999.854 to + 1000.146 +999.867 to + 1000.133
-1vDC 10 V Range DCV -.99996 to -1.00004 -.99997 to -1.00003
-5vDC 10 V Range DCV -4.99986 to -5.00014 -4.99994 to -5.00006
-10 v DC 10 V Range DCV -9.99975 to -10.00025 -9.99990 to -10.00010
-10vDC 10 V Range DCV, PLC=100 -9.99975 to -10.00025 -9.99990 to -10.00010
-iov DC 10 V Range DCV, PLC=1 -9.99973 to0 -10.00027 -9.99986 to -10.00014
-10v DC 10 V Range DCV, PLC=.1 -9.9991 to -10.0009 -9.9991 t0 -10.0009
-10v DC 10 V Range DCV, PLC=.01 -9.992 t0 -10.008 -9.992 t0 -10.008
-iovDC 10 V Range DCV, PLC=10 -9.99975 to -10.00025 -9.99990 to -10.00010
Filter On
-10 v DC 10 V Range Filter Off -9.99974 to -10.00026 -9.99989 to -10.00011
Autozero Off
10v DC 10 V Range DCV/DCV Ratio .99995 to 1.00005 .99998 to 1.00002
Autozero On
1i0v DC 10 V Range ACV +DCV/DCV .998857 to 1.00143 .99889 to 1.00111
Ratio
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Figure 4-2. DCV Accuracy Test Set-Up.

j. Disconnect the Transfer Standard from the 3456A
VOLTS terminals.

k. Using short pieces of number 20 AWG (or thinner)
insulated solid copper wires, connect the Transfer
Standard and the DC Null Voltmeter to the Reference
Divider as shown in Figure 4-2 and Figure 4-3.

INPUT / \ ouTPUT
YOLTAGE VOLTAGE
o o O—C

1o0v 1aov
e =

1ov 10V
o

& HIGH

3456A
INPUT 5 (oW

NULL

—0DC
STANDARD VOLTHETER

0.1v TF{ANSFERJ__
t—o STANDARD ——

3456-4-3

Figure 4-3. Schematic of the DCV Accuracy Test Set-Up.

. Turn the DC Standard’s output off. Using 24 inch
or shorter shielded cables equipped with banana-plug

4-6

connectors, connect the DC Standard and the 3456A to
the Reference Divider as shown in Figure 4-2 and Figure
4-3.

m¢;-Set the Standard Cell Voltage switches on the
Reference Divider to correspond with the output voltage
setting of the Transfer Standard. Normally the Transfer
Standard’s output should be set to the voltage value of
the Standard Cell used to calibrate the Transfer Stand-
ard.

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

0. Set the Reference Divider’s Input Voltage switch
to 100 V and center its Coarse and Fine adjust controls.

p. Set the Reference Divider’s Output Voltage switch
to.l1V.

q. Set the DC Standard for an output voltage of
+ 100 V and turn its output on.

r. Set the Reference Divider’s Standard Cell switch to
the ““Locked’’ position. Adjust the DC Standard’s out-
put voltage for a zero reading on the DC Null
Voltmeter.

s. Downrange the DC Null Voltmeter and adjust the
Reference Divider’s Coarse and Fine controls for a
“null” reading (0 reading) on the Null Voltmeter’s 3
microvolt range.

t. Set the Reference Divider’s Standard Cell switch to
the OPEN position.
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u. Set the Reference Divider’s Standard Cell switch
to MOMENTARY and, if necessary, readjust the
Divider’s Fine control for a null indication on the Null
Voltmeter. Release the Standard Cell switch.

NOTE

The Divider’s Fine control may have to be
readjusted, when its Output Voltage switch
is set to another position.

v. Record and check the 3456A’s .1 V (100 mV)
reading.

w. Uprange the Reference Divider’s Output Voltage
switch to 100 V. Record and check the 3456A reading. If
the 100 V and .1 V reading is out of tolerance, do the
DCV Adjustment in Section V.

Always uprange the Reference Divider’s In-
put Voltage switch before upranging the DC
Standard and downrange the DC Standard
before downranging the Reference Divider’s
Input Voltage switch.

x. Uprange the Reference Divider Input Voltage
switch to 1000 V and then uprange the DC Standard to
+ 1000 V. Allow about ten minutes for the Reference
Divider to warm-up and stabilize. (The DC Standard
may have to be readjusted for a null indicationon the
Null Voltmeter, after the Reference Divider has stabi-
lized.)

y. Uprange the Reference Divider’s Output Voltage
switch to 1000 V. Record and check the 3456A’s
reading.

z. Downrange the DC Standard to + 10 V and then
downrange the Reference Divider’s Input Voltage
switch to 10 V.

aa. Downrange the Reference Divider’s Output
Voltage switch to 1 V and set the 3456A to the 10 V
range.

bb. Reverse the 3456A’s input leads for a -1 V
reading. Record and check the reading.

cc. Set the Reference Divider’s Output Voltage
switch to 5 V. Record and check the reading.

dd. Turn the DC Standard’s output off and discon-
nect the DC Standard, Transfer Standard, and 3456A
from the Reference Divider.

Performance Test

ee. Set the Transfer Standard for a 10 V output and
connect the 3456A to the Standard with its input leads
reversed (for a -10 V reading). Record and check the
reading. If any of the tests in the previous tests fail, do
the DCV Adjustments in Section V.

ff. Change the Number of Power Line Cycles In-
tegrated on the 3456A to 100 by storing ‘‘100”’ into the
N CYC INT register. Record and check the reading.

gg. Change the Number Of Power Line cycles
Integrated to 1, .1, and .01 by storing *‘1°’, *“.1”’, and
“,01”” into the N CYC INT register, respectively.
Record and check the reading for each Power Line
Cycle Integrated mode.

hh. Turn the 3456A’s Filter ‘“ON”’. Record and
check the reading.

ii. Turn the 3456A’s Filter and Autozero ‘‘OFF’.
Record and check the reading.

ji. Press the 3456A’s RESET button. Connect the
Transfer Standard’s High Output to the 3456A’s
RATIO. REF HIGH and VOLTS HIGH terminals.
Connect the Standard’s Low Output to the 3456A’s
RATIO REF LOW and VOLTS LOW terminals. Refer
to Figure 4-4 for the connection,

DC TRANSFER
STANDARD
FLUKE 7318B

DIGITAL VOLTMETER
hp 3456A

3456-4-4

Figure 4-4. Ratio Test Connection.

kk. Set the 3456A to the DCV/DCYV Ratio function.
Record and check the reading. If this test fails, refer the
3456A to a serivce trained person.

1. Set the 3456A to ACV+DCV/DCYV Ratio func-
tion. Record and check the reading. If this test fails, do
the ACV Adjustments in Section V.

mm. Disconnect the Transfer Standard from the
3456A. Set the 3456A to the DCV function and the 1 V
range. The DC Common Mode Rejection Test is next.

nn. Connect the 1 K resistor (-hp- Part Number
0698-1021) between the 3456A’s VOLTS HIGH and
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Figure 4-5. DC Common Mode Rejection Test.

VOLTS LOW terminals, as shown in Figure 4-5. Make
sure the GUARD terminal is connected to the VOLTS
HIGH terminal (Make sure the GUARD switch is
I‘OUT! l).

00. Record the 3456A reading.

pp. With the DC Standard’s output off, connect it
between the 3456A’s chassis and VOLTS HIGH ter-
minal as shown in Figure 4-5.

qq. Set the DC Standard for a + 100 V output and
turn its output on.

rr. The 3456A’s reading should be within 0.000010 V
of the recorded reading in Step oo.

ss. Disconnect the test equipment from the 3456A.::1f
the DC Common Mode Rejection Test fails, refer the
3456A to a service trained person. This completes the
DCYV Test.

4.37. Ohms Test.

4-38. Make sure the 3456A has been warmed-up for at
least an hour, or inaccuracies may result or unstable
readings may be indicated. Refer to Table 4-3 and/or

the Ohms Performance Test Card for the Ohms Test
limits.

4-39. Equipment Required.

Standard Resistor:

100 ohm =+ .0005%; (Guildline Model 9330/100 or
9330A/100)

1 K ohm =+ .0005%; (Guildline Model 9330/1K or
9330A/1K)

10 K ohm =+ .001%; (Guildline Model 9330/10K or
9330A/10K)

100 K ohm + .001%; (Guildline Model 9330/100K
or 9330A/100k)

1 M ohm =+ .002%; (Guildline Model 9330/1 M)

10 M ohm = .01%, (Guildline Model 95206)

Resistor Assembly:

(1000 M ohm =+ 2%; -hp- Part Number
03456-67902)

4-40, Test Procedure.
a. Press the 3456A’s RESET button. Short across the

VOLTS (2WR, 4WR) and RATIO REF (4 WR SENSE)
terminals as shown in Figure 4-6.

Table 4-3. Ohms Test Limits

1::2? 14.2:: 3456A Set-Up 90 Day Limits 24 Hour Limits
Short Autorange 2-Wire Ohms -00.0024 to 00.2024 -00.0024 to 00.2024
Short Autorange 4-Wire Ohms -00.0024 to 00.0024 -00.0024 to 00.0024
10 k@2 Autorange 4-Wire Ohms 9.99966 + 3 to 10.00034 +3 | 9.99976 + 3 to 10.00024 +3
1k Autorange 4-Wire Ohms 999.966 + 3 to 1000.034 +3 | 999.976 to 1000.024
1000 Autorange 4-Wire Ohms 99.9936 to 100.0064 99.9946 to 100.0054
100 k2 Autorange 4-Wire Ohms 99.9968 +3 to 100.0032 +3 | 99.9978 + 3 to 100.0022 +3
1 MQ Autorange 4-Wire Ohms 999.928 + 3 to 1000.072 +3 | 999.938 + 3 to 1000.062 +3
10 MQ Autorange 4-Wire Ohms 9.99578 +6 to 10.00422 +6 |9.99588 +6t0 10.00412 +6
1 GO Autorange 4-Wire Ohms 893.999 +6to 1160.001 +6 |889.999 +61t0 1110.001 +6
1 MQ Autorange 2-Wire Ohms 999.928 +3 to 1000.072 +3 | 999.938 + 3 to 1000.062 +3
10 k@2 100 K 4-Wire Ohms 9.9995 + 3 to 10.0005 + 3 9.9996 +3 to 10.0004 +3
10 k@2 100 K Autozero Off 9.9993 + 3 to 10.0007 +3 9.9994 + 3 to 10.0006 +3
100 k@ 100 K 2-Wire 0.C. 99.9966 + 3 to 100.0034 +3 | 99.9976 + 3 to 100.0024 +3
Autozero On
100 kQ 100K 4-Wire 0.C. 99.9968 + 3 to 100.0032 +3 | 99.9978 + 3 to 100.0022 +3

4-8
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REFERENCE YOLTS
(4 WIRE) 12 WIRE) GUARD

56 o

3456-4-6

Figure 4-6. 4-Wire Ohms Short.

b. Set the 3456A to the 2-Wire ohms function and set
it to the 6 digit mode by storing ‘‘6”’ into the N DIG
DISP register.

¢. Record the displayed offset reading on the Test
Card and make sure the reading is within the limits in-
dicated on the card and Table 4-3.

d. Do the same for the 4-Wire ohms function. Leave
the 3456A in that function. If any of the offset tests fail,
refer the 3456A to a service trained person.

e. Connect the 100 ohm resistor to the 3456A’s input
terminals. Refer to Figure 4-7 on how to connect the 100
ohm and other Standard Resistors to the instrument.
Record and check the reading.

RATIO REF
4WR 1 SENSE

‘ :
-3
3
>

STANDARD <
RESTSTOR $

—0

3456-4-7

Figure 4-7. Ohms Test.

f. Do the same forthe 1 K, 10K, 100K, 1 M, 10 M,
and 1 G ohm ranges by connecting the 1 K, 10K, 100K,
1M, 10 M, and 1000 M ohm resistors to the input ter-
minals, respectively. (The ranges do not need to be
changed since the 3456A is still in Autorange.) If any of
the previous tests fail, do the Ohms Adjustment in Sec-
tion V.

g. Set the 3456A to the 2-Wire ohms function and
connect the 1 M ohm resistor to the input terminals.
Check and record the reading.

h. Set the 3456A to the 4-Wire ohms function and to
the 100 K ohm range. Connect the 10 K ohm resistor to
the input terminals. Check and record the reading.

Performance Test

i. Turn the 3456A’s Autozero ‘“‘OFF’’. Check and
record the reading.

j. Set the 3456A to the 2-Wire O.C. ohms function
and turn Autozero ‘‘ON’’. Connect the 100 K ohm
resistor to the 3456A’s input terminals. Check and
record the reading.

k. Set the 3456A to the 4-Wire O.C. ohms function.
Check and record the reading. If any of the previous
tests fail, do the Ohms Adjustment in this Manual’s Sec-
tion V. This completes the Ohms Test.

4-41. ACV Test.

4-42, Make sure the 3456A has been warmed-up for at
least 1 hour. Refer to Table 4-4 and/or the ACV Perfor-
mance Test Card for the ACV Test limits.

4-43. Equipment Required.

AC Calibrator (Fluke Model 5200A/5215A)
DC Standard (Systron Donner Model M107)

4-44, Test Procedure.
a. Press the RESET button on the 3456A.

b. Set the 3456A to the ACV+DCV function and
apply .01 V dc from the DC Standard to the 3456A’s in-
put terminals. Record and check the reading. Make sure
the reading is within the limits noted on the Test Card
and Table 4-4,

c. Set the AC Calibrator for a .01 V, 1 kHz output.
Remove the DC Standard from the input terminals and
connect the output of the AC Calibrator to the input
terminals.

d. Set the 3456A to the ACV function and record and
check the reading.

e. Set the AC Calibrator to .1 V. Record and check
the reading.

f. Do the same for the AC Calibrator’s output of
SV,1V,10V, 100V and 700 V.

g. Set the AC Calibrator fora .01 V, 100 kHz output.
Record and check the reading.

h. Do the same for voltage settings of 1 V, 10 V,
100 V, and 700 V.

i. Set the AC Calibrator for a 1 V, 250 kHz output.
Record and check the reading.

j. Do the same for a 10 V output.
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k. Set the AC Calibrator fora 1 V, 20 Hz output and
turn the 3456A’s Filter ‘““‘ON’’. Record and check the
reading.

1. Set the 3456A to the ACV + DCYV function. Record
and check the reading. If any of previous tests fail, do
the ACV Adjustment in Section V. This completes the
ACYV Test.

4.45, Alternate 250 kHz ACV Test.

4-46. The following test is an alternate 250 kHz test
which can be used with AC Calibrators that do not have
250 kHz output capabilities. Use a Test Oscillator, such
as the -hp- Model 652A, to do the alternate 250 kHz ac-
curacy test (specified for 1 V and 10 V ranges only). The
accuracy is obtained by adjusting the oscillator until its
10 kHz output is the same as the AC Calibrator’s
10 kHz output, as read on the 3456A. This reference
level is maintained by the Oscillator within +.25%
when set-up for a 250 kHz output (using the Oscillator’s
expanded-scale meter).

4-47. Equipment Required.

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

4-48. Test Procedure.

a. Press the 3456A’s RESET button. Set the instru-
ment to the ACV function.

b. Set the AC Calibrator for a 1 V, 10 kHz output
and connect it to the 3456A’s input terminals. Record
the reading.

c. Set the AC Calibrator for a 6 V, 10 kHz output.
Record the reading.

Model 3456A

d. Disconnect the AC Calibrator from the 3456A.

e. Set the Test Oscillator for a 1 V, 10 kHz output
and terminate its output with a 50 ohm load. Connect
the Oscillator to the 3456A’s input terminals.

f. Adjust the Test Oscillator’s level controls for a
reading on the 3456A to the noted reading in Step b. Set
the Test Oscillator’s meter switch to ‘‘expanded scale’’
and adjust the meter reference controls for a zero
reading on the Oscillator’s meter. Use the Oscillator’s
level controls to maintain the zero reading when varying
the frequency.

g. Set the Test Oscillator for a 1 V, 250 kHz output
while maintaining the reference level on the meter.
Check and record the 3456A’s reading.

h. Remove the 50 ohm termination from the Test
Oscillator and reconnect the Oscillator to the 3456A.. Set
the Test Oscillator for a 6 V, 10 kHz output.

i. Adjust the Test Oscillator’s level controls for a
reading on the 3456A to the noted reading in Step c. Set
the Test Oscillator’s meter switch to ‘‘expanded scale’’
and adjust the meter reference controls for a zero
reading on the Oscillator’s meter. Use the Oscillator’s
level controls to maintain the zero reading when chang-
ing the frequency.

j. Set the Test Oscillator for a 6 V, 250 kHz output
while maintaining the reference level on the meter.
Check and record the 3456A’s reading.

k. Disconnect the Test Oscillator from the 3456A.
This completes the Alternate 250 kHz check.

Table 4-4. ACV Test Limits.

90 Day Limits 24 Hour Limits

.00928 to .01072
.00929 t0 .01071
.09923 t0 .10077
49895 to .50105
.99860 to 1.00140
9.9860 to 10.0140
99.860 to 100.140

.00943 to .01057
.00944 to .01056
.09944 10 .10060
49920 to .50080
.99885 to 1.00105
9.9895 t0 10.0105
99.895 to 100.105

:1::2:‘ Frequency ::I:i:‘: 3456A Set-Up
.01 vDC --- Autorange ACV+DCV
.01 VAC 1 kHz Autorange ACV
0.1V AC 1 kHz Autorange ACV
0.5V AC 1 kHz Autorange ACV
1.0V AC 1 kHz Autorange ACV

10V AC 1 kHz Autorange ACV
100 V AC 1 kHz Autorange ACV
700 V AC 1 kHz Autorange ACV

01 VAC | 100 kHz Autorange ACV
1.0V AC | 100 kHz Autorange ACV

10 VAC | 100 kHz Autorange ACV
100 VAC | 100 kHz Autorange ACV
700 Vv AC 100 kHz Autorange ACV
1.0V AC 250 kHz Autorange ACV

10V AC | 250 kHz Autorange ACV
1.0V AC 20 Hz Autorange Filter On
1.0V AC 20 Hz Autorange ACV+DCV

698.32 to 701.68

.00704 to0 .01296

.99160 to 1.00840
9.9160 to 10.0840
99.160 to 100.840
692.76 to 707.24

.94350 to 1.05650
9.4350 to 10.5650
.99600 to 1.00400
.99600 to 1.00400

698.61 to 701.39

.00725 to .01275

.99200 to 1.00800
9.9200 to 10.0800
99.200 to 100.800
693.10 to 706.90

.94370 to 1.05630
9.4370 to 10.5630
.99640 to 1.00360
.99640 to 1.00360
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SECTION V
ADJUSTMENTS

5-1. INTRODUCTION.

5-2. This section of the manual has the complete adjust-
ment procedure for the Model 3456A. After performing
the adjustment procedure, the instrument should meet
its 24 hour specifications. Included in this section is also
a combined Performance Test and Adjustment Pro-
cedure. This may be used in place of the separate Per-
formance Test and Adjustment procedure.

5-3. EQUIPMENT REQUIRED.

5-4. The test equipment required for each adjustment
procedure is listed at the beginning of each procedure
and also in Table 1-2 and 4-1. If the recommended test
equipment is not available, use substitute equipment

that meets the critical specification as listed in the
tables. A summary of the test equipment’s critical
specifications and requirements is given in this Manual’s
Section IV Paragraph 4-4.

5-5. ADJUSTMENT INTERVAL.

5-6. The 3456A should be adjusted at a 90 day interval,
after repair, or if it fails the Performance Test.

5-7. ADJUSTMENT SEQUENCE.

5-8. The 3456A Adjustments must be performed in the
order they are presented in the procedure and Table 5-1,
starting with the DCV Adjustment.

Table 5-1. 3456A Adjustments.

Adjustment 3456A 3456A Input to Displayed Tolerance ] :
Stop # Pot Function Range the 3456A Reading in Counts Rl wed Bn Uy | fuemeetion
1 Reset the 3456A. Set to 6 digit.
Connect GUARD to LOW.
2 A&B DCvV 10V +10Vv DC +.10.00000 +1 Adjustment ‘*A’’ is coarse; ‘‘B"’
is fine.
3 Cc DCV 1V +1VvDC + 1.000000 +1
4 D DCV 100 mV +.1 Vv.BC +100.0000 -3 +5 Enable the 3456A's Null Math
feature to correct the 100 mV
offset.
5 E DCV 100 V +100 vV DC + 100.0000 +1
6 Set the 3456A to the 4-Wire
Ohms function.
7 F 4-W Ohms 10 k@ 10 K ohm 10.00000 +3 +1
8 G 4-W Ohms 1 k@ 1 K ohm 1000.000 +1
9 H 4-W Ohms 100 k@2 100 K ohm 100.C000 + 3 +1
10 I 4-W Ohms 1000 k@ 1 Mohm | 1000.000 +3 +2
11 J 4-W Ohms 10 MD2 10 M ohm | 10.00000 +6 +10
12 Set the 3456A to the 5 Digit
mode.
Repeat Steps 13, 14, and 15
13 K ACV 100 V 1V, 1kHz | 01.000 +1 until readings converge.
14 L ACV 1V 1V,1kHz | 1.00000 +3
15 Mor N ACV 1000 V 1V,1kHz | 001.00 +6
16 N ACV+DCV 1V Short Minimum +2
17 M ACV 1V Short See Note +2 Repeat Steps 16 and 17 until
readings converge.
Note: For steps 16 and 17, do the following:
1. Note the 3456A's reading after adjusting pot “'N"’.
2. Adjust pot ““M"’ for a minimum reading and then continue adjusting the
pot until the noted reading in Step 16 is reached.
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5-9. ADJUSTMENT LOCATION.

5-10. All the adjustments for the 3456A are located
behind a front panel section located at the front input
terminals (see Figure 5-1). This section must be removed
when doing any 3456A Adjustments. A procedure to
remove the section is as follows:

a. Locate the front panel section.

b. Remove the section by loosening the hold down
screws located at the section’s left and right side.

c. Once the screws are loosened, remove the front
panel section. One way to do it is to hold both of the
loosened screws and pull the front panel section perpen-
dicular and away from the 3456A’s front,

STEP #1: LOOSEN SCREWS
AN

Sees.
000

STEP #2: REMOVE PANEL SECTION

CALIBRATION POTS

Figure 5-1. 3456A Adjustment Location.
5-11. DCV ADJUSTMENT.

5-12. The 3456A has to be warmed-up for at least 1
hour before doing any adjustments. The test equipment
used for the DCV Performance Test is also used for the
DCYV Adjustments. Refer to Section 1V, Paragraph 4-6
for the critical specifications and requirements.

5-2
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5-13. Equipment Required.

Reference Divider (Fluke Model 750A)

DC Transfer Standard (Fluke Mode 731B)
DC Standard (Systron Donner Model M107)
DC Null Voltmeter (-hp- Model 419A)

5-14. Adjustment Procedure.

a. Press the 3456A’s RESET button and set the
instrument to the 6 digit mode by storing ‘‘6’’ into the N
DIG DISP register.

b. Set the DC Transfer Standard for a 10 V output
and connect it to the 3456A’s VOLTS input terminals.
Make sure the ‘“ + '’ output is connected to the 3456A’s
VOLTS HIGH terminal.

c. Adjust the 3456A’s calibration potentiometer ‘‘B”’
for a +10.00000 V + 1 count reading on the display. If
unable to adjust to the required reading, go to the next
step. If able to adjust to the required reading, go to Step
e.

d. Do the following:

. Turn calibration potentiometer ‘‘B’’ completely
counterclockwise.

2. Turn adjustment ‘*‘A’’ until the 3456A’s reading is
as close to + 10 V as possible. If the reading is
higher than + 10.00000 V, turn adjustment ‘“‘A’’
one position for a less than + 10 V reading.

3. Adjust calibration pot ‘““B’’ for a + 10.00000 V
+ 1 count reading.

e. Set the DC Transfer Standard to 1 V.

f. Adjust calibration pot “C’’ for a + 1.000000 V
+ 1 count reading.

g. Disconnect the DC Transfer Standard from the
3456A'’s input.

h. Set the 3456A to the 100 mV (100 -3) range and
short the input terminals.

i. Turn on the 3456A’s Null math feature, take an
offset reading, and then remove the short.

j. Using short pieces of number 20 AWG (or thinner)
insulated solid copper wires, connect the Transfer
Standard and the DC Null Voltmeter to the Reference
Divider as shown in Figure 5-2 and 5-3.

k. Turn the DC Standard’s output off. Using 24 inch
or shorter shielded cables equipped with banana-plug
connectors, connect the DC Standard and the 3456A to
the Reference Divider as shown in Figure 5-2 and 5-3.
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Figure 5-2. DCV Test Equipment Connection.

. Set the Standard Cell Voltage switches on the
Reference Divider to correspond with the output voltage
setting of the Transfer Standard. Normally the Transfer
Standard’s output should be set to the voltage value of
the Standard Cell used to calibrate the Transfer Stan-
dard.

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

n. Set the Reference Divider’s Input Voltage switch
to 100 V and center its Coarse and Fine Adjust controls.

0. Set the Reference Divider’s Output Voltage switch
to.1V,

1000V
INPUT DUTPUT
VOLTAGE / \‘ VOLTAGE
e ; -O—Cr
100v] 100V |
o—¢—o0
10V 10V
o— o
HIGH
= 34564
—oc INPUT o LW
= NULL
STANDARD i VOLTHETER
<
0.1v TRANSFER —=
— STANDARD ——
3456-5-1

Figure 5-3. DCV Test Equipment Connection

p. Set the DC Standard for an output voltage of
100 V and turn its output on.

q. Set the Reference Divider’s Standard Cell switch
to the “Locked’ position. Adjust the DC Standard
Q@utput for a zero reading on the DC Null Voltmeter.

r. Downrange the DC Null Voltmeter and adjust the
Reference Divider’s Coarse and Fine controls for a
“null’” reading (0 reading) on the Null Voltmeter’s 3
microvolt range.

s. Set the Reference Divider’s Standard Cell switch to
the OPEN position.

t. Set the Reference Divider’s Standard Cell switch to
MOMENTARY, and if necessary, readjust the
Divider’s Fine Control for a null indication on the Null
Voltmeter. Release the Standard Cell switch.

NOTE

The Divider’s Fine Control may have to be
readjusted, when the Output Voltage switch
is set to another position.

u. Adjust the 3456A’s calibration pot “D’’ for a
100.0000 -3 V + 5 counts reading.

v. Turn the 3456A’s Math off. Uprange the instru-
ment to the 100 V range.

w. Uprange the Reference Divider’s Output Voltage
switch to 100 V. Adjust the 3456A’s calibration pot
“E” for a 100.0000 V + 1 count reading.

X. Remove the test equipment from the 3456A. This
completes the DCV Adjustments.
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5-15. OHMS ADJUSTMENT.
5-16. Equipment Required.

Standard Resistors:

1 K ohm +.0005% (Guildline 9330/1K or
9330A/1K)

10 K ohm +.001% (Guildline 9330/10K or
9330A/10K)

100 K ohm =+.001% (Guildline 9330/100K or
9330A/100K)

1 M ohm + .002% (Guildline 9330/1M)

10 M ohm # .01% (Guildline 95206)

5-17. Adjustment Procedure.

a. Press the 3456A’s RESET button and set the in-
strument to the 6 Digit Display and 4-Wire Ohms con-
figuration.

b. Connect the 10 K ohm Standard Resistor to the
3456A’s input terminals. Adjust calibration pot “‘F’’ for
a 10.00000 + 3 + 1 count reading. Disconnect the Stan-
dard Resistor.

NOTE
The Standard Resistors are connected in the

4-Wire configuration, as shown in Figure
5-4.

RATIO REF
4WR 1 SENSE

RESISTOR <

STANDARD $
9

3456-5-4

Figure 5-4. Standard Resistor Connection.

c. Connect the 1 K ohm Standard Resistor to the in-
put terminals. Adjust calibration pot “‘G” for a
1000.000 + 1 count reading. Disconnect the Standard
Resistor.

d. Connect the 100 K ohm Standard Resistor to the
input terminals. Adjust calibration pot “H’ for a
100.0000 +3 =+ 1 count reading. Disconnect the Stan-
dard Resistor.

e. Connect the 1 M ohm Standard Resistor to the in-
put terminals. Adjust calibration pot ““I"’ for a 1000.000
-3 = 1 count reading. Disconnect the Standard Resistor.

5-4
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f. Connect the 10 M ohms Standard Resistor to the
input terminals. Adjust calibration pot “J”* for a
10.00000 + 6 = 4 counts reading. Disconnect the Stan-
dard Resistor. This completes the Ohms Adjustments.

5-18. ACV ADJUSTMENTS.
5-19. Equipment Required.

AC Calibrator (Fluke Model 5200A)
5-20. Adjustment Procedure.

a. Press the 3456A’s RESET button and set the in-
strument to the ACV fuction.

b. Set the AC Calibrator fora 1 V, 1 kHz output and
connect it to the 3456A’s VOLTS input terminals.

c. Set the 3456A to the 100 V range and adjust the in-
strument’s calibration pot “‘K’’ for a 01.000 + 1 count
reading.

d. Set the 3456A to the 1 V range and adjust calibra-
tion pot ‘L' for a 1.00000 + 3 counts reading.

e.Set the 3456A to the 1000 V range and adjust either
ealibration pot ““M’’ or ““N”’ for a 001.00 + 2 counts
reading.

f. Repeat Steps c, d, and e in the given order until all
the readings are within the limits.

NOTE

Calibration pots “K*’, ““L*’, and “M or N*’
interact with each other and should be ad-
Justed until the readings converge.

g. Disconnect the AC Calibrator from the 3456A.
Short the 3456A’s input terminals.

h. Set the 3456A to the ACV + DCV function and the
1 V range. Adjust calibration pot ‘‘N’’ for a minimum
reading.

i. Set the 3456A to the ACV function and do the
following:

1. Note the 3456A’s displayed reading.

2. Adjust calibration pot ‘M’ for a minimum
reading.

3. Continue adjusting calibration pot ‘‘M’’ in the
same direction until the reading noted in Step 1 is
reached (within + 2 counts).

j- Repeat Steps h and i until both readings converge
with each other (within + 2 counts).
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k. Remove the short from the input terminals. This
completes the ACV Adjustments.

5-21. COMBINED PERFORMANCE TEST AND ADJUST-
MENTS.

5-22. The Combined Performance Test and Adjust-
ments are separated into three main areas, DCV, Ohms,
and ACV. The procedures must be followed in the order
they are presented, starting with the DCV Test and Ad-
justments. Also read the general information pertaining
to the Performance Test (excluding the test procedures)
in this Manual’s Section IV, if it has not been done. This
information is necessary to do the Performance Test
part of the following Test and Adjustment procedures.
Allow a 1 hour warm-up time for the following tests and
adjustments or inaccuracies may result.

5-23. DCV Test and Adjustments.

5-24. Refer to Table 5-2 for the DCV Test and Adjust-
ment Limits.

5-25. Equipment Required.

Reference Divider (Fluke Model 750A)

DC Transfer Standard (Fluke Model 731B)
DC Standard (Systron Donner Model M107)
DC Null Voltmeter (-hp- Model 419A)

Adjustments

5-26. Test and Adjustment Procedure.

a. Disconnect the 3456A’s input terminals from any
external circuitry and press the TEST button. Make sure
the instrument passes its Self-Test (see Paragraph 3-17).
Press the TEST button again.

NOTE

Be sure the input terminals are open and the
Guard switch is in the “IN*’ position when
the Self-Test is enabled.

b. Press the 3456A’s RESET button and short its
VOLTS input terminals.

NOTE

Pressing the RESET button automatically
sets the 3456A to DCV, Autorange, Internal
Trigger, and 5 Digit Display.

c. Set the 3456A to the 6 Digit mode by storing ‘‘6”’
into the'N DIG DISP register.

d. Set the 3456A to the 100 mV (100 -3) range. Make
sure the reading is within the limits shown in Table 5-2.

Table 5-2. DCV Test and Adjustment Limits.

Adjust

Pot Test Limits

Step # | Input to 345BA Set-Up and Configuration
1 Open Self Test
2 Short Press RESET
3 Short Set to 6 dig. resolution
4 Short .1 V Range
5 Short 1 V Range
6 Short 10 V Range
7 Short 100 V Range
8 Short 1 kV Range
9 +10VvDC Autorange
10 +1VDC Autorange
11 Short .1 V Range Null
Math On
12 .1vDC .1 'V Range Null
Math On
13 .- Null Math Off
14 +100V DC 100 V Range
15 +1000 vV DC 1 kV Range
16 -1vDC 10 V Range
17 -5vDC 10 V Range
18 -10v DC 10 V Range
19 -10 v DC Int. = 100
20 -10 v DC Int. = 1
21 -10 v DC Int.:=:1
22 -10 v DC Int. = .01
23 -10v DC Int. = 10, Filter On
24 -10 v DC Filter Off, Autozero Off
25 Open Press RESET
26 10V DC to ---
REFHto VH
and REFLtoVL
27 --- CMR Test

--- -00.0024 -3 to +00.0024 -3
.- -.000004 to +.000004
--- -0.00002 to +0.00002
--- -00.0003 to +00.0003
2=k -000.002 to +000.002
A&B | +9.99999 to + 10.00001
Cc +.999999 to 1.000001

D +99.9995 -3 to + 100.0005 -3

E +99.9999 to + 100.0001
- +999.867 to + 1000.133
=-- -.99997 to -1.00003
--- -4.99994 10 -5.00006
i -9.99990 to -10.00010
s -9.99990 to -10.00010
i -9.99986 to -10.00014
= -9.9991 t0 -10.0009
=== -9.992 t0 -10.008
=i -9.99990 to -10.00010
-9.99989 to -10.00011

o .99998 to 1.00002
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e. Do the same for the 1 V, 10 V, 100 V, and 1000 V
ranges.

f. Set the 3456A to Autorange and remove the short.

g. Set the DC Transfer Standard for a + 10 V output
and connect it to the 3456A’s VOLTS input terminals.
Make sure the ‘‘ +*’ output is connected to the 3456A’s
VOLTS HIGH terminal.

h. Adjust the 3456A’s calibration potentiometer ““B*’
for a + 10.00000 V + 1 count reading on the display. If
“‘unable’’ to adjust to the required reading, go to the
next step. If ‘“‘able’’ to adjust to the required reading, go
to Step j.

i. Do the following:

1. Turn calibration potentiometer ‘“B’’ completely
counterclockwise.

2. Turn adjustment ‘“A’’ until the 3456A’s reading is
as close to + 10 V as possible. If the reading is
higher than + 10.00000 V, turn adjustment “A’’
one position for a less than + 10 V reading.

3. Adjust calibration pot ‘““B’’ for a + 10.00000 + 1
count reading.

j. Set the Transfer Standard for a + 1 V output.

k. Adjust calibration pot “C”’ for a + 1.000000 V
+ 1 count reading.

l. Disconnect the DC Transfer Standard from the
3456A’s input.

m. Set the 3456A to the 100 mV (100 -3) range and
short its input terminals.

n. Turn on the 3456A’s Null Math feature. Remove
the short after the instrument has taken a reading.

0. Using short pieces of number 20 AWG (or thinner)
insulated solid copper wires, connect the Transfer Stan-
dard and the DC Null Voltmeter to the Reference
Divider as shown in Figure 5-2 and 5-3.

p. Turn the DC Standard’s output off. Using 24 inch
or shorter shielded cables equipped with banana-plug
connectors, connect the DC Standard and the 3456A to
the Reference Divider as shown in Figure 5-2 and 5-3.

q. Set the Standard Cell Voltage switches on the
Reference Divider to correspond with the output voltage
setting of the Transfer Standard. Normally the Transfer
Standard’s switches should be set to the voltage value of
the Standard Cell used to calibrate the Transfer Stan-
dard.
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r. Zero the DC Null Voltmeter on the 3 microvolt
range and then set it to the 300 microvolt range.

s. Set the Reference Divider’s Input Voltage switch to
100 V and center its Coarse and Fine Adjust controls.

t. Set the Reference Divider’s Output voltage switch
to.1V.

u. Set the DC Standard for an output voltage of
+ 100 V and turn its output on.

v. Set the Reference Divider’s Standard Cell switch
to the ““Locked’’ position. Adjust the DC Standards
Output for a zero reading on the DC Null Voltmeter.

w. Downrange the DC Null Voltmeter and adjust the
Reference Divider’s Coarse and Fine controls for a
““Null” reading (0 reading) on the Null Voltmeter’s 3
microvolt range.

X. Set the Reference Divider’s Standard Cell switch
to the OPEN position.

y. Set the Reference Divider’s Standard Cell switch
to MOMENTARY, and if necessary, readjust the Di-
vider’s Fine Control for a null indication on the Null
Voltmeter. Release the Standard Cell switch.

NOTE

The Divider’s Fine Control may have to be
readjusted, when the Output Voltage switch
is set to another position.

z. Adjust the 3456A’s calibration pot “D’’ for a
+ 100.0000 -3 V + 5 counts reading.

aa. Turn the 3456A’s Math operation off.
bb. Uprange the 3456A to the 100 V range.
cc. Uprange the Reference Divider’s Output Voltage

switch to 100 V. Adjust the 3456A’s calibration pot
“E” for a + 100.0000 V + 1 count reading.

Euunoni

Always uprange the Reference Divider’s In-
put Voltage switch before upranging Stan-
dard before downranging the Reference
Divider’s Input Voltage switch.

dd. Uprange the Reference Divider Input Voltage
switch to 1000 V and then uprange the DC Standard to
+ 1000 V. Allow about ten minutes for the Reference
Divider to warm-up and stabilize.



Model 3456A

ee. Uprange the 3456A to the 1000 V range. Uprange
the Reference Divider’s QOutput Voltage switch to
1000 V. Check the 3456A’s reading.

ff. Downrange the DC Standard to + 10 V and then
downrange the Reference Divider’s Input Voltage
switch to 10 V.

gg. Downrange the Reference Divider’s Output
Voltage switch to 1 V and set the 3456A to the 10 V
range (take out of Autorange).

hh. Reverse the 3456A’s input leads for a -1 V
reading. Check the reading.

ii. Set the Reference Divider’s Output Voltage switch
to 5 V. Check the 3456A’s reading.

jj. Turn the DC Standard’s Output off and discon-
nect the DC Standard, Transfer Standard, and 3456A
from the Reference Divider.

kk. Set the Transfer Standard for a 10 V output and
connect it to the 3456A with the input leads reversed
(““+’" output to VOLTS LOW and ‘-’ output to
VOLTS HIGH). Check the reading.

11. Change the Number Of Power Line Cycles In-
tegrated on the 3456A to 100 by entering a ‘100’ into
the N CYC INT register. Check the reading.

mm. Change the Number Of Power Line Cycles\In-
tegrated to 1, .1, .01 then to 10 by entering ‘‘1°’,5.1”’,
,01”, and ““10”’ into the N CYC INT register, respec-
tively. Check readings.

nn. Turn the 3456A’s Filter ““ON”’ and check the
reading.

00. Turn the 3456A’s Filter and Autozero ‘‘OFF”’.
Check the reading.

pp. Press the RESET button on the 3456A and con-
nect the Transfer Standard’s High Output to the
3456A’s RATIO REF HIGH and VOLTS HIGH ter-
minals. Connect the Standard’s Low Output to the
3456A’s RATIO REF LOW and VOLTS LOW ter-
minals. Refer to Figure 5-5 for the connection.

qq. Set the 3456A to the DCV/DCV Ration func-
tion. Check the reading.

rr. Disconnect the Transfer Standard from the 3456A
and set the 3456A to the DCV function and 1 V range.

ss. Connect the 1 K resistor (-hp- Part Number
0698-1021) between the 3456A’s VOLTS HIGH and
VOLTS LOW terminals, as shown in Figure 5-6. Make
sure the GUARD terminal is connected to the VOLTS
HIGH terminal (Guard Switch “OUT”’).

Adjustments

DIGITAL VOLTMETER DC TRANSFER

hp 3456A STANDARD
FLUKE 7318
- A d DD d D
:_J...I_J_J_JJJJ
- wd dddddddd
- i ]

TO
3456-5-5 }

Figure 5-5. Ratio Test Connection.

tt. Record the 3456A’s reading.

uu. With the DC Standard’s Output off, connect it
between the 3456A’s chassis and VOLTS HIGH ter-
minal, as shown in Figure 5-6.

vv. Set the DC Standard for a + 100 V output and
turn its output on.

ww. The 3456A’s reading should be within
0.000010 V of the recorded reading in Step tt.

xx{~ Disconnect the test equipment from the 3456A.
This completes the DCV Test and Adjustments.

5-27. Ohms Test and Adjustment.

5-28. Refer to Table 5-3 for the Ohms Test and Adjust-
ment Limits.

5-29.Equipment Required.

Standard Resistor:

(100 ohm =+ .0005%; Guildline Model 9330/100)
(1 K ohm + .0005%; Guildline Model 9330/1K)
(10 K ohm =+ .001%; Guildline Model 9330/10K)
(100 K ohm = .001%; Guildline Model 9330/100K)
(1 M ohm =+ .002%; Guildline Model 9330/1 M)
10 M ohm =+ .01%; Guildline Model 95206)

Resistor Assembly:

(1000 M ohm =+.2%; -hp- Part Number
03456-67902)

5-30. Test and Adjustment Procedure.
a. Press the 3456A’s RESET button and set the
instrument to the 6 Digit display and 2-Wire Ohms con-

figuration.

b. Short the VOLTS and RATIO REF (4WRQ
SENSE) terminals as shown in Figure 5-7.

¢. Check the 3456A’s reading.

d. Set the 3456A to the 4-Wire Ohms function.
Check the reading.
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Table 5-3 Ohms Test and Adjustment Limits.

Step # | Input to 3456A Set-Up and Configuration .:'::t Test Limits
1 Open Press RESET .- ---
2 Open Set to 6 dig. resolution --- ---
3 4-Wire Short 2-Wire Ohms --- -00.0024 to 00.2024
4 4-Wire Short 4-Wire Ohms .- -00.0024 to 00.0024
5 10 KQ 4-Wire Ohms F 9.99997 + 3 to 10.00003 +3
6 1 KQ 4-Wire Ohms G 999.999 to 1000.001
7 100 0 4-Wire Ohms --- 99.9946 to 100.0054
8 100 KQ 4-Wire Ohms H 99.9999 + 3 to 100.0001 +3
9 1 MQ 4-Wire Ohms 1 999.999 + 3 to 1000.001 +3
10 10 M 4-Wire Ohms J 9.99996 + 6 to 10.00004 + 6
11 1 MQ 2-Wire Ohms --- 999.938 + 3 to 1000.062 + 3
12 10 KQ 4-Wire Ohms - 9.9996 +3 t0 10.0004 +3
100 K Range
13 10 KQ Autozero Off --- 9.9994 + 3 t0 10.0006 +3
14 100 KQ Autozero On --- 99.9976 + 3 to 100.0024 + 3
2-Wire O.C.
15 100 KQ 4-Wire O.C. --- 99.9978 +3 to 100.0022 +3

DC STANDARD

DIGITAL VOLTMETER

3456-5-6

SYSTRON DONNER MODEL M107A CONNECTED TO hp 3456A
| CHASSIS GROUND e -
o) oo <X B TONY EP PR 1 R OO o
jjljj oo — A dd At ad gl o
o i b | & e s e 1
R | - |
1K

Figure 5-6. DC Common Mode Rejection Test.

e. Connect the 10 K ohm Standard Resistor to the
3456A’s input terminals. Adjust calibration pot ‘‘F’’ for
a 10.00000 +3 +1 count reading. Refer to Figure 5-4
on how to connect the 10 K ohm and other Standard
Resistors to the instrument.

f. Disconnect the 10 K ohm resistor from the 3456A
and connect the 1 K ohm Standard Resistor to the input
terminals. Adjust calibration pot ‘“G’’ for a 1000.000
+ 1 count reading.

g. Disconnect the 1 K ohm resistor and connect the
100 ohm resistor to the input terminals. Check the
reading.

h. Disconnect the 100 ohm Standard Resistor and
connect the 100 K ohm Standard Resistor to the input
terminals. Adjust calibration pot ‘“H’’ for a 100.0000
+3 %1 count reading.

i. Disconnect the 100 K ohm Standard Resistor and
connect the 1 M ohm Standard Resistor to the input ter-
minals. Adjust calibration pot ‘‘I’’ for a 1000.000 + 3
+ 1 count reading.
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j. Disconnect the 1 M ohm Standard Resistor and
connect the 10 M ohm Standard Resistor to the input
terminals. Adjust calibration pot ““J*’ for a 10.00000
+ 6 + 4 count reading.

k. Disconnect the 10 M ohm Standard Resistor and
connect the 1000 M ohm Resistor Assembly to the input
terminals. Check the reading.

1. Set the 3456A to the 2-Wire Ohms function and
connect the 1 M ohm resistor to the input terminals.
Check the reading.

REFERENCE VOLTS
(4 WIRE] 12 WIRE) GUARD
3456-5-7

Figure 5-7. 4-Wire Ohms Short.
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m. Set the 3456A to the 4-Wire Ohms function and
the 100 K ohm range. Connect the 10 K ohm resistor to
the input terminals and check the reading.

n. Disable the 3456A’s Autozero feature. Check the
reading.

0. Set the 3456A to the 2-Wire O.C. Ohms function
and enable the Autozero feature. Connect the 100 K
ohm resistor to the input terminals and check the
reading.

p. Set the 3456A to the 4-Wire O.C. Ohms function.
Check the reading.

q. Disconnect the 100 K ohm resistor from the
3456A. This completes the Ohms Test and Adjustments.

5-31. ACV Test and Adjustments.

5-32. Refer to Table 5-4 for the ACV Test and Adjust-
ment Limits.

5-33. Equipment Required.

AC Calibrator (Fluke Model 5200A/5215A)
DC Standard (Systron Donner Model M107)

5-34. Test and Adjustment Procedure.

a. Press the 3456A’s RESET button. Set the instrus
ment to the ACV function.

Adjustments

b. Set the AC Calibrator fora 1 V, 1 kHz output and
connect it to the 3456A’s input terminals.

c. Set the 3456A to the 100 V range. Adjust calibra-
tion pot ““K”’ for a 01.000 + 1 count reading.

d. Set the 3456A to the 1 V range and adjust calibra-
tion pot ““L’’ for a 1.00000 + 3 counts reading.

e. Set the 3456A to the 1000 V range and adjust either
calibration pot ““M”’ or *“N”’ for a 001.00 + 2 counts
reading.

f. Repeat Steps ¢, d, and e in the given order until all
the readings are within the limits.

NOTE

Calibration pots “°K’°, “L’’, and ‘“M or N’
interact with each other and should be ad-
Justed until the readings converge.

g. Disconnect the AC Calibrator from the 3456A.
Short the 3456A’s input terminals.

h. Sgtthe 3456A to the ACV + DCYV function and the
1 V range. Adjust calibration pot ‘‘N”’ for a minimum
reading.

i. Set the 3456A to the ACV function and do the
following:

1. Note the 3456A’s displayed reading.

Table 5-4. ACV Test and Adjustment Limits.

Step # | Input to 3456A Set-Up and Configuration l:?:t Test Limits

1 Open Press RESET .- ---

2 1V, 1kHz ACV, 100 V Range K 00.999 to 01.001

3 1V, 1kHz 1 V Range L .99997 to 1.00003

4 1V, 1kHz 1 kV Range Mor N 000.98 t0 001.02

5 Short ACV+DCV, 1 V Range N Minimum

6 Short ACV M + 2 counts of reading in Step 5

7 .01 vDC ACV+DCV, Autorange - .00943 to .01057

8 .01V, 1 kHz ACV .00944 to .01056

9 1V, 1kHz ACV .09940 to .10060
10 .5V, 1kHz ACV .49920 to .50080
11 1V, 1kHz ACV .99895 to 1.00105
12 10V, 1 kHz ACV 9.9895 to 10.0105
13 100 V, 1 kHz ACV 99.895 to 100.105
14 700 V, 1 kHz ACV -= 698.61 t0 701.39
15 .01V, 100 kHz ACV --- .00725 10 .01275
16 1V, 100 kHz ACV --- .99200 to 1.00800
17 10V, 100 kHz ACV .- 9.9200 to 10.0800
18 100V, 100 kHz ACV --- 99.200 to 100.800
19 700V, 100 kHz ACV --- 693.10 to 706.90
20 1V, 250 kHz ACV --- .94370 to 1.05630
21 10V, 250 kHz ACV .- 9.4370 to 10.5630
22 1V, 20 Hz Filter On .- .99640 to 1.00360
23 1V, 20 Hz ACV+DCV --- .99640 to 1.00360
24 .01 VvDC to Filter Off --- .99889 to 1.00111

REF H to V H | ACV+DCV/DCV Ratio
and REFLto VL
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Adjustments

2. Adjust calibration pot ‘M’ for a minimum
reading.

3. Continue adjusting calibration pot ‘“‘M’’ in the
same direction until the reading noted in Step 1 is
reached (within + 2 counts).

j. Repeat Steps h and i until both readings converge
with each other (within + 2 counts). Remove the short.

k. Set the 3456A to the ACV +DCV function and
Autorange.

1. Set the DC Standard for a .01 V dc output and con-
nect it to the 3456A’s input terminals. Check the
reading.

m. Remove the DC Standard. Set the AC Calibrator
for a .01 V, 1 kHz output and connect it to the 3456A’s
input terminals.

n. Set the 3456A to the ACV function and check the
reading.

0. Set the AC Calibrator to .1 V. Check the 3456A’s
reading.

p. Do the same for an AC Calibrator output of .5 V,
1V,10V, 100V, and 700 V.

q. Set the AC Calibrator for a .01 V, 100 kHz out-
put. Check the reading.

Model 3456A

r. Do the same for an AC Calibrator output of 1 V,
10V, 100 V, and 1000 V.

s. Set the AC Calibrator for a 1 V, 250 kHz output.
Check the reading.

t. Do the same for an AC Calibrator output of 10V,
250 kHz.

u. Set the AC Calibrator for a 1 V, 20 Hz output and
turn the 3456A’s Filter ““ON’’. Check the reading.

v. Set the 3456A to the ACV + DCYV function. Check
the reading.

w. Turn the 3456A’s Filter ‘“‘OFF’’ and disconnect
the AC Calibrator from the input terminals.

Xx. Connect the DC Standard to the 3456A with its
High output to the 3456A’s RATIO REF HIGH and
VOLTS HIGH terminals. Connects the Standard’s Low
output to the 3456A’s RATIO REF LOW and VOLTS
LOW terminals, Refer to Figure 5-5 for the connection.

y. Set the 3456A to ACV+DCV/DCV Ratio func-
tion. Check the reading.

Z. Disconnect the test equipment from the 3456A.
This completes the Combined Performance Test and
Adjustments.



SECTION VI
REPLACEABLE PARTS

6-1. INTRODUCTION.

6-2. This section contains information for ordering
replacement parts. Table 6-4 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 col-
umn). The total quantity of a part is given the first time
the part number appears.

b. Description of the part. (See abbreviations listed
in Table 6-1.)

c. Typical manufacturer of the part in a five-digit
code. (See Table 6-2 for list of manufacturers.)

d. Manufacturers part number.

6-3. Miscellaneous parts are listed at the end of Table
6-4.

6-4. ORDERING INFORMATION.

6-5. To obtain replacement parts, address order or in-
quiry 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., A,, or A with a number subscript, e.g.,
Ajo- A A with no subscript indicates the component
listed is the preferred replacement for an earlier compo-
nent. 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 indicates 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 (f) in the reference
designator column are available only for repair and ser-
vice of Hewlett-Packard Instruments.

Table 6-1. Standard Abbreviations.

ABBREVIATIONS
Ag silver Hr hertz lcyclelst per second) NPO MEGATIVE POSITIVE Pero sl shde
Al aluminum izero tamperature coefficient] SPDT single-pole double-throw
a ampere(sl o inside diameter ns nanosecond|s) 10 - 9 seconds SPST single-pole  single-throw
Au gold impg impregnated nar not separately replaceable
ned incandescent Ta tantalum
cC capacitor ns insulationied] 1 ohmis) TC temperature  coelficient
cor ceramic obd order by description TiDg ntaniem digxide
coel coefficient il kilohmist = 10+ 3 ohms oD outside dismeter 1og toggle
com commaon kHz kilohertz = 10 * 3 herts 1ol tolerance
comp composition P peak rm trmmer
conn connection L snductor paA picoamperais) TSTR transistor
wn linear taper pe printed  circuit
dep deposited tog loganthmic taper pF picotaradisi 10 - 12 farads v voltis)
DPDT double-pole double throw v peak inverse voltage wBEW alternating current working voltage
DPST double-pole single throw ma milhampereisi - 10 - 3 amperes o part of var wvanable
MHZ megahertz 10+ 6 hertz pos positionis) wdow direct current working voltage
wlect electiolytic M megohmisi « 10+ B ghms paly polystyrene
Bncap encapsulated met fim metal Him pot potentiometern w wattis)
mir manulacturer e peak-10-peak wi with
F faradis) ms millisecond ppm parts per million wiv working inverse voltage
FET field effect ransistor mitg mounting prec i 1 win without
fxd fixed my millivoltisl = 10 - 3 volts long term stability and/or tolerancel e wirewound
uF microtaradis)
GaAs gallium arsenide s microsecond(s) A regision
GHz gigahertz » 10+ 9 hanz wv microvoltish = 10~ 6 vois Ah thodium
qd guardied) my Mylar (&) rms FOOL-mean-square optimum value selected at factory,
Ge germanium rot rotary average value shown Ipart may be omitted)
gnd graundied) nA nanoampereis) 10 - g amperes ne standard type number assigned
NC normally closed Se selenium selected or special type
H henryles) Ne neon sect sectionisl
Hg mercury NO normally open  Si silicon (® Dupont de Nemours
DESIGNATORS
A assembly FL filter a transiston T8 terminal strip
B mator HR heater Qcr ransistor-diode u microcircuit
BT battery Ic integrated circut Rip} resistor|pack) v - wacuum tube, neon bulb, photocell, etc
[ capacitor J jack RT thermistor w cable
CR - diode of thyristor K relay 5 ... switch X socket
(=[N . delay line L inductor T transformer XDs lamphalder
DS lamp M meter T8 terminal board XF fusehalder
E misc electronic part MP mechanical part TC thermocouple ¥ . crystal
F fuse P plug ™ test point Z netwaork
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Replaceable Parts

Table 6-2. Code List of Manufacturers.

Model 3456A

Manufacturer Manufacturer Name Address
Number
H9027 Schurter AGH Luzern, Switzerland
00000 Any Satisfactory Supplier
01121 Allen-Bradley Co. Milwaukee, WI 53204
01295 Texas Instr Inc. Semicond Cmpnt Div. Dallas, TX 75222
01928 RCA Corp Solid State Div. Somerville, NJ 08876
02111 Spectrol Electronics Corp. City of Ind, CA 91745
03888 KDI Pyrofilm Corp. Whippany, NJ 07981
04713 Motorola Semiconductor Products Phoenix, AZ 85062
07263 Fairchild Semiconductor Div. Mountain View, CA 94042
07716 TRW Inc. Burlington Div. Burlington, IA 52601
17856 Siliconix Inc. Santa Clara, CA 95054
18324 Signetics Corp. Sunnyvale, CA 94086
19701 Mepco/Electra Corp. Mineral Wells, TX 76067
20940 Micro-Ohm Corp. El Monte, CA 91731
22229 Solitron Devices Inc. (FETS ICS) San Diego, CA 92123
24546 Corning Glass Works (Bradford) Bradford, PA 16701
27014 National Semiconductor Corp. Santa Clara, CA 95051
27167 Corning Glass Works (Wilmington) Wilmington, NC 28401
28480 Hewlett-Packard Co Corporate HQ Palo Alto, CA 94304
32293 Intersil Inc. Cupertino, CA 95014
34371 Harris Semicon Div. Harris-Intertype Melbourne, FL 32901
34649 Intel Corp. Mountain View, CA 95051
56289 Sprague Electric Co. North Adams, MA 01247
72136 Electro Motive Corp. Sub IEC Williamantic, CT 06226
72982 Erie Technological Products Inc. Erie, PA 16512
Table 6-3. Exchange Assemblies.
Part Number Part Number
Assambly Description for New Assembly for Exchange Assembly
A3 Outguard Interface Logic 03456-66503 03456-69503
A4 Main Outguard Logic 03456-66504 03456-69504
A20 Inguard DC-Ohms-A/D Converter 03456-66590 03456-69590
Note: Includes A21 and A25
A30 Inguard Logic 03456-66530 03456-69530
A40 AC Converter 03456-66540 03456-69540

6-12. EXCHANGE ASSEMBLIES.

6-13. Exchange assemblies are factory repaired and
tested assemblies and are available only on a trade-in
basis; therefore, the defective assembly must be return-
ed for credit. For this reason, assemblies required for
spare parts stock must be ordered by the new assembly
part number listed in Table 6-4.

6-14. Most of the plug-in assemblies that contain active
components are available under the exchange program.
This allows service to be performed by assembly
replacement. Refer to Table 6-3 for the assemblies that
may be replaced on an exchange basis.

6-15. SERVICE KITS.

6-16. Three service kits are available to aid in the repair
of the 3456A.

1. Service Kit—Component Level Repair. This kit
includes service aids and selected spare com-
ponents necessary for efficient component level
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repair. The part number of this service kit is
03456-69800.

2. Service Kit—Assembly Level Repair. This kit in-
cludes a set of all PC assemblies that contain ac-
tive components. This kit is designed to allow
assembly level repair when used in conjunction
with the exchange assembly program described in
Paragraph 6-12. The part number of this service
kit is 03456-69801.

3. Replacement Component Inventory. This kit con-
tains a selected set of spare components that are
most prone to failure. The kit does not include any
service aids or carrying case. This kit may be pur-
chased to obtain a larger inventory of spare com-
ponents than is supplied with the component level
repair service kit or to replenish depleted inven-
tories without the need to order the components
individually or purchase extra servicing aids. The
part number of this kit is 03456-69802.



Table 6-4. Replaceable Parts.

Reference HP Part |c Q T Mfr
: . t Description Mfr Part Number
Designation | Number |o| <Y P Code
Ay 0305666501 | & 1 PC ASBEMBLY=HPaIR 284B0 034Se=pbS0l
aMd 1251=5971 8 1 COMNECTOR 3=PIN M METRIC POST TyPE 28480 1251=5971
aJe 1251=3841 7 | CONNECTOR 24=PIN F AMP CHAMP 28uB0 1251=3841
ALP1 12%1=4933 1] 1 CONNECTOR HOUSINGeO=PIN LOCKING 28uB0 1251=4933
1251=b0b6 4 3 CONNECTOR CRIMP 28uBo 1251=6066
(Y11} 31011973 7 1 SWITCH=BL T=1A DIP=SLIDE-ASSY 14 SoVDC 284Bp 3101=1973
YL 81203041 9 1 CARLE ASSEMBLYwHPIB 2BuBg B120=3041
0380-1214 [ 2 STANDOFF-HEX 6.8-MM-LG 7-MM-A/F STL 28480 0380-1214
A2 03uSe=66502 | 7 1 PC ASSBEMALY=DISPLAY AND KEYBOARD 2BuB0 034Se=pb5N2
A2CR1 1990=066% 3 13 LED=VISIBLE LUM=INTEIMCD IFm20Ma=Max 28480 1990=0665
A2CR2 1990=0665 3 LEDLVISIBLE LUMLINTEIMCD IFm20MA=MAX 28480 1990=0665
A2CR3 1990=06865 3 LED=VISIRLE LUM«INTRIMCD IFS204A=MaX 28480 1990=0665
A2CRy 1990=0665 3 LED«VISIBLE LUMaINTE{MCD IFm2oMA=MAX 28480 1990=0665
A2CRS 19900665 3 LED=VISIALE LUMINTELIMCD IFB20MAmMAX 28480 1990=0665
A2CRG 19900665 3 LEDwV181BLE LUMaINTEIMED JFE20MAmMAY 28480 1990«0665
A2CRY 19900665 3 LEDLVISIBLE LUMSINTE{MCD IFmaoMAaMiX 2B8udn 1990=066%
A2CRE 1990=0645 3 LED=VISIALE LUMaINTSIMCD IFR20YAmMalX FLTLT) 1990=06865
A2CRe 1990=066% 3 LEP=VISIBLE LUMKINTEIMCD IFm20MAaMAY 28480 19900665
A2CR10 1990=0665 3 LED=VISIBLE LUM=INTEIMCD IFS20MA=MAX 28480 19900665
AzCRi1 1990=0665 3 LEDVISIALE LUMeINTEIMCD [FE20viemiy 28480 1990=066%
A2CRy2 1990=066% 3 LEDGVIBIALE LUMLINTRIMCD [Fm2p“AeMAX 28480 1990=0686%
A2CR1Y 1990=0646% 3 LED=VISIBLE LUM«INTSIMCD [FB20Ma=MAX 28480 1990=0655
AgCRy4 1990=0665 3 LED=VISIALE LUMaINTZ{MCD IFs20MA=MAX 28480 1990=0685
A2CR1S 1990=0665 3 LED=VISIALE LUM«INT®IMCD [F®20Ma=MAX 28480 19900665
a2CR16 1990=0685 3 LEC=VISIBLE LUM=INTSIMCD pFm20%A=mA) 28480 1990=0665
AaCRy? 19900665 3 LED=VISIBLE LUMaINTEMCD JFm2oMA=MA) 28480 19900605
A2CR18 1990=0665 3 LEDmyYISIBLE LyuMaINTEHIMCD IFm2n“AmMAy 28u8p 1990=0p65
A2CR19 1990=06565 3 LEDeVISIALE LUMINTRIMCD IFm2uMA=MAX 28480 1990=0665
A2CR20 1990=0b65% 3 LED=VISIALE LUMINTE{MCD IFm@pMamMA) 2Bu8p 1990=0665
Az2CR21 1990=0665 3 LEDaVISIRLE LUMLINT®{MCD JFm2oMAaMAX 28480 1990=0665
A2cR22 19%0=0645 3 LED=VISIALE LUMaINTEIMOD IFR20MA=MAY 28ado 1990=064%5
A2CR23 1990=0b65 3 LEDLVISIBLE LUMLINTEMED IFe2oMA=MAX 28480 1990=066%
A2CR24 1990=00665 3 LED=VISIALE LUM=INTEINCD IFm20MA=MAX 28480 1990=0865
A2CR2S 19%90=066% 3 LEDVISIBLE LUMaINTEIMCD IFm20vA=MAX 28480 1990=0685
A2CR28 1990=0665 3 LEDeVISIBLE LUMSINTRIMCD IFm2oMAMAX 28480 1990=0665
A2CR27 1990=0665 3 LED=VISIBLE LUM«INTRIMCD JF820Ma=MaAX 28480 19900665
A2CR28 1990=0665 3 LEDRVISIALE LUMLINTEIMCD IFm20MA=MAX 28480 1990=0665
A2CR29 1990=0665% 3 LED=VISIBLE LUMeaINTEIMCD [FE20MA=mAx 28489 1990=0665
A2CR30 1990=0065 3 LED=VISIALE LUMGINTRIMCD IFm2oYA=MAX 28adyg 19900665
A2CR3Y 1990=0665 3 LEDVISIALE LUMLINTE{MCD IFm20Ma=MAX 28480 1990=0665
A2CRY2 199920665 3 LED=VISIALE LUMaINTEIMCD [FE20MA=MAX 28480 1990=06865
A2CR33 1990=0665 3 LEDeVISIALE LUMaINTE{MCD IFs20Ma=Max 28480 1990=0465
A208 1990=0649 3 F] DISPLAY=NUMaSEG 28uB0 5082=Tole
A2082 1990=0730 3 7 DISPLAY=NUMeSEG 1=CHAR ,3=H RED 28480 50827811
A2083 1990=0730 3 DISPLAY=NUMaSEG 1«CHAR ,3aH RED 28480 5082eT811
A2D84 1990=0730 3 DISPLAY=NUMeSEG 1elHAR ,3eH RED 28udo 5082=T611
A2085% 199020730 3 DISPLAY=NUM=SEG 1=CHAR ,3=H RED 28480 S082=7611
A2086 1990=0730 3 DIspLAY=NUMSEG 1=CHAR ,3=H RED 28480 S082=7811
A2087 1990=0730 3 DISPLAY=NUM=SEG {=CHAR ,3=H RED 28480 5082=7811
A2D88 1990=0649 3 DISPLAY=NUM=SEG 28480 5082=Tb16
2089 1990=0730 3 DISPLAY=NUM=BEG 1=CHAR ,3=H RED 20480 5082=7s81
A28, 5060=9436 7 37 PUgHByTTON gwItCH P,C, MOyNT 28480 506N=9438
A282 5060e943p 7 PUSHABUTTON SWITCH P,C, MOUNT 28480 S0p0=943s
A283 S060=9436 7 PUSHBUTTON SWITCH P,C, MOUNT 28480 5N60=9438
Y1 L S5060=9438 7 PUSHBUTTON SWITCH P,C. MOUNT 28480 S060=9a38
4285 S5060=9U%0 7 PUSHBUTTON SWITCH P,C, MOUNT 28480 5040=9u3s
A285 5060=9436 7 PUSHBUTTON SWITCK P.C, MOUNT 28480 S060=9u36
A287 S0b0=9436 7 PUSHBUTTON !KiTCH P.C, MOUNT 28480 5080=9a38
A28s S060=9436 7 PUSHBUTTON SWITCH PL.C, MOUNT 28uB0 5060=9436
A289 S0b0=9434 7 PUSHBUTTON SWITCH P,C, MOUNT 28480 S0aN=9438
A2810 5060=94%8 7 PUSHBUTTON BWITCH P.C, MOUNT 28480 S060=9438
2811 5Nb0=9436 T PUSHRUTTON SWITEH Pl.Ce MOUNT 28480 S5060=9a36
A2812 S060=9436 7 PUSHBUTTON 8WITCH P,C, MOUNT 28uBo S5060=9436
42813 5n060=943b 7 PUSHAUTTON SWITCH P,C, MOUNT 28480 S0af=9ule
42814 SDb0=9u3b 7 PUSHBRUTTON SWITCH P,C, MOUNT 28uBp S060=9436
A2B15 S060=9030 7 PUSHBUTTON SWITCH P.C, MOUNT 28480 S060=9438
A28 16 S0en=%036 7 PUSHBUTTON 8SWITCH P,C, MDUNT 28uBo SNen=9436
A2817 S5060=9038 7 PUSHBUTTON SWITCH P,C, WOUNT 28480 SusD=943b
A28 138 5060=9036 7 PUSHBUTTON SWITCH P,C, MOUNT 28480 S060=9436
A2619 5060=9036 7 PUSHRUTTON BWITCH P.Ca MOUNT 28480 S060=9438
A2820 S060=9436 7 PUSHBLITTON SWITCH P,C, MOUNT 2BuBo 5Nene9ulp

See introduction to this section for ordering information
*Indicates factory selected value
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Table 6-4. Replaceable Parts (Cont'd).

Reference HP Part |c Q P Mfr
; % Description Mfr Part Number
Designation Number |p| QY o Code
Ag821 50609436 7 PUSHBUTTOMN SWITCH P,C, MOUNT 2808y S0bN=fule
ARB22 S060=9438 T PUSHBUTTON SWITCH P.C, MOUNT 2BUBn SngN=Qy3h
Agd23 50609436 7 PUSHBUTTON BWITCH P,C, MOUNT 2BuB0 50b0=9u3n
A2bz2y 50609436 7 PUSHBUTTON BWITCH P,C, MOUNT 28uBn 50buU=94 36
A2B25 5060=9436 7 PUSHBUTTON BWITCH P,C, MOUMT 2BuBy 50bNe94lp
Agd26 S060=9436 7 PUSHBUTION BWITCH P,C, MOUNT 2RuBp 506N=943k
A2027 S060=9436 | 7 PUSHBUTTON BWITCH P.C, MOUNT 28480 5060=9436
Agl23 5060=9436 17 PUSHBUTTON BWITCH P,C, MOUNT 28uBn 5060"9436
A2 29 S0b60=9436 7 PUSHRUTTON SWITCH P,C, MODUNT 28u8n SNaN=94ls
A2830 5060=9436 7 PUSHBUTTON BWITCH P.C. MOUNT 28uB0 50b60=9436
A2831 5060=9436 7 PUSHBUTTON BWITCH P.C, MOUNT 2BuBn Snanafuin
(Y1 k¥ S060=9436 7 PUSHBUTTON BWITCH P,C, MOUNT 28uBy SNeN=9ule
A28 33 5060=9a36 7 PUSHBUTTON SWITCH P,C, MOUNT 28480 5069=9u36
AzB s 5060=9436 7 PUSHBUTTON BWITCH P,C, MOUNT 2BuBn 5060=9436
A28 35 $060=9438 7 PUSHBUTTON BWITCH P,.C, MOUNT 28480 5060=9436
A28 36 S060=9436 7 PUSHBUTTON 8WITEH P.Ca MOUNT 2BUBn 5060=94 38
A28 37 50609436 7 PUSHBUTTON 8WITCH P,C, MOUNT 28uby S5060=904%8
A2 B120=3042 0 1 CABLE ASSEMBLY=DISPLAY 268uBq B120=3002
A2X1 1200=0508 0 9 SOCKET=IC 14«CONT DIPSLDR 28480 1200=0508
A2 120020508 0 BOCKET=IC 14=CONT DIP=SLODR 28480 12000504
[F1}] 1200=0508 0 SOCKET=IC 14=CONT DIP=SLDR 28480 1200=0508
Agua 1200=0%08 0 BOCKET=IC 14=CONT DIP=SLDR 2848y 1200=0508
A2XS 1200=0508 0 SOCKET=IC 14=CONT DIP=SLDR 28480 1200=n508
A2Xb 1200=0508 0 SOCKET=IC 14=CONT DIP=SLDR 2BuBD 120n=050AR
A2XT7 12000508 0 SOCKET=IC 14=CONT DIP=BLDR 28480 1200=0508
AZ2X8 12000508 0 SOCKET=IC 14«CONT DIP=SLOR 28480 1200=0808
A2X9 1200=0508 0 80C ETWIC 14=CONT DIP=3 ORL 28480 1200w0508
A2 MISCELLANEDUS PARTS
5041=0994 q 2 KEY CAP=lIP RANGE 26uB0 Snule=0g9u
5041=1736 q 1 KEY CAP=AC+DC 28uB¢ S0u1e1736
S0ui=y792 2 1 KEY CAP=LOCAL 28uB0n S50ule1792
SouleyBdp 7 1 KEY CAPeCHS 28480 Sdulm)Blup
S5041=1847 8 1 KEY CAP=PERIOD 28480 S04leibay
SouleyBU8 9 2 KEY CAP=y 28480 Soul=|RUA
S041=1849 0 1 KEY CAPw2 2BuB0 S0ule]REG
S5041=1850 3 1 KEY CAFPe3 26ubn Soui=1850
5001=1B5] q 1 KEY CAP=d 28uBn S0u1=1851
50011852 s 1 KEY CAP=S 28480 S0u1w=|RS2
5041=1853 b 2 KEY CAPeb ELITY S0Ujw]ASY
5041=185%54 7 1 KEY CAP=7 28480 S0ul=1R54
5041=1855 8 1 KEY CAP=A 28480 §041=]R55
50411856 9 1 KEY CAP=D 28480 S0ul=1R56
S5041=1857 0 1 KEY CAR=SRQ 28uBo S50ul=1857
5041=1858 1 1 KEY CAP=FILTER 28480 50ujwiR5H
5041=1859 2 1 KEY CAP=DCY 28uBo SNufe]AS59
504l=1860 5 1 KEY CAP=AC VOLTS 28480 Sout=1860
S041=1861 b 1 KEY CAP=2WR OHM 28480 504i=18061
504 =] 862 7 1 KEY CAPesdWR DHM 28480 Suleifng
Soujm=1863 8 1 KEY CAP=TESY 28480 SOuimifnd
5041=1864 9 1 KEY CAP=INT 28480 SNul=1Rby
S04)=1865 0 1 KEY CAPaMATH 28480 S04)=1RLS
S0d1=1866 | 1 KEY CAP=AUTO ZEROD 28480 S04leltbn
S041=1867 2 1 KEY CAP=ENTER ExP 28480 Spul=iB6?
50411868 3 1 KEY CAPaCLR, CONT 28480 SNui=1RBA
Soute1869 4 | KEY CAP=S8TORE 28480 S0ul=1869
50411870 7 1 KEY CAP=RECALL 28480 Soul=1RTuU
5041=1871 B 1 KEY CAPeSHIFT 28uHn SnulelBTl
S04 =1872 9 1 KEY CAP=SINGLE 2848¢ Slui=1872
5041=1873 0 1 KEY CAP=RESET 28480 5041=1873
S041=1874 1 1 KEY CAPwEXT 28480 S5041=1RTU
S0u41187% 2 1 KEY CAP=AUTO 28480 S0ul=1ATS
S5041=1878 3 \ KEY CAP=HOLD 28480 Sul=13Te
S041=1927 5 1 KEY CAP=RDG 8TOR 2B8uBo Sndi=1927
A3 03456=66503 | 8 1 PC ASSEMBLY=OUTGUARD LOGIC , PWR SUPPLY 28480 034Seep65n3
[314) 01800309 4 20 CAPACITOR=FXD 4, TUF+=20% 10VOC TA 56289 1500475 N 08
A3CR 0180=0309 4 CAPACITOR=FXD 4, TUF+=20% 10VOC TA 56289 1500475801 1 0ad
[314] 0160=2209 5 1 CAPACITORFXD 380PF +«5% 300VDC MICa 28uBp 0160=2209
A3Ca 0180=0309 4 CAPACITOR=FXD 4,TuF+=20% t10VDC TA ECELL 150N4T5x0n1 042
A3CS 0180=p309 4 CAPACITOR=FXD a,TUF+=20% 1QVOC TA S6289 1500475X0n 10k
ASCH 0180=3031 5 1 CAPACITOR=FXD ,012F+75=10% 15V0C AL 2RUAC UiR(=303
A7 0160=4571 L] 10 CAPACITOReFXD ,{UF #Bo=20% SOVDC CER 28480 HleN=u57)
ASCH 0160~4571 8 CAPACITOR=FXD ,1UF #BNe20% S0VDC CER 28080 N1BN=dsT]
A3Co 01602055 9 1 CAPACITOR«FXD ,01UF +B0=20% 100VDC CER 2B8uBy N16N=2055
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Table 6-4. Replaceable Parts (Cont'd).

Reference HP Part |c Q Descrioti Mfr

: . escription
Designation | Number |D ty P Code Mfr Part Number
A3CRy 1901=00%0 3 18 DIODE«SWITCHING AV 200MA 2NS D035 28480 1901=0050
ABCR2 1901=0050 3 DIODE=SWITCHING BoV 200Ma 285 DO=3S 28480 1901=0050
A3CR3 1901=00%0 3 DIODE=SWITCHING BoV 200MA 2NS DD=35 28a8yp 1901=0080
AJCRY 1501=0050 3 DIODE=SWITCHING ROV 200M& 2NS DD=3S 28480 1901=n050
(3141 0360=1930 1 15 BUS 2 CONDUCTOR 28480 0360w1930
A3ER 0360=1930 1 BUS 2 CONDUCTOR 28uBo 0360=1930
A3E} 03b60=1930 1 BUS 2 CONDUCTOR 28uBn 03eN=193y
[311] 0360=1930 1 BUS 2 CONDUCTOR 28480 0360w1930
A3ES 0360=1930 1 BUS 2 CONDUCTOR 28480 n360=193n
A3Es 0360=1930 1 BUS 2 CONDUCTOR 28uB0 0360=1930
A3d? 12514349 2 1 CoupECTUR depIn M posT TYPE 28480 1251=4349
A3PS 1251=b081 9 [ CONNECTOR {S«PIN F POST TyPE 28uBn 1251=b061
A3Ph 12516061 9 CONNECTOR 1S=PIN F POST TYPE 28480 1251=6061
A3PB 12513961 2 1 CONNECTOR bePIN F POST TYPE 28uB0 1251=3961
A3Ry 06831025 9 16 RESISTOR 1K Sy ,25W FC TCW=d00/4600 n1121 CBio2s
AIR2 06R3=2225 3 b RESISTOR 2,2k 5% ,25W FC TCE=d00/+700 01121 caa2as
A3R3 06983615 B8 2 REBISTOR 47 Sy 2# MO TCEO4w200 27167 FPu4ge2aTp=tTRial
S LL 0683=1035 1 34 RESISTOR 10K 5% ,25# FC TCw=4n0/+700 n1121 CALD3S
A3RS 0698=3615 8 RESISTOR 47 Sx 2¢ MD TCwo4w=200 27167 FPuU2m2aTonmdTROmJ
A3RE 0683=1025 9 RESISTUR 1K Sx _25% FC TCwmedOp/ebnn 01121 CBin2s
AIR? 0683=1025 9 REBIBTOR 1K 5% ,25W FC TCu=400/+600 ni12t cBlo2s
A3RB 068321035 1 RESISTOR 10K Sx ,254 FC TCeedog/4700 01121 CB1o3s
AIR9 06B83=1035 1 RESISTOR 10K 5% ,25W FC TCm=d00/4700 i1 cai1nis
A3R10 06R3=1038 1 REBISTOR joK 5% ,254 FC TCmedoo/+700 atret CB1035
ARy 06B3=1035 1 RESISTOR 1ok Sy ,25W FC TCwedgo/+700 o121 CE1035
AJRIZ 0683=1035 1 RESISTOR 10Kk 5% ,254 FC 01121 cB1N3S
A3R13 0683=1035 1 RESISTOR 10K S5y ,25W FC ol121 CB1nds
AJR1G 0698=0485 2 RESISTOR 23,2k 1% ,125W F TCmf&=100 2u54e Clml/BaT=2322aF
A3RLS 06980485 2 RESISTOR 23,2K 1% ,1258 F TCEp+a=lon 24s4e Clal/BaTym2ddeF
A3R1e 06983228 9 RESISTOR 49,9 1y ,125W F TCwo+e100 FLTT.1 Nb698=322R
ASRIT 0683=2225 3 RESISTOR 2,2K 5% ,25W FCOTCRwd00/4700 ni12t cea2as
A3R18 06831025 9 RESISTOR 1K 5% ,25W FE\TCEed00/en00 ni121 €Byo2s
A3R19 06B3=3325 [ 4 RESISTOR 3,3k 5% ,25WFC TCuw=d00/4700 niga c8332s
A3R20 06R3ap225 3 RESISTOR 2,2K 5x @5W FC TCmedno/+700 01121 ch222s
[SLH 06R3e1325 [ RESISTOR 3,3K Sp ,25W FC TCaw400/+700 o1g21 £83325
A3R22 0683=1035 1 RESISTOR 10K.5% ,254 FC TCE=40O/+700 LERE3 cB103s
A3R23 06831025 9 RESIBTOR 1k \5X% _25W FC TCm=dno/ebnn ny121 CA1025
AJR24 06831035 1 RESISTOR .JOK 5% ,250 FC TCEed00/¢700 olt21 CB1035
A3R2S 0683=1025 9 RESISTOROK SX 254 FC TCa=y0o/+4800 niiz1 cBio02s
A3TL 9100e2p16 1 4 TRANSFORMER=PULSE BIFILAR WOUNDy 1R.0 MM 28480 glo0=2p1e
a3T2 F100=2616 1 TRANSFORMER«PULSE BIFILAR WOUNDy 18,0 MM 2848y G100=2618
AsU1 18201430 3 2 IC CNTR TTL L8 BIN BYNCHRO POS-EDGE=TRIG 01295 gNTaLS161 AN
A3U2 1820=1199 1 b IC INV TTL L8 HEX Le=INP 01295 BNTALSOUN
(317 1820=1197 9 7 IC GATE TTL LS8 NAND GUAD 2=1NP 01295 SNTALBOON
A3p4 18201416 5 2 IC SCHMITT=TRIG TTL L8 INy HEx 1=INP 01298 SNTALS 4N
ASUS 1820e1112 8 10 IC FF TTL L8 D=TYPE POS=EDGE=TRIG ni29s SNTALETUAN
A3US 1820=1199 1 IC INV TTL LS HEX I=INP ni29% SNTALSNuN
A3U7 18202058 3 4 IC MISC TTL 8 QuaD 2Bago 1820=2058
A3UB 1820=2058 3 IC MISC TTL 8 QUAD 28480 18202058
A3US 1820=20628 1 1 HP-1B MCHBALBEP 28udn 1820=2028
A3UL0 1820=1975 1 2 IC BHF=RGTR TTL L8 VEG=EDGE=TRIG PRL=IN 01295 BNTALB165Y
ASULE 1820=1212 9 2 IC FF TTL LS JeKk NEG=EDGE=TRI1G 01295 BNTALS1128N
A3u12 18202058 3 IC MISC TTL 8 QUAD 28uBp 18202058
A3ULY 1820=1144 ] [ IC GATE TTL LS8 NOR QUAD 2eINP 01298 SNTULSNZN
AsUta 18202058 3 IC MISC TTL 8 QuAp 28480 1820=2058
AJULS 1820=1112 8 IC FF TTL L8 D=TYPE POS=EDGE=TRIG 01295 SNTALETYAN
AUl 1820=175% 9 a Ic BFR TTL LS NOMINV OgTL 27014 DMBILEATN
Asury 18201212 9 IC FF TTL L8 J=K NEGeEDGE=TRIG n129% SN74LS 128N
AsU1e 185820054 [ 2 TRANSISTOR ARRAy 14=PIN PLATC DIP 2848g 18580054
A3UI9 1820=0514 2 2 IC GATE TTL NAND QUAD 2e«INP n1295 gNTa26N
A3V20 1820=1759 9 IC BFR TTL LS NONeINV OCTL 27044 DMBIL89TN
AUy 1821=0001 4 2 TRANSISTOR ARRAY 14«PIN PLBTC DIP 01928 Ca30n4s
Alu22 18201433 [ 2 IC SHF=RGTR TTL LS Re8 SERIAL=IN PRL=OUT 01295 BNTULS1BAN
A3X9 1200=06%9 H 3 SOCKETIC 40=CONT DIPSLDR 28489 1200m08659
Ag 034Sa=bb504 | 9 1 PC ASBEMBLY=MAIN CONTROLLER, DISPLAY DR, 28480 03uSe=peSnd

See introduction to this section for ordering information
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Table 6-4. Replaceable Parts (Cont'd).

Reference HP Part |c Descripti Mfr
- - (Jtv escription
Designation | Number (D P Code Mfr Part Number
(1141 0180=0309 L] CAPACITOR=FXD 4, TUF+=20% 10VDC TA 56289 150047SXgu oA
ARC2 018p=030% 'l CAPACITORFXD 4,TUF+=20% 1NVDC Th 56289 1500475001982
AsC3 01800309 ] CAPACITOR=FXD 4, 7TUF#=20% 10VDC TA 56289 150DaTSKuN1INAR
AaCa 01a0=01986 3 2 CAPACITOR=FXD 150PF +=5% 300VDC 4ICA 12138 D¥ISFI51Jn3N0aVICR
A4CS 0180=0309 L} CAPACITOR®FXD 4, 7UF+=20% 10VDC TA 56289 1500478001 vA2
AaCh 0180=0291 3 5 CAPACITOR=FXD jUF+=10% 3SVOC TA Se289 1500105903542
Aag?y 0180=1743 2 1 CAPACITOR=FXD ,1UF+=10% 35V0C Ta 56289 1500104x903542
AgCh 0180=0309 L] CAPACITORFXAD 4 TUF+=20% 10VDC TA 56289 150D47S5x001 042
AacY 0180=0309 a CAPACITORFXD 4,TUF+=20% 10VDC TA 56289 150p475x00) 042
AaClo 0180=030% 4 CAPACITOR=FXD 4,TuF+=20% 10VDC TA 56269 150DuTSKDn A2
AaC1y 0180=0309 q CAPACITOR=FXD 4 7UF4e20% 10VOC TA 56289 150DuTsA0ninA2
AaCi12 0180=0309 a CAPACITOR=FXD 4,TUuF+=20% 10YDC TA 56289 150p475x0n1082
AaghRi 1901=0050 3 DIODE=SWITCHING B0Y 200MA 2N§ DD=35 2BUBD 1901=00580
(1147 19010050 3 DIODE=SWITCHING 80V 200MA 2N8 DO=3S 2848y 1901 =005y
AGCR3 1901=0050 3 DIODE=SwITCHING BOV 200MA 2NS DO=35 28480 1901=0050
AaCRa 1901=00%0 3 DIODE=SWITCHING ARaY 200MA 2N§ DD=35% 28480 1701=0050
AGCRS 1901=00%0 3 DIOCE=SWITCHING ROV 200MA 2NS DO=35 28480 1901=0050
AdCRe 1901=0050 3 DIODE=SAWITCHING ROV 200M4 2NS DO=3S 28480 1901=0050
AaCR? 19010050 3 DIODE«SWITCHING A0V 200MA 2N3 DD=35 28480 1301=0050
03&0=1930 1 BUS 2 CONDUCTOR 2848y 0360=1930
0360e1930 1 BUS 2 CONDUCTOR 28480 0360=1930
0360e1930 1 BUS 2 CONDUCTDR 2BuB0 03s0=1930
0360=1930 1 BUS 2 CONDUC 28480 036N=1930
1810=0307 0 1 ME?NURK.:ND:T unDuLE DIPy 1o PINSp n, 100 28udn 181nea3n?
0360=1930 1 BUS 2 CONDUCTOR 284840 03b0=1930
0360=1930 1 BUS 2 CONDUCTOR 28480 03601930
0360=1930 1 BUS 2 CONDUCTOR 28480 03s0=1930
0360e1930 1 BUS 2 CONDUCTOR 28480 03s0=1930
0360=1930 1 BUS 2 CONDUCTOR 28480 03e0=1930
12510082 [ 9 CouNECTOR 3=PIN % POST TYPE 28480 1251 =ap82
1251=0682 [ CONNECTOR 3=PIN M POST TYPE 28480 1251=uph2
12510082 L] CONNECTOR 3«PIN M POST TYPE 28a8¢p 1251=4882
1251-0682 [ CONNECTOR 3=PIN M POST TYPE 28480 1251=aph2
9100=1617 0 1 INDUCTORRF=CH=MLD 3,9Un 10% 208480 9100=15617
1251=6061 9 CONNECTOR 15=PIN F POBTTYPE 28480 1251=bn61
12516061 9 CONNECTOR 15=PIN F POST TYPE 28480 1251=6061
1258=0141 ] ] JUMPER REMOVABLE 28480 1258=0141
1258=0141 8 JUMPER REMOVABLE 28480 1258=0141
1258=0141 8 JUMPER REMOVABLE 28480 1258=0141
1258=0141 A JUMPER REMOVABLE 28uBo 1258=0141
0683=1035% 1 RESISTOR, (DK 5y ,25W FC TCw=dpo0/+700 12l CA103S
068321035 1 RESISTOR-TOK 5% ,25#4 FC TCu=400/4+700 oLt CA103S
0683=1025 9 RESISTOR 1K Sx ,25W FC TCmswd00/4600 ni12i CBi1o02s
0683=1025 9 RESIBTOR 1K 5% ,25W FC TCe=d00/+b00 a2l cR1028
18100232 (1] 1 NETWORK=RES B=SIP100,0K OHM X & 56289 216CH10dR9PY
0683=102% 9 RESISTOR 1% SX 258 FC 7Cm=d00/+4600 01121 cB102%
0583=1035 1 RESISBTOR 10K §X ,25% FC TCm=d400/4700 ot121 t8103s
04683=102% 9 RESISTOR 1K Sy ,25W FC TCm=sd00/+600 01121 c81025
0e83=3335 8 2 RESISTOR 33K 5% ,25W FC TCR=400/4800 ol121 [EEEL]
0683=1035 1 RESISTOR 10K SY ,25W FC TCe=400/+700 ol121 ca103s
06835635 5 1 RESBISTOR S6K 5% ,25# FC TCe=d00/+B00 o112l CB5635
06831035 1 RESISTOR oK S5x ,25W FC TC=ed00/4700 oii1a1 CB1n3S
0683=4735 4 1 RESISTOR 47 Sy ,258 FC TC==400/4800 of121 CR4TAS
06831035 1 RESISTOR 10K Sx 250 FC TCe=do0s4T00 o121 CB1035
0683-1035 1 RESISTOR 10K S% 250 FC TCa=l00/+4700 of12t c81035
0683=474% 6 5 REBISBTOR 470k 5% ,25w Fc TCE=B800/+4%00 ori2t CB4THS
06834745 [ RESISTOR 470K Sy ,25W FC TC ol CBy7vas
06834745 [ REBISTOR 470K Sx ,25~ FC TC 0121 cBav4s
06834745 [ RESISTOR 470K Sx ,25W FC TCmeB00/+900 o112 CBuTys
06831035 1 RESISTOR 10K SY ,25W FC TCm=d00/+700 ni121 ca1nds
0683=4745 [ RESISTOR 470K 5% 25w Fp TCE=B00/+4900 p1121 BUTYS
06831025 9 RESISTOR 1K Sy ,25M FC TCmed00/+600 01121 Bro2s
06833315 ] L] RESISTOR 330 5% ,25# FC TCm=dpO/+600 o112y ceyxs
12515394 9 1 CONNECTOR qePJN ™ POST TyPE 284Bn 1251=5394
1251=4682 -] CONNECTOR 3=PIN M POST TYPE 28480 1251=4ph2
NOT USED
T D
1820e110a | & YeTGXFE rrL Ls wom quap 2.1we 01295 | sv7aLs02N
NOT USED
49 1818-1629 7 IC MEMORY, ROM 28480 1818-1629
1820=1216 3 3 IC DCDR TTIL LS 3=T0=BaLINE 3=INP 0129% BNTULB3BY
49 1818-1630 0 IC MEMORY, ROM 28480 1818-1630
49 1818-1631 1 IC MEMORY, ROM 28480 1818-1631
1820=119% 1 IC INV TTL LS HEX I=INP 0129% BNTALBOUN
AaUtpall 1818=1960 ] 2 IC NMOS B192BIT RAM BTAT 250eNS 28080 18168=1960

See introduction to this section for ordering information
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Table 6-4. Replaceable Parts (Cont'd).

