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(ﬁﬁ HEWLETT

PACKARD
SAFETY SUMMARY

The following ganeral safety precavtions must be observed during all phases of operation, service, and rapair of this
instrument. Failure to comply with these precautions or with specific warnings alsewherae in this manual violates
safaty standards of design, manufacture, and intended use of the instrument. Hewlett-Packard Company assumes no
linbility for the customar's failare 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

QOperating parsonnel must not remove instrument covers. Component replacement and internal
adjustments must be made by qualified maintenance perscnnel. 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.

RO 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 balow, pracede potentially dangerous procedures throughout
this manual, Instructions contained in the warnings must be followed.

I WARNING |

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




SAFETY SYMBOLS

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

A

4
L o (L)
)

/77 v

| WARNING I
Ec.«unou?

NOTE:

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

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

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

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

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

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

Alternating or direct current (power line),

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

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

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




SECTION |
GENERAL INFORMATION

1-1. INTRODUCTION.

-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 Hewleit-Packard's implementation
aof IEEE Std, 488-1975, “Standard Digital
Interface for Programmable Instrumenta-
tion. "'

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

1-4. This section in the manual ¢ontains 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 Madel 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 an excep-
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, ratip, and
other unique and uscful 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
series. 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.




General Information Model 34564,

Table 1-1. Specificatians.

bC VOLTAGE

Input Characteristics

Maximum . Maximum
Reading Resolution Input fnput
Range {5 digit) 6 Digit 5 Digit Resistance Voltage

0.1v | 119998V 100 nV 1 v = 1000 { 1000V
1.0v 1.19999v 1aV 10 pV > 10%eq paak
10.0V | 11.9998V 10 uV 100 pv = 1000
100.0v | 119.999V 100wV 1mV 10M2 = . 5%
1000.0V | 1000.00V 1mV 10mV 10M = 5%

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

Muesurement Accuracy: + (% of Reading + Number of Counts}.
Auto-zere on and filter off,

24 hours: 23°C £+ 1°C

Range G Digit (= 10 PLC*) 6 Digit {1 PLC} 5 Digit (.1 PLC) 4 Digit .01

0.1V 0022 0.0024 + 3 0.007 + 1
1.0V 0.0009 0.0012 0.007
10.0V 0.0008 0.00M11 0.007
100.0V 0.0011 0.0014 0.007
1000.0V7 0.0011 0.0013 0.007

40 Day: 23°C + §°C

Range 6 Digit (= 10 PLC) 6 Digit {1 PLC) 5 Digit [.1 PLG) 4 Digit {.01

0.1V 0.0034 0.0035 0.008 + 1 0.06
1.0V 0.0024 0.0025 0.007 0.06
10.0V 0.0023 0.0024 Q.007 0.06
100.0V 0.00286 0.0027 0.007 0.06
1000.0V1 0.0024 0.0025 : 0.007 0.08

2
1Add 012 {Input Voltage Y 2. 0 o reading.
1000

» 90 days: 23°C x 5°C
Add £ .0006% of Reading/month to 80 day accuracy.

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

Range 0.1y 1.0V 10.0V 100.0V 1000.0v

Tamp. Coef, 0.0002 + 0.2 0.0002 + 0.02 0002 + .002 0.0002 + 0.02 0.0002 + Q.02

Auta-Zera QFF: {5 digit)2

For a stable envircnment £ 5°C, add 10 counts for .1V range, 1
count far 1V and 100 ranges, and .1 count far 10V and 1000V
ranges.

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

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

*Imtegration in POWER LINE CYCLES

1-2 Rev B




Model 34356A General Information

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

90 doys: 23°C + 5°C

Range & Digit (= 10 PLC} 6 Digit {1 PLC} 5 Digit (.1 PLC) 4 Digit £.01 PLL)

1008 0.004
kil 0.003
10k 0.003
100k 0.003
TME 0.007
10MQ 0.042
100M2 1.8
1GGQ 16

)

== BRI R PP

o.M
0.008
0.008
0.009
0012

0.07

2.0
18

—_

= = MR R LA L S

0.07
0.07
0.07
0.07
0.07
0.12
2.0
18

0.004 + 3
0.004 +
0.004 +
0.004 +
Q.007 +
0.042 +
1.8 +
+

16

4+ o+t
O S
EE I I S A
= = B R B R B L2

— = L2 L) U N R

> 90 days; 23°C £5°C
Add = .0004% of Reading/month to 80 day accuraay.

Z-Wira Ohms Accurscy: Same as 4-wira ohms except add < .2
ohm offset,

Aute-Zero Off Accuracy: (5 digit)2

For g stable environmant = 1°C, add 10 counts for 1008 range,
1 count for Tk range and 10kQ ranges, and .2 counts for =
100kl ranges.. Changes in lead resistance are not corrected for a
4-wira shms.

Maximum Laad Resistance Maximum Offzet Voltage for Dafauit Dalay
Ranga for 4-Wirn Ohms Offset Componsated Ohms in Seconds

1004 108 01V ]
1k§2 1000 v 0
10k} 10000 OV 4]
100kQ 10000 BV
1M 10000
10MQ 100040 .08
100M0 10000 .08
160 10000 08

Offset Compansated Ohms Accuracy: Same as 2-wire and 4-wire ex-
capt maximym reading may be reduced by 9% for large offset
voltages. 1004 - 100k} ranga are usad.

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

Filter iz not oparatignat in ohms.

Temperature Goafficient: (5 digit}? + (% of Reading + Number of
Counts)/°C

ZFor 4 digit, multiply counts by .1.
Far 6 digit, multiply ceunts by 10.




General Information

Modei 3456A

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

RATIO
Type: DC/DC, AC/DC, or (AC+ DCYDC
Mathod: 4-Wira with Velts Lo input common.

Signal Voltage
Ref. Hi Voltage — Ref. Lo Voltags

Ratio =

Signal Massurement; Same as DC Valts, or AC+DC Volts,

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

Maximum Refarence Voltage:

* 12V

+ 9% of Ref. Hi.
+ 11,9939V

= 350V peak

Ref. Hi:

Ref, Lo;

Raf. Hi-Ref. Lo:
Protection:

Accuracy: Total 9% signal error + total % reference error {same as
AV, 1Y, or 10V DC volts)

MEMORY

Reading 3tore;
& Can store up to 350 most recent readings.
# Can be recallad from the HP-18 interface or tha front panel.

Program Memory:

& Can execute an internal program which controls ingtrumeant
configuration and measurament sequence,

» Progrem is input from the HP-IB interface with up to 1400
ABCIH characters.