Reference HP Part |c| e Mfr
5 . r
Designation Number || QtY Description Code Mfr Part Number
AUty a1l 1818=1960 9 IC NMDS B192=BIT RAM STAT 250eNS 28480 181R=1960
Asul2 18201197 4 IC GATE TTL L8 NAND QUAD 2e]NP 21295 §n74L 800N
TS 1820=1112 8 IC FF TTL LS DaTYPE PUSSEDGE=TRIG 01295 SM7ULBTHAN
aAGulae 1820=2038 7 1 IC DRVR NMOS CLOCK DRYR nuT1y MCBBTSL
Aau1s 18202137 9 1 IC MICPROC NM0S AeBIT 0471y MCoBarpP
AaUtp 21 1A20=1416 5 IC SCHMITT=TRIG TTL L8 IV HEX j=INP 01295 BNTALSun
Asul? 1820=1216 3 IC DCOR TTL LS 3=TO=BeLINE 3=]P 01295 BMTULEL 3B
AqU1® 81 1820-0693 ] 1 IC FF TTL 8 LeTYPE POS«EDGE=TRIG 01698 SN7457UN
ARULY 1820=1216 3 IC OCOR TTL L8 3=TO=BeLINE J=]uP 01295 BHTULS1 3mn
Aguzo 1820=1423 4 1 IC MV TTL LS MONDSTBL RETRIG DuaL 71295 BrruLs 23N
Aqu2y 18202309 7 1 IC ENCDR CMOS 27014 MMTACY2 3N
Aquz2 1820e1112 ] IC FF TTL LS O=TYPE POSeEDGE«TRIG 01295 SNTALSTUAN
AsUs 1820=1197 9 IC GATE TTL L8 NAND QUAD 2eINP 01298 SNyuLSnnN
AdURe 1820=1112 8 IC FF TTL L8 D=TYPE POS=EDGE=TR]G 01298 SNTULSTALD
Aauzs 1820=175% 9 IC BFR TTL LS NONeINV OCTL 27014 D¥AILAQTH
ASU2g 1820=1931 9 1 IC GATE CMDS NAND Be]NP narily MC140paBCP
Aau2? 1820=1144 [} IC GATE TTL L8 nDS QUAD 2eINP 0129% BNTALSnRN
ABU28 1820-18%58 9 1 IC FF TTL LS D=TYPE OCTL n129% BNTULSITTN
Ague 1820=2132 4 2 IC DRVR CMOB LED DRVR 32293 ICM72184
AQU30 1820=2132 L] IC DRYP CMDS LED DRVR 32291 1CMT218a
ALXES 1200=0473 8 1 SOCKET=IC 1&=CONT DIP DIP=8LDR 28480 1200=047%
AgX1S 1200=0659 2 SOCKETeIC 40=CNNT DIP=SLDR 2848y 1200=np549
AaYl 0410e1292 5 1 CRYBTAL=b,00 MHZ 28aBy 0dj0my 292
At0 034Se=pe510 | 7 1 PC ASSBEMBLY=INGUARD POWER SUPPLY 28480 D3u56=pb510
ALOE1 0160-4571 B CAPACITOR=FXD ,1UF #B0=20% S0VDC CER 268180 Ulen=u5Ty
AqoCe J160=45T1 a CAPACITORFXP _jUF +Bo=20% SovDC CER 28080 016nN=4571
A1OC3 0160=4571 [ CAPACITOR=FXD ,1UF +B0=20X SOVDL CER 28480 Dle0=457]
AjoCa 0160=4571 (] CAPACITORFXD ,1UF #Bo=20% S0VDC CER 2848p D160=457)
ALOCS 01803025 7 1 CAPACITOR=FXD doooUF+100=10% 15vDC alL 2BuBp n1BN=3n25
1anss 0180=0230 0 16 CAPACITOR=FXD 1UF+=20% SOVOC TA 56289 150p105x0050A2
Ajoty 01803009 7 1 CAPACITORSFXD 4TUF+=20% SOVDCOAL 28uBy nlbn=3gn9
AlOCE 0180=2803 7 1 CAPACITOR=FXD 100UF+50=10% SOVDC AL 28uBp D1B0=2EN03
Ajoce 0180=0230 0 CAPACITORFXD (UF4=20% Su¥0C TA 56289 150D 105%nSyA2
AL0C10 0180=0230 ] CAPACITOR=FXD 1UF+=20% S0VDC TA 56289 150p108x0nS0a2
AyoC11 0180=0230 0 CAPACITORLFXD jUF4e20% SOVDC TA 56289 1500108800502
Atoga2 0180=0230 0 CAPACITOR=FXD 1uF+»@0% S0VDC Th 56289 1500105x005042
Aol 01802635 3 2 CAPACITORFXD jo00UF+S0e10% 35VDC AL 2BuBn 0180e2635
ALOC1G 0180=0230 [ CAPACITOR=FXD 1uF+=20X SOvVDC Ta 56289 150n105x005042
LYTTEE) 0180=2635 3 CAPACITOR=FXD L000UF+S0=10% 35VDC AL 28480 U1BD=2p35
A10C16 018p=3014 4 1 CAPACTITOR=FXD 330yF+=20% S0VDC AL 28480 pl1BN=3plu
A oCy7 0180=0230 0 CAPACITORGFXD juUF+=20% S0VDC TA 56289 150D10§ANOENA2
AjoCie 0180=0230 1] CAPACITOR=FXD 1UF+=20% S0yDC TA 56289 150D 108 0nSnke
Agoc1® 0180=3008 [ | CAPACITOReFXD 470UF+S0=10% 35VDC AL 28480 0180w300k
AjoCR1 19060090 7 2 DIODE=F% BRDG 2oov 24 naTLY MDA202
ALOCR2 1906=0098 7 DIDDE=FW BRDG 200V 24 naT13 MDA202
AL OCRI 1902=0644 3 2 DIODE=ZNR INS363B 30V Sy PDESH TCme29MY 28480 1902=nbdd
A1OCRY 1902=0b44 3 DIODE=INR IN5363R 30V 5% PDESw TCw429MY 2BaBn 1902=0p04
ALOCRS 1902=1000 7 1 DIODE=ZNR INS36sB 39V 5% PCaSw IRESHNNA neTL3 1N53068
ALOCRE 1901=0028 L] 4 DIDDE=PWR RECT wpoV 7S0MA DU=29 28480y 1901=0028
ALOCRY 1902=1340 8 H DINDE=ZNR I1NS3SSA 1BY 5% PpESh IRESnONA naT13 1453554
AjoCRE 1901=0028 5 DIODE=PaR RECT 4ooV 750MA DUe29 LT 1901=0028
ALOCRY 1901=0028 ] DIODE=PWR RECT a00V 7S0MA DU=29 28480 1901=0028
A10CR1p 1901=n028 s DIODE=PWR RECT ungV 7S50MA DO=29 28480 1901=nn2d
ALoCR1y 1902=1340 8 DIDDE=INR 1NS3I55B 1BV Sy PDaSh JReSgonA nuTL3 1V53556
ALOCR12 19021288 3 1 DIODE=ZNR INS35BR 22V 5% PDESw TCE+75% nuT13 1853583
AjoMy  alo 12050462 5 q HEAT SINK SGL TNa220eC8 2Balp 1205=0462
ALDMZ al0 1205=0462 5 HEAT SINK 8GL Tow220=(S§ ELTLL] 1205=p462
ALOH3 210 1205=0462 5 HEAT BINK SGL To=220=C5 28a8y 1205= 0462
AlOME  al0 1205=0462 5 MEAT SINK SGL To=220=C§ 2BuBy 1205=0462
AjoJ14 1291=5388 ? 1 CONNECTOR b=PIN ™ POST TYPE 2BUB) 1251=5380
Aropia 12510539} b 1 ConunECTOR b=ply F ppsT TY 28480 1251=5391
1251=b060 q 6 CONTACT=CONN Ufn-pnsr-rvpz FEM CRP 2848y 1251=60686
Ajor1s 12516014 2 | COMNECTOR BePIM F PDST TyPE 28480 1251w6014d
AfoRy 0757=0737 1 1 REBISTOR 1 ,62K 1x ,25n F TCEO4=ing 2us4s CSaf/daTU=lb2laF
AjOR2 0757=0403 2 1 RESISTOR 121 1x 125w F TCe0+=tnD 2U54e Clal /BuTiml 2| HuF
Ajouy 1826=0122 [ 1 IC 7R0S V RGLTR To=220 n72e3 7B05UC
Atou2 1826=0398 0 1 IC 7815 V RGLTR TOe=220 n72el 78150C
Agous 1826=0214 1 1 IC V RGLTR TO=220 ouTyy MC7915CT
AfOUR 1826=0527 9 1 IC 337 V RGLTR 710220 27014 LM33TY

4A SEE RHOTE OM SCHEMATIC 9

See introduction to this section for ordering information
*Indicates factory selected value

Rev B 6-7



Table 6-4. Replaceable Parts (Cont'd).

Reference HP Part |c| Descrinti Mfr

: . escription Mfr Part Number
Designation | Number (D Y p Code
A20 034%6=66520 | 9 1 PC ASSEMBLY=DC, AsD AND DHMS 28480 034Sp=nb520
A20C109 0160-5231 5 4 CAPACITOR«FXD L70PF +-10% 100VDC POLYP 28480 0160-5231
A20C102 0160-5231 5 CAPACITOR=FX0D U47OPF +-10% 100VDC POLYP 28189 0160-5231
AzoC103 0160-5231 5 CAPACITOR=FXD 470PF +-10% 100VDC POLYP 28480 0160-5231
A20C104 0160-5251 5 1 CAPACITOR=FXD 470PF +-10% 100VDC 28480 0160-5251
A20C108 0160=t078 0 2 CAPACITORFXD JUF +=10%X 100¥DC POLYP 28489 01eheun7B
AgoC10p 0160=0859 7 ] CAPACITORFXD {UF +=10% 50VOC POLYE 28480 N160=nA59
A20C107 0160=0970 3 1 CAPACTITOReFXD ,uTUF +=10X BOVDC PULYE 28usy 0160=0970
AzoC108 0160=0181 ] CAPACITORFXD 30PF +eS% 300VDC MICA 28uBi 0le0=0181
A20C109 0180=0230 0 CAPACITOR=FXD fuF+=20% SOVDC T4 56289 150n108x0n5042
A2oC11p 0180=0230 ] CAPACITOR=FXD juFs=20% S0VDC TA 56289 1500105005042
A20C11y 46 0160=3336 1 2 CAPACITORFXD 1poPF +«5x% 100VDC CER 28uBn 0160=3335
A20C201 0160=3336 1 a CAPACITOUR®FXD 100PF ¢=10% SOVDC CER 28489 uvlen=333s
A20C202 0l160=Udb1 5 1 CAPACITOR=FXD 1650PF +e2,5% 160VDC POLYP 28480 LTI
A20C203 01603336 1 CAPACITOR=FXD 100PF +=10X SOVDC CER 28480 tlp0=3330
AzoC204 016n=35%6 1 CAPACITOReFXD 100PF +=10% S50V0OC CER 28480 nlpn=333e
A20C309 0160=4Bp7 k 2 CAPACITOR«FXD 33IPF 4=5% 100VDC CER p4+=30 28480 0160=4B07
A20C302 0le0=aB0T 3 CAPACITOR=FXD 33PF #=5% 10UVO[L CER D4m3n 28480 N160=4807
A20C30% 0160-0362 [ 1 CAPACITOReFXD 510PF +-5% 300VDC MICA 28480 0160-0362
A200304 0le0=uByY 2 CAPACITOR=FXD 150PF +e5% 100VDC CER 2Budy I LEY LI
A20C305 0160-0158 8 1 CAPACITORFXD S5EO0PF +=5% 200VDC POLYE 28480 0160-0158
[FLITL 0180=457) 8 CAPACITORFXD _jUF #Bo=20% S0VDC CER 2848¢ 0160=u571
A20C402 0160-5231 5 CAPACITOR=FXD H70PF +-10% 100 VDC POLYP 28480 0160-5231
A20Ca0y 0i160=5)04 5 1 CAPACITOR-FXD .0039MF .05 POLYP 2848y 016N=S104
A20C404 0180=0197 a8 1 CAPACITORFXD 2 2UF+«10% 20VDC T4 56289 150P225x%902042
A20Ca0s 0160=0B08 4 1 CAPACITUR=FXD a70PF +=5% 100VvDC CER 28480 [STLETELT]
A20Cung 0180=p230 0 CAPACITOR=FxD juFs=20% SOVDC T4 56289 1500105005042
A20C407 018n=0230 0 CAPACITOR=FXD jUF+=20% SOVDC Ta 56289 150D108X005042
AzoCa0n 0180=0230 0 CAPACTITOR=FXD 1yF+=20% SovDC T4 56289 150D105KunG042
A20C409 ' 01800230 0 CAPACITORWFXD jUF4=20% SOVDC TA 56289 150010%X0nS0A2
AzoCalo 016n=u83] 3 1 CAPACITORFXD 47n0PF +=10% 100vDC CER 28uBD 0160=4B31
AgoCualy 0ls0=4078 0 CAPACITUR«FXAD {UF +=10% 100VNC POLYP 284Bn 0lpdwdn 78
A20C508 01800230 n CAPACITOR=FXD juFse2ay S0VDC F& 56289 1500105xn05042
A20Cs0 01p0=4571 ] CAPACITOR=FXD ,1UF #80=20% SOVDC CER 28480 Olp0=d571
A20C700 018p=011b 1 1 CAPACITORaFAD &, AUFs=10x ISUDC TA 56289 150D6A5X9n3582
A20C701 46 0180=0269 5 CAPACTITOR=FXD 1UF+=20% 150VDC TA 56289 150D105X015042
Az0CR101 19021337 3 2 DIpDE=ZNR 13V 2% Do=1.PDa,dw 28480 19021337
A20CR102 1902=1337 3 DIODE=ZNR 13V 2% DO«T-PDm, aw 28480 1902=1337
A20CR201 1901 =058 0 1 DIODE=GEN PRP 30V @5MA TOeT2 28480 1901=058b
A20CR202 1901=0029 b 1 DIODE=PWR RECT n00V TSOMA D029 28481 1901=0029
A20CR301 1901=0050 3 DIUDE=SWITCHING ROV 200MA 2NS DO=35 28480 1901=0050
A20gR3p2 1901=0050 3 DIODE=SWITCHING B0V 200MA 2N8 DO=35 28480 1901=0050
A20CR3p3 1901 =p050 3 DIODE=SWITCHING BaV 200M& 2NS DO=35 2848n 1901=0050
A20CR3p4 1901=0050 3 DIODE=SAITCHING RaV 200MA 2N8 DO=35 284Bn 1901=0050
A20CR30% 1901=005%0 3 DIDDE=SWITCHING B0V 200M& 2NS DO=35 28480 1901=0050
A20CR3pb 1901=0050 3 DIODESWITCHING BuV 200MA 2NS D035 28480p 1901=0050
A20CR3p7 1901=0518 8 3 DIODE=SCHOTTKY 28480 1901=0518
A20CR308 1901=0518 8 DIODE=SCHOTTKY 28480 1901=0518
A20LREp) 1901=0050 3 DIODE=S#ITCHING BV 200MA 2N3 D0=35 28480 1901=0050
A2oCRip2 1901=0378 [ 5 DIODE=GEN PRP 35y S0MA DODe3S 2848p 1901=0378
A20CRu03 1901=037¢ ® DIODE=GEN PRP 35V S50MA DOe3s§ 28480 1901=037e
A20CRAQH 1901=0518 8 DIODE=SCHOTTKY 28480 1901%0518
A20CRSpH2 1901=0704 4 1 DIODE=PWR RECT sNuon2 fooV 14 DO=dy 01295 1Naon2
azo:a!gs 1902=3149 9 1 DIODE=2ZNR 9,09V 5% D0=35 PDm,dw 28480 1902=3149
A20CR7p1 1901=0080 1 13 DIONE=SWITCHING ZaV SoMA 2M3 DD=35 2848n 1901 =0ndn
A20CRT702 19010040 1 DIODE=SWITCHING 30V S0MA 2H8 DD=35 28480 1901=004d0
A20CRT03 1901=0040 1 DIDDE=SWITCHING 30V SoMp 2M3 pO=3S 28u8o 1901=0040
A20CRTp4 1902-3182 0 | DIODE=ZNR 12,1V 5% D0w3S PD= a¥ 2848y 1902=3182
A20E201 1970=00R4 A 1 TURE=ELECTRON SURGE V PTCTR 28480 1970=0084
A20F201 2110=0011 0 1 FUSE 0624 250v NTD 1,25%,25 UL PBuBp 211n=cnty
A20J10 1251=064d 0 1 CownECTOR TerIn F PUST TYPE 28480 1251=4bdd
A20J24 1251=60860 2 1 CONNECTOR S«PIN M POST TYPE 28u8p 1251=6n64
A20J25 1251=6191 b 1 CONNECTOR d4ePIN M PDST TYPE 28480 1251=6191
A20J26 1200=0887 4 3 SOCKET=STRP B=CoNT S1P DIP=8LDR 28480 1200=08867
Az0Jd27 1200=0867 ] SOCKET=STRP A=CONT SIP DIP=SLOR ELTLIN j200=nBa?
A20J28 1200=0887 a SOCKET=STRP A=COMT SIP DIP=SLDR 284g0 1200=0887
A20J29 1251=6518 8 1 CONNECTUR s«PIN ™ POST TyPE 2848 1251=6515
A20%104 049p=gbR3 [ 4 RELAY=REED {4 g5opMA 3p00VDC sVDC=COIL 2BuBg nusn=oeby
A20K102 049panbRl ] RELAY=REED 1A SpoMA 1npoyDC SyPCeCOIL FLLLTE 0090=0p83
A20%10% 0490=1238 7 1 RELAY=PEED 24 1200VDC 1sVDC=COIL 1sva LT 0ug0=1234
A20P15 1251=3982 3 | CONNECTOR B=PIM F POST TYPE 28480 1251=3962
A20P17 1251=p062 ] ] CONNECTOR j0=PIN F POBT TYPE FLTT 12851=6062
AzOP18 12516062 o CONNECTOR 10=PIN F POST TYPE 28480 1251 =8062
AzoP21 1251=6062 o CUNNECTOR j0=PIN F POST TYPE 26480 1251=b062
A20P29 1258=014} L] JUMPER REMOVABLE 28480 1258=0141
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Table 6-4. Replaceable Parts (Cont'd).

Reference HP Part |c| e Mfr

: p t Description Mfr P
Designation | Number |D Y scnp Code art Number
A20P30 1251=b082 0 COMNECTOR 10=PIN F POST TYPE 28uBp 1251 =662
A208101 1858400429 1 b TRANSISTOR JeFET NeCHAN DeMUNE TOw92 28481 1855=0u29
A208102 18550298 2 23 TRANSISTOR J=FET NewCHAN DsMODE TO=92 2BUBO JES5=0298
Azo8103 1855-0298 2 TRANSISTOR J=FET NeCHAN Da™UODE TO=92 28uBg 1E5S=np9R
A200108 18550298 2 TRANSISTOR JeFET w=CHAM De"0OCE TO=g2 2RuBn 1855=0298
A200108% 185820298 2 TRANSISTOR JeFET NelHAN DeMUDE TNe92 28480 18550296
A20010¢ 1855=0298 2 TRANBISTOR J=FET NwCHAN De™UDE TDw82 28460 1855029k
A200107 18550298 2 TRANSISTOR J=FET Ne=CHAN DeM™ODE TO=92 28480 1A55=029F
Ag0Q108 185520298 2 THANSISTOR JeFET NeCHAN DeMODE TDw92 28480 1855=029H
4200109 18580258 2 THANSISTOR J=FFT WeCHAN DerODE TO=92 2848y 1855=n249k
A200110 18550298 2 TRANSISTOR JeFET NaCHAN De™ODE TOwG2 PBuBC 1855=02948
A200114 185540298 2 TRANSISTOR JoFET Ne[HAN DeMORE TOw92 ELETTY 18550294
A20Q112 1855«0298 2 TRANSISTOR J=FET N=CHAN DeMODE TO=92 28u80 185520298
200113 185520029 1 TRANSISTOR JoFET NaCHAN DaMUDE TU92 2B4B0 1A55=0u29
A20011a 18550429 1 TRANSISTOR JeFET Ne=CHAN DeMODE TO=92 28480 1B55=0429
A200118 185520298 ? TRANSISTOR J<FET NeCHAN DaMUDE TOD=92 2BuBg 18550298
A20011¢ 1855=0298 2 TRANSISTOR J=FET NeCHAN DeMODE TOe22 2BUB0 18550294
A200117 18580298 2 TRANSISTOR J=FET NeCHAN D=MONE TO=92 28UBO 18550298
A200118 185520298 2 TRANSISTOR JFET NaCHAN DaMUDE TOa92 28480 1855=029R
A20Q119 18550298 2 TRANSISTOR J=FET N=CHAN De“ODE TO=92 28480 1855=0295
Ag00120 185540243 7 2 THANSISTOR=JFET DUAL NeCHAN TO=71 SI 28uBy 1855=0n243
A200123 1888.0270 0 4 TRANSISTOR JaFET WNeCHAN DaMODE TDa92 SI 284a8p 18550270
A20Q20) 1A55=0298 H THANSISTOR J=FET M=CHAN D=MODE TO=92 28480 1855=0254
A200202 185820298 2 TRANSISTOR JFET NeCHaN DaMODE TOe%2 2848p 185540298
A200203 1855=0298 2 TRANSISTOR J=FET NeCHAN D=MODE TOw92 28480 18550298
A200200 18550298 2 TRANSISTOR J=FET NeCHAN DeMODE TO=92 28uBp 18550298
Az0020% 18550298 2 TRANSISTOR J=FET NeCHAN Da™ODE TO=92 2BUMQ 18550298
A200208 18550298 2 TRANSISTOR J=FET NeCHAN DeMODE TO=92 28480 |B5S=029R
A200207 18550294 2 TRANSISTOK JeFET NeCHAN DeMODE TOw92 2BuBy 1855=029R
A200208 18550029 1 TRANSISTOR J=FET N=CHAN DeMODE TO=92 2880 1B55=n429
A200209 185%5=0429 1 TRANSISTOR JeFEY NeCHAN DeMODE T0=92 28480 1855=0ue9
A200210 18500079 H 2 TRANBISTOR NPN 2N3439 §] TO=S PpEiw 01928 2M3439
A20021 18540079 5 TRANSISTOR NPN 23439 81 T0-5P0mw 01928 2N3u3e
A200301 1854=0215 1 1 TRANSISTOR NPN 81 PD=35nMa FTR300MHZ 0713 283904
A200302 185%5=0386 9 4 TRANSISTOR JwFET 2NU392 Ne(WlN DeMODE ouT1y 2MU397
A20030% 185520388 9 THANSISTOR JFET 2Nu392 NGCHAN DaMODE nuTL3 2Nu3e2
A200304 1855.0386 9 TRANSISTOR JFET 2N4342° NeCHAN DeMODE naT1} 294392
A200308 185%5=0247 1 2 TRANSISTOR=JFET DUAL N=CHAM De™ODE TO=T1 28uB0 1855=n24a7
A200304 18550386 9 TRANSISTOR J«FET 28d392 NaCHAN D=MODE 04713 FLCR LF]
A208307 1855=0270 0 TRANSISTOR JeFETuN=CHAN DeMODE TO=92 81 28489 1855=0270
A200308 185520341 [ 1 TRANSISTOR J=FET 2Na338 NaCHAN D=MODE 17858 2Nu33A
A200309 1855.0270 0 TRANSISTOR JuFET NeCHAN DaMODE TOw92 81 28uBp 1855=0270
A200310 1855«0246 0 H TRANSISTORSJFET DUAL NeCHAN DeMODE TOw71 ELTLL 1855=02486
A200314 18580247 1 TRANSISTORSJFET DUAL NeCHAN DeMODE TO=T1 28480 18580247
A200401 1A53=0066 8 | TRANSISTOR PNP 81 TO=92 PDe625Mw 28480 1853=0060
A200002 185800820 2 5 TRANSISTOR J=FET 2NU3%] NaCHAN DeMODE 01295 FLURLE
A200a0% 188820420 2 TRANSISTOR J=FET 2N439)] NeCHAN D=MODE ni29% 2Ny 39
A200000 18550414 4 1 TRANSISTOR J=FET 2N4393 NeCHAN D=NMODE nuT13 2nu393
A200408 185540270 0 TRANSISTOR JeFET NeLHAN DeMODE TO=92 81 28uBy 18550270
A200008 a4 18550460 0 TRANSISTOR=JFET DUAL N=CHAN De™QDE T0=71 28480 1855= 0460
A200807 1855=0243 7 TRANBISTOR=JFET DUAL N=CHAM TO=71 81 28480 1855=0243
A200408 1855=0429 1 TRANSISTOR J=FET Ne=CHAN DeMODE TOw92 28ubo 18550429
A20050) 1853=00R89 L 1 TRANSISTOR PNP 2NA91T 81 PDe2p0Mw 07263 2Na91 7
4200701 1854=p0B7 5 ] TRANSISTNR NPN 8] PDE3soMm FTe754HZ FLETT 1850=008T
A20Q0702 1854=0087 5 TRANSISTOR NPN §] PD®3&0Mw FTETS¥RZ 28480 1854=0087
A200870% 1AS4=g0BdT 5 TRANSISTOR NPN 81 PDm3sova FTeTSMHZ 2848¢ 18500ndT
A20R107 06983179 9 1 RESIBTOR 2 55K yx 1250 F TCmos=10n 24546 Cuel/RaTp=2591
A2OR102 0692=2735 9 L] RESISTOR 27K 5% 2w CC TCmp4785 nl1el HB2735
A20R10% 06Bb=1035 7 1 REBISTOR 10k 5% ,SW CC TCw0+765 uir2l EBYD3S
A20R104 0689=1045 5 1 RESISTOR jp0K Sy iw CC TCmo+BB2 01121 GB1nasS
A20R108 0693=104] 0 2 RESISTOR 100K 10X 2% CC TCE0+BA2 nI1l HBj04
A20R10% 0693=1041 0 RESISTOR 100k foXx 2w CC TCEQ+BB2 01121 HB1ndy
A20R107 069843558 B 3 RESISTOR u,02% 1% 1250 F TCmpsmioo uSub Cdmi/RaTmt2]=F
A20R108 0698=3558 8 RESISTOR 4,02k 1X L1250 F TCed4=100 24548 Clsl/BaTi=dD2]lof
A20R100 069222735 9 RESISTOR 27k Sy 2w CC TCm0+T6S 01121 HB2735
A20R110 06922735 9 RESISTOR 27k 5% 2w CC TCEO#+T85 ni121 HB2T35
A20R11y 06B3=10uS 3 17 RESISTOR yo0K Sy ,25W FC TCEaUD0/4800 01121 CByous
A20R112 06831035 1 RESISTOR 10K Sx ,25s FC TCE=UOO/4T00 n1121 CB103S
A20R11% 06831035 1 RESISTOR 10K 5% ,25W FC TCmedpC/+700 01121 CRyn3s
A20R11g 06831015 1 RESIBTOR 10K 5% .25 FC TCm=d00/¢T00 1121 CB1035
A20R11g 06B3=1035 1 RESISTOR 10k 5% ,25w FC TCm=u00/¢700 r1121 CH103%
A20R114 0683=1035 1 RESISTOR 10K 5% ,254 FC TCm=d400/4700 ol121 CH1035
A20R117 0683=1035 1 RESISTOR 10K 5% ,25# FC TCm=800/4700 01121 CBy03s
AZOR11R 0683=1015 1 RESIATOR 10k 5% .25« FC TCe®=d00/4700 1121 cBIn3s
A20R119 0683=1035 1 RESISTOR 10K 5% ,25w FC TCm=U00/4700 ol CB103S
A20R120 06922735 9 RESISTOR 27K 5% 2w CC TCEn4Tb6S ni21 HA2735
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Table 6-4.

Replaceable Parts (Cont'd).

Reference HP Part |c e Mfr
: A Description

Designation | Number [P Qty wripuo Code Mfr Part Number
AZ0R12) 068321038 1 RESBIBTOR fo0Kk 5% ,254 FC TCwed400/¢700 01121 C8103S

A20R122 0683=1035 1 RESBISTOR 10K 9% ,25W FC TCN=0G00/+700 ottt cB1035

A20R123 0683=1035 1 RESISTOR 10K 5% ,25N FC TCewd00/+700 ot121 c81038

A20R12g 06831035 1 RESISTOR 10K 5X ,254 FC TCawi00/+700 ol121 cB103%

A20R328 0683=103% 1 RESISTOR 10K Sx ,25W FC TCme400/4700 ol121 CB1o3s

AgOR124 0757=0442 9 15 RESISTOR 10K 1Xx ,125W F TCEO4e100 26546 Cldel/BaTOaln02eF
A20R127 0757=0442 9 RESISBTOR 10K 1% ,125W F TC®O4=100 20548 Cldel/BaTOmlf02eF
A20Ry 28 0683=4045 3 REBISTOR 100K Sx ,25W FC TCm=y00/4800 01121 cB104s

A20R129 06831045 3 REBISTOR (00K 5% ,25W FC TCwad400/¢800 011214 CBious

A20R130 0683=104% 3 REBISTOR 100K 5x .25 FC TCw=400/+800 o1i21 cB104s

A20R13] 0683+1005 L 6 RESISTOR 10 5X ,25W FC TCW=400/+4500 ol £B100S

A20Ry32 068321005 5 REBIBTOR 10 Sy ,25W FC TCeal0o/+500 o1y CBio0%

A20R133 0683=1045 3 RESIBTOR 100K Sx ,25W FC TCE=400/4800 01121 £B104S

A20R)3a 068321035 1 RESIATOR 10K Sx ,25W FC TCmal0/4700 [I¥E 3] CB103S

A20R138 069823572 [3 RESIATOR 60,4k 1X 1250 F TCaO+=100 20848 Clml/8aTOub0d2eF
A20R136 0698e4482 9 1 RESISTOR 17,4K 1X ,125W F TCEO4e100 03ass PMESSw] /BuTOmlTddeF
A20R1 37 06B83=1045 3 RESISTOR 100K SX ,25W FC TCwa40o/4800 ol121 C81048

A20R138 0683=104% 3 REBISTOR 100K S5x ,25W FC TCmed00/+800 01321 cB104S

A20Rq39 068321045 3 RESISTOR 100K 5% ,25W FC TCweq00/+800 03121 cBy0as

A20R14p 0683=1045% 3 RESISTOR 100K Sx ,25w FC TCmea00/4800 ol121 CByoas
A20R143 THRU R145 | 0683-1045 3 RESISTOR 100K 5% .25W FC TC=-400/+800 01121 CB1045S
A20R146 0683-5135 0 ] RESISTOR 51K 5% .25W FC TC+-400/+800 01121 CB5135
A20R147, R148 2100-3253 7 2 RESISTOR-TRMR 50K 10% € TOP-ADJ 1-TRN 28480 2100-3253
A20R149 0698-3547 5 1 RESISTOR 1 OHM 5% ,5W 01607 EB10GS
A20R150% 0699-0740 6 1 RESISTOR 12M 5% ,125W 01121 BB12M
A20R150% 0698-6592 6 1 RESISTOR 6.8M 5% ,125W 28480 0698-6592
AZ0R150% 0699-0741 S 1 RESISTOR B8.2M 5% .125W p1121 BBE.2ZM

A20R209 0698=3262 1 1 RESISTOR 40,2 1% 1250 F TCEO4e100 24546 Clhul/BuTOml022F
A20R20p 0698=3450 9 RESISTOR 42,2K 1X 41250 F TCw0+=100 20546 Chmyi/BeTOny2a=F
A20R20% 06988690 9 1 RESIBTOR 4,75 1% 1250 F TCEO4=100 28480 0698=8490
A20R200 0757=0306 2 1 RESISTOR 10 1X 1250 F TCuo+e100 20546 Cdu1/BuTomiOR0F
A20R208 06984366 8 1 RESISBTOR 19,1 1% ,125W F TCRO4=100 03888 PMESSw| /8a10=19R1aF
A20R204 0698=4377 1 1 RESISTOR 37,4 1X ,125W F TCadé=100 20%4s Cdel/a=T0n3TRAr
A20R207 0757=0u88 1 1 RESISTOR 750K 1% ,125W F TCWO+«100 28480 0757=0486
A20R208 0683=3025 3 1 RESISTOR 3K SX _2SW FC.TCm=dpo/¢700 ol121 CB302s

A20R209 06832025 1 1 REBISTOR 2K SX ,25W FC TCead00/¢700 ol12t cB202%

A20R21p 06835135 0 REBISTOR 51K 5% ,250CFC TCm=400/4800 ol121 £B513%

A20R21y 0683=5135 [] RESISTOR SiK SX ,2%W FC TCe=200/4800 01121 CBS13S

A20R212 068325135 [ RESISTOR S1K 5% .,250 FC TCE=d400/+800 01121 CB513S

A20R213 068321335 u 1 RESISTOR 13K 5% ,2%0 FC TCws=i00/+800 01121 81338

A20R214 08111053 & 1 RESISTOR 30K 02X (25w PWW TCEQ4=] 28480 0811=1053
A20R21S 0683=1045 3 RESISTOR 400K Sy ,25W FC TCw=u00/+800 oi121 CB1o4s

A20R214 068321045 3 RESIBTOR T0OK S5X ,25W FC TCW=400/+800 o112t cB1048

A20R217 0683=1045 3 RESISTOR 100K Sy ,25W FC TCeeu00/¢800 ol121 CBio4s

AQ0RZ18 0699=0072 7 1 RESISTOR 6,81M 1x 1254 F TCEQe=100 28480 0699=0072
A20R219 0764=0028 2 1 RESISBTOR 100K 5X 2W MD TCm0+=200 28480 0764=0028
A20R22p 06984490 9 RESIBTOR 29,4K 1X 1250 F TCeO+=100 24546 Clui/BaTOuRRd2aF
A20R221 0757+0450 9 1 RESISTOR 22,1K 1X 41254 F TCa0+=100 24546 Chel/BaT0=22]2eF
A20R222 068321015 7 1 RESISTOR 100 5% ,254 FC TCma400/+500 01121 CB1o15

Ag0Ry0} 0787=04u2 9 RESISTOR 10K 1% ,125W F TCaO+=100 24546 Cu=1/8uTO=i002eF
A20R302 07570283 [} H RESISTOR 2K 1% 125w F TCmDes100 26546 Clal/8aT0m2001aF
A20R303 0757=0273 q 2 RESISTOR 3,01K 1X 125K F TCaD+=100 20548 Clml/BaT0e30]l=F
A20R304 075T=0449 [} RESISTOR 20K 1% ,125W F TCE0+=100 24%4s Clel/BuTOe2002=F
A20R308 075T=000886 3 5 RESISTOR 15K 1X ,125W F TCEO+=100 24548 Clel/BuTOm1502=F
A20R306 0757=0455 4 1 RESISTOR 36,5k 1% 1254 F TCE04=100 24546 Ciul/BaT0u3b52=F
A20R307 0757=0au® 6 RESISTOR 20K 1X ,125W F TCmo+=100 24546 Cu=1/8=Tom2002°F
A20R308 0757=0446 3 RESISTOR 15K 1% ,125w F TCEO+=100 24s4e Clml/BaTOel502=F
A20R309 0757=0465 6 22 REBISTOR 100K 1% ,125W F TCe0+=100 24846 Clmi/BeTO=]1003=F
A20R310 07570089 0 1 RESISTOR 150K 1% ,125W F TCE0#=100 24546 Ciw1/BaTo=1503aF
A20R31] 0757=0274 5 1 RESISTOR 1,21k 1x L1250 F TCepsel00 24546 Clmi/BaToml2ldnF
A20R312 0698-3496 0 RESBISTOR 3.57K 1% L1250 F TCRO+=100 20546 Clmi/BaT0n3571uF
A20R313 0698-4121 3 1 RESIBTOR 11.3K1X ,125W F TCEO4=100 20546 Clmi/BaTOm1l52eF
A20R314 0757=0ub% [ RESISTOR 100K 1% ,125W F TCu04=100 24846 Clml/B8uT0nl003aF
A20R31S 0757=0485 [ RESISTOR 100K 1% ,125W F TCEO+=100 26548 Clui/BaT0=1003sF
A20R31s 0757=0465 6 RESISTOR 100K {y ,125W F TCEO4e100 24548 Clul/BaT0ui003aF
A20R317 0757=0485 6 RESISTOR 100K 1X ,125W F TCEo4=100 20546 Cdm] /BuTOm] 003=F
A20R318 07570280 3 6 RESISTOR 1K 1X 1254 F TCRO4=100 2usae Clal/BaTO=1001aF
A20R319 0757=0280 3 RESISTOR 1K 1X 1254 F TCmO+=100 2usdy Clel/B=T0el001aF
A20R32p 07570442 9 RESIBTOR 10K 1X ,125W F TC®04=100 20546 Chul /BTl 002eF
AzoR32y 0757e0442 9 RESIBYOR jok 1x ,125% F TCmo4ml00 2454 Clal/BaToulpo2arl
A20R322 0757T=0444 1 1 RESTSTOR 12,1K 1X ,125W F TCRO+=l00 24S4e Clml/BaTOni2]l2aF
A20R323 0757=0451 0 RESISTOR 24,3K 1x ,1250 F TCeosal00 24546 Clul/BuTOud32F
A20R324 0757=0317 7 1 RESISTOR 1,33K 1X 125 F TCRO+=100 24546 Clml/BaT0ul33leF
A20R328 06983156 2 1 RESISTOR 14,7K 1% L1254 F TCu0+=100 2u546 Chml/BaTOnly]2=F
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Table 6-4. Replaceable Parts (Cont'd).

Reference HP Part |c P Mfr
Designation | Number |0 Qty Description Code Mfr Part Number
A20R328 0698.345) 0 H RESISTOR 133x 1y 125w F TCEQ4mifin 2uSue Cle)/BaTiml33daF
A20R327 06983451 0 RESISTOR 133k 1% 1250 F TCeN4winn 2uSde Cle]/BaTOml333af
A20R328 0698=8820 1 2 RESISTOR Se2k 1x 125+ F TCE(4=)00 28060 0b9H=RRRY
A20R329 0757=nuas .1 RESISTOR 20K 1% ,125W F TCWO+w100 gusde (=l /BaTim2002=F
A20R33p 075T=0uu® 6 RESISTOR 20K 1% ,125¢ F TCEOsel00 2uSub Cie) /PaTpaguieaF
A20R3Yy 06988824 1 RESIBTNR 562K 1y ,1254 F TCEn4alny 28uB0 0b9H=BAZY
A20R33> 0757=04u2 9 RESISTOR 10k 1% ,125W F TCmiewlon 2usSus Clmi/RaTum]Bl2=F
A20R33y 0698-3151 1 1 RESISTOR 2.87K 1% .125W F TC=+-100 2usue Clim) /BuTnu2AT I=F
A20R33a 2100=33R3 4 1 RESISTOR=TRMR S0 10X C TOPeaDJ 1=TRN 28480 2100m33K3
A20Ra0y 0757=02R0 3 RESISTOR 1K 1% 1254 F TCeos=inn 20540 CUml/buTn=lnOleF
A20Ra02 0698a4307 7 1 RESISTOR 14,3 |y 1258 F TCens=lon 2usus Cle] /BaTi=ldleF
A2ORGOY# 0698=4539 7 a RESISTOR 402k 1% 125w F TC®04=100 28480 Nb9R=4519
A20Ra0y* 0757-0465 5 RESISTOR 100X 1y 125w F TCeO4=}O0 2454s Clal /ReTiial0udeF
A20RO0Y» 0757=0472 5 2 RESISTOR 200K 1% ,125n% F TCRC4=100 245de Clul /RaTO=@003=F
A20R40%e 075T=0476 9 2 RESISTOR 301X 1% _125% F TCEo4w100 2u54e Cle]l /BaTud(]daF
(PADPING LIST FOR R403 = 3 EACH)
A20Ru04 0698.u453 4 1 RESISTOR 402 1x ,125% F TCs04=t00 24548 Clmi/BuTimlt2RaF
A20RA0S 069R=4515 9 1 RESISTOR 10Tk 1% .125n F TCef¢=iOn 2uS4s Clml /BaTial073eF
A20RA08 069B8au492 1 RESISTON 32,4k |1X 125w F TCEOsmlOD 24548 Ciml /RaTO=324deF
A20Ra07 075T=nbdb 3 RESISTOR 15K 1y ,125W F TC=04eino 2uSue Clmti/BeaTOm1502=F
A20R40B 075T=0udb 3 RESISTOR 15k 1X ,125W F TCeOe=i00 2uSue CUm]/BeaTOm1502=F
A20RA09 0757=0161 9 1 RESISTOR 600 1% L1254 F TCEO#=100 2us4e Cle] /BuTomblUHaF
A20Ra1p 0757=0410 1 1 RESISTOR 3u) 1X ,125¢ F TCmo+e=inn 2usue Llm)/BaTp=3iR=F
A20Ra1y 0757=0453 2 H RESISTOR 30,1K |x ,1254 F TCmosmion HLLTY Cldet /BaTOm3nl2uF
A20RA1 2 06963279 n 5 RESISTOR 4,99% 1% 125K F TCx04e100 2usde Clwl/BuTNuld99]=F
A20Ra1Y 075T=nd3} a 2 RESISTOR 3,32K 1% ,125¢ F TCmos=lon 2usSue Clul /RaTi=dd2]=F
A20Ra14q 069BLu513 7 2 REBISTOR 97 ek §% 1250 F TCEpteloo p3BBA PYESSa| /BT p=9T62=F
A20Ra1S 0757=0442 9 RESISTOR 10K 1% .155» F TCE04=100 2u546 Clal/BuTO=]l002=F
A20Ral 07S7=0u42 L] RESISTOR 10K 1% L1258 F TCe0+4<100 2u54s Clmi/paTimlO02sF
A20RulY 069R=13155AR ] RESISTOR 4, 02K 1X ,125% F TC=oyelon 2usue Cle| /BaTOmbiuleF
A20R41n 0757T=0411 2 1 RESISTOR 332 1% 1254 F TCmo¢=i00 24sSue Ciel/BaTO=ii2R=F
A20R4le 0757=p0482 9 RESISTOR 10K 1% ,125W F TCel#=100 2us4s Clel/RaTi=lnli=F
AZ0RG2p 0757=n4u2 9 RESISTODR 10K 1% ,125W F TCm04a100 24546 Cle)]/BaTnaldi2eF
AR0RE2Y 0757=ndug Q RESISTOR 10K 1% ,125wW F TCmO+sf00 24546 Clml/BRaT0=l002=F
A20Ra22 075Tenuu2 9 RESISTOR 10K 1% 125w F TCmO#ei0D 2u548 Clul/RaTimli02=F
A20R42y 0757=02A3 & RESIBTOR 2K 1X ,12%% F TCste=100 2usdg Clul/paTne2il]l=F
A20RG24 A2 0757-0272 3 2 RESISBTOR 52.3K 1% .125W, 03292 Ch-1/8-T0-5232-F
A20Ra2s a2 0757-0457 [ 2 RESIBTOR 47,5k 1% .125W 03292 Ch-1/8-TO-4752-F
A20Rg2e o2 0757-0457 L] RESISTOR 47.5K 1% .125W 03292 C4-1/8-TO-4752-F
A20Ra27Y 22 0757-0272 3 RESISTOR 52.3K 1% 375W 03292 Cl-1/8-TO-5232-F
A20RA2R 0757=04b5 [ RESIATOR 100K 1% 4125w F TCEO4e1 DO ELLLTY Clmi/BaTumlB0ImF
A20RA29 069823279 ] RESISTOR 4,99%,%% L1250 F TC®Gs=100 2u5de Clm] /PaThed99]=F
A20Ra3p 06983279 [] RESISTOR &, 99K 1x ,125w F TCmisejon 2usue Cla) /BaTo=t99]aF
A20RE3 0757=0273 4 RESISTOR I,01K 1% 1250 F TCei+elon gusSUe Clml/BuTO=di]l=F
A20Rad2 0757=uag 9 RESISTOR<}OK 1% ,125W F TCunselnn 2usue Cldel/BaTyelnD2aF
A20R43y 06983279 [ RESISTOR 4,99k 1X 4125w F TCEo+=inn FLETT Clml/BaTle4d9]=F
A20RS08 069Ra3228 9 RESISTOR 49,9% 1% ,125n F TCmat=lng 28480 06983228
A20RS09 0T157T=nusy 2 RESISTOK 3¢p.1K 11X 41254 F TCmat=jgn 2045ue Cad=y/BuTp=3n)2=F
A20RS1g 06980190 L] i RESISTOR &6,5 1% 125w F TCunselon 2uS4s CYel/PaT)mbbRS=F
A20RS1 0757=0309 3 1 RESISTOK 33,2 1% ,125W F TCwO+=ii0 euSue Clm]/BaTO=ddR2eF
A20RS12 0690=3911 1 1 RESTSTOR 390 joX% 1~ CC TCmpeS29 [BRF 3} GB3911
A20Rp11 0p9a=u53g 7 RESISTOR 402K 1% 125w F TCels¢=1nD 2840 be9A=4S3g
A20Re12 069R=4519 7 RESISTOR wo2K 1x ,125¢ F TCENsming 2BuBg 069R=081%
A20Rb1Y 0757=0401 0 3 RESISTUR 100 1Xx 125w F TC®O+etp0 ELLTT) ClUmi/BaT(mlO]=F
AzORb10 2100=3094 a 5 RESISTOReTRMR 100K 10X C SIDE=ADJ 1T7=TRN n2i1 u3P10d
A20Re1S 2100=1D85 5 3 RESISTOR=TRMR 200 10X C SIDE=aDJ 17=TRN e a3p201
A20Rb18 2100=3095% 5 RESISTOR=TRMR 2n¢ 10X ¢ SIDE=ADJ 1T7=TRN naiiy 4lp2oy
A20R617 2100-3898 1 RESISTOR- 20 UMM _10 ELLLY 2100-0398
A20Rb18 0757=038) 5 1 RESISTOR 15 1% ,125W F TCeO#=100 19701 MFuC1/BeTOm|5HOF
A20RTOpD 0b6A3=3315 4 RESISTOR 330 Sx ,254 FC TCm=UQC/4600 01121 cB33IS
A20R701 06B3=5135 [] RESISTOR 51k 5% ,25#4 FC TCmelg0/¢B0n o112t CBS5135
A20R702 068325115 o RESISTOR S1k Sy ,25# FC TCeedpa/¢B00 o112 CB8S135
A20RTO3 06A3e5135 0 RESISTOR S1X 5% ,25w FC TCee=d00/+B00 01121 CB5135
A20RT04 068345135 0 RESISTOR SiK 5% 25w FC TCwedo0/+800 01121 CB5135
A20RTOS 06835135 0 RESISTOR 51K 5% ,254 FC TCmeun0/eBoo or121 c8s13s
A20RT04 06B3=4725 F] 5 RESISTOR 4,7K S% .25 FC TCms=ud0/4700 nli21 CBaTes
A20RT07 068324725 2 RESISTOR 4 7K 5% 25w FC TCead0p/4700 01121 CBy7e2s
A20R708 06834725 2 RESISTOR 4,7n 5% 25w FC TCmedno/+700 n1121 cBatas
A208601 J100=3304 2 1 SWITCHe53137=1 HEX 2BuBo 3100=3364
A20ut01 + 1826 0347 1 4 IC COMPARATOR GP QUAD Lu=D]F=P 11295 L“339 SPEC
A20U102 + 1826= 0347 1 IC COMPARATOR GP QUAD 14eD]PeP n1295 L4339 SPEC
A20U103 1820e1144 [ IC GATE TTL LS NOR GUAD 2eINP 01295 8N7uL8n2N
A20U10a + 1826= (0347 1 IC COMPARATOR GP GUAD 14=DIPepP 01295 LM339 SPEC
Azoulos 1826=0059 2 [ IC OP AMP GP TOw99 01295 LM2o1AL

AA  SEE NOTE ON SCHEMATIC &

See introduction to this section for ordering information
*Indicates factory selected value
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Table 6-4. Replaceable Parts (Cont'd).

ASSEMBLY NOT FIELD REPAIRABLE. NEW
ASSEMBLY MUST BE ORDERED.

Reference HP Part |c Q o Mfr
b A I

Designation | Number |0 ty Description Code Mfr Part Number

AgOU10p 46 1820=0478 7 ¥ IC OP AMP GP BaDIP=P 18324 LM308H

AROULIOY 1820=1197 9 IC GATE TTL L8 NAND QUAD 2eINP 01295 BNTULSNON

Agouiop 18260412 1 H IC COMPARATOR PRCN DUAL R=DIP=P 27014 L¥393N

A20U200 + 100u=0044 1 1 SI1G=COND G FINELINE 28080 10pU=npay

A20U201 1826=0138 [} b IC COMPARATOR GP QUAD laeDIPep 01295 L339

Ap0V202 1826=0138 8 IC COMPARATOR GP GUAD j4eDIP=P ni29s LM339H

A20U20% 1820=0478 7 1 IC OP AMP LUWsBIASe=H=]MPD TQ=99 27014 LYI0HN

AzoUz0a 1826=003% a 1 IC OP AMP LOW«DRIFT TD=39 27014 LM30BAnR

A20V208 1826=0025 2 1 IC OP AMP LOW=CRIFT TU=9% 27014 LY2nban

AzOU301 182b=pu12 1 IC COMPARATOR PRCN DUAL BsDIP=P 27014 L 393N

A20U302 1858=0054 [ TRANSISTOR ARRAY 14=PIN PLSTC DIP 28480 1ASA=NNSY

A20U30% 1826=005%9 2 IC OF AMP GP T0a99 01295 LM2naL

A20U300 + 182600347 1 IC COMPARATOR GP GUAD 1deDIPwp 01295 LM339SPEC

A20V308 1826=0059 2 IC OF AMP GP TD.99 01295 LM2oiaL

A20U304 1820=174a% 3 1 IC GATE CMDS NOR GUAD 2=INFP neTLs MC1AONIHCP

A20U30T + 1826-0371 1 1 1C OP AMP BIFET TO-99 27014 LF256H

AzousOs 1826=0059 2 IC OP AMP GP TD=99 01295 L“2o1aL

A20UA01 1820=2258 5 1 IC FF C#N3 D=TYPE POS=EDGE=TRIG COM nuT13 MC1d17ascP

A20Va02 1820=1T4b 4 ? IC 8FR CMOS INV HEX 0uT13 MC140uqUBCP

A20Ua03 1820m1601 0 1 IC GATE CMOS EXCL=OR QUAD 2=INP 0192p COUnTORE

A20Ua08 1820=1550 4 2 Ic DEDR CMOS BIN 2=TOwdw| INE DUAL 2=]NP 0192 CD4SSSeF

AgoUaos 1826-0685 8 IC OP AMP LOWeRIASeH«IMPD TO-99 27014 LF3siH

A20UA08 1826-0685 ] C OP AMP LOWeRIAS=H=IMPD TO-99 27014 LF351H

A20Ua0T 1820=174b ] IC BFR CMD8 INV HEX neT1y MC140UqURCF

A20UG0R 1826=0138 L] 1C COMPARATOR GP QUAD laspIPeP n1295 LM339n

Azousoe 1826=0138 8 IC COMPARATOR GP QUAD l4=pIP=p 01295 L4339

A20US0p + 16050045 4 1 As0, REF FINELIME, F/U/W A24 REF BOARD 28ubp 1005=0045

A20US00 + 1GET=0057 3 1 A/D, REF FINELINE, F/U/W A25 REF BOARD 284BD 1GET=005T7

Ag0US0g 18200493 L] IC OP AMP GP A=DIP=P 27n1a L“307N

A20US08 + 1826-0471 2 1 IC OF AMP LOW-DRIFT T0-99 02180 OP-07CJ

A20U70y 1820=155%6 4 IC DCDR cMOS AIN 2=TO=de| INE pUAL 2=INP 0192p ChuSSSuF

A20UT02 18202177 7 1 IC MICPROC=ACCESS NMOS deBIT LTTTL] PB2u3

A20M3 034Se=bleot | 7 1 CABLE=INPUT SWITCHING TO INPUTAMPL, 28480 03USbepblbn

A20 MISCELLANEOUS (BARTS
03b0=1641 1 ] TERMINAL=STUD FKD«TUR PRESS=MTG 28480 n3p0=]pd)
(FOR K101, K102)

0360=1916 3 29 TERMINAL=STUD SPCL=FUTHRU PRESS=MTH 2BuUBD 0360=10818
0360=1917 [ ay TERMINAL=STUD SPCUEFOTHRU PRESS=MTG 2Bu8D 03p0=1917
0380=1217 9 & STANDUFFeHEX 7,smM"elG §,8=MVad/F BRS 00000 ORDER BY DESCHIPTION
0380=]256 & 2 STANDOFF=HEX $=MYallG 4,p=MM=A/F BRS MNAT oooon CRpER BY DESCHIPTION
1390=0457 9 9 FASTENER=SNAP=IN PLGR 0,076 IN » ,165 IN 28480 1390=0a57
1390-0458 0 9 FASTENER=SNAP=IN GROM 0,076 IN = 165 IN 28480 1390=0458
1600=0868 3 1 CONMECTOR-BTRIP=ja=PIN FINELINE (USpn) 268480 1600=0R68
1600=0869 4 1 CONNECTOR B8TRIP=14=PIN FINELINE (u200) 28u8n 1600=0R69
1600=0871 L] 1 CONNECTOR 8TRIPa1{«PIN FINELINE (U200) 28480 1600=0871
1600=0873 0 1 CUNNECTOR STRIP=13=PIN FINELINE (US0O) 28480 1600=0873
2110=0598 ] ] FUSEHOLDER=SPR TYP,2SU=FUSE 2a4an 2110=0%98

A2l 03UShebbS21 | 0 1 PC ASBEMBLY=CALIBRATION 28u8p U3USbepbE21

A21P1B 12516190 5 1 CONNECTOR 7wPIM ¥ POST TyPE 28uBo 1251=61%0

A21R601 2100=3094 a RESISTORTRMR fooK 10% C SIDE=2DJ jT7«TRN a1t u3PLOU

A21R602 21003054 ] 3 RESISTOR=TRMR SoK 10% [ SIDE=ADJ 17=TkN 02111 43pS03

A21R603 2100=3054 b RESISTOR=TRMR Sgk 10% C SIDE=ADJ 1T=TRN 02111 43IPSNY

A21R604 2100=3054 ] RESISTOR=TRMR SnKk 10X C SIDE=ADJ 17=ThN 02111 ulpSo3

A21RB0S 2100=3161 ] 1 RESISTOR=TRMR 20K 10X C SINEwADJ 17=TRN 02111 alpP203

A21R804 069823454 | 3 1 | RESISTOR 215K {x ,125w F TCmo4=100 2usue | Cdat/ReTOm2i5ieF

A2iRe0Y 0757=0463 4 1 RESISTOR B2,5K 1X 1250 F TCef+=iOr 2u5up Cl=l /BuTO=B25EmF

A21Rb08 0757=0460 1 RESISTOR &1,9% 1X L1250 F TCmos=lun 2u54s Ll /PaTimb]92=F

A21R609 07570460 1 RESISTOR 61,98 1X 1254 F TCm0s=100 2uS4b Clml/BaTUmb]92F

AZ1RB10 0b98=8488 5 RESISTOR 26,TK 1Y% 125K F TCeot=inn 24546 Climl/RaTi=@tT2eF
038p=1186 1 2 STANDOFF=PRESS=IN 10 MM LONG) Y3 X (1,5 28480 0380=1188

(F1] 0345b=bbS24 | 3 1 PC ASSEMBLY«REFERENCE BODARD HP 28480 030S6=pb524
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Table 6-4. Replaceable Parts (Cont'd).

Reference HP Part |c Q Descripti Mfr
: A escription Mfr Part Number
Designation | Number |D ty P Code
[F1] 03456=66525 | 4 1 PC ASSEMBLY=REFERENCE BOARD, NAT, 28080 V34S6=b6525
ASSEMBLY NOT FIELD REPAIRABLE. NEW
ASSEMBLY MUST BE ORDERED.
A30 03456=66530 | 1 H PC ASSEMBLY=INGUARD LOGIC 2848g 03u56=66510
A30C4 0180=0309 4 CAPACITOR®FXD 4,TUF+=20% 10VDC TA 56289 150p475x0010A2
Asote 01800309 4 CAPACITOR=FXD 4, TUF+=20% 10OVDC TA 56289 1500475X0n 1042
A30CS 0160e2208 4 1 CAPACITOR=FXD 330pF +e5% 3JunvDC mICA 28uBe 0lane2208
A3oa 01dp=p14as 2 1 CAPACITOR=FXD 22PF +=5X SpovDC MICA 12136 DM15C220JpS00NVICR
A30CS 0180=0309 [] CAPACITOR«FXD 4, TUF+=20% 10VDC TA 56269 1500475X001 042
Asofe 01Bo=0309 q CAPACITOR=FXD 4 TUF#=20X 1V¥DC TA 56289 150P475Xgn1nk
A30CT 0180=0291 3 CAPACITOR=FXD {1 Fe=10% 35¢yDC TA 56289 1500105x903542
A30CS 01800309 L[] CAPACITOR=FXD 4,TUF#=20% 10VDC TA 56289 1500475x0010a2
A30CY 018020309 4 CAPACITUR=FXD 4, TUF¢=20% 10VDC TA 56289 1500475x001 0A2
A30C40 0180=0291 3 CAPACITOR=FXD 1UF4=10% 35vDC TA 56289 1500105x903542
Asoest 0180=0309 4 CAPACITOR=FXD 4,TUF4=29% 10VDC TA 56289 150p475xX001 042
A30)31 12514682 6 CONNECTOR 3=PIN M POST TYPE 28480 12514682
A30J32 1251=6682 6 CONNECTOR 3«PIN M POST TYPE 28uBo 1251=upB?2
A30J33 125126185 8 ? CONNECTOR 3=PIN M POST TYPE 28480 1251=6185
A30J30 12516185 [] CONNECTOR 3«PIN M POST TYPE 284680 1251=6185
A30J3S 12510682 [ CONNECTOR 3=PIN M POST TYPE 28480 12514682

See introduction to this section for ordering information
*Indicates factory selected value
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Table 6-4. Replaceable Parts (Cont'd).

Reference HP Part |c Q g Mfr
: . Description fr Par
Designation | Number (D ty criptio Code Mfr Part Number
A30J38 1251=ub82 b CONNECTOR 3=PIN M POST TYPE 28480 1251=dpb2
A30PY 12513187 0 1 CONNECTOR 4«PIN F POST TYPE 28480 1251=31867
12513411 7 4 CONTACT®CONN U/wePD8TeTYPE FEM CRP 28uB0 12513411
A30P21 1251=b082 0 CONNECTOR 10«PIN F POST TYPE 2848y 1251=6062
A30P3O 1251=h062 0 CONNECTOR 10=PIN F PDST TYPE 28uBgp 1251=b062
A30P34 1258=0141 B JUMPER REMOVABLE 28uBo 1258014}
A30PAS 12%8=0141 8 JUMPER REMOVABLE 28480 125R=nqdy
A3OP3S 1258=0141 8 JUMPER REMOVABLE 28uB0 1258e010}
A3001 1854e0071 7 3 TRANSISTOR NPN 81 PDR3I0OOYW F18200MHZ 284B0 1854=0071
A3ORY 0683=1025 9 RESISTOR 1K 5X ,25W FC TCE=dQO/4800 01121 ce1o2s
A30R2 068341035 1 RESIBTOR 10K 5% 250 FC TCwwdpo/4T00 ni121 CB1n3s
A3OR3 06831029 9 RESISTOR 1K 5% 384 FC TCE=400/+600 01121 cH102%
A30RA 0683=1025 L] RESIBTOR 1K 5% ,254 FC TCe=l00/4600 n1121 ca1n2s
ASORS 06834715 0 1 RESISTOR 470 Sx ,25% FC TCE=000/¢0600 n1121 cBaT1s
A30Re 068323335 ] RESISTOR 33K Sx ,25% FC TCmedp0/4860 01121 ce33ss
ASORTY 06831028 9 RESISTOR IK 5% ,25W FC TCw=d00/+600 01121 c8102%
ASORB 068321035 1 RESIBTOR 10k 5: 254 FC T:l-ﬂeofoTnn 01121 CB103%
9 0683 K W a00 n11g1
I SRiafaE 3| .| REBINE Gt 3o eE eSO | oMl | emeiad
AgOR11 DeR3=1325 [ RESIBTOR 3,3k 5% ,25% FC TCm=g00/4700 01121 Ch332s
138818 Beadzifi |4 BERTRISE 184500, sEineECdSzaaRsLty’ THE T
A30Ry G 06832225 3 RESISTOR 2,2k 5% ,25W FC TCmauoo/+700 ot CB222%
A3ORYS 0683=3325 [ RESISTOR 3,3K 5x 25w FC TCmad00/eT00 o112t CR332%
AJOR1E 06832225 3 RESISTOR 2,2K Sy ,25W FC TCmaug0/+ToD 01121 cBz22%
A3ORYT 06833315 [] RESISTOR 330 5% ,25n FC TCu=d00/+4800 vit2t c8331s
A30RyB 0683=3315 4 RESISTOR 330 5% ,25# FC TCmad0n/4b0u o112y CB331S
A30Ty S100=2618 1 TRANSFORMER=PULSE BIFILAR WOUNDy j8,0 MM 28480 91y0=2p1b
A30T2 9100=2616 1 TRANSFORMER=PULSE BIFILAR WOUNDy 18,0 MM 28480 9100e2416
A30Uy 182001199 1 IC INV TTL L8 HEX 1eINP 01295 BNTULBOUN
AJ0U2 1820=1197 9 IC GATE TTL LS NAND Guap 2<INP 01295 BNTHLSOON
A30U3 1A20=1211 B 1 IC GATE TTL LS EXCLe=OR GUAD 2eINP 01295 ANTULSBEN
A30US 1820=1144 [} IC GATE TTL L8 NOR QUAD. @=INP 01295 BNTALBO2N
A3J0US 1820=1197 9 IC GATE TTL LS8 NAND QUAD 2elNP 01295 BNTULSADN
A30Us 1820=1112 8 IC FF TTL L8 DaTYPE PDOS-EDGE-TRIG n129% BNTULBTUAN
A3OUT 18201112 ] IC FF TTL L8 D=TYPE POS=EDGE=TRIG 01295 SNTULBTUAN
Asous 1820=119% 1 IC INV TTL LS HEX |=INP 01295 SN74LSo0aN
A30U9 1B20=1 0445 0 1 IC LCH TTL LS WeBIT 01295 BNTULBITSN
A30Ul0 182001202 7 1 IC GATE TTL\LS NAND TPL 3eINP 01295 BNTULSON
A30Ul1L 1A20=1432 5 1 IC CNTROTTL LS BIN SYNCHRO POSeEDGE=TRIG n129% BNTULS16IAN
A3OUL2 18201199 1 IC INV TTL L8 HEX 1=INP 01295 BNTULSOEN
A30UL3 1820-2539 9 1 1C MICPROC NMOS ReBIT 28480 1820-2539
A3oULA 1820=1197 L] IC GATE TTL L8 NAND QUAD 2=INP 01295 BNTULBOON
A30ULS 182021975 1 IC SHF=RGTR TTL L8 NEGeEDGE=TRIG PRL=IN 01295 BNTULS16SN
A3JouLe 18201759 9 IC BFR TTL L8 MONeINy OCTL 27014 DMBILEITN
A3J0ULY? 1820=1430 3 IC CNTR TTL LS BIN SYNCHRO POS=EDGE=TRIG 01295 BNTULS1BIAN
Ajoure 1820=0514 - IC GATE TTL NAND QUAD 2eINP 01295 8NTU26N
Azon 9 1820=1112 8 IC FF TTL L8 D=TYPE POS<EDGE=TRIG 61298 BNTULSTUAN
A3OUR0 18201112 8 IC FF TTL LS D=TYPE POSeEOGE=TRIG 01295 BNTALBTUAN
A3pu21 1820e1272 1 1 IC BFR TTL LS NOR GUAD 2eINP 01295 BNTUL8I3N
A3ou22 1820=1207 2 1 IC GATE TTL LS NAND BeINP 01298 BNT4LS3ON
A3OUR3 182i=0n01 4 TRANSISTOR ARRAY 10=PIN PLSTC D]IP 01928 CA3D4E
A30UR4 1A20=1433 [ IC 8HF=RGTR TTL La R=8 SERIAL=IN PRL=OUT 01295 BNTuLB BaN
A30U25 A3 1820-1112 8 IC FF TTL LS D-TYP 01698 SNTLLSTUAN
A30X13 12000659 2 SOCKET=IC 40=CONT DIP.sLon 2848y 120020459
A30 MISCELLANEDUS PARTS
ASOYY 0410e1225 n 1 CRYSTAL=4,875 wHI S0MZ 28480 0a10e1225
A30Y) 0410=1226 5 1 CRYSTAL=S,85 MH2Z 0HZ 28480 odLo=1228
1200=0548 & 1 SOCKET=XTAL 2«CoNT HE=25/U D}POBLDR 28uB0 1200=0546
13900057 9 FASTENER«SNAP=IN PLGR 0,076 IN & ,165 IN 2BuBo 13900457
1390=0458 0 FABTENER=BNAP=In GROM 0,076 IN = 165 IN 28480 1390=0458
Ago 034SbmbbSan | 3 1 PC AssEMBLy=AC CONVERTER 2848y 034SompbSU0
Y1141 0160=3988 7 1 CAPACITOReFXD ,22UF +e)0% 400VDC 28uB0 0l60=398s
AGOC2 01400196 3 CAPACITOR=FXD 1S0PF +e5% 300VDC “ICA 12138 DMISF151J0300NVICR
AgoC3 45 01600205 7 | CAPACITOR=FXD 62PF +«5% 300VDC MICA 28489 0160=0205
AQOCa 0180=0100 3 H CAPACITOR®FXD 4, TuF+=10X 3SVYDC TaA 56289 150D4a75x903582
AuoCs 0180=0100 3 CAPACITOR=FXD 4, TUF+=10% 3SVDC TA 56289 150D4TSX903582
Ag0Ce 0150=2264 2 1 CAPACITORWFXD 20PF #=5X 500VDC CER Newy0 28480 01g0=2284
AgoC? 01608532 1 L] CAPACITOR«FxD 1000PF +=20% S0VOC CER 28480 0160w4532
Aaoce 01800100 3 CAPACITOR=FXD 4, TUF+=10X 35VDC TA 56289 150D475x903582
AaoCe 0180=0100 3 CAPACITOReFXD 4, TUF¢w]10% 35VOC TA 56289 1500475X903582
AQOC10 01bo=224b [ 1 CAPACITOR®FXD 3,bPF +w,25PF S00VDC CER 28480 0le0=2206

AA SEE NOTE ON SCHEMATIC 8
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Table 6-4. Replaceable Parts (Cont'd).

Reference HP Part |c Q Descrinti Mfr

3 : scription Mfr Part Number
Designation | Number [p| 9t P Code
AQOCIZ 45 0160-2150 5 1 CAPACITOR=FXD 33PF #=5X 300VPC MICA 28uB0 0160-2150
A40C13 016001348 1 1 CAPACITORFXD 220PF #w5X 300VDC MICA 28080 L160=m0]34
AROC1A 0150=0091 8 H CAPACITOR=FXD 1,5PF +=,25PF S00YDC CER 28480 0150=n091
AgoC1S 0150=0091 ] CAPACITOR=FXD | SPF +¢=,25PF S00VOC CER 28u8¢ 0150=009)
AqoC16 01604532 | CAPACITOR=FXD y1npoPF 4=20%x SoVDC CER 28480 0160wa532
ABOCYIT 23 0160-2257 H H CAPACITOR®FXD 10PF +=5% S00VDC CER 28480 0160-2257
Aq0C18 43 0160-2257 2 CAPACITOReFXD 10PF +eSX% S00VDC CER 28480 0160-2257
AQDC1Y 016024532 1 CAPACITOReFXD j000PF ¢=20% S0yDC CER 28uB0 016024532
AsoC2o 0lb0=226) 9 1 CAPACITOR=FYD jKPF +=8X SooVDC CER pe+=3p 2B8aBo n16n=2261
AdOCR1 olso-a:oz 5 CAPACITOR®FXD 34PF ¢e5% 300VDC MICA 28480 G1ph=2308
AapCpa A5 160=019 3 1 CAPACITOR«FXD .015UF 4=j0% 200VYDC POLYE 28uBg 0160=0104
AQOC23 olao-assa 1 CAPACITOR=FXD 1000PF ¢=20% 50VDC CER 28uBo 01604532
AqoC2a 01604532 1 CAPACITORFXD 1000PF +=20% S0VOC CER 28080 0lened832
AaoCas 01400195 2 \ CAPACITOR=FXD J30PF ¢=5% 300VDC MICA 72138 DVIS5F131J0300aVICR
Aa0C264a 014p=0190 7 1 CAPACITOR«FXD 39PF +e5% 300vOC ™ICA 72136 DM1SE390J0300KVICR
Aq0Ca6e 0160=2150 5 1 CAPACITOR=FX0 33IPF +=5% 3poVDC MICA 28480 n1&0=2150
Aa0C20s 0160e2308 5 3 CAPACITOReFXD 36PF +=5% 300yDC MICA 28uBo 0160=2308
Aqoce? 01s0=3338 1 CAPACITOR=FXD {00PF +=10% SOVDC CER 28480 N160=3338
AqoCae 0160=0164 7 1 CAPACITORWFXD _039UF ¢wioX 200VDC POLYE 28uBo LYY
AaoCa? 0160=3829 7 1 CAPACITOR«FXD _4TUF +elox SOVDC 28480 n16n=3829
AGOC30 0160.2053 1 1 CAPACITOR®FXD ,22UF +#=10% BOVDC POLYE 28480 V160=2453
Aa0C3! 0180=0100 3 CAPACITOR«FXD 4, 7UF+e10x 35VDC TA 56289 1500UTSX9n 35682
Agot32 01600370 3 1 CAPACITOR=FXD G6APF +=5% S00VDC MICA 28480 01600376
A40C33 01600162 5 1 CAPACITOR«FXD ,p22UF ¢=10% 200VOC POLYE 28489 01b0=0162
(Y714 L] 0160=2266 4 1 CAPACITOReFXD 24PF ¢u%% S500VDC CER 0430 28uBo 0160e2268
AQoCR) 19010040 1 DIODE«SWITCHING 30V SoMA 2N§ DDe3S 28uBo 19010080
AsoCRe 19010040 1 DIODE=SWITCHING 30V SOMA 2N§ D0e35 28uBo 1901=0040
AQOCRY 19010376 [ DIODE=GEN PRP 35V SOMA pDe3S 28480 190120370
AQOCRA 19010376 6 DIODE=GEN PRP 38V S0MA DDw3S 28uBo 19010370
AROCRS 1901-0915 9 2 DIODE-SCHOTTKY 28480 1901-0915
AqOCR? 1901-0915 9 DIODE-SCHOTTKY 28480 1901-0915
AQOCRS 19010040 1 DIODE=SWITCHING 30V S0Ma 2H8 DD=35 28480 1901=0040
A4oCRY 190120040 1 DIODE=SWITCHING 30V SoMA 2N§ DO«35 28480 1901 =0040
AROCR10 19010040 1 DIODE=8WITCHING 30V S0Ma,2N8 DO=13% 28480 1901=0040
ASOCRIY 19010040 1 DIODE=SWITCHING 30V SnMA 2M§ pO=35 28480 1901 =0040
AaOCR1y 1901=00g0 1 DICDE=SWITCHING 30V(50MA 2NS DO=35 2B8uB0 190 =npan
AQOCRI1Y 1901=0040 1 DICDE=SwITCHING 30V SoMa 2N D0w3S 28480 1901=0nd0
AROCRI1g 19010378 [ DIODE=GEN PRP 3G 50MA DD=35 28uBo 1901=0376
AaoCR1S 1901=0040 1 DIODE=SWITCHING 30V SoMA 2M8 D035 28udn 1901=n040
AgoCR1s 19010040 1 DIODELSWITCHING 3oV SoMA 2N8 D0.3S 2848 19p1=0040
AQoKy 089020683 4 RELAY«REED 1A SooMA §00pVOC SVOCwCOIL 28480 0490=0483
ABOK2 0490=0683 4 RELAY=REED 1A S5n0MA 1000VDC SVDCeCOIL 28480 04900483
AaoP17 12516062 0 CONNECTOR 10=PIN F POST TYPE 28u80 1251=6062
ITTLIL 12518062 0 CONNECTOR 10=PIN F POST TYPE 28480 128106062
Aa0Q4 1858=0025 7 10 TRANSTSTOR J=FET nNeCHAN DempDE 1Q=92 22229 J304
Aso02 18580308 5 1 TRANSISTORJFET DUAL NeCHAN Da™ODE 81 28a8p 18550308
AROS3 18550425 7 TRANSISTOR J=FET N=CHAN DeMODE T0=92 22229 J3oy
AgoSa 18550425 T TRANSISTOR J=FET NeCHAN DeMODE TDw=92 22229 J3pd
AQ00S 1855.042% T TRANSISTOR J=FET Ne=CHAN DeMODE TOw92 22229 J3o0d
AQ0Ge 1855.0025 7 TRANSISTOR J=FET N=CHAN DeMODE TO=92 22229 J3od
AoRY 18585.0425 7 TRANSISTOR JeFET NeCHAN DeMODE TDw92 22229 J3ou
AQOR8 185840425 7 TRANSISTOR J=FET NeCHAN DeMODE TOw92 22229 J3od
Aa0R9 185520425 7 TRANSISTOR JeFET NeCHAN DeMODE T0e92 22229 J304
ABOB10 1855=002% 7 TRANSISTOR J=FET NeCHAN DeMODE TO=92 22229 Jiod
Aaogt! 1855=0025 7 TRANSISTOR J=FET N=CHAN DeMODE TOw52 2e229 Jiod
IYT1-1% 18540071 7 TRANSISTOR NPN 81 POm3ooMw FTe2poMHZ 28a8p 1854=0071
A00013 1853=0020 ] | TRANSISTOR PNP 8] PDR30OMAW FT®]SOMHZ 28uB0 1853=0020
Aa0Q14 185520081 1 1 TRANSIBTOR JeFET NeCHAN DeMODE 81 01295 2N5245
(Y111} 1853=0071 7 TRANSISTOR NPN 81 PDs300Mw FTw200MMZ 28480 1854wna71
AgoR1é 18540753 2 2 TRANSISTORaDUAL MPN TDe§2 PDuSnoYW 28480 1P54ai?53
AQ0G17 18540753 2 TRANSISTOR=DUAL NPN TO=52 PDaSO0OMW 28480 18540753
Aq0@y8 1854-0087 5 TRANBISTOR NPN 81 PDm3eo“n FTs7SMHZ 28480 1854=0087
Aq0oyy 1854=0087 5 TRANSISTOR NPN 81 PDm3bnvw FTa7SMHZ 28uB0 185uw0087
AQ0020 185520093 H 1 TRANSIBTOR JeFET NeCHAN DwMODE TO=1R 81 28480 1855=0093
AqolR! 18580420 2 TRANSTISTOR J=FET 2N4391 NeCHAN D=MODE 01295 2NE39Y
Aqolz2 18550420 H TRANSISTOR JaFET 2N4391 NaCHAN D=MODE 01295 2Nu39y
(Y1113 ] 18550420 2 TRANSISTOR J=FET 2N4391 NeCHAN D=MODE 01295 2Ne3gy
AGORY 06831008 5 RESISBTOR 10 SX ,250 FC TCu=400/+500 01121 c8100s
AGOR2 068321009 5 RESISTOR 10 Sx ,25% FC TCmedno/+500 ni121 CBi00S
ABORY 48 0764-0016 8 2 RESISTOR 1K 5% 2W MO JC=0+-200 28480 0764-0016
[TTLL] 0764=0016 8 1 RESISTOR 1K S5x 2¢ MO TCwD4=200 2840 nTed=nolb
AGORS 06984435 2 H RESISTOR 2,49K 1% ,125W F TCm0#=ing 24546 Clm|/BaTUm2UT]=F

5 SEE-NOTEORRSCHENATIC See introduction to this section for ordering information
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Table 6-4. Replaceable Parts (Cont'd).

Reference HP Part |c il Mfr

Designation | Number |0 Qty Description Code Mfr Part Number
AaORy 0683=1005 5 RESISTOR 10 5% ,25% FC TCwed0o0/+500 01121 c81008

ABORT 068321005 5 RESISTOR 10 5% ,25W FC TCa=400/4500 o112 ca1008

AGbRS 069B=uu35 2 RESISTOR 2,49K 1X ,125% F TCmo4=100 2654 Clwl /BuToe2d?]l=F
AGORY 0698=0440 9 1 RESISTOR 3,4k 1x 125w F TCEO+=100 FILLTY Clml/BaTOn3401eF
AGoR10 + 0757=0791 1 1 RESISTOR 519K 1x 1254 F TCmos+s)o0 28480 0757=0791

AaoRyy 0757-0289 0 RESISTOR 13.3k 1% .125W F TC=+-100 2u5u8 Clal /BaTp=1330=F
AGORY2 2100=3094 [ RESISTOR=TRMR 100K 10% C SIDE=ADJ L7=TRN o211 a3p1o4

AuoR13 2100=3094 4 RESIBTORTRMR 190K 10X C SIDE=ADJ 17=TRN 02111 a3P104

AUORy G 21003095 5 RESISTOR=TRMR 200 10X C SIDE=ADJ 17=TRN 02111 43p201

[TTLIt 2100=3094 ] RESISTOR=TRMR 100X 10% C SIDE=ADJ 17=TRN 02111 43P104

AapRie 075T=0u76 9 RESISTOR 301K 1% ,125% F TCEO4el00 20546 Clel/8uT0w30]deF
AGORLT 06982451 S H RESISTOR B6,6K 1X 1250 F TC®04=100 24546 Cimi/BaTO=Bbb2eF
TTLI) 0698208511 5 RESISTOR 86,6K 1% 1250 F TCmosainn 2uSus Clul/BaTOouBbb2eF
AGORL® 0757=0401 o RESISTOR 100 1% ,125W F TCEO#=100D 24546 (U=l /BuTO=]l0]=F
AuoR20 0757=0422 5 3 RESISTOR 909 1% ,125W F TCmo+=ino 24546 Cde1/8aTo=q09R=F
AGOR21 45,7 Obsa=4ay0 5 1 RESISTOR 6,98K 1X 125w F TCw0+=100 20546 Cl=l/auTO=b981=F
AgoR22 0757=0u85 6 RESISTOR 100K 1x ,125W F TCEO4+=100 24546 Clui/BaToul003aF
AGOR23 2100=3409 5 1 RESISTOR=TRMR 20 10X € TOP=aDJ 1=TRN 28uB0 2100=3409

AQOR4E A5 0698-3279 0 1 RESISTOR 4.99K jx ,125% F TCEo+=100 20Sue Clel/BaTO=l991laF
A4OR2S 0757=0474 7 1 RESISTOR 243K 1% ,125W F TCE0+=100 265up Cdm1/BaT0=2U33eF
AQoR26 0757=0468 9 RESISTOR 130Kk 1% 1254 F tCm04si00 ECLLT Ciun]/BaTo=1303=F
AgOR27 069B=34585 4 RESIBTOR 261K 1% .125W F TCmO+=100 2uSue Cdei/ReTOm2b]3=F
AagR28 0757=0401 0 RESISTOR 100 1% ,1254 F TCm04=100 20548 Clmi/BaToml0lsF
AQORR9 06987803 4 2 RESISTOR 576K 1% ,125W F TCEO+=100 26uB0 0698=7803

AgoOR30 069Bagat? 2 1 RESISTOR 10,5K 1% ,1254 F TCmpeeion 2u5de Cldel/BuT0=l052=F
AupRyy 0698=3223 u 1 RESISTOR 124K yx ,125¢ F TCwo4wio0 265406 Clui/BaTOoml2UleF
AGOR3Z 0757=0290 5 1 RESIBTOR 6,198 1% 1258 F TCEO0+=100 19701 MFUCI/BuTOmb]9]eF
A4oR33 0757=p422 5 RESIBTOR 909 1% ,125W F TCE0+=l00 FLLLD Cisni/BaT0=909R=F
AyoRya 0757=p400 9 2 RESISTOR 90,9 1% .125W F TCmg+=10p 24548 C4ymy/BuTo=F0RI=F
AgoR3S 06980479 4 F] RESISTOR 14K 1%¥ ,125# F TCE04al00 26548 Clei/BuTom1d02F
AaoR3b 0757T=na00 9 RESISTOR 90,9 1y 1254 F TCED4ei00 FITTY Cdel/BuT0onFORTeF
A4oRry7 075%7=pa22 5 RESISTOR 909 1% ,125W F TCEO4=100 U504 Climl/BaTo=909R=F
AlOR3E 069B=047% q RESISTOR 14K 1% ,125W F TCRO4+=100 EULLTY Cldwl/BaTOm=) d02eF
AyoR39 0698a35AR1 7 1 REBISTOR 13,7h y1x ,1254 F TCmpietloc 2u546 Cie) /BuTOml3T72=F
AGORGO 0698=3215 4 1 RESISTOR 499K 1% ,125W F TCeOyw100 28480 1698=3215

AgoRay 0698=7803 n RESIBTOR 576K 1% ,1250 F TCepe=q00 28uB0 0698=7803

AuoRy2 07570465 Y RESISTOR 100K 1% 125w FROUTCEn4=iOn 2454p Clwl/BaTO=l003=F
AGORAZ 0698=8343 9 1 RESISTOR 590K 1X ,1254(\F TCu0s+=100 28480 0bg8=8343

AgoRaa 0698=053% 7 RESIBTOR @o2X 1% ,125W F TCmo4e100 28480 0698=04539

A4orasS 0757=0279 (] RESISTOR 3,16K 1% (1254 F TCEO4=100 2u5de Clel/BaTos3lblaF
AgoRue 0757=0270 1 1 RESISTOR 249K 1% ,12%4 F tCm0+=100 24546 Clmi/BaTO=2i93aF
AuOR4Y 0757=n465 b RESISTOR 100K:9% ,125W F TCm04=s100 U546 Clsl/aeTOul00deF
AugRud 0757=00465 b RESISTOR 100K 1x ,125W F TCE04=100 2us4de Ciw]l/BuTO=l003uF
AYoOR49 07570465 ] RESISTOR f0O0K 1% ,125w F TC=04=100 2454 Cila]/BaTO=]003=F
AGORSO 0757=0485 ] RESIBTORIYO0OK 1% 125w F TCEO4ei00 24548 Clml/BaTOmi003=F
A4ORS] 0757=0465 [ RESTSTOR 100K 1% 125w F TCEQ+=100 FLLTTY CHm1/BuTO=l003eF
A4oRS2 0757=048865 & RESIBTOR 100K 1% ,125% F TCRO+e100 24546 CHml/BaTOwl003=F
AaoRS3 0757=nab65 [ RESISTOR 100K 1% ,125W F TCmose100 24548 Cim1/BaTo=1003=F
A40RSY 0757=04865 b RESISTOR 100K jx 125w F TCEOsetO0 24546 Cdel/BaTOm]003eF
AUORSS 0757=04p5 b RESISTOR 100K 1x ,12%# F TCeOs+=100 24544 Ciml/RaTO=l00dnf
AUORSS 06A3=4725 2 RESISTOR 4,7k SYx ,25W FC TCe=d00/4700 ol121 caar2s

A4ORST 06834725 2 RESISTOR 4,7k Sx 2%+ FC TCu=d00/+700 21 cear2s

TTLIL] 0757=0065 b RESISTOR 100K 1% ,125W F TCm0se100 2u54e Cdel/BaTo=l00daF
AUORS9 0757=n465 b RESISTOR 100K 1% ,125# F TC®O4=100 24548 Cdel/BeTO=]003aF
AGORB0 45 D698-3486 1 1 RESISTOR 232 1% ,125W F TCmOswing 24548 Cdel/BaTOm232KeF
A4ORS1 0698-43R3 L] 1 RESISTOR 53,6 1x 125w F TCR04=100 24546 Clml /BuTOQw53RbF
AaORB2 069824373 7 | RESISBTOR 26,7 1% ,125W F TCEO4=100 03asa PYESSe| /BuTOe2oRTeF
AudRe3 07570465 [ RESISTOR 100k 1X 125w F TCEO4=100 24548 Clim}/BuTO=l003=F
AgORb4 0757=0465 b RESISTOR 100K 1X ,125% F TCmO+=q00 20548 Clm]/BaTO=]003=F
AgoReS 06983279 0 RESISTOR 4,99K 1% ,125W F TCEg+slo0 24548 Cinl/BaT0=4991=F
AGORLS 0757T=0440 7 1 RESISTOR 7,5K 1% ,125w F TCe0+=100 2454s Clel /BaTO=T7501=F
AGDRgT 0757=0433 B RESISTOR 3,32K 1X L1258 F TCwo+=100 24Sdg Cdmi/BeT0=3321eF
AqOReB 0699=0152 4 1 RESISTOR pd9K 1% ,125W F TCmO4e=]00 28480 0699=0152

AgoRe9 0757=0465 6 RESISTOR 100K 1% ,125W F TCmOt=)00 264546 Cl=)/BuTo=1003=F
AQORTO 0757=0281 4 1 RESISTOR 2,74K 1% L1250 F TCEO+=100 20548 Clal/BaT0m2TUlnF
AQoRT1 0698-3382 & 1 RESIBTOR 5,49k 1x ,125W F TCmoseino 24548 Clmi/BaTp=5491aF
AUOR7Y2 0698-4513 7 RESISTOR 97,6K 1X L1250 F TCRO+=iOn (ELLL] PMESS=1/BuT0=9T02eF
AGORTS 069B8=4473 ] 1 RESISTOR B8,06K 1% ,125% F TCad4=100 24546 Clel/BaTO=B0b]=F
AgQR74 0757=0280 3 REB,STOR 1K 1% 1254 F TCmO4+=100 24548 Clel/BaTo=1001=F
AQORTS 06987332 4 2 RESISTOR IM 1% _125% F TCEO#=100 28480 0698=7332

AGORTE 0698=3266 5 1 RESISTOR 237K 1% ,125W F TCEO+=100 20848 Clml/BaTO=23T73eF
AQORYT 2100=05869 2 2 RESISTOR=TRMR {m 20% C TOP=ADJ 1=TRN 28489 2100=056%9

AQoOR7S 069B=7982 [ 1 RESIBTOR 976K 1% ,125W F TCEO+e100 0T71s CEA=1/B=T0=9783aF
AgoR?9 069R=0509 1 ) RESISTOR 8p,6K 1x ,1254 F TCmp4elon 2usSus Cidnl/BaTOuBObR2eF
AGORBD 0757=0442 9 RESISTOR 10K 1% ,125W F TCHO#=100 2u5as Clsi/BaTO=l002=F
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Table 6-4. Replaceable Parts (Cont'd).

Reference HP Part |c| o P Mfr
: A Description Mfr Part Number

Designation | Number (D ty P Code

AgoRB1 0757=0280 3 RESIBTOR 1K 1% 1254 F TCmO+=100 2054s Clw]/8aTO=l00)aF

AUORBZ 069B8=04Bb 3 1 RESISTOR 24,9K 1X 125w F TCeO#el00 2454e Cldel/BuTOw2d92=F

AyoRa3 06984519 3 1 RESBIBTOR 140K tx ,125W F TCeosei00 20548 Clu) /BuTOmltgiaF

AUORBY 0757=0280 3 RESIBTOR 1K 1% 1258 F TC=04=100 24%4ae Clm]/BaTO=1001=F

AQoORBS 0698=7332 4 RESISTOR 1M 11X 125N F TCe0+=100 28480 0698=7332

AyoRpe 2100=0569 2 RESISTOR=TRMR (M 20X C TOP=ADJ 1«TRN 28480 2100=0569

Agout 1820=0477 ] IC OP AMP GP BaD]P=P 18324 LHM301AN

Auoug 1826=0413 2 3 IC OP AMP LOW=BIAS=HeIMPD TO=99 34371 HA2=2605=5

Agous + 1006=00Ub 7 1 AC GAIN FINELINE 28480 10D6=004b

Auoud 1826=0413 2 IC OP AMP LOWeBIA§=HeIMPD TO=99 34371 HA2=2605=5

Ayous 1826=0413 2 IC OP AMP LOWeBIASeH=IMPD TO=99 34371 HA2=2b605«5

Aaoue 18260109 3 1 IC OP AMP WB T0.99 34371 HAZ=2625=B0593

Aaour 1826=0357 3 1 IC OP AMP WB TD=99 27014 LF3STH

Agoue 1826=0138 B IC COMPARATOR GP GUAD 14eDIPeP 01298 LM33eN

AQOUS 1824=0138 8 IC COMPARATOR GP QUAD 14=DIP=P 01298 LM33GN

Agouro 1820=) 144 [ IC GATE TTL LS NOR QUAD 2eINP 01295 BNTaLS02N

Agouit 1826=0138 a IC COMPARATOR GP QUAD j4=DIPeP 01298 LM3IgN

Agouta 18200493 L] IC OP AMP GP BepIP=P 27014 LM3OTN

AgouU13 1820=0493 -] IC OP AMP GP B«DIP=P 27014 LM30TN

A40 MISCELLANEOUS PARTS

0360=1641 1 TERMINAL=STUD FKDaTUR PRESSMTG 28480 0360=1541
0360=1916 3 TERMINAL=BTUD SPCL=FDTHRU PRESS=MTG 28480 03e0=1916
0360=1917 " TERMINALwBTUD SPCL=FDTHRU PRESS«MTG 28480 0360e1917
0380=1217 9 BTANDOFFwHEX T, ,6=MMel G 4,8eMM=p/F BRS ooowo ORDER BY DEBCRIPTION
16000870 7 2 CONNECTOR STRIP FOR U3 FINELINE 28480 1600=0870
1600=0872 9 2 CONNECTOR S8TRIP FOR U3 FINELINE 28uBo 1600=0872

See introduction to this section for ordering information
*Indicates factory selected value
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Table 6-4. Replaceable Parts (Cont'd).

MNOTE

MANY OF THESE PARTS ARE ILLUSTRATED IN
FIGURES 6-3 TO 6-11.

Reference HP Part |c Q I Mfr
: : t Description Mfr Part Number
Designation | Number (D Yy B Code
CHASS1S MOUNTED PARTS
t1 01800291 3 1 CAPACITORFXD {UF4wl0x 3SVDC TA 56289 150D105%903542
t2 0150=0012 3 { CAPACITOR=FXD ,n1UF +=20% 1KVOC CEP 50289 CO23a102J103M838
Rl 1902=1217 8 2 DIODE=INR 6,2V 5% DOw4 PDR1ON TC®+,035% 28uBo 190201217
R2 1902-1217 8 DIODE=INR & 2V Ei D0=4 PDmyjor TCm4, 035% 28480 1902-1311
CR5 4l0 1906-0205 0 1 DIODE ASSEMBLY 1DGE 28480 1906-0205
[ ] 1970=0085 9 1 TUBE=-ELECTRON SURGE V PTCTR 28uBo 1970=0085
Fi1 2110.0033 [ 1 FUSE ,7SA 250V 1,25X,25 28uBn 2110=0033%
(FOR 1007120V UPERATION)
Fi 21100065 [ 1 FUSE ,375A4 250y NTD 1,25x,25 UL 28480 2110=00865
(FOR 2207240V DPERATION)
2110=05640 8 1 FUSEHOLDER BOLY 124 MAX FOR UL HIn27 U3, 18657
211020565 9 i FUSEHOLDER CAP 124 MAX FOR UL 28uBo 2110=0565
211020569 3 FUSEHOLDER NUT 28480 2110=056%
IS 1251e8192 7 2 COMNECTOR 15=PIN M POST TYPE 28uBo 1251=6192
Jb 1251=6152 7 CONNECTOR 15«PIn ™ POST TYPE 28480 1251=6192
J8 12516193 8 1 CONNECTOR &=PIN M PDST TYPE 28480 1251=6193
J15 1251=6184 7 1 CONNECTOR BaPIN ¥ POST TYPE 28uB0 1251=6184
nt 1251=56194 9 4 CONNECTOR 10=PIN M POST TYPE 28480 1251=6194
J18 1291=5190 9 COMNECTOR 10=PIN M POST TYPE 28uB0 1251=6194
Ja21 12516194 9 CONNECTOR 10«PIN M POST TYPE 28480 1251=619%4
Jio 12516194 9 CONNECTOR 10=PIN M PDST TYPE 28480 1251=b194
Ji8 S0b)=TUTH 3 2 TEPMINAL ASSEMALYLFRONT INPUT 28480 5060=7478
J39 S060=7478 3 TERMINAL ASSEMALY=REAR INPUT 28480 5060=T7u78
Jao 1250n=00R3 1 2 CONNECTOR=RF BhC FEM BGL=HOLE=FR S0=0HM 28480 125n=nn83
Jui 125%0=0083 1 CONNECTOR=RF BNC FEM 8GLeMOLE-FR SpelHM FLIT.IY 1250=0083
Juz 91003910 o 1 FILTERaLINE 28480 100=3910
Bl2ne) 348 5 1 CAPLE ASSY {RANG 3=CNDCT BLKeJRT 28uBg Bl20=13u8
R 0Tedano28 2 1 RESISTOR 100K Sy 2w MO TCEow=200 28480 0Telepp28
RY1 0A3T=0198 v 1 MO VARISTOR 430V RMS 28uB0 0B3T=01%8
L1 31012218 3 1 SWITCHePB DPDT ALTNG WA 250VAC 28uBo 3101=2210
HTTEITLH L] 1 KEY CAP=LINE 2BaB0 S0dl=]pb2
82 3lu)=pas) [ 1 SWITCHePR &PDT ALING ,54 funVAC 2Buso Jlol=04b1
83 3101=1299 0 2 SWITCH=GUARD, P DPDT 28uB0 3101e1299
L] 3101=1299 0 8w1TCHeGUARD,FH DPDT 28480 3101=1299
0370=0k03 L] 3 KEY CAP ,TLUN\IN SRT 55, [N H} FOR 28480 0370=0603
11 31012298 1 2 SWITCH=BLIDE, VOLTAGE SELECT 28480 310)=2298
1Y 31012798 1 SWITCHeBLIDE, VOLTAGE SELECT 2Budgp 3101=2298
T 9100endbd ] 1 TRANSFORMERPUWER 1002120/220/240V 28480 9100=0469
' 1826=0181 1 1 VOLTAGE REGULATORa LM323K 27014 LM323K
X1 12000479 q 1 SOCKETeXSTR 2«CONT TOw3 SLDReTUR 28480 1200=0479
0340=0580 3 1 INSULATUR=XSTR THRMeCNDCT 28480 0340=0580
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Table 6-4. Replaceable Parts (Cont'd).

Reference HP Part |c Q e Mfr
: A t Description Mfr Part Number
Designation | Number |D Y P Code
MISCELLANEDUS PARTS

034Spen0iog | @ 1 CHASS18=INGUARD, RIGHT 2848y 034Sbannyng
03uSe=00102 | S 1 CHASSIS=INGUARD, LEFT 28uBg 034Se=ng1ne
034Ss=00103| & 1 GUSSET=0UTGUARD 28480 03uSbennind

alQ 03456-00105| 8 1 GAUSSET-OUTGUARD 23480 03456-00105
03456=00201 | S 1 PANEL=FRONT 2848y u3uSe=00201
03456=00202 | & 1 PANEL=CALIBRATE 28480 034Se=00202
0345e=00204 | B | PANEL=3UB 2BuB0 03uSbe00204

4100 03456-00205 | 9 1 REAR PANEL 28480 03456-00205

4100 03456-n0603 | O 1 SHIELD-OUTGUARD 28480 03456-00603
034Se=01201| 7 1 BRACKET=TRANSFORMER 28480 03aSeenl2ni
034Se=01203| 9 1 BRACKET«PANEL MOUNT 2BuB0 03uSe=p1203
03456=01200 | O 1 BRACKET=GUSSET 28480 03a5e=p1204
034Se=0d)0y | 2 SHIELD=INGUARD 28uBp G3aSbepuinl
03456-04103 | & 1 SHIELD-RMS CONVERTER 28480 03456-04103
0348pa0lio4]| 5 1 SHIELD=TOP 28080 03aSeepdint
034See0u1p5| 6 1 SHIELD=BOTTOM 28480 03uSbenUln s

a:ﬂ 034Se=08108| 9 1 TOP COVER 28uBo 034Sbwnding

&100 03456-04109| 0 2 POWER SHIELD 2BuBg 03456-04109
03456-04401| 5 1 FRAME-REAR MOD 28480 03456-04401
0390=0006 3 L] INSULATORFLG=BSHG NYLON 28udp 0390=0008
1060=1305 5 2 TILYT 8TAND 887 26uBo 1460w 345
So6l=p0Bs 9 1 FRONT HANDLE KIT 284Bp S0bl=0nbA
03601996 9 1 TERMINAL=8TUD DBL=TUR PRESS=MTG 28480 0360=199%
5041-3076 ] 2 CAP=LOCKING FOR TERMINAL SWITCH 2848 5041-3076
4080=1 645 1 13 LIGHT PIPE=PANEL 28489 4oyn=lpus
G11q=npbn 5 1 WINDOW=DIBPLAY 284g0 Ulju=opbe
S001=pals 7 F] TRIM BTRIP 28480 S001=nyle
50208801 4 1 FRONT FRAME 28480 S020=BAN]
50208832 1 2 BIDE STRUTS 26uB0 S02neRBl?
Soap=7023 2 F PUSHROD=FOR 81 aND 82 28480 S04neTogd
Soug=T201 ] a FONT(BTANDARD) 28480 §0u0=7201
Souo=T202 9 1 TRIM=TOP 28uB0 S0uo=7202
504neT219 L] 1 STRAP HANDLE CAP=FRONT 28480 S0u0=7219
S0u0=T220 1 1 STRAP HANDLE CAP=REAR 28480 Snyn=T220
5060=2804 3 1 STRAP HANDLE=1Rall 28uBp S0bU=9B0L
S5060=9847 4 1 BOTTOM COVER 2Budn S506n=984T
5060-9876 9 1 SIDE COVER -ASSEMBLY 28480 5060-9876

a1o0] 5060-9907 7 1 SIDE COVERSNO HANDLE 28480 5060-9907
T120=3528 ] | LABEL=CAUTION 28uBo 7120=3528
T120=8008 7 1 LABEL=INFORMATION 28480 7120=48008
T120=8607 2 1 LABEL=METRIC 28080 Ti2n=Bpu7

NOTE

MANY OF THESE PARTS ARE ILLUSTRATED IN
FIGURE 6-1 AND FIGURES 6-3 TO 6-11.

See introduction to this section for ordering information
*Indicates factory selected value
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Replaceable Parts

Model 3456 A

NOTE

The MP Designations used on this page apply
only to those parts called out in Figure 6-1.

Reference c

Designation -hp- Part Number D Oty Description
MP1 5020-8801 4 1 FRONT-FRAME
MP2 03456-04401 5 1 REAR-FRAME MOD
MP3 03456-00204 8 1 SUB-PANEL
MP4 03456-00203 7 1 REAR PANEL
MP5 5040-7202 9 1 TOP TRIM, FRONT FRAME
MP6 5040-7201 8 4 FOOT
MP7 1460-1345 5 2 TILT STAND
MP8 5040-7219 8 1 STRAP HANDLE CAP-FRONT
MP9 5040-7220 1 1 STRAP HANDLE CAP-REAR
MP10 03456-00201 5 1 FRONT PANEL
MP11 5060-9876 9 1 SIDE COVER, W/HANDLE RECESS
MP12 5001-0438 7 2 SIDE TRIM, FRONT FRAME
MP13 03456-00202 6 1 PANEL-CALIBRATE
MP14 5020-8832 1 2 SIDE STRUT
MP15 Ay 03456-04108 9 1 TOP COVER
MP16 5060-9847 4 1 BOTTOM COVER
MP17 Aqp 5060-9907 7 1 SIDE COVER, NO HANDLE
MP18 5060-9804 3 1 STRAP HANDLE-18 IN
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Figure 6-1. Chassis/Cabinet Parts.



Model 3456A Replaceable Parts

NOTE

The MP Designations used on this page apply
only to those parts called out in Figure 6-2.

(]
,..--"""’O
Screw MP 7y
‘Washer, Internal Tooth MP2
Washer, Helical MP3
Standoff MP8
MNut MP5
O
o

o o
-________——————_

rew MP1

Washer, Internal Tooth MP2

Washer, Helical MP3

Standoff MP4

MNut MPS

o]
A21 Assy. Mounting Screw MPE
Washer, Helical  ~ MP3
elay Mounting Screw MPE
‘Washer, Halical MP3
Reference c
Designation -hp- Part Number D Oty Description

MP1 0515-0064 9 4 | SCREW-MACH M3 X 0.5 16 MM-LG PAN-HD
MP2 2190-0521 5 6 | WASHER-LK INTL T 3 MM 2.3-MM-ID
MP3 2190-0584 0 10 | WASHER-LK HLCL 3.0 MM 3.1-MM-ID
MP4 0380-1217 9 4 | STANDOFF-HEX 7.6-MM-LC 4.8-MM-A/F
MP5 0535-0003 8 6 | NUT-HEX DBL-CHAM M3 X 0.50 1.8 MM-THK
MP6 0515-0211 8 4 | SCREW-MACH M3 X 0.5 6MM-LG PAN-HD
MP7 0515-0057 0 2 | SCREW-MACH M3 X 0.5 20MM-LG-PAN-HD
MP8 0380-1256 6 2 | STANDOFF, THREADED-M3 X 6.0

Figure 6-2. A20 Board Miscellaneous Fastener Parts.
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Replaceable Parts

Model 3456A

NOTE

The MP Designations used on this page apply on-
ly to those parts called out in Figure 6-3.

MP4

Reference -hp- Part c .

Designation Number D Oty Dascription
MP1 03456-04109 4 1 Chassis-Inguard-Right
MP2 1251-6184 7 1 Connector 8 Pin M Post Type
MP3 1251-6194 9 4 Connector 10 Pin M Post Type
MP4 03456-00204 8 1 Sub-Panel
MP5 0515-0212 1 Screw-Mach M3.5 x 0.6 6 MM-LG Pan-HD
MPB 0515-0219 4 Screw-Mach M3 x 0.5 6MM-LG Flat-HD
MP7 1251-6192 7 2 Connector 15-Pin M Post Type
MP8 Ay, 03456-04109 0 1 Power Shield
MP9 0515-0211 8 2 Screw-Mach M3 x 0.5 6MM-LG Pan-HD
MP10 03456-00102 5 1 Chassis-Inguard-Left
MP11 0515-0211 8 4 Screw-Mach M3 x 0.5 6MM-LG Pan-HD
MP12 0515-0212 4 Screw-Mach M3.5 x 0.6 6MM-LG Pan HD

MP5

MP6&
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Figure 6-3. Top View of Chassis with PC Boards Removed.



Model 3456A

Replaceable Parts

A1l
Board

MP9

NOTE

The MP Designations used on this page apply on-
ly to those parts called out in Figure 6-4.

MP5

MP&
.0-4"""'_..—..

Reference -hp- Part [ .

Designation Number p | Qu Description
MP1 A,q 03456-04109 0 1 Power Shield
MP2 1390-0458 0 4 Fastener-Snap-In Grommet
MP3 1390-0457 9 4 Fastener-Snap-In Plunger
MP4 03456-01204 0 1 Bracket-Gusset
MP5S 0515-0212 1 Screw-Mach M3.5 x 0.6 6MM-LG Pan-HD
MP6 0515-0219 4 Screw-Mach M3 X 0.5 6MM-LG Flat-HD
MP7 03456-04103 4 1 Shield-RMS Converter
MP8 0515-0215 4 Screw-Mach M3.5 x 0.6 20MM-LG Pan-HD
MP9 0515-0212 3 Screw-Mach M3.5 x 0.6 6MM-LG Pan-HD
MP10 0515-0211 8 4 Screw-Mach M3 x 0.5 6MM-LG Pan-HD
MP11 0515-0211 8 2 Screw-Mach M3 x 0.5 6MM-LG Pan-HD

MP7

MP8

Figure 6-4. Bottom View of Chassis with PC Boards Installed.
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Replaceable Parts Model 3456A

NOTE
The MP Designations used on this page apply on-

ly to those parts called out in Figure 6-5.
MP2 l l

MP1

MP1 CR2

MP4

E1 R1 c2

Reference -hp- Part C o
Designation Number p [Ow Description

MP1 2510-0192 8 Screw-Mach 8-32 x .25 100° Flat-HD

MP2 03456-00103 6 1 Gusset-Outguard

MP3 4040-1415 8 Spacer-Ins|

MP4 0380-1267 8 Spacer-Poly

MP5 03456-04102 3 1 Shield-Outguard

MP6 0624-0461 6 Screw-Tapping 8-16 x .5 Pan HD Plastite

MP7 03456-04101 2 1 Shield-Inguard

c2 0150-0012 3 1 Capacitor-Fxd .01 uF

CR2 1902-1217 8 1 Diode-Znr 6.2 V

E1 1970-0085 9 1 Tube-Electron Surge Protector

R1 0764-0028 2 1 Resistor, 100K 5% 2W

RV1 0837-0196 0 1 MO Varistor 430 V RMS

MP5

MP6

RV1
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Figure 6-5. Bottom View of Chassis with PC Boards Removed.




Model 3456A Replaceable Parts

NOTE

The MP Designations used on this page apply on-
ly to those parts called out in Figure 6-6 (A, B, &
Cl.

A. Side View of Chassis Showing Handle/Hardware.

MP5 MP6&

B. Side View of Chassis with Side Cover Removed.

MP7 MP8 MP9

C. Opposite Side of Chassis with Side Cover Removed.

Reference -hp- Part c N

Designation Number D aty Description
MP1 2680-0172 2 Screw-Mach 10-32
MP2 5040-7219 8 1 Strap Handle Cap-Front
MP3 5060-9804 3 1 Strap Handle-18 In
MP4 5040-7220 1 1 Strap Handle Cap-Rear
MP5S 0624-0461 6 Screw-Tapping 8-16 x .5 Pan Head Plastite
MP6 0515-0211 8 3 Screw-Mach M3 x 0.5 6MM-LG Pan-HD
MP7 0515-0211 8 2 Screw-Mach M3 x 0.5 6MM-LG Pan-HD
MP8 0515-0210 9 Screw-Mach M4 x 0.7 x BMM-LG Pan-HD
MP9 0515-0212 2 Screw-Mach M3.5 x 0.6 6MM-LG Pan-HD

Figure 6-6. Side Views of Chassis.
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Replaceable Parts Model 3456A

NOTE

The MP Designations used on this page apply on-
ly to those parts called out in Figure 6-7 (A & B).

MP3
off @&
m@.' i
< S & é
" &
-8 86 08 @& 2
& . . . .
NN EFEEE E N EEa )
A. Front Panel.
A2 Board MP4 MP5 MP7

MP10 MP9

B. Front Frame, Cal. Panel, Sub Panel, and A2 Board Assembly.

Reference -hp- Part C i
Designation Number D Qty Description
MP1 03456-00201 5 1 Front Panel
MP2 4040-1645 1 33 | Light-Pipes
MP3 4114-0868 5 1 Window — Display
MP4 03456-00204 8 1 Sub-Panel
MP5 0515-0211 10 | Screw-Mach M3 x 0.5 6MM-LG Pan-HD
MP6 03456-00202 6 1 Panel-Calibrate
MP7 03456-01203 9 1 Bracket-Panel Mount
MP8 2510-0133 1 Screw-Mach 8-32 x .188 Pan HD
MP9 03456-01204 0 1 Bracket, Sub Panel
MP10 5020-8801 4 1 Front Frame

Figure 6-7. Front Assembly (Inside View).

6-26



Model 3456A

Replaceable Parts

NOTE

The MP Designations used on this page apply on-
ly to those parts called out in Figure 6-8 (A & B).

MP4

A. Inguard Chassis Hardware—Front.

MP5
e e
APRNULH G e Y 1 £
tH: ‘ill \.-.
Bisitls .‘-
gt N Rt Py Ty £
d B M ol s S
Jii\"t""l!/c" i) ‘*\,{\‘
: F 2O
VR 7L REAN KRN
J40 MP14 M\P12 J41  MP11 MP10
MP13
B. Rear Panel.
Reference -hp- Part C o
Designation Number p | Oty Description
MP1 03456-00102 5 1 Chassis-Inguard-Left
MP2 0515-0212 9 2 Screw-Mach M3.5 x 0.6 6MM-LG Pan-HD
MP3 03456-00101 4 1 Chassis-Inguard-Right
MP4 0624-0314 3 2 Screw-Tapping 4-20 x .375 Pan-HD Plastite
MP5 0380-1214 6 2 Standoff Screw-HP-IB, Metric
MP6 0515-0225 4 1 Screw-Mach M3.5 x 0.6 TOMM-LG Pan-HD
MP7 Ayq 0624-0034 4 2 Screw-Taping 6-20 0.5 Pan-HD
MP8 A,q 2110-0564 8 1 Fuseholder Body
MP9 A4,q 2110-0565 9 1 Fuseholder Cap
MP10 Aqq 0340-0580 3 1 Insulator-XSTR THRM-CNDCT
MP11 Ay 0515-0212 9 1 Screw-Mach M3.5 x 0.6 6MM-LG Pan-HD
MP12 Aqg 0570-1171 7 3 Screw-Cover Mtg.
MP13 Ayq 0510-0043 4 3 | Ring-Ret Ext-E-.141 Dia
MP14 A,q 0515-0215 2 1 Screw M3.5 x 0.6 20MM-LG Pan-HD
J3s 5060-7478 3 1 Terminal Assembly-Front Input
J40, Ja1 1250-0083 1 2 Connector-RF BNC
S5, S6 3101-2298 1 2 Switch-Slide Voltage Select
Ul 44 1826-0181 1 1 Voltage Regulator-LM323K
Figure 6-8. Inguard Chassis—Front and Rear Panel.
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Replaceable Parts Model 3456A

The MP Designations used on this page apply on-
ly to those parts called out in Figure 6-9 (A & B).

NOTE

S4 MP1  MP2 38

A. Inside View of Front Terminal Assembly and Guard Switch.

s2 MP3 o((\ MP4
S

B. Front/Rear Switch (FIR).

Reference -hp- Part c
Designation Number D Qty Description
MP1 0515-0214 2 Screw-Mach M2 x 0.4 6MM-LG Pan-HD
MP2 0515-0211 8 2 Screw-Mach M3 x 0.5 6MM-LG Pan-HD
MP3 0515-0214 2 Screw-Mach M2 x 0.4 6MM-LG Pan-HD
MP4 5040-7023 2 1 Pushrod for S2
J38 5060-7478 3 1 Terminal Assembly-Front Input
S2 3101-0461 6 1 Switch-Front/Rear-PB 6PDT
S4 3101-1299 (4] 1 Switch-Guard-PB DPDT
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Figure 6-9. Inside View of Front Terminal Assembly, Guard Switch, and Front/Rear Switch.



Model 3456A

Replaceable Parts

NOTE

MP1

The MP Designations used on this page apply to
those parts called out in Figure 6-10 (A & B).

S4

B. AC Power Switch.

Reference -hp- Part C .
Description Number D Qy Description
MP1 0515-0214 2 Screw, Mach M2 x 0.4 6MM-LG Pan-HD
MP2 0515-0211 8 2 Screw, Mach M3 x 0.5 6MM-LG Pan-HD
MP3 0515-0217 2 Screw, Mach M2 x 0.4 4MM-LG Pan-Hd
MP4 5040-7023 2 1 Pushrod for S1
J39 5060-7478 3 1 Terminal Assembly-Rear Input
S1 3101-2216 3 1 Switch-PB DPDT ALTNG 4A 250 VAC
sS4 3101-1299 0 1 Switch-Guard PB DPDT

Figure 6-10. Inside View of Rear Terminal Assembly and AC Power Switch.
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NOTE

MP1

The MP Designations used on this page apply on-
ly to those parts called out in Figure 6-11.

CR5

MP2

Reference -hp- Part c 2o
Designation Number p | Qv Description
MP1 03456-01201 7 1 Bracket-Transformer
MP2 0515-0216 3 4 Screw-Mach M4 x 0.7 50MM-LG Pan-HD
CRB Ay 1906-0205 0 1 Diode Assembly Bridge

Figure 6-11. Power Transformer and Bracket; Voltage Regulator, Zener Diode, and Bracket.
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SECTION VvII
MANUAL CHANGES

7-1. INTRODUCTION

7-2. This section of the manual has information to
adapt this manual for instruments with serial number
prefixes other than shown on the title page. In addition,
changes to instruments with the serial prefix given on
the title page may also be included in this section.

7-3. MANUAL CHANGES

7-4. To adapt this manual to your 3456A, refer to Table
7-1 and make all the manual changes listed opposite
your instrument’s serial number. Perform these changes
in the sequence listed.

7-5. If your instrument serial number is not listed on
the title page of this manual or in Table 7-1, it may be
documented in a yellow MANUAL CHANGES supple-
ment.

Table 7-1. Manual Changes

Instrument Serial Number Make Manual Changes

2015A00260 and Below
2015A00379 and Below
2015A00529 and Below
2015A00950 and Below
2015A01865 and Below
2015A02160 and Below
2015A01866 thru 2015A2905
2015A02970 and Below
2015A03070 and Below
2015A04595 and Below
2201A04596 thru 2201A4795

N SN

pie g3y 5y

ri gy

N [ SN G Y

7-6. MANUAL CHANGE INSTRUCTIONS
7-1. Change #1
7-8. For serial numbers 2015A00260 and below.

a. Page 8-83/8-84, Figure 8-70 (Schematic 9, Main
Controller Schematic). Delete inverters A4U16b and
Ulé6c, as shown in Figure 7-1. Since part of U16 is also
used in other circuits, only delete U16b and Ulé6c.

b. Page 6-7, Table 6-4 (Replaceable Parts). Change
A4U18 from 1820-0693 to the following:

Ref. Part c
D

Des. Number Description

A4U18 | 1820-1112 | 8 | IC SN74LS74AN

7-9. Change #2
7-10. For serial numbers 2015A00379 and below.

a. Page 8-71/8-72, Figure 8-64 (Schematic 4, A/D
Converter Schematic). Resistors A20R424 and R427
where origionally 56.2K ohms, and R425 and R426
where 44.2K ohms. They where changed to 52.3K ohms
and 47.5K ohms for R424 and R427, and R425 and
R426, respectively. They where changed to improve the
A/D Converter’s Overload Circuitry operation when
the 3456A’s is configured to the 50Hz power option. If
the resistor values are other than shown on schematic 4,
change them to the values shown on the schematic
(52.3K for R424 and R427, and 47.5K for R425 and
R426).

b. Page 6-11, Table 6-4 (Replaceable Parts). The
values for A20R424 through R427 should be as shown
Table 6-4, if the 3456A is updated to those values.
7-11.cChange #3
7-12. For serial numbers 2015A00529 and below.

a. Page 8-79/8-80, Figure 8-68 (Schematic 7, AC
Converter Schematic). Change capacitors A40C17 and
C18 from 10pF to 15pF.

b. Page 6-15, Table 6-4 (Replaceable Parts).

Ref. Part c
Des. Number D Description

A40C17,C18 | 0140-0202| 2 ICAPACITOR-FXD 15pF 500VDC

c. Page 8-81/8-82, Figure 8-69 (Schematic 8, Inguard
Logic Schematic). Change the following:

1. Delete A30U25a from the schematic, as shown
in Figure 7-2.

2. Connect a .0047uF capacitor (A30C12) from
pin 1 of A30U11 to ground, as shown in Figure
7-2.

d. Page 6-13/6-14, Table 6-4 (Replaceable Parts).
Delete A30U25 from the table and add the following:

Des. Number D Description

A30C12 | 0160-4298' 6 |CAPACITOR .0047uF

Ref. | Part l c I

RevB 7-1
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e. Page 8-83/8-84, Figure 8-70 (Schematic 9, Main
Controller Schematic). Change Address Line A10 con-
nection as shown in Figure 7-3.

7-2 Rev B

7-14. For serial

7-13. Change #4

numbers 2015A00950 and below. Use
new part number (1855-0460) shown in Table 6-4, when
replacing A20Q406. The old number is: 1855-0246.
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Figure 7-2. Change #3 on Schematic 8
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7-15. Change #5

7-16. For serial numbers 2015A01865 and below. All
changes pertain to the A40 Assembly.

a.

Page 8-79/8-80, Figure 8-68 (Schematic 7, AC

Converter Schematic). Do the following:

1. Add C11 (a 0.3pF capacitor) to the schematic,
as shown in Figure 7-4. Do not add the capacitor if
missing from the A40 assembly or hybrid U3 has
been replaced.

2. Change C3 from 62pF to 75pF. Do not change
the capacitor if C11 is missing from the A40
assembly or hybrid U3 has been replaced.

3. Change C22 from .015x4F to .018xF. Do not
change the capacitor if C11 is missing from the
A40 assembly or hybrid U3 has been replaced.

b.

Model 3456A

4, Change R21 from 9.09K ohms to 6.98K ohms.
Do not change the resistor if Cl11 is missing from
the A40 assembly or hybrid U3 has been replaced.

5. Change R24 from 4.99K ohms to 3.16K ohms.
Do not change the resistor if C11 is missing from
the A40 assembly or hybrid U3 has been replaced.

6. Change R60 from 232 ohms to 301 ohms. Do
not change the resistor if C11 is missing from the
A40 assembly or hybrid U3 has been replaced.

Page 6-14/6-15/6-16, Table 6-4 (Replaceable

Parts). Do not make the following changes or additions
if capacitor C11 is missing from the A40 assembly or
hybrid U3 has been replaced.
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Figure 7-4. Change #5 on Schematic 7
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Ref. Part C

Des. Number D Description
A40C3 0160-2202 8 | CAPACITOR-FXD 75pF 300V
A40C11 0160-3502 3 | CAPACITOR-FXD .3pF 500VDC
A40C12 0160-4807 5 | CAPACITOR-FXD 33pF 300VDC
A40C22 0160-0302 5 | CAPACITOR-FXD .018uF 200VDC
A40R21 0698-4470 5 | RESISTOR 6.98K 1% .125W
A40R24 0757-0279 0O | RESISTOR 3.16K 1% .125W
A40RB0 0757-3486 2 RESISTOR 301 1% .125W

7-17. Change #6
7-18. For serial numbers 2015A02160 and below.

a. Page 8-65/8-66, Figure 8-61 (Schematic 1, Input
Switching Schematic). Change A20C111 from 100pF to
150pF. Do not change the capacitor if U106 has been
replaced by an op amp with part number 1820-0478.

b. Page 6-8/6-12, Table 6-4 (Replaceable Parts).
When replacing A20U106, replace with the part number
(1820-0478) shown in Table 6-4. The old part number is
1820-0477. If U106 has been replaced, replace Cl11
with the part number (0160-3336) shown in Table 6-4.
The old part number is 0160-4814.

c. Page 6-8, Table 6-4 (Replaceable Parts). When
replacing A20C701, replace with the part number
(0180-0269) shown in Table 6-4. The old part number is
0180-0230.

7-19. Change #7

7-20. For serial numbers between 2015A01866 and
2015A02905.

a. Page 8-79/8-80, Figure 8-68 (Schematic 7, AC
Converter Schematic. Change A40R21 from 6.98K ohm
to 9.09K ohm.

b. Page 6-16, Table 6-4 (Replaceable Parts). Change
A40R21 to 9.09K ohms (Part Number 0757-0288). If the

Backdating

resistor is to be replaced, use the value and part number
shown in Table 6-4 (6.98K ohms, Part Number
0689-4470).

7-21. Change #8
7-22. For serial numbers 2015A02970 and below.

a. Page 8-79/8-80, Figure 8-68 (Schematic 7, AC
Converter Schematic). Change the Input Attenuator
Circuitry of the AC Converter as shown in Figure 7-5.
Note that in the change, the value of R3 is 51 ohms in-
stead of 1K ohms.

b. Page 6-15, Table 6-4 (Replaceable Parts). Change
the following:

Ref.

Des. Number

Part C
1] Description

A40R3 i 0683-5105| 4 | RESISTOR 51 5% .25W

7-23. Change #9

7-24. For serial numbers 2015A03070 and below. The
following is a ROM change and requires some changes
of the signatures listed in Service Group A of the
manual. If a ROM (A4US5, U7, or UB) is to be replaced
in the 3456A because of a failure, make sure the new
ROMs used as replacements are the ones listed in Table
6-4 (Part Number of U5 is 1818-1629, U7 is 1818-1630,
and U8 is 1818-1631). In addition, all ROMs (US, U7,
and US8) need to be replaced, even though only one
ROM may be defective. If the ROMs presently in the in-
strument are the new ROMs, then only the defective
ROM need to be replaced. The old ROMs listed in step a
(which follows this paragraph), are no longer available.

AC CONVERTER
ﬂl 03456-66540

INPUT ATTENUATOR
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Figure 7-5. Change #8 on Schematic 7
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a. Page 6-6, Table 6-4 (Replaceable Parts). The
changes are as follows:

Ref. Part c

Des. Number D Description
A4U5 1818-1367 0 | IC MEMORY, ROM
A4U7 1818-1368 1 IC MEMORY, ROM
A4UB 1818-1369 2 | IC MEMORY, ROM

b. Page 8-A-3/8-A-4, Table 8-A-1 (Data Bus
[D0-D7] Signatures, Service Group A). Replace Table
8-A-1 with Table 7-2.

NOTE

Make sure the ROMs in the 3456A agree
with ones listed in Table 6-4. Update the
table only if the ROMs are different from
the ones that are listed.

Table 7-2. Data Bus (D0-D7) Signatures

Data A4P5
Bus Pin # Signature
DO 7 2AP3
D1 8 FH1U
D2 9 FFP5
D3 10 CO9F
D4 11 P505
D5 12 HHBA
D6 13 7967
D7 14 A089
Note. Set the Signature Analyzer to:
Start: (™= ) A4TP3-A
Stop: (™_) A4TP3-B

Clock: (™) A4TP3-C
The "*1"* (High, + 5 V) signature is: 0003.

c. Page 8-A-3/8-A-4, Table 8-A-4 (Individual ROM
Signatures, Service Group A). Replace Table 8-A-4 with
Table 7-3.

Table 7-3. Individual ROM Signatures

Start/Stop ROM
ROM Connection Pin # Signature
A4US5 A4U6 pin 10 9 2P23
10 4H88
11 ceé6C
13 3931
14 0654
15 OF76
16 3574
17 441P
A4U7 A4U6 pin 9 9 1A11
10 9751
11 3PUH
13 CA4A
14 TCA7
15 480A
16 11F6

7-6 RevB
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Table 7-3. Individual ROM Signatures

Start/Stop ROM
ROM Connection Pin # Signature
17 878C
A4US8 A4UB pin 7 9 5632
10 4631
11 ABAA
13 1P22
14 3A6P
15 24H5
16 UUHA
17 02HA
Note. Set the Signature Analyzer to:
Start: (™_) see Table
Stop: (_~) see Table

Clock: (—~_) A4TP3-C

The "*1°" (High, +5V) signature is: 1180.

d. Page 8-A-16, paragraph 8-A-26 step h. Change the
signatures in step h of paragraph 8-A-26 to the follow-
ing:

h. Turn the 3456A On and check the following
signatures. If any signatures are bad, try the recom-
mended integrated circuit(s) in the given order. Replace
the one on the left first and then replace the one next to
it;\9f the signature was still bad.

I.C. Pin # Signature Replace
A3U4 11 1180 A3U4
A3U4 10 0000 A3U4,U8
A3U4 12 1180 A3U12,U7,U8,U4
A3U14 15 1180 A3U14
A3U12 3 2P23 A3UI12
A3U12 5 4H88 A3UI2
A3U12 11 C66C A3UI12
A3UI12 14 3931 A3UI12,U14
A3UI12 13 3931 A3U12
A3U7 3 0654 A3U7
A3U7 5 0F76 A3U7
A3U7 11 3574 A3U7
A3U7 14 441P A3U7,U8
A3U7 13 441P A3U7
A3US8 3 441P A3U8
A3U14 13 3931 A3U14

e. Page 8-A-16, paragraph 8-A-26 step j. Change the
signatures in step j of paragraph 8-A-26 to the follow-
ing:

j- Check the following signatures and if any are bad,
replace the recommended Integrated Circuit in the given
order:

I.C. Pin # Signature Replace
A3U8 5 U280 A3U8,Ul14
A3U8 11 0F76 A3U8,U14
A3U8 13 6P07 A3U8,U14
A3U8 6 U280 A3U8
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I.C. Pin #  Signature Replace
A3U8 10 0F76 A3US8
A3U8 14 3501 A3U8
A3U14 2 FFBA A3U14
A3U14 6 421U A3U14
A3U14 10 3501 A3U14

f. Page 8-A-16, paragraph 8-A-26 step m. Change
the signatures in step m of paragraph 8-A-26 to the
following:

m. Check the following signatures and if any are
bad, replace the recommended Integrated Circuit in the
given order:

I.C. Pin # Signature Replace
A3U4 10 1180 A3U4,U8
A3U4 12 0000 A3U12,U7,U8,U4
A3U8 15 1180 A3U8
A3U8 5 2P23 A3U8
A3U8 11 4H88 A3U8
A3U8 13 C66C A3U8
A3U14 13 3931 A3U14

g. Page 8-A-16, paragraph 8-A-26 step 0. Change the
signatures in step o of paragraph 8-A-26 to the follow-
ing:

0. Check the following signatures and if any are bad,
replace the recommended Integrated Circuit in the give
order:

I.C. Pin # Signature Replace
A3UI12 3 2P23 A3UI12,U7
A3U12 5 1180 A3U12,U7
A3U12 11 C66C A3U12,U7
A3U12 13 3931 A3U12,U7,U8
A3UI2 2 2P23 A3UI12
A3UI12 6 1180 A3UI12
A3U12 10 C66C A3UI12
A3U12 14 3931 A3UI2
A3U7 2 2P23 A3U7
A3U7 6 4H88 A3U7
A3U7 10 C66C A3U7
A3U7 14 3931 A3U7
A3U8 2 3931 A3US8

7-25. Change #10

7-26. For serial numbers 2015A04595 and below. This
change applies to 3456A which did not have their Fan
(B1) removed. If the Fan is defective and needs to be
replaced, retrofit the 3456A to a fanless instrument.
Refer to Service Note 3456A-12 on how to retrofit the
instrument. Because no fans will be replaced, if defec-
tive, the information given here should only be used to
to adapt this manual for instruments which still have
their fans. If the instrument is retrofitted (i.e., the fan is
removed), ignore this change and use the information
which is presently in this manual.

Backdating

a. Page 3-3, Figure 3-1 (Front and Rear Panel
Features (Cont’d)). Replace Figure 3-1 with Figure 7-6.

b. Page 8-93/8-94, Figure 8-75 (Schematic 14, Power
Supply Schematic). Change bridge rectifier A3CRS5 to
diode rectifiers A3CRS through A3CRS, as shown in
Figure 7-6. Add fan BI, and change fuse F1 to 750MA
and 375MA, as shown in Figure 7-7.

c. Page 6-5, Table 6-4 (Replaceable Parts). Change
and add the following:

Ref. Part 4

Des. Number 1] Description
A3CR5 | 1901-0662 3 DIODE-PWR RECT 100V 6A
A3CRB 1901-0662 3 DIODE-PWR RECT 100V 6A
A3CR7 1901-0662 3 DIODE-PWR RECT 100V 6A
A3CR8 | 1901-0662 3 DIODE-PWR RECT 100V 6A

d. Page 6-7, Table 6-4 (Replaceable Parts). Change
Heat Sink A10HI1 through A10H4 to Part Number:
1205-0462.

e. Page 6-18/6-19, Table 6-4 (Replaceable Parts).
Add and change the following:

Ref. Part c
Des. Number D Descripton
B1 3140-0604 1 |FAN MOTOR

3160-0307 3 |FAN BLADE

3150-0300 5 |FILTER-AIR
F1 2110-0033 6 |FUSE .75A 250V 1.25X.25

(FOR 100V/120V OPERATION)

F1 2110-0065 4 |FUSE .375A 250V NTD 1.25X.25 UL

(FOR 220V/240V OPERATION)

03456-00103 | 6 |GAUSSET-OUTGUARD
03456-00104 | 7 |GAUSSET-SHROUD
03456-00203 | 7 |PANEL-REAR
03456-00601 | 9 |FAN SHIELD-TOP
03456-00602 | O |FAN SHIELD-BOTTOM
03456-01202 | 8 |BRACKET-REGULATOR
03456-04102 | 3 [SHIELD-OUTGUARD

5040-8304 4 |SHROUD-FAN

5060-9835 0 |TOP COVER

5060-9852 1 |SIDE COVER-NO HANDLE

f. Page 6-18/6-19, Table 6-4 (Replaceable Parts).
Delete bridge rectifier CRS (Part Number: 1906-0205)
from the table.

g. Page 6-20, Figure 6-1 (Chassis/Cabinet Parts).
Change the following in the table located in Figure 6-1,

Ref. -hp- Part c

Des. | Number | D | aty | Description
MP15 | 5060-9835 TOP COVER
MP17 5060-9852

0 1
1 1

SIDE COVER, NO HANDLE

h. Page 6-22, Figure 6-3 (Top View of Chassis with
PC Boards Removed. Replace Figure 6-3 with Figure
7-8.

i. Page 6-23, Figure 6-4 (Bottom View of Chassis
with PC Boards Installed). Change the following in the
table in Figure 6-4.

Ref. | -hp- Part

[
Des. Number | D I Oty I Description

MP1 | 03456—00602! 0 | 1 I Fan Shield, Bottom
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©)

Ratic Ref/4WRQ Sense Terminals - are used for the Ratio
Reference Voltage or 4-Wire Ohms measurement.

Volts/2WRQ/4WRQ Terminals - input terminals for the
ACV, DCV, ACV +DCV, and 2-Wire Ohms measurements.
In addition, the terminals supply the current for a 4-Wire
Ohms measurement.

Rear Guard Switch - internally connects the GUARD ter-
minal to the VOLTS LOW terminal,

Rear Guard Terminal.

Voltmeter Complete Connector - Outputs pulse during mea-
surement cycle.

@ ®®

®

HP-IB Connector used to connect to HP-IB.

HP-IB Address Selection Switch - Sets 3456A HP-I1B Ad-
dress.

External Trigger Input Connector.
Cooling Fan.

Power Line Voltage Selection - Refer to Paragraph 2-8.

~Fuse -90 V to 126 V -.75 amp, 198 V to 252 V -.375

amp.

AC Power Connector.

7-8

Figure 7-6. Change #10 in Figure 3-1
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Figure 7-7. Change #10 on Schematic 14
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Model 3456A Backdating
NOTE
The MP Designations used on this page apply on-
ly to those parts called out in Figure 6-3.
MP1
»
MP12 @v
MP11
MP4
u--""'-'.-.
| ___—MPS5
MP10.
MPB

Reference -hp- Part c 5 ki

Designation Number D Qty Description
MP1 03456-00101 4 1 Chassis-Inguard-Right
MP2 1251-6184 7 1 Connector 8 Pin M Post Type
MP3 1251-6194 9 4 Connector 10 Pin M Post Type
MP4 03456-00204 8 1 Sub-Panel
MP5 0515-0212 1 Screw-Mach M3.5 x 0.6 6 MM-LG Pan-HD
MP6 0515-0219 4 Screw-Mach M3 x 0.5 6MM-LG Flat-HD
MP7 1251-6192 7 2 Connector 15-Pin M Post Type
MP8 03456-00601 9 1 Fan Shield, Top
MP9 0515-0211 8 2 Screw-Mach M3 x 0.5 6MM-LG Pan-HD
MP10 03456-00102 5 1 Chassis-Inguard-Left
MP11 0515-0211 8 4 Screw-Mach M3 x 0.5 6MM-LG Pan-HD
MP12 0515-0212 4 Screw-Mach M3.5 x 0.6 6MM-LG Pan HD

Figure 7-8. Change #10 in Figure 6-3

RevB 7-9



Backdating

j. Page 6-27, Figure 6-8 (Inguard Chassis-Front and
Rear Panel). Replace Figure 6-8 with Figure 7-9.

Model 3456A

k. Page 6-30, Figure 6-11 (Power Transformer and
Bracket; ec.). Replace Figure 6-11 with Figure 7-10.

NOTE

The MP Designations used on this page apply on-
ly to those parts called out in Figure 6-8 (A & B).

"_-"" H -t (L .

MP4

J40 MPAB

A. Inguard Chassis Hardware—Front.

MP14  Ja1 MP13 MP12
B. Rear Panel. MP1E
Reference -hp- Part ¥
Designation Number D aty Description
MP1 03456-00102 5 1 Chassis-Inguard-Left
MP2 0515-0212 2 Screw-Mach M3.5 x 0.6 6MM-LG Pan-HD
MP3 03456-00101 4 1 Chassis-Inguard-Right
MP4 0624-0314 2 Screw-Tapping 4-20 x .375 Pan-HD Plastite
MP5 0380-1214 2 Standoff Screw-HPIB, Metric
MP6E 0515-0225 1 Screw-Mach M3.5 x 0.6 1OMM-LG Pan-HD
MP7 0515-0211 8 2 Screw-Mach M3 x 0.5 6MM-LG Pan-HD
MP8 2680-0265 2 Screw-Mach 10-32 x 1.0 Pan-HD w/Helical Lock
MP9 0380-1208 2 Spacer .194 1.D. x .5 0.D. x .625 Long
MP10 2110-0564 8 1 Fuseholder Body
MP11 2110-0565 9 1 Fuseholder Cap
MP12 3150-0300 5 1 Air Filter
MP13 0515-0212 1 Screw-Mach M3.5 x 0.6 6MM-LG Pan-HD
MP14 0570-1171 3 Screw-Cover Mtg
MP15 0510-0043 3 Ring-Ret Ext-E-.141 Dia
MP16 0515-0215 1 Screw M3.5 x 0.6 20MM-LG Pan-HD
J3s 5060-7478 3 1 Terminal Assembly-Front Input
J40, Ja1 1250-0083 1 2 Connector-RF BNC
S5, S6 3101-2298 1 2 Switch-Slide Voltage Select
Figure 7-9. Change #10 in Figure 6-8
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Backdating

NOTE

The MP Designations used on this page apply on-
ly to those parts called out in Figure 6-11.

k1)

MP5 MP4 MP3
Reference -hp- Part s
Designation Number Qty Description
MP1 03456-01201 1 Bracket-Transformer
MP2 0515-0216 4 Screw-Mach M4 x 0.7 50MM-LG Pan-HD
MP3 0340-0580 1 Insulator-XSTR THRM-CNDCT
MP4 03456-01202 1 Bracket-Regulator
MP5 0624-0034 2 Screw-Tapping 6-20 0.5 Pan-HD
MP6 2740-0003 1 Nut-Hex 10-32 x .375 AF
CR1 1902-1217 1 Diode-Znr 6.2V 5%
T 9100-0469 1 Transformer-Power
U1 1826-0181 1 Voltage Regulator-LM323K

Figure 7-10. Change #10 in Figure 6-11
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7-27. Change #11

7-28. For serial numbers 2201A04795 and below. Page
6-6/6-7, Table 6-4 (Replaceable Parts). Change RAMs
A4U10 and Ul1 to the following:

7-12 Rev B

Backdating

Ref. -hp- Part C

Des. Number D Qty Description
A4U10 | 1818-1213 2 IC NMOS 8192-BIT RAM
Ad4U11 1818-1213 IC NMOS B192-BIT RAM




SECTION Vil
SERVICE

8-1. INTRODUCTION.

8-2. This section has the 3456A°’s Theory of Operation,
Servicing Procedures, and Safety Considerations.

8-3. SAFETY CONSIDERATIONS.

8-4. This instrument has been designed to meet interna-
tional safety standards. To maintain these standards,
the cautions, warnings, and other safety related infor-
mation in this Manual must be followed. Any servicing
or adjustment should only be performed by service
trained personnel.

8-5. Any adjustment, maintenance, or repair of the in-
strument while power is applied and which requires that
the covers be removed, should be avoided as much as
possible. If any work is done on the instrument while
power and/or voltage is applied, the work should be
carried out by a skilled person who is aware of the
hazard involved.

| WARNING I

Any interruption of the protective grounding
conductor (inside or outside the instrument)
or disconnection of the protective earth
terminal 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
be charged when the instrument has been turned off or
its power source disconnected.

8-7. Make sure that only the recommended fuse type
(slow blow, correct current rating, etc.) is used for
replacement. The use of repaired fuses or the short-
circuiting of fuse holders must be avoided.

‘ WARNING I

The service information given in this Manual
is normally used with the protective covers
removed and with power applied to the in-
strument. Voltages or signals at many points
may, if contacted, result in personal injury.

8-8. RECOMMENDED TEST EQUIPMENT.

8-9. The recommended test equipment is listed in this
Manual’s Section I (Table 1-2) and in Section IV (Table
4-1).

8-10.THEORY OF OPERATION.
8-11. Introduction.

8-12. The following is a discussion of the -hp- Model
3456A’s Simplified Block Diagram Theory of Opera-
tion. Refer to the Simplified Block Diagram in Figure
8-1 for this discussion. A more detailed block diagram is
shown on a foldout page preceding the schematics.

8-13. The 3456A can be separated into two main areas,
the Inguard and Outguard Section. The purpose of the
Outguard is for instrument control. The Inguard Sec-
tion is responsible for making the analog measurements.
Communication between the sections is done by the
Isolation Logic circuitry.

8-14. Outguard Section.

8-15. This section has mostly logic circuitry and
associated power supplies. The main blocks in the sec-
tion are.the Main Controller, HP-IB Interface, Front
PanelInterface, and Outguard Isolation Logic.

$-16. The purpose of the Main Controller circuitry is to
control the 3456A’s measurement operation (Inguard
Operation) and manage communication between the
Front Panel control and HP-IB Interface circuitry. The
controller also performs the 3456A’s math calculations.
The Main Controller circuitry consists of a micropro-
cessor, ROMs, RAMs, and other digital circuitry.

8-17. The Front Panel Control circuitry is used to inter-
face between the front panel and main controller. This
is done to pass display information from the controller
to the front panel and local set-up information (DCV,
ACYV, etc.) from the front panel to the controller.

8-18. The HP-IB circuitry provides information
transfer between the main controller and the HP-IB.
The information is typically in the form of instrument
control commands (DCV, ACV, etc.), HP-IB com-
mands (Remote, Listen, etc.), and transfer of measure-
ment data.

NOTE

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

8-19. Inguard Section.

8-20. The basic functions of the -hp- Model 3456A are
DC, AC (RMS), Ohms, and Ratio Measurements. The

8-1
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Inguard section has the analog measurement circuitry,
Analog to Digital (A/D) Converter, Inguard Logic, and
power supplies. An additional circuit is the Inguard
Controller. Its main purpose is to control the A/D
operation. Highly stable components and circuits are
used to provide the accuracy and resolution supplied by
the 3456A. Thin-film resistors (.01%) are used in all of
the critical, gain setting stages.

8-21. The following explains a typical measurement se-
quence.

a. A certain 3456A Function, Range, and Operating
mode is selected by either the front panel buttons or
over the HP-IB.

b. The set-up information is received by the main
controller. The controller then sets up the Inguard to do
the desired measurement. This is done through the
Isolation Logic circuitry. The set-up information is also
sent to the front panel control circuitry to be displayed
on the front panel.

c. If the 3456A is set up to take a dc reading, the in-
put is applied at the VOLTS input terminals. The signal
then is applied through the FRONT/REAR switch to
the Input Circuitry and then the Input Amplifier. The
purpose of the Input Circuitry is to:

1. Attenuate the input voltage using a 100:1 attenu-
ator, if the 3456A is either on the 100 V or 1 kV

Model 3456A

2. Connect the Input Amplifier to ground for an
Autozero measurement.

3. Connect the VOLTS and RATIO REF terminals
to the Input Amplifier for a multiple measurement
(Ratio and 4-Wire Ohms).

4. Connect the input signal to the 3456A’s RMS
Converter, if the instrument is in the ACV or
ACV + DCYV function.

d. An Autozero feature compensates for drift in the
DC Input Amplifier by taking two measurements for
each input measurement. The first is taken with the in-
put to the amplifier shorted to ground. This reading is
stored in memory and subsequently subtracted from the
second reading, the regular measurement, with the short
to the amplifier removed.

e. For an ac measurement, the input is applied at the
VOLTS terminals to the Input Circuitry and then the
RMS Converter. The Converter changes the input
voltage to a dc voltage and then applies it to the Input
Amplifier. Range attenuation and amplification is done
in the Converter before it reaches the Input Amplifier.
The full'scale output of the Converter is +10 V.

f. For an Ohms measurement, the 3456A’s Ohms
Current Source is used to supply the dc reference cur-
rent to the unknown resistance. A dc voltage drop pro-

range. portional to the value of the current and the unknown
HAIN
CONTROLLER
OUTGUARD
POWER
SUPPLY
FRONT PANEL s HP-18B
CIRCUITRY FGETEUARDS INTERFACE
| ISOLATION .
| LOGIC I
INGUARD LINGUARD! PRECISE
POWER REFERENCE
SUPPLY ‘
INGUARD
CONTROL
OHMS CIRCUITRY
O— SOURCE
o | T |
Y DC ATTENUATOR 1
INPUT A/D
: AND FILTER -
INBUT FX_J ) v I SWITCHING AMPLIFIER "4 CONVERTER
TERMINAL | T
© I e i e I :
CONVERTER
o =
o T= == = = - o 3456A-8-1

Figure 8-1. Simplified Block Diagram.
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resistance is then applied through the Input Terminals
and the FRONT/REAR switch to the Input Circuitry.
This dc voltage is then applied to the Input Amplifier.

g. For a ratio measurement, two complete measure-
ment cycles are taken. The first cycle is either a DC, AC,
or AC+DC measurement. The second cycle is the
measurement of the DC reference.

h. The Input Amplifier is used as a buffer and also
does voltage amplification. This is to provide the same
input level to the A/D Converter for full scale inputs in
all functions and ranges. The amplifiers gain is 1 in the
ACYV function and on the 10 V range in the DCV func-
tion. With the 1 V and 100 mV ranges the gain is 10 and
100 respectively and in the high Ohms ranges the gain is
2. In the 100 V and the 1000 V ranges, the gain is X10
amd X1 respectively, with the input signal divided by
the 100:1 Divider. The different gain configurations
provide an A/D Converter full scale input of 10 V dc.

i. The A/D Converter converts its input from a dc
voltage to digital information by using a new, improved
multi-slope conversion technique (Multi-Slope II). This
information is sent to the Inguard Controller where the
Autozero reading is subtracted from the measured
reading. The compensated reading is then sent to the
Outguard Controller via the Isolation Logic circuitry.
The Multi-Slope technique allows for slow as well as
fast circuit operaiton while ensuring high accuracy,
stability, and resolution.

j. The information is then processed by the.Main
Controller and is displayed on the front panel and/or
sent to the HP-IB. If a math feature is selected, the
math calculation is done before the recalculated reading
is displayed.

Service

8-22. Another circuit in the Inguard Section is the
Reference Supply. Its purpose is to supply an accurate
reference voltage for the Ohms Current Source and the
A/D Converter.

8-23. Front/Rear Switch.

8-24. Refer to Figure 8-2 Simplified Front/Rear Switch
Circuit for the following discussion. The input signal
applied to the HI and LO VOLTS input terminals (solid
border--front terminals, dashed border--rear terminals)
passes through the Front/Rear switch to the inputs to
the Input Switching and the AC Converter. With the
Front/Rear switch in the front position, a low logic
state via a ground connection is sensed by the Inguard
Logic microprocessor. This feature is used to remotely
determine over the HP-IB the position of the
Front/Rear switch.

8-25. Input Protection.

8-26. Refer to Figure 8-3 High Voltage Protection Cir-
cuits for the following discussion. A 2.5 kV surge
voltage protector (El) in series with a R-C network
(combination connected between HI and gnd) provides
high voltage protection for the input circuits. E1 will arc
over@at 2.5 kV (x 20%) peak levels. E1 also provides
static discharge protection (up to 15 kV) from very-
short duration transients by clipping off the peaks to a
safe level. Guard is protected from excessive excursions
by a 430 volt varistor (RV1).

52
T0 A30,

Uil 135) -“<%
1

NO CONNECTION _J

_____ % T0 INPUTS OF INPUT SWITCHING

AND AC CONVERTER

_____

3456-8-2

Figure 8-2. Simplfied Front/Rear Switch Circuit.

52

} TO INPUT SWITCHING

\ AND AC CONVERTER
[HI ] o—o No—1

@) E1

Rl 1} €z

RV1

. v o
-
v
430 v
TO GUARD SHEET METAL

3456-8-3

[SUARD ] o ™o

Figure 8-3. High Voltage Protection Circuits.

8-27. Additional high voltage protection is provided in
the ohms, the dc, and the ac circuit measurement paths.
These circuits are discussed in the sections covering
ohms, dc, and ac measurements.

8-28. DC Volts Measurement.
8-29. A20 Board Component Numbering. The A20

board, which contains the majority of the circuits that
will be discussed, is made up of six separate circuits with
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each having its own numbering sequence. Table 8-1
summarizes this numbering structure. Note that the 600
series numbers are used for calibration (Cal) com-
ponents and that the numbering scheme deviates in this
instance due to the different Cal components being used
in four of the A20 circuits. Locating these components
together, behind a removable front panel section per-
mits a complete instrument calibration while the instru-
ment is rack mounted.

Table 8-1. A20 Board Component Numbering Structure.

Component Numbers Circuit Name
100 Series Input Switching
200 Series Ohm's Current Source
300 Series Input Amplifier
400 Series A/D Converter
500 Series Reference
600 Series Calibration
700 Series Range and Function Control Logic

8-30. Input Switching and ‘‘Range and Function Con-
trol Logic’’. All of the reed relay and Fet switching con-
trol signals for the Input Switching circuits, except for
HAF, LMES, and LGND, come from the Range and
Function Control Logic (see Figure 8-4 Range and
Function Control Switching). Logic Signals HAF,
LMES, and LGND come directly from the Inguard
microprocessor A30-U13. A30-U13 also provides the
logic input for the Range and Function Control Logit.

8-31. 100 V and 1000 V Ranges. Relay K102 and Fet
switch Q109 will be enabled by the control logic for the

Model 3456A

8-32. 100 mV, 1 V, and 10 V Ranges. Relay K103 (a
low thermal relay) and Fet switch Q116 are enabled for
the 100 mV to 10 V ranges. Current-limit protection for
these ranges is provided by four 27 k ohm resistors in
series with K103.

8-33. Fet Switching Technique. The comparators that
bias the Fet switches on or off have open collector tran-
sistor outputs. These outputs are connected via 100 k
ohm pull-up resistors to the output levels of either Gate
Bias Amplifier #1 or #2, except for U104b and U104c
(see Figure 8-5 Comparator/Fet-Switch circuit). With
the +2 volt reference applied to its negative input ter-
minal, a low logic input signal will cause the com-
parator’s output to be driven to — 18 V and the Fet
switch will be off (refer to Table 8-2). With a high logic
input signal, the comparator’s output transistor is turn-
ed off and its output will therefore rise to the pull-up
voltage level (usually the input signal level). The
N-channel Fet switch will be closed with this pull-up
voltage applied to its gate.

8-34. The pull-up resistors for Ul104b and ¢ are con-
nected to ground, thus their outputs will rise to ground
when they are turned off. Note that in some cases the
+ 2 volt reference is applied to the positive terminal of
the comparator rather than the negative terminal. Com-
parator operation will then be exactly opposite of that
just described. Table 8-2 lists all of the normal com-
parator input levels, comparator outputs, and resultant
Fet switch state. The 10 k ohm resistors connected to the
gates of the Fet switches along with the stray
capacitance act as low pass filters to prevent pickup and
rectification of stray AC signals.

Table 8-2. Comparator Operation.

100 V and 1000 V ranges (see Figure 8-8 Simplified ,

: it Elmparators st Comparator's Output Fet Switch
Schematic for Input Switching). The 100:1 voltage Pos. Term.  Neg. Term, parstor's Qutp 8t Switc
divider (9.9 M and 99.975 k fine-line resistors) in this

3 : ov +2V -18V Open
path attenuates the input to the desired levels. Current- Sk % T Eond
limit protection for these ranges is provided by the 2.55 t ¥ UiMp Voltage s
k ohm resistor (R101) in series with the 10 M ohm 2V oV Pull- U Voltage Closad
divider (see Schematic 1, Input Switching). +2V oV SE Open

A30 A20 B o o o
1 HAF
LMES
LGND
r _\I AN
o v INPUT SWITCHING
Tt RANGE P [RELAYS AND FETS)
AND iol
FUNCTION lo
CONTROL 19
LOGIC :
| [
| | ]
bk N
5 ENCODED LINES 20 DECODED LINES 345684

Figure 8-4. Range and Function Control Switching.
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FET
SWITCH
GATE
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l 10K
+2V 7\\\ 3 100K |
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EOETE o
INPUT ///
-18V 3456-6-5

Figure 8-5. Comparator/Fet-Switch Circuit.

8-35. Gate Bias Amplifier #1 (GB1). GBI, a carbon
copy of the input signal being measured, is fed to many
of the input switching circuits for signal conditioning
purposes. The Gate Bias Amplifier (A20, Q120 and
U105) supplies 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. This amplifer has unity
gain and uses a Fet input a prevent loading the input
signal source. Qutput from the bias amplifier is coupled
through 100 K resistors to the gates of the input swit-
ching Fets.

8-36. Charge Conditioning Circuits. When the instru-
ment goes thru an autozero cycle, stray capacitance
causes inaccurate measurements and/or noise. The
charge conditioning circuits are designed to reduce these
errors. Charge conditioning circuits are used in the in-

Service

put switching stages to prevent capacitive loading of the
input signals and ensure accurate readings when
autozero is on. These circuits consist of a charge dump
adjustment, charge correction adjustment, and a
precharge stage. Variable resistor R148, the charge
dump adjustment, provides DC charge cancellation at
the summing node going to the source of Q103. Variable
resistor R147, the charge correction adjustment, pro-
vides AC charge cancellation at the node connected to
the drain of QI103. Each of these two circuits are
capacitive coupled to their respective nodes via a printed
circuit ring around a ‘‘Teflon cloverleaf’’ solder tie-
point. The Teflon insulator serves as the capacitor
dielectric while the P.C. ring and cloverleaf tie-point
serves as the capacitor plates. The precharge circuit uses
GBI to charge stray capacitances (at summing node for
the input amplifier) when Fet switch Q102 is closed by
Ul04a.

8-37. Analog Filter. The Analog Filter is an active
3-pole filter (see Figure 8-6 Analog Filter) that can be
enabled or disabled with the front panel filter button.
This circuit is basically a 5 Hz low-pass filter and an in-
verter whose output is used for phase-cancelling (in the
Input Switching circuits) those unwanted frequencies
above 5 Hz (greater than 60 dB attenuation at frequen-
cies of 50 Hz and higher). This is done in the following
manner. The output of Gate Bias Amplifier #1, a car-
bon copy of the input signal, is AC coupled via C107
(pole #1) to the inverting input of Op Amp U106. C106
in the negative feedback path and C105 in the output
serve as poles #2 and #3 for this low pass filter. The out-
put signal is fed via Fet switch Q101 (100 V and 1000 V
ranges) or Q114 (.1 V, 1 V, and 10 V ranges) to the

/;7__: ANALOR FILTER —————————————
e
R135 R136
B0, 4K 17.4K
€106 l L50pF
TP104 1
R134 !
10K
GB1 i} - AN
ciav TO 0113
0.47 n114,0101

Figure 8-6. Analog Filter.
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nodes where phase cancellation will occur. The HAF
(High Analog Filter) logic signal, via comparator
U104b, will open Fet switches Q121 and Q111 when the
filter is enabled (see Figure 8-6). When HAF is low
(filter disabled), Q121 and Q111 will be closed. Q121
presents a feedback path to prevent U106 from going in-
to saturation and Q111 grounds the output of the filter
so the source of Fet’s Q101 and Q114 will be clamped to
ground.

8-38. Autozero. Autozero (AZ), which can be disabled
or enabled with the front panel AZ button, is used to
compensate for offsets in the DC Input Amplifier. AZ is
enabled when the 3456A is first turned and also when
the front panel reset button is pressed. Two separate

measurements are taken during an input measurement
cycle with AZ enabled. The first is taken with Fet switch
Q104 closed. This shorts the Input Amplifier’s input to
ground at which time its DC offset is measured and
stored in Inguard memory. The second, the input signal
measurement, is taken with Q104 open (short to Input
amplifier removed) and Fet switch Q103 closed. The DC
offset error stored in memory is subtracted from the in-
put signal measurement with the result sent to the main
controller in the Outguard for front panel display. The
3456A will continue to toggle between Q104 and Q103
taking two measurements for each input measurement
thus allowing for correction of any zero drift error in-
troduced by the DC Input Amplifier.

8-39. When AZ is disabled, one “‘zero offset’” measure:
ment is taken and stored in memory—this single offset
value is subtracted from each of the following input
signal measurements. The 3456A reading rate is
therefore increased with AZ disabled since only one

Model 3456A

measurement is taken for each reading cycle. The zero
offset value in memory is updated when a change in the
instrument’s state is made (e.g. range, function, etc.
change). In addition, Fet switching transients, which
may affect high impedance networks connected to the
3456A’s input, will be eliminated when AZ is off.

8-40. Input Amplifier.

8-41. General. The Input Amplifier is a non-inverting,
selectable gain DC voltage amplifier with excellent com-
mon mode rejection (CMR) and accurate gain. The
bandwidth of the amplifier is approximately 6 kHz. To
prevent amplifier slewing, the bandwidth of the input
signal is limited to approximately 3 kHz by the Input
Switching Circuits.

8-42. Circuit Description. Refer to Figure 8-7
Simplified Schematic for Input Amplfier and Schematic
3, Input Amplifier for the following circuit description.

The Input Amplifier consists of three stages
(Q310/Q311, U307, and U308) with an open loop gain
of approximately 140 dB. The Fet input stage of Q310
with Q311 connected in cascade has an open loop gain
of 40. Fets are used to provide low bias current, low
noise, and high CMR. U302, a transistor package with
two.PNP’s and two NPN’s connected to sense two cur-
refit mirrors (—12 V Ref. to ground and —18 V to
ground) provide a stable current source for these Fet’s
to assure this high CMR.

8-43. U307 has an open loop gain of 10 and presents an
approximate nominal +5 V DC level to the negative in-
put terminal of U308. The gain of U308, which is depen-
dent on the frequency, has a nominal open loop gain of

Lo K100
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Figure 8-7. Simplified Schematic for Input Amplifier.
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87 dB. A selectable integrator circuit (consisting of
C303, R327, R326, R325, R324, Q302, Q303, Q304. and
U308) assures a high DC gain with a constant band-
width when the feedback path (gain) is changed. Selec-
table gains of 1, 2, 10, and 100 are provided by the four
individual gain-setting feedback paths between U308
and Q310 and the four selectable resistance choices bet-
ween U307 and U308. With full-scale inputs, the output
of the Input Amplifier is 10 volts. Table 8-3 summarizes
the amplifier’s gain for all functions and ranges.

Table 8-3. Input Amplifier Gains.

Function Range Gain
DCV 100 mV 100
DCV 1V 10
DCV mnov 1
DCV 100 vV 10%,
DCV 1000V 1
ACV All Ranges 1
Ohms 100 ohms 100
Ohms 1K, 10K ohms 10
Ohms 100K-1G ohms 2
*100:1 voltage divider in Input Switching circuits for these
ranges.

8-44. Gain Switching. HA1, HA2, HA10, and HA100
logic commands (5 volt logic) from the Range and Func-
tion Control Logic circuits select the feedback path and
also the resistance between U307 and U308 for the
respective 1, 2, 10, and 100 gain configurations;:>Com-
parators U304a, U304c, U304d, and U304b control the
Fet switches in the feedback paths for the respective
gains of 100, 10, 2, and 1 (see Section 8-33 for Fet swit-
ching theory). Note that Fet switches Q302, Q303, and
Q304 are not controlled by comparators but are con-
trolled directly by the logic signals from the Range and
Function Control Logic circuits. Thin-film resistors
(U200 fineline resistor package) with .01% tolerance are
used in the feedback paths for the gains of 100, 10, and
2. Gain of 2 is used for Ohms measurements only.

8-45. Gate Bias Amplifier #2 (GB#2). GB#2 is a unity
gain amplifier whose output is a buffered version of the
input to the Input Amplifier. The output of GB#2 is fed,
for signal conditioning purposes, to three of the four
Fet switches in the gain selecting feedback paths for the
Input Amplifier and also to Fet switch Q105 in the Input
Switching circuit. GB#2 supplies a gate bias voltage for
these Fet switches to make the gate-to-source voltage
equal to zero during the time the switches are on. TP304
is isolated from the output of GB2 by R319 to prevent
circuit loading when an oscilloscope is used to monitor
this test point. :

8-46. +2V, +18V, and + 30V Supplementary Voltage
Sources. The +2V source supplies a reference voltage
for the Input Amplifier comparator stages (U304 and
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U301). The + 18V source is used by the Gate Bias
Amplifier #1 circuit in the Input Switching section in ad-
dition to Gate Bias Amplifier #2 and Op Amp U308 in
the Input Amplifier. If the + 18V source fails or drops

below approximately + 14.4V, the CR302/ + 15V circuit
serves as a back-up voltage source to protect those cir-
cuits using + 18 volts. The output from the regulated
+ 30V source is used by the input voltage divider in the
+ 18V source and by Q311/310 and U307.

8-47. Low Ohms Offset Circuit. The Low Ohms Offset
circuit (connected to pin 12 of U200) is used for ohms
measurement only—refer to the Ohms Measurement
section for theory of operation.

8-48. ANALOG-TO-DIGITAL (A/D) CONVERTER.
8-49. General.

8-50. The 3456A Digital Voltmeter uses a technique
called Multi-Slope II to convert analog input signals to
digital information. This technique is called Multi-Slope
II because it has many of the features of the original
multi-slope technique (-hp- 3455A Digital Voltmeter).
The Multi-Slope II method provides high speed and
high atcuracy analog to digital conversion.

8:51. Traditional Dual-Slope Converter. To better
understand Multi-Slope 11, look first at the traditional
dual-slope technique (Figure 8-9). This technique can be
divided into two separate operations: runup and run-
down. During runup the input voltage is integrated by
charging a capacitor for a defined time period. After
runup, the integrator’s output voltage is proportional to
the input voltage. Rundown measures this voltage by
applying a reference of opposite polarity and noting the
time required to discharge the capacitor.

ZERD
CROSSING

#——— INTEGRATION — |
(AUNUP
. 3 A

e
RUNDOWN COUNTS CONYERTED
TO FINAL READING

Figure 8-9. Dual-Slope Conversion.

8-52. Dual-Slope is slow because the final measurement
is not known until zero crossing. Multi-Slope II is faster
primarily because of the rundown technique used. Also,
Multi-Slope II is more accurate because of its unique
runup method.

8-9
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8-53. Multi-Slope I A/D Converter—Runup. During
runup, the input signal is applied to the integrator for a
set time period. This time period depends on the
operator-selected integration time (‘““Number of Power
Line Cycles (PLC) Integrated’’). Table 8-4 lists these
PLC’s and their associated integration periods.

8-54. Runup.
8-55. Runup Concept. Figure 8-10 illustrates the in-

tegration waveform (slopes) appearing at TP402 (in-
tegrator output) of the A/D Converter for a zero volt

Table 8-4. Runup Integration Time Periods.

Integration Time Periods

Integration  Max. NR. Digits In Milliseconds
Time (PLC) Displayed 50 Hz 60 Hz
100* 62 == -
10 6% 200 166.67
1 6% 20 16.67
N 5% 2 1.67
.01 4% . .167

*For an integration setting of 100 PLC, the digitally derived
average of ten successive 10 PLC readings is used.

Model 3456 A

8-56. Figure 8-10 shows an initial runup (S—4) of 4
A/D counts for a .1 PLC setting. For 1, 10, and 100
PLC settings, the S—4 slope lasts for 8§ A/D counts.
This causes the observed dc offset to be different when
these other PLC’s are selected.

8-57. The small negative pulse preceeding the first S—4
slope has no circuit significance. This pulse is due to
capacitive coupling of the gate drive pulse through the
Fet switches in the A/D Converter’s input.

8-58. When .01 PLC is selected for zero volt input, the
waveform at TP402 resembles that of a dual-slope con-
verter. The first slope in this waveform is the beginning
of the rundown cycle. The small negative pulse
(preceding the first slope) lasts for the entire integration
period.

input. A reference ramp (S + 4 or S — 4 slope) is switched
in for fixed times during the integration period. When
zero-crossing occurs during a slope period, the cross-
over is detected by the comparator circuit in theA/D
Converter (see Figure 8-11). Zero-crossing information
from the comparator is sent to the Inguard Logic. The
Inguard Logic circuits send back to the A/D Converter
the proper logic signals to reverse the direction of the
slope for the next slope period. The circuits that do the
actual slope direction change are shown in the “‘Logic
and Decoding Circuits’’ box. Switching the Y1 and Y2
circuit paths from ground to — 12 Va (reference voltage)
changes the integrator output from a S+4 slope to a
S—4 slope. A S+0 or S—0 period (no slope) occurs at
the end of each A/D count period.

INTEGRATOR
+12y m————
I ZERO
COMPARATOR

e —_———
= INGUARD
: Lo61c
[A30 BOARDI

1 i
-12Va
LOGIC AND DECODING 3456A-8-A-11
CIRCUITS

ZERD REFERENCE

AN i n .
Vi % i
\ i i \ i/ JASRA-B-10
Nt i ‘\U_."

Figure 8-10. Runup Slope For Zero Volts Input (.1 PLC).
8-10

Figure 8-11. Simplified Zero-Crossing Circuit
(AID Converter).

8-59. Figure 8-12 illustrates the integration waveforms
(slopes) for a full-scale input (— 10 V) and a 50% of full-
scale input (— 5 V) when .1 PLC is selected. Since the in-
tegrator circuit inverts the input signals, the negative in-
puts illustrated result in positive outputs. A mirror im-
age of the waveforms illustrated in 8-12 would result if
the input signal polarities are reversed. T1 is the initial
time period (before a S + 4 slope is applied) when the cir-
cuit is integrating just the input voltage. During the T2,
T3, etc. periods, a slope voltage plus the input voltage
are applied simultaneously to the integrator’s input.
After the initial 4 A/D count period (T2) and after each
of the following 10 A/D count periods (T3, -**), a no-
slope condition occurs. This is called S+ 0 (T4 period,
see upper right area of Figure 8-12). Any charging dur-
ing these S+ 0 periods is the result of the input signal
voltage. The Y1 circuit resistor is switched to —12 Va
with the Y2 path to ground for a S+ 0 period. The Y2
circuit resistor is switched to —12 Va with the Y1 path
to ground for a S—0 period. This alternate pattern com-
pensates for any Y1/Y2 resistance differences that could
affect the circuit’s accuracy.
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8-62. The lower ends of the Y1 and Y2 circuit paths are
switched to —12 Va to generate an S—4 slope (see
Figure 8-14), There is now a 50 k ohm resistance path
between —12 Va and the integrator’s summing node.
Current flow from the summing node through the
Y1/Y2 circuit path is now twice (.24 mA) that supplied
by the + 12 V supply (to maintain the lower end of the
98 k ohm resistor at ground potential). The remainder
of the current is drawn from the integrator capacitor as
shown in Figure 8-14. A positive going ramp (S-4) is

Figure 8-12. Runup Slope Sequence For Full-Scale Input
(10V) And 50% Full-Scale (5 V) (.1 PLC).

8-60. A steep slope (S +4) is used during the integration
period to keep the integrator charging rate high and to
keep the average voltage after runup low. A high charg-
ing rate better utilizes the dynamic range of the in-
tegrator for low level inputs. This improves the circuit’s
immunity to noise during rundown by increasing the
charge across the integrator capacitor. The average
charge before rundown is kept low to minimize in-
tegrator capacitor dielectric absorption.

8-61. S+4 and S—4 Slope Generation. Figures:8-13
and 8-14 are simplified illustrations that show the slope
generation concept used by the 3456A. The lower ends
of both Y1 and Y2 circuit paths are switched to ground
to generate an S + 4 slope (see Figure 8-13). For this con-
dition, there is no current flow between the summing
node (virtual ground) and the grounded Y1/Y2 circuit
paths. Current (I) from the +12 V reference supply
flows through the summing node into the integrating
capacitor (note polarity of capacitor charge). This
generates the negative going ramp (S + 4 slope) shown at
the output of the integrator.

generated for this circuit condition.
__//4 S-4 SLOPE

T
(. 120AT | § 98K J»l rhecE
é 108K TN ~
Q—ry/rllzlluz irzurpm
[=. 24mAl "
SUMMING
i
GROUN

P,

3456A-8-14

> C )
v
”‘5 —- 1+ - 5+4 SLOPE
1 | i TPaD2 1
I~ 12mA)} $38K :
IDBKAﬂM\
SUMMIN L
o ‘
gﬁ u

3456A-6-A-13

Figure 8-13. Simplified Schematic Of S+4
Slope Generation Circuit.

Figure 8-14. Simplified Schematic 0f S—4 Slope
Generation Circuit.

8-63. Slope Generation With Input Signal
Applied. Figure 8-15 illustrates the circuit currents for
—10 V and -5 V input signals (applied to the A/D
Converter) for an S+ 4 slope. A S+0 is turned on dur-
ing the T1 time period. This allows the integrator
capacitor to charge up as a result of just the input. Con-
sequently at the beginning of the T2 time period, the in-
tegrator capacitor will be charged to a level and polarity
based on the input signal amplitude and polarity. The
negative going S + 4 slope reduces (discharges) the initial
charge on the integrator capacitor at a slower rate for
the — 10 V input (29 pA) than it does for the — 5 V input
(76 pA). Figure 8-15 shows that 122 uA is applied to the
summing node (virtual ground) from the + 12 V supply.
With the — 10 V input, 93 uA flows through the 108 k
ohm resistor towards the signal source. The remaining
29 pA will reduce the integrator capacitor charge as
shown by the output signal. When the input signal is — 5
V, 76 pA is used to reduce the charge on the capacitor.
This accounts for the steeper slope (discharge rate).

8-64. During the T4 time period (S -0 turned on), the
integrator capacitor charge slope will again be depen-
dent upon the input signal voltage level. Refer to Figure
8-12 for the resultant slopes when the S — 4 slope is turn-
ed on following a zero-crossing. For the S — 4 slope, the
capacitor charge rate (and total charge) is the result of
the current flowing towards the input voltage source
and towards the — 12 Va reference supply (see Figure
8-14).

8-11
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12¥
9

FAS6A-8-15

Figure 8-15. Slope Generation When Input Signal
Voitage and Slope Voltage are Added.

8-65. Runup Timing. The runup timing diagram (not
drawn to scale) in Figure 8-16 is for an integration time
of .1 PLC (1.67 ms, 60 Hz; 2 ms, 50 Hz). The 130 A/D
count integration period and the counts allowed for
each S+4 and S +0 period are fixed. This pattern will
remain the same for each .1 PLC measurement cycle in-
dependent of the input voltage. When the PLC integra-
tion time is changed, the first S+0 and S+4 and the
total A/D counts change but the time allowed for each
of the remaining S+0 and S+4 remain the same (see
Figure 8-17, integration time 1 PLC).

This Sequence Repeated
6 Times For .1 PLC

| .|
5+0 |S+4 |5-0 |S+4 |5+0 |S+4 S+0 |St4 ||S-0
A/D
Counts ||1.2 ] 4 4 |10 | .4 |10 .4 |10
L
ALE's 6 |20]| 2 |50 | 2 |50 2 |50

~+—————— 130 A/D Counts ————

Total time for S+ 4 slopes is 124 A/D counts 1T3°(1)8L(:E)
Total time for S+ 0 periods is 6 A/D counts Counts

Figure 8-16. Runup Timing Diagram For .1 PLC.

8-66. The initial charge on the integrator capacitor oc-
curs during the S+0 period (1.2 A/D counts)
preceeding the first S+4 slope (4 A/D count period).
This time period is labeled T1 in Figures 8-12 and 8-15.

8-67. The duration of the initial S+ 0 and S +4 change
from 1.2 and 4 counts to 2.4 and 8 counts respectively
for 1, 10, and 100 PLC settings. Figure 8-17 shows the
timing for an integration time of 1 PLC. Note that the
timing for .1 and 1 PLC’s is identical except for the in-
itial S+0 and S+4, and the number of times the se-
quence is repeated. When .01 PLC is selected, a total of
only 13 A/D counts is allocated for runup.

8-12
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This Sequence Repeated
62 Times For 1 PLC
" —..
S5+0 |5+4 |5-0|5+4 |S+0 |5+4 iS*D 5+4 ||5-0
A/D
Counts (|2.4 | B 4 (10 |.4 |10 4 110
ALE's 12 |40 | 2 |50 |2 |50 2 |50
le— 1300 A/D Counts —————————
Total time for S+ 4 slopes is 1248 A/D counts | Total of
c ; ; 1300 A/D
Total time for S+ 0 periods is 52 A/D counts
Counts

Figure 8-17. Runup Timing Diagram For 1 PLC.

8-68. Each A/D count is equal to 5 ALE (Address
Latch Enable) clock pulses. An ALE period is 2.564
microseconds for 60 Hz operation and 3.077
microseconds for 50 Hz.

8-69. Readout Digit Generation During Runup. The
counter in the Inguard microprocessor (A30-U13) in-
crements during the positive going slope periods and
decrements during the negative going slope periods. The
counter-therefore keeps an accurate accounting of the
amournt of charge taken away from or added to the
original positive or negative input signal voltage. When
the integration time period is set for .1 or greater PLC,
this counter is used to develop one or more of the most
significant digits during the runup time period. This
technique reduces the conversion time required after the
final rundown period. Table 8-5 summarizes the digit
generation for all of the integration times. A measure-
ment value of 9.87654 is used (for illustration purposes
only) to show how the measurement readout digits are
developed during runup/rundown.

Table 8-5. Readout Digit Generation During Runup.

Digits Developed During Integration
Max. NR. | Runup (Most Rundown (Least Duration

Integration Digits Significant Significant [Milliseconds]
Time (PLC) Displayed Digits) Digits) 50 Nz 80 Hz

100* ;3 - -— - -

10 6% 9.87 654** 200 166.67
1 6% 9.8 7654 20 16.67
o | 5% 9. 8765 2 1.67
.01 4% - 9.876 2 L1687
* For an integration setting of 100 PLC, the digitally derived ge of ten

10 PLC readings is used.

** During 10 PLC, four digits are developed during rundown with the least significant
digit being rounded off.

8-70. Rundown.

8-71. As shown in Table 8-5, the Multi-Slope II run-
down technique is responsible for generating the four
least significant digits. This is done by measuring the re-
maining voltage on the integrator after runup.
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8-72. Rundown uses four different slopes to achieve
highly accurate measurements of the residual voltage
within a short time. The first slope (called S +4) is the
steepest and it continues for an integer number of A/D
counts. After the slope has crossed zero S — 3, which is
exactly a decade less in steepness, is applied (see Figure
8-18). After S—3 crosses zero, S+2 (1/100 S+ 4 slope)
is applied and after this crosses zero, S—1 (171000 S +4
slope) is applied. The time duration of each slope is
counted sequentially, with that count subsequently be-
ing stored in memory, to develop the least significant
digits during rundown.

4TH

v P

5 SLOPE JERD
CROSSING

: S-1 SLOPE |
| 5-3) i

SLOPE
p————— 1.2 M5 MAXIMUM
1

Figure 8-18. Muiti-Slope Il Rundown.

3456-8h

8-73. Rundown Timing Chart. Figure 8-19 is a timing
chart that illustrates the order in which the rundown
slopes are generated and the duration of each slope.

8-74. At the beginning of each rundown sequence,
either an S +4 or S—4 slope is applied to the integrator
voltage for a set time period (10 A/D counts, see Figures
8-19 and 8-20). The selected slope reduces the integrator
voltage level so that zero-crossing is assured during the
following S +4 rundown sequence. The actual rundown
counting does not start until the following S — 4 slope is
turned on but these 10 A/D counts are included when
the final measurement value is determined.
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! le— 10 A/D COUNT 5+4 SLOPE

J456A-8-20

Figure 8-20. S+4 and S—4 Rundown Slopes.

8-75. Rundown Slope Sequence. Refer to Figure 8-21
for the following discussion. Rundown always starts
with an S — 4 slope which can last for either a maximum
of 2 A/D counts or a maximum of 12 A/D counts
depending on the polarity of the integrator output
voltage. When the voltage is positive at the integrator’s
output (TP402) at the beginning of rundown, the
positivegoing S — 4 slope is going away from rather than
going towards zero. When this condition is sensed by
the® Inguard Logic circuits, the S—4 slope is ter-
minated—this termination occurs within 2 A/D counts
after the S—4 slope is started. At this time, Inguard
Logic lets an S+ 0 period pass through and then (after
S+ 0 period) sends the command for an S + 4 slope. This
S+ 4 slope can last for a period of up to 12 A/D counts
but stops when the first A/D count occurs after zero-
crossing.

8-76. When the voltage is negative at TP402 at the start
of rundown, the direction of the positive going S—4
slope is reversed after zero-crossing occurs. This is ac-
complished within 2 A/D counts after zero-crossing by
applying an S+ 4 slope to reverse the slope direction as
shown in Figure 8-21.

* * * * * *
S+4
or
5-4 S-4 S+4 5-3 S+2 5-1
.. .e en e e A/D Counts
10 2o0r12 120r2 16 7 18

*$+ 0 period (Dead Time, Inguard Logic stops counting during S + O periods)
* *Maximum of either 2 or 12 A/D counts allowed

** *Maximum counts allowed

Figure 8-19. Rundown Timing Chart.

' » S5+0 PERIOD (DEAD TIME, NO COUNTINGI
FOLLOWS THE TERMINATION OF EACH SLOPE

J456A-8-18

Figure 8-21. Rundown Slopes.
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8-77. S—-3, S+2, and S—1 Slopes. The final three
slopes that follow the S +4 slopes always cross zero in
the direction shown in Figure 8-21. This is done for two
reasons: to optimize the S—3, S+2, S—1 slope switch
circuit design by minimizing the number of switch cir-
cuits required, and to eliminate measurement errors that
may be introduced during the S — 1 slope because of the
zero detecting comparator’s hystersis. It is during this
final S — 1 slope (most critical zero-crossing period) that
the least significant digit is developed.

8-78. Slope Generation. Table 8-6 lists the switch
(resistor) modes and the type of slope (ramp) that is
generated for each. Refer to the Simplified A/D Con-
verter Schematic (Figure 8-26) to further understand
this table. Note that the S+0 and the A/D-Autozero
periods are identical.

Table B-6. Slope Generation.

yi y2 y3 v4 y5 Type Slope
GND | GND | GND [-12v | GnD | S+4
-12v |-12v | GND [-12v | GND ! s-4

-12V | GND |-12V |-12V |GND | — 1 S-3

—12V | GND | GND | GND |GND | m— S+2

—12V | GND | GND [-12V |12V

— S-1
GND (-12V | GND |-12V | GND S-0

—12V | GND | GND |-12V | GND S+0&

A/D-Autozeto

8-79. 12 Volt Reference and A/D Autozero. The slope
circuits use a —12 Vj reference voltage and a +12 V
reference voltage (see Figure 8-26). The —12 V,
reference has excellent short and long term stability.
The +12 V reference only needs short-term stability
because of the A/D Autozero circuit that operates bet-
ween every measurement cycle. Any + 12 V reference
errors are stored on the Autozero capacitor C411 (when
Fet switch Q408 is closed) as an offset voltage. This off-
set voltage is subtracted during the A/D measurement
cycle.

8-80. Waveform Composite (Runup and Rundown).
Figures 8-22, 8-23, and 8-24 show the waveforms for
complete measurment cycles—runup and rundown.
Figure 8-22 is for a — 5 V input (.1 PLC) with the front
panel Autozero disabled. The small positive excursion
preceding the four larger excursions is due to the initial
integrator charge-up (T1 in Figure 8-12).