Meamory Size:

& Total size = 1400 bytes

® Memory used = 1 byte per ASCIl charactar + 4 bytes per
reading stored,

READING RATE

Reading rates are with auterange, math, display and filtar off.
Output is to internal memeory using internal trigger and packed
Maode. Packed output in place of internal memary adds .35 mseg;
ASCIl cutput adds 2.3 msec,

Rates vs. Intagratien Time and Auto-Zero: DC Volts and 1008 thru
1Qk{} ranges with default {-Q.0 sec.) delay. Also, AC or AC+DC
Voits and 100kD thru 10MO ranges with 0.0 sac. delay.

Rates

Integration Aute-Zero Auto-Zero
Time in Power off On
Line Cyclaz (PLE) | G0 Hz | 50 Hz | 80 Hz

0.0 330 290 210 180
0 210 180 120 100
1.00 48 40 25 20.8
10.00 5.8 4.8 2.8 2.4

100.00 .57 0.47 282 0.24

Rates with 1 Pawer Lina Cycla Integration and Default Dolays.

Rates

50 Hz_|
40.00
1.47
11.00
0.95

~ DC volts and 1000 thru 10ki2, Auto-zero Off
—DC Volts, Filtar ON

—AC ar AC + DC Valts, Auto-zero OFF

= AC or AC + DC Valts, Filter ON

— 100k{} range, Auto-zera OFF 35.0
— 1Mi} range, Auto-zero OFF . 28.0
— 10M{I range, Autt-zero OFF . 8.0
- 100MQ angd 1G0 range, Auto-zero OFF 6.10
= DC/DC ratio 4.40
- Qffzet Compenszated Ohms 9.00
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General Information

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

MATH FUNCTION SPECIFICATIONS

Ganeral: 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 10?2 1o 1999999 x
109}, Out of range values send "LL'" to display and 4+ 1999999,
% 109 to HP-IB.

PASSIFAIL: Displays: ““HI"' for values > uppet limit (U}, ©'LO" for
values < lower limia (L), and X for values betwesan the limits, with
ng introducad error,

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

Maximurm execution time: 20rms
STATISTICS:
1 cC
E ' (X - X}

Mean (M) = X, + ——
ean (M 1 c i

[ a 1 C
E (X-X"- = L (X - X, z
Variance (V) = | = 1 C li=1

c.1

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

X, is the first reading taken aftar enabling statistics and is stored
tn the Z rogister. The number of readings taken {C) is stored in the
count registar.

Accuracy of Mean: < x &1:') + 1LSD
10

L2
Accuracy of Variance: < + C(U—:] + 1 L5D
10

Maximum execution time: 50ms

NULL: X - X, {X, Is tha first valid reading taken after enabling null
and is stored in the 2 register}.

Maximum exacution time: 15ms

2
dBmif): 10 tog :‘—/\:’ R iz the user-anterad impedance.
m

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

Maximum exacution tima: 150ms

THERMISTOR (°F); Converts resistance of thermistor
HPOB37-0164 to temperature in °F,
Dutput range: 112 to 302°F

Aceuracy: 103 = T = + 266 °F. = 11°F max.
M8 = Ta + J20°F: + 27°F max.

Maximum execution time: 150ms

THERMISTOR (*C): Converts rasistance of thermistor
HPOB37-1064 to temperature in °C,

Qutput range: -80 to 150°C

Accuracy: -768 = T = + 130°C + 06°C max,
B0 = T8 4+ 150°C = 15°C max.

Maximum axecution time: 100ms

SCALE: (X-YMY
Accuracy; * 115D

Maxirmurm execution time; 60ms

% ERROR; 100% x (X-YVY
Accuracy: = 118D
Maximurm execution time: 60ms

dB: 20 lag X
Y

Qutput Range: -620 to + 620 dB
Accuracy: 001 dB

Maximum exacution time: 100ms

GENERAL

Valtmater Control Functions: Description: The voltmeter control
function in the math section of the front panel iz designed to con-
trol the measurament pararmetars 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 nurnber of powaer line cycles (FLC).

Number of Digits Displayed allows selection of 3 to 6 digits
displayed plus sign and exponent, The range of the display is +
1,999,899 + 9,

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

Delay Time allows salection of tha time between measurement
cycles. It is provided to allow the selection of settling time. The
range is from O to 929.929 sec. in 0.001/sec. increments. Ac-
guracy is 1% of time selected.

Integration Time in Power Line Cycles allows the selection of the
timea for moasuromant intagration. Tha units of integration tima In
power line cycles (FLC) apply for both 50 and 60 Hz power line
fraquencies. The range of integration time selection is from 0.01
te 100 power line cycles (PLC) per measuremant.

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

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

Operating Temperature: O C to 50 C

Warmup Time: Qne hour to meet all specifications

Humidity Ranga: 95% RH.,, 0 C10 40 C

Storaga Temperature: -40 Cto +75 C

Pawer; 100/120/240V + 5%, -10% 48 Hz to line operation
BOVA; 220V + 10% 48 Hz to line operation BOVA.

Size: BB.9mm high x 425.5mm wida x 527.1mm deep {3%"
high x 16% " wide x 20%"" deep)

Weight: Net 10.49 kg (23.13Ibs.)




General Information Model 3456A

1-18. ACCESSORIES AVAILABLE. 1-20. SAFETY CONSIDERATION.

1-19. The following is a list of available accessories for 1-21. The 3456A is a safety class I instrument (provided

the 3456A: with a protective earth connection), The instrument and

Actessory No. Bescription manugl should be rgvicwed for safety symbols and in-

et e _— structions before using.

10631A  HP-IB Cable 1 Metar {39.37 in.)

106318  HP-IB Cable 2 Meter (78.74 in.) 1-22. RECOMMENDED TEST EQUIPMENT.

10631C  HP-IB Cable 4 Meter {(157.48 in.)

106310  HP-IB Cabie 0.5 Meter (19.68 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 1V of the

34111A  High Voltage Probe {40 kV dc) Operating and Service Manual.

44414A 4 Thermistors

Tahle 1-2. Recommended Test Equipment,

Instrument Critical Spacification Recommended Madal

DC Voltage Standard Voltage: 10mV to 1000V Systron Donner Modei M107
Accuracy: =.005%

DC Transter Standard Qutput Voltages: 1V, 10V, 1.018Y, 1.012V Fluke Model 7318
Aeccuracy: =+ bppm

Stability: = .001% (30 Days)
AC Calibrator Frequency: 20 Hz to 250 kHz Fluke Model 52004 and
Output Level: 120mYV to 1000V Maodel 5215A
Acquracy: =.1%

Voltage Stability (6 moes.) £ .02%

Reterance Divider Divigion Ratio Agguracy: = .001% Fiuke Model 750A
Output Voltage Range: 1V to 1kV
Guildline Meode!