8-81. Figure 8-23 is the waveform for the same —5 V
input (.1 PLC) with the front panel Autozero enabled.
The dc offset of the Input Amplifier is being measured
during the second half of this waveform sequence. This
offset voltage is very low and consequently the
waveform resembles that for a zero volt input. A com-
plete runup and rundown is done on this offset voltage.

8-14

Model 3456A

Figure 8-22. A/D Converter Waveform for -5V Input,
Autozero Disabled.

Figure 8-23. A/D Converter Waveform for -5V Input,
Autozero Enabled.

Figure 8-24. A/D Converter Waveform for —10V Input,
Autozero Enabled.

8-82. Figure 8-24 is the waveform for a — 10V (full-
scale) input (.1 PLC) with the front panel Autozero
enabled. Fewer zero-crossings occur when the input
voltage is increased because the S +4 slope angle is less
steep. This is due to the interaction of the higher input
voltage with the reference voltage as explained in
Paragraph 8-63 and Figure 8-15.

8-83. A/D Converter Circuit Description.

8-84. A/D Converter Input Circuit. Refer to Figure
8-26 Simplified Schematic for the A/D Converter and to
Schematic 4, A/D Converter Schematic, for the follow-
ing circuit descriptions. The input signal to the A/D
Converter passes through J29 before it is applied to the
input switch FET’s. J29 is a three position jumper/plug
that has a + 5V and gnd position (both used for testing)
is addition to the RUN (normal) position. The input
runup switch FET's, Q402 and Q403, are closed during
the runup integration sequence and open (breaks input
signal path) during the rundown sequence. These Fet’s
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are in parallel to minimize the input resistance. During
those time periods when the input runup FET’s are
open, FET switch Q404 grounds the input to prevent the
gates of Q402 and Q403 from becoming forward biased.
When Q402/Q403 are open, FET Q405 switches in R405
to maintain the A/D Converter input impedance during
rundown. The FET switches are open when their gates
are low (— 12V from pin 2 of U401) and closed when
their gates are high (approximately gnd). Capacitor
C402 provides filtering for the FET generated switching
transients. Resistor R404 and R403 provide linearity
“fine-tuning’’.

8-85. Integrator Circuit. Refer to Figure 8-26
Simplified A/D converter Schematic. The Integrator
circuit consists of Q406, U405, C403, and the
resistor/switch network that is connected between
—12Va, ground, and + 12V, The S—1 to S+ 4 current
paths are switched in a prescribed manner to charge or
discharge the integrator capacitor C403. Table 8-6 lists
the integrator output slopes or ramps (at TP402) and the
current paths that are switched to generate these slopes.
For an example of the integrator operation refer to
Paragraph 8-63.

8-86. Slope Control Circuits. The coded slope control
signals (HSA, HSB, and HSC) and the Low Run Up
(LRU) from the Inguard Logic circuits are inverted and
level shifted (from ““OV to 5V’ logic to “‘ — 12V to OV”’
logic) by quad comparator U408. The comparators have
open collector output transistor stages that are referenc-
ed to ground by 10 K ohm pull-up resistors. The outpuit
level of the comparators will be —12 V when the.ifiput
signals are + 5 (logic high) and be ground when‘the in-
put signals are at ground (logic low).

8-87. Integrated circuit U404 decodes the slope signals
from the outputs of the HSA, HSB, and HSC com-
parator stages. The “‘exclusive or’’ stages between U404
and U401 (hex latch) provide further decoding. CMOS
is used for the U402 inverter stages because CMOS pro-
vides a low impedance path to either —12 V or ground.
The CMOS stages are connected in parallel to lower the
resistance for the steeper S+4 slopes. Note that —12
Va, the most stable reference voltage, is used for the
U402 inverters and that — 12 Vb, a buffered version of
—12 Va, is used for the less critical stages.

8-88. The switching circuits shown in the simplified
schematic are the U402 inverters whose outputs switch
between — 12 Va and gnd. The resistors in U500 (.01%
fine-line resistor package) are the resistors in the
simplified schematic that are connected between the
switches, the +12 V, and the integrator’ input.

8-89. As mentioned earlier, the LRU signal from In-
guard Logic is inverted (HRU) and level shifted by a
U408 comparator stage. HRU passes through hex latch
U401 and is then applied to Fet switches Q402 and Q403
in the integrator’s input circuit. HRU is inverted by
U407a and applied to Fet switches Q404 and Q405 so
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that they will be closed when Q402 and Q403 are open
and vice versa.

8-90. The ALE clock pulses from the Inguard Logic are
level-shifted from ““0 to 5 V*’ logic to ““—12 Vto 0 V’
logic by Q401. The ALE clock pulses are used by the
U401 latch stage to accurately control the start and stop
times of each slope. Refer to the Inguard Logic Theory
of Operation for a detailed discussion of the ALE clock
and other A/D Converter timing requirements.

8-91. Analog Overload Detection Circuit. The Analog
Overload Detection Circuit, consisting of comparator
stages U409a, c, and d, is connected to the output of the
integrator. This circuit detects when the A/D Con-
verter’s input exceeds either +12.4 V or —12.4 V (i.e.
124% of full scale). The voltage on the integrator
capacitor is due to the combined charge currents from
the applied slope (S+4 or S—4) and the input voltage.
When the input voltage exceeds 124%, the integrator
output voltage reaches the trip voltage during runup
when the polarities of the applied slope voltage and the
input voltage are the same—charge currents are aiding
at this time. This occurs within the first few 10 A/D
count periods during the runup sequence.

8-92C5The output of U409a (LOVL) will go low when
the output of either U409c or U409d goes low. U409¢c
senses a negative overload voltage at the integrator’s
output which would be due to a positive overload
voltage at the A/D Converter’s input. U409d senses a
positive overload voltage at the integrator’s output.
Capacitor C410 provides a delay that will hold the
overload logic level long enough to assure that the In-
guard microprocessor senses it during its normal
routine.

8-93. When an analog overload is sensed during the in-
tegration runup period, the logic low present on the
LOVL line going to the Inguard Circuits causes the
following: Measurement cycle is halted (LRU goes
high); Fet switches Q402 and Q403 open (at A/D Con-
verter’s input); Complete rundown sequence is initiated
to normalize the integrator circuit; Upranging (done by
Outguard Circuits) occurs if Autorange is enabled.
Then another measurement cycle is started.

8-94. Digital Overload. A digital overload occurs after
a measurement cycle is completed if the numbers to be
converted for display are too large for the selected
measurement range. When the value exceed 120% of
full scale, the Outguard Logic senses this digital
overload condition and outputs the code for an ‘““OL”’
to be displayed on the front panel. Note the dynamic
range differences—120% for digital overload; 124% for
analog overload. That extra 4% is needed by the A/D
Converter for Autozero measurements. Recall that two
measurements are taken when Autozero is enabled. The
first measurement is the Input Amplifier offset voltage,
which is subtracted from the second measurement after
it is taken. The second measurement is therefore the in-
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put signal magnitude plus the offset value, hence the re-
quirement for that additional dynamic range.

8-95. Slope Amplifier U406. The slope amplifier is an
inverting amplifier with a gain of 100 for the low level
signals near zero volts. This amplifier increases the sen-
sitivity of those signals to more accurately detect zero-
crossing. Diodes CR402 and CR403 clamp the output of
U406 to + .6 V to prevent saturation. This speeds up
the slope conversion process. The output of the slope
amplifier is fed to the U409b comparator stage and to
Q408 in the A/D autozero circuit.

8-96. Zero Comparator (U409b). Comparator U409b
has an open collector output (HCP—High Compare)
that is either +5 V or zero volts. This stage compares
the integrator’s output to ground. The comparator’s
output is off when its positive input terminal (pin 7) is
above ground. The open collector output rises (via pull-
up resistor R430) to +5 V at this time. U409’s output
changes state immediately (+ 5 V to zero volts) when the
signal at pin 7 goes negative.

8-97. A/D Autozero. The A/D autozero should not be
confused with the Autozero that can be enabled/disabl-
ed with the front panel Autozero button. Autozero
compensates for Input Amplifier offsets. A/D
autozero, which canot be switched off, occurs between
every A/D Converter measurement cycle to compensate
for any + 12 V reference errors (see Paragraph 8-79).

8-98. The output of slope amplifier U406 appears at.the
source of the A/D autozero FET switch (Q408).cThe
autozero capcitor C411, charges to the voltage level ap-
pearing at the output of U406 when Q408 is closed. The
voltage stored on C411 is fed to Q407a and b, a divide
by 30 amplifier. The output of Q407a and b is applied to
the integrator stage during the next measurement.

8-99. Jumpers JMPR 401, 402, 403, 506, and 507 are
provided for troubleshooting aids if a power supply is
loaded down. JMPR’s 401 and 402 are located directly
underneath the U500 fine-line package. JMPR’s 506
and 507 are located in the 12 V reference section adja-
cent to JMPR 403.

8-100. The voltage divider, made up of R431 and R423,
provides the +2 V reference for the comparators.
Voltage divider R432 and R433 provide a voltage source
for the 5 V logic signature analysis (SA) equipment
when it is used to check the 12 volt logic in the A/D
Converter.

8-101. 12 VOLT REFERENCE.
8-102. General.

8-103. The 3456’s ability to make precise measurements
depends on the long term and short term stability of the
reference supplies. The reference supplies consist of
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those 500 series numbered components in the small
reference section on the A20 board and two other com-
ponents (variable resistor R614 and Switch S601) that
are physically located in the calibration section.

8-104. Two types of plug-in reference boards are
available. These boards (A24 and A25) are inter-
changeable (with resistor change) and provide the short
and long-term stability required.

8-105. The fine-line resistors (U500—dotted box
around resistors) are accurate, temperature-tracking,
matched resistors. The two reference boards require a
different resistor between pins 17 and 19 of the fine-line
resistor package. Consequently the fine-line package
must be changed if the reference board is changed from
an A24 to an A25 and vice versa. Refer to schematics 5A
and 5B (Reference Board Schematics) and Figure C3 in
Appendix C for details. The fine-line resistor packages
and the reference boards are not field serviceable.

8-106. Circuit Description.

8-107. As shown on the Simplified Schematic 8-27,
—12 V3 is used only in those circuits requiring a very
stable and precise — 12 volts. The — 12 Vy is used for
the less critical stages of the A/D Converter and as a
reférénce for the AC Converter. The + 12 V source has
good short term stability.

8-108. The zener diode voltage reference on both the
A24 (U503) and A25 (U500) boards have internal
heaters to provide as near constant a temperature as
possible for output voltage stability. U503 on the A24
board has a zener output voltage (pin 3 of US503)
specification range of 5.82-6.06 volts. U500 on the A25
board has a zener output voltage (pin 2 of U500)
specification range of 6.8-7.1 volts.

8-109. Buffer Q501 lowers the output impedance of op
amp US01 so that transients generated by the A/D
CMOS circuits will not cause regulation problems. The
base of Q501 should be approximately — 12.7 V (output
of U501) which is reduced to — 12 V by the base-emitter
junction of QS501.

8-110. The effective feed-back resistance established by
fine-line U500, J26, J27, J28, S601, and R614 provide
the range needed for the course and fine adjustment of
the — 12 V4 reference voltage. The jumpers associated
with J26, J27, and J28 are positioned for either —12 V
or ground for the initial rough calibration. These
jumpers should not be changed unless a reference
board, fine-line package, or Q501 is changed. A 16 posi-
tion rotary switch (S601) and a trimpot (R614) are used
for the final front panel calibration. S601 (screwdriver
adjustable) is shown in its *‘0’’ position but will normal-
ly be positioned between 6 and 8 on the dial during
calibration. This initial calibration position should be
adequate for a 5-10 year period. Refer to Figure 25 for a
pin configuration and truth table for S601.
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Figure B-25. S601 Data.

8-111. JMPR 501 and 502 shown in the non-inverting
terminal of op amp U505 provide for fine adjustment of
the +12 V. JMPR 503-507 are provided for
troubleshooting aids if a power supply is loaded down.

8-112. OHMS MEASUREMENTS.
8-113. General.

8-114. The Ohm’s Current Source in the 3456A supplies
a dc reference current to the unknown resistance during
resistance measurements. The resulting dc voltage drop
is proportional to the value of the current and unknown
resistance. This dc voltage is measured in a manner
similar to that used for the DCV function: by using the
Input Switching, the Input Amplifier, and the A/D
Converter. Since the current source is a current sink, the
dc voltage drop is negative. The Outguard Logic
changes the reading polarity to obtain a positive front
panel ohms reading.

8-115. The FET switches in the Input Switching provide
for either the 2-wire or the 4-wire measurement method.
The front panel display shows a negative resistance if
the 4-wire connections are reversed or the circuit under
test has enough offset voltage to give incorrect
resistance readings.

8-116. Circuit Description.

8-117. General. Refer to Figure 8-28, Simplified
Ohm'’s Current Source Schematic, and to schematic 2,
Ohm’s Current Source, for the following circuit descrip-
tion. The current source may be divided into three ma-
jor section: Reference Voltage, Current Regulator, and
High Voltage Protection.

8-118. Reference Voltage Section. The voltage
regulator is an inverting amplifier that has a near-zero
volt input. The voltage divider (fine-line resistors) bet-
ween the —12 volt reference and ground provides a
stable — 5.5 voltage reference for U204’s positive input
terminal. The feedback path for U204 maintains an out-
put voltage near — 13 volts.

8-119. Calibration components bias the inverting
amplifier’s input slightly above ground. This provides a
range dependent fine adjustment for the —13 V
reference voltage.

8-120. Current Regulator. The positive terminal of
U205 senses via FET switch Q201 or Q202 the voltage
(—5.5Vor —9.25 V reference voltage respectively) pre-
sent on U204’s feedback path. U205 controls a current
regulating FET to obtain the same voltage on its
negative terminal as that appearing its positive terminal.
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8-121. For a 1 K ohm range measurement, FET switch
Q209 is on. At this time 1 mA of current flows through
the 7.5 K ohm fine-line reference resistor to drop the
— 13 volt reference to a —5.5 V level. This —5.5 V is
sensed through those high value resistors (no current
flow in these resistors) in the circuit path going to the
negative input of U205. If this voltage is either higher or
lower than the —5.5 V reference voltage appearing at
U205’s positive input, U205 drives the current
regulating FET U209 for a precise 1 mA level.

8-122. When relay K101 is open (i.e. not in ohms func-
tion), current flow is still maintained to satisfy U205.
This flow is through the gate-source of the current
regulating FET’s.

8-123. Current Regulating FET’s Q203, Q205, Q208,
and Q209. The four current regulating FET’s are biased
either on (by U205) or off (by a comparator) to select
the proper fine-line resistor current path for the selected
current range. The comparators have open-collector
transistor output stages that float to the output level of
U205 when the comparator output is off (logic high at
comparator’s input)—the FET is on at this time. When
the comparator’s output is on (logic low input), the
comparator outputs a — 18 V level that will bias off
(open) the associated current regulating FET.

8-124. Range Switching. The Range and Function
Control Logic, which is actually an extension of the In-
guard Controller, provides the high (5 V) and the low
(ground) logic levels for the comparator/FET range
switching circuits. Table 8-7 lists the FET’s status,dogic
levels to the comparators, etc. for all ohms ranges.

8-125. Note that FET switch Q203 is used for 10 M, 100
M and 1 G ohm ranges. When either the 100 M or 1 G
range is selected, relay K102 in the Input Switching will
close connecting the 10 M ohm high-voltage divider
(fine-line) in parallel with the resistance being measured.
FET switch Q109 will be open at this time. Rx, the
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unknown resistance, is calculated by the Outguard
Logic for these two ranges. Also note on Table 8-7 that
both FET switches Q204 and Q206 are open for the 10
M ohm and above range and closed for the lower
ranges. These switches reduce the error in the sensed
voltage due to the bias currents flowing through the 6.75
and 6.81 M ohm resistors. Resistor R218 (connected
across Q206) is an impedance matching resistor used to
reduce the bias current error for the 10 M ohm and
higher ranges.

8-126. Comparator stages U202a and U202b control
FET switches Q202 and Q201 respectively. When HA2
is high (100 K ohm and higher ranges), Q202 is closed
and Q201 is open. When HAZ2 is low (10 K ohm and
lower ranges), Q201 is closed and Q202 is open.

8-127. Gate Bias Amplifier. Gate Bias Amplifier U203
provides a voltage level of eithera —5.5 Vora —9.25
V. This voltage is used to bias the FET gates of Q201,
202, 204, and 206 when the driving comparator’s output
is off.

8-128. High Voltage Protection. The highest voltage
across-the input terminals for ohms measurement is ap-
proximately —5 V. If a positive or more negative
voltage is inadvertently applied by the user, the High
Voltage Protection circuit will protect the Ohm’s Cur-
rent Source components. Fuse F201 (62 mA) and gas
discharge tube E201 (400 V) provide protection for
voltages above 400 V. Diode CR202 provides protection
against negative voltages that are less in magnitude than
400 V. For positive voltages less than 400 V diode
CR201 is forward biased. This diode junction voltage
drop (.7 V) is applied to the base of Q211 whose emitter
will be at 0 V. Since this voltage is applied to the base of
Q210, the emitter will be at —.7 V. Therefore the
positive voltage will be across the emitter-collector junc-
tion of Q210.

8-18

Table 8-7. Ohms Current Source.

Current Logic Inputs
u205 Range FET Through Voltage At Input Amplifier To Associated
Range Pos. Term. Switch Closed Unknown K101 (Full Scale) Gain Comparators
100 Q 5.5V | Q209 1 mA -V 100 H4
1KQ 5.5V | Q209 1 mA -1V 10 H4
10 KQ 5.5V | Q208 5 100 pA -1V 10 H3
100 KQ 9.25V | Q208 50 pA -5V 2 H3, HA2
1 MQ 9.25V | Q205 5 pA -5V 2 H2, HA2
10 MQ 9.25V | Q203 500 nA -5V 2 H1, HA2
100 MQ* 9.25V | Q203 b 500 nA ~ —45V 2 H1, HA2
1GQ* 9.25V | Q203 500 nA ~ —-495V 2 H1, HA2
*Resistance **0204 and Q206 closed for these
calculated on ranges.
these ranges.
***Q204 and Q206 open for these
ranges.
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8-129. Offset Compensated Ohms. Offset Compen-
sated Ohms makes two measurements on the circuit
connected to the input terminals. The first measurement
is a convential ohms measurement. The second is the
same except the current source is turned off. The second
reading is subtracted from the first prior to the
resistance calculation. This compensates for small offset
voltages present on the external circuit. When the cur-
rent source is turned off, Q207 (diode connected FET)
provides a current-path between the output and the
negative input of U205 so that the positive and negative
input terminals can remain at the same potential.

8-130. Input Switching for Ohms Measurements. The
simplified schematic shows the components in the Input
Switching that complete the paths to the Input
Amplifier for both the 2-wire and 4-wire ohms
measurements (4-wire shown with dashed line). Relay
K103 and FET switch Q116 are closed during 2-wire
ohms measurements. Two-wire ohms is exactly the same
as a DCV measurement except that current is supplied
through the VOLTS HI and LO terminals (K101
closed).

8-131. Relay K103 and FET switch Q116 are open dur-
ing 4-wire ohms measurements. At this time the VOLTS
HI and the VOLTS LO terminals still supply the ohms
current but floating terminals ‘‘4 WRQ SENSE HI’’ and
““4 WRQ SENSE LO” are used to measure the dc
voltage drop. The voltage drop across the unknown
resistance and the lead resistance (Rjead) is measured
via the ‘4 WRQ SENSE HI" terminal (through-BET
switches Q115 and Q103). the voltage across Rje4g may
cause an incorrect reading—4 wire  Autozero corrects
for this measurement error.

8-132. Autozero—4 WIRE OHM. When Autozero is
on during a 4-wire ohms measurement, two measure-
ment are made. The first measurement is made with
Q105 closed (Input Amplifier shorted to ‘4 WRQ
SENSE LO” terminal) and Q103 open. This is the
4 WRQ Autozero measurement. A second measurement
is made with Q105 open and Q103 closed (measurement
of 4 WRQ SENSE HI terminal). The first measurement
is then subtracted from the second by the Inguard Logic
prior to sending the measurement data to the Outguard.
FET Q104 is open and FET Q115 is closed at all times
for both the normal and Autozero 4-wire ohms
measurements. Lead resistance (Rjead), in addition to
the dc offset of the Input Amplifier, is subtracted out
during 4-wire ohms Autozero measurements.

8-133. Low Ohms Offset. Refer to schematic 3, Input
Amplifier Schematic, for the following circuit descrip-
tion. The Low Ohms Offset circuit alters the Input
Amplifier operation to allow accurate 4-wire ohms
measurements when using low ranges (10 K ohms range
and below). The circuit level shifts the dc reference level
at the output of the Input Amplifier.

Service

8-134. Figure 8-29 and 8-30 illustrate how this circuit
operates. The negative voltage swing at the output of
the Input Amplifier is normally between 0 Vand — 12V
(A). The low ohms offset circuit level shifts the dc
reference at the amplifier output from 0 Vto +1.3 V
(B) which increases the amplifier voltage swing range
from 12 V (A) to 13.3 V (C). This is done by moving the
bottom of, part of the U200 resistor divider from
ground to —12 V3.

F12V =
+1.3VvH
B
0V
c A: Normal Amplifier Voltage Swing
A B: Level Shift
C: Resultant Amplifier Voltage Swing
-12vd

Figure 8-29. Level Shift for Low Ohms Offset Circuit.

8-135. Figure 8-30 illustrates the voltage drops that oc-
cur across Rx (.115 V) and Rjead | (.01 V) for a 100 ohm
range measurement. The 4-wire ohms measurement is
taken between the 4 WR Q HI terminal (top of Ry) and
the VOLTS LO terminal (ground). In this case, the
voltage read is the voltage across Rx (.115 V) and
Rlead | (.01 V). For the 100 ohms range, the input
amplifier gain is 100. This would result in an amplifier
output voltage of 12.5 V if there is no Low Ohms Offset
circuit (see Figure 8-31A). This would be an A/D Con-
verter overload condition. Figure 8-31B illustrates how
this level shift increases the dynamic range to allow for
lead resistance. Note that the measurement is within the
A/D Converter limits. The Rjead 1 error (.01 V—1.0V
after X100 gain) plus the Input Amplifier error is sub-
tracted out during the 4-wire ohm Autozero.

8-136. The input to the positive terminal (pin 3) of com-
parator U30la is high (HOHM) for all of the ohms
ranges. The open collector transistor in the output stage
of U30la is off for this condition. The inputs of the
U306 inverters are pulled to ground by R323 at this
time. The resulting output of the inverters (—12 V) is
applied to pin 12 of U200. When the ohms function is
not selected, HOHM is low and the output of U30la is
— 18 V. The resistor network (R322 and R323) at the in-
put of U306 divides this — 18 V down to — 12 V which is
inverted to zero volts by U307.
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Figure 8-30. Low Ohms Offset, Circuit Operation.

8-137. The —12 V that is applied to pin 12 of U200 ef-
fects the low ohms ranges only (HA100 or HA10, gains
of 100 or 10 respectively) because of the structure of
U200. A different gain setting section of U200 (pins.\I3
and 14) is used for the high ohms ranges (HA2, gain of
2). There is no need for the Low Ohms Offset‘in the
high ranges since the ratio of the Rjead 1 to Ry is in-
significant.

+13V—V— 13V —y—

+ay 13V :E{a WR 0 LO
ov= ov '] Autozero
1ov4JawWRaLO

Autozero

—11.2V =4 4 WROHI
-12.0 =T A/D Overload

-13v_.
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Low ohms measurement Low ohms measurement with
without a “'Low Ohms Offset a "Low Ohms Offset Circuit'

Circuit” A B

Figure 8-31. Low Ohms Offset Level Shift.
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8-138. AC VOLTS MEASUREMENTS.
8-139. General.

8-140. The 3456A uses operational circuits rather than
a thermal element to convert the signal being measured
to a dc equivalent of its true rms value. This type of rms
converter provides faster ac measurement rates and also
accurate conversion.

8-141. Excluding the Front/Rear switch and high
voltage protection circuits, the converter can be divided
into the following three major sections: Input At-
tenuator and Amplifier, Absolute Value Amplifier (full-
wave rectifier), and RMS Converter (see Figure 8-34).
Refer to Paragraphs 8-23 and 8-25 under DC Volts
Measurements for circuit descriptions of the
Front/Rear switch and the high voltage protection cir-
cuits. Refer to Figure 8-34 (Simplified Schematic for AC
Volts Measurements) and schematic 6 (AC Converter)
for the following circuit descriptions of the AC Con-
verter (A40 Board).

8-142. Input Attenuator and Amplifier.

8-143. ACYV and ACV + DCV. When ac measurements
are made, the input signal (applied between HI and LO
VOLTS input terminals) is fed directly to the input con-
tacts of K1 and K2 in the AC Converter. The K1 con-
tacts are closed for the ACV mode measurements but
open when the ACV +DCV mode is selected. The K2
contacts are closed when the ACV+DCV mode is
selected but open when the ACV mode is selected. Logic
signals HACYV (High True, AC Volts) and HACD (High
True, AC + DC) control (using NOR gates Ul0a-d and
transistors Q18, Q19) the operation of K1 and K2.
These logic signals come from the Range and Function
Control Logic circuits (extension of Inguard Controller)
on the A20 board. The 51 ohm resistor (R3) in series
with the K2 relay compensates for gain changes when
the measurement mode is changed from ACV to
ACV +DCV.

8-144. Range Switching. FET switches are used to
selecte the voltage ranges (1 V, 10V, 100 V, or 1,000 V).
Logic signals (H1, H2, H3, H4, and HM) from the
Range and Function Control Logic Circuits control the
U8, U9, and Ull comparator stages that turn on or off
these FET switches.

8-145. Comparator and FET Switch Operation. The
comparators that turn the FET switches on or off have
open collector transistor output stages that are referenc-
ed to ground by 100 K pull-up resistors. The output of a
comparator is — 15 V when the output transistor stage is
turned on and at ground when the transistor stage is
turned off. A +2 V reference voltage from the R65/R66
voltage divider is applied to either the positive or the
negative input terminal of each comparator stage. With
the + 2 V reference applied to the comparator’s negative
input terminal, a low logic input signal causes its output
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to go to — 15 V (FET turned off). With a high logic in-
put signal, the comparator’s output transistor is turned
off and the output rises via the pull-up resistor to
ground (FET turned on). For those comparator stages
that have the +2 V reference applied to their positive
terminal rather than the negative terminals, the com-
parator operation is exactly opposite of that just
described.

8-146. 1, 10, and 100 Volt Range Switching. A negative
feedback circuit consisting of Q2, U6, and U7 (see
Figure 8-34) is used for the 1, 10, and 100 V ranges.
Gain for this circuit is set by the value of the feedback
resistor (5 K, 50 K, or 500 K) selected for the measure-
ment range in use. FET switches are used to select the
proper feedback resistor.

8-147, Figure 8-32 shows the FET switches and feed-
back resistor used for the 1 V range. The logic level on
the H1 (High True, 1 V range) line to the comparators
goes high (from 0 V to +5 V) when the 1 V range is
selected. FET switches Q9 and QS5 are turned on (H1)
and FET switch Q11 (HI) is turned off at this time.
When a range other than 1 V is selected, H1 will go low.
FET’s Q9 and Q5 are turned off during these times and
QIl1 is turned on. FET Q11 shorts out the 1 V range
feedback path then the 1 V range is not selected.

R4 M o9

“t ¥ E
D voLTS '
1 TP
’/,/’/}1 g oz, . y: ) .

I_\ 15V 1456~ Bs

Figure 8-32. FET Switches and Feedback Path for
AC Volt Measurement, 1 V Range.

8-148. Resistor R47-capacitor C23 (connected to input
of Q5) and resistor R51-capacitor C23 (connected to in-
put of Q7) are R-F filters for the respective 1 Vand 10 V
ranges. These circuits minimize any R-F that could be
rectified by the switching FET’s and added to the input
signal.

8-149. Input Amplifier. The Input Amplifier con-
sisting of Q2, U6, U7, and associated circuitry inverts
and scales down (attenuates) the input signal. An
inverted-attenuated version of the input signal appears
at TP9. Gains of 1/2, 1/20, and 1/200 for the respective
1V, 10V, and 100 V ranges are obtained by selecting

Service

the proper feedback resistors. These fixed gains are set
by the 1 M ohm input resistor and the feedback
resistors. Utilizing fine-line resistors (.01%) eliminate
the need for fine-gain adjustments. Full scale inputs for
the 1 V, 10 V, and 100 V ranges gives a .5 V output at
TPY.

8-150. A source follower input (Q2, gain of 1) is used to
keep the input impedance to this circuit high. U6 is a
non-inverting positive gain stage that is configured to
cancel out dc voltage drift. This stage has an open-loop
dc voltage gain of 80 dB; the ac gain is 8. Diodes CR
8-11 clamp the output of U6 at +1.4 V to prevent
saturation. The positions of jumpers 3 and 4 in the
U6-Q2 feedback voltage divider are factory selected for
zero dc offset voltage at TP9. Variable resistor R12 (N
adjust) is used for the final calibration dc offset adjust-
ment.

8-151. FET switch Q20 is only turned on when the 1 V
range is enabled (H1A). The gain of the U2, U6, and U7
circuit is then 10 times greater. Resistor R23 and
JMPR’s 9 and 10 are used in the Q20 circuit for the high
frequency factory calibration.

8-152. The output amplifier stage (U7) inverts the
signals'that go back (via feedback resistors) to the input
of Q2. The value of C26 (across input-output of U7) is
selected during the factory high frequency adjustment.

8-153. 1000 VOLT RANGE. Amplifier U1 is used only
for the 1000 V range (note that the 1000 V range
measures voltages up to 700 V rms or 1000 V peak,
whichever is less). This inverting amplifier has a gain of
1/400. With a 700 V rms input, full scale output is 1.75
V. When the 1000 V range is selected, the H4 line
changes from — 15 Vto 0 V (FET switch Q8 turned on).
Referring to the ‘‘Range/Logic Level Table’’ located on
schematic 8 (AC Converter) note that HM in addition to
H4 is high true when the 1000 V range is selected. HM
and HM enable (via FET switches Q1 and Q3) the 100 V
feedback path for the Q2, U6, and U7 circuit. This
stabilizes the Q2, U6, and U7 circuit by keeping it out of
saturation during those times when the 1000 V range is
selected.

8-154. The signals appearing at TP2 (output of Ul) is
an attenuated version of the input signal applied to the
AC Converter. JMPR 1 is provided so that the output
line from Ul can be opened for troubleshooting.

8-155. Absolute Value Amplifier. The Absolute Value
amplifier circuit uses a full-wave rectifying technique to
solve for the absolute value of its input signals. This
operation is similar to a full-wave rectifier in that the
negative portion of the signal is inverted and combined
with the positive portion. The rectifying diodes (CRS
and CR7) are located in the feedback loop of U4. This
feedback technique drives the diodes into and out of
conduction in response to very small signal changes.
Because of the high gain of U4, the signal loss for the
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low level signals at the higher frequencies are reduced.
The total circuit is an inverting amplifier that deals with
currents rather than voltages.

8-156. Op amp U4 (bipolar amplifier) drives transistors
Q12 and Q13. The collectors of Q12 and Q13 are the
current sources that turn on rectifying diodes CRS and
CR7. Diode CR7 is turned on during the positive por-
tion of the input signal and CRS5 is turned on during the
negative portion. The signal at the anode of CRS5 is in-
verted by U2. The output of U2 (gain of 1) and the
signal at the cathode of CR7 are combined for a full-
wave rectified output.

8-157. The Absolute Value Amplifier has a gain of 2.5
for the 1, 10, and 100 V ranges and a .5 gain for the 1000
V range. This gain difference is due to the two different
input resistance paths (20 K and 100 K) at the input of
U4. Fine-line (.01%) resistors are used for all of the gain
setting resistances.

8-158. Variable resistor R13 (M adjust) is used for the
final calibration dc offset adjustment of the Absolute
Value Amplifier stage. The positions of JMPR’s 2 and 6
are factory selected to optimize the adjustment range of
R13.

8-159. RMS Converter. The RMS Converter calculates
the rms value of the signals appearing at the output of
the Absolute Value Amplifier. The mathematical ex-
pression for the measurement of an rms voltage is:
Vo =/ ¥ip 2. This states that the output voltage (V)
is equal to the square root(r) of the average(m) of thein-
put voltage (Vin) squared(s). The RMS Convérter is
divided into the following three sections (for the circuit
description see Figure 8-34): Squaring Amplifier,
Square Root Amplifier, and Averaging Amplifier.

8-160. Squaring Amplifier. The Squaring Amplifier is
a logging amplifier whose output is proportional to 2
times the log of its input voltage. A logging amplifier
has a gain that is inversely proportional to its input
signal. The greater the signal, the less the amplification.

8-161. This circuit consists of an inverting op amp stage
(U5) with two transistors (Q16A and Q17A) connected
in the negative feedback path. The negative input ter-
minal of U5 is at a virtual ground potential. With the
collector of Q16A connected to this virtual ground and
its base connected directly to ground, Q16A becomes a
base-emitter junction (diode).

8-162. The resistance of Q16A and QIl7A base-emitter
junctions is a function of the current generated by the
input voltage through the 25 K ohm input resistors (25 K
ohm fine-line resistors preceeding JMPR 5). The input
current flows into the op amp summing node—assume
that no current flows into the amplifier. The feedback
circuit causes the amplifier output to produce whatever
voltage is required to produce a feedback current that
will exactly balance the input current. Transistor Q15 is
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the current source for U5’s feedback loop. Q15 provides
quick slewing for high crest factor measurements.

8-163. The action of each base-emitter junction (log ele-
ment) in the feedback path is to take the log of the input
voltage (log Vip). Since there are two junctions, the out-
put of the Squaring Amplifier will be 2 log (Vip) or log
(Vin)?.

8-164. The summing point at the input of U5 is always
above ground so current will not be drawn from Q16A
and QI7A—pulling current from Q16A will reverse bias
Q16a and turn off this junction.

8-165. Averaging Amplifier and Square Root
Amplifier. The operations of the Averaging Amplifier
and the Square Root Amplifier are simultaneous and in-
terdependent. Summing or time averaging takes place in
the Averaging Amplifier. The square root of this time
averaged input (‘‘mean’’ value) is taken by the Square
Root Amplifier—this reverses the action of the Squar-
ing Amplifier. The combined output of the Averaging
and Square Root amplifiers is a dc level proportional to
the rms value of the input signal.

8-166, (Averaging Amplifier. The Averaging Amplifier
is a 3-pole active filter consisting of op amp U12 and the
R4C networks connected to the output of Ul2. Pole 1
consists of C28 and the 282.2 K and 138.6 K ohm fine-
line resistors that are in parallel with C28. Pole 2 con-
sists of C30, R72, and R73 and pole 3 consists of C33,
R78, and R79. The time constant for pole 1 is changed
(changed from fast ac measurement position by the
front panel FILTER button) when FET switch Q21 is
closed by logic signal HAF (High True Analog Filter).
This connects C29 in parallel with C28 which increases
the R-C time constant. FET switches Q22 and Q23 are
open (HAF) when the Analog Filter is enabled. This
also increased the R-C time constant by removing R73
and R79 from the circuit. Diode CR14 holds the source
of Q21 at .7 V (one diode junction voltage drop). This
prevents any forward biasing of Q21 (due to leakage
current through Q21 charging C29) that may turn this
FET on when the Analog Filter is disabled.

8-167. The output from the Averaging Amplifier, Ul2,
(TP14) is connected to the input of the Square Root
Amplifier, U13. The output of U13 is connected to the
input of U12, so amplifier U13 appears in the feedback
circuit of amplifier U12. Source follower Q14, in the
output of the Averaging Amplifier, is a unity gain buf-
fer stage.

8-168. Square Root Amplifier. The Square Root
Amplifier consists of an inverting op amp stage (U13)
with a base-emitter junction (Q16B) connected in the
negative feedback path. The base and collector of Q16B
are at approximately the same potential since the collec-
tor is connected to virtual ground. The current flow
thorugh the base-emitter junctions of Q16B and Q17B
(antilog elements) balance out the current through



QIl6A and QI7A in the Squaring Amplifier. Diode
CR15 balances out the voltage drop across the base-
emitter junction of Q16B.

8-169. A 10 V dc full-scale output from the AC Con-
verter appears at TP4 for full-scale inputs on the 1, 10
and 100 V ranges (e.g. for a 100 V rms full-scale input
with the 100 V range selected, the output will be 10 V).
For the 1000 V range, 7 V dc is the output for 700 V rms
full-scale input. See Table 8-8 for the AC Converter
stage gains for the 1, 10, 100, and 1000 volt ranges.

Table 8-8. AC Converter Stage Gains.

Input Atten & Amp Absolute
Voltage Scale | Full Scale Value Amp |RMS Conv. | Total
Range Factor Dutput Gain Gain Gain Gain
1V 1/2 5 .5 2.5 8 10
oV 1/20 .5 .05 2.5 8 1
100V 1/200 5 .005 25 8 1
1000 V*| 1/400 1.76 .0025 .5 8 .01

*700 V rms max.

8-170. The dc output from the AC Converter connects
through a portion of the Input Switching (see Figure
8-33) on the way to the Input Amplifier. The Input
Amplifier is switched to a X1 gain for the ac mode.
Refer to DC Volts Measurement Paragraphs 8-30, 8-40,
and 8-48 for circuit descriptions of the Input Switching,
Input Amplifier, and A/D Converter respectively.
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Figure 8-33. AC Converter, Output Signal Path.

8-171. RATIO MEASUREMENTS.

8-172. During a ratio measurement, three complete
measurement cycles are done. The first cycle is either a
DCV, ACV, or ACV +DCV measurement (dependent
upon the ratio function selected). During this cycle
Autozero is always enabled by the Outguard
microprocessor for local operation. For remote opera-
tion, Autozero should not be disabled by the
intrument’s controller. A controller error message will
be displayed if Autozero is disabled. The second and
third cycles are the DC Reference measurements with
Autozero disabled (disabled by Outguard
Microprocessor). During the second cycle, a Reference
High Measurement is taken (see Figure 8-35). A
Reference Low is taken (see Figure 8-36) during the
third measurement cycle.

8-173. For DCV/DCYV Ratio measurements, relay K102
and FET switch Q109 (100 and 1000 V ranges) or K103
and FET switch Q116 (.1, 1, and 10 V ranges) are closed
during the signal voltage measurement (first cycle). The
relay (K102 or K103) for the selected voltage range re-
mains closed during the Reference Voltage measure-
ment (second and third cycle) but the associated FET
switch (Q109 or Q116) is open. For ACV/DCV or
ACV +DCV/DCV Ratio Measurements, FET switch
Q110 is¢losed for the signal voltage measurement but is
open-during the Reference Voltage measurements.

8-174. All of the voltages measured during the Ratio
measurement cycles are referenced to the VOLTS LOW
terminal. Measurement data is transferred from the In-
guard Logic to the Outguard Logic where the Ratio
measurement is computed (see Ratio formula Figure
8-35). Measurement errors due to lead resistance (Rjeaq)
between the RATIO REF 4WR LO and VOLTS LO are
subtracted during these computations.

8-175. The voltage measurement circuit paths for the
Reference High (H4WH and LMES, FET’s Q115 and
Q103 enabled) and the Reference Low (HGND, FET
Q105 enabled) are highlighted in the respective
Reference High (see Figure 8-35) and Reference Low
(see Figure 8-36) illustrations.
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8-176. INGUARD LOGIC (A30 Board).
8-177. General.

8-178. For the theory of operation, the functions per-
formed by the Inguard Logic circuits are divided into
the following three major operations (see Figure 8-37
Simplified Block Diagram, Inguard Logic):

a. Interfacing (Isolation Logic) between the Inguard
and QOutguard.

1.
2.

Receiver—Paragraph 8-183
Transmitter—Paragraph 8-186

b. Controlling the different ranges and functions.

1.
2,

Inguard Microprocessor—Paragraph 8-189
Range and Function Control—Paragraph 8-191

c. Controlling the timing and the A/D Converter cir-
cuits during the actual measurements.

Service

8-179. Set-up information from the Main Controller
(Outguard) is received by the Inguard through the Isola-
tion Logic. This information is used by the Inguard
microprocessor (uP) and the ‘‘Range and Function Con-
trol Logic”’ to control the various relays and FET swit-
ches for the specified measurements. The Range and
Function Control Logic section, although physically
located on the A20, is an extension to the A30 board’s
control logic.

8-180. Another major section on the A30 is the analog
to digital (A/D) controller circuits. These provide the
critical counter and timing signals for fast, precise
measurements. Digitized measurement information is
sent through the Isolation Logic to the Outguard for
conversion to useable information (e.g. front panel
display).

8-181. Isolation Logic.

; izer— aph 8-1 i ; z
! ALEwnd ALE Synchronizer—Paragraph 8-198 8-182. General. The Isolation Logic on A30 consists of
2. ALE Clock for A/D Converter—Paragraph a receiver which receives information from the
8-199 Outguard and a transmitter which sends information to
3. FRAC and Rundown Operation—Paragraph the Outguard (See Figure 8-37). Both use transformers
pe - . - -
8-200 for coupling. Each transformer consists of windings on
4. Rundown Timing—Paragraph 8-206 a t(:rodi?lt lcl:r:.hr‘-e: an? a singlle. win:.r pass}ng through lghe
.. .. centér of the core for coupling. Transformer coupling
5. FRAC Circuit Description—Paragraph 8-211 allows the Inguard ground (connected to low input ter-
6. LOVL (Low Overload)—Paragraph 8-221 minal) to be isolated from the Outguard ground which is
7.  Run/Test Operation—Paragraph 8-222 connected to earth ground.
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Figure 8-37. Simplified Bloc

k Diagram, Inguard Logic.
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8-183. Receiver. Refer to Figure 8-39 (Isolation Logic,
Receiver) for the following circuit description. The
serial data received from the Outguard Logic through
transformer T2 consist of a group of 9 bits with the first
bit always a ‘‘1”’. Figure 8-38 shows the 9 bit waveform
present at A30TP1 and A30TP2 when internal self-test
#3 (Isolation Logic check) is enabled. (See
troubleshooting section for the procedure used to select
test #3).

8-184. A clock is derived from this serial data by U23,
U2la, and U20b. This clock is used to shift the related
receiver data into the ‘‘serial in—parallel out”’ shift
register (U24). When the 8th bit is shifted in, Qg (and
U20a pin 2) will be high since the first bit sent is always a
logic 1. When the 9th bit is shifted in, the clock at U20a
pin 3 latches the D input causing a low to be sent to the
interrupt (int) pin of U13. This interrupt tells the uP that
‘““data is ready.’* The uP (U13, pin 8) then generates a
read signal (low true) that enables the tri-state buffer
(U16). Parallel data transfer from U16 to U13 occurs at
this time.

8-185. Reset input to Ul3 (pin 4) occurs at turn-on,
when the front panel Reset button is pressed, and when
the Outguard wishes to fully reset the Inguard circuits.
Eight-input NAND gate, U22, generates an initializing
reset for U13 (pin 4) when all logic ‘‘ones’’ have been
loaded into U24. The all “‘one’’ pattern comes from the
Outguard puP. NOR gates U21c and U21d, R10, C7, and
C10 lengthen the reset pulse duration to assure reset.

Model 3456A

8-186. Transmitter. Refer to Figure 8-40 (Isolation
Logic, Transmitter) for the following circuit descrip-
tion. Data from U13 is transferred across the 8-bit data
bus to Ul5, a parallel to serial shift register. This
transfer takes place when U13 writes (U13 Pin 10 goes
low). Serial data transfer from Ul5 to Ul9a begins
when the shift load level at U15 pin 1 goes high. Data is
transmitted to the OQutguard at the ALE clock rate. This
clock’s frequency is 390 kHz for 60 Hz operation and
325 kHz for 50 Hz.

8-187. An additional bit (interrupt bit) is added to the
8-bit byte during the serial shift out of U15. This bit,
which is always a logic ‘‘1’’, becomes the first bit of the
9 bits transmitted to the Outguard. This bit is provided
by connecting U15’s *‘serial in’’ terminal (pin 10) to + 5
V. The Q and Q outputs from U19a are fed to parallel
connected gates (U18) to provide the required drive for
T1’s primary.

8-188. The outputs of U18 are disabled after each 9-bit
group by the 9 count circuit consisting of U17, U19b,
and Ul4a. The count sequence starts when U13 pin 10
returns high after a write command. The Q output of
positive edge triggered U19b goes high at this time
which-temoves the clear from Ul7 and also enables
Ul14a: Four bit counter U17 counts 9 bits, at which time
outputs QA and QD go high. Flip-Flop U19b is cleared
at count 9 by the low output from NAND gate Ul4d.
The Q output of U19b goes low again at this time which

o 1 BYTE >
BIT #:i1 i 2 i 3 i 4 i 5 i & i 7 i 8 i 9 i
' - T2 ' o +4. 4V
DATA :
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| I} ; '. "Tl 1 - . I 1 I I
BT U S5 T O U O O O
o lglgnaRgRaRaRgE e
A30TPZ I | _ _ _ _ _ _ _ av
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i - T1<700ns
*T2?| 1322 54us
BIT =5 WILL BE A “1" WHEN THE BYTE
IS TRANSMITTED BACK TO OUTGUARD IF
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Figure 8-38. Isolation Logic Data and Clock (at Receiver) with Internal Self-Test #3 Enabled.
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Figure 8-40. Isolation Logic, Transmitter.

again clears U17 and disables NAND gate Ul4a. The
next negative-to-positive transition on the WRI line
(U13, pin 10) will begin another 9 count/shift cycle.

8-189. Inguard Microprocessor. The uP contains a 1K
x 8 ROM (8-bit word, Read Only Memory) and a 64 x 8
RAM (Random Access Memory (Read/Write
memory)). The ROM is used for control of the Inguard
Circuits. The RAM is used for temporary storage of in-
struction data received from the Outguard and also for
measurement data that will will be sent to the Outguard.
An 8-bit bi-directional data bus is used for RAM data
transfer. The xP has no address lines but contains two
8-bit quasi-directional static ports (PTI10-17 and
PT20-27) for input/output lines. These lines are used
for Inguard circuit control during ranging, function
changes, measurements, etc.

8-190. The P has an internal oscillator, clock circuits,
and an 8-bit time/counter. These are used for the tim-
ing, controlling, and measuring that takes place during
the Inguard measurement cycles. The uP also generates
the ALE clock that is used by other A30 board circuits
and by the A/D Converter. The Input (from crystal
oscillator A30Q1) for U13’s internal oscillator is 5.85

MHz for 60 Hz and 4.875 for 50 Hz operation. The
ALE (Address Latch Enable) clock is 1/15 the frequen-
cy of A30Q1, or 390 kHz and 325 kHz respectively.

8-191. Range and Function Control.

8-192. General. Refer to Schematic 8 (Inguard Logic
Schematic) and Schematic 6 (Range and Function Con-
trol Logic Schematic) for the following circuit descrip-
tion. Range and function set-up data is received via the
Isolation Logic from the Outguard. This data is tem-
porarily stored by U13 and then passed to the Port Ex-
pander (U702) over 1/0 lines PT20 through PT23.
These 4 output lines are expanded to 16 lines by U702.
The Prog line (U13, pin 25) is the Program strobe line
that is used to control the data transfer to U702. Ports
PT15, PT16, and PT25 (LGND, LMES, and HAF line
respectively) go directly to Inguard Switching circuits on
the A20 board.

8-193. LGND (Low Ground-Enable) and LMES (Low
Measure-Enable) are used to control FET switches in
the Input Switching circuits when Autozero is selected.
HAF (High Analog Filter-Enable) is used to control a
FET switch that enables the Analog Filter which is also
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in the Input Switching circuit. Refer to the Input Swit-
ching sections under DC Volts Measurement for addi-
tional circuit details regarding the Autozero and Analog
Filter circuits.

8-194. Port Expander A20U702. See Schematic 6
(Range and Function Control Logic Schematic) and
Figure 8-59 (Mnemonic Definitions) for the following
circuit description. Port Expander U702 consists of four
4-bit static I/0 ports (PT40-43, PT50-53, PT60-63, and
PT70-73) and one 4-bit interfacing port (PT20-23). Tim-
ing pulses from A30U13 are sent over the Prog (Pro-
gram) line to transfer 4-bit nibbles (via PT20-23) to
U702. The first nibble, consisting of the op-code and
port address, is present when a high to low transition oc-
curs on the Prog line. The second nibble (the 4 data bits)
is present when a low to high transition occurs on the
Prog line.

8-195. The Logic signals (5 V logic) from U702 control
(either directly or indirectly through transistors or the
U701 decoder) range and function circuits in the Input
Switching, Ohms Current Source, Input Amplifier, and
AC Converter. This control is accomplished with relays
or comparator/FET switches that are located in these
four sections. Refer to the circuit description of these
circuits for switching details.

8-196. Output transistors are used for the logic outputs
from PT61, PT62, and PT63 to provide the drive re-
quired by the relays coils in the Input switching circuits.
The collector or each transistor is diode clamped to +15
volts for protection against relay switching transients.
Voltage doubler C700 provides the higher voltage need-
ed by K103 (see Input Switching, Paragraph 8-32) dur-
ing turn-on.

8-197. Dual 1-4 Decoder A20U701. Coded range and
gain control data from the Inguard microprocessor is
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transferred from Port Expander U702 (via PT51, PT52,
PT71, PT72, and PT73) to Decoder U701. This data is
expanded from 4 line-input (PT71 is load enable line) to
8 line-output during the decoding process. Logic signals
from U701 control (via comparator/FET switches)
range settings for the AC Converter and Ohms Current
Source, and gain settings for the Input Amplifier. Pull-
up resistors (51K) are required at U701’s outputs
because they drive CMOS logic (U702) directly. Table
8-9 is a truth table with range decoding information for
the ‘A’ section of decoder U701. Table 8-10 is a truth
table with gain decoding information for the “‘B’’ sec-
tion of U701.

Table 8-9. Range Decoding U701.

INPUTS OUTPUTS
Enable Select H4 H3 H2 H1 Range

Gapinn | A0 A | DA Qa2®  OaiS Dao® Ohms ACV
0 o] o] o] 0 o] 1 10M-1G 1
0 1 0 (4] (4] 1 o] im 10
0 (] 1 0 1 0 (o] 10K& 100K 100
0 1 1 1 4] 0 o] 100&1K 1000
1 x X o] 4] 0 [+] - —

X = Don't Care 1 = High 0O = Low

Table 8-10. Gain Decoding U701.

Inputs Dutputs
Enably Select HA1 | wAz [ wato [ watoo
GhiPin 15) | Bol14) E1(13) || 0ma(9) | Qs2(10) |Os1(11)| Quel)2) | Gain | OC Rangs Ohms
Q 4] o 4] o Q 1 100 100 mv 100
0 1 o a ] 1 V] 10 1V&I100V TK&T10K
[+ o 1 4] 1 a [v] 2 - 100K-1G
o] 1 1 1 o a 0 1* | 1ov&1000V -
*Gan of 1 foe all AC cotverter ranges

8-198. ALE and ALE Synchronizer. Refer to Figure
8-41 (ALE and ALE Synchronizer) for the following cir-
cuit descriptions. Part of the ALE Synchronizer is a
crystal controlled oscillator circuit consisting of tran-
sistor Q1 and crystal Y1. The frequency (see schematic)
and the waveform (4.6 V P-P sinewave) of the oscillator

MICROPROCESSOR
n3

11
5, A5MHz [60HzZ1
4. B75RHz 150421

P &

c4 L
220F T
Vi

+5¥ 3
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L o2 T0 AZD CONV

3456-8-41

Figure 8-41. ALE and ALE Synchronizer.
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can be monitored at TP3. The output from Ul2c and
Ul2d provide the 2-phase crystal reference inputs for
U13. The output from the crystal reference is also fed
(via inverters Ul2f and Ul2e) to the circuits that
stabilize and clean up the ALE clock appearing at U6b,
pin 9—the ALE clock for the A/D Converter.

8-199. ALE Clock for A/D Converter. The ALE clock
used for slope generation in the A/D Converter must
occur within a certain time frame and be free of jitter
and noise. Four D-type positivie edge-triggered flip-
flops (U6a, U6b, U7a, U7b), hex inverters UBa-d, and
NAND gates USa-d are configured to meet these re-
quirements. Flip-flops U7a and U7b are preconditioned
by connecting their preset (pins 4 and 10) and D input
(pins 2 and 12) to +5 V via a pull-up resistor. This
allows U7a and U7b to be reset by their own ““‘Q’’ out-
puts (outputs delayed and inverted by U8 inverters). The
output of U7a is a pulse train (approximately 0 to +3.2
V, 40 ns pulse width) occurring at the crystal oscillator
frequency. U7b’s output is a pulse train (approximately
0to +3.6V, 60 ns pulse width) that occurs at the ALE
clock rate. Applying these pulse trains to NAND gate
US5a, and U5a’s output to flip-flop U6a provides strobe
pulses for USb and U5d. These strobes will change when
necessary to advance or delay slightly the clock pulses at
U5c’s output. The output of USc is used to strobe the
ALE clock pulses through U6b ensuring that the ALE
pulses occur during the desired time period and are free
of jitter and noise.

8-200. FRAC. Refer to Figure 8-44 (FRAC Circuits)
for the following circuit discussion. The FRAC (Five
Rundown ALE Counter) circuit is part of a large loop
that includes the A13 uP and the integrator/comparator
circuits in the A/D Converter. The FRAC looks at both
the polarity bit (HSA) from U13 and the comparator bit
(HCP) from the A/D comparator during rundown. The
HSA and HCP logic levels contain slope information
which FRAC uses to start or stop the slope in the in-
tegrator circuit. The FRAC counts the time the slopes
are on by strobing the uP’s internal counter (U13, pin
39) on every 5th ALE during rundown, ifanS+4,S -3,
S+2, or S—1 slope is on. Each time period between
these strobes is equal to one A/D count, therefore 5
ALE’s equal one A/D count (12.82 microseconds for 60
Hz, 15.38 microseconds for 50 Hz). The uP counts these
A/D time periods during rundown and computes the
measurement value.

8-201. FRAC’s Function During Rundown. Figure
8-42 (Slope Sequence During Rundown) illustrates the
slope sequence during rundown and the FRAC actions
that occur during rundown that control the slope
generation. Refer to the A/D Converter theory section
(Paragraph 8-70) for additional information regarding
the A/D Converter and Slope Generation.

8-202. Four different slopes are used during rundown
to achieve highly accurate measurements of the residual
voltage remaining on the A/D Converter’s integrator
after runup. The first type of slope (called S +4) is the
steepest and it continues for an integer number of A/D
counts. After the slope has crossed zero, S— 3, which is
exactly a decade less in steepness, is applied. After S—3
crosses zero, S+2 (1/100 S+4 slope) is applied and
after this crosses zero, S—1 (1/1000 S + 4 slope) is ap-
plied. The time duration of each slope is counted se-
quentially, with that count subsequently being stored in
memory, to develop the least significant digits during
rundown.

8-203. FRAC will not stop counting at the exact instant
that zero-crossing occurs during the S+4, S—3, and
S + 2 slopes nor will these slopes stop immediately at
zero-crossing. The counting and slopes stop at the next
A/D count after zero crossing (see Tg, Figure 8-42),
therefofe FRAC knows that zero-crossing has occurred
but does not know the exact time that is happened. This
delay accounts for the overshoots shown in Figure 8-42.
During the final rundown slope, the S — 1 slope is turned
off shortly after zero-crossing—on an ALE count versus
an A/D count.

8-204. The uP always has an S+0 period ready to
follow a slope period after zero-crossing occurs. FRAC
stops counting during a S+ 0 period which allows time
for the logic circuits to make circuit condition checks
and decisions.

8-205. The same slope pattern will always be repeated
during rundown—this is controlled by the ROM pro-
gram in U13. It is FRAC’s responsibility during run-
down to: (1) generate the A/D counts and strobe U13 at
each count, (2) determine if the first S +4 slope is the
correct polarity, (3) determine when zero crossing oc-
curs, (4) stop counting at the next A/D count after zero
crossing occurs, (5) start counting at the beginning of
each slope.
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112 NOTES
1. Slopes not drawn to scale for illustra-
tion purposes.

2. Input signal voltage to integrator is
switched off during rundown.

T10
V S+2 SLOPE
MAX 17 A/D COUNTS
' S-1 SLOPE ;
3=3 SLORE EROmCRRSSING MAX 18 A/D COUNTS Fbak-oROx
HAX 16 A/D COUNTS o
FJASEA-B-4T
TIME —»
COUNTS
TO: FRAC enabled, starts counting ALE’s (5 ALE's = 1 A/DCount); Rundown always starts with S—4 slope.
T4 FRAC senses that slope is already positive; Slope diyggﬁdn must be reversed to reach zero-crossing; Max of 2 A/D counts
after TO; FRAC lets S+ O through (flat period); Counting stops during S + O period when logic decisions are being made.
T2: S+ 4 slope starts; FRAC starts A/D counting agéih: S + 4 slope lasts for max of 12 A/D counts or until zero crossing.
T3-T6: A/D count periods; FRAC strobes microproceé‘bar at each A/D time.
T7: Zero crossing occurs; FRAC will detect this event but will continue to count until next A/D count occurs.
T8: A/D Count; FRAC lets S+ 0 through; counting stops.
T9: S — 3 Slope starts; Will last for max of 16 A/D counts or until zero crossing occurs.
T10: Zero-crossing occurs; FRAC detect zero-crossing but continues counting until next A/D count; NOTE: FRAC continues the

A/D counting, stobing microprocessor, detecting zero-crossing, etc. For all of the remaining slopes in the same manner as
it did for the S + 4 slopes.

A: S — 4 slope with negative input signal (input signal is positive for TO-T8 example)

o

Zero-crossing occurs; FRAC detects this crossing but continues to count.

€: A/D Count; S+ 0 let through; A/D counting stops; S + 4 slope will follow the S+ O period so that the final S — 1 slope will
always cross zero going in a positive direction; This S + 4 slope will last until zero-crossing occurs —max of 2 A/D counts.

Figure 8-42. Slope Sequence During Rundown.

Figure 8-42. Slope Sequence During Rundown.
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8-206. Rundown Timing Chart. Figure 8-43 is a timing
chart that illustrates the order in which the rundown
slopes are generated and the maximum counts allowed
for each type of slope.

8-207. At the beginning of each rundown sequence,
either an S +4 or S —4 slope is applied to the integrator
voltage for a set time period (10 A/D counts). The
selected slope reduces the integrator voltage level so that
zero-crossing is assured during the following S +4 run-
down sequence. The actual rundown counting does not
start until the following S—4 slope is turned on but
these 10 A/D counts are included when the final
measurement value is determined.

8-208. Rundown Slope Sequence. Rundown always
starts with an S — 4 which can last for either a maximum
of 2 A/D counts or a maximum of 12 A/D counts,
depending on the polarity of the integrator output
voltage. When the voltage is positive at the integrator’s
output at the beginning of rundown, the positive going
S—4 slope is going away from rather than going
towards zero. When this condition is sensed by the In-
guard Logic circuits, the S — 4 slope is terminated—this
termination occurs within 2 A/D counts after the S—4
slope is started. At this time, Inguard Logic letsan S+0
period pass through and then (after S+ 0 period) sends
the command for an S + 4 slope. The S + 4 slope can last
for a period of up to 12 A/D counts (usually lasts for
shorter period) but stops when the A/D count occurs
after zero-crossing.

Frac enabled at Frac disabled at
this time this time
S+4
Type or
Slope S-4 S-4 S+4 S-3|s+2|S-1 S+0
AID - - . -.s - n
Counts 10 2o0r12 120r 2 16 17 18 6.6
10 60
or or
ALE's 50 60 10 80 85 90 33

* 540 period (Dead time, Frac not counting during S+ O periods)
* Maximum of either 2 or 12 A/D counts allowed

*** Maximum counts allowed

NOTE: Chart not drawn to scale

Figure 8-43. Rundown Timing Chart.

8-209. The S—3, S+2, and S— 1 slopes can last for the
maximum A/D count periods shown (16, 17, and 18
respectively) but stop after zero-crossing occurs. An
S +0 period (.4 A/D counts or 2 ALE counts) occurs at
the end of each of these slope periods. FRAC is enabled
during these S+ 0 periods but is not counting.

Service

8-210. FRAC is disabled at the end of the last S+0
period following the S—1 slope. The S+ 0 period (33
ALE counts or 6.6 A/D counts) occurring after FRAC’s
disablement is allocated to the yP for making calcula-
tions relating to the input signal measurements. The 10
A/D count period (S +4 slope) shown at the beginning
of the Rundown Timing Chart follows this 33 ALES+0
period. FRAC is enabled again at the end of this 10 A/D
count period.

8-211. FRAC Circuit Description, Refer to Figure 8-44
(FRAC Circuit) for the following circuit description.
The FRAC is part of a large loop and the focal point of
the FRAC circuit is Ul1, a 4-bit counter. A table show-
ing the ““Q’’ output states for Ull, during FRAC's
count-to-five routine, is shown in Figure 8-44. Only two
of these outputs, QC and Qp, are used for FRAC cir-
cuit operations.

8-212. The QC output goes high on the fifth ALE
count. This high accomplishes the following three
things: (1) Strobes the counter in the MP (U13, pin 39).
(2) A high is applied (via U2a and U2b) to the “D” in-
put of U1l (pin 6) if a zero-crossing has already occur-
red (see Figure 8-44). (3) A low is applied (via Ule, U2d
and UIf) to the load input of Ul1 (pin 9). A low on the
load §nput of U9 causes Ul1’s outputs (Qp, Qc, QB,
apd QA) to agree with the setup data on pins 6, 5, 4, and
3 when the next ALE pulse (clk input) occurs. The out-
puts will be 1 0 0 0 if a zero-crossing had occurred (see
Ul1 Output Table).

8-213. The Output Table for Ull shows that FRAC
starts another 5 ALE count cycle immediately, if zero-
crossing has not occurred (e.g. outputs change from 0 |
0 0 at 5th ALE count to 0 0 0 O at count 1). If zero-
crossing has taken place, the outputs change from 010
0 at the 5th ALE count to 1 0 0 0, the wait state (Qp
high, an S+0 period). Counter Ull is cleared to all
zeros on the next clock pulse and starts another 5 ALE
cycle.

8-214. Zero-Crossing Detection Circuit (U3a). Zero-
crossing is sensed by U3a (exclusive-OR gate) when
HCP (High True, Compare) changes states. The output
of U3a goes high at this time, (high on pin 2 of NAND
gate U2a) so that the ““D”’ input of Ul1l will go high
when the next 5th ALE count occurs.

8-215. The polarity bit line (HSA) is one of the inputs
to U3a (pin 2). The other input line is the HCP line from
the A/D Converter (U3a, pin 1). To follow the opera-
tion of U3a for each type of slope, refer to the 3-bit
slope code (HSA, HSB, HSC) in Figure 8-44. For exam-
ple, when the HSA polarity bit is “‘0’*, the HCP line will
go high when zero-crossing occurs. The output of U3a
goes high with these inputs.

8-216. FRAC Enable. The FRAC is enabled at the
beginning of a rundown slope sequence by the logic low
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(FRAC Enable) from the uP (Ul3, pin 31). FRAC
Enable and the high from NAND gate Ul0b drive the
output of Udc low. This low enables U4d so that the
ALE clock pulses can pass through to the clock input of
Ull. The FRAC Enable line goes low after the final
S —1 zero-crossing. The load input line of Ull (pin 9)
goes low at this time (via Ulc, U2d, and U1f) which
disables the counter.

8-217. S+ 0 Period. The counter (U11) is disabled dur-
ing rundown when the HCP (High Compare) line going
to the uP (U13, pin 1) changes states due to a slope
cross-over. The uP lets an S+ 0 through after this zero-
crossing occurs. The 4-bit latch (U9) outputs the S+0
command (high on HSA, HSB, and HSC lines) when a
logic high-enable appears on the ‘“G’’ inputs of U9. The
output of NAND gate U10b goes low at this time which
makes the output of NOR gate Ud4c high. This (high)
disables NOR gate U4d in the ALE clock path going to
Ull. When U3 terminates the S + 0 and outputs a slope
comand, the output of UlOb returns to a logic high.
NOR gate U4d is enabled again at this time which allows
U1l to resume counting the ALE clock pulses.

8-218. The output of NAND gate Ul0a is low for an
S —1 slope code. When the HCP line goes high at zero-
crossing, a low is applied (via gates U4b, Uda, and U1d)
to the enable inputs (pins 4 and 12) of the 4-bit latch
(U9). This low disables the latch which turns off the
S—1 slope at zero-crossing rather than the next A/D
count, which is done when the other slopes cross zero.

8-219. Glitch Surpressor—U25a. Flip-flop U25a" is
configured to surpress any glitches that might oc¢cur on
the Qp output of Ull. Glitching may be possible in
Ul1’s flip-flop stages when a D input transition and an
ALE clock pulse occur simultaneously.

8-220. RUNUP. Refer to Paragraph 8-54 in the A/D
Converter section for background information regar-
ding Runup and to Figure 8-44 for the following discus-
sion. Codes for S+4 slopes and S+0 dead-count
periods are the only slope codes generated by the In-
guard pP (U13) during Runup. The enable line to pins 4
and 12 of latch U9 are held high during runup so the
data from U13 is passed through to the A/D Converter
circuits without enabling commands. The LRU (Low
True, Runup) level from NAND gate U10c is an enabl-
ing signal for the A/D Converter circuits used during
runup. This logic low is on for the entire Runup period

(high from U13 pin 30, high on the LOVL line from the
A/D Converter, and the high level on pin 11 provide
this logic low).

8-221. LOVL. When the LOVL (Low True, Overload)

line from the A/D Converter circuit goes low signifying
an A/D Converter overload, the following events take
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place: (1) The LRU output line from UlOc goes high
terminating the low enable going to the A/D Converter.
(2) A logic low on the LOVL line (U13, pin 34) alerts
the uP to an overload condition. The uP immediately
terminates the runup slope sequence. (3) The uP
transmits data to the Outguard pP indicating an A/D
Converter overload. (4) A complete rundown is done to
remove the voltage charge on the integrator.

8-222. If Autorange is enabled, the Outguard uP sends
the proper commands back to the Inguard uP to
uprange. If Autorange is disabled, the front panel
uprange button must be used to uprange until the
overload condition is terminated.

8-223. Use of A30 Board Jumpers and Plugs/Jacks for
Troubleshooting. The JMPR’s and J’s/P’s on the A30
Board are for use as troubleshooting aids in solving A30
or A/D Converter malfunctions. Refer to Table 8-11 for
an explanation of these troubleshooting aids.

Table 8-11. A30 Board Jumpers and Plugs/Jacks.

Jumper
or Jack Purpose
JMPR1 Unsoldering JMPR1 breaks FRAC's loop so SA
signatures can be checked.
JMPR2 If a +5V power supply loading problem occurs,
JMPR3 JMPR2 and/or JMPR3 can be unsoldered to
localize the trouble.
J31 Supplies a start, stop, and ground for SA Tests.
J32 Provides a choice of three different clocks for J31

SA Tests. There shold be no Jumpers across any of
the J31 or J32 pins during normal operations.

J33/J34 1. Run (Normal) position: Jumper connects Pin
1 of J33 to Pin 1 of J34.

2. SA Tests: Jumper connects Pin 2 of J33 to
Pin 2 of J34. J34 is looking at the HSA polarity bit.

3. SA Tests: Ground is applied to Pin 3 of J34
when Jumper connects Pin 3 of J33 to Pin 3 of
J34. This breaks all loops to provide repetitive pat-
tern for SA tests. )

J35 1. Run (Normal) Position: Jumper connects Pin
1 and 2 of J35. The A/D Converter overload line
(LOVL) will terminate the runup sequence in this
position.

2. Test Postion: Pin 2 of J35 is connected to
+ 5V when Jumper is across Pins 2 and 3 of J35.
A/D overload line (LOVL) will not effect runup se-
quence in this position.

J36 1. Run (Normal) Position: Jumper connect Pins
1 and 2 of J36.

2. Test Position: Pin 2 of J36 is connected to
+ 5V when Jumper is across Pins 2 and 3 of J36.
This test position will continuously cycle the A/D
Converter to provide a good FRAC test as well as a
good A/D Converter test. To iriplement this test,
the 3456A power switch must be turned off and
then on again after the P36 Jumper plug is posi-
tioned to test.




7,\/, SLOPE CODE
HSA HSB HSC
u13 |
HICRO- A2 1 1 1
PROCESSOR gg g fll g
i7 1 ‘:3'—1 1 0 1]
P10 75 (] ‘I.D S+2 0 1] 1
i 5 “ A
* 1
30 =
POLARITY BITISEE SLOPE CODE! P11 =3 BISTABLE -4 1 1 0
nnpgg 2tg;§ ;i: T LATCH . -
1=N : ] d
us 19 10
OUTPUT GOES LOW ON 5TH ALE_T1 1o 20 |2 HsB A/D
ALE COUNT IF ZERD-CROSSING 1] 3| o B4 HSA CONVERTER
HAS ALREADY TAKEN PLACE. . mer
It
% COMPARE FROM 6 BE:
GOES HIGH ON STH L ShSE ML A/D CONVERTER o8
ALE COUNT IF ZERD- BCCURS a7 |10 HSA
CROSSING HAS ALREADY \ < %
TAKEN PLACE. T :
b Ao N e . : OVERLOAD HANDLER
FRAC. ENABLE (MSB] [ & . U10b}~ TURNS LRU DFF WHEN
—— it ¢ 3 \ OVERLDAD OCCURS
0=COUNT g
12 i
HIEH WHEN STH ALE OCCURS (Q —C@ ) i
& O ) +5V ot [ _ LRU
m 5{U10c > 10 A/D
. o 12 SET (1) =5TH ALE < ] CDNVERTER
e U1 +?1V2 B8 £
S 3
3 11 R 5 +5Y
SYNC. L ® y25a? _;-9 TESY
o s oy g 2
COUNTER B I e ) LOEIC LOW WHEN L
] -5V, \S; A/D CONV. DETECTS LovL
LR U2e 2 P ANALOE OVERLOAD < FROM A/D
. 0 4 ENABLE =L Q 1 . CONVERTER
uif 11 > ) Ute ’ SSRUNS o < - HcP
El 13 7 < 4 FR&% A/D
12 o v2d | 4, + test <LF8 | CONVERTER
3
.
cLK HIGH WHEN TES
5+0 15 ON ;
2 +’ FRAC ENABLE 4
WILL NDT COUNT L2 o(
IF s+0 IS5 ON 13 10 Ll4c[ 9 LOW=5+0
S U13 ALWAYS HAS
A 5+0 READY T0
SEND AFTER A
SLOPE 15 SENT CLEARS TO 0000
10 U3 Uil OUTPUTS ON NEXT CLOCK
PULSE
0 | oL | 08

5 ALE
1
Ula

HIGH LOADED INTO 0D WHEN
ZERO-CROSSING OCLURS. THIS
(10001 IS A WAIT STATE.

ocoooo-
Ll == = = =}
Do oD

5 ALE COUNT STARTS
AGAIN IF ZERO-CROSSING
HAS NOT OCCURRED.

FRAC 5TROBES U13 EVERY
STH ALE(BINARY COUNT OF 41

Figure 8-44. FRAC Circuits.
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8-224. Outguard Section (A3 and A4 Boards).
8-225. General.
8-226. The Outguard Section is divided into the follow-

ing groups for the theory of operation (see Figure 8-45,
Simplified Block Diagram, Outguard).

Paragraph
a. Main Controller Circuits(A4 Board)
1. MicCroprocessor..........cucvveuuenns 8-232
2. Clock Generator...........cvvuun.. 8-236
3. AddressBus.................00un. 8-239
4. Data Bus and Data Transfer......... 8-240
5. Peripheral Select Decoders.......... 8-247
0. MEMOEY s e sy ammsmammte s 8-251
b. Isolation Logic Circuits (A3 Board)....... 8-256
1. Transmitter..........o.eevnenennnns 8-258
2. Receiver.......oovvivrinnnnnnennn 8-262
c. Keyboard Scan Logic (A4 Board)........ 8-264
1. Keyboard Scan Circuits. ............ 8-266
2. Display Ready Circuit.............. 8-271
d. Display and Annunciator Drive
(A4 Boatd)..s sosnnmone suvasmesssan 8-272
1. Control Circuits for Data
Transfer........ccoviiivninnn.. 8-274
2. Display and Annunciator Driver
SYSEEMIS v v sienaoiin s bilaiimaos v 8-277
3. Sample Rate Indicator Circuit........ 8-279
e. Keyboard, Display, and Annunciator
Circuits (A2 Board). ................. 8-280
f. HP-IB circuits (A3 Board).............. 8-285
1. HP-IB Interface Adapter...........5 8-287
2. HP-IB Transceivers................ 8-290
g. External Trigger Circuit (A3 Board)...... 8-292
h. Signature Analysis (SA) Test Modes...... 8-295

8-227. The 3456A is a microprocessor-based instrument
that uses software rather than hardware to perform
many of the instrument’s functions. The software pro-
grams are stored in the Outguard ROM (Read Only
Memory).

8-228. The Main Controller in the Outguard Section
controls the measurement operations that are per-
formed by the Inguard circuits. The Inguard
microprocessor (uP) is a slave of the Outguard uP. The
OQutguard uP uses the reset line going to the Inguard uP
for a master synchronizing control in addition to sen-
ding the Inguard pgP measurement operation com-
mands. Communications between the Outguard and In-
guard Controllers is through the Isolation Logic (see
detailed block diagram on the foldout page preceeding
the schematics).

8-229. The Main Controller also manages the com-
munications between the Front Panel Control/HP-IB
interface and performs the math calculations.

Service

8-230. A memory mapped 1/0 address bus technique is
used in the 3456A. The I/0 peripherals (Display,
Keyboard, Isolation Logic, and HP-IB) are treated as
memory addresses so that reading or writing can be
completed in one memory instruction. Address loca-
tions are decoded by 3 to 8 line decoders (A4U6, Ul7,
and Ul9) to generate strobes (see schematic 9, Main
Controller). These strobes enable the device/s addressed
by the uP during a read or write routine.

8-231. Main Controller Circuits (A4 Board).

8-232. Microprocessor (A4U15). The uP used in the
Main Controller (Outguard) is a Motorola
MC68AOO0P. The ““A’ in the device type signifies that
its clock rate is 1.5 MHz rather than the standard 1
MHz. The ¢ one and ¢ two pins (U15 pins 3 and 37
respectively) are inputs for the external two-phase, non-
overlapping clock that is generated by A4Ul14. These
clock signals are 0 V to +5 V square waves.

8-233. The Main Controller uP communicates with
ROM, RAM, and the 1/0 devices via a 16-bit address
bus and an 8-bit data bus. The 16-bit address bus pro-
vides the uP with the capability of addressing up to 64K
locations. The 8-bit data bus is bidirectional as well as
tri-state.

8-234. The following control signals are used by the
Main Controller uP:

a. IRQ (pin 4)--Interrupt Request. This input line
receives Keyboard Interrupt signals from A4U22a, pin
6. IRQ (logic low) requests that an interrupt sequence be
generated when keyboard information is ready to be
sent to the puP.

b. VMA (pin 5)--Valid Memory Address. When
high, VMA indicates to all peripheral select circuits that
the address bus contains valid information. VMA is
retimed (becomes True VMA) before it is used by the
peripheral select circuits. See Paragraph 8-245 for the
True VMA circuit and timing descriptions.

c. NMI (pin 6)-- Nonmaskable Interrupt. This input
line is connected to the Interrupt Request output line
from the HP-IB Interface Adapter (A3U9, pin 40). The
NMI line is set low when HP-IB data is available for
transfer to the uP.

d. R/W (pin 34)--Read/Write. This output line is
used for the RAM, HP-IB, and Isolation Logic circuits
to control their Read and Write operations. A high on
this line signals these circuits that the P is in a Read
state. A low signals a Write state. A Write Going To
Read Stretcher circuit increases the time period that the
Write is held true. See Paragraph 8-244 for the Stretcher
circuit and timing descriptions.

e. DBE (pin 36)--Data Bus Enable. This input signal
tells the P how long it is supposed to drive the data bus.
When DBE is high, it permits data to be output during a
write cycle, The data bus drives are disabled internally
during read cycles. A DBE Stretcher circuit holds the
data longer than the normal 10ns. See Paragraph 8-242
for the Stretcher circuit and timing descriptions.
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f. TSC (pin 39)--Tri-State Control. This line is tied
to ground by J11/P11 during the run (normal) opera-
tion. When the TSC line is tied to +35 V by P11, all of
the address lines and the Read/Write line go into the off
or high impedance state.

g. RST (pin 40)--Reset. This input is used to start the
uP from a power-down condition (initializes uP). See
Paragraph 8-238 (A4U14 Clock Generator circuit) for a
description of how this delayed RST is generated.

8-235. The Inguard uP requires only one +5 V power
supply (pin 8). The Halt line (pin 2) is disabled by tieing
it to +5 V via a pull-up resistor.

8-236. Clock Generator. The two-phase non-
overlapping clock inputs (¢1 and ¢2) required for the uP
operation are supplied by the Clock Generator
(A4U14). The output frequency (fp) of Ul4 is deter-
mined by the frequency of the crystal (Y1) connected to
pin 2. The phase 1 (¢1) and phase 2 (¢2) outputs are 1.5
MHz (fp), 0 Vto +5 V square waves that appear at pins
15 and 13 respectively.

8-237. A buffered output (Bus ¢2, pin 7) connected to
the Master Clock line, is used for circuits on both the A3
and A4 boards. A 3 MHz output (2 x fg, A4U14 pin 5) is
used as an input to the circuit that generated DBE.

8-238. The reset function of Ul4 (pin 12 input, pin 14
output) in conjunction with the Power Supply Ready
line generates the reset (RST-L) for the uP. This reset.
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(negative-to-positive transition) initializes the pP at
power turn-on. A negative-to-positive transition occurs
on the Power Supply Ready line at power-on after
(delayed transistion) the Outguard Power Supply (+35
V) is up and ready for operation. The output reset line
of Ul4 (pin 14) is also used at turn-on to initialize the
HP-IB Interface Adapter (A3U9).

8-239. Address Bus. The 16-bit Address Bus structure
is illustrated in Figures 8-46a, b, c, and d. Each memory
location and I/0 device has a unique address. The uP
must output an address before any data transfer can
take place.

a. Bit 15 is the ROM select bit. When this bit is true
(high), the address is in ROM space. Bits 14-0 are used
for the ROM address field (32 K bit field).

b. If bit 15 is not true (low), then bits 14-11 are the
peripheral select bits. By encoding these 4 bits, there are
16 peripheral addresses available when the bits are
decoded. The decoded addresses are used as peripherasl
select strobes.

c. When bits 14-11 are all low (zero’s), RAM space is
selected. The remaining bits (10-0) are for RAM address
locations so there is room for 2 K (2048) RAM location
(one byte per location).

d.“When bits 14-11 are 1 0 0 O respectively, HP-IB is
s€lected. The HP-IB Interface Adapter (A3U9) has 8
working registers. The low bits (2, 1, 0) are used for
register select.

16 Bit Address Bus

15|14 (13 12|11 [10|9|8|7|6]|56|4|3|2(1

15611413 |12|11|10|9(8|7|6|5|4|3|2|1|0

1

0jo0ojJ]ojO0foO

space.

T Li Selectable ROM Address Field ———— 3|

ROM Select Bit. If bit 15 is high (true), the address is in ROM

k'/_\\/\)I‘— RAM Address Locations —J

! e, |
When Bits 14-11 are all low, RAM is selected.

15|14(113(12|11|10|9|8|7|6]5|4|3|2|1

15|14 |13 |12(11|10{ 9|8| 7| 6|56/ 4|3|2|1|0

0

A

If bit 15 is not true, Bits 14-11 are the peripheral select bits.

d
0}j1|0]0O0]| O
k‘--—'-\/_‘-\} ——
\
,'-_ﬁh_—l-\ )
When Bits 14-11 are this pattern, Bits 2-0 are us-
HP-IB is selected. ed for HP-IB

register select
bits (HP-1B Inter-
face has 8
working
registers).

Figure 8-46. Address Bus Structure.
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8-240. Data Bus and Data Transfer. An 8-bit, bidirec-
tional, tri-state data bus is used for the transfer of data
within the pP controlled Outguard Section. Strobe
pulses are used to control the memory and I/0 devices
as to when they should read data from the bus or write
data to the bus. Some of these devices are listeners only
(unidirectional, i.e. display), some are talkers only
(unidirectional, i.e. ROM’s), and some are both
listeners and talkers (bidirectional, i.e. RAM’s). Only
one device is allowed to use the bus at any given time.

8-241. The ROM’s and RAM'’s and some other com-
ponents used in the 3456A are designed for use with a 1
MHz pP. Because a 1.5 MHz uP is being used, the
following speed compensating circuits are used to insure
the proper transfer of data: DBE Stretcher, Write Going
to Read Stretcher, and True VMA Generator.

8-242. DBE Stretcher. The DBE input to the pP is nor-
mally the phase 2 (¢2) clock. The Bus ¢2 (1.5 MHz, f3)
and 2 x fg outputs from Ul4, pins 7 and 5 respectively,
(see Figure 8-50) are used in conjunction with U13b to
generate a Stretched DBE. The Stretched DBE holds the
data on the line longer (=50 ns longer than the normal
10 ns) to assure reliable data transfer.

8-243. Refer to Figure 8-47 (DBE Stretcher, Timing
Diagram) and to Figure 8-50 (Speed Compensating Cir-
cuits) for the following discussion. At Tq time the preset
input to Ul3b (neg. transition) sets the output (Q) of

T
_MULAU

CLK
foiUll PIN 111

D INPUT
BUS @ IeTa
U1I PIN 121

PRESET
BUT®2: U13 PIN 101

Ty Iy

LU
— P—DH[ STRETCHED
=30ns

Ta5k-8-47

Figure 8-47. DBE Stretcher, Timing Diagram.

U13 high. At time T, rather than the normal T; time
(negative transition of Bus ¢2), the Q output of Ul3
goes low: Q’s high to low transition occurs when the D
input is low, preset is high, and a positive clock transi-
tion occurs. The DBE pulse (Q output) is stretched ap-
proximately 50 ns (T;-T3) by this circuit.

8-244. Write Going To Read Stretcher. Refer to Figure
8-48 (Write Going To Read Stretcher, Timing Diagram)
and to Figure 8-50 (Speed Compensating Circuits) for
the following discussion. At Ty time, the R/W line
(U135, pin 34) goes low for a Write cycle. This negative
transition is delayed by inverter stages U16b and Ul6c
before it is applied to the clear input of Ul8a. This ac-

Ty — L L1 1 I I

CLK |—‘|
IDBE STRETCHED) __]_.

LR
uP W/R
Uls PIN 34

v}
ISTRETCHED RAW
U1BA PIN 51

WRITE PERIOD

WRITE LOW STRETCHED =50ns

READ HIGH

= THIS MEGATIVE TRAMSISTION DELAYED
BY ULEB AND UIEL INVERTING STAGES

WRITE PERIODD
STRETCHED =50ns

Jask-n-an

Figure 8-48. Write Going To Read Stretcher, Timing
Diagram.

counts for the Ty-T| delay at the output of Ul8a (Q is
reset). The Q output is set high at T3 time when the D in-
put is low, clear is high, and a positive clock transition
occurs. The write period is stretched approximately 50
ns by the DBE Stretched clock input.

8-245. True VMA Generator. Refer to Figure 8-49
(True VMA Generator, Timing Diagram) and to figure
8-50 (Speed Compensating Circuits) for the following
discussién. The VMA output from the uP has a 50-80 ns
wide @ioise spike that could cause circuit problems. A
regenerated VMA (True VMA) is delayed to eliminate
the noise spike and shortened to prevent a potential rac-
ing problem. Racing is avoided by removing_the
peripheral select before the stretched DBE/DBE
changes state. This allows extra time for the read, write,
and data hold.

8-246. Stretched DBE is delayed approximately 10 ns
by inverters U16f and Ul6e and then used as an enabl-
ing pulse for NAND gate U23a. The output of U23a
(delayed VMA) is applied to U18b’s preset input - this
sets the Q output (True VMA) of U18b high. The Q out-
put is reset by the Bus ¢2 clock input before DBE stret-
ched disables the read/write line and the data bus.

LK
BOTEE.U1ER PINLLY

DBE
TBE STRETCHED!

uP YHA
15 PINSY

TRUE WHA.O
U188 PINZI

= TRUE VHA REMOVED BRFORE
STRETCHED OHE AND DBE REMOVED

Ta58-8-48

Figure 8-49. True VMA Generator, Timing Diagram.

8-45



T1(1.5MHz, o) [ [ \\//\\v//hh\ +5V 5
LML

B2 (1.5MHz, fol i
- JRUE  TO ROM SELECT
1 12 CLR g VMA A4U23 (4]
o —® o P——"» AND PERIPHERAL
: - Uz A ( DECODERS
— : = : ) A4U17 (61 ,A4U19 (6
ui4 DBE R/W : : 3 0 )
BUS @ 2 CLOCK 37 |35 |34 & —
(1.5MHz) . 13 @2
) READ - HIGH ",
WRITE - LOW :

2%fo (3MHz) U16B U16C 1 12 11 10
+ 3|>:4 5|>:5

uap
.’_QDOH
10 11 1
STRETCHED
PR CLK | 9 STRETCHED DBE z 5  R/W T0 RAM A4U3 i3]
HASTER 121, 0 +sV,—o R o > HP-IB A3U9(5)
’ 1SOLATION LOGIC
A3U2 (1)
U138 U18A
— |8 STRETCHED DAE 3
1] LLK
CLR PR
HT 10 4
L__» ISOLATION LOGIC 5y
+5vJl A3U11 (151 =13
BUS T ¢

3456A-6-50
Figure 8-50. Speed Compensating Circuits.
8-46



Model 3456A

8-247. Peripheral Select Decoders. A peripheral
(ROM, RAM, Display, HP-IB, etc.) is selected (or
strobed) by a 3 to 8 line decoder (U6, U17, or U19) when
the uP is ready to send or receive data. These decoders
take a 3-bit binary input and turn it into a potential of 8
output strobe lines but not all of these output lines are
used. The address lines and True VMA are the inputs to
these decoders. Refer back to Paragraph 8-239 for in-
formation on the address bus structure.

8-248. Address line A15 and True VMA are used with
NAND gate U23b to generate the ROM Select input for
decoder U6 (enable input, pin 4). Address lines 13 and
14 (see Figure 8-51) are select input lines to the decoder.

f—————— ROMS ————,
Uk
peEconeEr |l A
A13 ! uB
Al4 . &”FLE“ o SR Ye
+5y —sn—2 1) u7
ENABLE ol I3
G2 G861 U
1{' 3$ &
ROM %
SELECT-L oy SRR
Function Table
Inputs Outputs
Enable Select 3
G1 G2* 1 2 3 us u7 us
H L H L H L H H
H L L H H H L H
H L H H H H H L
*G2=G2A+G2B.

Figure 8-51. ROM Select Decoder UG.

The output lines (pins 7, 9, and 10) from U6 are con-
nected to the chip select pin (CS, pin 20) of ROM’s U5,
U7, and U8. The Function Table in Figure 8-51 sum-
marizes the operation for the U6 decoder. Address lines
AO0-A12 are used along with the CS line to select the
desired ROM address.

8-249. Al5, Al4, and VMA are the enable inputs for
decoders U17 and U19 (see Figure 8-52). All, A12, and
A3 are the select inputs for these decoders. The Func-
tion Table in Figure 8-52 summarizes the operation of
these decoders. Each peripheral has an address that pro-
vides a strobe (after decoding) for that peripheral: e.g. if
address bits 15 through 11 are 0 1 0 0 0 respectively and
True VMA is high, the HP-IB Select line is strobed.