Hosigtance Standard Resistance: 1000 9330/100 or 9330A/100
Accuracy: *.0005%
Resistance: 1kf2 9330/1K or 2330A/1K
Accuracy: +.0005%
Resistance: 10kf 9330/10K or 8330A/10K
Aceuracy: =.001%
Resistance: 100k{ 9330/100K or 83304A/100K
Acquraty: =.001%
Resistance: 1MD 9330/1M
Aceuracy: *.002%
Resistance: 10M 9330/10M
Accuracy: .01%
Resistance®: 1G0 -hp- Part No. 034586-87902
Accuracy., * 2%

DC Null Voltmeter Voltage Range; gV to 10V -hp: Model 4194

Bus Systemn Analyzer®* HP-1B Contral Capability -hp- Model 58401A

Dasktop Computer HFP-1B Control Capability serves 8s printer for out- | -hp- Modal 9825A, 98258,
put data 9B35A, 9B46B, or 85A
QOscillgscope*® * Bandwidth: DC 1o 100 MHz -hp- Model 1740A

Sweep Time: 50ns to 20msz/div
Digital Voltmeter®* Veitage Range: 100V to 1000V -hp- Model 3458A
Resalution: 1 gV (or 3455A)

Resistars Resistances: 1 kR = 10% -hp. Part No, Q6B84-1021
Signature Analyzar™* -hp- Madel 8004A

Test Program Cartridges* -hp- Part Number
03456-10001 (9B28A/B)
03456-10002 (#835A,
(9845A/8)
03456-10003 {(85A)




Model 3456A General Information

Table 1-2. Recommended Test Equipment (Cont'd).
Instrumant Critical Specification Recommended Model

Isolation Logic Test Jumper® -hp- Part No. 03456-61602
HP-18 Signature Analysis -hp- Part Number
Modules®,* * 5061-11563

5081-1154
5061-1155

" These items inciuded in 3456A Digital Voltmeater Service Kit for Component Level Repair {-hp- Part Numbaer
03456.-69800)

* *These items are not required if & board level repair strategy is to be used. This strategy does require a
3458A Digital Voltmeter Service Kit for Board Level Repair (-hp- Part Nurnber 034 56-8980 1),

P+ Perfermance Tost T = Troubleshooting
A = Adjustment O = Operators Check

1-9/1-10




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.

2-8. Power Rogquiraments.

2-7. The Model 3456A. requires a power source of 100,
120, 220, or 240 V ac (—10%, + 5%), 48 Hz 1o 66 Hz
single phase. Maximum power consumption is 80 VA.

2-8. Line Voltage Selaction.

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,

D-IDDV_I 750mA

100V

375ma
~100v 75

120V

375mh
Fipov ,\- 750I‘M‘\

220V

C 375mA
FIGUV‘L 75 mA

240V

OPERATING RANGE
—10%, + 5% OF NOMINAL

NOMINAIL
VOLTAGE

100V . 80 to 105 Volts
120 ¥ 108 to 126 Volis
220V 198 to 231 Volis
240V 216 to 252 Volts

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

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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Model 3456A

250V
OPERATION

280 V
OPERATION

250V
OPERATION

2850V
OPERATION

PLUG*": CEE7-V11
CABLE®: HP B120-1692

PLUG*®: CEE22-V1
CABLE”: HP B120-1860

PLUG*: SEV 1011.1859-24507
TYPE 12
CABLE*: HP 8120-2104

PLUG*": DHCR 107
CABLE*: HP 8120-2956

125V - 6A""

e
”%;

PLUG*: NEMA 1-16P
CABLE*: HP 8120-0884

250 v
QPERATION

PLUG*: NZSS 19B/AS C112
CABLE*: HP 8120-0696

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

250V
QPERATION

8A"" 125 v - BA**

PLUG*: NEMA G-16P
CABLE*: HP 8120-0698

PLUG*: NEMA B-15P
CABLE": HP 8120-1521

STD-B-4196 (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 number for a complete cable including the plug.
* *UL listed for use in the United States of Amarica

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. interfaca 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.”

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 a2 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 Selsction.

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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/
/

1435-0- 4600

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

) ©

5TD - B - 4090

D101

D102 The 3456A contains metric threaded HP-18 cable mounting
DI03 studs as opposed to English threeds. Metric threaded -hp-
DI04 10631A, B, or C HP-IB cable lockscrews must be used to
DI0s secure the cable to the instrument. Identification of the two
D106 types of mounting studs and lockscrews is made by their
Dio?7 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-I8 cable
DAV hardware ilfustrations and part numbers foifow.

NRFD
NDAC LOCKSCREW LONG MOUNTING STWD SHORT MOUNTING STUD

IFC 1390-0360 0380-0643 0380-0844

SRQ

ATN

SHIELD—CHASS!IS GROUND

P/O TWISTED PAIR WITH PIN 6

P/O TWISTED PAIR WITH PIN 7

P/O TWISTED PAIR WITHFIN 8 T“Ef\g:'“s
P/O TWISTEDPAIRWITHPING > |\TERNALLY
P/O TWISTED PAIR WITHPIN 10| GROUNDED
B/O TWISTED PAIR WITH PIN 11

ISOLATED DIGITAL GROUND

Figure 2-4. HP-IB Connector,
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ADDRESS
SELECTION

TALK
CNLY -}

]
1 E |
- | 3456-2-5 \

NOT USED / 0 POSTTION (DOWN)

ADDRESSABLE © FCSTTION (UP

Figure 2.5. 3456A Addrasx 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. Extarnal 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 i 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 |

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

Model 3456A

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 1o 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 10 + 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 fuil serial number. If you have
any questions, conlact 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 i$ 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 1l
OPERATION

3-1. INTRODUCTION.

3-2. This is the information and instructions for the
operation of the -hp- Model 3456A Voltmeter showing
front pane! and remote operations. In addition, you will
find functional checks vou 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 INSTRUCYIONS,

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.

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

d. Math.

e. Remote Operation.
3.7. Refer to Figure 3-1. MNote that the 3456A’s front
panel can be separated into three areas: Display,
Voltmeter Configuration, and Nurmnbered 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 | want remote control of the 3456A7"
-REMOTE GFERATION

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 ¢or-
respond to the available power line voltage. Be certain
the correct fuse is installed in the instrument. To meet
accuracy 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
cotivenient starting place and avoids thermal and elec-
trical shock to the instrument, therefore maintaining its
accuracy and improving reliability. The turn-on state is:

NUMEER OF READ-

INGS/TRIGGER

NUMBER OF POWER

LINE CYCLES INT. . ..o iiiannan 10
NUMBER OF DIGITS DISPLAYED
AUTOQZERO

OPERATING MODE

READING STORAGE




Operation

Model 3456A

O

O

+EBEOBE+8

TIALTEH

i : ot
T ® MarH - Srdet ¥ TEY

Display - Indicates polarity and amplitude of the measure-
ment. Measuramant resuits ara indicatad in either 3%, 4%,
5%, or 6% digits, dependent on the Number of Digits
displayed and the Number of Power Line Cycies Integrated.
The LED at the bottom left hand corner of the display in-
dicates the front panel sample rato.

Function Selection Buttons - DCV, ACV, ACV .+ DCV,
2-Wire Ohms, and 4-Wire Qhms, Included is the SHIFT but-
ton which iz used to place the 3456A into the shifted fune-
tion eonsisting of: DCV/DCV Ratio, ACV/DCV Ratio,
ACV + DCV/DCV Ratio, 2-Wire Q.C. Ohms, and 4-Wire
0.C. Ohms, The LED to the function button’s right will also
light when the button 15 prassed.

Autororo Button - enables or disables tha Autozerg feature.
The LED to the button’s right is lit when the feature is
enabled. Rafer 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 mote information.

Numberad Keyboard - is used to seiect math gperations,
storing a8 number value into registers which are used in
some math oparations and other operational changes
{Number of Digits displayed, etc.). Refer to Paragraph 3-54
far more information.

Ratio Ref/4WRSl Sanse Terminals - are usad for the Ratio
Reference Voitage or 4-Wire Ohms measurement.

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

Front/Rear Switech - With the switeh ““out’ the front ter-
minals gre enabled and with the switch “in'’ the rear ter-
minals are enabled,

Front Guard Switeh - internaily connects thae GUARD ter.
minal to the VOLTS LOW terminal.

Front Guard Terminal.

O

O

Clear Cont - it used to continue with the 3456A's last
aperation after an sttempt was made to store into a
register. It is alsa used to clear the display after a register
has been recalled,

Trigger Buttons - permits selection of Intarnal, 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,

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

Tast Button - enables or disablos the 3456A’s Internal
Tast. Refar 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 Stotage is disabled and when the 3456A’s internal
mermoery is full. Rafer to Paragraph 3-101 for more informa-
tion.

HF-1B Contrel Buttons and Status Indicators defined as
follows:

SRQ Button - enables the 3456A 10 send a "‘Require Ser-
vice Message'” when the hutton iz pressed. Rafaer to Para-
graph 3-198 for more information.

Local Button - takes the 3456A out of Remote.

5RO Light - indicates a *’Require Servige'’ condition when
lit. Refar to Paragraph 3-130 for more information.

Listen Light - ig lit when the 3456A is addressed to
“liston’’,

Talk Light - is lit when the 3456A is addressed to *'talk’’,
Remote Light - indicates that the 3456A isin Remota when
lit.

Line Switch - With the switah “out’” the 3456A is tumad
off and with the switch “in"" the instrurnent is on,

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

Figure 3-1. Front and Rear Panal Featuras.
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Ratic Ref/4WR( Sense Terminals - are used for the Ratio HP-18 Connector used to connect te HP-IB,

Reference Voltage or 4-Wire Ohms measurermnent,
HP-18 Address Selection Switch - Sets 34564 HP-IB Ad-
Volts/ 2ZWRQ/AWRE Terminals - input terminals for the dress.
ACY, DCV, ACV + DCV, and 2-Wire Ohrms measurements.
In addition, the terminals supply the current for a 4-Wire

Ohms measurament.

External Trigger Input Connector,

Power Line Voltage Selection - Refer to Paragraph 2-8.
Rear Guard Switch - internally connects the GUARD ter-
minal to the VOLTS LOW terminak.

@ Rear Guard Terminal,

Fuse -90 V to 126 V -, 75 amp, 198 V to 262 V -.375
amp.

® GO® ®®

. AC Power Connector
Voltmetet Complete Connector - Quiputs pulse dunng mea-

surement cycie,

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

3-15. When pressing the RESET button, the display made to the input terminals, because certain input cir-
will momentarily display this for about I second: cuitry measurements arc made. When the TEST button
is pressed, the instruments displays
Add 022 ©
“4 1.8 88888 + 8"
3456A HP-IB Talk-Only Indicator
Address in (0 = Normal Mode,
Decimal 1 = Talk-Only Enabled)

| 34564 GIGITAL VOLTMETER .-
See Paragraph 3-150 for the HP-IB address setting and ‘ ‘ jﬁ'“"“*"""“"*‘-‘“*‘“? ' .
Paragraph 3-154 for the “Talk-Only’ mode. ‘ X Co

3-16. When power is cycled, ““HP 34567 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 Figure 3-2. Front Panel Display Area.

Rev B




Operation

and light all the front panel LEDs. This remains until
the test 15 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" i output when the test passes, To disable the test
operation press the TEST button a second time.

NOTE

Muake sure no connection is made at the
3456A % 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:

[.00000 — 1 V Range
10.0000 — 10 V Range
100.000 — 100 V Range
1000.00 — 1000 V Range

346N DIGITAL VOLTMETER

HOo9.79 - 3

1 1t a0 IR HATH

Figure 3-3. 3456A Display.

Additionally, a I, 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

Autozero disabled in any Shifted Functions.
Displayed in Remote only,

Analog Filter enabled in any Ohms Functions.
Displayed in Remate only.

Any invalid Range and Function combination
{Example: 10 M ohm Range selacted for the DCV
Function). Displayed in Remote only.

Attampt was made to store invalid number into a
register (Example: 8 "9’ is stored into the Nurm-
bar of Digits Displayed registar).

Attempt was made to store any number into
registar C, M, or V.

Attempt was made to racall non-existant stored

readings from mermoty.

3-23. OPERATING CHARACTERISTICS.

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

Figure 3-4. Front Panel Voltmeter Gonfiguration 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
a6la, 54, 414, or a 334 digit reading, depending on the
Number of Power Line Cycles Integrated (see
Paragraph 3-61) and the Number of Digits selected (sce
Paragraph 3-63). Refer to Table 1-1 for accuracy
specifications.

3-28. AC Voltage Measurament.

3-29. The -hp- Model 3456A uses a True RMS conver-
tor and is able to measure voltages from 1 gV to 700 V
RMS in four ranges: 1 V, 10V, 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 62, 514, 4%, 0ora 342
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 | M ohms shunted by < 75 pF. Refer to
Table 1-1 for accuracy specifications.

3-30. AC+DC Meaasurement.

3-31. The AC+DC mode of the 3456A measures the
combined ac and d¢ 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

Qperation

the necessary power rating of an amplifier. Since many
amplifiers have ac signals with de components, the true
RMS valne 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. Registance Measuremant.