8-250. Decoder, U19 and U17, Output Lines. Follow-
ing is a description of each output line for both U19 and
Ul17:

Service
u1e
DECODER  [5'— 1,0 RESET
AL ] 2 — /A DATA STROBE
2 } 12— RATE LIGHT STROBE
A2 SELECT %]
3 [0—— VOLTHETER COMPLETE
A13 14— 150LATION LOSIC STROBE
ENABLE 12— 10 RAN SELECT
CEA 6B €1
&Y e
A1S —dq
A14
TRUE
VHA
Di
'cL Wolll}
LA CRE O 3
2 — SA STROBE
™t bl sa stRose
1 ANNUNCIATOR STROBE
L }sﬂ.e:v A% DISPLAY STROBE
3 u17 11— KEYBUARD CLEAR
DECODER 1514 xeyROARD STROBE
A5 yp-18 SELECT
T456A-5-52
Function Table
Inputs
Enable Select Outputs
G1 “62* | 1 2 3|7 98 10 11 12 13 14 15
H L L L LIH H H H H H H L
H L L L HIH H H H H H L H
H L L H L{H H H H H L H H
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*G2=G2A +G2B

Figure 8-52. Decoders U17 and U189,

a. 1/0 Reset (U19, pin7). Serves as a master reset for
the Outguard Peripherals: Preset for A3U11b and clear
for A3U17a and b in the Isolation Logic circuits. Clear
for A4U24a and b in the Write Strobe circuit for both
the Display and Annunciator Driver System chips. Clear
for USa in the External Trigger Circuit.

b. D/A Data Strobe (U19, pin 9). Serves as the clock
input for A4U28, pin 11. Display and Annunciator in-
formation at the D inputs of U28 is transferred to the Q
outputs on the positive-going edge of the clock pulse.
Also used as a clock input for A4U20a (monostable
multivibrator). The Q output of U20a (low to high tran-
sition) is transferred through tri-state buffer U25 to the
P when U25 is enabled. D/A Data Strobe provides a
longer set-up time for the buffered inputs.

c. Rate Light Strobe (Ul9, pin 12). Serves as the
clock input for A4U20D (one-shot multivibrator). U20b
drives the front panel ‘‘sample rate’’ LED.

d. Voltmeter Complete (Ul9, pin 13). Outputs a
sync signal (approximately 330ns wide) during the
measurement cycle when the 3456A is finished with the
input signal. This line is connected to the Voltmeter
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Complete Connector (BNC) on the rear of the
voltmeter. Input protection diodes are located on the A3
board for this line.

e. Isolation Logic Strobe (Ul9, pin 14). The Isola-
tion Logic control circuits (both transmitter and
receiver) are strobed when the pP wants to transfer data
via the Isolation data lines. The Read/Write line from
the Outguard Controller determines whether this strobe
is used to transmit or receive data.

f. RAM Select (Ul9, pin 15). This line is strobed
when the RAM’s are addressed by the uP. The RAM
Select line and the Read/Write line are used with the
Chip Select (CS), Write Enable (WE), and Output
Enable (OE) circuits to control the RAM read-write
operations.

g. SA Strobes (Ul7, pins 9 and 10). These strobe
lines are used for the Start and Stop inputs for the
signature analyzer during SA testing.

h. Annunciator Strobe (Ul7, pin 11). This line is
used with flip-flop A4U24b to generate a wider write
strobing pulse for the Annunciator driver (A4U30).

i. Display Strobe (Ul17, pin 12). This line is used with
flip-flop A4U24a to generate a wider write strobing
pulse for the Display driver (A4U29).

Jj. Keyboard Clear (Ul7, pin 13). This strobe is used
as a clear input to A4U22a and A4U22b to clear the
Keyboard Interrupt.

k. Keyboard Strobe (Ul7, pin 14). This strobe is
used as an output enable for both the Key Encoder
A4U21 and the Tri-State Buffer A4U25. Encoded
keycode information is sent to the pP via the data bus
during this strobe period.

I. HP-IB Select (Ul7, pin_15). The HP-IB Select
strobe line is the chip select (CS) for the HP-IB Interface
Adapter (A3U9).

8-251. Read Only Memory (ROM). The programs
(firmware) used to control the measurement operations
are recorded into three ROM’s (U5, U7, and U8). Each
ROM has 64 K bits (8192 words of 8 bits each) of
memory. These devices have tri-state outputs that are
controlled by their CE (chip enable, pin 20) input.

8-252. Refer to Paragraph 8-239 (Address Bus) and
Paragraph 8-247 (Peripheral Select Decoders) to see
how a ROM address location is selected. At access time
(CE), the data in the selected address location is read via
the 8-bit data bus into the uP.

8-253. The initial 3456A production runs had six (Ul,
U2, U4, U5, U7, and U8) 32 K bit ROM’s (see
Schematic 9, Main controller). Since 64 K bit ROM’s
are now being used, ROM’s U1, U2, and U4 are not us-
ed. JMPRA, B, and C (located below A4U6 on
Schematic 6) were used to change from 32 K ROM
operation to 64 K ROM operation.

8-254. Random Access Memory (RAM). The RAM
read/write IC devices (U10 and U11) are used to store
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measurement data. Each RAM has 1 K byte (1 K x 8
bits) of memory. Only 1400 bytes of the 2 K RAM
memory is used for measurement data. The remaining
memory (2 K minus 1400) is used as a scratchpad (in-
termediate data needed for final results, etc.). Four
bytes are required for each reading, therefore, the max-
imum number of readings is 350 (1400 = 4).

8-255. Address bus lines A0-A9 are used to access the
RAM memory locations. The RAM’s 8-bit I/0 data bus
lines are tri-state. A RAM is in the read mode whenever
its Write Enable line (WE-L, pin 21) is high. The Chip
Select line (CS-L, pin 18) and the Output Enable line
(OE-L, pin 20) (lines tied together) control the transfer
of the output data. A RAM is in the Write mode
whenever the WE-L and CS-L control lines are low.

8-256. Isolation Logic (A3 Board, see Schematic 12, Isola-
tion Logic). :

8-257. General. The Isolation Logic consists of a
transmitter which sends information to the Inguard and
a receiver which receives information from the Inguard.
Both use transformers for coupling. Each transformer
consists‘of windings on a toroidal core and a single wire
passing through the center of the core for coupling.
Transformer coupling allows the Outguard ground
which is connected to earth ground to be isolated from
the Inguard ground which is connected to the low input
terminal.

8-258. Transmitter. Data from the Outguard uP
(A4U15) is transferred across the 8-bit data bus to
A3U10, a parallel to serial shift register. Data is loaded
into U10 when a high to low transition occurs on its
load/shift input (pin 1). This transition is generated by
U15b when a high occurs on its clear input (pin 13); this
sets the Q output of U15b (pin 9) low. Serial data shift
out of U10 occurs (at the clock rate) when the load/shift
input to _U10 goes high. This occurs when the
Read/Write line (D input to U15b) goes low (inverted by
U2a) followed by a low to high transition on the Isola-
tion Logic Strobe line (clock input to Ul5b).

8-259. An extra bit (byte-available bit) is added to the
8-bit byte by Ul5a. Flip-flop Ul5a is always reset to one
so that this extra bit is always a ‘‘one’’. This is the last
bit in and will always be the first bit transmitted out.
The byte-available bit tells the Inguard pP that data is
ready. The Q and Q outputs of Ul5a are fed to parallel
connected gates to provide the required drive for T1’s
primary. The 9-bit data group is gated through U19 by
the clock appearing at the output of Ul3a.

8-260. The 1.5 MHz Master Clock (Bus ¢2) is divided
by two in U11b and the Q output of U11b (Bus ¢2 + 2) is
divided again by two in Ul7a (Bus ¢2+4). The pro-
pagation delay time of inverters U6b and c and U2b and
c is used to delay the Bus ¢2+ 2 clock at U13a, pin 2 to
compensate for the clock delay through Ul7a.
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8-261. Presettable counter, Ul, is a 4-bit counter that is
configured as a count-to-nine circuit (uses only the Qa
and Qp outputs). At the count of nine, the Q4 and Qp
outputs are high. These highs (through U3a and Ué6d)
causes the output of U13b to go low. This low is used as
as clear for U15b, Ul7a, and Ul. The Q output of Ul5b
goes low at this time putting a low on the J and K inputs
of Ul7a (this stops U17’s toggle counting). When Ul7a
is cleared, its Q output goes high which disables gate
Ul3a. The clock path to U10, Ul5a, Ul9, and Ul is
disabled until the next write command occurs.

8-262. Receiver. The serial data received from the In-
guard Logic through transformer T2 consists of a group
of 9 bits with the first bit always a ‘‘one’’. The receiver
uses this first bit to generate Byte Available. Clock and
data are derived from the serial data by U21, a tran-
sistor array circuit. This clock is used to shift the data
into U22, a serial to parallel shift register, and is also
used by the Byte Available flip-flop U17b. The Q output
of U17b goes high on the clock pulse following the shif-
ting of bit ‘““one”’ to pin 13 of U22/pin 11 of U17b. This
high is used to tell the Outguard pP that a data byte is
available on the data bus. The first bit is then shifted out
of U22 (overflow) leaving the eight-bit data byte on the
parallel output of U22.

8-263. The Byte Available pulse from Ul7b goes to
A3U16, pin 18 (data line D7, see Schematic 13, HP-IB
Logic). The Byte Available pulse is transferred through
U16 to the Outguard pP when the ASE enable line (pins
1 and 19 ) goes low. An enable on the ASE line occurs
when the pP scans U9 via the A0-A2 address lines.
When the uP receives the Byte Available pulse, the
following sequential events take place: (1) the DBE
(Data Bus Enable) line goes high which clears flip-flop
Ulla; (2) the Read line goes high and the Isolation
Logic Strobe line goes low. The Read signal (inverted by
U2a) and the Isolation Strobe pulse are applied to AND
gate Ul3a. The output of Ul3a is used as an enabling
level for tri-state buffer U20, a clock for flip-flop Ul la,
and a clear for flip-flop U17b. The 8-bit byte is transfer-
red from buffer U20 to the uP and the U22 shift register
is cleared at this time.

8-264. Keyboard Scan Logic (A4 Board, see Schematic
10, Keyboard Scan Logic, Display and Annunciator Drive;
A2 Board, see Schematic 11, Keyboard, display and An-
nunciator).

8-265. General. The main sections in the Keyboard
Scan Logic are a X-Y matrix (front panel switches), a
matrix encoder (A4U21 and U22b), a keyboard inter-
rupt circuit (A4U22a), and a tri-state data buffer
(A4U25). A keyboard interrupt signal is sent to the
Outguard P whenever a front panel key is pressed. The
uP responds by strobing in the encoded keyboard infor-
mation.

8-266. Keyboard Scan Circuits. Figure 8-33 illustra_tes
a basic 4x5 switch matrix with a capacity for decoding
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Figure 8-53. 4 x 5 Switch Matrix (S18 Closed).

20 switches (only one switch can be closed at a time).
Switch S18 is closed in the illustration; this closure con-
nects the X2 and Y5 matrix lines. The 3456A has 37
front panel switches (excluding the off-on lines switch)
so a 4x10 matrix with a capacity of 40 is required (see
Figure 8-54).

8-267. The X1, X2, X3, and X4 matrix lines are tied to
the A4U21 Key Encoder (20 Key Encoder) pins 12, 11, 9
and 8 respectively. The Y1, Y2, Y3, Y4, and Y5 lines are
tied to U2l pins 1, 2, 3, 4, and 5 respectively. The
Y1’-Y5’ lines are also tied to U21 pins 1-5 but their con-
nections are through resistor-diode isolation networks
(R16-R27 and CR3-CR7, see Schematic 10). The
resistor-diode network (along with U26 and U22b) ex-
pands the 20-key encoder system to a 40-key system.
The YI1°-Y5’ lines are also connected to U22b via U26,
an 8-input OR gate (unused inputs tied to +5 V). Flip-
flop U22b outputs a high to pin 14 of buffer U25 (goes
to data line D5) whenever a Y’ key is pressed. This ar-
rangement provides the uP with the necessary decoding
capability for a 40 key encoder (high on data line
D4=Y’ key; low=Y key).
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Figure 8-54. 4 x 10 Switch Matrix On A2 Board.

8-268. Pin 13 of Encoder U21 goes high whenever a
front panel switch is pressed. This output goes to buf-
fers U27b and U27a which provides the drive for the
clock inputs to U22a and U22b (U21 is CMOS with
limited drive capability). The Q output of U22a is set
low (Keyboard Interrupt) by a high on its clock input
due to the PR and D inputs being tied to +5 V. A high
on the clock input of U22b will set its Q output high if a
high appears on its D input (high on D when Y’ key has
been pressed). A low pulse on the Keyboard Clear line
resets U22a and b after the keyboard switch information
has been strobed into the uP.

8-269. A low on the Keyboard Strobe line going to U21,
pin 14 and U25, pins 1 and 19 dumps the contents of
U21 to U25 and then dumps U25 to the data bus where
the uP reads the key codes. The pull-up resistor (R14),

8-49



Service

on this Keyboard Strobe line assures that this line is high
when it is not being strobed.

8-270. The 1.0 uF capacitor (6) on pin 7 of U21 is used
with its internal key debounce circuit. The .1 uF
capacitor on pin 6 is used with the 2-key roll-over
feature provided by U21. If one key is pressed and a se-
cond key is pressed before the first is released, the 2-key
roll-over will sense the second key being pressed.

8-271. Display Ready Circuit. A monostable
multivibrator, U20a, generates the Display Ready signal
that tells the pP when it is alright to write to the display
(A4U29) or annunciator (A4U30) drivers. A low on the
D/A Data Strobe line sets the Q output of U20 low.
After a 100ms delay period, the Q output goes high.
This high is transferred through the tri-state buffer
(U25) when U25 is enabled by the Keyboard Strobe line.
The resistor (R11) and capacitor (C8) that are tied to
pins 15 and 14 respectively of U20a, are timing com-
ponents.

8-272. Display and Annunciator Drive (A4 Board, see
Schematic 10, Keyboard Scan Logic, Display and Annun-
ciator Drive).

8-273. General. Display and Annunciator data is
transferred from the Outguard uP to an octal latch
(A4U28) via the 8-bit data bus. This data is then strobed
through the octal latch to the tri-state inputs of the
Display and Annunciator drivers U29 and U30. A write
strobe to either the Display or Annunciator driver:loads
the data into the selected driver. The drivers have all of
the required circuitry to directly drive the Display and
Annunciator LED’s.

8-274. Control Circuits For Transfer Of Data To The
Display and Annunciator Drivers. The data present on
the 8-bit data bus is applied to the D inputs of Octal
Latch U28 but this data is not transferred to the Q out-
puts until it is clocked through by the D/A Data Strobe
(pin 11). With the enable input (pin 1) tied to ground,
data is transferred on the positive going edge of the
signal applied to the clock input.

8-275. The data from U28 is written to only one driver
at a time by a low input on either the Display (U29) or
Annunciator (U30) Write Strobe line (pin 8). The Write
Strobe to U29 is generated by U24a when _the Display
Strobe line (clk input, pin 3) goes low. The Q output of
U24 goes low when this occurs. The Q output of U24a
(pin 6) is tied to its D input (pin 2). When_this toggle
configured flip-flop is written to twice, set (Q low) and
clear (Q high) occurs. The I/O Reset line (pin 1) goes
low at turn-on or when the front panel reset button is
pressed. The Q output is set high when this occurs. The
toggle flip-flop (U24b) that generates the write strobe
for the Annunciator driver functions in the same man-
ner as U24a. Signals on the Annunciator Strobe line
provide the clock input for U24b.
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8-276. The Display and Annunciator Strobe pulses oc-
cur 100 ms after the data is strobed to the output of the
U28 octal latch. This delay is set by the U20a, a
monostable multivibrator (see Paragraph 8-271 for the
circuit description). The U24a and U24b toggle flip-flop
circuits ensure that the data set-up, hold time, and write
strobe are long enough for the U29 and U30 drivers.

8-277. Display and Annunciator Driver Systems. The
A4U29 and 30 LED Driver Systems read data directly
from the 8-bit I/O data bus (via latch A3U28) and then
drive the front panel LED’s directly. These IC’s can
drive the LED’s directly because all of the required cir-
cuitry (multiplex scan, memory, drivers, etc.) have been
integrated on these chips. Driver U29 drives all of the
digits in the instrument’s display (A2DS2-DS7 and DS9,
see Schematic 11, Keyboard, Display, and Annun-
ciators). Driver U30 drives all of the annunciator LED’s
(A2CR1-CR8 and CR10-CR33) except CR9 (Rate LED)
in addition to the polarity/OL (Overload) display.(DS1)
and the *+ for the exponent display (DS9). The drive
signals to the front panel LED displays consists of
strobe pulses. The multiplex scan circuits determine the
rate that these output lines are strobed.

8-278. Data lines DO-D7 and the write strobe lines are
the only inputs to U29 and U30. The Shutdown mode
input pin (pin 10) on both U29 and U30 are tiedto +5V
{normal operation) to disable this feature. Eight of
U29’s output pins (pins 15-18 and 20-23) drive the
anodes of the display LED’s and the remaining eight
pins (pins 1-4 and 24-27) drive the cathodes. Seven of
U30’s output pins (pins 15-17 and 20-23) drive the
anodes of the annunciator LED’s and the anodes for
A2DS] and DS8. The seven remaining output pins of
U30, that are used, drive'the cathodes.

8-279. Sample Rate Indicator Circuit. A monostable
multivibrator (U20b, see Schematic 10) is used to drive
the front panel Sample Rate Indicator LED (A2CR9) on
the front panel. This circuit is driven by the Rate Light
Strobe whenever the front panel displays and annun-
ciators are updated. The resistor (R9) and capacitor
(CS5) tied to pins 7 and 6 of U20b are timing com-
ponents. The 330 ohm resistor (R23) tied to pin 12 of
U20b is used to limit the current to A2CR9.

8-280. Keyboard, Display, and Annunciator Circuits (A2
Board, see Schematic 11, Keyboard, Display, and Annun-
ciators).

8-281. Refer to Paragraph 8-266, Keyboard Scan Cir-
cuits, for the circuit description of the front panel
switches, S1-S37.

8-282. Seven-segment LED displays with right hand
decimal points (dp) are used for all of the digit readouts
(A2DS2-DS7 and DS9). The internal connections for
these LED segments are shown for DS2 in Schematic 11
(e.g. the cathode of segment a (top horizontal bar) is
connected to pin 1 of the display). Refer to Figure 8-55,
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Figure 8-55. Internal Circuit Diagram For
A2DS2-DS7 and DS9.

an internal circuit diagram for these displays, for addi-
tional information regarding the display operation.
Note that all of the anodes of each displays are tied to
pin 3 so that the position (DS2 or DS3 or etc.) of the
digit to be displayed is selected by the digit (anode) drive
lines from A4U29 that are connected to the seven
displays. (Also note that the line connected to P4, pin 26
(from pin 18 of A4U29) is not used). The numerical
value to be displayed, in the selected position, is deter-
mined by the segment (cathode) drive lines from A4U29
that are connected to the display cathodes.

8-283. Five-segment LED displays with right hand
decimal points are used for the A2DS1 and DS8
displays. Refer to the illustration in Schematic 11 for
DS1 and also to Figure 8-56 for the external and internal

1 {J>14
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12
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Figure 8-56. Internal Circuit Diagram For
A2DS1 and DS8.
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connections used for these displays. The DS8 display is
rotated 180 degrees before it is inserted into the display
socket. This is done so that the only segments used in
DS8, the ¢, d, and e segments (+ and —), are closer to
the DS9 exponent digit to which they apply.

8-284. Individual LED’s are used for the Annunciator
status indicators. The Annunciator LED anodes and
cathodes are connected and driven in a matrix fashion
like that used for the digit displays.

8-285. HP-IB (A3 Board, see Schematic 13, HP-IB Logic).

8-286. General. The HP-IB Logic provides the means
for the Main Controller to interface with the HP-IB
(Hewlett-Packard Interface Bus). The HP-IB allows the
3456A to communicate with other HP-IB compatible in-
struments. The logic circuit consists of the following:

a. Interface Adapter (A3U9).
b. Address-Select Switch (A1S1).

c¢. Bidirection Communication Link (Bus
Transceivers Ul2 and U7, DIO 1-DIO 8 Data Bus).

d. Data Byte Transfer Control (Bus Transceiver U8
and Handshake Lines).

e, Interface Management Control (Bus Transceiver
U4 and Management Control Lines).

Refer to Appendix A of this manual for additional in-
formation on the HP-IB.

8-287. Interface Adapter (A3U9). The HP-IB Interface
Adapter is interfaced with the Main Controller (A4U15
uP) via the 8-bit bidirectional data bus (DO-D7), ad-
dress lines A0-A2, and four Control lines (HP-IB Select,
R/W, RST, and NMI). Clock for U9 is supplied by the
Main Controller circuits (A4U14). The interface be-
tween U9 and the HP-IB is via DIO 1-DIO 8 bus (Data
Input/Output) and the Handshake (3 lines) and
Management Control (5 lines) lines. Four tri-state Bus
Transceivers (A3U12, U7, U8, and U14) serve as the bus
drivers for these 16 HP-IB lines.

8-288. The U9 Interface Adapter has 8 working
registers which are addressed by the Main Controller uP
via A0-A2 address lines. The Main Controller generates
a low on the HP-IB Select line (chip select) when data is
read into or out of U9 over the 8-bit bidirectional data
bus (D0-D7). The Main Controller sets the R/W
(Read/Write) line high when it is reading data from U9
and sets the line low when it is writing data to U9. The
NMI (Nonmaskable Interrupt) line is used by U9 to in-
terrupt the Main Controller xP when it has data to send
(data from its Interrupt Status Register). The NMI line
stays low until the uP reads the data. A low to high tran-
sition on the RST (Reset) line initializes U9 at power
turn-on. This transition is delayed to assure that the
+ 5 V power supply is up and ready before initialization
occurs.
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8-289. The Main Controller uP scans U9 via the A0-A2
address lines. Tri-State Buffer U16 is enabled during
these scan periods when the ASE (Address Switch
Enable) line at U9, pin 4 goes low. The address code set
by the A1S1 switches is read by the uP (via the 8-bit data
bus) at this time. The position of switch contacts 1-5 is
used to set the HP-IB address for the 3456A. Switch 7 is
closed when the 3456A is to be used as a talk-only
device. Data lines D0-D5 are pulled high by the 10 K
pull-up resistors (R8-R13). These lines are set low
(ground) when the associated address switches are clos-
ed.

8-290. Bus Transceivers A3U12, U7, U8, and
U14. Each Bus Transceiver has four independent tri-
state driver/receiver pairs. The direction of the data
flow for each pair is controlled by its corresponding
send/receive input. The disabled output of the pair is
forced to a high impedance state. Pins 4 and 12 (the
Pull-Up Enable inputs) of each transceiver are tied to
ground which puts the drivers in an open collector con-
figuration. Figure 8-57 lists the S/R, Data, and Bus con-
nections for each transceiver pair and also gives a truth
table showing the direction of the Information Flow
based on the logic level applied to the S/R input.

8-291. The Talker/Listener line (pin 27) from U9 drives
pins 1, 7, 9, and 15 to U12 and U7 and pins 1, 7, and 9
to U8. When this line is high, data flows from U9
through the transceiver to the bus. When U9 pin 27 is
low, the data flows into U9. The EOI line connected to
U8 is controlled by the T/RI1 line from U9. Transceiver
Ul4 is programmed (pins 1, 7, and 9 to ground.-Pin 15
to +35 V) so that information flow on the REN, ATN,
and IFC can only be from the bus to U9. The flow for
the SRQ line can only flow from U9 to the bus.

8-292. External Trigger Circuit. (A3 Board, see
Schematic 13, HP-IB Logic). The External Trigger Cir-
cuit is not part of the HP-IB circuit but it does use the
same tri-state buffer used by the HP-IB circuit. The in-
put to this trigger circuit is via the External Trigger in-
put connector (J41, BNC) located on the rear panel. The
input line is tied to + 5 V via pull-up resistor R2. Series
resistor R3 and diodes CR3 and CR4 are used for input
protection.

8-293. When a negative trigger pulse is applied to J41, it
is inverted by U4a and used to clock the high appearing
at the D input (pin 2) of U5a to the Q output (pin 5).
This high is fed to pin 16 of tri-state buffer A3U16 and
strobed thorugh to the Main Controller uP when the
ASE line (enable, pins 1 and 19) goes low. The ASE line
goes low when the Main Controller pP scans U9 via its
A0-A2 address lines.

8-294. Refer to Paragraph 8-250(d) for a description of
the Voltmeter Complete output line.

8-52

Model 3456A

8-295. Signature Analysis (SA) Test Modes (A4 Board,
see Schematic 9, Main Controller). The Main Con-
troller has four jack/plug connections, each of which
can be changed for SA troubleshooting. The node
signatures obtained during the SA tests are used to iden-
tify faulty logic nodes for troubleshooting to the com-
ponent level. A choice of different strobe connections is
available for the start/stop input to the SA test equip-
ment. Following is a brief description of each SA test
mode and the start/stop strobe points used for these
tests.

a. J9/P9—RUN/ROM SA. Plugs P9 and P12 must
both be in their ROM SA position and the Data Bus
Break, ES5, must be removed before ROM SA tests can
be made. The other plugs (P10 and P11) must be in their
RUN positions. Plug P9 connects data line D5 and D7
to ground through diodes CR1 and CR2. Data lines
DO0-D4 and D6 are tied to +5 V via the 100 K pull-up
resistors (R5). Plug P12 breaks the VMA signal path
from U18b to the U17 and U19 Line Decoders.

b. JI0/PI0—RUN/RAM SA. Plug P10 must be in
its SA position and P9, P11, and P12 in their RUN posi-
tion and ES5 inserted in it socket before RAM signatures
can be-taken. Plug P10 breaks the A3 address line path
to the U8 ROM and grounds the A3 line to U8 when it is
positioned in the RAM SA position.

Pin Connections

Pair Input
No Control Data Bus | PUE
SIR
A 1 2 3 3
B 7 6 5 4
c 10 11 12
D 15 14 13 12

S/R = Send/Receive
PUE = Pull-Up Enable

Truth Table
Info.
SIR PUE Direction Comments
Flow
0 X Data — Bus -—
1 1 Data — Bus Active Pull-Up
1 0 Data — Bus Open Collector

X = Don’t Care
Positive True Logic

Figure 8-57. Quad Bidirectional Transceiver (HP-1B),
Pin Configuration and Truth Table (HP-IB).
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c. J11/P11—RUN/TSC. The RUN/TSC (Tri-State
Control) test is not presently being utilized for SA tests.
Plug P11 connects the TSC pin of the pP to ground
when it is in its RUN position and connects the TSC pin
to +5 V in the TSC position.

d. JI2/PI2—RUN/ROM SA. Plug P12 and P9
must both be in their ROM SA position and the Data
Bus Break, ES, must be removed before the ROM SA
tests can be made. See Paragraph 8-295(a). J9/P9
RUN/ROM.

e. TP2and TP3. TP2 A and B (SA Strobe 1), TP2C
and D (SA Strobe 2), and TP3 A and B are used for the
Start and Stop inputs to the external SA test equipment.
Refer to the Service Group troubleshooting sections to
determine which TP’s to use for these start and stop
signals.

f. TP3-C—SA Clock. Test point TP3-C is used for
the clock input to external SA test equipment. The
signal at TP3-Cisa 0 V to +4 V square wave occurring
at a frequency of 1.5 MHz.

Refer to the Service Group troubleshooting sections for
guidance in setting up these jumper/plugs for SA
testing.

8-296. Power Supplies (A10 Board—Inguard Power Supp-
ly and A3 Board—Outguard Power Supply, see Schematic
14, Power Supply).

8-297. For isolation purposes, the 3456A has two
separate power supplies, one for the Inguard circuits
and the other for the Outguard circuits. The-same
transformer (T1) is shared by these two power supplies.

8-298. Inguard Power Supply. The Inguard power sup-
ply provides four regulated voltages (+5V, +15V,
—15V and -18 V) and one unregulated voltage
(+33 V) for the operation of the Inguard circuits. An
integrated circuit voltage regulator is used for each of
these regulated voltages. The input side of each
regulator has a jumper that can be used for circuit isola-
tion during troubleshooting. The acceptable input
voltage range (low and high voltage) to the regulators is
shown above each jumper. To obtain proper regulation,
the input voltage to the IC regulators must be at least 2
volts greater than the regulated output voltage.

8-299. The acceptable voltage range and the maximum
design current for each voltage line is given in the A20
Board block to the right of the A10 board schematic.

8-300. + 15 Volt Circuit. One half of CR1 is used for
the full-wave rectifier input to voltage regulator U2. A
30 V zener diode (CR3) is used for input voltage protec-
tion for the regulator. The 18 V zener diode (CR7), that
is connected to the regulator’s output, provides over-
voltage protection for the + 15 V line going to the In-
guard circuits.
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8-301. — 15 Volt Circuit. The other half of CR1 is used
for the full-wave rectifier input to the —15 V voltage
regulator (U3). Zener diodes CR4 and CRI11 are used
for overvoltage protection. Note that the zener diodes
and electrolytic capacitors in this negative supply circuit
are connected opposite to what is done in the + 15 V cir-
cuit.

8-302. +5 Volt Circuit. A full-wave bridge rectifier
(A10CR2) supplies the input voltage to the +5V
voltage regulator (Ul). The 6.2 V zener diode (CR2,
chassis mounted) that is connected to the regulator’s
output provides overvoltage protection for the +5 V
line going to the Inguard circuits. The chassis serves as a
heat sink for CR2.

8-303. — 18 Volt Circuit. The —18 V circuit uses a
voltage doubler to increase the voltage level appearing
at the negative terminal of full-wave rectifier CRI
(—17.5 Vto —30 Vrange)toa —21 Vto —33 Vrange.
The ac voltage appearing at the negative terminal of
capacitor C16 (330 uF) is rectified by diode CR10 (half-
wave rectifier). The negative voltage at CR1 is applied
through diodes CR9 and CR10 and added to that level
rectified by CR10. The 22 V zener diode (CR12) that is
connected to the output of the — 18 V voltage regulator
provides overvoltage protection for the — 18 V line go-
ing to the Inguard circuits.

8-304. +33 Volt Circuit. The +33 V Unregulated cir-
cuit (+ 33 to +46 V range) uses a voltage doubler that is
similar to that used by the + 18 V circuit. The +5 V
output of voltage regulator Ul is added to the output of
the C7 and CR6 half-wave rectifier to provide the
desired voltage range. The 39 V zener diode (CRS5) that
is connected to the output of this voltage circuit pro-
vides overvoltage protection for the Inguard circuits
connected to this line. Note that the anode of CRS is
referenced to +5 V rather than ground.

8-305. 12 Volt Reference Supply. Some of the more
critical Inguard circuits use + 12 V for their operation.
These voltages are supplied by the 12 Volt Reference
located on the A20 board. Refer to Paragraph 8-101 for
the circuit description of the 12 Volt Reference.

8-306. Inguard Grounding Structure. Four separate
grounds are used in the Inguard circuits so that the
operation of the more critical, lower current circuits
(e.g. ground 1 used) will not be affected by the larger
ground currents generated by other less critical circuits
(e.g. logic circuits use ground 4). Figure 8-58, Inguard
Grounding Structure, illustrates the current range of
each ground and which circuit uses which ground.

8-307. Outguard Power Supply. Since all of the
Outguard circuits need only a single +5 V supply, the
Outguard Power Supply requirements are a single
voltage (+5 V) with a large current capability. Four
discrete rectifier diodes (A3CR5-CR8) are used for the
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full-wave rectifier input to the +5V IC voltage
regulator (U1). The 6.2 V zener diode (CR1) connected
to the output of voltage regulator, Ul, provides over-
voltage protection for the +5 V line going to the
Outguard circuits. Regulator Ul and zener CRI are
chassis mounted so that the chassis can serve as the heat
sink for these components. The in-tolerance voltage
range for the +5 V supply is 4.75 V to 5.25 V with a
design current maximum of 1.8 amps.

8-308. Power Supply Ready Line. The transistor array
circuit (A3U18) in the Outguard Power Supply is used
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to generate a Power Supply Ready signal (0 Vto +5V
transition). This signal is used by the Main Controller
#P and the HP-IB Interface Adapter. The output of the
full-wave rectifier (+7.5V to +15 V) is applied to
resistors A3R14 and R15 and the output of the voltage
regulator (U1) is applied to pin 11 of U18. The U18 cir-
cuit delays the 0 V to + 5 V output transition at pin 9 of
U18 (Power Supply Ready line) so that the Main Con-
troller, the clock generator, and HP-IB Adapter can be
up and running before an initializing reset occurs.



8-309. TROUBLESHOOTING.
8-310. Introduction.

8-311. The following portion of the manual has infor-
mation to aid in troubleshooting and repair of the
3456A. This information is given in Service Groups with
Preliminary Troubleshooting Procedures using the
3456A’s Self-Test Feature. It is recommended to use the
feature to determine if the instrument fails.

8-312. The Service Groups are symptoms oriented and
should be selected according to instrument failure. A
listing of the failures and the corresponding service
group is given in Table 8-12. Since most failures, except
for most Outguard Failures, are also detected by the
3456A’s Self-Test, use the test to determine the instru-
ment failure. The Test information can be found star-
ting with Paragraph 8-327. Once the failure has been
determined, use the recommended Service Group for
further troubleshooting. A summary of the groups is in
Paragraph 8-317.

8-313. Board Removal and Installation.

8-314. Most Printed Circuit Boards in the 3456A can be
easily removed, since the boards are held in by
strategically located black nylon fasteners. The number
of fasteners on the boards vary, dependent on the bgard
size. The following lists the board (assembly) and
number of fasteners.

Board Number of
Fasteners

8-315. Use the following procedure to remove a board
that is held in by fasteners. The AC Converter (A40
board) is one of the boards which are not held in by
fasteners. To remove this board, locate the metal shield
across the board. Holding the shield in place are four
screws. Remove the screws and then remove the shield.
The AC Converter can then be removed from the instru-
ment. To remove the boards with fasteners, do the
following:

a. Turn the 3456A Off.

b. Disconnect from the board, any wires or connec-
tors external to the board (not part of the board).

¢. To unlatch the fasteners, grip the head (top) of the
fasteners and pull away from the board. The fasteners
are unlatched when a ““pop’’ is heard.

d. To remove the board, locate two fasteners which
are opposite each other and pull on them, away from
the instrument, until the board is separated from the in-
strument.

8-316. To install the board, do the removal procedure
in reverse.

Table 8-12. 3456A Service Group Listing.

Failure Service Group Instrument Section

Turn-On Failure A QOutguard
Inopgrative Display Qutguard
Indperative Annunciator Outguard
lnoperative Keyboard Outguard
Combined Display, Annunciator,

and Keyboard Failure Qutguard
HP-IB Failure Outguard *
Isolation Logic Outguard
Miscellaneous Outguard
Inguard Logic B Inguard
A/D (Analog, Digital) Inguard
Isolation Logic Inguard
DCV c Inguard
Overload Inguard
DCV Accuracy Inguard
DCV Noise Inguard
Ratio Inguard
Analog Filter Inguard
Ohms D Inguard
Overload Inguard
Ohms Accuracy Inguard
Ohms Noise Inguard
0.C. Ohms Inguard
ACV E Inguard
Overload Inguard
ACV Accuracy Inguard
ACV Noise Inguard
Miscellaneous F Inguard
Power Supplies Outguard/Inguard
Internal Adjustments Inguard
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Make sure the 3456A is turned Off and
power is removed from the instrument
before removing or installing a printed cir-
cuit board, or damage to the instrument may

result.

Many printed circuit boards in the 3456A
have MOS devices. Care must be taken when
handling the boards.

8-317. Service Group Summary.

8-318. Service Group A (Outguard Logic
Failures). This group deals mostly with Outguard Logic
Failures. A description of the failure is as follows:

a. Turn-On Failure. A Turn-On Failure is present
when the 3456A’s Display, Keyboard, and HP-IB is
dead or inoperative. If any of these symptoms are not
present or only dashes (- — — — — — ) are displayed,
the instrument does not have a turn-on failure.

b. Inoperative Display. An Inoperative Display ap-
plies to all the display digits except, the most significant
digit, the first decimal point, and both polarity in-
dicators.

c. Inoperative Annunciators. An Inoperative An-
nunciator is when any or all annunciators are not work-
ing correctly, including the display’s most significant
digit, first decimal point, and both polarity indicators.

d. Inoperative Keyboard. An Inoperative Keyboard
is when any or all instrument operation cannot be
selected from the keyboard.

e. HP-IB Failure. An HP-IB failure is when only the
3456A’s Remote Operation fails. If any other failures
are noted, troubleshoot them first.

f. Isolation Logic Failure. An Isolation Logic failure
is normally idnicated when the 3456A’s displays only
dashes (- - — — - — ) and Self Test #3 fails. Since
both an Inguard Logic and Outguard Isolation Logic
failure can show dashes and can fail test #3, go to Ser-
vice Group A, Paragraph 8-A-34 or Service Group B,
Paragraph 8-B-6 to determine the faulty area.

g. Miscellaneous Failure (Outguard only). Some
miscellaneous failures can be an inoperative Voltmeter
Complete, External Trigger, and Math.

Service

8-319. Service Group B (Inguard Logic Failures). This
Service Group has troubleshooting information on the
3456A’s Inguard Logic and A/D Converter. The In-
guard Isolation Logic troubleshooting is also in this ser-
vice group. This group is also selected for certain test
failures (see Paragraph 8-332).

8-320. Service Group C (DCV Failures). This group
has troubleshooting on DCV failures, Ratio, and
Analog Filter failures. This group is also for certain test
failures (see Paragraph 8-332).

8-321. Service Group D (Ohms Failures). Use this
group for any Ohms failures, including O.C. Ohms.
The group is also selected for certain test failures (see
Paragraph 8-332).

8-322. Service Group E (ACY Failures). Use this group
for any ACV failures. The group is also selected for cer-
tain test failures (see Paragraph 8-332).

8-323. Service Group F (Miscellaneous). This group
has troubleshooting for the power supplies and Internal
Adjustment Procedures. The procedures should only be
used after repair of the 3456A.

8-324. Component Reference Designator.

8-325. The component Reference Designator tells
where the component is located. For example, compo-
nent A20R105 shows that it is located on the A20 board
(assembly). This is shown by the ‘‘A20’ in the
designator. The other areas can be determined the same
way (A40C5, A40 board, etc.).

8-326. The circuitry in which a component on the A20
board is located, can also be determined from the
reference designator. For example, A20R105 is located
in the Input Switching Circuitry. This is determined by
referring to the first number of the type of component
designation (R for resistor, C for capacitor, etc.). The
first number in this example is ‘“1’’, which is the Input
Switching Circuitry. A listing of the different circuitry
and schematic location is given in Table 8-13.

Table 8-13. Component Numbering.

Component
Number Circuitry Schematic
Prefix Used Number
1 Input Switching 1
2 Ohms Current Source 2
3 Input Amplifier 3
4 A/D Converter 4
5 Reference 5A,5B
6 Front Panel Calibr. 1,2,5A,5B
7 Range and Function
Control Logic 1:2,3,6
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8-327. Selecting the Self-Test.

8-328. When the test is enabled, by pressing the TEST
button, the instrument starts a routine in which 12 in-
dividual tests are performed. The test routine is:

a. The LEDs are lit and the display shows
‘“+1.8.8.8.8.8.+8.".

b. All front panel display and LEDs are blank.
c. Test #1 through #12 are sequentially executed.

d. The loop is repeated until the TEST button is
pressed again.

NOTE

Make sure no connection is made at the
3456A°s Input Terminals and the GUARD
switch is in the ““IN’’ position during the
Test mode.

8-329. If no failures are detected during the test, the
3456A alternately lights and blanks the display. If a test
fails, a negative integer which corresponds to the failed
test is displayed. When this happens, the 3456A does
not do any of the other tests, it will remain in the failed
test mode until the test passes or the instrument is taken
out of the Test mode. The tests are normally done in
order from #1 to #12.

8-330. The failed test and any other test can be ins
dividually selected from the front panel, to simplify
troubleshooting. Select a test this way:

a. Press the TEST button (if not in the Test mode).

b. Enter the desired test number (1-12) from the
keyboard.

c. Press the STORE button.

d. Press the ‘‘5”” (COUNT register) key on the
Numbered Keyboard.

8-331. Using this method the 3456A remains in the
selected test mode until the 3456A is taken out of the
Test mode (by pressing the TEST or RESET button).

8-332. When a test is selected, certain information is
displayed. If Test #1, 2, or 3 is selected and the test
passes, a +1, +2, or +3 is displayed, respectively. If
the test(s) fail, a —1, —2, or —3 is displayed, respec-
tively. For tests 4 through 12, the A/D Converter’s out-
put is displayed. Since the selected test is continually ex-
ercised and the converter output is displayed, the faulty
circuitry can be checked in the inoperative state.

8-333. Test number 1, 2, and 3 are digital tests and
numbers 4 through 12 are analog tests. The tests
parameters are listed in Table 8-14 and are explained as
follows. Remember, the A/D output is only displayed if
an individual test is selected.
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Table 8-14. 3456A Self-Test Limits.

Test# | PLC :::: Filter | Delay "l"i:‘i'" ll';:i':
1 - ot P - - -
2 g e - = e -
3 — — - — - =
4 1] on | off | .08 ..00011 | +.00011
5 1] on | off | .08 .00081 | +.00081
6 1| on | off | .08 ..00798 | +.00798
7 | 10| on | off | .08 -12.00394 | -11.99606
8 | 1| on| off | .08 0000 | +.015000
9 .01 on | off | .08 .000 +.1500
10 |10 off | on | .8 10202 ..09798
1 1| on | off | .08 -10.20000 | -9.80000
12 1| ofi | off | .08 +9.60000 |+10.40000

a. Test #1. This test checks the Program Memory
RAM. It is accomplished by writing ‘0”’ into the RAM
and then reading ‘‘0’’ from the RAM. The same is done
with writing and reading ‘‘1’’. The sequence is repeated
for each byte in the RAM.

b. Test #2. This test verifies that the Outguard’s
Microprocessor is functional. It is done by doing the
3456A’s Math calculations and checking the results.

¢. Test #3. This test verifies the Isolation Logic. It it
done by sending a hexadecimal ‘‘8F’’ from the outguara
to the Inguard Controller. The controller then sends
back to the Outguard either a hexadecimal “‘8F’’ or
““9F"’, depending on the Front/Rear switch position.

d. Test #4. In this test the Input Amplifier is set-up
for the X1 gain configuration with its input shorted to
ground (Autozero On). The output of the A/D Conver-
tor (Input Amplifier offset) is displayed on the front
panel, checking the circuitry between and including the
Input Amplifier and A/D Converter.

e. Test #5. This is the same as Test #4 with the Input
Amplifier set to the X10 gain configuration.

f. Test #6. This is the same test as Test #4 and #5
with the Input Amplifier set to the X100 gain configura-
tion.

g. Test #7. The — 12 V reference voltage is applied to
the Input Amplifier with the resultant output of the
A/D Converter displayed. The Input Amplifier is in the
X1 gain configuration.

h. Test #8. The AC Converter’s offset is checked
with its input relay open.

i. Test #9. The AC Converter’s offset is checked
with its input relay closed.

j. Test #10. The 500 nA current source is applied to
the top of the 10 M ohm resistor of the 100:1 Divider.
The output voltage of the divider (voltage across the 100
K ohm resistor) is connected to the Input Amplifier with
the amplifier in the X2 gain configuration.
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k. Test #11. The 500 nA current source is applied to
the top of the 10 M ohm resistor of the 100:1 Divider.
The voltage across the 10 M ohm resistor is applied to
the Input Amplifier with the amplifier in the X2 gain
configuration.

1. Test #12. The 5 microAmp current source is ap-
plied to the AC Converter. The converter’s output is
connected to the input Amplifier with the amplifier in
the X2 gain configuration.

8-334. Self-Test Troubleshooting.

8-335. The following paragraphs have troubleshoot in-
formation for the 3456A’s Self-Test mode.

8-336. Test #1. If this test fails, try replacing the RAMs
in the Outguard Logic (A4U10, Ull shown on
Schematic 9). If that does not help, go to Service Group
A for troubleshooting.

8-337. Test #2. If this test fails, try replacing the
Outguard Microprocessor (A4U15 shown on Schematic
9). If that does not help, go to Service Group A for
troubleshooting.

8-338. Test #3. This test fails if either the Inguard or
Outguard Isolation Logic is inoperative. Since either
Isolation Logic can cause the test to fail, the faulty cir-
cuitry needs to be determined. A procedure is in Service
Group A, Paragraph 8-A-34 and Service Group B;
Paragraph 8-B-6.

8-339. Test #4. If this test fails, the instrument
malfunction can be in the Inguard Logic, A/D Cir-
cuitry, and DCV Analog Circuitry (Input Switching and
Input Amplifier). This test quite often fails when an
Overload condition (OL) is dislayed (in all function and
ranges). A procedure to determine the faulty area is in

Service

Service Group B, Paragraph 8-B-8 or Service Group C,
Paragraph 8-C-10.

8-340. Test #5 and #6. If any of these tests fail, the
malfunction is most likely in the Input Amplifier’s feed-
back circuitry. This is because these tests are similar to
Test #4 with the amplifier in a different gain configura-
tion (X10 for Test #5 and X100 for Test #6). Try replac-
ing A20Q307 if Test #5 fails or Q309, if Test #6 fails (see
Schematic 3). If the test(s) still fail, go to Service Group
C for troubleshooting.

8-341. Test #7. If this test fails, the failure can be in the
A/D Converter or Inguard Logic. Go to Service Group
B for troubleshooting.

8-342. Test #8 or #9. If any of these tests fail, the
failure is most likely in the AC Converter. Before
troubleshooting the converter, perform the ACV Ad-
justment first (in Section V of this manual). If the test
still fails, go to Service Group E for troubleshooting.

8-343. Test #10 or #11. If these tests fail, the failure
can be in the Ohms Converter, Input Amplifier, or In-
put Switching. To determine the circuitry, make sure the
3456 A0is good on the 100 V and 1000 V Ranges in the
DCV Function. If the ranges are faulty, go to Service
Group C for troubleshooting. If the ranges are good,
the Ohms Function most likely at fault (the 10 M ohm
Range and higher are inoperative). Go to Service Group
D for troubleshooting.

8-344. Test #12. If this test fails, the failure can be in
the Ohms Converter or AC Converter. To determine the
circuitry, set the 3456A to the 1 M ohm Range in the
Ohms Function. If the function is inoperative, go to
Service Group D for troubleshooting. If the function is
good, the AC Converter is at fault. Go to Service Group
E for troubleshooting.
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Mnemonic

ALE

AZ
F/R

GB1

GB2

HAC

HACD

HACV
HAF
HAL

HAM

HA1

HA2

HA10

HA100

HCP

HDCH

HDCL

HDH

HDL

HGND

HL
HM

HOHM

HRU
HSA

Mnemonic Definitions.

Definition

Address Latch Enable

Address Latch Enable, Synchronizer
Auto Zero (A/D Auto Zero Enable)
Front/Rear Switch

Gate Bias #1

Gate Bias #2
High True, AC (AC Enable)
High True, AC Plus DC (AC + DC input enable)

High True, AC Volts (AC input enable)

High True, Analog Filter (filter enable)

High True, Input Amplifier Coded Gain to Least Significant
Bit

High True, Input Amplifier Coded Gain to Most Significant
Bit

High True, Input Amplifier Gain of 1 (Decoded from HAL
and HAM)

High True, Input Amplifier Gain of 2 (Decoded from HAL
and HAM)

High True, Input Amplifier Gain of 10 (Decoded fram HAL
and HAM)

High True, Input Amplifier Gain of 100 (Decaoded from HAL
and HAM)

High True, Comparator (Integrator Voltage Polarity In-
dicator)

High True, DC, High Ranges (Input Relay Enable— 100V
and 1000V Ranges)

High True, DC, Low Ranges (Input Relay Enable—.1V, 1V,
and 10V Ranges)

High True, DC, High Ranges (DC Enable—100V and
1000V Ranges)

High True, DC, Low Ranges (DC Enable—.1V, 1V, and 10V
Ranges)

High True, Ground (Gnd Enable-Autozero)
High True, Ohms & AC, Least Significant Coded Range Bit
High True, Ohms & AC, Most Significant Coded Range Bit

High True, Ohms (Relay Enable)

High True, Run-Up (Run-Up Enable)
High True, Slope Bit A

Origin
A30-U13(1)

A30-U6b(9)
A20-U401(15)

S2 (chassis
mounted)

A20-U105(6)

A20-U305(6)

A20-U702(21)

A20-U702(13)

A20-U702(20)
A30-U13(36)

A20-U702(22)

A20-U702(23)

A20:U701(9)

A20-U701(10)

A20-U701(11)

A20-U701(12)

A20-U409b(1)

A20-U702(18)

A20-U702(17)

A20-U702(3)

A20-U702(5)

A20-U103al1)
A20-U702(15)
A20-U702(186)

A20-U702(19)

A20-U408(13)
A30-U9(11)

Destination

A30-U1a(1), U6b(12),
U7b(11), U14a(1},
U14c(10)

A20-Q401
A20-Q408
A30-U13(35)

A20-TP104,

Q101/Q109,0102,
Q103, Q110/Q113,
Q114/Q116, Q115.

A20-TP304, Q306,
Q307, Q309, Q105

A20-U107d(12),
U101¢c(9)

A40-U10b(5,6),
U10d(12)

A40-U10a(2,3)
A40-U11(8,11)

A20-U701(14)
A20-U701(13)
A20-U304b(7)

A20-U202a(5),
U202b(6), Q304,
u304d(11); A21-R603

A20-Q303, U304c(9)

A20-Q302, U304a(5)

A20-TP405;
A30-J33(1), U3al1),
U4b(5), U13(1)

A20-K102 (via Q703)
A20-K103 (via Q701)
A20-U107(7)

A20-U102d(11),
U107b(5)

A20-U104c¢(9)
A20-U701(2)

A20-U701(3);
A40-U11(4,7)

A20-U301a(3), K101
(via Q702)

A20-U401(3)

A20-U408(8);
A30-U10a(13)
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HSB
HSC
H1

H1A
H2

H3

H4

H4WH
LACF
LDE
LDHF
LDLF
LGND

LGS

LMES

LOVL
LPC

LRU
LTS7
L4WL
PROG
SA TRIG

Mnemonic Definitions (Cont'd).

Definition
High True, Slope Bit B
High True, Slope Bit C

High True, Range Bit 1, Ohms (10 MQ) & AC (1.0 V)
(Decoded from HL & HM)

High True, Range Bit 1-Buffered, AC (1.0V Range)

High True, Range Bit 2, Ohms (1 MQ) & AC (10.0 V)
(Decoded from HL and HM)

High True, Range Bit 3, Ohms (100 k! and 10 k) & AC
(100.0 V) (Decoded from HL and HM)

High True, Range Bit 4, Ohms (100 @ and 1 k) & AC (1
kV) (Decoded from HL and HM)

High True, 4 Wire Ohms High
Low True, AC Filter

Low True, Load Enable

Low True, DC High Ranges Filter
Low True, DC Low Ranges Filter

Low True, Ground

Low True, Ground Select

Low True, Measure

Low True, Overload

Low True, Precharge

Low True, Run-Up

Low True, Self Test #7

Low True, 4 Wire Ohms Low
Program Bit

Signature Analysis Trigger

Origin
A30-U9(5)
A30-U9(3)

A20-U701(4)

A40-U8(13)

A20-U701(5)

A20-U701(6)

A20-U701(7)

A20-U702(2)
A20-U107d(11)
A20-U702(14)
A20-U701a(3)
A20-U107b(6)
A36:U13(32)

A20-U702(1)

A30-U13(33)

A20-U409a(2)
A20-U107c(8)
A30-U10c(8)
A20-U702(4)
A20-U103d(13)
A30-U13(25)
A30-U13(37)

Destination

A20-U408(4)
A20-U408(6)

A20-U201a(5b),
U202c(8); A21-R605;
A40-U8(4,7,11)

A40-Q20

A20-U201bi(7);
A21-R604; A40-U9(4,7)

A20-U201c¢(9);
A40-U3(11)

A20-U201d(11);
A21-R602; A40-U9(9)

A20-U102c(9)
A20-U102b(6)
A20-U701(1)

A20-U101a(4)
A20-U102a(4)

A20-U103a(3),
U103d{11), U107¢(9)

A20-U103a(2),
U103bl(5)

A20-U107¢(10),
U108a(3), U108bi(6}

A30-J35(1)
A20-U104a(4)
A20-U408(10)
A20-U101d(10)
A20-U104d(11)
A20-U702(7)
A20-TP404
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GENERAL SCHEMATIC NOTES

1. RESISTANCE IN OHMS, CAPACITANCE IN MICRCFARADS, INDUCTANCE IN MICROHENRIES UNLESS OTHERWISE NOTED

2. ASTERISK DENOTES A FACTORY-SELECTED VALUE. VALUE SHOWN ON SCHEMATIC IS TYPICAL.

10.

1.

]

ENCLOSES FRONT PANEL MARKING.
ENCLOSES REAR PANEL MARKING.

CIRCUIT ASSEMBLY BORDERLINE.

OTHER ASSEMBLY BORDERLINE. ALSO USED TO INDICATE MECHANICAL INTERCON-
NECTIONS (GANGING).

918

%

>

Vi Vi

ASSEMBLY

DESIGNATION

HEAVY SOLID LINE INDICATES PATH OF MAIN SIGNAL.

DENOTES WIRE COLOR CODE. CODE USED IS SAME AS THE RESISTOR COLOR CODE. FIRST NUMBER INDEN-
TIFIES THE BASE COLOR, SECOND NUMBER IDENTIFIES THE WIDER STRIPE, THIRD NUMBER IDENTIFIES THE
NARROWER STRIPE.

E.G. \918/ DENOTES WHITE BASE, BROWN WIDE STRIPE, GRAY NARROW STRIPE.
DENOTES GROUND ON OUTGUARD PC ASSEMBLIES. CONNECTED TO INSTRUMENT FRAME GROUND.

INGUARD GROUNDS ARE REFERENCED TO INGUARD POWER SUPPLY GROUND AND
ISOLATED FROM INSTRUMENT FRAME GROUND. SEE FIGURE 8-58. INGUARD GROUN-
DING STRUCTURE.

DENOTES SCREWDRIVER ADJUST.

JACK MOUNTED ON INGUARD

Y
i SHEET METAL

NAME

[~30]

NECTOR
| MOVEABLE

(J21).

MOUNTED ON A30 BOARD ASSEMBLY. CON-

| BOARD AND PLUGS INTO A STATIONARY JACK

.:—_———/\'—-\_
INGUARD LOGIC
03456-66530

A20

PIN NUMBER
OF JACK AND

ASSEMBLY PART PG SCHEMATIC
NUMBER 2% B NUMBERS |

| | |
P21 Jz1 Pl f N
// H [
P2, 2 ﬁ
T 7
'3 3!
U13 .‘ > 4

PR

vy

IS DESIGNATED PLUG (P21) IF IS IT
OR ATTACHED TO MOVEABLE PART OR

MOUNTED ON
A20 ASSEMBLY

15V —¢

AN
rd

—arA— +5Y 3
R1

+5V L =

1 —An— +5V 3 {
8 |
PULL-UP RESISTORS CONNECTED TO THE
—arn— +5Y 2
R2

PULL-UP

RESISTOR +5VDC SUPPLY ARE USED TO PROVIDE A

HIGH LOGIC LEVEL (> 3.6VDC) TO IC INPUTS.
WHEN THE SAME PULL-UP RESISTOR IS USED
BY TWO OR MORE IC'S OR BY SEVERAL PINS
ON THE SAME IC, THE RESISTOR PRESENCE IS
SHOWN AS + 5V, (FOR RB), +5V; (FOR R2),
ETC. RATHER THAN SHOWING THE PULL-UP
RESISTOR.

—_—

UNUSED GATES
Ulb (3] +5Ve

SCHEMATIC NUMBER FOR CONVENIENCE IN

UNUSED GATES ARE ONLY LISTED WHEN TRACING INTERCONNECTIONS

|
EITHER THE INPUTS, OUTPUTS OR BOTH ARE i
TIED TO A VOLTAGE OR GROUND.
E.G. UTBPIN 3 IS TIED TO + 5V VIA A PULL-UP
RESISTOR

3456-8-10

Figure 8-XX. Example Schematic.
8-XX/8-XX

Figure 8-59. Mnemonic Definitions and General Schematic Notes.
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A20 Board - Input Switching - Component Locator Table.

AA

Component Col. Component Cal. Component Col. Component Col.
Cc101 D-E Q101 E R111 E R143 G
c102 D-E Q102 E R112 E-F R144 G
c103 E Q103 E R113 F R145 G
C104 E Q104 E R114 E R146 G
C105 F Q105 D-E R115 E R147 G
C106 F Q106 D R116 E-F R148 G
c107 F-G Q107 D-E R117 F R149 E
c108 G Q108 E R118 E R150 E
C109 G Q109 E R119 E RE17 A
C110 G Q110 E R120 E R618 A
c111 G a1 E R121 E TP101 Cc

Q112 E R122 E TP102 D
CR101 E Q113 E R123 E-F TP104 F-G
CR102 E Q114 E R124 E-F TP105 G

Q115 E R125 F TP106 G
J19 D Q116 E R126 F
J20 D Q117 E R127 F U101 F
J22 D-E Q118 E R128 F U102 F
J23 E Q119 E R129 F U103 F

Q120 E R130 F U104 F

JMPR101 G Q121 G R131 G U105 F-G

JMPR102 G R132 G U106 G

JMPR103 C R101 D R133 G u1o7 G

JMPRE602 A R102 D R134 G U108 G
K101 C-D R103 D R135 G
K102 D R104 E R136 G U200 B-C
K103 D R105 D-E R137 G

R106 E R138 G
P15 G R107 E R139 G
P18 C R108 E R140 G
P21 D R109 D-E R141 G
P30 F-G R110 E R142 G
FOR SERIAL NUMBERS 2615A80536.-"AND
ABOVE, JMPR 103 HAS BEEN ADDED.
A20 Input Switching IC Type/Voltage Table
Ic Type +18V | +15V [ +5V GND 15V | -1BV
U101, U102 | LM339N 3 12
U103 SN74LS02N - 14 7 e
U104 LM339N 3 12
U105 LM201AL 7 e -- 4
U106 LM301AN 4
U107 SN74LSOON - 14 i
U108 LM393N 8 4

NOTE: + 18 V Source is Q301 (Input Amplifier Section).
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A20 Board - Ohm's Current Source - Component Locator Table

Component Col. Component Col. Component Col. Component Cal.
c201 C P16 A R208 Cc RE08 A-B
C202 D P18 D-E R209 Cc RE09 A-B
C203 D R210 C R610 A-B
C204 D Q201 C R211 c

Q202 C R212 Cc TP201 D
CR201 E Q203 D R213 C TP202 (&
CR202 E Q204 D R214 C-D TP203 D
Q205 D R215 C
E201 E Q206 D R216 C-D U201 B-C
Q207 D R217 C-D U202 &
F201 E Q208 E R218 D U203 c
Q209 E R219 D-E U204 D
J16 B-C Q210 E R220 C-D U205 D
Q211 E R221 C-D

JMPR201 c R222 E

JMPR202 € R201 c R601 A

JMPR203 C R202 C R602 A

JMPR204 C R203 C R603 A

JMPR205 D R204 C R604 A

JMPR206 D R205 C R605 A

JMPR207 D R206 € R606 A-B

JMPR208 D R207 Cc R607 A-B
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£ F201 2
3 R 1
— %
L] —CR202™> E
0208 @
.
0205 cnzné o
-~
&
U200 0204 -kE34:
O Qo203 Oeozo7 L
=
—C202—
a m Jwprzos | D
a:o 0206 = JMPR207
= (O -Reis-o JMPRZD6
JHMPRZ0S
—R214— -R217- -R221- |
S
-R206- 0202 b -RZ15~-
-R203- o
E N CTE
= - o & e
-Reo1- 9201 ooy -£394- " Iﬁ%i?: C
JHPR204 TReda- -R210-
JHERZ03
JHMER202 J16
JHMPR201 =)
— r~ =
o !
-
< B
3456-20C
[ () ]
O~ oo;mo ]
0000 ~
W W O W
Lo
PiE———]
® ® 3
ot <
(=] (=
V) (¥e)
o« [:
3456-21C
A20
03456-66520

(OHM'S CURRENT SOURCE)

A20 Ohms Current Source IC Type/Voltage Table

Ic Type +15V | +5Vv | GND | 15V | 18V
U200 1QD4-0044 saai ||| wew i) owm | e
U201, U202 | LM339N 12
U203 LM308H e (| 7 4 =
U204 LM308AH s s 7 g 4
U205 LM208AH s ) e <
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P/0 - POWER SUPPLY 1
OHM'S CURRENT SOURCE A10
_A&] 03456-66520 03456-66510
2 VOLT SOURCE pis s p1s
: t
v +15V 16 >61 +15V
| R208 JMPR 205 i o : I
I 3K 15 | I S I
+5Y T +5V
+2v JMPR 208 Y <>_J/ 4. 14
R208 -15v = 5 sy
0207 2R221 2K JMPR 206 ; 7
) '
—W— -5V 4 -18v 12 S 21 —18v
| Rzz0 GATE BIAS JMPR 207 : o : I
| e [P A= AMPLIFIER —> P18(8) Lo |
C'ZIbZ & EROM éz P18(10) - - — o
150pF P U701 (10) .
202 - = 1
v1sv ® ; A21 l OHM'S CAL
R215 +2V JMPR  JMPR  JMPR  JMPR 03456-66521
. 100K 201 202 203 204 J16
| 7 o \o-I—o b—I-o’ “o-r-o’ N . ] 1
I 5 3 5 HA? FROM v ] g !
. U205 2 4 Reie vz02a A ) R206 R205 R204 R203 |
, 0 R211 0203 0204 | 0206 . ., 37.4 19.1 10 4.75 !
""" HIGH VOLTAGE PROTECTION ————\ 4 gEED:F u7FnR1ur“51 H2 7]\ 51K 18 | P/0 U200 . R201 i
. - R218 Y v :
10 F201 CR202 sy V, 1 v ot 1 AT 7 L ceo01 9 25y 40.2 ! RE08
N . -9. 60
1 INPUT SWITCHING =—o0- o bt vay —51_ U201b | $6.7543M | ;;1““"': pemmmmmmeee - ' Mo Ee Ve 619k
| K101 062A zez [ ! -15V Ve 23] 20.4955K !24 -5.5V A P N, b
S 18 : T i
| R207 0202 ~—" P wore 1 a2k RE03 R603 |
E201 530 IR , 735K 'S 20.4844K ! ' ADJ I 4 61.9K
400V 0205 i i : : ; +12V ' 1M \5’0*( .
1107 ! : L ! 5Aors5B
: : FROM s |
CR201 ! 2675.203K! U701 (4) A—] ' R604 R610
4 ' ! R214 Ma 14 ADJ J o 50K 26.7K
| ; 30K FroM U701 (71 HA A 100 By, {
[ ' ' HA2 1300 | |
! ! -12va DA0or5B FROM U701 (10) L RE0E
| ! i 15| P/0 U200 FRON U701 (51 2B <—’——__] ADJ F Rzen‘}(s% 215k |- !
i i :"*"""“““: FROM U701 (4) A1 :‘ <« 10Ka
5
: | P/0 U200 | $65.455K | SAorSBrev =% Reol
FROM W3 s\ Mel? ; ; . | i IOUK]
uroL e 14 1 i NOTE 1+ | TP201 177 NoTE 10 J{"( 4
! : ® ' : | - d
{ 2y 8 U201c ofen ; TSSV ; ¢ :
_ PPl
' ' | $55.384K 1 —— == -= -= -- -
i ' ! ! —
H i 1 ' —
& 0208 H ] I3 * -
1 ! Ve — proc |—2—PROG
TPe03 FROM _ H4 Ra13 ' i - P/0 RANGE AND FUNCTIO et
11 P : ! — NC N U702
7017 13K i Y67 a9gsK | — CONTROL LOGIC | o Pez
] 13 1 . i —
! i ] - PORT 10 P21
12V 10 u201d : ' - EXPANDER i1 P20
[ ' - 1 LGS
7501.5 1 P50
s # 12 r T0 U201 (1) ,A21 Repz —H2 71 ops +5Y pan |2 HAWH
v S i | 70 U201 (9 —2 % LIS pay |3 HOH
| 0 U201 (7) ,A21 R604 —H2 = LS pez |4__LTS7
! | 10 U201 (51,0202 (81 ,A21 R605 —HE o, $ R705 $R704 $R703 $ R701 § R702 pa3 |5 HOL
51K 3 51K
| DECODER 51K 751K 751K ps3 [ 2L HAC
| R H LE  aal. pey |12 HOHM
2 WL s 18 HDCH SEE RANGE
| Ao P72 P§2 ,
| HA2 e 2] 083 M L G pe3 17 HDCL dontRoL LoeTc
70 U202(5,6) ,A21 R603 101 05, 8o | HAL 224, p7o |13 HACD SCHEMATIC
RANGE | H1 | H2 | H3 | H4 | HA2 | HA10 11| o, o, 12 wam o3, Lo leo macy 6
: 100 0 oo 1] 0 | ["MDD 121 %80 Ta 1S -
1K 0 Q 0 1 0 | N~ 1‘ QLA
UNUSED GATES k0|0 j 010} 0 | HH
10ka| 0 | 0 | 1 | 0| 1
U202d(10,11,13) -18V Mo 0 1 0 0 1 l _%%_00
NOTE 1: THE MEASURED VALUE OF THE FINE-LINE M0 | 1 0 ) 0 i >
RESISTORS MAY NOT BE THE VALUE SHOWN _“r-——
I SEE APPENDIX C ) looMa} 1 | 010 10} Y | :%—
| thoomn| 1 | o | o | o | 1 | o
T
| E4
COPYRIGHT 1980 BY HEWLETT-PACKARD COMPANY 3456-20A,2

Figure 8-62. Ohm’s Current Source Schematic (A20).
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A20 Board - Input Amplifier - Component Locator Table.

Component Col. Component Col. Component Col. Component Col.
C301 A Q301 B R313 B R611 A
C302 B Q302 B-C R314 B R612 A
C303 C Q303 C R315 B R613 A
C304 C Q304 Cc R316 B R615 A
C305 D Q305 B-C R317 B R616 A

Q306 B R318 B
CR301 A Q307 C R319 B TP301 A
CR302 B-C Q308 Cc R320 B TP302 B
CR303 Cc Q309 c R321 B TP303 B
CR304 B Q310 C-D R322 A-B TP304 B
CR305 B R323 A-B
CR306 B R301 A R324 c U200 c
CR307 C-D R302 A R325 Cc U301 A
CR308 D R303 A R326 c U302 A
R304 A R327 c U303 A-B

JMPR301 D R3056 A R328 Cc U304 B

JMPR302 D R306 A R329 Cc-D U305 A-B

JMPR303 D R307 A R330 D U306 B

JMPR304 D R308 A R331 D u3o7 Cc

R309 B R332 C u3os c

JMPR601 A-B R310 B R333 D

R311 B R334 Cc w3 D
P17 C-D R312 B
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—c305—
-R331- -R333- 0311
ok EE 8o
e -R3Za- -R33z- 0310
[+
-
2 0309
0304 0308 © U200
-R327- -C304
- :5%%%: sols 0307
Rise Qo303 O
0305
e .- o308
030100 - Rerps
0
-R313-38 5L
-R312-% -R316- -
CR311-2 CR31s- g
ON—R314- :R3210.: 2
-R310-2 — :
—RB%IB— g -tnnaisa- :
-c302-% | &
™M
> JHPREO1
] -R323- | MPREO
) A [ e
-CR301- s,
-R301- -R303- = :;g%“:
g BRC
Py 5 R3Be: -RE172-
] L -R303- -Re11-
o |
-
w
3456-20C
A20
03456-66520
(INPUT AMPLIFIER)
A20 Input Amplifier IC Type|Voltage Table.

IC Type +33V | +30V | +1B8V +5V GND -12Va | 18V
U301 | LM393N 8 4
U302 | 1858-0054 16
U303 | LM201AL --- 4 ---
U304 | LM339N 3 12
U305 | LM201AL 7 4
U306 | MC14001BCP e Ere e T— 14 .
U307 | LF351N 7 4
U308 | LM201AL 7 - 4
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T - 1
INPUT AMPLIFIER | A10 | POWER suPPLY I
03456-66520 REGULATED 30 VOLT SOURCE o1 | 03456-66510 |
1 J1s P15
+18 VOLT SOURCE i 7 T i
+33V €302 +33V . : >—— +33Y
433 UNREG g J_ : | UNRES
+30V cro c7oi : :
1 '
! R313 usos (s 12V R301 i 8, . 8 : l
I 11.3K 10K - +30v &4 | L] : I
4
1 !
1 1
JMPR 304 ! i
+3QV R312 . ! 6 E !
P/0.U280 |1 3.57K sigy 1 15V : >._: 15V
[aiaiaiaiaininl Mt 1 1
i pr— : +15V | | 14
| I ¢ 40K 40K 3 ! R309 JMPR 301 | 4.5 14,5 ! |
! R S L TP301 100K +5V : >+ +5V |
1 ]
—MA—— 3 472 ! !
R333 305 +5V i .
2.87K .0056 r JMPR 303 | 3
L R332 +18V +15V -15V —d" o—rt >—— -15V
Pt +3V 10K ' !
CR308 R331 i ;
' Rok %SGZK *ov (R30S JMPR 302 1 0| 1, !
! W - RN R327 -18Y —d o—— L1 L Sy -18V [
& 133K '
cr307 R330 Z u3074 *CRMM | o
z = -15v
I b 4
3 ] R328
: 0311 562K :
-
P13 £ S TP303
.
' w3 3 £
DC IN ; > 0310
FROM i k R318 4
A20 J13 Y — — — i 1K
A/D IN
I To J29 !
! 1 R334 & |
50
AMP OFFSET WA 100 a| P/0 U208b R611 l;ig%'%
FROM 0501 AbJ FROM ENUTE 1 » l fozk ADJ D
U701 (12) : ' A& (100nV)
1 93K. 1
| R304% R307 7 P8 R616 |
| 20K 20K WA 10 : 200K 200 |
2 FROM | 875 1 ADJ C
10 L3 £ U701 (11) | 1} ovoLm
1
u3oe2 ! 90K i & . L _ _ _ o _
B ] e e o g
" 1 /
HAoa i 3434 J7 - RANGE AND FUNCTION — 7_pros
! AT RO U701 (10) ! ! 2 RE13 CONTROL LOGIC i T P2z
! ' 100K ' JHPR ! - v702 [
d ! 601 100 / 9 P22
R306 R3053R308 14 : 0 ro1
36‘5Kl 215K 9 15K ! 100K | - EX:R:I;ER (11 Po0
i ' J |11 P20
-12Va -18V -18V HA L i ' Ve 2 oo |L_LES
FROM_0501 ' ' H4 1]
5A UR 58 u701 (9 ! ! / —_— 1 0n3 a0 2 H4WH
| H3 6lo
! | 120K31100| 1303120k | J ——1 * y701 +5V 45V 45V #5V  +5V pag | HOH
' ' e = paz |4 LTS7
. | ¢ LTS7
: ] | / e T, R705 LR704 SR703 & R701 5 R702 ous |__t0L
+2VOLT SOURCE 1 N £ v 2l ¥ z HAZ DECODER 51K $51K $51K § 51K 351K ps3 |21 HAC
TP304 vl W % S LDE 14, peq |13, HOHM
+3v ya 2 HL 15 18 HDCH
3 *o P72 pe2 SEE RANGE
: T R319 SER ' T0 U047 sl 2] O3 mE B 18 Jpgy pe3 A7 ] HOCL AND FUNCTION
2V 1.2 {>c 3 | 70 0304, U304111) — HAe 10 1 0g2 Bo HAL 22 {5, p7o j43 | HACD CONTROL LOCIC
X HA10 11 | o 13 HAM 23 20 | HACV CHEMATIC
R302 w82 ?4 | 70 0303, Y3419 — B1 8y e
253%3( 5.8 Dc 4 70 0302, U3D4(S) HA100 12 1 g TpLs
" T0 INPUT : | TLG
SWITCHING ‘
0105 +5V R322 8.2 {>c = | HOHM )
1 R320 R321 c301 | 70 U301 (3)
| UNUSED GATE 10K 10K 330F “ HH
12,13 [
U301b (5,6,7) -18V |
CR306 & J‘ ]7 | HA2
-15v N~ _1py, OA0Or OB | M
NOTE 1+ THE MEASURED VALUE OF THE FINE-LINE FROH 0501 | He
RESISTORS MAY NOT BE THE VALUE SHOWN. 3
| SEE APPENDIX C. " GATE BIAS AMPLIFIER s2 —7 | He
! L0 OHNMS OFFSET " |
COPYRIGHT 1980 BY HEWLETT-PACKARD COMPANY - T - 3456-20A, 3 Figure 8-63. Input Amplifier Schematic (A20)
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A20 Board - A/D Converter - Component Locator Table

Component Col. Component Col. Component Col. Component Col.
C401 A P15 D R411 C TP401 A-B
C402 B P30 Cc R412 c TP402 Cc
C403 B-C R413 B TP403 Cc
C404 Cc Q401 A R414 B TP404 C
C405 B-C Q402 A R415 B TP405 D
C406 B Q403 B R416 B TP406 D
c407 B Q404 A-B R417 Cc TP407 D
c408 B-C Q405 B R418 Cc
C409 B-C Q406 B R419 C U401 B
C410 D Q407 C R420 Cc U402 B
ca11 C-D Q408 C R421 C U403 B-C

R422 Cc U404 B-C
CR401 A R401 A R423 D U405 B-C
CR402 & R402 A R424 (4 U406 c
CR403 C R403 B R425 [} U407 C-D
CR404 D R404 B R426 C-D u408 D
R405 B R427 C-D U409 C-D
J29 A R406 B R428 D
R407 B R429 D us500 A

JMPR401 A R408 B R430 D

JMPR402 A R409 B R431 D

JMPR403 A R410 Cc R432 C-D

JMPR506 A R433 C-D

JMPR507 A

A20 A/D
Inputs U408
Pin 8 Pin 4 Pin 6 Output U404
HSA HSB HSC Mode Pin
1 1 1 AZ 4
0 0 (0] S+0 -
0 1 0 S-0 1"
1 0 0 S-1 7
0 0 1 S+2 10
1 0 1 S-3 6
0 1 1 S+4 12
1 1 0 S-4 5
A20 A/D Converter IC Type/Voltage Table
ic Type +15V | +5V GND -12Va | 112Vb | 15V
U401 MC14174BCP 16 == 8 P
U402 MC14049UBCP --- 1 8 S
U403 CD4070BE O aiud 14 e 7 o
U404 CD45558F .- 16 8
U405, U406, | LF351N —— 4
U407 MC14049UBCP 1 S 8 i s
U408 LM339N 3 12 .-
U409 LM339N 3 12 oraE i
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A30

INGUARD LOGIC
03456-66530

P

LRU

HSA

8  use

HSC

TRIG

ALE

3
i
I
I
I
T
I
I
I
I
1
1
'
|
|
|
I
|
I
|
1
I
I
|
|
|
|
1
I
I
I
I
|
I
I
I
I
'
i
I
T
1
'
'
I
'
I
I
'
i

0

P//g\Z g

- - - 1 -

A/D CONVERTER A30 INGUARD LOGIC
! 03456-66520 +12V | 03456-66530 |
| I
R424 sV
52. 3K R428 +5YV
R429
4. 99K P30 J30 P30
| LovL : 2 NG
i + LavL
I ] | | j
| :
; 1
: '
: :
i 1
; :
| :
: i 8
I i i | :
I 'VF%U:N J29), E i ! i
INPUT AMP ° AUN P70 U300 TP403 +5Y | ;
usos 3 gy —2 5 71108.33K 18 ® P40s i i
© 1 +5V R430 i |
!LNUTE 1: ! 7 ! 1
. g N 4.99K ; ;
1 ! 3 3 !
| iz P 401 ' e o [ Hee
I 5l U409b I !
12
2 4
0408
N\ o
| S5 |
| R418 |
332
C411
l 1
2
| |
1o |
+12V
s30| P30 sy A I 1s]__P/0 US00
H 13 1 ' —_
| : 99.19K '
LN LRU__ 1o R419 U402 ' : A10 | PowER suppLY
[ ! 10K 2 ! 100K 500K | JMPR I 03456-66510 !
o ' 4 LI ' 507 P15 11 | P15 !
' U408 U407c ] ! i 6 6 '
' 7>0° 15 Dc - | : +15Y o l " S—t 415y
! Seq ' v i i
El ‘ +
i 2V y 5 1 DO . 1 ; 5A OR 5B ca07 ; E
7 7 ! HSA 8 R420 _Jl 11 - I JMPR403 4 1 4.5 4.5 '
| 10K s-4 ' : ' . . 1
Dl s Va - DC s PooNOTE 1 ! +5v : LD sy
1 | ' +2V U404 1 ' + ' [ [ !
' 2 B 3.13 ' i c408 : '
: 53 ;
L NEENN HsB 4 R422 DECODER {>0 ¢ 12 100K | —Iv\"‘ i 8 s :
! , 10K I T 12 ' 102. 9K : ; .
! +2V 4 — 11 3 va |2 9 10 130 176,6K 114 H | 14
! ! £ 2.1 7 3 U403d 1 1.766m, a i P Va
8 N HSC [ R421 -1 ; 25.6K i JMPR I !
' s o, e I '
R 10K \ " . T = A 506 ; 5 : ;
| ! ! 3] = 4 A2 Az —15v T l : ) \ 15y
JRIG 2 -12Va 2 : 1
5 R SA OR 58 , |
3 45V -12Vb v oy o c4oe$ | |
| U407b -12Vb a0 2 2 i
| 3 e K -18v — p—— -18V
! 0401  cR401 4 l » |
5115\ ALE nl ) caos i i
r 7 401 o SA @ I !
! RlK R402 VOLTAGE SOURCE -12Vb -12Vb 4
| 14.3K FOR SA TESTS +2v Or  from ca04 J, P161(8) l -
_ Us04
12Vb A5V SOURCE 5B 2.2 ’VF :;Z
4 4
R432 +5V
JMPR 401
10K 5A
I UNUSED GATES TP408 R431 -12va e -12va i
| SA 3.01K or FROM C401J~ |
U407d,e,7(9,11,14) %7 R433 2V 58 0501 43%123( 1 g;
4 5K 4
NOTE 1: THE MEASURED VALUE OF THE FINE-LINE R423 4
. " ,
RESISTORS MAY NOT BE THE VALUE SHOWN. & TP407 2K 5A JMPR 402
SEE APPENDIX C. buT 4 or *Flen\rq +12v
| 58 U505 (6) ;
| |
COPYRIGHT 1980 BY HEWLETT-PACKARD COMPANY T o T B o o T T T T o _ T T . o p .
3456-20A,4 Figure 8-64. A/D Converter Schematic (A20).
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| —R512—

JHPR507
JMPR502 usoo w|r || JHPRSOE
im— JMPRS05
JMPR501 e Il B gt
~R511- JMPRS04
CRE10- ot
-C508- JMPR503
-R509- & L —
s R SEso g
wn
EQ g
- i = s
o =
by on| = w
o Sl <0 - w
= > S [Eooog ]
= «
QO  crso3
0501 -CRS02
-C505-
P25B P25SA —C501—
-R504-
—R507 ~R503—
S @ -R501-
-£303- -RS14- é
:E 13- &
CAS01
3456-24C
A20
03456-66520

(A24 REFERENCE)

A20/A24 Reference IC Type/Voltage Table

Ic Type +15V | GND | 15V
us00 1QD5-0045 - -- ---
U501 1826-0471 .- 7 .-
U502 | LM207H 7 =
us03 1902-0926 - 1 .-
us04 LM307N - 7 --
uUs05 LM307N 7 -- 4




P/0

A7 (| REFERENCE [ A1Q | POWER SUPPLY
03456-66520 03456-66510
|
I
| |
- R - = ! |
- - - - 4 P15 J15 P15
AZ24 | REFERENCE BOARD JMPR 507 Cg 6
03456-66524 +15V < o ; —— 415y
i €505 +| E i
! | ! JMPR 506 - b o
! -15vV 7 o —& ! ! T -15V
4 | | | 14
P24 : :
. JMPR 505 - '
| o2 +12V ) L2 2 : _1ay
' uso3 i | NON-INVERTING 18V I o ? | | i 8
125% : ! A~ REFERENCE BUFFER —X | |
} | TP502
2 i
5 @ L __ _
! :
| H -
e HT, o 4,7
i I I
6 1 4 TP501
us02 “18v ; ~18v (-12V} v
T4 lcslol
;
R503 R504 _ g 2 3
; 409.09K 3 682k 15V RSOT 18 s I o -12Va 4
I y !
INVERTING JMPR 503
| P25B _I p— — !
%%922; 3 CR502 B - o— .- REFERENCE BUFFER
| 1 115
, ! %R%%g 4 | i TP503 TO JMPR 402
| | : i 100K } +15V (+12V) A/D
| | ' 2
| [ b, €506 ; 116 NG %9 |
! 1 | | » '
| P2sA----f. 5302 “teva T . E 100K ; % +12y % A
. p -18V NOTE: : ! JMPR 504
{ JUMPERS, FACTORY : :
L_- -- -- =t -- -- SELECTED. SHOWN IN : :
| INITIAL CAL POSITION, : :
1 i i
1 ' |
1 | R508 !
g ; S601 , 49. 3K
‘ e 1207 V4 R510
1.515M | Y 66 53/ JMPR 502
I | [ a— .
| i b3 R511
s 14 <§ 33.25) JMPR 501 |
L~ 14 A .
772.8K ! bt 4
| o
| R o %q
i 394.1K | 394.1K | L ole |
i i |
’___1_9_ i E 10 \ 5 /
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A20/A25 Reference IC Type/Voltage Table

3456-20C

IC Type +15V | GND 5V | 18V
U500 (A20) | 1QE7-0057 --- --- --- vws
U500 (A25) | LM299H --- 4 ---

U501 1826-0471 --- 7 .- 4
us504 LM307N --- 7 .-- 4
U505 LM307N 7 ... ---
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See Schematic 3, P15(7).
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A40 Component Locator Table

Component Col. Component Col. Component Col. Component Col.
C1 B J37 A R9 A R59 F
c2 B R10 A-B R60 E
C3 B JMPR1 C R11 B R61 E-F
c4 B JMPR2 B R12 B R62 E-F
C5 B JMPR3 D-E R13 B-C R63 E
C6 B JMPR4 E R14 C R64 F-G
Cc7 B-C JMPRS D R15 C RE5 G
cs8 [ JMPR6E C R16 C RE6 G
Cc9 Cc JMPR7 D R17 D RE67 E
c10 D JMPRS8 E R18 D R68 E-F
C11 D JMPRS F R19 D-E RE9 E-F
cCi12 D JMPR10 F R20 E R70 F
C13 D JMPR11 F R21 E R71 F
cC14 C JMPR12 F R22 E R72 F-G
C15 C R23 E R73 G
C16 D P17 G R24 E R74 F
c17 D P18 A R25 D-E R75 F
ci8 D R26 D R76 F
c19 D [o]] D R27 E R77 F
c20 E Q2 D R28 E R78 G
Cc21 E Qa3 C R29 C R79 G
c22 E Q4 C-D R30 D R8O E
c23 E-F Qs D R31 E R81 E
C24 F Q6 C R32 Cc R82 E-F
C25 E Q7 C R33 C-D RB3 F-G
C26 E Qs c R34 C-D R84 F-G
c27 F Q9 C-D R35 D R85 G
c28 F Q10 D R36 D R86 G
Cc29 F Q11 D R37 D
C30 G Q12 C R38 D TP1 A
C31 G Q13 & R39 D TP2 B
C32 F Q14 C-D R40 D-E TP3 B
C33 G Q1is E R41 C-D TP4 A
C34 F Q16 E R42 D TP5 A

Q17 E R43 D TP6 B
CR1 B Q18 E-F R44 D-E TP7 C
CR2 B-C Q19 F R45 D-E TP8 E
CR3 Cc Q20 E R46 E TP9 E
CR4 (o Q21 E-F R47 F TP10 F-G
CR5 C Q22 G R48 F TP11 F-G
Q23 G R49 F TP12 E
CR7 Cc R50 F TP13 E-F
CR8 D R1 C R51 F TP14 F-G
CR9 D-E R2 C R52 F TP15 E
CR10 D-E R3 B R63 F TP16 E-F
CR11 E R4 B-C R54 F TP17 F
CR12 E R5 B R55 F TP18 F-G
CR13 E R6 A-B R56 F
CR14 F R7 B R57 F U1 B
CR15 F R8 Cc R58 F u2 B-C
CR16 E us3 C-D
u4 C-D
us D-E
ue D-E
uz E
us F-G
us F-G
u1o F-G
U1l F
uil2 F-G
u13 F
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A30 Component Locator Table

Component Col. Component Col. Component Col. Component Col.
C1 A JMPR 1 A R13 F ue A
Cc2 A-B JMPR 2 B R14 F u7 A
C3 B-C JMPR 3 C-D R15 F us A
c4 B-C R16 F U9 B
Cb C-D P21 c R17 c uio B
C6 D P30 Cc R18 c Ui B
Cc7 D-E ui2 B
cs8 D Q1 B-C T1 F u13 o
c9 B T2 F ul4 D
cio0 E R1 A U15 D
c11 F R2 B TP1 E-F U1é D

R3 B TP2 F U1z E

J31 B R4 B TP3 B-C u1s E

J32 B R5 B u19 E

J33 B R6 B uz20 E

J34 B-C R7 B u1 A u21 E

J35 B-C R8 D u2 A u22 E

J36 B-C R9 D u3 A uz23s F

R10 E U4 A u24 F

R11 F us A u2s A

R12 F Y1 B

A30 Board

Ic Type +5 GND Ic Type +5 GND

u1 SN74LS04N 14 7 u13 1820-2539 40 20
uz2 SN74LSOON 14 7 uis SN74LSOON 14 7
u3 SN74LS86N 14 7 u1b SN74LS165N 16 8
U4 SN74LS02N 14 7 u1eé DM81LS97N 20 10
us SN74LSOON 14 7 uilvz SN74LS161AN 16 8
ue, U7 SN74LS74AN 14 7 uis SN7426N 14 7
us SN74LS04N 14 7 U19,U20 | SN74LS74AN 14 7
us SN74LS375N 16 8 uz21 SN74LS33N 14 7
u1o SN74LS10N 14 7 u22 SN74LS30N 14 7
uii SN74LS163AN 16 8 uz3 CA3046 --- ---
uiz SN74LS04N 14 7 uz24 SN74LS164N 14 7
uz2s SN74LS74AN 14 7
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A4 Component Locator Table

Component Col. Component Col. Component Col. Component Col.
C1 A E1 A R1 A U1 *
c2 A E2 A R2 A u2 *
C3 Cc E3 B R3 B u3 A
c4 o E4 B R4 B (UF: S *
c5 Cc E5 c R5 C us A
(of 3] D E6 C R6 C ue A
C7 D E7 Cc R7 C u7v B
cs D E8 D R8 c us B
c9 D E9 D R9 c u9 B
c10 D E10 E R10 c u1o0 B
c11 E R11 D U1l B
c12 E Ja E R12 D u12 B

J9 B-C R13 D u13 B
CR1 C J10 B R14 D ul4 B
CR2 C J11 C R15 D uis B-C
CR3 D J12 Cc-D R16 D u1e C
CR4 D R17 D uilz C
CR5 D JMPR1 B R18 D L_HB C-D
CR6 D-E JMPR2 B R19 D-E u19 C-D
CR7 D-E JMPR3 D R20 E u20 C-D
JMPR4 D R21 E uz21 D
R22 E u22 D
P5 C R23 E u23 D
P6 c u24 D
TP1 C u25 D
L1 c TP2 C uz26 D
TP3 D u27 D
uz28 E
u29 E
u3o E
Y1 B-C
* Not Used
3 +5V
/} GND
2 +5V
} GND
|5 +5V
TWO-CONDUCTOR BUS
(E1-E4, E6-E10) FOR } GND
+5V AND GROUND
DISTRIBUTION.
} +5V
} GND
l}, +5Y
e
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A4 Board
IC Type +5 GND IC Type +5 GND
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U4 Not Used .- --- u20 SN74LS123N 16 8
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u1s MC68A00P 8 1, 21
u1e SN74LS14N 14 7
u17 SN74LS138N 16 8
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Figure 8-70. Main Controller (Outguard) Schematic (A4).
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A4 Component Locator Table

Component Col. Component Col. Component Col. Component Col.
Cc1 A E1l A R1 A u1 *
Cc2 A E2 A R2 A U2 *
C3 C E3 B R3 B u3 A
(oF) Cc E4 B R4 B U4 *
C5 (o E5 C R5 C us A
C6 D E6 Cc R6 C ue A
c7 D E7 C R7 C u7 B
cs D E8 D R8 C us B
cs D E9 D R9 C U9 B
C10 D E10 E R10 c ulo B
c11 E R11 D (VAR B
C12 E Ja E R12 D U1z B

J9 B-C R13 D uis B
CR1 C J10 B R14 D ui4 B
CR2 c J11 Cc R156 D U1s B-C
CR3 D J12 C-D R16 D u1eé Cc
CR4 D R17 D Uiz C
CR5 D JMPR1 B R18 D u1s8 Cc-D
CR6 D-E JMPR2 B R19 D-E u19 C-D
CR7 D-E JMPR3 D R20 E u20 C-D
JMPR4 D R21 E u21 D
R22 E u22 D
P5 C R23 E u23 D
P6 Cc u24 D
TP1 C u2s D
L1 C TP2 C uz26 D
TP3 D u27 D
u2s E
u29 E
u3o E
Y1 B-C
* Not Used
} +5V
/} GND
7 +5V
} GND
; +5V
4 on TWO-CONDUCTOR BUS
(E1-E4, EB-E10) FOR
+ 5V AND GROUND
DISTRIBUTION.
} +5V
2 GND
|1 +5V
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[o Type +5 GND IC Type +5 GND
U1, uz2 Not Used --- .- uis SN74S74N 14 7

u3 SN74LS02N 14 7 u19 SN74LS138N 16 8

U4 Not Used --- --- u20 SN74LS123N 16 8

us 1818-1367 24 12 u21 MM74C923N 20 10

ué SN74LS138N 16 8 u22 SN74LS74AN 14 7

u7z 1818-1368 24 12 u23 SN74LSOON 14 7

us 1818-1369 24 12 u24 SN74LS74AN 14 7

u9 SN74LS04N 14 7 u2s DMB81LS97N 20 10
U10,U11 MK4118P 24 12 u26 MC14068BCP 14 7

u12 SN74LSOON 14 7 u27 SN74LS02N 14 7

u13 SN74LS74AN 14 7 u28 SN74LS377N 20 10

u14 MC6875L 16 8 U29,U30 | ICM7218A 19 28

uU1b MC6BA00P 8 1, 21

U16 SN74LS14N 14 T

u17 SN74LS138N 16 8
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KEYBOARD SCAN LOGIC, DISPLAY AND ANNUNCIATOR DRIVE

Figure 8-71. Keyboard Scan Logic, Display and Annunciator Drive Schematic (A4).
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Figure 8-72. Keyboard, Display and Annunciators Schematic (A2).
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A3 Component Locator Table

Component Col. Component Col. Component Col. Component Col.
C1 A El A R6 C u1 A
Cc2 A E2 A-B R7 D u2 A
C3 A E3 B R8 D u3 A
Cc4 B E4 B-C R9 D u4 A
Cb D ES C R10 D us A
Cé D-E E6 Cc R11 D U6 B
Cc7 E R12 D u7 B
cs E J3 E R13 D us B
c9 C J7 E R14 D U9 B

P5 Cc R15 D u1io Cc
CR1 A P6 c R16 D U1l Cc
CR2 A P8 E R17 D Uiz C
CR3 A R18 D u13 Cc
CR4 A R1 A R19 E uis C
CR5 D R2 A R20 E ui1s C-D
CR6 D-E R3 A R21 E uie C-D
CR7 E R4 A R22 E U1z D
CR8 E R5 A R23 E u1s D
R24 c u19 D
R25 C u20 D
u21 D-E
T1 E u22 D-E
T2 E
A3 Board
IC Type +5 GND IC Type +5 GND
u1 SN74LS161AN 16 8 u13 SN74LS02N 14 7
uz SN74LS04N 14 7 ui4 MC3448 16 8
us3 SN74LSOON 14 7 U156 SN74LS74AN 14 7
U4 SN74LS14N 14 7 uie DMB1LS97N 20 10
us SN74LS74AN 14 7 U1z SN74LS112AN 16 8
us SN74LS04N 14 7 u1is CA3096E .- .-
u7, us MC3448 16 8 u19 SN7426N 14 7
(Vi) MC68A488P 20 1,2 u20 DM81LS97N 20 10
u10 SN74LS165N 16 8 U21 | cAa3046 .- .
(VRN SN74LS112AN 16 8 u22 SN74LS164N 14 7
uiz MC3448 16 8
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Figure 8-73. Isolation Logic Schematic (A3).
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A3 Component Locator Table

Component Col. Component Col. Component Col. Component Col.
C1 A E1 A R6 C u1 A
c2 A E2 A-B R7 D u2 A
C3 A E3 B R8 D u3 A
C4 B E4 B-C R9 D U4 A
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R24 C u19 D
R25 C u20 D
u21 D-E
T1 E u22 D-E
T2 E
A3 Board
Ic Type +5 GND IC Type +5 GND
u1 SN74LS161AN 16 8 u13 SN74LS02N 14 7
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U3 SN74LSOON 14 7 u1s SN74LS74AN 14 7
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Figure 8-74. HP-IB Logic Schematic (A3).