3-34. The Model 3456A is capable of measuring
resistance from 100 micro-ohm to ! 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 644, 52, 4v4, or a 314 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 sens¢ terminals arc
protected 10 a maximom level of 350 V peak. Refer to
Table 1-1 for accuracy specifications.

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

a. The inputs to the 4 WIRE SENSE (RATICQ 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 resisiances, negative
readings may be displayved due to affsets in
the ohms circuitry,

RATID REF
AWR 11 SENSE

O

OHMS
CURRENT

2-Wire Ohms Measuremant

O 0 O

CURRENT

YOLTS
RATIO REF 2WRIL

4WR £ SENSE AWRA

50 O

OHMS

5456-3-5
4-Wire Ohms Measurement

Figure 3-5. Ohms Connection,




Qperation

NOTE

The 34564°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
DCY/DCY, 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 commeon 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, ACY, 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.
VOLTS
RATID REF | 2WRQ
4WRG SENSE AWRLL EUARD

3456-3-6

Figura 3-6. Ratio Connaction.
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a. Ratio Formula. A Ratio Measurement 15 a
mathematical operation expressed in this formula:

foo Signal Voltage
Ratio Reference Voltage
The 3456A Ratio Measurement formula is:

Signal Voltage
Reference High - Reference Low

Ratio =

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 2 Ratio Measurement the
Reference Voltage can be between 0 to + 12 V d¢. The
12 V 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, ae, or ac+d¢ volts from 0 to J000 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
NEASUrements.

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

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

. 8et the 3456A 1o the desired range or to
Autorange.

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

. Read the Ratio reading on the display.

e

Y
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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.

¢. 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/DCYVY Ratio mode, a
Ratio Measurement is made. The voltage drop across
R1 and R2 is measured incleding 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 i3
displayed on the front panel. If the resistors are equal in
value, the reading should be approximately
*— 100000,

Ry 3 SIGNAL VOLT.
COMMON

R LEAD }REF.

ow | OV REFERENCE

HIGH

3456-3-7

Figure 3-7. Typical Ratio Measurement.

3-41_ Offset Compensated Ohms Measuremant (0.C.
Ohms).

3-42. This feature of the -hp- Model 3456A lets you
take resistance measurements of components in the
presence of small de voltages. If this shifted function is
selected, the imstrutnent takes an ohms measurement
and stores the reading into its internal memory. The
ohms current source is then turned off and a dc reading
i 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
measuremeni. 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 chm to 100 K ohm.
Refer to Table 1-1 for the accuracy specifications.

Operation

NOTE

Due to internal switching in the 34564, 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 0.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 ¢hms 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 exampile, the 100 M ohm in the
ohms function is not a valid range for the DCV or ACY
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 chms range. Similar to UPRANGE
operation, the lowest range depends on the function.
The ACV 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 ACV function
is selected. The DOWNRAMNGE button 15 identified by
a downward pointing arrow on its face.

c. Autorange. With Autorange selected, the 34564
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 34%6A into the Autorange made; 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.

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

. 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 Autoranpge Feature. Autoranging by the
3456A is donc quickly in both the upranging and
downranging operations.

1. Upranging. When a voltage applied to the
3456As input is higher than the range used at that
time, an overload condition is detected. The
overload condition is detected before the input
measurcment 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.

. 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-
timurn 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 Mades.

3-47. The -hp- Model 3456A has four trigger
maodes: 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 imitiate a
measurement cycle. The instrument is placed into the
Internal Trigger mode by pressing the INT (Internal
Trigger) pushbutton located on the front panel. 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 15 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. [f the pushbutton

Model 3456A

is pressed again during the cycle, a new measurement cy-
¢le 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. Avtozero.

3-49. The Autozero feature of the -hp- Model 3456A is
used to compensate offsets in the de 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
Autozero 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 3456A’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
oceurs. The only exception is that no updating is done
by triggering, Front Panel SRQ, and HP-IB I ocal com-
mands. The Autozero feature is emabled when the
3456A is first turned on and when pressing the RESET
button.

3.50. A-utnzern 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.

e
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3-52. Analog Filter.

3-533. The 3456A7s 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/DXCV 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 regisiers. The math
operations are sclected 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 Araa.

3-58, The Numbered Keyboard is very similar to those
in pocket calculators with soine 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 thc 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,

. A “100°" should now be displayed on the front
panel.

. 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 inte a register.)

. 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 i3 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 2 3, 4, 5, or
6, since these are the only number of digits the 3456A
can display. If you try to store an illegal rumber, 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 iz to enter a
number digit by digit and the other way is using the
EXF (Exponential) key. A digit to digit entry looks like
[hiS: En[er nzu- uon, i-bO:l" HOH to diSplay “2000”

or
Enter ‘i'!Y “0,,, $42’1 to 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:
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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

li'02,!

Tabile 3-2. Registers and Math Listing.

Ragistars

Register Default Values

Description

N CYC INT 10
VARIANCE -00.000-3
MEAN 199992+9

LOWER -1999899+9

189598589 +9

DELAY SEC

R

COUNT

N RD/TRIG

Z

Y

N DIG DISP

Used for changing and determining the Numbet
of Power Line Cycles Integrated

Used for storing the varience value determined
from Statistics Math QOperation

Used for storing the Mean Value determined
from the Statistics Math operation.

Used for storing the lower value for the
Pass/Fail Math operation or the lowest reading
taken in the Statistics Math cperation.

Used for storing the upper value for the
Pass/Fail Math operation or the bighest reading
taken in the Statistics Math operation.
Used for changing and determining
3456A's Settling Delay.

Used for storing the resistor vailue for the dBm
Math operation or far recalling readings taken in
the 345BA's Reading Storage moda.

Used for storing the number of readings taken
while in the Statigtics Math operation.

Used for changibg and determining the Number
of Readings taken or are to be taken per Trigger,
Used for storing a nurmber value for the Scale
Math operation and stores the first statistics
Reading,

the

Lsed for storing @ number value for the Scale
and %Error Math operation,

Used for changing and determining
3456A's Number of Digits Displayed.

the

Math

QFF
PASS/FAIL

STATS

NULL

CEM
THMS F

THMS C

X-YWY
100 (X-YiY
201L0G X/v

Disables Math operation,

Used to determineg if a reading(s) is within set
limits.

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

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

dBm calculation,

Used in calculating a Thermistor readingis) in
degrees Fahrenheit,

Used in calculating & Thermister reading in
degrees Celsiusg,

Used for the Scale calculation.
Used for the %Error catculatian.
Lsed for the dB calculation.
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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 mumber 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 recalied 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, /50 for the 50 Hz op-
tion, the intergration time 15 1/60 or 1/50 second. The
Number of Power Line Cycles Intcgrated 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 linc ¢ycles. 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, 3, or 6 digit
reading. Sclect 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 maximurm 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 Modcl 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 avtomatically triggers again when all readings arc
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,

Tahle 3-3. Default Delays.

3456A Set-Up Condition Delay [in second)

DLV, Filter On B850
ACV or ACV + DCV, Filter Off 060
ACV or ACV + DCV, Filter On 800
QOhms, 100 K Range 001
Ohms, 7 M Range 008
Ohms, 10 M Range 080
Ohms, 100 M Range .80
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 regigters
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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 (dev, acv, or ohms)
- signal enviroriment {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
cemputer time waiting for the measurement operation
to complete?

- trying to digitize waveforms?

The 3456A can solve these application problems in many
ditferent 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 envirenment can let you
achieve up to 330 rds/s (at 60 Hz) with noise rejection and
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 Paower 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
fitter. 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
autornatically 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 Mz}.

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 stowly 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
would 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 settiing 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. i 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 siow {10 rds/s) by com-
patison 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 stilt not be able to read as fast
as you could. Why? Because you have not optimally handi-
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
phenomancn 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
- Extarnal Trigger

Program Memory can be used to store a serigs 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 ASCII 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 measure-
ment sequence is complete.

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

- Autorange, Auta Zero, Math, Display and Filter are off.
- Measurements are stored in the buiit-in memory using
internat 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 34566A,
store measurement sequences in its memory, and flag the
computer when it is done, lats you use both the 34568A 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 ali 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.

3456 TABLE 3-4
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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:

TError

Scale

Pass/Fail (Limit Test)

dB

dBm

MNull

Thermistor
in Degrees C
in Degrees F

Statistics
Mean
Variance
Count
Limits

31.73. 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
labets above the numbered keys. The range of numbers
you can store into the registers or use in math is from
+ 0.000000 x 109 to 1999999 x }0%. 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 digplayed. 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:

Results in percent

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 tegister Y is 1. The %Error feature is selected
by the ‘8" [100 (X - Y/Y)] key. Refer to Table 1-1 for
the WoError 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 %Errot 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.
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If the reading is, for example, 10.1 V, the result
becomes:

Y

Result = XY w100 = 10-1-10, 160 = 01x 100 = 1
Y

10

showing that the measured value is 1% higher than the
jdeal value. The number displayed on the front panel
would be 1",

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:

Results = X-Z

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-]
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:

Results = }j___—__l(i_?_'-) =X — (£ Z)

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 voliage 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. 1f 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
+ 199999949 and - 199999949, 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 usc 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 siored into
the UPPER register and a *‘990” is stored into the
LOWER register. The next step is to sclect the ohms
function and the | 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 obms 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:

dB = 20 Log .2£|
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
9T 20 LOG X/Y) key. Refer to Table 1-1 for the dB
accuracy specifications.

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 % = 20 Log % = 20 Log 100 = 40

giving you a gain of 40 decibles.

3-87. dBm.

3-88. The dBm feature of the 3456A 15 used to calculate
a power ratio using a resistance as the reference, The

Cperation

dBm equation is:
2
dBm = 10 Log | /R
1 mW

where **X'" is the present measured value, *“1 mW?™ is
the power reference, and ““R" ig 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 volis. The for-
mula now becomes:

100/8

001

= 40.97

dBm = 10 Log ’

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 15 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 Measnrement. 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.
394, 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 clasely to the resistance
vatue 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
featnre is selected. The Thermistor math operation with
the resulrs 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
ternperature is:

Temperature Resistance

150°C 92.7 Ohms
25°C 5000 Ohms
-80°C 3684 K OChms

3-95. Keep a couple of things in mind when using the
Thermistor mode. Choosing an optimum ohms range
for the termperarure measurement has been mentioned
in the preceding paragraph, This is important for a
stable reading. You can use other ranges or anigrange,
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. Autorange
may have the same effects, gince 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
tesistance is added to the thermistor resistance causing
an inaccurate temperature reading.

3-9B, Statistics.

3-97. The Statistics math feature of the -hp- Model
3456A is used to make a Mean and Variance caleulation
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) kev. To reset the
registers to their default values without pressing the
31456A%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:
1 € =
Mean M) = X; + T I X-X)=X

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
Statistics mode, can be recalled at any time by recalling
the appropriate register.

3.99. Variance. The Variance value is calculated by the
formula:

Variance (V) =

C 2
1
X - X)? - El; E | (xinxlil

C-1

C
r

] 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 fromt
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
terminalg 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
memaory a certain namber 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 Cperation of the 3456A (see Paragraph 3-200)
also uses the internal memory and, if uwsed, 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:

1400 - 85

= 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 15 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
15 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.

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

Operation

3. Then recall the R register (bv 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
fromt 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 tegister 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 i3 very short and makes it impossible to see the
readings, store a dejay 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 ¢an do is to select 4 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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¢. Salect the Statistics math operation by pressing the
MATH button and then the 2" (STAT) key.

d. Recall the R register by pressing the RECALL -
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 ¢yele . The signal itself is composed of an approx-
imately 330 nanosccond wide negative going TTL level
pulse. One way to use the syn¢ 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 volitmeter complete
output is designed to drive at Ieast one TTL input.

3-108. GUARDING.
3-108. 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 Maodel 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 workshest you can use to tabulate the 3456A’s HP-IB
capabilities and of other Bus compatible devices. It 18
assumed, in the following paragraphs, that you are
knowledgeable about the HP-IB.

3-120. 3456A Responsa to Bus Maessages.

3-121. The following paragraphs deal with the um-
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 respons¢ to Bus
Messages, also known as Meta Messages.

Tabla 3-5. Interface Functions.

Mnamonic intertace Functien Name

SH1 Source Handshake Capability
AH1 Acceptor Handshake Capability

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

L4 Listener (Basic Listenar, Unaddressed 1o Listen if
Addressed to Talk)

Service Request Capability
Remote/Local Capability
Nea Parallel Poll Capability
Davice Clear Capability
Davice Trigger Capability
No Cantroller Gapability
Opan 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.

Pregram
Memory
and
Reading
Storage Time

Clear

Status Byte | HP-IB
Byte Address
Reset Resat

Hardware
Reset

=3 sec
< .D sec
< 5msec
< 5 msec

Power-On Y
Reset Y
Clear Y
Home Y

Note: Y =YES, N=NO

Figure 3-9. Guard Connactions.
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
DCV, 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

3-128. 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-1B. 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 linc. 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 capabilily 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 polied shows that it did not send
the Require Service Message, the other devices would
typically be polled. Paragraph 3-140 describes the
3436A°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 Pancl S5RQ, 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 Memeory Error

Limits Failure

3-139. The 3456A requires service only if told to do so.
It has to be programmed to output the Require Service
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 ouwlpu!
the Reguire Service Message.

a. Front Panel SRO. A Require Service Message can
be outpul 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, 1%
completed. Information on the Program Memory Oper-
ation is in Paragraph 3-200.