8-92

A4 IHAIN CONTROLLER F/0 A3 | He-18 Losic A1l | HP-18 BOARD
03456-66504 03456-66503 +5V f 03456-66501
! I s R13 g R12 g Ri1 R10 R9 S R8 ! ! ADDRESS SELECT !
! i 10K § 10K $ 10K $ 10K § 10K $ 10K B3 1 P3 W | I
Do 3 2 Do HP-1B ADDRESS 1 HENUVR ~ : LR
D1 s| TRI sTATE |4 01 2 O S I N,
D2 7 |ocTAL BUFFER| 5 02 3 ! ; : L] LN
D3 s 8 03 4 GG LI N
D4 1 u1e i2 D4 5 ' 3 ' 1 so\
: : 0s 13 14 os TALK ONLY ' . ] 11 58 N :
) i 16 T T
] is - FROM USa (5) | : Il 51 v
07 17 FROM UL7b(3) 1 C ' ! | ] NOTE: =6
' ! NOT USED J2
1.19 BYTE AVAILABLE-H IRI STATE 3 D10 1 i 14 } | | : 1
: BUS 5 pIo 2 TN e || ; 2,
: ¢ | TRANSCEIVER |11 DIo 3 : 2 i |1 ; 3
10 u1z 13 DIg 4 E 20 E | I i 4
14 1.7.9.15 ' T '
: ; ;
b 25 o : P |
; h 417 ; : I ;
| 7 : 7. Do ? s AsE-L : ' | | |
DY) 8L 0t 6 e bio 1 Vl; A :
I HERY I 9. o 3 35 D10 2 @ 3 D10 S : : a : : s
10 00 D3 o TRI STATE —> 25 >— T
:n< Y " 34 D103 6 BUS s Dio & : ol : 14
—<< T 33 D10 4 TRANSCEIVER G : [ :
112 12! DS 12 2 D10 5 10 N 1 p1o 7 ! 19 ' ' 1s
N
9 10 us 130 13, 06 13 o blo s 1 u7 3 10 8 ondE I i s
| |14</ 141 D7 i HP-18 TE oie : : | | :
| 1 1 | | i | | |
ig/ 6! AQ 32 INTERFACE 2 BI06 10 13 ) 91s _%7 NOTE: : i | :
: '
. . Al ” U9 11 AL WP-18 LINES (J3) : o ; 3
- < - 27 TALKER-H 12 ARE TRUE LOW : ; | W
Dy 4y A2 39 LISTENER-L Uab Ude ' ; [ i @
' ' : i | 1
| : |
: P& Js : Pg . 1 i : : [ : i }
! A . ; '
FROM U17 1151 —2 5 | HP-1B SELECT 0 TRI STATE |3 DAV RN R I : se
FROM U18 (5) :”/ 12, RZW O 16 DAV 2 BUS s NRFOD ; ; | ' ,
1 1
FROM U1417) ii: 1:: "::IER — 50 7 1 trANscEIVER [ 713 T W i .
FROM U14114) — <& 13 R e 16 NRFD [ NDAC — 13 >t ; <
" i N T
10 u1s1e) —E . oL g 2 us 13 E01 : 10 >t L : s¢
| I | ' 10 | A 1 I T .
17_NDAC
! T - 0 SV wores see 25 E01 1 a1 L : : I | I
2 2 + : .
=& 7 €1.02.04.05 POWER s 1/R; 15 : i ;
14 13 3 7 SUPPLY \ i [ i
D)) e SCHEMATIC +5V : i | ] i
:r1s,/ 15 E R24 E i [ 1 E
! Lw 10K ' : X :
! l ! : o3 SRO 1 | tprostate |13 sRo VI N | ' 10
Vd
| ; I ! 2 1FC 10 BUS 1 1FC : N : D
; ; LN S :
i i 6 ATN & | TRANSCEIVER ! 7 '
' : 5 ATN : i | : "
\ ' 22 . REN z L 18 >— !
| 5 cs L Res o o] e s e OGN .
' ' 01 1K R4 3 1 i | 1
' | 2 | 1 I 1 : 12,16-24
' ' 10K 7 4,12 ! ! —‘——‘—“—‘—<
! i ! i +5V i | : || I
| i I i I) f ; | : i I
| : i sy ey . | o —-
i I PR R 1 m
| i T0 U161016) —5‘ 9 o= va CR3 {_ R3 v | i I : 21
i i a 47 : : 3
i i vsa s s | 2.2K <«— EXTERNAL TRIGGER INPUT-LP | g5 I NG g4t | §:
i > =
| | A iSCReET T K
| ; [ ; 360pF % A : ; l | 21
| i I i 1 | ' 1 | I a4
: : CLR sy | P : ! | 81
16 61 1/0 RESET-LP —> 1 ' i i i 2]
9 from vrsin — - ! ' |1 ! !
I 1 1 ' ' | ——
| | CR2 RS : o : : J40 |35
9 - 7! —>  VOLTMETER COMPLETE-LP ! ! L bz i
FROM U1 (131 — T : 5 > 4 > 23
| i ! ' . : I H H I m3
| ' i ' cR1 | I H i E)
' =l
1
v
—_ —_ —_— - —_— — _— —_— —_— —_— —_ —_— —_— —_— - — N —_— —_— R l
COPYRIGHT 1980 HEWLETT-PACKARD COMPANY 3456-3A,1



SHJHIM 0
=B13—
—2H)— —2y—
—LTI— —

—T1T4d—
=k13—

N

—21])—

Q.
—11)— «\@

o TF1

pHdWr

dHr

= %,

— 75 —6Y3
—Li¥d— —ay1— Aﬂ\\
—p])— —— b

ZHdHr
—9¥1—

J14

—_p]—
—_—f)—

3456-10C

A10
03456-66510

8-93a



2-CIRCUIT SIDE(EVEN)-Z6

03456-66503

8-93b



Jaz

INGUARD POWER SUPPLY o o o - o o T
A10 03456-66510 A20
' CRE 433V T0 +46V P15
' — o 71 +33V TO +48V
" 1
L cg PRz CRS g’ it 15 mA MAX
54 4+ C7 CR8 100 1
P14 J14 T Y 39 '
1
17.5v 30V !
1 W | sy A2 NI _ ' 0 02 , _ 5 6 | +15V
T T 1 3 N | (+14.25
1l L : 1 c2 crs | L c13 JMPR3 10 . . o c1s CR7 ! i T0 +15.75)
i L | g . 30V glooo 1 g 47 gl 18V Lt ! 85mA MAX
| 4! i
== < - !
1
v ! 3! 188 188!
l_ Tl B
1 1 1
1 - - 1
1 N 2! . v i€ - _ 17‘%“" ‘ 03 ‘ _ 3 ! CEH -15V
R ' Lcis le 3 L h ! (-14.25
I ; ; 3 CR4 + JMPR4  C14 =& - FCie CR11 ' T0 -15.75)
i : : g : 30v 1000 1$ 47 $1 18v | 10OMA MAX
L ’
1 : : :
1] o : | I i
. I &/ 1 61 v P :
=% \ H l i
1 1 C1 1
NOTE: 8, | 12e% __Z} Il i i g 1 ) . +7V 10 +15V s sl sy
F1=500MA FOR 100/120V S5 1 3 3 ! ! CR2 9 U1l i
F1=250MA FOR 220/240V J LY 1! i i g e cs JMPR1 ES*-[ ! ’ €39 o i TD[++45' 72551
> .
908 F1 91g z : B/ S S ~, 4000 1$ 47 \gl I 450mA MAX
oo —o o o Y ;
100/220 g e CRS A :
-— 1
330 |
. OFF ug CR10 -21V 70 -33V . i -18V
N2 o=} . . - ! -
St i< T T u4 - T : (-17.1
| p— o c19 JMPRS ¢y c18 CR1z . 70 -18.9)
L ! 1 T 1 N + i 45mA MAX
470 4
. 220/240 ! Rl F1(21
= S6 —o0 o 1.62K S
1928 2 5
3 4 q |
=/ 3 - y " - = - - - - - - -
100/120 GUARD s o L B
358 - - - - -
P70 p3 | OUTGUARD POWER SUPPLY A4
03456-66503
AV J8 P8
1 1
1 1
1 1
NOTE i :
S5 AND S6 (REAR PANEL) ; |
SHOWN WITH 120V SELECTED - + ! 3! +7.5V TO +15V
CR5 —N .
‘E A g i ' o
| : $55 g;‘m
1 1 .
] ! : 12,000 R15
| i | 10 13 s 23. 2K
N . o
1
o v ol
1] 11
T y l/l 15 49. 9K Pe J6 P6
E i Vl7 3 110 i 10/  POWER SUPPLY 9
| , ! ! H
C1 i 3, 1 | '
' e 11 8 ot
Il [ 1 1 I
8 1 2 1 ) ,
ECRzlv 5V SUPPLY FOR A3 BOARD 1
. (+4.75 T0O 5.25V)
U1l 1.8A MAX 3
\__!—| AR
! 1 qu 12 4VL 5 ! !
| | |
COPYRIGHT 1980 HEWLETT-PACKARD COMPANY - T T T3456-10A T T T

Figure 8-75. Power Supply Schematic (A10/A3). 1 4
Rev B 8-94



SERVICE GROUP A

Service Group A Contents

Title Paragraph
General s o s s v T aE e S P R SR T T R AR e R e 8-A-1
Pre-Troubleshooting Checks. .. .......coovuiiniiiiii i iiiennennnnns 8-A-3
Outguard Failures and Troubleshooting. . ..........cooiiiiiiiiiiinin., 8-A-5
Turn=-0On. FalUre; .. covvsanensamsie sm e sum duv oS i e o iun v 8-A-6
Inoperative DiSPIaY: o vvmsve s v wieie ems wils e s m e Suee s i 8-A-12
Inoperative ANNUNCIALOT. . ...\ vtvienneenie e ennnannnennnsans 8-A-16
Inoperative Keyboard.  .ovesvievis oni vemvias snons smaes s sisls e sas s 8-A-19
Combined Display, Annunciator, and Keyboard Failure................ 8-A-21
HP-IB Pailire - oo wnesvesysnieang vee vun vl 5o s i e vils e e vy 8-A-25
Microprocessor Troubleshooting............ ..., 8-A-27
Data Bus Lines Troubleshooting. . ..........coiiiiiiiiiiiiiiiiiinan.. 8-A-29
Outguard Isolation LOgIC. . .....coviireriiiii it ie i ieie s 8-A-34
GeBelAl ;v s warp e e S e S A R R SR e B R 8-A-35
Isolating the Transmitter from Receiver. ............ ... ... ... ... ... 8-A-37
Transmitter Troubleshooting. ..ot 8-A-39
Receiver Troubleshooting. . .......co ittt it iii i eennnn 8-A-45
Miscellaneous Failures. .. ... .o viievisvaensvesopessesoesssssassass 8-A-47
External Trigger Inoperative. ..........c.coviie i@ eirnrinnennnnnnnns 8-A-48
Voltmeter Complete Inoperative. .. ........ciGheiiiiniininiinienns 8-A-50
HP-IB Address Selection Inoperative....... 0. oot 8-A-52

8-A-0



Model 3456A

Service

SERVICE GROUP A

8-A-1. GENERAL.

8-A-2. This Service Group has the troubleshooting in-
formation for the 3456A’s Outguard. Choose the cor-
rect troubleshooting information by referring to the
3456A’s failures and failure symptoms, given in the Ser-
vice Group.

8-A-3. PRE-TROUBLESHOOTING CHECKS.

8-A-4. Before troubleshooting the 3456A for an
Outguard Failure, check the following:

a. Check the Outguard Power supply.

c. Check the clock waveforms (both phases) at
A4U14, pin 13 and 15.

8-A-5. OUTGUARD FAILURES AND TROUBLESHOOTING.
8-A-6. Turn-On Failure.

8-A-7. Before troubleshooting for a Turn-On Failure,
check the following:

a. Make sure the Data Bus Break (A4ES5) is making
good contact. If the pins are bent, the Data Bine
Signatures may be good but the instrument maycbe in-
operative.

b. Make sure the Test Jumpers (A4J9, J10, J12 and
J11) are in the ““RUN’’ position. The 3456A will not
turn-on, if they are in a different position.

8-A-8. A Turn-On Failure shows up when the 3456A’s
Data Lines (DO to D7) are bad. Symptoms for this type
of failure are:

a. The display is dead or inoperative. An inoperative
display may partly or fully show a number which may
jump around or is locked up. If dashes (- - - - - - ) are
displayed, the 3456A does not have a Turn-On Failure.
It is most likely an Isolation Logic or Inguard Failure
(go to Paragraph 8-A-34 for troubleshooting).

b. Keyboard is dead and/or does not respond (by
pressing keys).

c. HP-IB is inoperative, although it may not be
necessary to check for an HP-IB failure if the previous
symptoms were noted.

8-A-9. The failure is present, if all of these symptoms
are true. In other words, if only a display is inoperative
and the keyboard is good, it is not a Turn-On Failure. In
that case troubleshoot the display. A good practice is to
troubleshoot for a turn-on failure if the 3456A is com-

pletely locked-up. Also use the Turn-On Failure
troubleshooting procedure for failures that show
unusual symptoms.

8-A-10. Since the Data Lines (D0 to D7) are the most
likely cause of a turn-on failure, check the signatures of
the lines. Do the following:

a. Turn the 3456A Off.

b. Remove the Data Lines Break A4E5 from its
socket.

¢. Move A4J9 and A4J12 to their respective ‘“‘ROM
SA’ position.

d. Connect and set the Signature Analyzer as
follows:

Start: A4TP3-A ()

Stop: A4TP3-B ()

Clock: A4TP3-C ()

Hold: Out

Self-Test: Out

Gnd: Ground Pin (next to A4Cl11)

e. Turn the 3456A On and read the Data Line
Signatures as given in Table 8-A-1.

8-A-11. If any or all signatures are bad or noisy, go to
Flowchart A, Figure 8-A-1, for troubleshooting. If the
Signatures are good, the failure is most likely in the
RAM circuitry (RAMs, RAM Select, etc.) or Strobe
Decoders (A4U17, U19, and associated circuitry). Go to
Flowchart B, Figure 8-A-2, for troubleshooting. If SA
does not work at all or the signatures are locked-up
(same signatures), troubleshoot the processor circuitry
(see Paragraph 8-A-27).

8-A-12. Inoperative Display.

8-A-13. All the digits, except for the most significant
digit, first decimal point, and both polarity indicators,
are controlled by A4U29. An inoperative display is
when:

a. The digits are missing one or more segment.

b. One or more digit is not lit.

¢. One or more digit (and/or) segment is always lit.
8-A-14. Since the most significant digit, first decimal
point, and both polarity indicators are controlled by
A4U30, a failure of these is considered an Inoperative

Annunciator (see Paragraph 8-A-16). For a Combined
Annunciator and Display failure use Paragraph 8-A-21.

8-A-1/8-A-2



Table 8-A-1. Data Bus (D0-D7) Signatures.

Table 8-A-3. Rom Select (A4UG6) Signatures.

Data A4P5

Bus Pin # Signature
DO 7 751A
D1 8 28A1
D2 9 1748
D3 10 CCcCa
D4 11 3193
D5 12 UBHS8
D6 13 5997
D7 14 5P4A

Note. Set the Signature Analyzer to:

Start: (™) A4TP3-A
Stop: (™) A4TP3-B
Clock: (™) A4TP3-C
The ““1** (High, + 5 V) signature is: 0003.

A4UB

Pin # Signatures
1 4868
2 9UP1
3 0003
4 0002
5 0000
6 0003
7 1183
8 —
9 64HF
10 29A4
11 5FUA
12 0003
13 0003

(see note below).

Table 8-A-2. Address Bus (A0-A15) Signatures.

Note: Set the Signature Analyzer to:

Start: (—_ ) A4TP3-A
Stop: (™) A4TP3-B
Clock: (~_ ) A4TP3-C

The **1'" (High, + 5V) signature is: 0003.

Table 8-A-4. Individual ROM Signatures.

Address A4U15

Bus Pin # Signature
AO 9 Uuuu
A1 10 FFFF
A2 11 8484
A3 12 P763
A4 13 1U5P
A5 14 0356
A6 15 U759
A7 16 6F9A
A8 17 7791
A9 18 6321
A10 19 37C5
A11 20 6U28
A12 22 4FCA
A13 23 4868
Al4 24 9uUP1
A15 25 0001

Note. Set the Signature Analyzer to:

Start: (—_) A4TP3-A

Stop: (—_) A4TP3-B

Clock: i~_ ) A4TP3-C
The **1°" (High, + 5V) signature is: 0003.

NOTE

Refer to Section VIl (Backdating) of this manual
for the signatures, if the 3456A is equipped with
ROMs having part numbers 1818-1367,
1818-1368, and 1818-1369 for A4U5, A4U7,
and A4U8, respectively. ROMs with these
numbers may be installed for instruments with
serial numbers 2015A-03070 and below.

Start/Stop ROM
ROM Connection Pin # Signature
A4US5 A4UB pin 10 9 892F
10 1263
11 1302
13 8547
14 0654
16 0532
16 HAGP
17 2A22
A4U7 A4UB pin 9 9 9128
10 82FU
11 3592
13 FFOA
14 0A13
15 90A8
16 4C71
17 835C
A4U8 A4U6 pin 7 9 8H3H
10 H11P
1 71F4
13 731H
14 OHF2
15 COF4
16 AC73
17 9PUS
Note. Set the Signature Analyzer to:
Start: (™_) see Table
Stop: (_/~) see Table

Clock: (~_) A4TP3-C
The *1°* (High, +5V) signature is: 1180.

8-A-3a/8-A-4a




( Start ]

Do the following:
a. Turn the 3456A Off,

b. Remove Data Bus Break
A4ES.

c. Move A4J9 and J12 to
the *'ROM SA’ position.

d. Connect the Signature
Analyzer as follows:

1. Start (™. ) to
A4TP3-A

2. Stop (™) to
AATP3-B

3. Clock (™) to
AATP3-C

4. Gnd to Ground Pin

e. Turn the 3456A On.
f. Read the Address Bus.

Signatures (see Table
B-A-2),

Are
any Address Bus
Signatues bad?

Are
all the Address
Signatures bad?

Are
there any *'0003""
and/or *"0000""
(steady reading)
Signatures?

ND

1. Check the Static DO to
D7 lines on A4U15 pins
26 to 33. Make sure their
Highs and Lows are:
01011111,

2. If they are bad, make
sure A4CR1, CR2, and R5
are good.

3. Replace A4U15.

Remove A4U15 and try to
manually toggle the line
High and Low. If unable to
do, check ground and
power supply shorts on
the Bus.

Replace A4U15.

re
any Address Lines

A11 to A15 bad?

Is
Address Line A11
bad?

Is
Address Line A12
bad?

Is
Address Line A13
bad?

Is
Address Line A14
bad?

Replace A4U17, U189,
and then U5, U7, and U8,

Are
Address Lines A11 to
A15 all good?

Remove JMPR A (on the
A4 board). If A12 is still
bad, try A4U17, U19. If
A12 is good, try A4US;
U7, and U8.

Are

any of Address Lines
AQ, A1, and A2
bad?

Remove A3U9.

NO

Are
any of AO, A1, and
A2 still bad?

the Signature at
A4U6 pin 6 0003?

Replace A4U23, U6, and
then replace A4U18,
U186, U13, and U15.

Check the Signatures at
A4UB pins 7, 9, and 10
(see Table 8-A-3).

Replace A3U9.

Are
the Signatures
good?

Replace A4UB. If the
Signatures are still bad,
replace the ROM con-
nected to the pin with the
bad signature.

Is
only Address Line
A10 bad?

Replace A4U12. Continue
if A10 is still bad.

Replace A4US, U7, and
UB. If Address Lines are
still bad, try A4U10 and
u11.

Remove JMPR 8 (on the
A4 board). If A13 is still
bad, try A4U17, U19. If
A13 is good, try A4UBG.

Remove JMPR C (on the
A4 board). If A14 is still
bad, try A4U17, U19,
and U16. If A14 is good,
try A4UB.

Replace A4U23 and then
try A4U19, U17, and
U16.

Check the Signatures of
the individual ROMs.
Refer to Table B-A-4 for
the Signatures and
Signature Analyzer con-
nections.

Does
any ROM have a
bad Signature?

Go to Paragraph B8-A-29
for further trouble-
shooting.

Replace the bad ROM
(A4US5, U7, and UB).

Figure 8-A-1. Flowchart A.
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Table 8-A-5. Strobe Signatures.

I.C. Pin # Signature

A4U17 11 4545

12 CF2C

15 U446

A4U19 7 9F4U

9 91PC

12 9H70

13 CAS8P

15 1025

Note. Set the Signature Analyzer to:
Start: (™) A4TP2-D
Stop: (™_) A4TP2-A

Clock: (™) A4TP3-C
The *1'" (High, + 5V) signature is: 1025.

Table 8-A-6. Ram Select Signatures.
1.C. Pin # Signature

A4U3 1 66HH

2 UUHS8

3 HOA4

A4U9 1 UUHS8

2 FHPC

3 2213

4 1020

5 66HH

6 54PP

10 2213

11 1020

12 1020

13 2213

A4U12 1 FHPC

2 2213

3 5PCH

4 FHPC

5 1020

6 9356

8 2213

9,10 1020

1 1020

12,13 2213

Note. Set the Signature Analyzer to:
Start: (™) A4TP2-A
Stop: {(™_) A4TP2-B
Clock: (™. ) A4TP3-C

The *1'" (High, + 5V) signature is: 3233.

8-A-5a/8-A-6a




( Start )

Do the following:
a. Turn the 3456A Off.
b. Make sure the Data Bus
Break (A4ES5) is in its
socket.
c. Make sure A4J9 and
J12 are in the ""RUN"
position.
d. Move A4J10 to the
“SA'" position.
e, Connect the Signature
Analyzer as follows:

1. Start (o) to

A4TP2-D
2, Stop (™) to
AATP2-A
3. Clock (™) to
A4TP3-C

4. Gnd to Ground Pin
f. Turn the 3456A On.

Make sure that the VMA
line (A4U15 pin 3) is tog-
gling. If not, replace
A4U15.

Read the Signatures on
A4U17 as given in Table
8-A-5.

Is
the Signature at
A4U18 pin 5:
HOA4?

Is
the Signature at
the 5 V test point
32337

Is
the Signature at
A4U15 pin 34;
HOA4?

Replace A4U18.

Check the Signatures on
the RAM Select Lines (see
Table 8-A-6).

Replace A4U24,

Are
the Signatures
on A4U17 good?

Read the Signatures on
A4U19 as given in Table
8-A-5.

Replace A4U17, and if
still bad, replace the 1.C.
connected to the bad
signature.

Are
the Signatures
on A4U19 good?

Replace A4U19, and if
still bad, replace the I.C.
connected to the bad
signature.

Connect the Signature
Analyzer as follows:

a. Start (~_ ) to
A4TP2-A

b. Stop (™) to
A4TP2-B

Are
the Signatures
good?

Replace A4U10 and U11.

Replace A4U15,

Trace the bad Signature
and replace corresponding
I.C. as shown in Table
8-A-6.

3456A-8-A-7

Figure 8-A-2. Flowchart B.
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With the 3456A in the
Test mode, note the

Display Failure. *

Is a
Segment and/or a
Decimal Point missing
on one or more
LED?

Are

all the Display YES

:

Short the bad Segment of
the LED to a good seg-
ment.

Does
the bad Segment
turn on?

Replace the LED.

Remove the short.

LEDs Off?

Short the Anode of the
bad LED to the Anode of a
good LED.

Do the following:
a. Turn the 3456A Off.

b. Move A4J10 to the
“SA'" position.

c. Connect the Signature
Analyzer as follows:

1. Start (~_) to

A4TP2-A
2. Stop (™) to
Does A4TP2-B
the bad LED Replace the bad LED. 3. Clock (") to
turn on? A4TP3-C

Replace A4U29.

4. Gnd to Ground Pin
d. Turn the 3456A On,

e. Check the Signatures
on A4U28 pin 11,5024
pins 6 and 3.

Is
the Signature

at A4U28 pin 11
C3UH?

Is
the Signature
at A4U24 pin 6
S5P7A?

NO

Is
the Signature
at A4U24 pin 3
9P3H?

NO

Replace A4U19, U20,

and U28.

Replace A4U29 and U28.

Replace A4U24 and U29.

Replace A4U17,

NOTE

This Flowchart is for nor-
mal Display Failures. |If
any unusual failures are
noted, try the following:
a. Make sure the anode
and cathode lines of the
LEDs are changing states
(strobing).

b. Make sure the Highs
and Lows have the cor-
rect TTL levels.

c. Replace A4U29 and
uz2s.

Figure 8-A-3. Flowchart C.
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( Start ’

With the 3456A in the
Test mode, note the An-
nunciator Failure.

Are

all the Annunciators,
Most Significant Digit,
and Polarity Indicators
bad?

Short the bad LED to a
good LED.

Do the following:
a. Turn the 3456A Off.

b. Move A4J10 to the
‘“SA"’ position.

c. Connect the Signature
Analzyer as follows:

1. Start (™) to
A4TP2-A
2. Stop () to
A4TP2-B
3. Clock (™) to
A4TP3-C

4. Gnd to Ground Pin
d. Turn the 3456A On.

e. Check the Signatures
on A4U28 pin 11, U24
pins B and 11.

Does
the bad LED turn
on?

Replace the bad LED.

NOTE

This Flowchart is for nor-
mal Annunciator Failures.
If any unusual failures are
noted, try the following:

a. Make sure the anode
and cathéde lines of the
LEDs~are changing state
(strdbing).

B)"Make sure the Highs
@nd Lows have the cor-
rect TTL levels.

c. Replace A4U30 and
u2s.

the Signature on
A4U28 pin 11

Replace A4U19 and U28.

C3UH?

Is
the Signature on
A4U24 pin 8

YES

Replace A4U30 and U28.

095U?

Is

the Signature
on A4U24 pin 11
67537

Replace A4U24 and U30.

Replace A4U17.

3456A-8-A-14

Figure 8-A-4. Flowchart D.
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‘ Start l

Determine if and how
many keys fail by pressing
different keys on the
keyboard.

Is
only one key
bad?

YES

Do the following:

a. Turn the 3456A Off.
b. Move A4J10 to the
“'SA'" position.

c. Connect the Signature.

Analyzer as follows:

1. Start (—_) to
A4TP2-A

2. Stop (™) to

3. Clock (™) to
4. Gr;d to Ground Pin.

d. Turn the 3456A On.

e. Connect the SA probe
to A4UZ22 pin 6.

Check for an interrupt by
pressing a key and see if
A4U22 pin 6 toggles. Try
different keys, even all
k?ys, if pin 6 does not tog-
gle.

Does
A4U22 pin 6
toggle?

Is
the total keyboard
bad?

Make sure the switch is
making contact and the
cable to the A4 board is
good. Continue if the key
is still bad.

Do the following:
a. Turn the 3456A Off.

b. Move A4J10 to the
"SA’ position.

c. Connect the Signature
Analyzer as follows:

1. Start (- ) to
A4TP2-A

2. Stop (™) to
A4TP2-B

3. Clock (™) to
A4TP3-C

4. Gnd to Ground Pin

d. Connect the SA probe
to A4U28 pin 6.

e. Turn the 3456A On.

f. Press the DCV (——=)
button.

Is
the Signature
P1P2?

Is
the Signature
62P87

YES

Press the 2 WrQ button.

Press the MATH button.

Replace A4U21 and U25.

Is
the Signature
62P8?

Is
the Signature

Is
the Signature
365U

Is
the Signature
4UBC?

Is
the Signature

YES

Replace A4CRS.

Press the "*1'" button.

Replace A4U21 and U25.

Is
the Signature
FF81?

Is
the Signature
4U8BC?

YES

Replace A4U26.

| Replace A4U26, U22,

and U25.

Press the SINGLE button.

Replace A4CR5.

Replace A4CR7.

YES

Replace A4U26, U22,
and U25.

The keyboard interrupt is
generated by A4U21.
Make sure pin 13 on U21
changes from Low to
High when a key is press-
ed. If it does not change,
U21 is most likely at fault.
If it does change, A4U27
and U22 are most likely at
fault.

Press the 2 Wrfd button.

Replace A4CR7.

Make sure the Signatures
at A4U21 pin 14 is 6PCP

| and 44C9 at A4U22 pin

1. If these signatures are
bad, try A4U17. If the
keyboard is still bad, try
Ad4U15.,

Is
the Signature
365U7?

Is
the Signature
C5557

YES

Replace A4CRG.

Press the "'0'’ button.

Replace A4U21 and U25.

Is
the Signature
C555?

Is
the Signature
365U7

YES

Replace A4U26.

Press the DOWNRANGE

button.

Replace A4CRB.

Is
the Signature
98367

Is
the Signature
IC3F?

YES

Replace A4CR4.

Press the "'4'" button.

Replace A4U21 and U25.

Is
the Signature
IC3F?

Is
the Signature
98367

YES

Replace A4U26.

Press the LOCAL button.

Replace A4CR4.

Is
the Signature
117P?

Is
the Signature
2747

YES

Replace A4CR3.

Press the FILTER button.

Replace A4U21 and U25.

Is
the Signature
92747

Is
the Signature
117P?

YES

Replace A4U26.

Check for open switches
and cable.

Replace A4CR3.

3456A-8-A-5

Figure 8-A-5. Flowchart E.
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Are
the Keyboard,
Display, and
Annunciators
bad?

Do the following:
a. Turn the 3456A Off.

b. Move A4J10 to the
"“SA"" position.

c. Connect the Signature
Analzyer as follows:

1. Start (—~_) to
A4TP2-A

2. Stop (™) to

3. Clock (™) to

4. Gnd to Ground Pin
d. Turn the 3456A On.

e. Connect the SA probe
to A4U28 pin 11.

Is
the Signature
CU3H?

Are
the Display
and Annunciators
bad?

Are
the Keyboard
and Annunciators
bad?

Go to Flowchart C and
| then E for trouble-
shooting.

Do the following:
a. Turn the 3456A Off.

b. Move A4J10 to the
“'SA"" position.
c. Connect the Signature
Analyzer as follows:

1. Start (kP to
A4TP2-A

2. Stop (QAZ) to
A4TP2-B

3. ClockV(™ ) to
A4TP3-C

4. Gnd'to Ground Pin

d. Tutn the 3456A On.

exConnect the SA probe
fo"'A4U28 pin 11.

Go to Flowchart D and
then E for trouble-
shooting.

Replace A4U19.

Replace A4U25, U28,
and U20. If the Keyboard,
Display, and Annunciators
are still bad, go to
Flowcharts C, D, and E for
troubleshooting.

Is
the Signature
CU3H?

Replace A4U28 and U25.
If still bad, go to
Flowchart C and then D
for troubleshooting.

3456A-8-A-6

Figure 8-A-6. Flowchart F.
8-A-13/8-A-14



Model 3456A

8-A-15. To determine what and if the display fails, set
the 3456A to the Test mode by pressing the TEST but-
ton. When the button is pressed, the Annunciators,
most significant digit, polarity indicators, and display
should alternately turn on and off. (If the Annunciators
and the Display are locked-up, troubleshoot for a Turn-
On Failure [see Paragraph 8-A-6].) For an Inoperative
Display, go to Flowchart C, Figure 8-A-3, for
troubleshooting.

8-A-16. Inoperative Annunciator.

8-A-17. The Annunciators, most significant digit, first
decimal point, and polarity indicators are controlled by
A4U30 and are thereby considered part of the Annun-
ciators. An annunciator failure is when:

a. All or some of the Annunciators are always on.

b. All or some of the Annunciators do not turn on.

8-A-18. To determine what and if the annunciators fail,
set the 3456A to the Test mode by pressing the TEST
button. When the button is pressed, the Display and
Annunciators should alternately turn on and off. (If the
Display and Annunciators are locked-up, troubleshoot
for a Turn-On Failure [see Paragraph 8-A-6].) For In-
operative Annunciators, go to Flowchart D, Figure
8-A-4, for troubleshooting.

8-A-19. Inoperative Keyboard.

8-A-20. An Inoperative Keyboard is when certain or'all
3456A operations cannot be selected from thexfront
panel. This is also true when a certain button is pressed
and the front panel indicates a different operation (ex-
ample: with the DCV button pressed, the 3456A goes to
the Ohms Function). If the Display and/or Annun-
ciators also show a malfunction, go to Paragraph
8-A-21 for troubleshooting. For an Inoperative
Keyboard, go to Flowchart E, Figure 8-A-5, for
troubleshooting.

8-A-21. Combined Display, Annunciator, and Keyboard
Failure.

8-A-22. A Combined Display, Annunciator and
Keyboard Failure is when:

a. The Display and Annunciators are Inoperative.
b. The Display and Keyboard are Inoperative.
c. The Annunciators and Keyboard are Inoperative.

d. The Display, Annunciator, and Keyboard are In-
operative.

8-A-23. If any of the previous symptoms are observed,
do the following:

a. Turn the 3456A Off.

b. Remove the Data Lines Break A4ES5 from its
socket.

Service

c. Move A4J9 and A4J12 to their respective ‘“‘ROM
SA”’ position.

d. Connect and set the Signature Analyzer as
follows:

Start: A4TP3-A ()

Stop: A4TP3-B ()

Clock: A4TP3-C ()

Hold: Out

Self-Test: Out

Gnd: Ground Pin (next to A4Cl11)

e. Turn the 3456A On and read the Data Line
Signatures as given in Table 8-A-1.

8-A-24. If the Data Line Signatures are bad, go to
Flowchart A, Figure 8-A-1, for troubleshooting. If the
Data Lines are good, go to Flowchart F, Figure 8-A-6.

8-A-25. HP-IB Failure.

8-A-26. Before troubleshooting an HP-IB Failure,
make sure the 3456A is working correctly using the
front panel. Repair the front panel operation before
troubleshooting for an HP-IB failure. Do the following
for an HP-1B Failure:

a. Turn the 3456A Off and remove any connection
frém the 3456A’s rear HP-IB Connector.

b. Remove the Data Lines Break A4E5 from its
socket.

¢. Move A4J9 and A4J12 to their respective ‘‘ROM
SA”’ position.

d. Connect and set the Signature Analyzer as
follows:

Start: A4TP3-A ()

Stop: A4TP3-B ()

Clock: A4TP3-C (-_)

Hold: Out

Self-Test: Out

Gnd: Ground Pin (next to A4Cl11)

e. Turn the 3456A On and read the Data Line
Signatures as shown in Table 8-A-1. If the Signatures
are bad, go to Flowchart A, Figure 8-A-1, for
troubleshooting.

f. Turn the 3456A Off and remove the HP-IB Inter-
face Chip (A3U9) from its socket. Install the HP-IB SA
Module II (-hp- Part No. 5061-1154) in its place.

g. Connect and set the Signature Analyzer as follows:

Start: A4U6 pin 10 ()

Stop: AdU6 pin 10 (_~)

Clock: A4TP3-C (~)

Hold: Out
Self-Test: Out

Gnd: Ground Pin (next to A4C11)

h. Turn the 3456A On and check the following
signatures. If any signatures are bad, try the recom-

8-A-15
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mended integrated circuit(s) in the given order. Replace
the one on the left first and then replace the one next to
it, if the signature was still bad.

NOTE

Refer to Section VII (Backdating) of this
manual for the signatures in steps h, j, m,
and o, if the 3456A is equipped with ROMs
having part numbers 1818-1367, 1818-1368,
and 1818-1369 for A4US, A4U7, and A4US8,
respectively. ROMs with these numbers may
be installed for instruments with serial
numbers 2015A-03070 and below.

I.C. Pin # Signature Replace
A3U4 11 1180 A3U4
A3U4 10 0000 A3U4,U8
A3U4 12 1180 A3U12,U7,U8,U4
A3U14 15 1180 A3U14
A3UI12 3 892F A3U12
A3UI2 5 P263 A3UI12
A3UI12 11 1302 A3UI12
A3UI2 14 8547 A3U12,U14
A3U12 13 8547 A3UI2
A3U7 3 CO1A A3U7
A3U7 5 C532 A3U7
A3U7 11 HAG6P A3U7
A3U7 14 2A22 A3U7,U8
A3U7 13 2A22 A3U7
A3U8 3 2A22 A3U8
A3U14 13 8547 A3U14

i. Plug the HP-IB SA Module I (-hp- Part No.
5061-1153) into the 3456A’s rear HP-IB Connector. Do
not remove Module II.

j. Check the following signatures and if any are bad,
replace the recommended Integrated Circuit in the given
order:

I.C. Pin # Signature Replace
A3U8 5 FF8A A3U8,U14
A3U8 11 421U A3U8,U14
A3U8 13 3501 A3U8,U14
A3U8 6 FF8A A3U8
A3U8 10 421U A3U8
A3U8 14 3501 A3U8
A3Ul4 2 FF8A A3Ul4
A3U14 6 421U A3U14
A3Ul4 10 3501 A3U14

k. Turn the 3456A Off and remove both HP-IB SA
Module I and II.

1. Insert the HP-IB SA Module III (-hp- Part No.
5061-1155) into the socket of A3U9 and turn the 3456A
On.

m. Check the following signatures and if any are
bad, replace the recommended Integrated Circuit in the
given order:

8-A-16 Rev B
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I.C. Pin # Signature Replace
A3U4 10 1180 A3U4,U8
A3U4 12 0000 A3U12,U7,U8,U4
A3U8 15 1180 A3U8
A3U8 5 892F A3U8
A3U8 11 P263 A3U8
A3U8 13 1302 A3U8
A3U14 13 8547 A3U14

n. Plug the HP-IB SA Module I (-hp- Part No.
5061-1153) into the 3456A’s rear HP-IB Connector. Do
not remove Module III.

o. Check the following signatures and if any are bad,
replace the recommended Integrated Circuit in the give
order:

I.C. Pin #  Signature Replace
A3UI2 3 892F A3U12,U7
A3UI12 5 P263 A3U12,U7
A3UI12 11 1302 A3UI12,U7
A3U12 13 8547 A3U12,U7,U8
A3UI12 2 892F A3U12
A3UI12 6 P263 A3U12
A3U12 10 1302 A3U12
A3UR 14 8547 A3U12
A3U7 2 892F A3U7
A3U7 6 P263 A3U7
A3U7 10 1302 A3U7
A3U7 14 8547 A3U7
A3US8 2 8547 A3U8

p. Remove Modules I and III. If all the signatures are
good, replace A3U9.

8-A-27. MICROPROCESSOR TROUBLESHOOTING.

8-A-28. If the processor is presumed bad, try the
following before replacing it:

a. Make sure the PSR (Power Supply Ready) is high.
Replace A3U18 if incorrect.

b. Make sure the RST line is high. If the line is low,
replace A4U14. If the line is high and U14 is suspected
of being bad, temporarily short the processor’s pin 40 to
ground. When the short is removed, the pin should go
high and turn on the processor. Replace U14 if it hap-
pens.

¢. Make sure the NMI line (A4U1S5 pin 6) is high.
This line can be held low by the HP-IB chip (A3U9).
Remove A3U9 and try again.

d. Make sure the IRQ line (A4U15 pin 4) is not held
low. A low line shows up as a Display failure.
8-A-29. DATA BUS LINES TROUBLESHOOTING.

8-A-30. Bad signatures on Data Lines DO to D7 with
Address Lines A0 to A15 good, can be caused by many
different circuits. To help isolate the circuits, the
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3456A’s Outguard can be half-split. This can be done by
replacing the A3 board with a good one. If the Data
Lines are good, the A3 board is bad. If the Data Lines
are still bad, the A4 board is bad.

8-A-31. If a good A3 board is not available, do the
following:

a. Turn the 3456A Off.

b. Remove the A4 board and isolate it from the
chassis.

c¢. Connect pin 1 of P6 to the A4 board’s 5V test
point.

d. Connect pin 3 of P6 to the A4 board’s GND test
point.

e. Connect pin 10 of P6 to pin 10 of A4J5.
f. Turn the 3456A On.

Make sure the A4 does not touch any of the
3456A’s chassis or components while the in-
strument is turned on, or damage to the
board may result.

Make sure the 3456A is turned Off when
removing or replacing a printed circuit
board, or damage may result to the instru-
ment and board.

8-A-32. If the Data Line signatures are now good,-the
A3 board is bad. If the signatures are still bad, the A4
board is at fault.

8-A-33. Once it has been determined which board is at
fault, determine which Integrated Circuit on the Data
Bus is causing the bad signature. Most of the Integrated
Circuits on the Data Bus, except for the ROMs, can be
removed without affecting SA. Some possibilities are:

a. A4 Board: Try replacing the RAMS, A4U8, Ul2
and associated circuits. Next try the Display Latch,
A4U28, and Keyboard Buffer, A4U25. Other
possibilities are the ROMs, A4US5, U7, and US.

b. A3 Board: Remove the HP-IB chip A3U9. If that
does not help, try Address Buffer A3U16, and Isolation
Logic Transmitter and Receiver Registers A3U10, U20.

8-A-34. OUTGUARD ISOLATION LOGIC.
8-A-35. General.

8-A-36. The Outguard Isolation Logic can be defective
if only dashes (- - - - - - ) are displayed. Since this is also
true if the 3456A has an Inguard Failure, determine the
failure by doing the following:

a. With the 3456A turned On, press the TEST but-
ton.
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b. If Test #3 fails (—3.00000 displayed), the 3456A
has an Isolation Logic Failure. Continue with Step d.

c. If ““+1.8.8.8.8.8.+8.” is constantly displayed
(Test #3 does not fail), the Byte Available Line (A3U17,
pin 9) may be held High or Low. Make sure the line and
pin 10 of U13 toggles. If pin 10 of U13 is toggline and
the Byte Available line is not, replace U17. If pin 10 of
U13 is not toggling, replace U13.

d. Turn the 3456A Off.

e. Unplug the cable from the Isolation Logic Connec-
tor (A3J7).

f. Connect pin 1 to 2 and 3 to 4 on the Isolation Logic
Connector. If the Isolation Logic Test Jumper, -hp-Part
No. 03456-61602 is available, plug it into J7 instead of
shorting the pins.

g. Turn the 3456A On.

h. Press the TEST button and then set the 3456A to
Test #3 by pressing the 3, STORE, and 5 (COUNT)
keys.

i. If Test #3 still fails, the Outguard Isolation Logic is
at fault. Go to the next paragraph. If the test passes
( + 3.00000 displayed), the Inguard Isolation Logic is at
fault. Go_to Service Group B for troubleshooting.

8-A-37. Isolating the Transmitter from the Receiver.

8-A-38. The Isolation Logic Failure can be either in the
Transmitter or Receiver Circuitry. To determine which
circuit is at fault do this:

a. Make sure the 3456A is still set-up for Test #3 and
the Isolation Logic Connector’s pins are shorted.

b. Connect the vertical input of an oscilloscope to the
core of transformer A3T1. Using the scope set-up infor-
mation in Figure 8-A-7A, check for the waveform
shown in the figure.

AV

5 usec Pos. Trig.

2 usec  Pos. Trig. 1 usec  Pos. Trig.

Figure B-A-7. Transmitter Qutput.
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c. If the waveform is missing or different from the
one in the figure, the Transmitter is at fault. Go to
Paragraph 8-A-39 for troubleshooting. If the waveform
is good, the Receiver is at fault. Go to Paragraph 8-A-45
for troubleshooting.

NOTE

Unless otherwise noted, troubleshoot the
Transmitter and Receiver Circuitry with the
3456A in Test #3 and the Isolation Logic
Connector’s pins shorted.

8-A-39. Transmitter Troubleshooting.

8-A-40. Since the waveform at the core of T1 is used to
determine the Transmitter Failure, it is important to
know how the normal waveform should look. Refer to
Figure 8-A-7A. Note that the waveform has a total of 9
pulses. The first 2 pulses indicates a High condition, the
next 3 a Low, and the last 4 a High. The shape of the
pulses is also important. Use the expanded view of the
waveform to determine the correct shape. An expanded
view is in Figure 8-A-7B and C. The drawing on
Schematic 12 may also be helpful. Once it has ben deter-
mined how the waveform should look, Transmitter
Failures can be categorized as follows:

a. No Waveform at all.

b. Incorrect Number of Pulses on the Waveform.
This can show up in two major ways, either all the high
or low pulses are missing, or there are more or less than
9 pulses.

c¢. Incorrect Combination of Pulses. This is when the
high and low pulses are not in the correct order. For ex-
ample, the waveform may show 3 highs, 1 low, and 5
highs. The correct order is 2 highs, 3 lows, and 4 highs.

d. Incorrect Waveform. This is when the shape of the
pulses and waveform is different. An example is when
two or more pulses are overlapping with each other.
Since this may appear as having less than 9 pulses,
carefully look at the waveform. With the incorrect
number of pulses, the pulses should still look normal.
With the incorrect waveform, the pulses are not normal.

8-A-41. No Waveform at all. Since this failure can be
caused by a variety of components in the Transmitter,
use the following Signal Tracing Technique:

a. Use an oscilloscope to check for the waveforms
shown in Figure 8-A-8A and B at pin 8 and 3 of U19. If
the waveforms are good, replace T1.

b. Check for the waveforms shown in Figure 8-A-9A,
B, and C at U19 pin 1, 2, and 10, respectively. If the
waveforms are good, replace U19.

c. If the waveform at pin 1 of Ul9 is missing,
troubleshoot the clock signal by doing the following:

1. Use a logic probe and make sure pin 2 of
U13 is toggling. If not, then trace for the

8-A-18
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5 usec. Pos. Trig.

5 usec Pos. Trig.

Figure B-A-8. Output of U19.

clock signal through U2b and ¢, U6b and c,
and Ullb. Replace the IC(s) connected to
the line that is not toggling.

2. €heck for toggling on pin 3 of Ul3. If it is
toggling, relace U13.

3. If pin 3 of U13 is not toggling, Ul7a, Ul5b,
U2a, and Ul3b may be defective. First,
make sure pin 4 of U13 is not being held low.
Troubleshoot for a bad U13b, U6d, and U3a
if pin 4 is low. If pin 4 is not low, make sure
pin 9 of Ul5b toggles. If it is toggling,
replace U17. If not, make sure pin 12 of U15
toggles. If it is, replace U15. If not, try U2.

4, Check the Isolation Logic Strobe by turning
the 3456A Off, moving A4J10 to the “‘SA™’
position, and connecting the Signature
Analyzer as follows:

Start: A4TP2-D ()

Stop: A4TP2-A ()

Clock: A4TP3-C ()

Hold: Out

Self-Test: Out

Gnd: Ground Pin (next to A4C11)

5. Next turn the 3456A On and check for
signature ‘‘1025’’ (high) at pin 14 of A4U19
and signature ‘‘CU45’" at pin 5 of U18. If
the signatures are good, continue
troubleshooting the Isolation Logic. If the
signatures are bad, try U19 and U18, respec-
tively. If the signatures are still bad, go to
Flowchart B, Figure 8-A-2, for further
troubleshooting.

d. If the waveform at pins 2 and 10 of U19 is missing,
but pin 1 of U19 is good, make sure pin 4 of Ul5 tog-
gles. If not, try U6. If pin 4 of U15 is toggling, check for
toggling on pin 2 of U15. If pin 2 is toggling, replace
U1S. If not, try U10.
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5 usec.  Pos. Trig.

5pusec. Pos. Trig.

5 usec. Neg. Trig.
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Ul7a. Check for Input/Output shorts on U2 and U6. If
a short is noted, replace the defective IC. If no shorts
are noted, replace Ul7.

NOTE

Make sure the failure is not an Incorrect
Number of Pulses, before troubleshooting
Jor an Incorrect Waveform.

8-A-45. Receiver Troubleshooting.
8-A-46. Troubleshooting the Receiver can be done by
using the following Signal Tracing Technique:

a. With an oscilloscope, check for the waveform
shown in Figure 8-A-10 at the core of A3T2. If the
waveform is not present, replace T2.

5usec. Pos. Trig.

Figure 8-A-9. Input to U19.

8-A-42. Incorrect Number of Pulses on the
Waveform. With an oscilloscope, observe the
waveform at the core of T1.

a. If all the Low Pulses are missing, check the
waveform shown in Figure 8-A-9B at pin 2 of U19. If
the waveform is good, replace U19. If not, replace U15
or U19.

b. If all the High Pulses are missing, check the
waveform shown in Figure 8-A-9C at pin 10 of U19. If
the waveform is good, replace U19. If bad, replace U15
or Ul9.

c. If more than 9 pulses are on the waveform at the
core of T1, use a logic probe and make sure that pin 2 of
U6 toggles. If pin 2 toggles, replace Ul. If not, replace
uUe6.

d. If fewer than 9 pulses are on the waveform at the
core of T1, replace Ul. (Note: Make sure the failure in
Step a and b is not present, before replacing Ul.)

8-A-43. Incorrect Combination of Pulses. With a logic
probe, check for toggling at pin 2 of U6. If pin 2 is not
toggling, replace U6. If the pin toggles, replace U10.

8-A-44. Incorrect Waveform. This may be because of
incorrect timing caused by U6b and ¢, U2b and ¢, and

Figure 8-A-10. Receiver Inputs.

b. Measure for the waveform shown in Figure
8-A-11A at the junction of R17 and R21 (Figure
8-A-11B shows the expanded waveform). If the
waveform is not present, replace T2.

5 usec. Pos. Trig.

2 pusec.

Pos. Trig.

" Figure 8-A-11. Output of T2.

¢. Measure for the waveform shown in Figure
8-A-12A at pin 6 of U21. (Figure 8-A-12B shows the ex-

8-A-19
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panded waveform.) If the waveform is not present,
replace U2l.

2V

5 usec. Pos. Trig.

B

2 usec. Pos. Trig.

Figure 8-A-12. Receiver Data,

d. Measure for the waveform shown in Figure 8-A-13
at pin 14 of U21. If the waveform is not present, replace
U21. If the waveform is present, make sure the same
waveform is at pin 8 of U22. If the waveform is not at
pin 8, try U2 and/or US6.

5 usec.

Pos. Trig.

Figure 8-A-13. Figure Receive Clock.

e. Use a logic probe and make sure pin 9 of U22 tog-
gles. If pin 9 toggles, continue with the next step. If pin
9 does not toggle, make sure pin 13 of U13 toggles. If
pin 13 does not toggle, replace Ul3. If pin 14 toggles,
replace Ul1.

f. Make sure pin 1 of U20 toggles. If not, replace U6.

g. Connect channel A of a dual trace oscilloscope to
pin 3 of U22 and channel B to pin 1 of U20 (use the
scope set-up information in Figure 8-A-14). Make sure
the measured waveforms are as shown in Figure 8-A-14.
Also make sure pin 4, 5, 6, and 13 are the same as pin 3.
If any waveforms are bad, replace U22.

8-A-20
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h. Using the same set-up as in Step g (previous step),
connect channel A of the oscilloscope to pin 10 of U22.
Make sure the measured waveforms are as shown in
Figure 8-A-15. Also make sure pin 11 and 12 are the
same as pin 10. If any waveforms are bad, replace U22.

.2usec. Pos. Trig. use Channel A

Figure 8-A-14. High Level Data.

i. If all of the waveforms in Step g and h are good,
replace U20.

.2V

.2 usec. Neg. Trig. use Channel B

Figure 8-A-15. Low Level Data.

8-A-47. MISCELLANEOUS FAILURES.
B-A-48. External Trigger Inoperative.

8-A-49. Make sure pin 5 of A3US5 changes from low to
high to low, when the 3456A is externally triggered. If it
does not, make sure diodes CR3 and CR4, resistors R2
and R3, and U4 are good. If still bad, replace A4U19. If
pin 5 of A3US does change, replace A3U16.

8-A-50. Voltmeter Complete Inoperative.

8-A-51. Make sure diodes A3CRI1 and CR2 are not
shorted. Try A4U19.

8-A-52. HP-IB Address Selection Inoperative.

8-A-53. Make sure the 3456 A HP-IB is otherwise work-
ing correctly. If not, go to Paragraph 8-A-25 for
troubleshooting. If it is good, try A3U16.
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SERVICE GROUP B

8-B-1. GENERAL.

8-B-2. This Service Group has troubleshooting infor-
mation for the 3456A’s Inguard Logic (including the In-
guard Isolation Logic) and A/D circuitry. Make sure
the 3456A’s Outguard Logic is good before
troubleshooting for any Inguard Failures. Go to Service
Group A for the Outguard’s Failures and
Troubleshooting.

8-B-3. The Service Group is symptoms oriented (what
fails) with different levels of troubleshooting. The first
level determines the faulty area and the other levels has
troubleshooting information for the areas.

8-B-4. INGUARD (LOGIC AND A/D) FAILURE SYMPTOMS.

8-B-5. An Inguard Failure can be determined by the
following symptoms.

8-B-6. The 3456A Displays Dashes (- — - — — - ).

8-B-7. This symptom occurs when the 3456A’s
Outguard Isolation Logic, Inguard Isolation Logic, or
the Inguard (Analog or Digital) fails. To help determine
the faulty circuitry, press the front panel TEST button
and check for the following:

a. Test #3 fails. This test shows an Isolation Logic
Failure in either the Inguard or Outguard. To determine
the faulty circuitry, do the following:

1. Turn the 3456A Off.

2. Unplug the cable from the Isolation Logic Con-
nector (A3J7, Schematic 12).

3. Connect pin 1 to 2 and pin 3 to 4 on the Isolation
Logic Connector. If the Isolation Logic Test
Jumper, -hp- Part No. 03456-61602 is available,
plug it into J7 instead of shorting the pins.

4, Turn the 3456A On.

5. Press the TEST button and then set the 3456A to
Test #3 by pressing the 3, STORE, and 5
(COUNT) keys.

6. If Test #3 still fails, the Outguard Isolation Logic
is at fault. Go to Service Group A, Paragraph
8-A-37 for troubleshooting. If the Test passes, go
to Paragraph 8-B-32 for troubleshooting.

b. Test #4 or Test #7 fails. If any of these tests fail,
the failure can be in the A/D Converter or the Analog
Circuitry (Input Switching or Input Amplifier). This
failure can also show up as an Overload. Go to
Paragraph 8-B-8 to determine the faulty circuitry.

8-B-8. Overload Failure or Constant Zero Displayed (also
if Test #4 or Test #7 fails).

8-B-9. If an Overload Failure is noted, a Constant Zero
is displayed, or Test #4 or Test #7 fails, the failure can
be in the A/D Converter, Inguard Logic, Input
Amplifier, or Input Switching. To determine the faulty
circuitry, do the following:

Determine the type of failure.

Turn the 3456A Off.
Move A30J35 to the Non-Run (2 and 3) position
(Schematic 8).
. Turn the 3456A On.
4. If the Overload disappears and the instrument is
working correctly, the Overload Circuitry in the

A/D Converter is at fault. Check for a shorted
A20C410. Replace C410, if shorted. If the

capacitor is good, replace U409.

5. If the Overload remains, return J35 to the Run
position and continue with the next step.

a.
b. If an Overload Failure is noted, do the following:
1.
2.

W

¢ If Test #4 or Test #7 fails (or an Overload is still
foted), do the following:

1. Press the 3456A’s RESET button.
2. Set the instrument to the 10 V range and the 6

Digit Mode (by storing 6 into the N DIGIT DISP
Register).

3. Place jumper A20J29 in the GND test position, as
shown in Figure 8-B-1 (Schematic 4).

RUN
GND

oled

(el e e]

us00 \

Figure 8-B-1. Test Jumper A20J29 in Ground Position.

4. Turn Autozero Off. The 3456A should display a
stable zero reading (+3 count).

5. If other than zero is displayed, the A/D Converter
or Inguard Logic is at fault. Go to Paragraph
8-B-16 for further isolation.

6. If a stable zero is displayed, continue with Step d.

8-B-1
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d. If a Constant Zero is displayed, do the following:

1. Press the 3456A’s RESET button.

2. Set the instrument to the 10 V Range and the 6
Digit Mode (by storing 6 into the N DIGIT DISP
Register).

3. Make sure jumper A20J29 is in the GND position
(as shown in Figure 8-B-1), before doing the next
step.

4. Turn Autozero Off.

5. Remove jumper J29 from the GND position and
set it aside.

NOTE

Make sure the removed jumper is placed
back into the RUN position, when finished
with the procedure.

6. Apply an accurate and stable 10 V dc to
A20TP401. (Use the Low VOLTS Terminal as the
reference point or ground). If an accurate voltage
is not available, use one of which the exact value is
known.

7. If an overload or zero is displayed, the A/D Con-
verter or Inguard Logic as at fault. Go to
Paragraph 8-B-16 for further isolation.

8. If the reading is inaccurate (not within the 3456A’s
10 V DCYV specifications), the A/D Converter is at
fault. Go to Paragraph 8-B-18 for
troubleshooting.

9. If the 10 V reading is good, the Input Switching or
Input Amplifier is at fault. Go to Service Group C
for troubleshooting.

8-B-10. Inaccurate or Noisy Readings.

8-B-11. Inaccurate or Noisy Readings can be caused by
the A/D Converter, Input Amplifier, or Input Swit-
ching. These failures can also show up as a noisy
reading or an offset with the 3456A’s Input Terminals
shorted. To determine the faulty circuitry, do the
following:

a. Press the 3456A°s RESET button.

b. Set the instrument to the 10 V range and the 6
Digit Mode (by storing 6 into the N DIGIT DISP
Register).

¢. Turn Autozero Off.

d. Place jumper A20J29 in the GND test position, as
shown in Figure 8-B-1 (Schematic 4).

e. If the reading on the 3456A’s display is other than
zero volts (> =3 counts), the 3456A has an Inaccuracy
Failure caused by the A/D Circuitry. Go to Paragraph
8-B-18 for troubleshooting.

f. If the reading is good, remove jumper J29 from the
GND position and set it aside.

8-B-2
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NOTE

Make sure the removed jumper is placed
back into the RUN position, when finished
with the procedure.

g. Apply an accurate and stable 10 V dc to
A20TP401. (Use the Low VOLTS Terminal as the
reference point or ground). If an accurate voltage is not
available, use one of which the exact value is known.

h. If the reading is inaccurate or unstable (not within
the 3456A’s 10V DCV specifications), the A/D Con-
verter is at fault. Go to Paragraph 8-B-18 for
troubleshooting.

i. If the 10 V reading is good, the Input Switching or
Input Amplifier is at fault. Go to Service Group C for
troubleshooting.

8-B-12. Range Failure.

8-B-13. Most Range Failures are caused by the
Inguard’s Range and Function Control Logic.
However, Range Failures can also be caused by the In-
guard Logic. This can be determined by checking for the
correct output of the Port Expander (A20U702, in the
Rangerand Function Control Logic). The correct out-
puts-in the 3456A’s functions and ranges are given in
various tables in Service Group C, D, and E. Refer to
the Service Groups first, if a range failure is noted. Once
it has been determined that the Inguard Logic is at fault,
go to Paragraph 8-B-32 for troubleshooting.

8-B-14. Normal Mode Rejection.

8-B-15. This failure can be caused by the ALE Syn-
chronizer Circuitry or Main Clock in the Inguard Logic
(Schematic 8). If this failure is suspected, do the follow-
ing:

a. Make sure the 3456A has the 5.85 MHz crystal for
a 60 Hz power source or the 4.875 MHz crystal for a 50
Hz power source (Schematic 8).

b. Make sure the ALE Synchronizer Circuitry is
good. Check the circuitry by making sure pins 1 and 2 of
A30US are toggling (the pins are changing from high to
low). If they are not toggling, replace U7 or U8. If they
are toggling, replace U5 or U6.

8-B-16. ISOLATING THE INGUARD LOGIC FROM THE A/D
CIRCUITRY.

8-B-17. An Overload, Constant Zero, or Test Failure
can be caused by the Inguard Logic or A/D Converter.
Since the main purpose of the Inguard Logic is to con-
trol the A/D Converter, the circuitry should be isolated
from each other. Do the following:

a. Turn the 3456A Off.

b. Set the Front/Rear Switch of the instrument to the
FRONT position.
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¢. Unplug the cable from the Isolation Logic Connec-
tor (A3J7, Schematic 12).

d. Do the following on the A30 Assembly (Schematic
8).

1. Move A30J33/J34 to the 2"’ (middle) position, as
shown in Figure 8-B-2.

J33 J34

—— Jumper

11 *1] ® | RUN

Figure 8-B-2. Jumper A30J33/34 in the 2 Position.

2. Move A30J35 and J36 to the Non-Run (2 and 3)
position.

e. Connect (to A30 Assembly) and set the Signature
Analyzer as follows (Schematic 8):

Start: A30J31-STR ()
Stop: A30J31-STP ()
Clock: A30J32-A (—~)
Gnd: A30J31-GND

Hold: Out
Self-Test: Out

f. Turn the 3456A On and make sure SA is working
correctly by checking the + 5 V signature (85AA). If the
signature is wrong, make sure the SA connections are
good. If still wrong, the Inguard Logic is at fault. Go to
Paragraph 8-B-32 for troubleshooting. If the signature
is correct, continue with the next step.

g. Check the following Signatures in the A/D cir-
cuitry (A20 Board, Schematic 4):

Signature Checked at
9PHA A20U408 Pin 4
SH70 A20U408 Pin 6
5AF3 A20U408 Pin 8
P012 A20U408 Pin 10

h. Check for a ““85AA’’ signature at A20P30 Pin 5.
Make sure the SA probe shows toggling. This is the
ALE line which is the clock signal for the A/D Con-
verter.

i. If any of the signatures are wrong, the failure is in
the Inguard Logic. Go to Paragraph 8-B-32 for
troubleshooting. If the signatures are good, the failure
is most likely in the A/D Circuitry. Go to Paragraph
8-B-18 for troubleshooting.
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8-B-18. A/D TROUBLESHOOTING.

8-B-19. The A/D Converter in the 3456A can cause
Overload, Accuracy, Zero, or Noise Failures. The Con-
verter consists of both analog and digital circuitry. The
analog circuitry, consisting of an Integrator, Slope
Amp, and Comparator, does the A/D conversion. The
digital circuitry controls the operation. Either circuitry
can cause the A/D Failures. The following paragraphs
have the failures and troubleshooting information.

NOTE

The A/D Converter may have to be repadd-
ed according to the A/D Adjustment Pro-
cedure in Service Group F, if any com-
ponents are replaced in the converter.

8-B-20. Overload Failure.

8-B-21. An Overload Failure can be caused by the
analog or digital circuitry in the A/D Converter. The
Digital Circuitry troubleshooting is in Paragraph
8-B-27. The procedure to isolate the Digital Circuitry
from the Analog Circuitry and the analog
troubleshooting information, is as follows. Do the
following:

&. Make sure the Overload Failure in the 3456A is not
caused by the A/D Overload Circuitry. A procedure to
isolate the circuitry is in Paragraph 8-B-8, step b. If the
procedure in the paragraph has been done, continue
with the next step.

b. Turn the 3456A Off.

c¢. Make sure the Front/Rear Switch of the instru-
ment is in the FRONT position.

d. Make sure the cable from the Isolation Logic Con-
nector (A3J7) is unplugged (Schematic 12).

e. Make sure A30J35 and J36 are in the Non-Run (2
and 3) position (Schematic 8).

f. Make sure A30J33/J34 is in the ““1’* (Run) posi-
tion (Schematic 8).

g. Place the A/D Test Jumper A20J29 (Schematic 4)
in the GND position, as shown in Figure 8-B-1.

h. Turn the 3456A On.

i. Connect the vertical input of an oscilloscope to
A20TP405 (use ground #4 as low). With the scope in the
external trigger mode, connect the trigger input to
TP404. Using the scope set-up information in Figure
8-B-3, check the waveform shown in the figure
(Schematic 4).

j. If the waveform is good, the A/D Digital Circuitry
is good. The analog circuitry may be defective. Go to
step m.

k. If the waveform is wrong or not present, the A/D
Analog or Digital Circuitry is the cause. The faulty area

8-B-3
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2 msec

Neg. Trig.

Figure 8-B-3. A|D Zero Waveform.

can be determined by checking for the correct signatures
at A20U402. If a Signature Analyzer is not available,
the faulty area can be determined by statically checking
the A/D Converter’s Digital Circuitry. This method is
in the A/D Digital Circuitry Troubleshooting paragraph
(Paragraph 8-B-31). The preferred method is as follows.
Do the following:

1. Turn the 3456A Off.

2. Connect and set-up the Signature Analyzer as
follows (Schematic 8):

Start: A30J31-SRT (™)
Stop: A30J31-STP ()
Clock: A30J32-A (~)
Gnd: A30J31-GND

Hold: Out
Self-Test: Out

3. Move A30J33/J34 to the ““2”’ (middle) position

(Schematic 8), as shown in Figure 8-B-2.
. Turn the 3456A On.

5. Connect the DATA PROBE of the Signature
Analyzer to A20TP406. Connect one end of a
clip lead to A20TP407. Using the other end of
the lead, take the following signatures
(Schematic 4):

Signature Checked at
POSU A20U402 Pin 2
HAU7 A20U402 Pin 12

6635 A20U402 Pin 6
FHCC A20U402 Pin 10
A733 A20U404 Pin 7

I. If any signatures are wrong, troubleshoot the A/D
Digital Circuitry (go to Paragraph 8-B-27). If the
signatures are correct, the A/D Analog Circuitry is at
fault. Continue with the next step.

m. To troubleshoot the A/D Analog Circuitry, do
the following:
1. Turn the 3456A Off.

2. Carefully remove the A30 Assembly from the in-
strument. Set it aside.

8-B-4
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3. Using a clip lead, carefully short across A20C403
(Integrator Capacitor, Schematic 4).

4, Make sure jumper A20J29 is still in the GND
position.

5. Turn the 3456A On.

6. Using a high impedance Digital Voltmeter (like
the 3456A), measure for zero volts (< +10 mV)
at A20TP402 (use ground #4 as low).

7. If the voltage is other than zero, the integrator is
at fault. Replace Q406 or U405.

8. If the voltage at TP402 is zero, carefully apply
+ 35 V dc from an external power supply to pin 6
(gate) or Q406.

9. Measure for approximately —.7 V at TP403.

10. If the voltage is wrong, the slope amp is defec-
tive. Replace U406 or diode CR402.

11. If the voltage is good, measure for approximate-
ly zero volts at TP405.

12. If the voltage is not zero, replace U409.

13. If the voltage is good, remove the +5 V from
Q406 and apply —5 V to pin 6 of Q406.

14, Measure for approximately +.7 V at TP403.
15 0f the voltage is wrong, replace CR403.

16. If the voltage is good, measure for +5V at
TP405.

17. If the voltage is wrong, replace U409.
18. If the voltage is good, replace C403.

8-B-22. Constant Zero Reading.

8-B-23. A Constant Zero Reading can be caused by the
analog or digital circuitry in the A/D Converter. The
Digital Circuitry troubleshooting is in Paragraph
8-B-27. The procedure to isolate the Digital Circuitry
from the Analog Circuitry (plus the analog
troubleshooting information), is as follows. Do the
following:

a. Turn the 3456A Off.

b. Make sure the Integrator Capacitor A20C403
(Schematic 4) is not shorted. Replace C403, if shorted.

¢. Make sure the Front/Rear Switch of the instru-
ment is in the FRONT position.

d. Make sure the cable from the Isolation Logic Con-
nector (A3J7) is unplugged (Schematic 12).

e. Make sure A30J35 and J36 are in the Non-Run (2
and 3) position (Schematic 8).

f. Make sure A30J33/J34 is in the ‘“1’’ (Run) posi-
tion (Schematic 8).

g. Place the A/D Test Jumper A20J29 (Schematic 4)
in the GND position, as shown in Figure 8-B-1.

h. Turn the 3456A On.
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i. Connect the vertical input of an oscilloscope to
A20TP405 (use ground #4 as low). With the scope in the
external trigger mode, connect the trigger input to
TP404. Using the scope set-up information in Figure
8-B-3, check the waveform shown in the Figure
(Schematic 4).

j. If the waveform is good, the A/D Digital Circuitry
is good. The analog circuitry may be defective. Go to
step m.

k. If the waveform is wrong or not present, the A/D
Analog or Digital Circuitry is the cause. The faulty area
can be determined by checking for the correct signatures
at A20U402. If a Signature Analyzer is not available,
the faulty area can be determined by statically checking
the A/D Converter’s Digital Circuitry. This method is
in the A/D Digital Circuitry Troubleshooting paragraph
(Paragraph 8-D-31). The preferred method is as
follows. Do the following:

1. Turn the 3456A Off.

2. Connect and set-up the Signature Analyzer as
follows (Schematic 8):

Start: A30J31-SRT (~)
Stop: A30J31-STP ()
Clock: A30J32-A (~)
Gnd: A30J31-GND

Hold: Out
Self-Test: Out

3. Move A30J33/J34 to the ““2’’ (middle) position
(Schematic 8), as shown in Figure 8-B-2.

Turn the 3456A On.

5. Connect the DATA PROBE of the Signature
Analyzer to A20TP406. Connect one end of a
clip lead to A20TP407. Using the other end of
the lead, take the following signatures
(Schematic 4):

Signature Checked at
POSU A20U402 Pin 2
HAU7 A20U402 Pin 12
6635 A20U402 Pin 6
FHCC A20U402 Pin 10
A733 A20U404 7

l. If any signatures are wrong, troubleshoot the A/D
Digital Circuitry (go to Paragraph 8-B-27). If the
signatures are good, the A/D analog circuitry is at fault.
Continue with the next step.

m. To troubleshoot the A/D Analog Circuitry, do
the following:
1. Turn the 3456A Off.

2. Carefully remove the A30 Assembly from the in-
strument. Set it aside.

3. Connect pin 10 of A20U408 (or pin 6 of P30) to
ground (use ground #4).
Turn the 3456A On.

5. Using a logic pulser, toggle pin 9 of U401
(momentarily short pin 9 of U401 to ground).
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6. Measure for approximately — 12 V at the gates of
Q404 and Q405. If the voltages are wrong, check
for a defective U401, U407, or U408. A high
(zero volts) should be noted at pin 2 and 3 of
U401, and pin 13 of U408. Replace the defective
IC, if any of the voltages are wrong. If the
voltages are good, make sure Q404 and Q405 do
not have a source to drain short (use an ohm-
meter). Replace, if shorted or very leaky. If the
FETs are good and operate correctly, remove the
short from pin 10 of U408 (or pin 6 or P30) and
continue with the next step.

7. Using a clip lead, carefully short across A20C403
(Integrator Capacitor).

8. Make sure jumper A20J29 is still in the GND
position.

9. Using an external power supply, carefully apply
+5 V dc to pin 6 (gate) of Q406.

10. Using a high impedance Digital Voltmeter (like
the 3456A), measure for approximately +5 V
(£ 100 mV) at TP402.

11. If the voltage is other than 5 V, the Integrator
may be at fault. Replace U405 or Q406.

12. Ifthe voltage is good, measure for approximate-
ly —.7 V at TP403.

13. If the voltage is zero or another value, make sure
diodes CR402 and CR403 are not shorted.
Replace, if defective. If the diodes appear good,
replace U406.

14. If the votlage is good, measure for approximate-
ly zero volts at TP405.

15. If the voltage is not zero, replace U409.

16. If the voltage is good, remove the +5 V from
Q406 and apply —5 V to pin 6 of Q406.

17. Measure for approximately +.7 V at TP403.
18. If the voltage is wrong, replace CR403.

19. If the voltage is good, measure for +5V at
TP405.

20. If the voltage is wrong, replace U409.

8-B-24. Inaccuracy or Noise.

8-B-25. Inaccuracy is most likely caused by the A/D
Analog Circuitry, including resistor network A20U500
or Inverter U402. If the 3456A is very inaccurate
(>50%), use the Overload Troubleshooting Procedure
in Paragraph 8-B-20.

8-B-26. Noise is most likely caused by the A/D Analog
Circuitry. However, an intermittent in the Digital Cir-
cuitry can also cause noise. This can be checked using
Signature Routines. To troubleshoot for noise and inac-
curacy, do the following:

a. Determine the type of failure.

b. If the 3456A is noisy or jumpy, do the following:

8-B-5
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Turn the 3456A Off.

Make sure the Front/Rear Switch of the instru-
ment is in the FRONT position.

Make sure the cable from the Isolation Logic
Connector (A3J7) is unplugged (Schematic 12).

Make sure A30J35 and J36 are in the Non-Run (2
and 3) position (Schematic 8).

Move A30J33/134 to the ‘2’ (middle) position
(Schematic 8), as shown in Figure 8-B-2.

Connect and set-up the Signature Analyzer as
follows (Schematic 8):

Start: A30J31-SRT
Stop: A30J31-STP
Clock: A30J32-A
Gnd: A30J31-GND
Hold:

Self-Test:

Turn the 3456A On.

Connect the DATA PROBE of the Signature
Analyzer to A20TP406. Connect one end of a
clip lead to A20TP407. Using the other end of
the lead, take the following signatures and make
sure they are stable and not jumpy (Schematic 4).

Signature Checked at

PO8U A20U402 Pin 2
HAU7 A20U402 Pin 12
6635 A20U402 Pin 6
FHCC A20U402 Pin 10
AT33 A20U404 Pin 7

If any of the signatures are wrong or jumpy, the
A/D Digital Circuitry is at fault (go to
Paragraph 8-B-27). If the signatures are good
and steady, continue with step c.

(™)
()
(~)

Out
Out

c. If the 3456A is inaccurate (or noisy), check the
A/D Analog Circuitry for proper operation. Do the
following:

1.
2.

3.

8-B-6

Turn the 3456A Off.

Carefully remove the A30 Assembly from the in-
strument. Set it aside.

Using a clip lead, carefully short across A20C403
(Integrator Capacitor, Schematic 4).

Connect pins 4, 6, and 8 of U408 (or pins 7, 8,
and 9 of P30)to +5 V.

Place the A/D Test Jumper A20J29 in the GND
position, as shown in Figure 8-B-1.

Carefully connect the gate (pin 6) of A20Q406 to
ground (ground #4).

Turn the 3456A On.

Using a logic pulser, toggle pin 9 of A20U402
(momentarily short pin 9 of U402 to ground).

Using a high impedance Digital Voltmeter (like
the 3456A), measure the voltage at A20TP402.
The voltage should be a stable zero volts
(< =2 mV). If the voltage is unstable or wrong,
relace U405 or Q406.

10.

11.

12.

13.

14:
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If the voltage is good, remove the connection to
ground from Q406. Measure the voltage at
TP403. If the voltage is unstable (>1 mV
change) or wrong (> +.7 V), replace U406,
CR402, or CR403.

If the voltage is good, note its value. Make sure
the same voltage value is measured at the gate
(pin 3) of Q407. If a different value is noted,
make sure Q408 is turned on by the logic (zero
volts at its gate). If it is turned on and the voltage
on its source is different than its drain, replace
Q408.

If Q408 appears to be good, measure the voltage
at the gate (pin 6) of Q406. The voltage should be
approximately 1/30 the value of the voltage
measured at pin 3 of Q407. If the voltage is
wrong, Q406 or Q407 may be defective.

If the voltage is good, check the Autozero
Capacitor (C411). Do this by monitoring the
voltage at pin 3 of Q407. Then carefully discon-
nect pin 8 of U408 from the +5 V supply and
connect the pin to ground and remove the short
from C403. The voltage at Q407 should remain
approximately the same for about 10 seconds.
Replace C411, if a great change is noted.

[f the Autozero Circuitry appears to be working,
go to step d.

d. Part of the A/D Digital Circuitry can cause noise
and inaccuracy, mainly U402. The outputs of U402
should either be zero (ground) or the — 12 V Reference
Voltage. To check for the correct voltage, set the 3456A
to the various slopes and measure for the correct out-
puts of U402. Do the following:

1.
2.

3.

o v s

Turn the 3456A Off.

Make sure the A30 Assembly is still removed
from the 3456A.

Connect pin 4 and pin 6 of U408 to +5 V and
pin 8 to ground.

Turn the 3456A On.
Using a logic pulser, toggle pin 9 of U401.

Using the test voltmeter, measure for an accurate
and stable — 12 V (same voltage value measured
at A20TP501, Schematic 5) at pins 2, 6, and 12
of U402. Also measure for zero (ground #4) volts
at pin 10. Replace U402, if any voltages are
wrong.

If the voltages are good, carefully disconnect the
+5 V power supply from pin 4 of U408 and con-
nect it to ground. Toggle pin 9 U401 again.
Measure for an accurate and stable — 12 V at pin

10 of U402. Also measure for zero volts at pin 2.
Replace U402, if any voltages are wrong.

e. If the previous checks are good, check the input
FETs next. Do the following:

1.

Turn the 3456A Off.
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2. Make sure the A30 Assembly is still removed
from the instrument.

3. Connect pin 10 of U408 to ground.

Place jumper A10J29 in the GND test position,
as shown in Figure 8-B-1.

5. Turn the 3456A On.
6. Using a logic pulser, toggle pin 9 of U401.

7. Using the test voltmeter, measure between the
sources and drains of the input FETs (Q402 and
Q403). Make sure the voltage does not exceed
1 mV. Alos make sure the voltage is stable
(<2 puV change). Replace Q402 or Q403, if the
voltages are wrong.

f. If the previous checks are good and the 3456A is
still inaccurate or noisy, try replacing the Integrator
Capacitor (C403) or Resistor Network (U500).

8-B-27. A/D Digital Circuitry Troubleshooting.

8-B-28. The A/D Digital Circuitry consists of a
decoder, latch, comparator, and various gates. Two
methods can be used to check the circuitry. The prefer-
red method is using Signature Analysis. The other
method checks the A/D Digital Circuitry statically. Use
the static method only when a Signature Analyzer is not
available. The preferred method is in the following
paragraph. The static method is in Paragraph 8-B-31.

8-B-29. SA Method. Do the following:
a. Turn the 3456A Off.

b. Connect and set-up the Signature Analyzer as
follows (Schematic 8):

Start: A30J31-SRT ()
Stop: A30J31-STP ()
Clock: A30J32-A (~)
Gnd: A30J31-GND

Hold: Out
Self-Test: Out

c. Move A30J33/J34 to the *‘2’’ (middle) position
(Schematic 8), as shown in Figure 8-B-2.

d. Turn the 3456A On.

e. Connect the DATA PROBE of the Signature
Analyzer to A20TP406. Connect one end of a clip lead
to A20TP407. Use the other end of the lead to take
signatures (Schematic 4).

8-B-30. Refer to Table 8-B-1 for the signatures in the
A/D Digital Circuitry. To determine the defective IC,
start with the signatures at the output of A20U402.
Determine which ones are wrong. If for example, only
one signature is wrong, trace it through the various IC’s
until a signature is correct. Replace the IC that causes
the bad signature. If all or most signatures are wrong, it
may be best to half-split the circuitry. In this case, take
the signatures at the output of U404. If they are good,
the fault is in U401, U402, or U403. If they are wrong,
U407, U408, or U404 is the cause.
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NOTE

Make sure the SA probe shows toggling
when taking the signature at pin 9 of
A20U401.

NOTE

Make sure nothing, except the SA probe, is
connected to the Integrated Circuit on which
the signatures are taken.

8-B-31. Static Method. This method can be used to
check the operation of the A/D Digital Circuitry
statically. This is done by manually setting the circuitry
to a certain slope (S-1, S-4, etc.) and noting the state of
the Integrated Circuit under test. The connections used
to set the A/D Converter to the various slopes are given
in Table 8-B-2. The state of the Integrated Circuits with
the different slopes are in Table 8-B-3. Do the follow-
ing:

a. Turn the 3456A Off.

b. Refer to Table 8-B-2 and connect pins 4, 6, and 8
of A20U408 (or pins 7, 8, and 9 of A20P30) to ground
(use-ground #4) or +5 V, for the desired slope. For ex-
ample, connect all the pins to the 3456A’s +5 V power
supply to select the A/D Autozero Slope (Schematic 4).

c. Refer to Table 8-B-3 for the states of the various
A/D Integrated Circuitry.

d. Turn the 3456A and toggle pin 9 of U401 (momen-
tarily short pin 9 of U401 to ground).

e. Check the states of the Integrated Circuits.

To prevent damage to the 3456A, always
turn the instrument Off when reconfiguring
A20U408 to another slope.

NOTE

Toggle pin 9 of A20U401 before checking
the state of A20U401 and U402.

8-B-32. INGUARD LOGIC TROUBLESHOOTING.

8-B-33. The Inguard Logic can cause an Inoperative
A/D, Range Failure, or Isolation Logic Failure. If an
Isolation Logic Failure or Inoperative A/D is noted,
make sure the failure is not caused by the Outguard or
A/D Circuitry. Go to Paragraph 8-B-6 to determine the
cause of an Isolation Logic Failure and Paragraph
8-B-16 for an Inoperative A/D. The following
paragraphs have the Inguard Logic Failures and
troubleshooting information.
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Table 8-B-1. A/D Converter Signatures.

I.C. Pin # Signature I.C. Pin # Signature
A20U401 1 85AA A20U402 1 85AA
2 65C8 2 PO8U
3 65C8 3 6525
4 95U9 4 PO8U
5 5U5H 5 6525
6 F729 6 6635
7 4811 7 P39U
8 0000 8 0000
9 85AA* 9 4811
10 P39U 10 FHCC
11 14HO 11 5U5H
12 6525 12 HAU7
13 U250 13 85AA
14 POCO 14 5U5H
156 POCO 15 HAU7
16 85AA 16 85AA
A20U403 1 85AA A20U404 1 HUE9
2 PC93 2 HBHA
3 6P39 3 1C70
4 U250 4 POCO
5 6P39 5 0990
6 9F69 6 14HO
7 0000 7 A733
8 9F69 8 0000
9 0990 9 PA10
10 95U9 10 4283
1 F729 1 9F69
12 4283 12 PC93
13 85AA 13 1C70
14 85AA 14 H8HA
15 5AF3
16 85AA
A20U407 1 8DAA A20U408 1 H8HA
2 P0O12 2 1C70
3 65C8 3 85AA
4 2299 4 85AA
5 A733 5 85AA
6 5AF3 6 85AA
7 HUB9 7 85AA
8 0000 8 85AA
9 85AA 9 85AA
10 0000 10 B85AA
1 85AA 11 85AA
12 0000 12 0000
13 85AA 13 65C8
14 85AA 14 HU69
15 0000
16 85AA

* Make sure the SA Probe is toggling, when taking this signature.
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Table 8-B-2. A/D Slope Configuration.

A20U408 Configuration

Pin 6

Pin 4

Pin 8

AZ

S+2

S+4

Table 8-B-3. Static State of the A/D Digital Circuitry.

¥-S
v+S
€S
¢+Ss
L-S

v

Pin #

L.C.
A20U404

10000O00O0
000O0O0O0OO1
00001

0

4

5
6

00

0000

1

0

0001000
0 0O0O0O0O0
0 0O0O0ODO

10

1

1

0

1

12

4

A20U407

0 00O
0101

1
1

0
0

1

(o]

1010

0

1000

1

0

1

A20U408

01010

1

14

v+S
€S
¢+S
L-S
0-S
v

Pin #

IC.
A20U401

0100001
0100001

4
5

0000100
0000100

10

11

12
13
14
15

10000O00O0
1000000O0

0100 0.0

2

A20U402

1

1

0O0O0O0O1O00

7

0001000
00001

10

11

1

0

12

0O00O0OOT1O0

2

A20U403

1

000O0O0OO0I1
0100001

9
10

11

12

0001000

-12V

= Low =

High = 0V, 0

NOTE 1: 1

NOTE 2: For the correct levels on U401 and U402, make sure that pin 9 of U401 is toggled after

changing states.
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8-B-34. Unless otherwised noted, all checks and
troubleshooting information in the following
paragraphs are used in conjunction with Schematic 8.
Also, the common ground used is ground #4.

8-B-35. Pre-Troubleshooting Information.

8-B-36. Before troubleshooting the Inguard Logic,
check for the following:

a. Make sure the +5V Power Supply is good
(A30U13 pin 40).

b. Check and make sure pins 2 and 3 of U13 have a
5.85 MHz (60 Hz Option) or 4.875 MHz (50 Hz Option)
Clock Signal. If they are not present, troubleshoot the
clock circuitry. Do the following:

1. Check for a clock signal (5.85 MHz for the 60 Hz
Option or 4.875 MHz for the 50 Hz Option) at
A30TP3. If the signal is not present, replace Y1,
Ql, or Ul2.

2. If the signal is present, replace U12.

c. Make sure the RESET Line of the processor
(A30U13) is good. The line can be checked by doing the
following:

1. Using a logic probe, monitor pin 4 of A30U13.
The line should be high. If the line is low, go to
Paragraph 8-B-39 for troubleshooting. If the line
is high, continue with the next step.

2. Using a logic pulser, toggle pin 40 of A4UI15
(momentarily short pin 40 of Ul5, shown.on
Schematic 9, to ground).

3. The RESET line of the Inguard Processor
(A30U13 pin 4) should go from high to low to
high. If this does not happen, go to Paragraph
8-B-39 for troubleshooting. If it is good, the
RESET line is good. (Note: The ﬁ%ﬁ line
may continue toggling for certain Inguard
failures.)

d. Check the ROM of the processor (A30U13). Do
the following:

1. Turn the 3456A Off.
2. Unplug the cable from the Isolation Logic Con-
nector (A3U7, Schematic 12).

3. Move A30J35 and J36 to the Non-Run (2 and 3)
position.

Turn the 3456A On.

5. Using a logic probe, monitor U13 pin 8. With the
3456A’s Front/Rear Switch in the FRONT posi-
tion, pin 8 should be high. With the switch in the
REAR position, the pin should toggle. Replace
U13, if other conditions are noted. (Note: Make
sure the Front/Rear Switch is good, before
replacing U13.)

e. Check and make sure pin 11 of A30U13 is tog-
gling. If it is not toggling, replace A30U13.

8-B-10
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f. Check and make sure pin 9 of A30U6 is oscillating.
If not oscillating, do the following:

1. Make sure pin 10 of Ul2 is oscillating. If not
oscillating, replace U12.

2. Make sure pin 8 of U5 is oscillating. If not
oscillating, make sure pin 12 of US5 is oscillating
(or high). If wrong, replace U6. If the pin is
good, replace US5.

3. If pin 8 of US is oscillating, replace U6.
8-B-37. Range and Inguard Logic Failure.
8-B-38. To troubleshoot for a Range or Inguard Logic
Failure, do the following:

a. Turn the 3456A Off.

b. Make sure the Front/Rear Switch of the instru-
ment is in the FRONT position.

¢. Make sure the cable from the Isolation Logic Con-
nector (A3J7) is unplugged (Schematic 12).

d. Move A30J33/134 to the ‘“2”’ (middle) position,
as shown in Figure 8-B-2.

e. Move A30J35 and J36 to the Non-Run (2 and 3)
position.

P. Connect (to A30 Assembly) and set the Signature
Analyzer as follows:

Start: A30J31-STR ()
Stop: A30J31-STP (~)
Clock: A30J32-A ()
Gnd: A30J31-GND

Hold: Out
Self-Test: Out

g. Using the SA probe, take the following signatures
and check for the correct condition of the probe (Off,
On, or Toggling). Check the following:

SA Connection Signature  Probe State

A30P21 Pin 1 (F/R) — Off
Pin 6 (PROG) — On
Pin 7 (LMES) TF04 Toggling
Pin 8 (LGND) 9A76 Toggling

A30P30 Pin 4 (TRIG) 00F0 Toggling
Pin 5 (ALE) 0000 Toggling
Pin 6 (LRU) 6578 Toggling
Pin 7 (HSA) P242 Toggling
Pin 8 (HSC) 3718 Toggling
Pin 9 (HSB) 4661 Toggling
Pin 10 (+5V) 00F0 On

h. If any signatures or the condition of the SA Probe
are wrong, continue with the next step. If the signatures
are good, go to step j.

i. Do the following:

1. Turn the 3456A Off.
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Unsolder and remove one side of jumper A30JP1
from the A30 board.

Connect pin 4 of A30U9to +5 V.
Turn the 3456A On.

Troubleshoot the 3456A using the procedure in
Figure 8-B-4.

j. Move the Clock of the Signature Analyzer to
A30J32-C.

k. Check for the following signatures at A30U13:

A30U13 Signature
Pin # -

12 0030

13 0020

14 0020

15 0020

16 0030

17 0030

18 0030

19 0030

1. If any signatures are wrong, replace U13.

m. If the signatures are good, do the following:

1.
2.

3.

10.

Turn the 3456A Off.

Reconnect the cable to the Isolation Logic Con-
nector (A3J7, Schematic 12).

Move A30J35 and J36 to the Run (1 and 2)posi-
tion.

Move A30J33/J34 to the ““1’’ (first) position.

Move the Clock of the Signature Analyzer to
A30J32-B.

Turn the 3456A On.

Set the 3456A to Trigger HOLD and 4WR Ohms
Function.

Set the 3456A to the following functions and
take the signatures on A30P21 as follows.

Function A30P21  Signature
_Pin #
DCV 2 0000
DCV 3 0000
DCV 4 0001
DCV 5 0007
ACYV 2 0004
ACV 3 0000
ACV 4 0001
ACV 5 0000
2WRQ 2 0000
2WRQ 3 0004
2WRQ 4 0003
2WRQ 5 0007

If any signatures are wrong, replace A30U16 or
U13.

If the signatures are good, set the ciock of the
Signature Analyzer to: ( ~_ )
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11. Set the 3456A to the following functions and
take the signatures on A30P21 as follows.

Function A30P21 Signature
_Pin #_
DCV 2 0002
DCV 3 0006
DCV 4 0007
DCV 5 0000
ACV 2 0002
ACV 3 0006
ACV 4 0007
ACV 5 0000
2WRQ 2 0002
2WRQ 3 0006
2WRQ 4 0007
2WRQ 5 0000
12. If any signatures are wrong, replace A30U16 or
Ul3.

13. If the signatures are good, replace A20U702.

8-B-39. Isolation Logic Troubleshooting.

8-B£40. To troubleshoot the Inguard Isolation Logic,
dothe following:

a. Press the 3456A’s RESET button and then the
TEST button.

b. Set the instrument to Test #3 by pressing the 3,
STORE, and 5 (COUNT) button.

c. Connect the vertical input of an oscilloscope to the
junction of A30R14 and R15 (as shown below). Using
the set-up information in Figure 8-B-5, check for the
waveform shown in the figure,

d. If the waveform is missing or incorrect, replace

A30T2.
—R11—

—R12—

c § —R13—

or;nec _R14—

to here. _R15—
u23

Neg. Trig.

5 usec

Figure 8-B-5. Isolation Logic Input.
8-B-11a/8-B-12a



Take the following
signatures:

A30U13 Pin 27 —HUA3
A30U13 Pin 28—39HA
A30U13 Pin 29-A12H
A30U13 Pin 30-65C8
A30U13 Pin 31—-F57H
A30U13 Pin 32—-9A76
A30U13 Pin 33—-7F04

Are
any signatures
wrong?

Is
the signature
at pin 8 of
A30ul0
65787

Yes

Yes

Take the following
signatures:

A30U9 Pin 2—HUB3
A30U9 Pin 3—HUA3
A30U9 Pin 5—39HA
A30U9 Pin 6—-391A
A30U9 Pin 10—-A1PH
A30U9 Pin 11—-A12H

Are

Yes

Replace A30U13.

Replace U30U10.

any signatures
wrong?

Is
The signature
at pin 6 of
A30U10
1A317

Is
the signature
at pin 12 of
A30U10
ATU3?

Replace A30U9.

Replace A30U10 or U4.

Replace A30U10 or U1,

Is
the signature
at pin 3 of
A30U3
A12H?

Is
the signature
at pin 6 of

No

Replace A30U3 or U2.

A30uU1
FS5CH?

Is
the signature
at pin 10 of
A30U4
BF3F?

Is
the signature
at pin 2 of
A30U1
0CFO?

the signature

Yes

Replace A30U1 or U2.

Replace A30U4.

Replace A30U1 or U25.

Is
the signature
at pin 1 of

at pin 2 of
A30U4

SSV

Make sure pins 10, 11,
12, and 13 of A30U1 are
toggling.

Are
all pins
toggling?

Replace A30U11, U2, or
uz2s.

k 4

Yes

Replace A30U4 or U1,

A30U4
P870?

Is
the signature
at pin 8 of

A30U1
P9co?

Replace A30U1.

Replace A30U1 or U4.

Figure 8-B-4, Inguard Signature Analysis Routines.
Rev B 8-B-11b/8-B-12b
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e. If the waveform is good, check for the waveforms
shown in Figure 8-B-6A and B at A30TP1 and TP2,
respectively. Make sure the waveforms are as shown in
the figure.

f. If both waveforms or the waveform at TP1 are
wrong or missing, replace A30U23. If only the
waveform at TP2 is missing, do the following:

1. Make sure pin 10 of A30U20 is toggling.
2. If it is toggling, replace U20.

3. Ititis not toggling, make sure pin 2 and 3 of U21
are toggling.

4. |If it is toggling, replace U21.
5. If it is not toggling, replace U23.
4

. If the waveforms are good, do the following:

1. Using the set-up information in Figure 8-B-7A,
check for the waveform shown in the figure at
A30U24 pin 3, 4, 5, 6, and 13.

2. Using the same set-up, check for the waveform
shown in Figure 8-B-7B at U24 pin 10, 11, and
12.

3. If any pulses of the waveform are missing or
have a different shape, replace U24. If the pulses
or the waveform are good, continue with step i.

h. If the RESET line is operating correctly (as check-
ed in Paragraph 8-B-36¢). continue with step j. If the
RESET line is inoperative, do the following:

1. Press the 3456A’s RESET button.

Service

2. Using a logic probe, monitor pin 8 of A30U22.

3. Using a logic pulser, toggle pin 40 of A4U15
(momentarily connect pin 40 of U15, shown on
Schematic 9, to ground).

4, If pin 8 of U22 does not toggle, replace U22.

5. If it does toggle, make sure capacitor A30C7 and
resistor R10 are good. If the components appear
good, replace U21.

i. Make sure the 3456A is in Test #3 (see step a, b,
and c). Then make sure the INT (Interrupt) line at
A30U13 pin 6 is toggling. If not toggling, replace
A30U20.

j. Make sure the READ line at A30U13 pin 8 is toggl-
ing. If not toggling, replace U13.

k. Refer to Figure 8-B-8. Note that the waveform has
a total of nine pulses. The first two pulses indicate a
High condition, the next three a Low, and the last four a
High. The shape of the pulses is also important. Once it
has been determined how the waveform should look
like, check for the waveform at A30U18 pin 3. (Use the
scope set-up information in the figure.)

1. If.the waveform is good, replace A30T1.

m. If there are more than 9 pulses, replace A30U17.

n. If there are some pulses with the wrong shape,
replace A30U1S5 or UlS6.

A

5 usec Pos. Trig.

5 usec Pos. Trig

5 psec Neg. Trig.

5 usec Neg. Trig.

Figure 8-B-6. Signal at A30TP1 and TP2.

Figure 8-B-7. Output of A30U24.

Rev B 8-B-13
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5 usec Pos. Trig.

Figure 8-B-8. Output of Inguard Isolation Logic.

0. If there are some pulses missing (either all of the
Low or all of the High pulses), do the following:

1. Using a dual channel oscilloscope, connect chan-
nel A to A30U19 pin 5 and channel B to U19 pin
6.

2. Set the scope to the set-up information in Figure
8-B-9 and check for the waveform shown in the
figure.

3. If the waveforms are good, replace A30U18.

4. If the waveforms are wrong, check for the
waveform in Figure 8-B-10 at A30U19 pin 2 (use
the set-up information in the figure).

5 usec Pos. Trig. Use Channel A

Figure 8-B-9. Output of A30U19.

Pos. Trig.

5 usec

Figure 8-B-10. Output of Shift Register.
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If the waveform is wrong, replace Ul5 or Ul6.
If the waveform is good, replace U19.

. If the waveform is missing, do the following:

Using the set-up information in Figure 8-B-11,
check for the waveform shown in the figure at
A30U19 pin 3.

If the waveform is missing, check for the inverse
of the waveform in Figure 8-B-11 at A30U14 pin
10. If the waveform is good, replace Ul4.
Replace U13, if the waveform is missing.

If the waveform in Figure 8-B-11 is good, make
sure A30U15 pin 1 is toggling. Replace U13, if
not toggling.

If pin 1 of Ul5 is toggling, check for the
waveform in Figure 8-B-12 at A30U18 pin 12
(use the set-up information in the figure).

If the waveform is good, replace U18.

If the waveform is missing, use the logic probe
and check for toggling at pin 4 or Ul4. If not
toggling, replace U14. If toggling, check for tog-
gling at pin 2 of U14. If toggling, replace U14. If
not, replace Ul7, U19, or Ul4.

5 usec Pos. Trig.

Figure 8-B-11. ALE Clock Signal.

5 psec Pos. Trig.

Figure 8-B-12. Isolation Logic Clock Signal.
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Service

SERVICE GROUP C

8-C-1. GENERAL.

8-C-2. This Service Group has the DCV, Ratio, and
Analog Filter troubleshooting information for the
3456A. The Service Group is symptoms oriented (what
fails) with different levels of troubleshooting. The first
level uses procedures to determine the general area in
the 3456A which causes the failure. The other levels
have troubleshooting information for the areas.

8-C-3. PRE-TROUBLESHOOTING INFORMATION.

8-C-4. Various Switching FETs and Relays are used in
the DCV Function. The switches are turned On and Off
by Comparators and Transistors. The Comparators and
Transistors are controlled by the Inguard Logic. If a
FET or Relay is suspected defective, make sure the logic
is correct before replacing the FET or Relay. A FET is
normally Off with its gate at — 18 V (and turns On at the
gate bias level). Go to Service Group B if the Inguard
Logic is inoperative.

8-C-5. Some troubleshooting procedures in this Service
Group requires that the 3456A’s Autozero must be
either On or Off, to determine the failure. Make siire
the instrument is in the given state, »Wwhen
troubleshooting.

8-C-6. SWITCH CLOSURE COMMAND TABLE.

8-C-7. Table 8-C-1 has the commands used to control
the state of the Inguard Switches. Use the table to deter-
mine which FET or Relay is On or Off in each function
and range.

8-C-8. DCV TROUBLESHOOTING.

8-C-9. The following information can be used to
troubleshoot the 3456A for any Inoperative DCV
Ranges, DCV Accuracy, and DCV Noise Failures.

8-C-10. All Ranges Inoperative (Overload, Zero Reading,
Accuracy, or Noise).

8-C-11. This failure can show up as a constant
Overload (OL), Zero Reading, Noise, or Inaccuarcy on
all ranges. The Input Switching, Input Amplifier, and
A/D can cause the failure. To determine the faulty cir-
cuitry, do the following:

a. Press the 3456A’s RESET button.

b. Set the instrument to the 10 V Range and the 6
Digit Mode (by storing ‘‘6’’ into the N DIG DISP
Register).

¢. Position the jumper on A20J29 as shown below.

U500 | 000

d. Turn Autozero Off.

e. If the reading on the 3456A’s display is other than
zero volts (+3 counts), the A/D Converter is in-
operative. Go to Service Group B for troubleshooting.

f. Remove the jumper from J29.

g. Apply a stable and accurate +10 V dc to the
VOLTS Input Terminals. If an accurate voltage is not
available, use one of which the exact value is known.

h. Using a clip lead, connect the High Input (High
VOLTS Terminal) to A20TP401.

i. If the reading is not a stable and accurate +10 V,
make sure the Reference Voltages are good. Check for a
stable —12 V at A20TP501 and TP502, and a stable
+12 V at TP503. If the voltages are good, the A/D
Converter is defective. Go to Service Group B for
troubleshooting. If the voltages are wrong, the
Reference is defective. Go to Service Group F for
troubleshooting.

j- With a high impedance and accurate Digital
Voltmeter (like the 3456A), measure for + 10 V at either
side of A20R103. If the voltage is good, the Input
Amplifier is at fault. Go to Paragraph 8-C-35 for
troubleshooting.

k. If the voltage is wrong or noisy, unplug the cable
from A20J19.

1. If the voltage is now good, the Input Amplifier is at
fault. Go to Paragraph 8-C-35 for troubleshooting.

m. If the voltage is still wrong, the Input Switching is
at fault. Go to Paragraph 8-C-17 for troubleshooting.

8-C-12. Some Ranges Inoperative.

8-C-13. This failure can show up as a Constant
Overload (OL), Zero Reading, Noise, or Inaccuracy on
some ranges. This is often caused by certain defective
FETs and Switches in the Input Switching and Input
Amplifier Circuitry.

Rev B 8-C-1
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Table 8-C-1. Inguard Switch Closure Commands.
Function Range Switch Closure Commands
I SST o ==
,‘"—J E_l w — ———
$8P3  size  §888 gHuz 3¥EF syer
DCv 100 mV 0011 0000 0001 0001 0001 0010
DCcv 1V 0011 0010 0001 0001 0010 0010
pcv 10V 0011 0110 0001 0001 1000 0010
pCcv 100V 0110 0010 0010 0001 0010 0010
DCcv 1000 V 0110 0110 0010 0001 1000 0010
ACV 1V 0010 o111 1000 0000 1000 1000
ACV 10V 0010 0111 1000 0010 1000 0100
ACV 100 V 0010 o111 1000 0001 1000 0010
ACVY 1000 Vv 0010 o111 1000 0011 1000 0001
ACV +DCV 1V 0010 o111 1000 0000 1000 1000
ACV +DCV 10V 0010 0111 1000 0010 1000 0100
ACV +DCV 100V 0010 0111 1000 0001 1000 0010
ACV+DCV 1000 V 0010 0111 1000 0011 1000 0001
2-WRQ 100 0011 0000 0101 0011 0001 0001
2-WRQ 1K 0011 0010 0101 0011 0010 0001
2-WRQ 10K 0011 0010 0101 0001 0010 0010
2-WRQ 100 K 0011 0100 0104 0001 0100 0010
2-WRQ T™M 0011 0100 0101 0010 0100 0100
2-WRQ 10M 0011 0100 0101 0000 0100 1000
2-WRQ =100 M 0011 0100, 0111 0000 0100 1000
4-WRQ 100 1010 1080 0100 0011 0001 0001
4-WRQ 1K 1010 1010 0100 0011 0001 0001
4-WRQ 10K 1010 1010 0100 0001 0010 0010
4-WRQ 100 K 1010 1100 0100 0001 0100 0010
4-WRQ ™™ 1010 1100 0100 0010 0100 0100
4-WRQ 10M 1010 1100 0100 0000 ¢100 1000
4-WRQ =100 M 1010 1100 0110 0000 0100 1000
0.C. 2-WRQ 100 0011 0000 0101 oTT1 0001 0OTT
0.C. 2-WRQ T 0011 0010 o101 oTT1 0010 00TT
0.C. 2-WRQ 10 K 0011 0010 0101 0TO01 0010 00TO
0.C. 2-WRQ 100 K 0011 0100 0101 0TO1 0100 0070
0.C. 4-WRQ 100 1010 1010 0100 oTT1 0001 00TT
0.C. 4-WRQ 1K 1010 1010 0100 oTT1 0010 00TT
0.C. 4-WRQ 10K 1010 1010 0100 0TO1 0010 00TO
0.C. 4-WRQ 100 K 1010 1010 0100 0TO1 0100 00TO
Ratio Ref 100 mV TO1T TOO0O
Ratio Ref 1V TO1T TOTO
Ratio Ref 10V TO1T TTTO
Test # 4 0110 0110 0000 0001 1000 0010
Test # 5 0110 0010 0000 0001 0010 0010
Test # 6 0110 0000 0000 0001 0001 0010
Test # 7 0000 0110 0010 0001 1000 0010
Test # 8 0010 0111 0010 0101 1000 0000
Test # 9 0010 0111 1010 1000 1000 1000
Test # 10 0110 0100 0110 0000 0100 1000
Test # 11 0011 0100 0111 0000 0100 1000
Test # 12 0010 0101 1100 1010 0100 0100
Note: 1 = High, O = Low, T = Toggle
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8-C-14. The faulty circuitry can often be determined by
what range(s) fail. Look for the following symptoms.

a. If only one range or certain ranges fail, the cause is
most likely open or shorted FETs in the Input Switching
or Input Amplifier Circuitry. For failues in the Input
Switching Circuitry, go to Paragraph 8-C-17 for
troubleshooting. For failures in the Input Amplifier, go
to Paragraph 8-C-35 for troubleshooting. The following
is a listing of the ranges and most likely causes.

Only Ranges Fail Cause

100 mV Input Amplifier

100 mV,1V,10V Input Switching

1V,100V Input Amplifier

10 Vv, 1000 V Input Amplifier

100 V, 1000 V Input Switching
Only Ranges Good Cause

100 mV Input Amplifier

1V,100V Input Amplifier

10V, 1000 V Input Amplifier

b. If the lower ranges fail or are less accurate than the
higher ranges, the failure can be caused by leaky or par-
tially shorted FETs. For example, the 10 V Range may
be good with the 1 V and 100 mV Ranges reading getting
progressively worse. To determine the faulty circuitry,
further isolation is necessary. Go to the next paragraph
to isolate the circuitry.

8-C-15. DCV Circuitry Isolation.

8-C-16. The following is a procedure to isolate thefaul-
ty DCV Circuitry causing range failures due to leakage.

a. Press the 3456A’s RESET button.

b. Set the instrument to the Digit Mode (by storing
““6’" into the N DIG DISP Register).

c. Turn Autozero Off.

d. Apply a stable and accurate + 100 mV dc to the
VOLTS Input Terminals (an accurate and stable +1 V
can be used instead of + 100 mV). If an accurate voltage
is not available, use one of which the exact value is
known.

e. With a high impedance and accurate Digital
Voltmeter (like the 3456A), measure the voltage at
either side of A20R103.

f. If the voltage is a stable and accurate + 100 mV (or
1 V), the Input Amplifier is at fault. Go to Paragraph
8-C-35 for troubleshooting.

g. If the voltage is still wrong, unplug the cable from
A20J19.

h. If the voltage changes to another value or the same
value as the input voltage, the Input Amplifier is at
fault. Go to Paragraph 8-C-35 for troubleshooting.

i. If the voltage is still wrong, the Input Switching is
at fault. Go to Paragraph 8-C-17 for troubleshooting.

Service

8-C-17. INPUT SWITCHING TROUBLESHOOTING.
8-C-18. General.

8-C-19. Before troubleshooting the Input Switching
Circuitry, make sure the failure is not in the Input
Amplifier. Refer to Paragraph 8-C-8 and 8-C-15 to
determine the faulty circuitry.

8-C-20. Failures caused by the Input Switching can be a
Low, High, Zero, or Overload (OL) Reading. The
failures can be caused by Open FETs and Relays,
Shorted FETs and Relays, and/or Leaky FETs and
Relays. Failures can also be caused by the Gate Bias
Amplifier and Analog Filter. The following paragraphs
have the DCV Failures and possible causes.

NOTE

The Charge Dump and Charge Correction
Adjustments may have to be readjusted, if
any components in the Input Switching Cir-
cuitry are replaced. Go to Service Group F
for the Adjustment Procedure.

8-C-21.-All Ranges Inoperative.

8-2-22. This type of failure can be a Zero, Overload
(OL), Inaccurate, (High or Low), or Noisy Readings.
Another possible failure is a floating reading (no change
when an input is connected or disconnected). To help
find the faulty component, first determine what the
failure is (Overload, Zero, etc.). This is done by apply-
ing a voltage with its amplitude the same as the full scale
value of a failing range (1 V for an inoperative 1 V
Range, etc.) and noting the failure. The following are
the failures and troubleshooting information.

8-C-23. Zero Reading. Since this failure is on all
ranges, the cause is most likely in the Lower Input Node
(drain side of A20Q103). Do the following:

a. Press the 3456A’s RESET button.

b. Set the instrument to the 10 V Range and turn Off
A20Q103 (by connecting its gate to A20TP105).

¢. With a high impedance Digital Voltmeter (like the
3456A), measure the voltage on either side of A20R103.

d. Set the 3456A to the 4-WRQ Function. If the
voltage read on the Test Voltmeter appears to be chang-
ing from approximately zero to some negative value,
A20Q105 is shorted or very leaky. If the voltage remains
steady, Q102 is shorted or very leaky.

8-C-24. Overload Reading. This failure is normally
noted when a high level voltage (> +12 V) is on either
the Upper (source of Q103) or Lower (drain of Q103)
Input Node. This is normally caused when the gate of a
turned off FET shorts to the Input Node. To
troubleshoot Overload Failures on all ranges, do the
following:

8-C-3
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a. Turn the 3456A Off.

b. Place A30J35 (on the Inguard Logic Assembly) in
the ““TEST"’ position (position 2 and 3).

NOTE

Make sure A30J35 (on the Inguard Logic
Assembly) is placed back in the “RUN”
position (position 1 and 2), when the
troubleshooting procedure is completed or
after repairing the 3456A.

c. Turn the 3456A On.

d. If the Overload condition disappears and zero is
displayed, replace A20Q102.

e. If the Overload condition remains, turn Off
A20Q103 (by connecting its gate to A20TP105).

f. If the Overload condition remains, measure the
voltage on either side of A20R103 with a high im-
pedance Digital Voltmeter (like the 3456A). If the
voltage switches between an approximately zero to some
negative value (> —12 V), Q103 is shorted. Replace the
FET.

g. If the Overload condition disappears, a FET on
the Upper Input Node is shorted. With a high im-
pedance Digital Voltmeter (like the 3456A), measure the
voltage on the Upper Input Node (drains of A20Q109,
Q110, Q112, Ql115, and Q116). The voltage should be
larger than —12 V for an overload condition. Do the
following:

1. Set the 3456A to the ACV Function.

2. If the voltage changes to a low value, Q110 is
shorted. If not, set the 3456A to the 4-WRQ Func-
tion.

3. If the voltage changes to a low value, QI15 is
shorted. If not, Q112 is shorted.

4. If the reading is still an Overload, check for a
shorted Q112.

5. A shorted Q109 and Q116 can also cause an
overload. However, both FETs have to be
shorted. If only one FET is shorted, the overload
should only be on some ranges.

8-C-25. Floating Reading. A floating reading is when a
reading is displayed and changes very little or not at all
when an input (different from the reading) is applied to
the 3456A. This may also show up as an overload condi-
tion on the lower ranges (100 mV and 1 V) and is nor-
mally caused by an open circuit in the main measuring
path. If all ranges show the symptoms, check the
following :

a. Make sure the Gate Bias Amplifier is good. The
amplifier can be checked by applying +5 V to its input
(pin 3 of A20Q120) and then checking its output
(A20TP104). Since the gain of the amplifier is X1, the
output should be the same as the iriput (+5 V, within

8-C-4
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5 mV). If the output is incorrect, replace A20Q120 or
U10s.

b. Make sure A20Q103 is not open. This can be
checked by turning the 3456A°’s Autozero off and shor-
ting the source to the drain of Q103. If the 3456A can
now make a normal DCV measurement, replace Q103.

c. Try replacing Q102.

d. If the readings are still floating, check for an open
circuit path in the A20K102, K103, Q109, and Q116 cir-
cuitry. An open can easily be checked by shorting across
the individual components. (An open path has to be in
both the 100 mV, 1 V, 10 V and 100 V, 1000 V circuit
paths to show up as a floating reading in all ranges.)

8-C-26. Inaccurate Reading. This failure can be caused
by leaky FETs in either the Upper or Lower Input Node
or a defective gate Bias Amplifier. A FET which is leaky
from its gate (when turned off) to its drain (connected to
the Input Node), can cause a low reading. If that is the
case, connect the source (input) of the FET to the input
of the 3456A and then turning the FET on (gate to
ground). If the reading is then correct, the FET is leaky.
To determine a leaky FET and a defective Gate Bias
Amplifier, do the following:

a. ‘Press the 3456A’s RESET button.

b. Set the instrument to either the 100 mV (or 1 V)
Range, and the 6 Digit Mode (by storing “‘6’’ into the N
DIG DISP Register).

c. Apply a stable and accurate 100 mV (or 1 V) to the
VOLTS Input Terminals. If an accurate voltage is not
available, use one of which the exact value is known.

d. If the 3456A is inaccurate in the positive direction
(high reading), do the following:

1. Measure the voltage at A20TP104. If the voltage is
higher (more than 500 mV) than the input voltage,
replace A20Q120, U10S.

2. If the voltage at TP104 is close to the input voltage
(within 100 mV), short the High VOLTS Terminal
to the gate (pin 3) of Q120. If the reading on the
3456A is now good, replace Q120. If still inac-
curate, replace Q103.

e. If the reading is inaccurate in the negative direc-
tion (low reading), remove the voltage from the 3456A
Input Terminals.

f. Short the VOLTS Input Terminals and note the
displayed reading.

g. If the 3456A displays a negative offset, do the
following:

1. Turn Autozero Off.

2. Short the gate of A20Q104 to the Low VOLTS In-
put Terminal and note the displayed reading. If
the offset reading changes in the positive direction
(> 200 counts) or to approximately zero (< 50
counts), replace Q104. Remove the short from
Q104.
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3. If the reading is still wrong, turn Autozero On.

4. Short the gate of Q115 to the Low VOLTS Input
Terminal and note the reading. If the offset
reading changes in the positive direction (> 200
counts) or to approximately zero (< 50 counts),
replace Q115. Remove the short from the FET.

5. If the offset reading is still excessive, short both
the gate and source (junction of Q110 and R111)
of Q110 to the Low VOLTS Input Terminal. If the
offset reading changes in the positive direction (>
200 counts) or to approximately zero (<50
counts), replace Q110. Remove the short from
Q110.

6. Remove the short from the VOLTS Input Ter-
minals and apply a stable and accurate 100 mV (or
1 V) to the terminals.

7. Turn Autozero Off.

8. Short the gate of Q105 to the High VOLTS Input
Terminal. If the reading is good, replace Q105. If
not, replace Q102, Q112.

h. If the 3456A displays very little (< 50 counts) or
no offset, do the following:

1. Turn Autozero Off.

2. Remove the short from the VOLTS Input Ter-
minals and apply a stable and accurate 100 mV (or
1 V) to the VOLTS Input Terminals.

3. Short the source of A20Q104 (junction of Q104
and R104) to the High VOLTS Input Terminal,

4. If the displayed reading is now good, replace
Q104. If not, remove the short from Q104 and
short across R104.

5. If the reading is now good, replace Q102. If not,
replace Q104.

8-C-27. Noisy Reading. Noisy Readings can be caused
by FETs in either the Upper (source of Q103) or Lower
(drain of Q103) Input Node. If the Noisy Readings also
show up as Inaccurate Readings, the noise is most likely
caused by leaky FETs. Go to Paragraph 8-C-26 (Inac-
curate Readings) for troubleshooting. If the readings
are accurate, do the following:

a. Press the 3456A’s RESET button.

b. Set the instrument to the 10 V Range and the 6
Digit Mode (by storing ‘‘6’’ into the N DIG DISP
Register).

c. Apply a stable 10 V dc to the VOLTS Input Ter-
minals.

d. Turn Autozero Off.
e. If the displayed reading is stable replace A20Q104.
f. If still unstable, replace Q103.

8-C-28. Some Ranges Inoperative.

8-C-29. This failure can be a Zero, Overload (OL), or
Inaccurate (High or Low) Reading on some ranges. The
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faulty component can often be determined by what
ranges rail and how they fail. The following are the
failures and troubleshooting information.

8-C-30. Zero Reading. A zero reading on some ranges
is normally caused by a short to ground. To
troubleshoot the failure, determine what ranges fail. If
the 100 mV, 1 V, and 10 V Ranges fail, make sure there
is no short to ground on the source side of A20Q116
(junction of Q116 and R120). If the 100 V and 1000 V
Ranges fail, make sure there is no short on the source
side of Q109 (junction of Q109 and U200).

8-C-31. Overload Reading. This failure is noted when
a high level voltage (> + 12 V) is measured. This is nor-
mally caused by shorted or very leaky FETs. To
troubleshoot Overload Failures on some ranges, do the
following:

a. Determine what ranges fail.

b. If only the 100 mV, 1 V, and 10 V Ranges fail, do
the following:

1. Press the 3456A’s RESET button.

2. Set the 3456A to the 1 V Range.

3. Short the 3456A’s VOLTS Input Terminals.
v\

. With a high impedance Digital Voltmeter (like the
3456A) measure the source of A20Q116 (junction
of Q116 and R120).

5. If the voltage is approximately zero, check for a
leaky Q109.

6. If the voltage is positive (>12 V), replace Q119.

7. If the voltage is negative (> —12 V), turn the
Filter On (by pressing the FILTER button).

8. If the voltage changes to approximately zero,
replace Q114. If not, connect the gate of Q109 to
the Low VOLTS Terminal.

9. If the voltage changes to approximately zero,
replace Q109. If not, replace Q118.

c. If only the 100 V and 1000 V Ranges fail, turn the
Filter On (by pressing the FILTER button). If the
overload condition disappears, replace A20QI101. If
not, replace Q116.

8-C-32. Floating Reading. A floating reading is when a
reading is displayed and changes very little or not at all
when an input (different from the reading) is applied to
the 3456A. This may also show up as an overload condi-
tion on the lower ragnes (100 mV and 1 V Ranges).
Check and do the following:

a. Determine what ranges fail.

b. If the 100 mV, 1 V, and 10 V Ranges fail, the
failure is an open in the low voltage input circuitry
(A20K103, Q116, and associated circuitry). To deter-
mine the faulty component short across K103, source to
gate of Q116, and resistors R102, R109, R110, R120.
Replace the faulty component.

8-C-5
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c. If the 100 V and 1000 V Ranges fail, the failure is
an open in the high voltage input circuitry (A20K102,
U200, and Q109). To determine if K102 or Q109 is
open, short across each one (source to drain of Q109).

To determine an open U200, measure for the correct
value resistor between pins 1 and 2, and 1 and 25 on
U200.

8-C-33. Inaccurate Reading. This failure is normally
caused by defective FETs in either the low or high
voltage input circuitry, depending on what ranges fail.
Do the following:

a. Press the 3456A’s RESET button.
b. Determine what ranges fail.

¢. If the 100 mV, 1 V, and 10 V Ranges are inac-
curate, set the 3456A to the 10 V Range and apply an ac-
curate and stable 10 V dc to the VOLTS Input Ter-
minals. If an accurate 10 V is not available, use one of
which the exact value is known. Then do the following:

1. If the displayed reading is high, A20Q119 may be
leaky.

2. If the reading is low, turn on the Filter (by press-
ing the FILTER button). Replace Q114 if the
reading is now good.

3. If the reading is still low, remove the 10 V from
the input and short the Input Terminals.

4. Connect the gate of Q109 to the Low VOLTS In-
put Terminal.

5. Using a high impedance Digital Voltmeter (like the
3456A), measure the voltage at the junctionof the
source of Q116, gate of Q119 and source and
drain of Q118.

6. If the voltage is approximately zero (< =10 pV),
replace Q109. If not, replace Q118.

d. If the 100 V and 1000 V Ranges are inaccurate, set
the 3456A to the 100 V Range and apply an accurate and
stable + 100 V dc to the VOLTS Input Terminals. If an
accurate 100 V is not available, use one of which the ex-
act value is known. Then do the following:

1. If the displayed reading is high, make sure
A20U200 is good. This can be done by measuring
pin 1 of U200 with a high impedance Digital
Voltmeter (like the 3456A). With an accurate
100 V input the voltage should be an accurate 1 V.

2. If the reading is low, turn on the Filter (by press-
ing the FILTER button).

3. If the reading is now good, replace Q101.
4. If the reading is still wrong, replace Q116.

8-C-34. Noisy Reading. This failure is normally caused
by defective FETs in either the low or high voltage input
circuitry, depending on what ranges fail. Do the follow-
ing:

a. Press the 3456A’s RESET button.
8-C-6
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b. Determine what ranges fail.

c. If the 100 mV, 1 V, and 10 V Ranges are noisy, set
the 3456A to the 10 V Range and apply a stable 10 V dc
to the VOLTS Input Terminals. Then do the following:

1. Short the high input (High VOLTS Terminal) to
the source of A20Q116 (junction of Q116, Q119,
Q118, and R120).

2. If the reading is now stable, relay K103 or resistors
R102, R109, R110, and R120 may be noisy. The
noisy component can be determined by shorting
across the resistors. Replace the component that
makes the reading good, when shorted. If the
resistors are good, replace K103.

3. If the reading is still noisy, measure the voltage at
the source of A20Q116 (junction of Q116, Q119,
Q118, and R120) using a high impedance Digital
Voltmeter (like the 3456A).

4. If the reading on the Test Voltmeter is noisy,
replace Q118 and Q119.

5. If the reading on the Test Voltmeter is good, try
replacing Q116.

d. If the 100 V and 1000 V Ranges are noisy, set the
3456A te.the 100 V Range and apply a stable 100 V dc to
the VOLTS Input Terminals. Then do the following:

1% Using a high impedance Digital Voltmeter (like the
3456A), measure the voltage at the source of
A20Q109 (pin 1 of U200).

2. If the voltage is stable, replace Q109.

3. If the voltage is noisy, replace K102 or U200.
8-C-35. INPUT AMPLIFIER TROUBLESHOOTING.

8-C-36. General.

8-C-37. Before troubleshooting the Input Amplifier,
make sure the failure is not in the Input Switching Cir-
cuitry. Refer to Paragraph 8-C-8 and 8-C-15 to deter-
mine the faulty circuitry.

8-C-38. Failures caused by the Input Amplifier can be
Inaccurate, Zero, Overload (OL), and Noisy Readings.
The failures can be caused by the Gate Bias Amplifier,
Feedback FETs and Resistors, and the Input Amplifier
itself. The following paragraphs have the failures and
troubleshooting information.

NOTE

The Offset Adjustment of the Input
Amplifier has to be readjusted, if a compo-
nent in the amplifier has been replaced.

8.C-39. AIll Ranges Inoperative.

8-C-40. Use the following procedure to find and
troubleshoot the faulty area.

a. Press the 3456A’s RESET button.

b. Set the instrument to the Ohms Function and
measure a 100 K ohm or higher value resistor. If the
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100 K ohm and higher Ranges also fail, continue with
the next step. If the 100 K ohm and higher Ranges are
good, check the following:

1. Make sure A20Q306 and Q304 are not shorted
(source to drain).

2. Make sure the Range and Function Control Logic
turns Q306 and Q304 off (gate at — 18 V) in the
DCV Function.

¢. Determine the failure by doing the following:

1. Set the 3456A to the DCV Function and the 10 V
Range.

2. Apply a stable and accurate +10 V dc to the
VOLTS Input Terminals. If an accurate 10 V is
not available, use one of which the exact value is
known.

d. If the failure is an Overload (OL) on all ranges, the
Input Amplifier itself is at fault. Go to Paragraph
8-C-47 for troubleshooting.

e. If the failure is a Zero Reading on all ranges, the
Input Amplifier itself or the Gate Bias Amplifier is at
fault. To determine if the Gate Bias is at fault, do the
following:

1. Using a high impedance Digital Voltmeter (like the
3456A), measure the voltage at the gate of
A20Q305 (pin 6) and TP304.

2. If both readings are the same (within 5 mV), the
Input Amplifier is at fault. Go to Paragraph
8-C-47 for troubleshooting.

3. If the reading is not the same (> 5 mV), the Gate
Bias Amplifier is at fault. Go to Paragraph®&-C-45
for troubleshooting.

f. If the reading is a High (positive) Reading on all
ranges, the most likely cause is a leaky A20Q310 and/or
Q305.

g. If the failure is a Noisy Reading, the most likely
cause is the Input Amplifier itself. Go to Paragraph
8-C-47 for troubleshooting.

8-C-41. Some Ranges Inoperative,

8-C-42. The Input Amplifier is in certain gain con-
figurations for the various ranges (e.g. X10 gain for the
1 V and 100 V Ranges). Feedback FETs in conjunction
with Feedback Resistors (A20U200) are used to set the
gains.

8-C-43. Failures caused by the Feedback FETs show up
as Overload, Zero, Inaccurate (High or Low), or Noisy
Readings on some ranges. The failures can be caused by
Open, Shorted, or Leaky FETs. An open FET normally
shows one or two inoperative ranges. The FET can easi-
ly be determined by what range(s) fail. A doublecheck
can be by shorting the source to drain of the suspected
defective FET. The range(s) should then be good. A
shorted or leaky FET normally shows up as only one or
two good ranges. Remember, the Range and Function
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Control Logic turns a FET On and Off (—18 V is Off
and Gate Bias Voltage is On). Make sure the logic is

good, before replacing a suspected open or shorted
FET.

8-C-44. The Feedback Resistors will normally show up
as inaccuracy on some ranges. They can also show up as
an Overload or Zero Reading, if they are open. Since
the failure symptoms are similar to open FETs, first
determine if the FET used on the failing range is open
by shorting its source to drain. If the range is then good,
the FET is open. If not, the Feedback Resistor used for
the failing range is defective. The following are the
defective and good ranges and most likely cause.

a. Only the 10 V and 1000 V Ranges fail. These
ranges use the X1 gain of the amplifier. The gain is
determined by A20Q308. Make sure the FET is on and
not noisy (by shorting its source to drain), when either
range is selected.

b. Only the 1 V and 100 V Ranges fail. These Ranges
use the X10 gain of the amplifier. The gain is determin-
ed by A20Q307 and U200. Make sure the FET is on and
not noisy (by shorting its source to drain), when either
range is selected. Also make sure U200 is good and
Q303 is‘on.

¢0-Only the 100 mV Range fails. This range uses the
X100 gain of the amplifier. The gain is determined by
A20Q309 and U200. Make sure the FET is on and not
noisy (by shorting its source to drain), when the range is
selected. Also make sure U200 is good and Q302 is on.

d. Only the 10 V and 1000 V Ranges good. Make sure
A20Q308 is not shorted or very leaky, when other than
the 10 V and 1000 V Ranges are selected.

e. Only the 1 V and 100 V Ranges good. Make sure
A20Q308 and Q303 are not shorted or very leaky, when
other than the 1 V and 100 V Ranges are selected.

f. Only the 100 mV Range good. Make sure A20Q309
and Q302 are not shorted or very leaky, when other than
the 100 mV Range is selected.

8-C-45. Gate Bias Amplifier.

8-C-46. The Gate Bias Amplifier is a X1 gain amplifier.
This should make its input the same (within 5 mV) as its
output. To check the operation, apply +5V (+5V
Power Supply) to the input (pin 6 of A20Q305). If the
output (A20TP304) is +5 V (within 5 mV of the input),
the amplifier is good. If the voltage is incorrect, replace
A20U305, Q305, or CR306.

8-C-47. Input Amplifier.

8-C-48. The failures in the Input Amplifier normally
shows up as an oscillating, saturated, or noisy output.
Oscillation can be caused by a defective Integrator Amp
(A20U308) and associated circuitry, and the Compen-
sating Network (includes FETs Q302, Q303, and Q304).
A saturated or noisy Input Amplifier can be caused by

857
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the Dual FET Stages (A20Q310 and Q311), Op Amp
(U307), Integrator Amp (U308), and the Feedback
FETs (Q306 to Q309). To determine the failure, do the
following:

a. Press the 3456A’s RESET button.

b. Remove the cable from A20J19 and connect it to
TP102.

c. Connect an oscilloscope to TP303 and look for
oscillation on all ranges (the signal at TP303 should
close to 0 V).

d. If oscillation is present, go to Paragraph 8-C-50
for troubleshooting.

e. If no oscillation is present, remove the oscilloscope
and connect a high impedance Digital Voltmeter (like
the 3456A) to TP303.

f. Set the 3456A to the 10 V Range and measure the
voltage at TP303.

g. If the voltage is noisy (> 10 V), go to Paragraph
8-C-51 for troubleshooting.

h. If the voltage shows a saturated output
(> £14V), go to the next paragraph for
troubleshooting.

8-C-49. Saturated Output. This failure can be caused
by an open Feedback or a defective component in the
amplifier circuitry. Do the following:

a. Press the 3456A’s RESET button.
b. Set the instrument to the 10 V Range.

c. Remove the cable from A20J19and connect it to
TP102, if it has not been done already.

d. Using a clip lead, connect the output of the
amplifier (junction of A20U308 pin 6, cathode of
CR304, and anode of CR305) to the gate of Q310 (pin
6).

e. If the amplifier output at TP303 is approximately
zero (>20 mV), Feedback FET Q308 is open. Make
sure the FET is turned on by the Range and Function
Control Logic. If all the ranges have an open Feedback
FET, the logic is most likely at fault.

f. If the amplifier output at TP303 is still saturated,
turn the 3456A Off.

g. Unsolder and lift one side of R327 from the P.C.
Board, as shown below.

Lift this side
of R327
0304 Mg B
153,%%: G303 0307
“R323- 0303
(k50s o )
F i W, n3ins
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h. Connect the gate of Q308 to A20TP105.
i. Turn the 3456A On.

Jj. Using a clip lead, carefully short pin 6 of Q310 to

ground.

Make sure the clip lead does not touch any
other pins on Q310 or other components on
the P.C. Board, or internal damage to the
3456A may result.

k. Using a high impedance Digital Voltmeter (like the
3456A), measure the voltage at U307 pin 6. The voltage
should read approximately +5 V. (Potentiometer R334
may have to be readjusted to measure the correct
voltage.)

1. If the voltage is good, the Dual FETs and the Op
Amp are working correctly. Replace U308 and then
resolder R327,

m. If the voltage is wrong, measure the voltage at
U307, pins 2 and 3. The voltage on the pins should be
approximately the same and range from +20 V to
+ 25°V. If the voltage is good, replace U307 and/or its
associated circuitry. If wrong, try Q310, Q311, U302,
and their associated circuitry. Resolder R327. (Readjust
R334 using the Input Amplifier Offset Adjustment Pro-
cedure in Service Group F, if any of the components
have been replaced.)

8-C-50. Oscillating Output. An Oscillating Output is
normally caused by A20U308 and associated circuitry.
Make sure the feedback capacitor, C303, and compen-
sating capacitor, C304, are good. They can easily be
checked by connecting another capacitor with the same
value in parallel with the suspected defective capacitor.
If the oscillation remains, try replacing U308. If that
does not eliminate the oscillation, perform the
troubleshooting procedure for a saturated output (in
Paragraph 8-C-49).

8-C-51. Noisy Output. To determine the faulty cir-
cuitry, do the following:

a. Press the 3456A’s RESET button.

b. Remove the cable from A20J19 and connect it to
TP102, if it has not been done already.

¢. Using a clip lead, carefully connect the gate (pin 6)
of A20Q310 to TP102 (or the gate, pin 3, of the other
FET in the same package).

d. Using a high impedance Digital Voltmeter (like the
3456A), measure the voltages at pins 2 and 3 of
A20U307. The voltage should be quiet and steady
(<1 mV change). (The voltage may have a slow drift, if
the 3456A has only been on for a short time).
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e. If the voltage is noisy, A20Q310, Q311, and
associated circuitry is noisy.

f. If the voltage is steady and quiet, measure the
voltage at pin 6 of U307. The voltage should be a solid
5 V (<50 pV change). If good, replace U308. If noisy,
replace U307.

8-C-52. RATIO FAILURE.

8C-53. A Ratio measurement is a multiple measure-
ment which uses the DCV and ACV measurement cir-
cuitry (dependent on the selected Ratio Function).
Because of this, make sure both functions are working
correctly, before troubleshooting any Ratio Failures.
Go to this Service Group for any DCV Failures and Ser-
vice Group E for any ACV Failures.

8-C-54. If the DCV and ACYV Functions are good, the
only other components that can cause an inoperative
Ratio, are some of the Input Switching FETs. Since the
FETs used in Ratio are also used in the 4-WR{ Func-
tion, make sure the function is good. Do the following:

a. Press the 3456A’s RESET button.

b. Set the instrument to the 4-WRQ Function and the
1 K ohm Range.

c. Connect an accurate (+ .001%) 1000 ohm resistor
to the Input Terminals (VOLTS and 4WR{ SENSE). If
an accurate resistor is not available, use one of which
the exact value is known.

d. If the Ohms Function fails, go to Service Group.D
for troubleshooting.

e. If the Ohms Function is good, replace A20Q115,
Ql116.
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8-C-55. ANALOG FILTER FAILURE.

8-C-56. To determine if the Analog Filter fails, do the
following:

a. If the Analog Filter is inoperative in only the
100 mV, 1 V, and 10 V Ranges, make sure A20Q114 is
on (when the Filter is on).

b. If the Filter is inoperative in only the 100 and 1000
V Ranges, make sure Q101 is on (when the Filter is on).

c. If the Filter is inoperative in all Ranges, press the
3456A’s RESET button,

d. Set the instrument to the 1 V Range.

e. ApplyalV at 50 Hz Sine Wave to the VOLTS In-
put Terminals.

f. Connect the low input of an AC Voltmeter to the
3456A’s High Input Terminal and the low input of the
meter to the source of A20Q116 (junction of Q116,
Q118, and Q119).

g. If the reading on the Test Voltmeter is approx-
imately 1 V ac (RMS), the Analog Filter is working cor-
rectly.

h. If'not, make sure Q121 and Q111 are off, when
the-Filter is on. Also make sure capacitor C105, C106,
and C107 are not shorted or open. Use an ohmmeter to
check for shorts. An open capacitor can be checked by
connecting the same value capacitor across the
suspected open capacitor, while monitoring the ac
voltage across R101, R109, K103, R110, and R120.
Replace U105 if everything appears good.

8-C-9/8-C-10
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Service

SERVICE GROUP D

8-D-1. GENERAL.

8-D-2. This Service Group has Ohms troubleshooting
information for the 3456A. You must make sure the
3456A is functioning correctly in the standard DCV
Function, before troubleshooting for any Ohms
Malfunctions. (Go to Service Group C if the DCV Func-
tion fails.)

8-D-3. The Service Group is symptoms oriented (what
fails) with two major levels of troubleshooting. The first
level uses procedures to determine which area in the
3456A causes the ohms failure. The second level has in-
formation to troubleshoot the faulty area.

NOTE

The ground used in troubleshooting the
Ohms Section of the 3456A is the Inguard
Ground #1 (A20TP101).

8-D-4. PRE-TROUBLESHOOTING INFORMATION.

8-D-5. Various Switching FETSs are used in Ohms: The
FETs are normally switched On and Off by Com-
parators. The Comparators are controlled by the Range
and Function Control Logic which in turn is controlled
by the Inguard Logic. Make sure the logic is correct,
before replacing any bad FETs.

8-D-6. OHMS TABLES.

8-D-7. Table 8-D-1 shows the various Ohms Currents,
Input Amplifier Gains, and Closed Switches in the dif-
ferent Ohms Ranges. Table 8-D-2 gives the Switch
Closure Commands for the 3456A’s Ohms Function
and Ranges. Use both tables as troubleshooting aids to
determine which Switches (FET and Relay) and gains
are used for certain Ohms Ranges.

Table 8-D-1. Ohms Gain and Currents.

Reference Input Amp

Ranga Voltage FETs Usad Current Gain
100 -5.56 1Q201,0204,0206,0209 1mA X100
1K -5.5 1Q201,0204,0206,0209 1mA X10
10K -5.56 1Q201,0204,0206,0208 100pA X10
100K | -9.25 |Q202,0204,0206,0208 50uA X2
1M | -9.25 |Q202,0204,0205,0206 SuA X2
=10M | -9.25 |Q202,0203 500nA X2

8-D-8. INOPERATIVE OHMS RANGES.

8-D-9. Most Range Failures show up in both the
2-WRQ and 4-WR{Q Function. Troubleshoot the 3456A
in the 2-WRQ Function for any Range Failures. If
failures are noted in only the 4-WRQ Function, go to
Paragraph 8-D-46 for troubleshooting. For the 2-WRQ
Function, go to Paragraph 8-D-15 for troubleshooting.

8-D-10. OHMS ACCURACY FAILURES.

8-D-11. Ohms Accuracy Failures can be in either the
4-WRQ, or both the 4-WRQ and 2-WR®Q Functions. If
the failure shows up equally in both functions, use the
troubleshooting information in Paragraph 8-D-15. If
the failure shows up in only the 4-WRQ Function or is
quite a bit worse (more than XI100), use the
tfoubleshooting information in Paragraph 8-D-46. One
thing to remember is that the lower ranges (10 K ohm
and below) should read higher in the 2-WRQ Function.
This is because some internal resistance is included in
the measurement. To calculate the correct reading,
short across the resistor being measured and subtract
that reading from the resistor reading.

8-A-12. OHMS NOISE.

8-D-13. Make sure the DCV Function is not noisy. If
the function is noisy, troubleshoot for DCV Noise
before troubleshooting for any Ohms Noise (go to Ser-
vice Group Q).

8-D-14. Most Ohms Noise normally shows up in both
the 4-WRQ and 2-WRQ Function. This can be caused by
the Ohms Current Source or the Ohms Protection Cir-
cuitry. Go to Paragraph 8-D-15 for troubleshooting.
Noise in only the 4-WRQ Function is usually caused by
the Input Switching Circuitry. Go to Paragraph 8-D-46
for troubleshooting.

8-D-15. 2-WRQ2 AND 4-WRQ2 TROUBLESHOOTING.
8-D-16. General.

8-D-17. The following information can be used to
troubleshoot the 3456A for any Inoperative Ohms

Ranges, Ohms Accuracy, and Ohms Noise Failures.

8-D-18. All Ranges Inoperative (Overload, Zero Reading,
Accuracy, and Noise).

8-D-1
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Table 8-D-2. Ohms Switch Closure Commands.
Function Range Switch Closure Commands
%ga..l w=aQ BELIJG Sm ..N;'E§

1258 9f%% 1288 1973 555 TE2T

2-WR1Q 100 0011 0000 0101 0011 0001 0001
2-WR1Q 1K 0011 0010 0101 0011 0010 0001
2-WR1 10K 0011 0010 0101 0001 0010 0010
2-WRQ 100 K 0011 0100 0101 0001 0100 0010
2-WRQ ™M 0011 0100 0101 0010 0100 0100
2-WRQ) 10M 0011 0100 0101 0000 0100 1000
2-WRQ =100 M 0011 0100 0111 0000 0100 1000
4-WRQ 100 1010 1000 0100 0011 0001 0001
4-WRQ 1K 1010 1010 0100 0011 0001 0001
4-WRQ 10K 1010 1010 0100 0001 0010 0010
4-WRQ 100 K 1010 1100 0100 0001 0100 0010
4-WRQ 1™ 1010 1100 0100 0010 0100 0100
4-WRQ 10M 1010 1100 0100 0000 0100 1000
4-WRQ =100 M 1010 1100 0110 0000 0100 1000

0.C. 2-WRQ 100 0011 0000 0101 oTT1 0001 00TT
0.C. 2-WR0 1K 0011 0010 0101 oTT1 0010 00TT
0.C. 2-WRQ 10K 0011 0010 0101 0TO01 0010 0070
0.C. 2-WR 100 K 0011 0100 0101 0TO1 0100 00TO
0.C. 4-WRQ 100 1010 1010 0100 oTT1 0001 00TT
0.C. 4-WRQ 1K 1010 1010 0100 oTT1 0010 00TT
0.C. 4-WRQ 10K 1010 1010 0100 0TO1 0010 00TO
0.C. 4-WRQ 100 K 1010 1010 0100 0TO1 0100 0070

Note: 1 = High, 0 = Low, T = Toggle

8-D-19. This failure can show up as a constant
Overload (OL), Zero Reading, Noise, or Inaccuracy on
all ranges. A failure can be caused by the 3456A Input
Circuitry, Ohms Protection Circuitry, or Ohms Current
Source. A constant overload is normally caused when
the Current Source is producing a current which is too
large. A zero reading normally shows an open in the
ohms current path. Inaccuracy can be caused by leakage
in the ohms current path or by wrong current values.
Noise is normally caused by the Ohms Protection Cir-
cuitry or Ohms Current Source. To isolate the defective
circuitry, do the following:

a. Press the RESET button on the 3456A.

b. Connect a very accurate (+ .001%) 100 K ohm
resistor at the VOLTS (2WR(, 4WRQ) Input Terminals.
If an accurate resistor is not available, use one of which
the exact value is known.

c. Set the instrument to the 2-WRQ Function, 100 K
ohm Range, and 6 Digit Mode (by storing ‘6"’ into the
N DIG DISP Register).

d. If the reading of the 3456A is zero (‘‘00.0000°’) or
noisy (resistor reading unstable), the Ohms Input Relay

8-D-2

(A20K101), Ohms Protection Circuitry, or Ohms Cur-
rent Source is at fault. For further isolation, do the
following:

1. Connect one end of a clip lead to the Ohms Input
at A20K101 (red wire connected to K101). Con-
nect the other end to the emitter of A20Q210.

2. If the ohms reading is good, K101 or the Ohms
Protection Circuitry is at fault. Go to Paragraph
8-D-28 for further troubleshooting.

3. If the reading is still “‘00.0000’’ of noisy, the
Ohms Current Source is at fault. Go to
Paragraph 8-D-34 for troubleshooting.

e. If the reading is an Overload (OL), the Ohms Cur-
rent Source is at fault. Go to Paragraph 8-D-34 for
troubleshooting.

f. If the reading is High (accuracy), the failure is in
the Ohms Current Source. Go to Paragraph 8-D-34 for
troubleshooting.

g. If the reading is not zero or the resistor value and
appears to be jumpy (like a floating reading), the DCV
Input Switching is at fault. This type of failure should



Model 3456A

also show up as an inoperative DCV Function. Go to
Service Group C for troubleshooting.

h. If the reading is Low (accuracy), the failure can be
in the Ohms Current Source, Input Circuitry, Input
Amplifier, or the Ohms Protection Circuitry. To isolate
the defective area, do the following:

1. Turn the 3456A’s Autozero Off.

2. Turn A20K101 Off by shorting the base of
A20Q702 to ground. (Q702 is located in the
Range and Function Control Logic.)

3. Remove the red wire from A20J20 and the white
wire from J19.

4. Using a clip lead, connect the removed red wire
to the base of A20Q310 (pin 3). (Q310 is in the
Input Amplifier Circuitry.)

5. Using another clip lead, connect the emitter of
A20Q210 to the base of Q310.

6. If the reading is good or improves significantly
(good within 20 cts), the Input Switching Cir-
cuitry is at fault. Go to Paragraph 8-D-25 for
troubleshooting.

7. If the reading is still wrong, acquire a 5 V dc
Power Supply and apply —5 V to the base of
Q210.

8. If the reading is good or improves significantly
(good within 20 cts), the Ohms Protection Cir-
cuitry is at fault. Go to Paragraph 8-D-28 for
troubleshooting.

9. If the reading is still wrong, remove both ¢lip
leads from the base of Q310. Connect the refov-
ed leads to either side of A20R103.

10. Connect a high input impedance Digital
Voltmeter (like the 3456A) to either side of R103
and ground. Measure and note the voltage at
R103. The voltage should be very closeto —5 V,
if the recommended 100 K ohm test resistor is
used.

11. Reconnect the white wire to J19. If the reading of
the test voltmeter changes to a lower value (less
negative), the Input Amplifier is at fault. Most
likely a leakly Q310. If the reading remains the
same, the Ohms Current Source is at fault. Go to
Paragraph 8-D-34 for troubleshooting.

8-D-20. Some Ranges Inoperative.

8-D-21. This failure can show up as a constant
Overload (OL), Zero Reading, or Inaccuracy on some
ranges. A failure can be caused by the 3456A Input
Switching, Input Amplifier, Ohms Protection Circuitry,
or the Ohms Current Source. The following symptoms
can be used to help isolate the faulty area.

a. If a group of ranges fail, the cause is most likely in
the Ohms Current Source or Input Amplifier. For ex-
ample, the 100, 1 K, and 10 K ohm Ranges fail (low or
zero ohms reading). In this case, the faulty ranges all de-
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pend on the —5.5 V Reference Voltage (in the Ohms
Current source) for current. The most likely cause is an
open A20Q201. The following is a listing of the ranges,
and the faulty circuitry. For a defective Input
Amplifier, go to Paragraph 8-D-31 for troubleshooting.
For a defective Ohms Current Source, go to Paragraph
8-D-34 for troubleshooting.

Only Ranges Fail Cause
100 Input Amplifier

100,1K Current Source
100,1K,10K Current Source
1K,10K Input Amplifier
10K, 100K Current Source

100K Current Source
100K through 1G Input Amplifier, Current Source
10M through 1G Current Source

Only Ranges Good Cause

100 Input Amplifier
100,10K Input Amplifier
100K through 1G Input Amplifier

b. A low reading on a range which gets progressively
worse on higher ranges is normally caused by leakage to
ground. Leakage can be caused by the 3456A Input
Switching Circuitry, Input Amplifier, Ohms Protection
Circtiitry, and/or the Ohms Current Source. If this type
of’failure is noted, go to Paragraph 8-D-23 to determine
the faulty circuitry.

8-D-22. Since a faulty circuitry can often be isolated by
the failing ranges, one other thing should be kept in
mind. Sometimes a range may appear good, but is in ac-
tuality bad. For example, the 1 M through 1 G ohm
Ranges show low readings. However, the 100 K ohm
Range may also be low. This may not show if the error
causing the low reading has been adjusted out by
Calibration Pot H. It is sometimes possible to adjust an
inaccurate range to tolerance.

8-D-23. Isolating the Ohms Circuitry.

8-D-24. To isolate the faulty circuitry causing Ohms
Range Failures due to leakage, do the following:

a. Press the RESET button on the 3456A.

b. Acquire an accurate resistor with the same value as
the defective ohms range (e.g. 100 K ohm resistor for a
bad 100 K ohm Range). It is best to use a resistor value
that corresponds to the worst range. If an accurate
resistor is not available, use one of which the exact value
is known.

c¢. Connect the resistor at the VOLTS (2WRQ,
4WR) Input Terminals.

d. Set the instrument to the 2-WR{Q Function, the
defective Range, and the 6 Digit Mode (by storing ‘‘6”’
into the N DIG DISP Register).

e. Turn the 3456A’s Autozero Off.

8-D-3
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f. Turn A20K101 Off by shorting the base of
A20Q702 to ground. (Q702 is located in the Range and
Function Control Logic.)

g. Remove the red wire from A20J20 and the white
wire from J19.

h. Using a clip lead, connect the removed red wire to
the base of A20Q310 (pin 3). (Q310 is in the Input
Amplifier Circuitry.)

i. Using another clip lead, connect the emitter of
A20Q210 to the bas of Q310.

j. If the ohms reading is good or improves
significantly (good within 20 cts), the Input Switching
Circuitry is at fault. Go to Paragraph 8-D-25 for
troubleshooting.

k. If the reading is still bad, acquire a 5 V dc Power
Supply and apply —5 V to the base of Q210.

1. If the reading is good or improves significantly
(good within 20 cts), the Ohms Protection Circuitry is at
fault. Go to Paragraph 8-D-28 for troubleshooting.

m. If the reading is still bad, remove both clip leads
from the base of Q310. Connect the removed leads to
either side of A20R103.

n. Connect a high input impedance Digital Voltmeter
(like the 3456A) to either side of R103 and ground.
Measure and note the voltage at R103.

0. Reconnect the white wire to J19. If the reading of
the test voltmeter changes to a lower value (less
negative), the Input Amplifier is at fault. Most likely a
leaky Q310. If the reading remains the same, the:Ohms
Current Source is at fault. Go to Paragraph 8-D-34 for
troubleshooting.

8-D-25. INPUT SWITCHING TROUBLESHOOTING.

8-D-26. Most Ohms Failures caused by the Input Swit-
ching Circuitry should also show up in the DCV Func-
tion. Make sure the function is good, before
troubleshooting for any Ohms Failures. Go to Service
Group C, if the DCV Function is bad.

8-D-27. The Ohms Failures caused by the Input Swit-
ching is normally leakage to ground. This failure shows
up as a low reading on a range with the higher ranges
worse (lower reading). Only a few components in the In-
put Switching can cause leakage without affecting the
DCV Function. To isolate the components, do the
following:

a. Unsolder and lift one side of E1. (E1 is located at
the A40 Assembly on the bottom of the chassis.)

b. If the defective ohms range is now good, replace
El. If not, unsolder and lift one side of A20R101.

c. If the range is now good, replace A20K102. If not,
replace K101.

8-D-4
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8-D-28. OHMS PROTECTION CIRCUITRY TROUBLE-
SHOOTING.

8-D-29. Use the following troubleshooting information
if it has previously been determined that the Ohms Pro-
tection Circuitry is at fault. (The procedures to deter-
mine if this or other circuits are at fault are in
Paragraphs 8-D-18 and 8-D-20.)

8-D-30. the Ohms Protection Circuitry can cause Ohms
Failures due to leakage to ground, an open Protection
Circuitry, and noisy readings. Leakage to ground shows
up as a low reading on a range with the higher ranges
worse (lower reading). An open Protection Circuitry
shows up as a zero reading. Troubleshoot the Protection
Circuitry using the following information.

a. Leakage. Only three components in the Ohms
Protection Circuitry can cause this failure., Do the
following:

1. Unsolder and lift one side of A20CR201.

2. If the defective ohms range is now good, replace
CR201. If not, unsolder and lift E201.

3. If the range is now good, replace E201. If not,
replace K101.

b.cOpen Circuit or Noise. Isolating the defective
component(s) in the Ohms Protection Circuitry can be
done by collectively shorting across the individual com-
ponents. Do the following:

1. Connect one end of a clip lead to the Ohms Input
at A20K101 (red wire connected to K101).

2. Connect the other end of the clip lead to the other
side of K101. If the ohms failure was noise and the
reading is now good, replace K101. If the ohms
failure was a zero reading and is now good, K101
and/or its associated circuitry can be bad. Make
sure the relay is being turned on by Q702. If not,
check for the correct logic level. A bad U702
and/or the Inguard Logic can cause a wrong logic
level. Go to Service Group B if the Inguard Logic
is suspected.

3. If the reading is still wrong, remove the clip lead
from the output of K101. (The output of the relay
is the lead opposite the one connected to the red
wire.)

4. Connect the removed lead to the cathode of
CR202. If the reading is good, CR202 or R222 is
open or noisy.

5. If the reading is still wrong, check for an open or
noisy Q201 and Q211.

8-D-31. INPUT AMPLIFIER TROUBLESHOOTING.

8-D-32. Use the following troubleshooting information
if it has previously been determined that the Input
Amplifier is at fault. (The procedures to determine if
this or other circuits are at fault are in Paragraph 8-D-18
and 8-D-20.)



Model 3456A

8-D-33. Ohms Failures caused by the Input Amplifier
can be defective ranges and leakage. Defective ranges
can show up as a low reading on a range with the higher
ranges worse (lower reading). This failure can also be
noted in the DCV Function but shows up worse in the
Ohms Function. A20Q310 is the most likely cause of
leakage in the amplifier. Range Failures are normally
caused by the Feedback FETs and possibly the Resistor
Network (U200) in the amplifier circuitry. The failures
show up as one or more ranges defective. Check and do
the following:

a. Only the 100 ohm Range fails. Make sure the X100
Gain of the Input Amplifier is good. If not, check for an
open A20Q309 and Q301. Also make sure feedback
resistors in U200 are good. The 100 mV Range in the
DCV Function should also be defective, if the X100
Gain is inoperative.

b. Only the 1 K ohm and 10 K ohm Ranges fail.
Make sure the X10 Gain of the Input Amplifier is good.
If not, check for an open A20Q307 and Q303. Also
make sure the feedback resistors in U200 are good. The
1 V and 100 V Range in the DCV Function should also
be defective, if the X10 Gain is inoperative.

c. Only the 100 K ohm through 1 G ohm Ranges fail.
Make sure the X2 Gain of the Input Amplifier is good.
If not, check for an open A20Q306 and Q304. Also
make sure the feedback resistors in U200 are good. This
gain is only used in the 100 K through 1 G ohm Ranges.

d. Only the 100 ohm Range is good. Make sure the
X100 Gain of the Input Amplifier is not permanently
held in by a shorted A20Q309. The 100 mV Range:irn the
DCYV Function should also be the only operative range
in that function.

e. Only the 1 K ohm and 10 K ohm Range good.
Make sure the X10 gain of the Input Amplifier is not
held in by a shorted or leaky A20Q307. The 1 V and 100
V Ranges in the DCV Function should also be the only
operative ranges in that function.

f. Only the 100 K ohm through 1 G ohm Ranges
good. Make sure the X2 Gain of the Input Amplifier is
not held in by a shorted A20Q306.

8-D-34. OHMS CURRENT SOURCE TROUBLESHOOTING.

8-D-35. Use the following troubleshooting information
if it has previously been determined that the Ohms Cur-
rent Source is at fault. (The procedures to determine if
this or other circuits are at fault are in Paragraph 8-D-18
and 8-D-20.)

8-D-36. Failures caused by the Ohms Current Source
can be a High, Low, Zero (00.0000), or Overload (OL)
Reading. The failures can be caused by High, Low, or
No Current. Since specific FETs are used to generate the
currents, often a defective FET can be determined by
what ranges fail and how they fail (high, low, overload,
or zero reading). This is especially true for open FETSs or
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inaccurate reference voltages. Shorted or leaky FETs
can also affect certain ranges but may also affect all
ranges, dependent on the defective FET. The following
paragraphs gives the Ohms Range Failures and possible
causes.

NOTE

A minus ohms reading is considered a low
ohms reading.

NOTE

An Overload (OL) condition on the 100 M
and 1 G ohm Ranges only, can show up as a
minus ohms reading (approximately
—49. XXX +6).

NOTE

The Ohms Current Source may need 1o be
readjusted internally, if components in the
Ohms current Source have been replaced,
Go to Service Group F for the Adjustment
Procedure.

8-D-37.All Ranges Inoperative (Overload, Zero Reading,
Accuracy, and Noise).

8-D-38. Use the following procedure to determine the
faulty component or circuitry in the Ohms Current
Source. Use the procedure only if all Ohms Ranges fail.
Do the following:

a. Check for —13 Vdc at A20TP201. If the voltage is
good and quiet, the Reference is good. If not, do the
following:

1. Make sure pin 3 of U402 is —5.5 V.

2. If the voltage is wrong, make sure the Resistor
Divider (U200) is good. The divider can be easily
checked by lifting pin 3 of U204. If the divider is
good, replace U204,

3. If the voltage at pin 3 is good, make sure the
20.4844 K and 20.4955 K resistors in U200 are
good. If they are good, replace U204.

b. Make sure TP202 is —5.5 V on the 100, 1 K, and
10 K ohm Ranges, and —9.25 V on the 100 K ohm and
higher Ranges. If not, make sure the Gate Bias
Amplifier U203 is good. Also make sure Q201 is turned
on for the 100, 1 K, and 10 K ohm Ranges, and Q202 is
turned on for the 100 K ohm and higher Ranges.

c. Make sure pin 2 and 3 of U205 is —5.5 V for the
100, 1 K, and 10 K ohm Ranges, and —9.25 V for the
100 K ohm and higher Ranges. If the voltages are bad,
make sure Q207 is good. An open Q207 can be easily
checked by shorting from its gate to source and measur-
ing for —5.5 V at pin 2 of U205. If Q207 is good,
replace U205.

d. Check for a shorted or very leaky Q203, Q205,
Q208, and Q209.

8-D-5
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8-D-39. Zero Reading and Noise on some Ranges.

8-D-40. A Zero Reading normally shows that no cur-
rent is generated for the range with the zero reading.
This is normally caused by an open FET but can also be
caused by some shorted FETs. Noisy readings caused by
FETs normally shows up on the range which uses the
FET. To determine if a range(s) fails, measure a resistor
value which corresponds to the bad range (e.g. 100 ohm
resister for a bad 100 ohm Range). If a resistor value is
not equal to the full scale value of the range, the failure
symptoms may be different. The following are the faul-
ty ranges and causes.

a. Only the 100 and 1 K ohm ranges fail. These
ranges use 1 mA to measure resistance. The current is
derived by Q209. Make sure the FET is turned on and
not noisy, when either range is selected.

b. Only the 100, 1 K, and 10 K ohm Ranges fail. The
—5.5 V Reference voltage determines the currents for
these ranges. Make sure Q201 is turned on and not
noisy, when any one of the ranges are selected. Also
make sure Q202 and Q205 are not shorted or leaky.

¢. Only the 10 K and 100 K ohm Ranges fail. These
ranges use 100 puA and 50 pA currents to measure
resistance. The currents are derived by Q208 and the
—5.5 V Reference for the 10 K ohm Range and the
—9.25 V Reference for the 100 K ohm Range. Make
sure Q208 is turned on and not noisy, when either range
is selected.

d. Only the 1 M ohm Range fails. This range uses'5
pA current to measure resistance. The current is defived
by Q205. Make sure the FET is turned on and nothoisy,
when the range is selected.

e. Only the 10 M, 100 M, and 1 G ohm Ranges fail.
These ranges used 500 nA current to measure resistance.
The current is derived by Q203. Make sure the FET is
turned on and not noisy, when any one of the ranges are
selected.

f. Only the 100 K through 1000 M ohm Ranges fail.
The —9.25 V Reference determines the currents for
these ranges. Make sure Q202 is turned on and not
noisy, when any one of the ranges are selected. Also
make sure Q201 is not shorted or leaky.

8-D-41. Overload Readings on some Ranges.

8-D-42. This failure can be caused by shorted or leaky
FETs. The bad component(s) can often be determined
by what range(s) fail. Make sure the overload condition
exists by measuring a resistor value which corresponds
to the bad range (e.g. 100 ohm resistor for a bad 100
ohm Range). If another value is used, the failure symp-
toms may be different. (Remember, an overload on the
100 M and 1000 M ohm Ranges can be a “‘ —49. XXX
+6’’ reading.) The following are the bad ranges and
causes.

a. 1M, 10 M, 100 M, and 1000 M ohm Ranges bad.
8-D-6
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This failure can be caused by a shorted or leaky Q203,
Q205, Q208, and Q209. To determine the faulty FET,
check for the following symptoms.

1. If the 100 through 100 K ohm Ranges are Low,
Q203 and/or Q205 is at fault.

2. If the 100 and 1000 ohm Range is low and the 10 K
and 100 K ohm Range is good, Q208 is at fault.

3. If the 100 through 100 K ohm Ranges read pro-
gressively higher, Q209 is at fault.

b. 10 M, 100 M, and 1000 M ohm Ranges bad. Look
for a shorted or leaky Q204 and/or Q206.

¢. 10 K ohm through 1000 M ohm Ranges bad. Look
for a shorted or leaky Q208 and/or Q209.

8-D-43. High or Low Readings on some Ranges.

8-D-44. This type of failure can be caused by shorted or
leaky FETs. To make sure if a range fails, measure a
resistor value which corresponds to the failing range
(e.g. 100 ohm resistor for a defective 100 ohm Range).
If a resistor value is not equal to the full scale value of
the range, the failure symptomes may be different. Once
it has been determined which range(s) fail and how they
fail, use-Table 8-D-3 to determine the shorted or leaky
FET¢Note that a FET can cause certain ranges to fail in
specific ways. However, because of the way the Ohms
Current Source works (some FETs are only partially
on), the table should only be used as a guide. The symp-
toms may change from instrument to instrument.

8-D-45. When using Table 8-D-3, note that a shorted or
leaky FET can cause a failure on more than one range.
Becuase of this, a defective FET can be determined by
what ranges fail and how they fail. One thing to keep in
mind. A range may read good but in actuality may be
inaccurate. This is true if the error of the range has been
adjusted out by a Calibration Potentiometer (Pot F to
J).

8-D-46. 4-WRQ TROUBLESHOOTING.
8-D-47. General.

8-D-48. The following information is for 4-WRQ
Failures that do not show up in the 2-WRQ Function. If
the failure is also present in 2-WR{Q, go to Paragraph
8-D-15 for troubleshooting. Also, troubleshoot any
2-WRQ Failures first, before troubleshooting for any
4-WRQ Failures.

8-D-49. The major difference between 4-WR{ and
2-WR is where the actual ohms measurement is made.
In the 2-WRQ Function, the measurement is made at the
VOLTS Input Terminals. In the 4-WRQ Function, the
measurement is made at the RATIO REF (4WRQ
SENSE) Terminals. Selecting the correct terminals is
done in the Input Switching Circuitry. Because of this, a
4-WR(} Failure with no corresponding 2-WR(Q Failure is
most likely caused by the Input Switching Circuitry.
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Table 8-D-3. Range Failures and Defective FETs.

3458A
Range Rasding 0201 0202 0203 0204 Q205 0208 Q208 0208
100 High X X X X
Low X X X X X X
oL X X X
Zaro X
1K High X X
Low X X X X X
oL X X X
Zero X
10K High X X X X
Low X X X X X
oL X X X X
Zero X X X
100 K High X X X X X X
Low X X
oL X X X X
Zero X
1™ High X X X X X X
Low X
oL X X X X
Zero X
=10M High X X X
Low X X
oL X X X X X X
Zero X

8-D-50. Failures in the 4-WR{ Function can be caused
by Shorted, Open, or Leaky FETSs in the Input Swit-
ching Circuitry. The FETs involved are, A20Q104-
Q108, Ql115, and Q117. The faulty FETs can often be
determined by the failure symptoms. The following
paragraphs have some possible failures, troubleshooting
information, and most likely causes.

NOTE

Make sure the VOLTS (2WRQ, 4WRQ) High
and Low Terminals are connected to the
RATIO REF (4WRS) SENSE) High and Low
Terminals, respectively.

8-D-51. Constant Overload, or High Positive or Negative
Readings.

8-D-52. This failure can be caused by Open or Shorted
FETs in the RATIO REF (4WR{Q SENSE) Input Swit-
ching Circuitry. This failure can also be caused by the
Front/Rear Switch. Make sure the switch is making
good contact. Once is has been determined that the
swtich is good, do the following to determine the faulty
component.

a. Press the RESET button and then set the 3456A to
the 1 K ohm Range.

b. Connect a 1000 ohm resistor to the Input Ter-
minals. Note the displayed reading (Overload, High
Positive, etc.).
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c. Remove the 1000 ohm resistor.

d. If the reading remains the same, continue with
Step e. If the reading goes to ““000.000"’ or changes
more than 1000 counts (with the 3456A in the 5 digit
mode), do the following:

1. With a high input impedance Digital Voltmeter
(like the 3456A), measure the junction of
A20R105, gate of Q107, and source and drain of
Q106.

2. If the reading on the Test DVM is zero volts,
replace A20Q105.

3. If the reading on the Test DVM is a high negative
voltage (approximately — 13 V), replace Q106.

4, If the reading on the Test DVM is a high positive
voltage (approximately 13 V), replace Q107.

e. If the reading on the 3456A under test remains ap-
proximately the same when the 1000 ohm resistor is
removed, do the following:

1. With a high impedance Digital Voltmeter (like the
3456A), measure the junction of A20R106, gate of
Q117, and source and drain of Q108.

2. If the reading on the Test DVM is a high negative
voltage (approximately — 13 V), replace Q108.

3.df the measured reading is a high positive voltage
approximately 13 V), replace Q117.

4. If the measured reading is jumpy or very unstable,
replace Q115. An open Q115 can easily be checked
by reconnecting the 1000 ohm resistor to the Input
Terminals and shorting the source to the drain of
Q115. If the 3456A (under test) now displays the
resistor value, Q115 is open.

8-D-53. 4-WRQ Accuracy Failures.

8-D-54. These failures are normally caused by leaky
FETs in the 3456A’s Input Switching Circuitry. To find
the leaky FET, do the following:

a. Set the 3456A to the 4WRQ Function and short the
Input Terminals. Make sure the instrument is on the 1 K
ohm Range with Autozero On.

b. Connect the low input of a high input impedance
Digital Voltmeter (like the 3456A) to the input side of
A20R106 (orange wire connected at J23). Connect the
high input of the Test DVM to the other side or R106.
Measure for any voltage across the resistor.

¢. If no voltage or less than 5 microvolts is measured
across R106, continue with Step d. If a voltage is
measured across R106, check and do the following:

1. If the voltage across R106 is negative, replace
Q108.

2. If the votlage across R106 is positive, replace

Ql17.

d. Connect the low input of the Test DVM to the in-
put of A20R105 (gray wire connected to J22). Connect

8-D-7
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the high input of the DVM to the other side R105.
Measure for any voltage across the resistor.

e. If no or very little (a few microvolts) voltage is
measured across R10S5, replace Q105.

f. If a positive voltage larger than 50 microvolts is
measured across R105, replace Q107.

g. If a negative voltage is measured across R105, do
the following:
1. Turn Autozero Off.
2. If the voltage across R105 remains the same,
replace Q106.

3. If the voltage across R105 appears jumpy or noisy
with Autozero On and stable with Autozero Off,
replace Q105.

4. If none of the above was noted and the 3456A still
has an ohms accuracy failure, Q105 may be defec-
tive.

8-D-8
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8-D-55. 4-WRQ Noise Failures.

8-D-56. Ohms Noise Failures in the 4-WRQ Function,
but not the 2-WRQ Function, is most likely caused by a
leaky Autozero FET (A20Q105) in the Input Switching
Circuitry. This failure should also show up as a low
ohms reading. Replace Q105.

8-D-57. 0.C. OHMS FAILURE.

8-D-58. Before troubleshooting for any O.C. Ohms
Failures, make sure the 3456A is good in the DCV and
Ohms Functions. Most O.C. Ohms Failures should
show up in either of the other functions, because the
O.C. Ohms Function is very similar to normal ohms.
The only difference is that an ohms measurement is
taken with the Ohms Current Source alternately turned
On and Off. This is accomplished by turning the in-
dividual ohms current determining FETs (A20Q201-
Q206, Q208, and Q209) On and Off. These FETs and
the other circuitry (Input, Current Source) are also used
in normal ohms. Therefore, an O.C. Ohms Failure is
most likely caused by a FET that is too slow in changing
states or the Range and Function Control Logic is not
operating correctly.
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SERVICE GROUP E

8-E-1. GENERAL.

8-E-2. This Service Group has the ACV and
ACV +DCV troubleshooting information for the
3456A. You must make sure the 3456A is functioning
correctly in the DCV Function, before troubleshooting
for any ACV or ACV + DCV Malfunctions. (Go to Ser-
vice Group C if the DCV Function fails).

8-E-3. The Service Group is symptoms oriented (what
fails) with two major levels of troubleshooting. The first
level uses procedures to determine which area in the AC
Converter causes the failure. The second level has infor-
mation to troubleshoot the faulty area.

NOTE

The AC Converter has to be readjusted ac-
cording to the ACV Adjustment Procedure
in Service Group F, if any components are
replaced in the converter.

8-E-4. PRE-TROUBLESHOOTING INFORMATION.

8-E-5. Various Switching FETs are used in thetACV
and ACV + DCV Functions. The FETs are turned On
and Off by Comparators in the AC Converter. The
Comparators are controlled by the Range and Function
Control Logic, which in turn is controlled by the In-
guard Logic. If a FET is suspected to be defective, make
sure the logic is good before replacing the FET. A FET
is normally Off with its gate at approximately —14 V to
—15 V and is On at zero volts. Go to Service Group B,
if the Inguard Logic is defective.

8-E-6. Similar to the FETs, the two relays used in the
Converter are also controlled by the Range and Func-
tion Control Logic. The only difference is that tran-
sistors, which are driven by Nand gates, turn the relays
On and Off.

8-E-7. SWITCH CLOSURE COMMAND TABLE.

8-E-8. Table 8-E-1 lists the commands for the ACV and
ACV +DCYV Functions and Ranges. Use the table to
determine which FET or Relay is on or off for the AC
functions and ranges.

8-E-9. ACV AND ACV+DCV FAILURE ISOLATION.

8-E-10. The 3456A has two AC Functions: ACV and
ACV +DCV. The ACV Function can only measure ac
voltages and the ACV+DCV Function can measure
bothac and dc voltages. Because of this, the functions
should be isolated from each other. Do the following:

a. Determine the failure.

b. If the failure is in the ACV Function and not the
ACV +DCV Function, go to Paragraph 8-E-38 for
troubleshooting.

c. If the failure shows up in both functions, but only
for ac inputs (e.g. the failure shows up with a 1 V ac in-
put and not with a corresponding 1 V dc input), go to
Paragraph 8-E-38 for troubleshooting.

d. If the failure is in both functions and shows up
with an ac and dc input (e.g. the failure shows up with a
1 V ac input and a corresponding 1 V dc input), go to
Paragraph 8-E-11 for troubleshooting.

Table 8-E-1. ACV Switch Closure Commands.

Function Range Switch Closure Commands

I >ZT [=] =B

5 :.l' — —-—
$BP3 83z §388  §4ur 3¥EE sees
ACV 1V 0010 0111 1000 0000 1000 1000
ACV 10V 0010 0111 1000 0010 1000 0100
ACV 100V 0010 0111 1000 0001 1000 0010
ACV 1000 V 0010 0111 1000 0011 1000 0001
ACV+DCV 1V 0010 0111 1000 0000 1000 1000
ACV+DCV 10V 0010 0111 1000 0010 1000 0100
ACV +DCV 100V 0010 0111 1000 0001 1000 0010
ACV +DCV 1000 V 0010 0111 1000 0011 1000 0001

Note: 1 = High, 0 = Low

8-E-1
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8-E-11. ACV AND ACV+DCV TROUBLESHOOTING.

8-E-12. Use the following troubleshooting information
if both the ACV (ac inputs) and ACV + DCV (ac and dc
inputs) Functions fail.

8-E-13. All Ranges Inoperative (Overload, Zero Reading,
Accuracy, or Noise).

8-E-14. The Range Failure can show up as a constant
Overload (OL), Zero Reading, Noise, or Inaccuracy on
all ranges. This can be caused by the Input Attenuator,
Absolute Value Amp, or the RMS Converter. Except
for Inaccuracy, use the following procedure to deter-
mine the faulty circuitry. If the ranges are inaccurate in
either the higher (> 100 kHz) or lower (< 400 Hz) fre-
quencies, and appear in only the ACV Function, go to
Paragraph 8-E-38 for troubleshooting. If inaccuracy
and any of the previous symptoms are noted in both
functions with ac (ACV and ACV + DCV Function) or
dc (ACV + DCV Function only) inputs, do the follow-
ing:

a. Press the 3456A’s RESET button.

b. Set the instrument to the ACV +DCV Function
and 1 V Range.

c. Apply a stable and accurate —1 V dc to the
VOLTS Input Terminals. Use the 3456A’s DCV Func-
tion to determine the accuracy.

d. Using a high impedance Digital Voltmeter (like the
3456A), measure for +1.25 V (2 mV) at A40TP3.

e. If the voltage is wrong or unstable, do the follow-

ing:

1. Measure for +.5 V (1 mV) at TP9.

2. If the voltage is stable and within limits, the Ab-
solute Value Amp is at fault. Go to Paragraph
8-E-28 for troubleshooting.

3. If the voltage is wrong or noisy, the Input At-
tenuator is at fault. Go to Paragraph 8-E-18 for
troubleshooting.

f. If the +1.25 V is stable and within limits, do the

following:

1. Remove the —1 V from the Input Terminals and
apply an accurate and stable +1 V dc to the ter-
minals. Use the 3456A’s DCV Function to deter-
mine the accuracy.

2. Measure for +1.25 V (£2 mV) at pin 6 of U3.

3. If the voltage is stable and within limits, the RMS
Converter is at fault. Go to Paragraph 8-E-31 for
troubleshooting.

4. If the voltage is wrong or noisy, measure for
—-.5V(x1 mV) at TPY.

5. If the voltage is stable and within limits, the Ab-

solute Value Amp is at fault. Go to Paragraph
8-E-28 for troubleshooting.

8-E-2
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6. If the voltage is wrong or noisy, the Input At-
tenuator is at fault. Go to Paragraph 8-E-18 for
troubleshooting.

8-E-15. Some Ranges Inoperative.

8-E-16. A Range Failure can show up as a Constant
Overload (OL), Zero Reading, Noise, or Inaccuracy on
some ranges. Since only some ranges fail, the most like-
ly cause is the Input Attenuator Circuitry.

8-E-17. The Input Attenuator consists of two different
circuitry: High Voltage and Low Voltage. The circuitry
can be isolated by what ranges fail. Check and do the
following:

a. Only the 1V, 10 V, and 100 V Ranges fail. The
Low Voltage Attenuator (A40U6, Q2, U7, and
associated circuitry) is at fault. Check and do the
following:

1. Press the 3456A’s RESET button.
2. Set the instrument to the ACV + DCV Function.

3. Check the 1 V, 10 V, and 100 V Ranges by apply-
ing accurate and stable —1V, —10V, and - 100
V dc to the VOLTS Input Terminals, respectively.
Lise the 3456A’s DCV Function to make sure the
voltages are accurate.

4. Using a high impedance Digital Voltmeter (like the
3456A), measure for +.5 V (+ 1 mV) at A40TP9
for all ranges.

5. If the voltage on all ranges are wrong, the Input
Attenuator itself is at fault. Go to Paragraph
8-E-18 for troubleshooting.

6. If the voltage is wrong on only some ranges, the
Feedback FETs and/or Feedback Resistors are
defective. Go to Paragraph 8-E-18 for
troubleshooting.

b. Only the 1000 V Range fails. The High Voltage
Attenuator is at fault. Check for the following:

1. If an overload condition is noted, check for
oscillation at A40TP2. If oscillation is present, C3
may be open. To check for an open capacitor,
connect another capacitor with the same value in
parallel with C3. If the oscillation stops, replace
C3. If no oscillation is present, make sure the 2.5
K ohm resistor in U3 is good. If good, Ul may be
defective.

2. If a zero reading (<20 counts in the 5 Digit Mode)
is noted, A40Q8 may be open. Make sure the FET
is not held open by its logic. Use Table 8-E-1 to
determine the correct level. If Q8 is good, try
replacing Ul.

3. If the range is inaccurate, make sure the 2.5 K
ohm resistor in U3 is good. If good, Ul may be at
fault.

4. If the 1000 V Range is noisy, carefully short the
source to drain of Q8. If the range is now good,
replace Q8. If still noisy, replace Ul.
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8-E-18. INPUT ATTENUATOR TROUBLESHOOTING.
8-E-19. General.