¢. Data Ready. A Require Service Message is output
when the 3456A's measurement cycle is completed (e.g.

320

Mode] 3456A

a DCV reading is taken). More information on Data
Ready is in Paragraph 3-206.

Table 3-7. Status Byte Definition.

Decimsl Rit

Code Definitian

86 Front Panel 8RO - When the front panel
SRAQ button is pressed, this Raguire Ser-
vice is output. Prassing the button a se-
cond time will clear the Service Request.

Program Memory Execution Complete
-Indicates to the controller that ali the
program codes in the 3466A%s intarnat
memory aré executed. The Require Ser-
vice ggndition s cleared when tha Pro-
gram Memory is executed again.

Data Ready - Indicates to the controller
that rmeasutrément data is ready to be
output. The Require Servige is cleared
when a new measurement cycla is in
tiated.

Trigger Toe Fast - Indicates that the
3466A was triggered while executing a
measwement oyale. This onty goours in
External Trigger.

lliegal Instrument Siate - Indicates that
the 3456A is unable to do an oparation
because of an invalid set-up (e.g. 1O M
ohm range in DCV)

\nternal Error - Indicates a failure in the
3456A

Syntax Error - Indicates to the controller
that invalid Program Codels) where sent
to the 3466A (e.q. code F9)

Program Memery Error - Indicates that
the Program Memary Execution com-
mand or the Test functicn was stored in
marnory, of an averflow of memory oc-
curred while loading into memary.

Limits Failura Indicates that the
Pass/Fail measurament made ig out of
the salected limits,

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

d. Trigger Too Fast. This Require Service Message 1s
putput if the 3436A is triggered while outputting data
over the HP-IB. This can only be caused by the External
Trigger.

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

1. lllegal 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 DXV function.

. Internal Error. An Internal Error occurs 15 when
a digital failure occurs in the 3456A. If this may
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happen, refer the instrument to a Service Trained
Pearsomn.

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 memaory)
and when enabling the Internal Test from memory
(program codes TE1 in memory). Both conditions
terminate the Program Memory Operation.

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

g. Limits Failure. A Limits Faillure occurs when a
lHmit 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 SR 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:
b, bg
lofilojofofifi]o]
NOTE

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

Operation

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

0l 000 110
106
The resultant decimal number of octal 106 is 70.

3-144. Statug Bit.
3-145. The 3456A does not respond to 2 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. Pazs 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
returned 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 Tabie 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'),

Ib7!b6|b5|b4|b3|b2|b1|b0|

Limits Failutre
Service Request
Program Memary Error

Front Panel SRQ
Program Mamory Execution Complete
Data Ready

Internal Error

lilegal Instrument State }
Syntax Error

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
ADDRESS

5 1

gl G

@ POSITION IDOWN) 1 POSITION (UP}

NOT USED

ASCil Code
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Listen Talk A5 A4 A3 AZ Al
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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

. STATUS BIT

. PASS CONTROL

. ABORT

VPN LW

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 /0 Manual (-hp- Part
Number 09825-90025) has a listing of the codes. For the
9835A/B, refer to the 1/Q 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
DCV 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

a) the dc function

b) autorange

¢) hold trigger

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

. TRIGGER the 3456A

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

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

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

. 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

T u
universal unlisten command —T

controller *'talk” address
1456A *'listen” address

Ui S——
] F1 R1 MO T4

hold trigger
math off
autorange

dc volts function

Operation

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

¢. Enhanced Basic (9835A/8B, 9845B Controller Lan-
guage).

OUTPUT 722;°F1 R1 M0 T4"”
NOTE

The 7’ in the ‘722’ address code is the
9825A, 9835A/B and 98458 Controllers I/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
—— ——
7 'U 6 Fl 10STN

unlisten command—T —I_—slore 10 readings into register
controller “talk’ address

N (# of Readings)
3456A's ““listen’’ address DC Function

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

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

OUTPUT 722;“F1 10STN*’

In the example, ““F1°* and ‘‘108TN”’ 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:

“FIWI0STN™’
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Table 3-9. 3456A Program Codes.

Control

Program Code

FUNCTION

TRIGGER

AUTOZEROD

FILTER

TEST

REGISTERS

READING STORAGE

SYSTEM QUTPUT MODE

DISPLAY

QUTPUT FORMAT

CLEAR-CONTINUE
NUMERIC SEPARATOR

HOME COMMAND
FRONT/REAR SWITCH SENSE
EOI

PROGRAM MEMORY

Shift Function Off {Unshifted)
DCcv

ACV

ACV+DCV

2 Wire K Ohms

4 Wire K Ohms

Shift Function On {Shifted)
DCV/DCV Ratio

ACV/DCV Ratic

ACV +DCV/DCV Ratio
0.C. 2 Wire K Chms

0.C. 4 Wire K Chms

Auto

100 mV or .1 K Ohms
1000 mV or 1 K Obms
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
Otf

On
Off

Cn
Off

Storing into Registers
Recalling Registers

Number of Readings

Number of 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 - Z}/Y]

YhError [[X - YWY x 100]

dB (20 Log X/Y)

On
Off

On
Off

On
Off

Packed Format On
Packed Format Qff {ASCIl Format)

Active

Separatas Numbers (e.g. FIW105TN)
Software Reset

1 = Front, 0 = Rear

Enable
Disable

L.oad Program {Syntax) On
Load Program {Syntax) Off
Execute Program Memory

S0
F1

F2
F3
Fa
F5
51
F1

F2
Fa
F4
F5

R1
R2
R3
R4
R6
R6
R7
R8
R9

T?
T2
T3
T4

Z1
Z0

FL1
FLO

TE1
TEOQ

o
puk

N<CTro<Zo-nzX
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3.169. Pragramming 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
LA VA SM004

unlisten r:ommandj set mask where 02 is the
controller *"alk™ address octal code for bit 1 of the

3436A “lisien”" address Status Byte Message

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 disabied by programming the mask to
3 ‘000’ 1 .