8-E-20. Before troubleshooting the Input Attenuator,
make sure the failure is not in the Absolute Value Amp
or RMS Converter. Refer to Paragraph 8-E-11 and
8-E-38 to determine the faulty circuitry.

8-E-21. Failures caused by the Input Attenuator can be
Inaccurate, Overload, or Noisy Readings. Other possi-
ble failures can be a Floating Reading (the displayed
reading dves not change when a different input is ap-
plied to the 3456A), or a large offset. If the failures
show up on some ranges, go to Paragraph 8-E-26 for
troubleshooting. For failures on the 1 V, 10 V, and
100 V ranges or all ranges, continue with the next
paragraph.

8-E-22. Overload, Offset, Floating, or Noisy Readings on
the 1 V, 10 V, and 100 V Ranges, or All Ranges.

8-E-23. The Overload Failure normally shows up as a
saturated output of the Input Attenuator and can be
caused by a defective A40Q2, U6, or U7. The Floating
Reading can also be caused by Q2, U6, or U7 and if
there is an open circuit. An offset is most likely caused
by Q2 and U6. Noise can be caused by Q2, U6, or U7.
To determine the faulty component, do the following:

a. Turn the 3456A Off.

b. Using a clip lead, carefully connect the gate of
A40Q?2 (pin 6) to pin 6 of U6.

c. Using another clip lead, connect the gate of ‘A40Q2
(pin 3) to ground.

d. Turn the 3456A On.

e. Set the instrument to the ACV +DCV Function
and 10 V Range.

f. Using a high impedance Digital Voltmeter,
measure the voltage at pin 6 of U6.

g. If the voltage is approximately zero (< + 100 mV)

and stable, Q2 and U6 should be good. Try replacing
U7.

h. If the voltage is other than zero or noisy, Q2 or U6
may be defective.

8-E-24. Inaccurate Readings on the 1V, 10 V, and 100 V
Ranges, or All Ranges.

8-E-25. Inaccurate readings are most likely caused by
the 1 M ohm resistor in A40U3. If the 1000 V Range is
the only good range, the Low Voltage Input Attenuator
is at fault. Use the procedure in Paragraph 8-E-22
(Overload, Offset, etc.) to troubleshoot the attenuator.

8-E-26. Overload, Zero, Inaccurate, or Noisy Readings on
Some Ranges.

8-E-27. If it has been determined that the Low Voltage
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Attenuator is defective on some ranges, locate the defec-
tive FETs or resistors by what ranges fail and how they
fail. Check for the following:

a. Overload Reading. This is most likely caused by a
shorted or very leaky FET to ground. Make sure the
suspected FET is not being held on by the logic. Use
Table 8-E-1 to determine the correct logic. An overload
can also be caused by an open capacitor across the Feed-
back Resistors. This normally shows up as oscillation at
TP9 on the faulty range. When oscillation is noted (on a
defective range), connect a capacitor of the same value
in parallel with the suspected open capacitor. The
following lists the ranges and faulty components.

Only Range Fails Cause
1V A40Q11, Q20, Cl11
10V A40Q10, C10
100 V A40Q3, C12
Only Range Good Cause
1V A40Q20

b. Zero Reading. A Zero Reading (<20 counts in
the 5 Digit Mode) is normally caused by open FETS in
the Input Attenuator. Make sure the suspected FET is
being turned on by the logic. Use Table 8-E-1 to deter-
mine the correct logic levels. The following lists the
ranges'and faulty FETs.

Only Range Fails Cause
1V A40Q5, Q9
ov Q40Q4, Q7
100 V A40Q1, Q6

¢. Inaccurate or Noisy Reading. This is normally
caused by leaky (or noisy) Feedback FETSs or Feedback
Resistors. The faulty component can often be determin-
ed by what range fails. The following lists the ranges
and faulty components.

Only Range Fails Cause
1V A40Q11, 500 K ohm in U3
10V A40Q10, 50 K ohm in U3
100 V A40Q3, 5 K ohm in U3

8-E-28. ABSOLUTE VALUE AMP TROUBLESHOOTING.

8-E-29. Before troubleshooting the Absolute Value
Amp, make sure the failure is not in the Input At-
tenuator or RMS Converter. Refer to Paragraph 8-E-11
and 8-E-38 to determine the faulty circuitry.

8-E-30. The Absolute Value Amp can cause Overload
(OL), Noisy, Floating, or Inaccurate Readings. To
determine the faulty component, do the following:

a. Press the 3456A’s RESET button.

b. Set the 3456A to the ACV +DCV Function and
10 V Range.

c. Apply a stable and accurate —10 V dc to the
VOLTS Input Terminals. Use the 3456A’s DCV Func-
tion to determine the accuracy.

8-E-3
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d. Using a high impedance Digital Voltmeter (like the
3456A), measure for +1.25 V (=2 mV) at A40TP3.

e. If the voltage is wrong or noisy, do the following:

1. Make sure the voltage at TP3 is the same as on pin
1 of U3.

2. If it is the same, make sure CRS5 is conducting and
not shorted. Replace, if defective. Also make sure
Q12 is conducting (correct emitter-base junction
bias). Replace U4 if Q12 is good.

3. If not the same, make sure the § K ohm resistors in
U3 are good (measure from pin 2 to pins 1 and 3
of U3). If they are good, replace U2.

f. If the voltage is stable and good, remove the
—10 V from the Input Terminals and apply + 10 V dc
to the terminals.

g. Using the Test Voltmeter, measure the voltage at
pin 6 of U3. The voltage should be +1.25 V (+2 mV).

h. If the voltage is wrong, make sure CR7 is conduc-
ting and not shorted. Replace the diode, if defective.
Also make sure Q13 is conducting (correct emitter-base
junction bias). Replace U7, if good.

i. If the voltage is good, the failure is not in the Ab-
solute Value Amp. The failure is most likely in the RMS
Converter.

8-E-31. RMS CONVERTER TROUBLESHOOTING.
8-E-32. General.

8-E-33. Before troubleshooting the RMS Coiiverter,
make sure the failure is not in the Input Attenuator or
Absolute Value Amp. Refer to Paragraph 8-E-11 and
8-E-38 to determine the faulty circuitry.

8-E-34. AC Failures caused by the RMS Converter can
be Inaccurate, Overload, and Noisy Readings. Other
possible failures can be a Floating Reading (the
displayed reading does not change when a different in-
put is applied to the 3456A), or a large offset.

8-E-35. The RMS Converter has three major circuits:
Squaring Amp, Square Root Amp, and Averaging
Amp. Since the circuitry interacts with each other, they
should be isolated from each other. The following
paragraphs have the failures and troubleshooting pro-
cedure.

8-E-36. Overload, Floating, Noisy, Inaccurate, or Offset

Readings.

8-E-37. To isolate the faulty circuitry, do the following:
a. Turn the 3456A Off.

b. Using a clip lead, connect the gate of A40Q14 to
ground.

c. Turn the 3456A On.

8-E-4
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d. Set the instrument to the ACV Function and the 10
V Range.

e. Applya 10V, 1000 Hz sine wave to the VOLTS In-
put Terminals.

f. Using an oscilloscope, measure for the signal
shown in Figure 8-E-1A at TP16. Make sure the signal is
stable (not jumpy).

.2 msec

Figure 8-E-1. RMS Converter Waveforms.

g. If the signal is not present, different, or unstable,
do the following:

1. Turn the 3456A Off.

2. Using a clip lead with small clips, connect TP8 to
pin 1 of QI6A (this connects the output of U5 to
its minus input).

3. Turn the 3456A On.

4, Set the instrument to the ACV Function.

5. Using a high impedance Digital Voltmeter (like the
3456A), measure for zero volts (+ 10 mV) at TPS.

6. If the voltage is wrong, replace US.

7. If the voltage is good, make sure Q16A and QI15
are turned on (approximately .6 V across the
emitter-base junction).
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8. If any of the transistors are not turned on, replace
the defective transistor.

9. If the transistors are turned on, try replacing Q17.

10.Turn the 3456A Off and remove the clip lead bet-
ween TP8 and Q16A.

h. If the signal at TP16 is good, check for the signal
shown in Figure 8-E-1B at TP17.

i. If the signal is not present, different, or unstable,
do the following:

1. Make sure Q16B is turned on (approximately .6 V
across the emitter-base junction).

2. If the voltage is good, replace Q17. If not, replace
U13.

3. Replace Ul13.

j. If the signal at TP17 is good, do the following:

1. Leave the gate of Q14 connected to ground. Using
another clip lead, carefully connect TP10 to pin 2
of Ul2 (or short across C28).

2. Using a high impedance Digital Voltmeter (like the
3456A), measure the voltage at TP10.

3. If the voltage is not zero (>10 mV) or unstable,
replace Ul2.

4. If the voltage is good, replace Ql14.

8-E-38. ACV TROUBLESHOOTING.
8-E-39. General.

8-E-40. Use the following procedures to troubleshoot
the 3456A if the intrument only fails in the ACV Func-
tion. Also use the procedures if the instrument fails with
ac inputs (in both the ACV and ACV+DCV
Functions).

8-E-41. If the ACV Function is inoperative and the
ACYV +DCYV Function is good, A40K1 may be open.
This can be checked by shorting across the relay’s con-
tacts. If the function is then good, make sure K1 is turn-
ed on by Q19 and U10. If Q19 and Ul0 are good,
replace K1.

8-E-42. AC Failures in both the ACV and ACV + DCV
Functions with no corresponding DC Failures in the
ACV+DCV Functions, are normally Inaccurate
Readings. This can show up as wrong readings at all fre-
quencies, lower (<400 Hz) frequencies, or higher
(> 100 kHz) frequencies. The following are the failures
and troubleshooting information.

8-E-43. Inaccuracies At All Frequencies.

8-E-44. Check and do the following:

a. If the failure is in all ranges, do the following:
1. Press the 3456A’s RESET button.
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2. Set the 3456A to the ACV +DCYV Function and
10 V Range.

3. Apply a 10 V, 1000 Hz sine wave to the VOLTS
Input Terminals.

4. Make sure the signals at A40TP3 and pin 6 of U3
are a clean half-wave sine wave.

5. If the signals are good (not oscillating), the RMS
Converter is most likely at fault. Go to Paragraph
8-E-31 for troubleshooting.

6. If the signals are oscillating, measure the signal at
TP9.

7. If the signal is a clean sine wave, make sure C16,
C17, and CI18 are good. The capacitors can be
checked by connecting another capacitor with the
same value across the individual capacitors. If the
capacitors are good, replace U4.

8. If the signal is oscillating, make sure C25 is good.
If good, U7 or U6 may be defective.

b. If the failure shows up on some ranges, the Input
Attenuator is at fault. Go to Paragraph 8-E-18 for
troubleshooting.

8-E-45. Inaccuracies At Higher Frequencies.

8-E-46. Check and do the following:

a. If the failure is in all Ranges, check the following:

1. Make sure capacitors A40C16, C17, and C18 are
good.

2. Check for a frequency sensitive CR5 and CR7.

3. Make sure Q17 and Q16 are not frequency sen-
sitive.

b. If the failure is in only the 1 V, 10 V, and 100 V
Ranges, check and do the following:

1. Make sure capacitors A40C22, and C25 are good.
The capacitors can be checked, if open, by con-
necting another capacitor with the same value
across the individual capacitor.

2. Repad C26, as given in Servie Group F (ACV Ad-
justment). If another value C26 improves the ac-
curacy, replace U7. (Note: C26 may need to be
repadded, if U7 is replaced.)

3. If the capacitors and U7 appear to be good, try
replacing Q2 or U6.

c. If the failure is in either the 1 V, 10 V, or 100 V
Range, the failure can be caused by a defective A40C10,
Cl11, or C12. The faulty capacitor can be determined by
which range fails. The following lists the ranges and
faulty component.

Only Range Fails Cause
1V A40Cl11
10V A40C10

100 V A40C12

d. If the failure is on only the 1000 V Range, check
and do the following:

8-E-5
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1. Make sure capacitor A40C3 is good.
2. Replace Ul.

8-E-47. Inaccuracies At Lower Frequencies (Filter In).

8-E-48. This failure is most likely caused by the Averag-

8-E-6
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ing Amp (A40U12 and associated circuitry) in the RMS
Converter. Make sure A40Q21 is on (when the 3456A’s
Analog Filter is enabled), and Q22 and Q23 are off.
Check and make sure the logic turns the correct FET On
and Off, before replacing the suspected defective FET.
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SERVICE GROUP F

8-F-1. GENERAL.

8-F-2. This Service Group has Power Supplies
troubleshooting information and the 3456A’s Internal
Adjustment Procedures. Use the Adjustment Procedure
if components have been replaced in the instrument.
Also, use the procedure that applies to the circuitry in
which a component was replaced (e.g. ACV Adjust-
ment, AC Converter). The following lists the circuitry
and corresponding adjustment procedure.

Circuitry

Reference

A/D Converter

Input Switching
Input Amplifier

100V DC Input
Ohms Current Source
AC Converter

250 kHz Circuitry

Adjustment Procedure

Reference Adjustment
A/D Adjustment
DCV Adjustment
DCV Adjustment
100V Adjustment
Ohms Adjustment
ACYV Adjustment

250 kHz Adjustment

NOTE

The adjustment procedures in this Service
Group does not have to be performed at the
3456A°s normal calibration time. They
should only be performed after repairing the
instrument.

NOTE

The 3456A should be on at least one hour
with covers in place and at its operating
temperature, before doing any adjustments.

8-F-3. POWER SUPPLIES TROUBLESHOOTING.

8-F-4. There are two groups of Power Supplies in the
3456A, Outguard and Inguard. The Outguard Supply
consists of a single + 5V supply. The Inguard Supplies
consists of a +33V raw supply and +15V, —15V,
—18V, and +5V regulated supplies. The following
paragraphs have the troubleshooting information for
both Inguard and Outguard Power Supplies.

8-F-5. In addition to the Inguard Power Supplies, the
A20 board also has various 2V supplies. These supplies
are used to bias comparators used in the Input Switch-
ing, Input Amplifier, A/D Converter, and Ohms Cir-
cuitry. The supplies consists of a simple voltage divider
used to divide the +5V power supply down to +2V.
Each of the circuitry, except the Input Switching, have
their own supply. The Input Switching uses the supply
for the Ohms Circuitry. Since either circuitry can load

down the supply, the Input Switching can be isolated
from the Ohms Circuitry by lifting jumper
A20JMPRI103.

8-F-6. Outguard Power Supply.

8-F-7. An Outguard Power Supply failure can be
caused by the supply itself (U1, A3CRS through CRS8)
or by a shorted Integrated circuit on the A3 or A4
board. Since part of the power supply is located on the
A3 board, the A4 board is the only board that can be
isolated. To do that, remove the A4 board. If the supply
is good (+4.75V to +5.25V), check for a shorted IC on
the A4 board. If the supply is still inoperative, make
sure A3CRS through CR8 and zener diode CR1 are
good. If they appear good, replace Ul (mounted on the
chassis near TI1). If still inoperative, check for a
shorted IC on the A3 board.

8-F-8. Inguard Power Supplies.

8-F-9.~Failures in the Inguard Power Supplies can be
caused by the supplies themselves or by shorted com-
portients in the Inguard. To troubleshoot a supply, do
the following:

a. Determine which supply fails.

b. Turn the 3456A Off.

c. Refer to Table 8-F-1 to determine which board
uses the inoperative supply and where to measure the
various supplies. Remove the board(s) that use the in-
operative supply.

Table B-F-1. Inguard Power Supply Locations.

Power Suply Measured At Board Number
+33Vv A10P15 Pin 7 A20
+15V A10P15 Pin 6 A20,A40
-15v A10P15 Pin 3 A20,A40
+ 5V A10P15 Pin 4,56 A20,A30,A40
-18V A10P15 Pin 2 A20

d. Turn the 3456A On.

e. If the power supply is still inoperative,
troubleshoot the supply by doing the following:

1. Measure the voltages and ripple on the raw sup-
plies. The voltages and ripples should be checked
with the regulated supply loaded. The nominal
voltages, ripple, load resistor value, etc. are listed
in Table 8-F-2.
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Service

2. If the raw voltages are good, replace the regulator
IC of the inoperative supply, as given in Table
8-F-2.

3. If the raw supply is defective, make sure the rec-
tifiers and filter capacitors are good. Replace, if
defective.

Table 8-F-2. Power Supplies Levels.

Power Rippln Voltage
Supply Raw Supply (Raw Supply) Load Resistor Regulator
+ 33V +33V to +46V < 2Vp-p 3k ohms(1W) -

+15V |+17.5Vto +30V| <.8Vp-p | 220 ohms(2W) | A10U2
-15V |-17.5Vto -30V| <.8Vp-p | 220 ohms(2W) | A10U3
+ BV +7Vto +15V| <.5Vp-p |1.5k ohms(5W)] | A10U1

-18V =21V to -33V 1Vp-p | 470 ohms(1W) | A10U4

f. If the defective power supply is now good, connect
the appropriate load to the supply as given in Table
8-F-2.

g. If the supply is unable to handle the load, replace
the regulator IC as given in Table 8-F-2.

h. If the supply is able to handle the load, the cir-
cuitry which connects to the supply is loading the supply
down. To help isolate the circuitry, open the power sup-
ply jumpers used by the various circuitry. The jumpers
are listed in Table 8-F-3.

Table 8-F-3. Power Supplies Jumpers and Location.

Power Assambly Jumper Schematic
Supply Number Number Number
+ 33V A20 - 3

+ 15V A20 102 1

+ 15V A20 205 2

+ 15V A20 304 3

+ 15V A20 507 4,5A,5B
+ 15V A40 - 7
-15Vv A20 101 1

- 15V A20 206 2

- 15V A20 303 3
=15V A20 506 4,5A,5B
-15V A40 - 7

+ BV A20 - 1

+ 5V A20 208 2

+ 5V A20 301 3

+ 5V A20 403 4

+ BV A40 - 7

+ BV A30 - 8

- 18V A20 - 1
—-18V A20 207 2
-18V A20 302 3
=18V A20 - 4
-18V A20 505 5

8-F-10. REFERENCE TROUBLESHOOTING.

8-F-11. The Reference Voltage Supplies in the 3456A
are —12Va, —12Vb, and + 12V. The —12Va Supply is
the main reference voltage, and —12Vb and + 12V are
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referenced to that voltage. To troubleshoot the
reference voltages do the following:

a. Determine which voltage (—12Va, —12Vb, or
+ 12V) supply is defective.

b. If the —12Va supply is defective, do the follow-
ing:

1. Make sure the supply is not loaded down by other
circuitry. Do this by lifting jumper A20JMPR503.
If the supply is good, a component in the other cir-
cuitry is loading down the supply. Refer to
Schematic 2, 3, 4, and 7 for the other circuitry.

2. If the supply is still defective, make sure
A20Q501, CR502, and CR503 are good. Replace
Q501, CR502, or CR503, if defective.

3. If the components are good, replace the Reference
Board and readjust the Reference Voltage (go to
Paragraph 8-F-14).

NOTE

Do not replace any components on the
Reference board (A24 or A25), or inac-
curacy to the 3456A will result.

c. Ifithe —12Vb and/or + 12V supplies are defective,
do the following:

1. Make sure the + 12V supply is not loaded down by
other circuitry. Do this by lifting jumper
A20JMPR504. If the supply is good, a component
in the other circuitry is loading down the supply.
Refer to Schematic 2, 4, and 7 for the other cir-
cuitry. The A/D Circuitry (Schematic 4), which
uses this supply, can be isolated by lifting jumper
A20JMPR402.

2. If the supply is still defective, replace A20U505.

3. If the — 12VDb supply is defective, remove the A20
board. If the supply is now good, lift jumper
A20JMPR401. If the supply is now good,
troubleshoot the A/D Circuitry. If the supply is
still inoperative, replace A20U504.

8-F-12. INTERNAL ADJUSTMENT PROCEDURES.

8-F-13. The following are the 3456A’s Internal Adjust-
ment Procedures. The adjustment in each procedure
must be performed in the order they are presented.

8-F-14. Reference Adjustment.

8-F-15. Do this procedure only if the Reference
Assembly (A24 or A25) has been changed or any com-
ponents in the Reference Circuitry have been replaced
(A20U505, etc.). Do the following:

a. Press the 3456A’s RESET button.

b. Place jumper A20J29 to the ground position and
set all the jumpers located at the right of A20U500 bet-
ween A20J26 and J27, as shown in Figure 8-F-1.
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Figure 8-F-1. Reference Jumpers.

c. Connect the input of the Input Amplifier (white
wire connected at pin 3 of A20Q310) to A20TO102.

d. Set the 3456A to Trigger HOLD (press the HOLD
button).

e. Using a high impedance Digital Voltmeter (like the
3456A), measure the voltage at A20TP403. The voltage
should be < +125mV.

f. If the voltage is correct, continue with the next step
(step g). If the voltage is incorrect, do the following:

1. Remove the test meter from TP403.
2. Turn the 3456A Off.

3. Replace and make sure jumpers A20JMPRS501
and JMPRSO02 are in their respective places.

4. Turn the 3456A On and allow the instrument to
warm up to its operating temperature.

5. Reconnect the test meter to TP403 and note the
reading. Then determine the jumper to be remov-
ed to bring the reading into tolerance
(< £125mV). To determine the correct jumper,
refer to the following:

Cut this Jumper Voltage at TP403

A20150 between —375mV and — 125mV
A20J502 between —676mV and —375mV
A20J501 and J502 between —875mV and - 625mV

6. Continue with the next step.

g. Remove the test meter from TP403.

h. Reconnect the input of the Input Amplifier to
A20J19.

i. Replace jumper A20J29 to the RUN position.

j. Press the 3456A’s RESET button

k. Set the 3456A to the 6 Digit Mode (by storing 6 in-
to the N DIGIT DISP Register).

l. Remove the 3456A’s Front Panel Calibration
Cover (see Section V, Paragraph 5-9 for the cover’s
removal procedure). Set Calibration Adjustment “‘A’’
to the 6 position.

m. Apply an accurate and stable + 10V dc to the
VOLTS Input Terminals.

Service

n. Locate the jumpers next to (the right of)
A20U500. These are the Reference Coarse Adjustment
Jumpers. While referring to the 3456A’s displayed
reading, start with the jumper to the rear of the instru-
ment and move each jumper one at a time from A20J26
and J27 to J27 and J28 (move from left to right). Each
time a jumper is moved and the reading exceeds + 10V,
replace the jumper back to its original position. If
reading does not exceed + 10V, leave the jumper in the
right position and go to the next jumper. Do this for all
jumpers.

o. After all the jumpers have been moved, do the
DCV Adjustment Procedure in Section V of this manual
(Adjustments).

8-F-16. A/D Adjustment.

8-F-17. Do this adjustment only after repairing the
A/D Converter. Do the following:

a. Press the 3456A’s RESET button.

b. Set the instrument to the 6 Digit Mode (by storing
6 into the N DIGIT DISP Register).

c. Apply an accurate and stable + 10V dc to the
VOLTS Input Terminals. Note the displayed reading.

d. Reverse the polarity of the + 10V (apply — 10V dc)
and note the reading. If there is a difference in
amplitude of 2 counts or less, no adjustment is needed.
If the difference is more than 2 counts, remove the 10V
from the Input Terminals and do the following:

1. Turn the 3456A Off.

2. Unsolder and remove A20R403, if there is one
present.

3. Turn the 3456A On and allow the instrument to
warm up to its operating temperature. (Note: If
the 3456A has only been off for a short time, less
than 5 minutes, 15 to 30 minutes warm-up time
should be sufficient.)

4. Set the instrument to the 6 Digit Mode (by storing
6 into the N DIGIT DISP Register).

5. Apply an accurate and stable + 10V dc to the
VOLTS Input Terminals. Note the displayed
reading.

6. Reverse the polarity of the + 10V (apply — 10V
dc) and note the reading. The negative reading
should be greater in amplitude than the positive
reading. To bring the reading into tolerance,
repad R403. Choose the correct value from the

following:
Reading Resistor
Difference Value
1 count 402K
2 counts 301K
3 counts 200K
4 counts 100K

8-F-3
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8-F-18. DCV Adjustment.

8-F-19. Do this procedure only after repairing the Input
Amplifier and Input Switching Circuitry. Do the follow-
ing:

a. Make sure the 3456A has been warmed up for at
least 1.5 hours, then press the instrument’s RESET but-

ton.
b. Connect the input of the Input Amplifier (white
wire connected to pin 3 of A20Q310) to A20TP102.

c. Set jumper A20J29 to the ground position, as
shown below.

z 2
@ [&]

4‘ oled
us00 000

d. Set the 3456A to the 100mV Range and the 6 Digit
Mode (by storing 6 into the N DIGIT DISP Register).

e. Connect a high impedance Digital Voltmeter (like
the 3456A) to A20TP303. Adjust A20R334 until a null
(0 reading, +10mYV) is read on the test meter. Remove
the meter from TP303.

f. Reconnect the input of the Input Amplifier to
A20J19.

g. Replace jumper A20J29 to the RUN position.
h. Short the 3456A’s VOLTS Input Terminals.

i. Note the instrument’s displayed offset reading.
j- If the offset is zero, continue with step m.

k. If the offset is positive or negative by less tHan 2uV
(20 counts), the 3456A’s low input circuitry needs to be
padded. The padding instructions are as follows:

1. If the offset is positive, connect a resistor (see step
3 for the correct vlue) between the + 13V terminal
at A20CR102 and the node between A20R149 and
A20R104.

2. If the offset is negative, connect a resistor (see step
3 for the correct value) between the — 13V ter-
minal at A20CR102 and the node between
A20R149 and A20R104,

3. The correct resistor values are as follows:
Offset | Padding Resistor | -hp- Part Number

0.0-0.9uV |no resistor required ————

1.0-1.4xV |12M ohm 0699-0740
1.5-1.9xV [8.2M ohm 0699-0741
204V |6.8M ohm 0698-6592

1. If the offset is >2uV, calibrate and/or repair the
instrument.

m. Check the 3456A’s 100V Range for a maximum
offset of 0.2mV. If the offset is greater, calibrate
and/or repair the instrument.

n. Set the 3456A to the 100MV Range.
0. Set the 3456A to the 100 Number of Cycles In-

8-F-4 RevB
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tegrated Mode (by storing 100 into the N CYC INT
Register).

p. Adjust A20R147 for a zero reading (+ 1 count) on
the display.
q. Turn the Analog Filter on (press the FILTER but-

ton) and adjust A20R 148 for a zero reading ( + 2 counts)
on the display.

r. Remove the short from the Input Terminals.

8-F-20. 100V Adjustment.

8-F-21. Do this procedure only when the 100V Adjust-
ment (Front Panel Adjustment Pot “‘E’’) is out of ad-
justment range. If that is the case, remove (or insert)
jumper A20JMPR602 to bring the adjustment into
range.

8-F-22. Ohms Adjustment.

8-F-23. Do this procedure only after repairing the
Ohms Current Source. Do the following:

a. Press the 3456A’s RESET button.

b. Set the instrument to the 4-WRQ Function and the
6 Digit Mode (by storing 6 into the N DIGIT DISP
Régister).

c. Remove the 3456A’s Front Panel Calibration
Cover (see Section V, Paragraph 5-9 for the cover’s
removal procedure).

d. Turn the front panel Calibration Pot “‘F’’ com-
pletely counter-clockwise.

e. Connect an accurate 10K ohm Resistor (its value
within the 3456A’s 10K ohm specifications) to the 4-WR
Ohms Input Terminals.

f. Note the front panel reading. The reading should
be between 9.9970K and 9.9990 K ohms. If the reading
is good, no adjustment is needed. If the reading is not
within the limits, do the following:

1. Turn the 3456A Off.

2. Replace and make sure jumpers A20JMPR201
through JMPR204 are in their respective places
(replace with new jumpers, if missing).

3. Turn the 3456A On and allow the instrument to
warm up to its operating temperature.

4. Set the instrument to the 4-WRQ Function and the
6 Digit Mode (by storing 6 into the N DIGIT DISP
Register).

5. Reconnect the accurate 10K ohm Resistor to the
4-WR Ohms Input Terminals.

6. Note the front panel reading. Each one of jumper
JMPR201 through JMPR204, when cut or re-
moved, changes the reading a certain amount. To
bring the reading into tolerance, determine the
needed resistance value. Once that is determined,
remove one or more jumpers to bring the reading
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into tolerance. For example, the reading is
9.9950K ohms; a resistance value of 20 ohms is
needed to bring the reading in. Adding the
resistance value of JMPR201 (12.5 ohms),
JMPR202 (6.4 ohms), and JMPR203 (3.3 ohms)
gives a total value of 22.2 ohms which increases
the reading to 9.9972K ohms. The corresponding
resistance value of each jumper is as follows:

JMPR204: 1.7 ohms
JMPR203: 3.3 ohms
JMPR202: 6.4 ohms
JMPR201: 12.5 ohms

8-F-24. ACV Adjustment.

8-F-25. Do this procedure only after repairing the AC
Converter. The common ground used for the ACV Ad-
justments is the ground #1. Do the following:

a. Press the 3456A’s RESET button.

b. Set the instrument to the ACV +DCV Function
and the 100V Range.

c. Remove the 3456A’s Front Panel Calibration
Cover (see Section V, Paragraph 5-9 for the cover’s
removal procedure).

d. Short the VOLTS Input Terminals.

e. Connect the ‘““High’’ input of a high impedance’
Digital Voltmeter (like the 3456A) to A40TP9 and the
“Low”’ input to TP1.

f. Adjust Calibration Pot ‘‘N’’ (on front panel) for a
0.0000 (< +10uV) reading on the test meter.

g. If unable to adjust to tolerance, install jumpers
A400JMPR3 and/or JMPR4 to either + 12V or — 12V
to bring the reading into tolerance. (See below.)

OO0
N b
) 1

\
|
/ !

AZL+

/
anobo” O

e

Jumper to be installed in one of three positions.

A AZL—

h. If the reading is good, measure between A40TP11
(high) and ground (low). Make sure the reading is less
than +£9.3V.

i. Remove or insert jumpers A40JMPR3 and JMPR4
until the conditions in step e and h are met.

j. If no jumpers need to be installed, place jumper
A40JMPR3 and JMPRA4 to ground.

k. Set the 3456A to the ACV Function and 1V
Range.

. Adjust A40R77 to its center position.
m. Connect A40TP12 to TP15.
n. Connect the test meter’s ‘‘High’’® input to

Service

A40TP17 and the “Low” input to TPI2. Adjust
A40R86 for a —.370V (< %.005) reading, as read on
the meter.

0. Connect the test meter’s ‘““‘High’’ input to A40TP4
and the ““Low’” input to TP12. Adjust A40R77 for a
+1.5mV (< £.1mV) reading, as read on the meter.

p. Repeat steps n and o until both readings are within
the specified limits.

q. Remove the test meter and the connection between
A40TP12 and TP15.

r. Connect the test meter’s ‘“High”’ to the collector of
A40Q13 and “‘Low”’ to TP1. (Note: Under certain cir-
cumstances, Q13 may oscillate. If this is the case, try
decoupling the meter with a 10K ohm resistor at the col-
lector of Q13).

s. Adjust Calibration Pot ‘M’ (on front panel) for a
0.0000 (< +£30mV) reading on the test meter.

t. If unable to adjust to tolerance, install jumpers
A40JMPR2 and/or JMPRS6 to either +12V or —12V to
bring the reading into tolerance. (See step g.)

u. If the reading is in tolerance, measure between
A40TPS5 (high) and ground (low). Make sure the reading
is less than +8.25V.

v. Remove or insert jumpers A40JMPR2 and
JMPRS until the conditions in step s and u are met.

w. If no jumpers need to be installed, place jumper
A40JMPR2 and JMPRS6 to ground.

x. Connect the test meter’s ‘““High’’ to A40TP16 and
“Low” to TPI.

y. Adjust Calibration Pot ‘‘K’’ (on front panel) for a
—0.8V (< = 1mV) reading on the test meter.

z. If unable to adjust to tolerance, install jumpers
A40JMPR7 and/or JMPRS to either + 12V or — 12V to
bring the reading into tolerance. (See step g.)

aa. If the reading is good, measure between A40TP6
(high) and ground (low). Make sure the reading is less
than +8.5V.

bb. Remove or insert jumpers A40JMPR7 and
JMPRS until the conditions in step s and u are met.

cc. If no jumpers need to be installed, place jumper
A40JMPR7 and JMPRS to ground.

dd. Remove the short from the Volts Input Ter-
minals and remove the test meter.

ee. Adjust Calibration Pot ‘L’ (on front panel) ful-
ly clockwise.

ff. Apply an accurate 1V ac at 1kHz to the VOLTS
Input Terminals.

gg. If the reading is within 1.00000V and 1.01000V,
no further internal adjustments are necessary. Do the
ACV Adjustments in Section V of this manual (Ad-
justments).

hh. If the reading is below 1.00000V, remove
jumpers A40JMPRI11 and/or JMPRI12 to bring the

8-F-5
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reading into tolerance. The change in reading each
jumper produces is as follows:

Remove Jumper |

JMPR11
JMPRI12
JMPRI1 and JMPRI2

Change in Reading

Approximate 1% increase
Approximate 2% increase
Approximate 3% increase

ii. If the reading is above 1.01000V, install jumpers
A40JMPRI11 and/or JMPRI12 to bring the reading into
tolerance. (The effect each jumper has on the reading, is
given in step hh.)

jj- Do the ACV Adjustments in Section V of this
manual (Adjustments).

8-F-26. 250 kHz Adjustment.

8-F-27. Do this adjustment only if repairs have been
made to the Input Attenuator Circuitry in the AC Con-
verter. Do the following:

a. Make sure the ACV Adjustment (per Section V of
this manual) has been completed and that the 3456A
meets its ACV Specifications.

b. Press the 3456A’s RESET button.

8-F-6
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c. Set the instrument to the ACV Function and 10V
Range.

d. Apply an accurate 10V ac at 250kHz to the
VOLTS Input Terminals.

e. If the front panel reading is between 9.7000 and
10.3000, continue with step g.

f. If the reading is out of tolerance, change A40C26
to another value until the reading is in tolerance. (A
change in capacitance of 3pf produces an approximate
.1% change in reading.)

g. Note the final reading and then remove the 10V ac
from the VOLTS terminals.

h. Set the 3456A to the 1V Range.

i. Apply an accurate 1V ac at 250kHz to the VOLTS
Input Terminals.

j- Adjust A40R23 for the same reading as in step g
within 500uV. For example, the reading in step g was
10.1000V. The reading in this step should be between
1.01050V and 1.00950V.

k. If unable to adjust A20R23, insert or remove
jumpers A40JMPR9 and/or JMPR10 until the adjust-
ment has enough range.



APPENDIX A

A-1. INTRODUCTION.

A-2. The following chapters in this appendix contain
certain general and specific HP-IB information. The
general information is non-controller dependent but
may be dependent on the 3456A. The specific informa-
tion is controller and/or instrument dependent.

A-3. GENERAL HP-IB DESCRIPTION.

A-4. The Hewlett-Packard Interface Bus (HP-IB) is a
carefully defined interface which simplifies the integra-
tion of various instruments, calculators, and computers
into systems. The interface provides for messages in
digital form to be transferred between two or more HP-
IB compatible devices. A compatible device can be an
instrument, calculator, computer, or peripheral device
that is designed to be interfaced using the HP-IB.

A-5. The HP-IB is a parallel bus of 16 active signal lines
grouped into three sets, according to function, to inter-
connect up to 15 instruments. A diagram of the Inter-
face Connections and Bus Structure is in Figure A-1.

A-6 Eight signal lines, termed as DATA lines, are in the
first set. The Data lines are used to transmit data in the
form of coded messages. These messages are used to
program instrument function, transfer measurement
data, coordinate instrument operation, and to manage
the system. This allows you to set-up the instrument and
read its measurement data. Input and output of mes-
sages in bit-parallel, byte-serial form are also transfer-
red in the Data lines. A 7-bit ASCII code normally
represents each piece of DATA.

A-7. Data is transferred by means of an interlocking
‘“‘handshake’’ technique which permits data transfer
(asynchronously) at the rate of the slowest active device
used in that particular transfer. The three DATA BYTE
CONTROL lines coordinate the transfer and form the
second set of lines.

A-8. The remaining five GENERAL INTERFACE
MANAGEMENT lines are used to manage the devices
on the HP-IB. This includes activating all connected
devices.at once, clearing the interface, and others. A
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Figure A-1. Interface Connection and Bus Structure.
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condensed description of the HP-IB is available in the
Condensed Description of the Hewlett-Packard Inter-
face Bus Manual, -hp- Part Number 59401-90030. The
manual is available through your nearest -hp- Sales and
Service Office.

A-9. HP-IB SYSTEM OVERVIEW.

A-10. The following chapters define the terms and con-
cepts used to describe HP-IB (Bus) system operations.

A-11. HP-IB System Terms.

a. Address: The characters sent by a controlling
device to specify which device will send information on
the HP-IB and which device(s) will receive that informa-
tion. Addressing may also be accomplished by hardwir-
ing a device to only send information or only receive in-
formation.

b. Byte: A unit of information consisting of 8 binary
digits (bits).

c. Device: A unit that is compatible with the IEEE
Standard 488-1975.

d. Device Dependent: An action a device performs
in response to information sent over the HP-IB. The ac-
tion is characteristic of an individual device and may
vary from device to device.

e. Polling: This process typically is used by a con-
troller to locate a device that needs to interact with the
controller. There are two types of polling, as follows:

1. Serial Poll: This method obtains one byte of
operational information about an individual
device in the system. The process must be repeated
for each device from which information is desired.

2. Parallel Poll: This method obtains information
about a group of devices simultaneously.

A-12. Basic Device Communication Capabilities.

A-13. Devices which communicate along the interface
bus can be classified into three basic categories:

a. Talker: Any device that is able to send informa-
tion over the HP-IB, when it has been addressed. Only
one talker may be active at a time; usually the one that is
currently directed to send data. All HP-IB type
calculators and computers are generally talkers,

b. Listener: Devices which receive information over
the HP-IB, when they have been addressed. A device
may or may not be both a talker and a listener.

A-2
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Calculators or computers are generally both a talker and
a listener (at different times).

c. Controller: The device that can specify which
devices(s) on the Bus is a talker or a listener. There can
be two types of controllers, an Active Controller and a
System Controller. The Active Controller is the current
controlling device. The System Controller can,
however, take control of the HP-IB even if it is not the
active controller. There can also be only one controller
at a time, even if several controllers are on the Bus.

A-14. HP-IB Messages.

A-15. Different types of information can be passed
over the HP-IB to one or more devices. Some of this in-
formation is in the form of messages, most of which can
be separated into two parts. One part can be classified
as the address portion specified by the controller and the
information that comprises the messages. The second
part can be classified as HP-IB management messages.
These messages are comprised of twelve messages and
are called meta messages. In this manual they are refer-
red to as Bus Messages and are defined as follow.

a. MData: The actual information (binary bytes) sent
bypa talker to one or more listener. The information
{data) can either be in a numeric form or a character
string.

b. Trigger: The trigger message causes the listening
device or devices to perform a device dependent action
when addressed.

c. Clear: The clear message causes the listening
device(s) or all of the devices on the HP-IB to return to
their predefined device-dependent state.

d. Remote: This message causes the listening
device(s) to switch from local front panel control to
remote program control when addressed to listen.

e. Local: This message clears the REMOTE message
from the listening device(s) and returns the device(s) to
local front panel control.

f. Local Lockout: This message prevents a device
operator from manually inhibitating remote program
control.

g. Clear Lockout and Set Local: With this mesage,
all devices are removed from the local lockout mode and
revert to local. The remote message is also cleared for all
devices.

h. Require Service: A device can send this message at
any time to signify the device needs some type of in-
teraction with this controller. The message is cleared by
the device’s STATUS BYTE message if the device no
longer requires service.
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i. Status Byte: A byte that represents the status of a
single device on the HP-IB. One bit indicates whether
the device sent the required service message and the re-
maining seven bits indicate operational conditions
defined by the device. This byte is sent from the talking
device in response to a ‘‘Serial Poll”’ operation per-
formed by the controller.

j. Status Bit: A byte that represents the operational
conditions of a group of devices on the HP-IB. Each
device responds on a particular bit of the byte thus iden-
tifying a device dependent condition. This bit is typical-
ly sent by devices in response to a parallel poll opera-
tion.

k. Pass Control: The bus management responsibility
is transferred from the active controller to another con-
troller by this message.

Appendix A

. Abort: The system controller sends this message to
unconditionally assume control of the HP-IB from the
active controller. The message will terminate all bus
comunication but does not implement the CLEAR
message.

A-16. HP-1IB WORKSHEET.

A-17. The HP-IB Worksheet (Table A-1) can be used to
determine the HP-IB capabilities of the other HP-IB
compatible instruments may have. The sheet may be fill-
ed in with the Bus messages applicability for your con-
troller and each HP-IB device. The Bus capability of the
3456A has already been filled in. Refer to your con-
troller manual and the manual(s) of your other device(s)
for their Bus Messages capabilities. Once the sheet is
filled out, you should then have the HP-IB capabilities
of your device(s).

Table A-1. HP-IB Worksheet.

HP-IB BUS IMPLEMENTATION WORKSHEET

MESSAGE DEVICE
INSTRUMENT s MODEL
IDENTIFICATION e

YES LISTEN
AND
HP-IB TALK YES ;ABL:
ADDRESS va?.ggzz VAL:..IE
DATA S&R
TRIGGER R
CLEAR R
LOCAL R
REMOTE R
LOCAL R
LOCKOUT
CLEAR LO & 5
SET LOCKOUT
REQUIRE S
SERVICE
STATUS
BYTE S
STATUS N
BIT
PASS
CONTROL N
ABORT N

S = SEND ONLY R = RECEIVE ONLY

S & R = SEND AND RECEIVE

N = NOT IMPLEMENTED

A-3
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A-18. UNPACKING PROGRAM. The program is given in the Enchanced Basic (9835A/B

and 9845B Controller) Language.

A-19. The following is an unpacking program used to
unpack the 3456A’s readings taken in the Packed mode.

Unpacking Program

1

e

S

4

ae

2

B

=15]

1|

166
118
128
16
146
156
168
178
156
196
288
216
226
258
248
254
268
a2ve
286
298
S0E
218
228
334
348
3548
368
ara
388
398
484
414
424
438
444
4568

|
I
I
|
|
[
[
|
I
|
I
I
I
I
|
|
I
I
I
I
I
I
!
I
|

The following progrom illustrates one method for unpoackins doto from

the 34EEA. You con proarom this routing to take "ony” munber of readines
by chonsing the DIM statesment im line #0 + the 24560 programminsg syntax
in Line 3@s ond the buffered transfer statement in line 4@, The
Fpuamericnl orray Out is dimensioned to contain the nusber of readinss that
will ke token The strine warioble Ing is dismenszioned to 4 times the
Pidiber of reodine:s token,  Thot iss o pocked reading contains 4 betes of
data per reoding.,

In thiz porticular exaomples the 3456A 1z prosraosmed to the followins
stotess

Functions DCY CF1

Dota Chgtput Forsat: Pocked (P12

Fonaes FAutoropas (R

Delaws @ CASTI

Intearation Timet .1 Lineg Cwcles 0, 1STI

Mumber of REeodipnss: 9 (895TH

Svatern Dutrput Moded On CS01

Trisasr: Sinale (T3

You can follow the comment statements oncsnch lime of the prosrom to
understand the boasic operation . ExplePhing the opgrotion of the
Wipacking suberosramn is bevond the 5%§ﬁg e this Moyl

S

OPTION BASE 1 I Specifies first ?gment in ordeeric array Dut is Outoly,
DIM Iw#FL36da0ut €9 | DimegnzionsShe strimg wvorioble and numeric array.
OUTFUT F228 "FIFIREIGSTDLISTIZSTHSO0LTE" | Prosroms the 3456,

EMTER 722 EFHS Z2& HDFDRMHT;IQ@'! Enters 36 data bytes into the strina Inf,
CALL UnpkSacIngs Dut oy | CETls Unpackinsg routined posses the pocked dota,
FOR I=1 TO 2 | Sgts up loor to print out the number of reodinss taken,
FRIMT "HUMEER "§I1§" VOLTAGE KEADIMG = "3§0ut I

HEST 1

EMD

SUB UnekSECInds Out %)

IMNTEGER Ms Js IT+EBl1sB2sE3aBd

H=LEH¢ In%)

J=8
FOR I=1 TO M STEF 4
NENES

Br=HUMCIrEl I 10
B2=HUMC ITr$El I+1 13
B3=HUMC In$l T+2 13
Bd=MLMCTr$l T+3 10
Out Co= 1¥BITCBLy B+, @1#SHIFTCRZ 40+, BB1%BINANDCERZy 150+, BAB1#SHIFT B3y 40+,

BB0a1*ETNANDCESy 15 +. BORAA1*SHIFT (B4 40+, BRAOEE] B IHANDCEd, 150

4648
478
488

A-4

EE&;J;=oumﬁJJ*(l—E*BIT(Ei,1nm*1aTaq1-2*Errc91,?}}ﬁsHIFrcerwﬂnnce1,1&4):2;}
SUBEND
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A-20. MULTIPLE READING TRANSFER PROGRAMS.

A-21. The following programs show how to transfer
multiple readings from the 3456A to the controller. The
programs are given in the HPL(9825A Controller) and
Enhanced Basic (9835A/B and 9845B Controller)
Language. The programs do the following.

a. The 3456A is set up to do this:

1. Clear the 3456A and set SRQ Mask to bit 1 (Pro-
gram Memory Execution Complete).

2. Enter into memory to enable Reading Storage,
select 10 Number of Readings per Trigger, and
Single Trigger.

3. Execute Program Memory.

b. Read 3456A Status and remain in a loop until Pro-
gram Memory has completed its execution.

c. Set up the 3456A to enable its System Output
Mode and scroll the internally stored readings starting
with #10.

d. Store readings into variables.

HPL Program.

dim ALL1E]

Wit FE2Ey "HIEMBRZLIRES1185STHT oML "
if rds 722 #68s ine B

wrt FE2."S01-185TRRER"

for I=1 to 18

red V2EsACT]

o 16

R et e M R B N P e

[23 (51 = == == == 2= =8 ew == == ==
m
e
-

Enhanced Basic Program
18 OFTION EARSE 1

Pt DIM AC1@

bels OUTFUT "HEMaBzL IRE1IASTHT 20R1 "
4 STRTUS 72255

15 IF S<»eé THEM GOTO 4@

(Y QUTPUT V223 "SO1~-1A5TRREER"

TH EMTER VZ223AC#*)

oa MAT FEIMT A

=1t EHI

A-22. BUS MESSAGE IMPLEMENTATION.

A-23. The following figures provide a description on
the implementation of the Bus Messages using the
3456A. The codes used in the figures are:

T = True

F = False

X = Don’t Care
oct = Octal Code
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To send DATA from the controller to the 34564, first:

Bus Management Lines Sent on Data Lines

ATN [IFC | SRQ | REN | EOI
i 5 F X T X U 6

?
Universal Unlisten ——l— | T—34 56A Listen Address

Controller Talk Address

then:

Bus Management Lines .Sequence on Data Lines

ATN |IFC | sRa | ReN | E0I
FLF]I x| 7 ]x

Instrument
Program Codes

Figure A-2. Data Message (Controller to 3456A).

To send Data from the 3456A to the controller, first:

Bus Management Lines Sequence on Data Lines

ATN |IFC | SRQ | REN |EOI
T F X X X 7V 5

Universal Unlistenj | T— Controller Listen Address

3456A Talk Address

then:

Bus Management Lines Sent on Data Lines

ATN [IFC |SRQ | REN |EOI
F F X X X

Qutput DATA
from 3456A

Figure A-3. Data Message (3456A to Controller or Other
Devicel(s).

To send the TRIGGER Message (Group Execute Trigger):

Bus Management Lines Send on Data Lines

ATN | IFC | SRQ | REN | EQI
T F X T X

? U6 octD10

Universal Unlisten
Controller Talk Address

Trigger Command
3456A Listen Address

Figure A-4. Trigger Message (from Controller to Device(s)).

To Enter the REMOTE Mode:

Bus Management Lines Sent on Data Lines

ATN | IFC |SRQ |REN | EOI
T F X T X

7y T
Universal Unlisten —T 3456A Listen Address

Controller Talk Address

To Remain in the REMOTE Mode:

Bus Management Lines

ATN | IFC | SRQ | REN | EOI
F F X X X

Figure A-5. Remote Message.
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To enter the LOCAL Mode:

Bus Management Lines Sent on Data Lines

ATN | IFC | SRQ | REN | EOI

T|F [ X T F 7 U 6 oct001

Go to Local instruction
3456A Listen Address

Universal Unlisten
Controller Talk Address

Model 3456A

Figure A-6. Local Message.

To e.sable LOCAL LOCKOUT:

Bus Management Lines Sent on Data Lines

ATN | IFC |SRQ |REN |EQI
T F | X 3| E: oct 021

Local Lockout instruction
to maintain LOCAL LOCKOUT:

Bus Management Lines

ATN | IFC | SRQ | REN | EOI
X X X T X

To Serial POLL the 3456A (obtain Status Byte):

Bus Management Lines Sent on Data Lines

ATN | IFC | SRQ | REN | EQI

T | F ] % | X LF 7 6 0ct030 V 5

T— Controller Listen Address
3456A Talk Address

Universal Unlisten
3456A Listen Address
Serial Poll Enable

then:

Bus Management Lines Sent on Data Lines

ATN | IFC | SRQ* | REN | EOI

F F X X F | 34564 Status Byte

*If SRQ was true, it will switch to the false state.
and finally:

Bus Management Lines Sent on Data Lines

ATN | IFC | SRQ | REN | EOI
T F F X F oct 031

Serial Poll Disable

Figure A-10. Status Byte Message.

Figure A-7. Local Lockout Message.

To CLEAR LOCAL LOCKOUT and set LOCAL:

Bus Management Lines

ATN | IFC | SRQ | REN | EOI
X X X T X

Figure A-8. Clear Lockout/Set Local Message.

To send the CLEAR Message:

Bus Mahagement Lines Sent on Data Lines

ATN |IFC |SRQ |REN | EOI

T IF X | X |X 0ct004

Clear Command
To send the CLEAR MESSAGE Only to the 34568A:

Bus Management Lines Sent on Data Lines

ATN |IFC |SRQ |REN | EOI

F F | X T X ? 6 oct 004

Universal Unlisten Clear Command

3456A Listen Address

To send REQUIRE SERVICE MESSAGE:

Bus Management Lines

ATN [IFC |SRQ | REN | EOI
X X T X X

Figure A-11. Clear Message.

To send the ABORT Message:

Bus Management Lines

ATN | IFC | SRQ | REN | EOI
X T X X X

Figure A-9. Require Service Message.

A-6

Figure A-12. Abort Message.
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B-1. FRONT/REAR SWITCH LOCK PROCEDURE.

B-2. The Front/Rear Switch can be locked in either the
FRONT or REAR position by the installation of a lock.
The following procedures show how to install and
remove the lock.

a. Lock Installation Procedure.

1. Locate the front panel section located at the front
panel’s input terminals.

2. Remove the front panel section by loosening the
hold down screws located to the left and right of
the panel. (Note: The screws are fastened to the
panel section and should not be forced out of the
section.)

3. Remove the switch cap from the Front/Rear
Switch. The cap can be removed by holding the
cap between the index finger and thumb and pull-
ing it away from the switch.

4. Set the Front/Rear Switch to the desired position
(FRONT or REAR).

. Locate the Locking Cap and front panel section.

Install the cap into the panel section’s slot marked
FRONT and REAR until it snaps in place. Make
sure the arrow on the cap points to the lettering
which corresponds to the Front/Rear Switch posi-
tion.

. Reinstall the front panel section into the front

panel and tighten the screws.

. Lock Removal Procedure.

. Do step a and b of the Lock Installation Pro-

cedure,

. Remove the lock from the front panel section. Do

this by squeezing the cap’s locking fingers and
push the lock out of the slot. A pair of needlenose
pliars or something similar can be used.

. Locate the cap which was removed from the

Front/Rear Switch when the lock was installed.
Reinstall it on the Front/Rear Switch.

4. Reinstall the front panel section into the front

panel and tighten the screws.

B-1/B-2



Model 3456A Appendix C

APPENDIX C
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20.4955K 20.4844K 7501.5 67.4985K £75°203K &.7543M 55, 384K
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39K 30K
AAA- A

99. 975K 875 200K
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<
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NOTE

The measured value of the Fineline resistors may not be the exact value
shown. The Fineline accuracy depends upon the ratio of the resistor
values in relation to each other.

Figure C1. A20U200 Signal Conditioning Fineline (10D4-0044).
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NOTE
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values in relation to each other.
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Figure C2. A40U3 AC Gain Fineline (10D6-0046).
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NOTE

The measured value of the Fineline resistors may not be the exact value
shown. The Fineline accuracy depends upon the ratio of the resistor
values in relation to each other.

Figure C3. A20U500 A/D and Reference Fineline.
(10D5-0045, used with A24 Ref. Board; 10E7-0057, used with A25 Ref. Board)

C-3/C-4



APPENDIX D

INTRODUCTION

The following sections in this appendix contain certain
general and specific 3456A Digital Voltmeter informa-
tion about Remote operation with the 9825 Desktop
Computer. Together, these instruments form a power-
ful measurement system. This guide will use program
examples to demonstrate remote control/system pro-
gramming techniques and general system capabilities as
they relate to the 9825 and the 3456A.. In doing so, some
of the more unique features of the 3456A will be
demonstrated.

NOTE

This Appendix can be used with the 9825A,
9825B, 9825S, or 9825T Desktop Com-
puters. Throughout this Appendix the
desktop computer will be referred to as just a
9825,

Example Program Summary

e Program 1 shows how to set 3456A functions:and
have the 3456A return measurement data’to the
computer.

e Program 2 shows three methods of initiating a
group of readings.

e Program 3 demonstrates the 3456 A math capabili-
ties.

e Program 4 uses the 3456A internal memory to
store readings.

e Program 5 demonstrates how measurement in-
structions may be stored in the 3456A internal
memory.

e Program 6 shows how the 3456A can control the
computers operation by signaling the computer to
go to a special subroutine when the 3456A front
panel button is pressed.

e Program 7 illustrates how the 3456A can signal the
computer when the 3456A’s programmed
measurement instructions have been completed.

e Program 8 uses some special 3456A capabilities to

take a burst of high speed measurements.

e Program 9 demonstrates techniques to obtain high
data transfer rates (and consequently, high
reading rates).

Related Documents

Below is a list of manuals which will provide you with
more detailed information on the system components.
You may want to refer to these manuals as you go
through the example programs.

e 3456A Digital Voltmeter Operating Manual
(<hp- Part No. 03456-90005)

® 3456A Digital Voltmeter Introductory Users
Guide
(-hp- Part No. 03456-90002)

e Desktop Computer
9825A or 98258

Hewlett-Packard 9825A Desktop Computer

a.) Operating & Programming
(-hp Part No. 09825-90000)

b.) Extended I/O Programming
(-hp- Part No. 09825-90025)

¢.) General I/0 Programming
(-hp- Part No. 09825-90024)

d.) Advanced Programming
(-hp- Part No. 09825-90021)

9825B or 9825T
9825B Manual Set
(-hp- Part No. 09825-87901)

e Tutorial Description of the Hewlett-Packard In-
terface Bus (-hp- Part No. 59300-90007)

EQUIPMENT REQUIRED
To perform the example programs described in this
manual you will need the following equipment and ac-

cessories:

1.  3456A Digital Voltmeter

RevA D-1
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2.  Any one of the following desktop computers:

a.) 9825A with the 98210A String-Advanced Pro-
gramming ROM and the 98213A, 98214A, or
98216A General 1/0 Extended 1/0 ROM.

b.) 98258

c.) 9825B

d.) 9825T

3. 98034A Interface Card
SET-UP

To connect the system as shown in Figure 1, follow
these steps:

1.  Turn off power to the 9825.

2. Insert the three ROM’s into any of the sockets on
the lower front panel (if they are not already in-
serted).

3. Install the 98034A into any of the three I/0 card
sockets of the 9825. Be sure the 98034A seats
thoroughly. Thorough seating occurs when the
latch on top of the interface pops up to lock the
card into the socket.

4.  The rotary switch on the top of the 98034A is fac-
tory pre-set to ‘‘7’’. Set it to 7 if it is set otherwise.
Seven is the ‘‘select code’’ for the interface card
for all programs in this guide.

Model 3456A
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Do not attempt to mate black metric thread-
ed screws on one connector with silver
English threaded nuts on another connector,
or vice versa, as damage may result. A
metric conversion kit which will convert one
cable and one or two instruments to metric
hardware can be obtained by ordering -hp-
Part No. 5060-0138.

6. The 3456A address switches are factory pre-set to
binary 0010110 (decimal 22). The address switches
are on the rear panel under the HP-IB connector.
If the address is different, change it to decimal 22
as shown in Figure 1.

CHECK-OUT

Turn on the 3456A. The DVM'’s display will flash:
HP3456 and then flash: Add 022 0.

If some number other than 022 0 is flashed, check the
address switches (Step 6 above). The 3456A should now
be triggering internally and displaying the reading. The
annunciators for the following states should be on.

FUNCGTION .« vus svanasivimsaeys saiag DC volts

5.  Attach the 24-pin connector at the free end.of the RANGE: (osomsommameisems s s s s it mve AUTO

98034 A cable to the rear panel of the 3456A. The TRIGGER. o0 5w st INTERNAL

connector is tapered to ensure proper connection. AUTO ZEROD oot e et e e ON
CONNECTOR

ADDRESS
SWITCHES

ADDRESS
TALK
NLYTE 4 T

‘ R

3456A REAR PANEL

ROTARY
SWITCH

9825A REAR PANEL

Figure 1. System Connection.

D-2 RevA
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All other annunciators should be off. Press the RESET
button on the 3456A. The display should again flash:
Add 022 0, and then continue displaying new readings.
Remove any connections to the front and rear input ter-
minals and check to be sure that the GUARD switch is
in the ““IN’’ position (TO LO). Press the TEST button.
The display should be: ‘“+1.8.8.8.8.8.8 +8.”” and all
of the annunciators should be lit. The display remains
while the voltmeter performs its Internal Test. The
LED’s go blank for awhile and the test operation starts
again. If the internal checks do not pass, a negative in-
teger will be displayed. To disable the test operation
press the TEST button a second time.

NOTE

Refer the 3456 A to a Service Trained Person
if the Internal Test does not pass.

Turn on the 9825 and type in:
rem 722

and press (EXECUTE). If the 9825 accepts the remote
statement, the ‘‘lazy T*’ (}-) appears in the computer
display. The REMOTE annunciator on the 3456A
should go on. If this occurs, go on to the programming
examples.

If the 9825 gives an error message, you've probably
typed in the remote statement incorrectly or you’ve
forgotten to install the ROMs (error 03). If the 9825 ac-
cepts the statement but the 3456A REMOTE annuncia-
tor still does not go on, refer to the operating manuals
or a Service Trained Person.

PROGRAMMING EXAMPLES

The 3456A Digital Voltmeter should now be interfaced
and ready for operation. This subsection and Example
Program 1 demonstrate some fundamental 9825/HP-IB
functions. If you are already familiar with 9825 and
HP-IB operation, go to Example Program 2.

Type into the computer:
wrt 722, “F2Z0”

and press (EXECUTE). The voltmeter has been given
the instructions as shown below.

FUNCTION SET TO AC VOLTS AUTO ZERO IS OFF
wrt 722, “F2Z0”
SELECT CODE / \ 3456A ADDRESS
The annunciators should change to:
DCvwolts .....ooviiiiiiiinininnnn. OFF
AC VOIS oottt ee s ON
AUTOZERO ...cooviiiiiiennnnnnn OFF

Appendix D
EISTEN s smammmsie s s a amas ON
REMOTE . o600 s smsmsseaias s ON

The other annunciators should remain the same.
Type into the 9825:

clr 722
and press (EXECUTE). The meter returns to the ‘‘turn-
on’’ state as previously described in the check-out sec-
tion. Note that AUTO ZERO is ON, DC volts is ON,
and AC volts if OFF.

Example Program 1: Taking a DC Volt Reading

This example shows how to use a program to perform
the instrument’s operations with the HP-IB. The pro-
gram clears the 3456A, returns a DC volt reading and
displays that reading in the computer’s display.

First Press (ERASE), enter a, and then press (EX-

ECUTE). This clears any previous computer programs.
This sequence should be performed before a new pro-
gram is entered, but not for the program variations
where only a line or two of the program will be
modified.

Entering a Program Line: Type in the line and press
(STORE). The line number and adjacent colon should
not be typed in. The computer will display the line
number and the lazy “T”’, (}-) if it accepts the state-
ment.

Enter the program lines shown in Figure 2.

By omle a8

18 red Y204

2t Fud

St ose "Woltose izl
48 end

#QEHS

Figure 2. Example Program 1a.
Press (RUN) to run the program.
Program 1 Explanation:
Line 0: The 3456A is set to its ‘‘turn on’’ state.

Line 1: The computer reads data from the meter and
stores it in simple variable V.

Line 2: The computer’s display is fixed to 4 places to
the right of the decimal. The 3456A sends 7
digits but not all digits will be displayed.

Line 3: The computer displays the statement in quotes
and the variable V.
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Line 4;: The program is terminated.

The REMOTE annunciator on the 3456A should go on
when the clear statement is executed. The TALK annun-
ciator should go on as the information is sent out from
the 3456A. It will remain on until the 3456A is told to
perform a different operation.

Program 1 Variation:

This program can be modified to take an AC + DC
voltage measurement. To do this, Line 0 should be
changed to:

wrt 722, “F3”’

Changing a program line: Press (FETCH), enter 0, and
then press (EXECUTE). Line 0 should be in the display.
Press (CLEAR), type in the new line, and press
(STORE).

Now press (LIST) and then (EXECUTE). The computer
prints out the stored program. At the end of the pro-
gram is the ‘‘checksum,”” a unique number for each pro-
gram. A change of just one program character will yield
a different checksum. For this program variation, the
checksum should be *2917. If not, check for typing er-
rors.

Hs owrt Fa2a"Far

1y ped F2EaW

2 fudd 4

20 dap "NMoltase isi el
e

#2917

Figure 3. Example Program 1b.

Example Program 2: Triggering Technigues

There are 4 methods of triggering the 3456A. Three of
these can be implemented from the desktop computer
directly. External triggering involves use of another in-
strument, for example, the HP-3497A Data Acquisi-
tion/ Control Unit. The first method described uses the
3456A’s internal triggering capability to load two
groups of 10 readings each into the computer. Enter
program lines in Figure 4.
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b ]
N

SEF Tokins Dotao”

{ =

F I R

¥ ar J=1 1o L

B oped FEZAALDD
r cap H0 ]

r.
R
=

Figure 4. Example Program 2.
Program 2 Explanation:

Line 0: Two arrays are dimensioned to hold 10
readings each.

Line 1: The 3456A is set to internal trigger mode by
returning it to its ‘‘turn-on’’ state or home
position, ““H’’. The shift function and function
2 are enabled (S1F2), thus setting the 3456A to
read AC/DC voltage ratio. For a complete list
of 3456A Program Codes, see the last page of
this guide.

Line 2: The computer displays the text in quotes.

Line 3: The computer fixes its numerical display to 5
places to the right of the decimal.

Line 4: A 10 count loop is set up.

Line 5: The computer reads in the data from the meter
and stores it in array A.

Line 6: The computer displays the data.

Line 7: The loop is performed again.

Line 8: The 3456A is set for DC voltage readings. The
shift function must be turned off as well as

changing to function 1.

Lines 9-12: Similar to Lines 4-7. The computer reads in
and displays the data.
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Program 2 Variations:

This method uses the 3456A single trigger mode. The
3456A instructions are sent indicating the number of
measurements to be taken for each trigger command
(number of readings per trigger). Then a single trigger
command is given and the 3456A begins to make the
measurements.

Change Line 1 (by the method shown in Example Pro-
gram 1) to include 3456A instructions for 10 readings
per trigger, single trigger.

dim AL LA 1eEL 1@ )
TEEy "HEIFZ1RSTHTS"

AdEEH Tok i |-"|-‘-i1 Diato"

To obtain a listing of just these lines: Press (LIST),
enter 0,2, and press (EXECUTE). The checksums
should be identical.

Also change line 8; adding the single trigger command.

FTeea"B@AFITE"

J=1 e 1A

Run this program variation.

A third triggering technique uses the instrument’s hold
trigger mode. The instrument must then be given a
special HP-IB command to initiate the measurement cy-
cle (trigger the 3456A).

Change Line 1 to enable the 3456A hold trigger mode:

B dim HL1E1BL 18]
1t wrt 7 :f_"-":: ' FelBEsTHTS"

e e "EdESEA Takins Doto®

Also, insert the HP-IB trigger command in two places,
between lines 3 and 4 and between lines 9 and 10. One
trigger command is needed for each group of readings.

Inserting a line: Press (FETCH), enter 4, and press
(EXECUTE). Line 4 should be in the computer’s
display. Press (CLEAR) and type in the line to go before
Line 4. Press (INSERT-LINE). The result is shown
below.

IO -

di tra V22

Sy for J=1 to 18
#1EEle

Perform the same operation to insert the trg 722 com-
mand between lines 9 and 10.

Appendix D

Example Program 3: Using a Math Function

Performing statistical calculations on the data, as
shown in this example, is just one of the 9 math func-
tions contained within the 3456A. The statistics func-
tion allows you to obtain the mean value, the variance,
the count (how many readings were taken), and the
maximum and minimum values of a group of data. This
program will only recall the mean and the variance; the
others may be recalled in a similar manner. Enter pro-
gram lines in Figure 5.

=3 6Ty G B G0 ) e =

Powrt PRy "HHMZ.A1STIIBRETHTS"

o S "TAKIHG DATA"iwait 4800
"REM"

i

prt. "MEAN: "s M

wrt 722, "REW"

red 7E2.Y

prt "WARIAHCE: "s Y

=2 end

29128

Figure 5. Example Program 3.
Program 3 Explanation:

Line 0:The 3456A is set to home position. Math
statistics is enabled (M2) with the following
conditions: .01 power line cycle integration,
100 readings per trigger, and single trigger. At
.01 power line cycle integration, the readings
will be made as fast as possible. Refer to the
3456A Operating Manual, page 3-11,
paragraph 3-61, 2, for more information on in-
tegration times.

Line 1: The computers numerical display is fixed, the
quoted text is displayed, and the computer
waits 4 secs. for the 3456A to take the readings.

Line 2: The 3456A recalls the mean value of the 100
readings.

Line 3: The computer reads the mean value and stores
it in variable M.

Line 4: The computer prints the quoted text and the
mean value.

Lines 5,6&7: The variance is recalled, sent to the com-
puter, and printed.

Example Program 4: 3456A Internal Memory —
Storing Data

The 3456A has a feature called internal memory which
allows you to store measurement results in the instru-
ment. These results may then be recalled and sent to the
computer at a later time. This example program uses
this feature to store 350 readings without computer
interaction. The computer is kept busy in a counting
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loop to simulate the time-sharing capabilities of the
system. The computer then reads the data after it has
finished counting.

The system output mode is enabled when outputting the
data so that the readings will be transferred as fast as
possible without losing any readings. The system output
mode specifies that the instruments ‘‘handshake’’
(signal they are ready) before another reading is taken
and output.

dim ML 2581]
Wwrt 722, "HRS135ASTH. 1STITS"
txd @

taor KE=1 to 15
dzp Kiwait 594
rext K
fud 4
wWrt 722
for J=1 tu ae
red 7 L [i]
if frocdal@ds=midsp Jy":
11 neut J

toend

nijEBSTRRER“

a0 G0 =) O L L e D
" mm == &8 ss a8 wa s B

,_‘
e
-

Reading iz"yWLJ]

Figure 6. Example Program 4a.
Program 4 Explanation:

Line 0: An array is dimensioned to hold 350 readings.

B oddim SNEESE]

10 wrt FEZs "HEDLISOLZSASTH.LSTITS!
=roFwr B

20 for k=1 oto 15

diodsp Kiwaoit SEE

S5 pmest K

B o 9

T4 Rrrt "Ta ill‘_lTl:lil‘l T

= S T EASSTRREER"

= e 1de ]

163 Tdgth rds. taken
11¢ "RER"

12: 2Ea N 147 ]

138 dep "The 147Vth rda. toben
148 wrnd

¥lalRe

e 1deth reading token

Model 3456A

Line 1: The 3456A is set to store the DC voltage
readings. 350 readings will be taken per trigger
at .1 power line cycle integration, single trigger-
ing, and system output mode is enabled.

Line 2: The computers numerical display is fixed.

Lines 3,4,5: The computer is placed in a counting loop
while the 3456A is taking the readings.

Line 6: The computers numerical display is fixed.

Line 7: These are the necessary commands to recall the
stored readings. The minus sign is a required
indicator to “‘scroll’’ through the readings. The
readings are transferred rapidly since the in-
strument is simply outputting already obtained
readings from its internal memory. System out-
put mode is enabled to ensure no readings are
lost.

Line 8 A 350 count loop is set up.

Line 9: The readings are sent from the 3456A to the
computer and stored in array V.

Linec10: For every J divisible by 10 (no fractional re-
mainder), the corresponding reading will be
displayed by the computer, i.e. every 10th
reading from 10 to 350.

Feooll readins #2605,

Dad "o WO Lebes Thwa it 25EE

s "N 147 ]

Figure 7. Example Program 4b.
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Line 11: The loop is performed again.
Program 4 Variation

A single measurement will be recalled from the 3456A
internal memory. Readings are stored in the memory
with the most recent reading always being stored in the
3456A memory as reading #1. Since 350 readings are
taken in this program, reading #350 is the first reading
taken. Reading #1 is the last reading taken. This is a case
of FILO; First In, Last Out. This order is important to
keep in mind when you’re recalling single readings.

Program 4b Explanation:
Lines 0-6: are the same as in Example Program 4a.
Line 7: The computer prints the quoted text.

Line 8: The 3456A recalls reading #205 which is the
146th reading that was made.

Total # of rdgs. + 1 - rdg. desired = # req’d for recall stmt.
351 - 146 = 205

Line 9: The computer enters in the reading and stores it
in the array.

Line 10: The computer displays the quoted text and the
reading.

Line 11: The next reading that was made will berecall-
ed from the 3456A. (A statement like line 8
must have been executed previously.)

Lines 12 & 13: The computer enters and displays the
147th reading that was made.

Example Program 5: 3456A Internal Memory —
Storing Program Codes

The 3456A internal memory can store programming
codes (measurement instructions) as well as data. These
stored instructions can be executed at any time as often
as desired. The codes stored in this example illustrate a
high speed data acquisition technique; the display is off,
auto zero is off, and the fastest integration cycle is im-
plemented. Enter program lines in Figure 8.

Appendix D

dim AC1B1«EL 18]

Wit P22« "L1DAZAS01.815TI1aSTHT 20"
Wrt 722, "HX1"

! ofxd Sidzp "EEADIMG DATA"

:ofor K=1 to 1@

red 7Z2yALE Jinext K

Powrt P22y "HF2H1"

Pofor K=1 to 1

red P22,BLK linext K

!ofor K=1 to 1@

18: dsp "DC:"s ALK I "AC:"sBLK I3 wait 18@6
11: next kK

12t end

*20223

WP 00 =) T LN e GO [ e T

Figure 8. Example Program 5.
Program 5 Explanation:

Line 0: Two arrays are dimensioned to hold 10
readings each.

Line 1: The program codes contained between L1 and
Q are stored in the 3456A internal memory.
DO . Display Off: Displays “HHHHHH’, no
annunciators lit

Z0 sonsn rereRn T R Auto Zero Off
SOL ovvawvans System Output Mode Enabled
OISTI..... .01 Power Line Cycle Integration
TI0STN ..cvvnvvivimsie Ten Readings per Trigger
T3 e Single Trigger

Line 2: The 3456A is put in home position and then the
stored measurement instructions are executed.

Line 3: The computers numerical display is fixed and
the quoted text is displayed.

Lines 4&5: With this loop, the DC voltage measure-
ments are read into array A.

Line 6: The 3456A function is changed to read AC
voltage and the stored measurement instruc-
tions are executed again.

Lines 7&8: With this loop, the AC voltage measure-
ments are read into array B.

Lines 9,10,&11: Arrays A and B are displayed.
Example Program 6: Require Service Message

In all of the example programs shown so far, the 9825
has been in complete control of the system. Shown in
this example program are the capabilities of the 3456A
to directly modify the system operation. This is done
through the use of the Require Service (RQS) message.
This message is sent using the HP-IB line called Service
Request (SRQ).
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| b7] b6 | b5 [ba [b3]b2]b1 [ bo |

Limits Failure
Service Request
Program Memory Error

Front Panel SRQ
Program Memory Execution Complete
Data Ready

Internal Error

lllegal Instrument State }
Syntax Error

Trigger Too Fast

Figure 9. Status Byte.

The 3456A has a pre-defined set of conditions which can
modify system operation. Through the use of the SRQ
mask, one or more of these conditions are enabled.
Enabling the condition means the 3456A will send the
RQS message when the condition is met.

If you program more than one condition in Figure 9,
you will want to know which condition caused the RQS
message to be sent. This information is contained in the
instruments Status Byte. The Status Byte is outlined
below. A more detailed description of the pre-defined
conditions is given at the end of this guide (see ‘‘Status
Byte Definition’’ table). The ‘‘read status’’ statement,
rds(722)—S, reads the Status Byte and consequently
allows you to determine which condition caused the
RQS message to be sent.

This program sets the mask to generate the RQS
message when the 3456A front panel SRQ button is
pressed. The program has a countdown loop simulating
the time-sharing capabilities. While the computer.ds'in
this loop, press the LOCAL and SRQ buttons. This will
interrupt the loop by sending the RQS message. The
computer responds by jumping to the interrupt routine
where “‘SERVICE REQUEST on the 3456A" is
printed. Then the interrupt routine returns to the main
program to continue the interrupted operation. Enter
program lines in Figure 10.

= n
P!

anl
gir 7

WEt V22 "HIMGe1"

Ca [ 1= 050

uice Routipes"

Program 6 Explanation:

Line 0: The computer is set to go to “‘Service Routine”’
when an interrupt occurs.

Line 1: The interface is enabled to interrupt the main
program when the RQS message is received.

Line 2: The 3456A is set to the home position and the
SRQ mask is programmed to 001 octal. Conse-
quently, the condition for an interrupt is press-
ing the front panel SRQ button.

Lines’3,4,5: Countdown loop from 50 to 0. During this
loop, press LOCAL and SRQ buttons on
the 3456A front panel. This generates an
RQS message.

Line 6: The main program is terminated.

Line 7: This is the label for the interrupt routine which
follows.

Line 8: This command reads the 3456A Status Byte in-
to variable S. This also resets the instrument
. for future interrupts.

S8 fud A
4 dap J-=1sJiwnit 258
51 1f Jxaidme -1
B: oend
it Foutine":
- H =
3 EVICE RERUEST on the 2458"sSibeepiwait 2060
16
1
*2

Figure 10. Example Program 6.

D-8 RevA




Model 3456A

Line 9: The quoted text and the decimal equivalent of
the Status Byte are printed. This should be 65
since bit 0 and bit 6 should both be high (22 +
201 64 + 1).

Line 10: The computer’s interrupt capability is re-
enabled.

Line 11: Returns to the main program and continues
execution of the next program line. For exam-
ple, if the RQS message was received during
line 4, line 4 will be completed, the computer
will jump to the interrupt routine, and then on
execution of this ‘‘iret’’ statement the com-
puter will jump back to line 5.

Example Program 7: Program Memory
Execution Complete

A useful feature of the 3456A is its capability to send an
RQS message when all of the measurement instructions
(program codes) stored in the internal memory have
been executed. This allows the computer to load
measurement instructions into the 3456A memory, per-
form other operations and be signaled (via an RQS
message) by the 3456A when the data is ready. When a
hold trigger command is stored, the 3456A memory will
halt execution until an HP-IB trigger is received. In this
example, there are 5 hold trigger commands, so 5§ HP-IB
triggers must be sent from the computer to cause an ins
terrupt. An external trigger command may be used in‘a
similar manner when an external triggering sourcesuch
as the HP-3497A Data Acquisition/Control Unit is
available. Enter program lines in Figure 11.

B oni Y«"Collect Dota”

1: dim 2L51

20 wrt T

I oeir 7

4: for J=1 to S

S5t tra 7 elr |

6! wait SAAinext J

?i dsp "Doto has been collected.”
:oend

‘Collect Data"irds
1@: fxd 5

=

wrt FEZy"-5 :
ZLJ 1 newt

i Sired ¥

Figure 11. Example Program 7.

Line 0: The computer is set to go to the interrupt
routine labeled ‘“Collect Data’’ upon receiving
an interrupt.

Appendix D

Line 1: Array Z is dimensioned to hold 5 readings.

Line 2: Stored in the 3456A internal memory are the in-
structions:

Reading Storage on 5 hold trigger com-
mands with alternating DC then AC
voltage settings.

The following instructions are also sent:
Home position
1 Power Line Cycle Integration Time
SRQ Mask for enabling Program
Memory Execution Complete
Execute the stored program instructions

Line 3: The interrupt is enabled.

Line 4: A 5 count loop is set up.

Line 5: The HP-IB trigger command is sent. Computer
beeps and re-enables the interrupt. After a
“trg’’ command, the computer is expecting to
read data, so the interrupt must be re-enabled.

Line 6;:°Wait 1 second for the 3456A to change func-
tions and take a reading. Continue with the
loop.

Line 7: The computer displays the quoted text. The in-
terrupt routine should have been executed.

Line 8: The main program is terminated.

Line 9: The interrupt routine is labeled. The Status
Byte is read allowing for future interrupts.

Line 10: The computers numerical display is fixed. The
3456A recalls the 5 stored readings (Refer to
Example Program 4a, Line 7).

Line 11: The computer reads the data into array Z.

Line 12: A 5 count loop is setup.

Line 13: The odd readings taken were DC values. If J is
odd, print the DC reading.

Line 14: The even readings taken were AC values. If J
is even, print the AC reading.

Line 15: Loop is continued.

Line 16: The interrupt is re-enabled. Execution is con-
tinued in the main program.
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Example Program 8: High Speed Data
Acquisition

This example, like Example Program 7, uses the 3456A
internal memory and Program Memory Execution
Complete interrupt capabilities to achieve high speed
data acquisition. When less than approximately 350
readings are required, the highest instrument reading
rate may be obtained by using the internal memory. Ex-
ample Program 9 discusses high speed techniques when
more than 350 readings are required. Enter program
lines in Figure 12.

Program 8 Explanation
Line 0: This statement allows you to enter the desired
number of readings. After you press (RUN),
type in a number between 100 and 340 and
press (CONTINUE).

Line 1: The computer will go to ““DATA’’ upon receiv-
ing an interrupt.

Line 2: An array is dimensioned to hold N readings.

Line 3: The 3456A is set for high speed data acquisi-
tion:
DO .. e Display Off
Z0 i Auto Zero Off

R4 ... A preset range is faster than auto range
since the instrument does not have to determine
the proper range.

.OISTI .... .01 is the shortest integration:time

Also the 3456A stores the readings internally,
N readings per trigger, single trigger, sets the
SRQ mask for Program Memory Execution
Complete, and executes the 3456A stored pro-
gram codes.
Line 4: Computer enables the interrupt. K is initialized
to 0. Flag 1 is set to 1.

B ent "Mumber of

1@ oni Vs« "DATH"

2 dim VIH]

3 owrty 72

4 g1y Fifskizfa 1

Sto1f flalidsp E+lekinait
B 1f not flalidse "MERSL
T oend

2: "DATA'

9 pdsd R It T |

185 wrt 722s-Hs "STERER": ¢
11! for J=1 to Hired T22»
12: iret

19152

Model 3456A

Line 5: If flag 1 is 1, the computer executes this count
loop. Flag 1 will be cleared in the interrupt
routine.

Line 6: If flag 1 is 0, the quoted text is displayed.

Line 7: The main program is terminated.

Line 8: The interrupt routine is labeled.

Line 9: The status Byte is read. Flag 1 is cleared to 0.

Line 10: The 3456A recalls the stored data.
Line 11: The computer reads and displays the data.
Line 12: Execution is returned to the main program.

Example Program 9: High Speed Data
Acquisition and Transfer — Unpacking Program

The normal method of sending measurement data re-
quires a total of 14 bytes to be sent for each reading.
This is a constraint when trying to take and transfer
readings at a high speed since much of the 3456A’s pro-
cessingtime is tied up with transmitting the informa-
tion.cA faster method of transferring the data is to use
theC3456A’s packed data mode. This mode condenses
the number of bytes required from 14 to 4.

After the packed data has been read into the desktop
computer, the data must be unpacked to put the infor-
mation into a useable form. The desktop computer fur-
ther increases the data transfer rate by accepting the
packed data into a high speed read/write memory com-
partment called a buffer. The contents of the 4 bytes us-
ed for the packed data mode are shown in Figure 13.
Enter program lines in Figure 14,

NOTE

The decimal point in the Packed Format is
implied to the Overrange Digit’s left.

Feadinaz=?C180<HI3480 " o Y

"LIDBZORE4  B1STIRS1 " s M "STHTZOHSMARZHL "

cEas ame @
IREMEMTS COMPLETED"

"wd 4

HOdidar MO J1iwait ZEEInext

Figure 12. Example Program 8.
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First Byte

b,

by

+|[po[o[o]o]p]x]or]

Exponent Sign——l—

Exponent

| —L Overrange (1 or 0)
Polarity of Measurement
Exponent LSD (Least Significant Digit)

NOTE

The decimal point in the Packed Format is implied to
the Overrange Digit's left.

Second Byte

by by

[olo]ofo[o[p[o]o]

Measurement’s MSD (Most _.—l I— 2nd Measurement Digit

Significant Digit)

Third Byte

b, by

o|po|s{p|o[o[p]o]

3rd Measurement Digit

| l 4th M srement Digit

Fourth Byte

by by

l

plo[o[o]p][o]p]D]

5th Measurement Digit

byte.

Significant Digit)

Figure 13. Packed Data Format.
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I |— Measurement’'s LSD (Least
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y WEH 13 Hed+1 48
"HIOL I Moy

IERE:

b feaiy ER COMPLETE 3

"UNFACK i for J=1 to N

fut 4bsz

red "HOLD"sAyEsCyD

0 shf (Byd)*Uiband(Bs 15)9Y
shf (Codi+libond(Cy 15035

shf (Dsdi+Yiband(Ds 1
JibitCBa A+ 81U+, GG

PP U, o, SO B, 4, 5 O o 0
PR miiriapat)e it S

"Humber of REeadinas?"sH

U=-13amp @
DATA UMFACEK™
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R4 B15TIS01" sy Hy "STHTSZ"

41 MC1-Zbit (LRI IFIBTCCI-Bhit C7AD D %shf (bandC12dsf)r2) 3 +VE J ]
5 hext J

i for J=1 to N by ZB3fxd 3idse YOI wait 2063pext

i oend

¥14@7%

Figure 14. Example Program 9.

Program 9 Explanation:

Line 0: This statement allows you to enter in the
desired number of readings to be taken. This is
limited by the amount the array may hold, a
result of the 9825 memory size. For a 9825B or
a 9825S (or 9825A with option 002) the max-
imum number of readings is approximately
1700.

Type in the number and press (CONTINUE).

Line 1: An array is dimensioned for N readings. The
size of the buffer is calculated as shown below.

N * 4 + 1 = S

# of rdgs. x 4 bytes/rdg. + | for transmission =  buffer size

termination
character

Line 2: The statement specifies the buffer name, size,
and type. (For information on buffers refer to
i.) 9825B 1/0 Control Reference - Section 6 or
ii.) 9825A Extended 1/0 Programming - page
71).

Line 3: The 3456A is set for high speed data acquisi-
tion, and the system output mode is enabled to
ensure no readings are lost.

Line 4: The readings are transferred from the 3456A to
the buffer until S bytes are filled.

Line 5: The status of the buffer is read. “*-1”’ is the
code which indicates the buffer is busy
transferring. The computer remains on this line
until the transfer is complete.

Line 6: The computer displays the quoted text.

D-12 RevA

Line 7: The unpacking routine is labeled. An N count
loop is defined.

Line 8: Read/write statements are formatted to accept
4 bytes while suppressing the need for data ter-
mination characters.

Line 92 Four bytes are read from the buffer into
variables A,B,C,D.

Lines 10,11,&12: The byte is shifted to obtain the last 4
bits which are stored in the variable.
A binary AND operation is perform-
ed to obtain the first 4 bits which are
stored in the variable.

Line 13: The variables are arranged in their proper
order forming the base quantity of the
number.

Line 14: The base number is multiplied by the ap-
propriate bits of the bytes, calculating the ex-
ponents and signs. The final expression is
stored in the array.

Line 15: The loop is performed again.
Line 16: The computer displays every 20th reading.

Note that the computer’s unpacking routine takes a
while to complete. This is the trade-off made when us-
ing the packed data mode. In the packed mode, the data
is transferred quickly and unpacked slowly. Having the
3456A unpack the data lengthens the time required to
output and transfer the data while eliminating the need
to unpack it.

FURTHER PROGRAMMING INFORMATION

Additional information on remote programming can be
found in the 3456A Operating Manual.
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Table 1. 3456A Program Codes.

Control

Program Code

FUNCTION

RANGE

TRIGGER

AUTOZERO

FILTER

TEST

REGISTERS

MATH

READING STORAGE

SYSTEM OUTPUT MODE

DISPLAY

OUTPUT FORMAT

CLEAR-CONTINUE

NUMERIC SEPARATOR
HOME COMMAND
FRONT/REAR SWITCH SENSE
EQI

PROGRAM MEMORY

Shift Function Off {Unshifted)
pcv

ACV

ACV+DCV

2 Wire K Ohms

4 Wire K Ohms

Shift Function On (Shifted)
DCV/DCV Ratio

ACV/DCV Ratio

ACV+ DCV/DCV Ratio
0.C. 2 Wire K Ohms

0.C. 4 Wire K Ohms

Auto

100 mV or .1 K Ohms
1000 mV or 1 K Ohms
10 Vor 10 K Ohms
100 V or 100 K Ohms
1000 V or 1 M Ohms
10 M Ohms

100 M Ohms

1000 M Ohms

Internal
External
Single
Hold

On
Off

On
Ooff

On
Off

Storing into Hs_g:‘s}ers

Recalling Regigfers

Number of Readings
Number ot Digits Displayed
Number of Power Line Cyc. Int.
Delay

‘Mean Register (Read only)

<Varience Register (Read only)

Count Register (Read only)
Lower Register

R Register

Upper Register

Y Register

Z Register

Off

Pass/Fail

Statistic (Mean, Variance, Count)
Null

dBm

Thermistor (°F)

Thermistor (®C)

Scale [{X - Zi/Y]

% Error [(X - YNY x 100]

dB (20 Log X/Y)

On
Off

On
off

On
Off

Packed Format On
Packed Format Off (ASCII Format)

Active

Separates Numbers (e.g. FIW10STN)
Software Reset

1 = Front, 0 = Rear

Enable
Disable

Load Program {Syntax) On
Load Program (Syntax) Off
Execute Program Memory

so
F1
F2
F3
F4
F5
s1
F1
F2
Fa
F4
F5

R1
R2
R3
R4
R5
RG
R7
R8
R9

T
T2
T3
T4

21
20

FL1
FLO

TE1

-
m
=]

E§§§E§E§§§ N<cIro<zZo-o0z3ZY

RS1
RSO

S01
s00

D1
Do

P1
PO

cL1

swWi

o1
00

L1

X1
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Table 2. Status Byte Defintion.

Octal
Code

Decimal
Code

Bit

Definition

101

102

104

120

140

300

65

66

68

72

80

96

192

Front Panel SRQ - When the front panel
SRQ button is pressed, this Require Ser-
vice is output. Pressing the button a se-
cond time will clear the Service Request.

Program Memory Execution Complete
-Indicates to the controller that all the
program codes in the 3456A’s internal
memory are executed. The Require Ser-
vice condition is cleared when the Pro-
gram Memory is executed again.

Data Ready - Indicates to the controller
that measurement data is ready to be
output. The Require Service is cleared
when a new measurement cycle is ini-
tiated.

Trigger Too Fast - Indicates that the
3456A was triggered while executing a
measurement cycle. This only occurs in
External Trigger.

lllegal Instrument State - Indicates that
the 3456A is unable to do an operation
because of an invalid set-up (e.g. 1O M
ohm range in BCV)

Internal Errar- Indicates a failure in the
3456A

Syntax:Efror - Indicates to the controller
that.invalid Program Code(s) where sent
to\the 3456A (e.g. code F9)

Program Memory Error - Indicates that
the Program Memory Execution com-
mand or the Test function was stored in
memory, or an overflow of memory oc-
curred while loading into memory.

Limits Failure - Indicates that the
Pass/Fail measurement made is out of
the selected limits.

Note: Bit 6 is not in this table, because it is the SRQ bit.
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