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. ASCH 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 EQI LF

Polarily of measurement (a ‘' + " Line Feed

is send for ac measurement) End or dentify (if enabled)
Overrange digil {1 or {) Carriage Return
Measurcment reading expressed

in scientific notation (the D is a
decimal digit)

NOTE

The decimal point in the output staterment 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 EQI 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 E9 CR EQI LF

Polarity of Overload Line Feed
Qverload Indication End or ldentify (il enabled}
Carriage Return

The overload polarlity depends on the type of overload
condition. A ‘“+ " 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 untii all
readings are taken. A ¢omma (,) 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 ASCI] 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 “*P(0”’ 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
[=

[pTofo]o]p] Jor]

Exponent Signj— —L Overrange (1 or )
Exponent ~—— Polarity of Measurcment

Lxponent LS1 (Least Significanm Digit)

NOTE

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

b by

NERREIREIEE

Measurement’s MSD {Most 2nd Measurement Digit

Significant Digit)

Third Byte

b- By

FIRRREIBEE)

Ird Measuremend Digit 4t Measurement Digit

Fourth Byte

b by
NRRERREREIE
Measurement’s LSO (Least

Significant Digit)

Sth Measurenent Digit

The sign (polarity) is indicated with ““+ > asa ‘0"’ and
7" g5 3 “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 Qutput 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 Qutput. No delimiters are us-
ed between the readings with the End or Identify (EOI)
being suppressed. The EOI will not be activated until 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.

75Y¥ xD.DDDDDDE + D CR EQI LE

wnlisten command '—T Line Feed
controller **listen’ address Exnd or Identify (if enabled)
3456A's “'talk” address Carriage Return
3456A’s output data

3-26 Rev B

Model 3456A

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 (EQI) statement can be
disabled over the HP-IB for a faster transfer of
readings. This is done by sending program codes ‘08’
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
possible reading transfer. The EOI statement is enabled
by sending codes ““O1*’ and at turn-on.

3-188. System Output Mode.

3-190. With the 3456A’s System Qutput 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 ecxample, 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 Qutput 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 ““SO0”". 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 LR EOILF
Qutput in ASCII lormat with the Line Feed

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

3-185, 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.

. Interface clear ABORT all previous operation

1

2. MUe REMOTE the 3456A
3. U6 004
4

CLEAR the instrument

. 021 LOCAL LOCKOUT the
3456A (including the other
devices on the controller’s
select code)

5. U6 Send DATA to set up the in-
FIRIT4SM020 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. TUSV 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)

11. Contreller Lan-  Print out the DATA in vari-

guage able A

12. U, 001 CLEAR LOCKOUT AND

SET LOCAL (in this case,

only for the 3456A)

Ends the program

9, 10. 031

13. Controller Lan-
guage

Operation

. HPL (9825A Controller Language).

ccli 7 ABORT

: rem 722 REMOTE 34356A

cclr 722 CLEAR 3456A

o 7 LOCAL LOCKOUT
:wrt 722, DATA. Set up instrument
“FIR1T4SM020”’
:trg 722

rred 722,A

TRIGGER 3456A
DATA.Output of 3456A into
variable

REQUIRE SERVICE?

If no STATUS BIT, skip the
next line

9: stp Stop the program

10: prt A Print output DATA in
variable

CLEAR LOCKOUT AND
SET LOCAL (3456A)

Ends the program

:rds (722) — S
:if S=0; gto 10

11: Iel 722
12: end

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

ABORT

REMOTE 3456A
CLEAR 3456A
LOCAL LOCKOUT

10 ABORTIO 7

20 REMOTE 722

30 CLEAR 722

40 LOCAL

LOCKOUT 7

50 OUTPUT 722;
“F1R1T45M020”

60 TRIGGER 722

70 ENTER 722;A

DATA. Set up instrument

TRIGGER 3456A

DATA. Output of 3456A into
variable

REQUIRE SERVICE?

If no STATUS BIT, skip the

80 STATUS 722;58
90 [F S=0 THEN
GOTO 110 next line

100 STOP Stop the program
110 PRINT A Print output DATA in
variable
CLEAR LOCKOUT AND
SET LOCAL

Ends the program

120 LOCAL 722

130 END

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 2 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 FL RSL T3 i
Load Program inte 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 (TEI)
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.

“L1 F1 T3 F2 T3 Q X1
Load Program into Memory On——-,- LExecule Program Memaory

Bet 3456A to DCV Load Program into Memory Off
Trigger the 3456A Trigger the 3456A
Set 3456A to0 ACY

3-205. Recall of Readings from Memeory, 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.
5‘RER”

c. 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.

(tstR!’
e. Send program codes to recall the R register.
GERER”

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

NOTE

Make sure the 3456A is programmed o
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.
GERER”

¢. 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.

3-209. 3466A'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 DDDBPD e or E D

Polarity of Overrange Digit -—] Exponent

Overrange Digit {either a 1 or 0} Exp i
an upper lower case E)

(can be

Numeric entry where D can be a
value from 010 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™’

FIWIO0STN
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.

4-3. 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.

4-8. DCV Tast.

4-7. For the DCV Test a dc transfer standard is
required which is calibrated to a2 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 optitnum 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 ¢alibrated. 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 10 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 Figurs 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 1.0I9 V. A
transfer standard with 1.017 V capability can also
be used,

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

. Accuracy requirement i3 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 de,
2. Within + .005% full scale accuracy.
3. Short term stability better than .0002% per hour.

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

1. Qutput voltage range is from .1 V to 1000 V.
2. Division accuracy is better than + .001%.

4.8. Obms Test.

4-%, 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 & 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 ot 9330A/1K for the 1 K ohm
resistor. An accuracy of +.0005% or better is the
critical requirement.

b. 10 X 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, any
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 reguirements are:

1. Frequency Response: 20 Hz to 250 kHz.

2. Qutput Voltage: 10 mV to 700 V.

3. Accuracy: +.05%

Model 3456A.

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-
meni(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,

421, 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

fRecommended Modal

DC Voltage Standard

DC Transfer Standarg

AC Calibrator

Reference Divider

Rasistance Standard

DT Null Voltmeter
Bus Systemn Analyzer*®
Desktop Computer

Oscilloscope ™ *
Digital Voltmeter®* *

Resistors
Signature Analyzer® ®
Test Program Cartridges”

HP-IB Signature Analysis
Modules™®, " "

Izolation Logic Test Jumper®

Valtage: 10mV to 1000V
Accuragy: = .005%

Output Voltages: 1V, 10V, 1.018V, 1.019V
Accuracy: =+ Sppm
Stability: +.001% (30 Days)

Frequangy: 20 Hz to 250 kHz
Cutput Level: 100mY to 10Q0V
Accuracy; .1%

Vaoltage Stability (6 mos.) £ .02%

Division Ratio Accuracy: =.001%
Output Veoltage Range: 1V to ThkV

Resistance: 1000
Aceuracy: +.0005%
Resistance: 1k
Accuracy: & .0008%
Resistance: 10kD
Accuracy: =.001%
Resistance: 100kQ
Accuracy: £ .001%
Resistance: 1M
Accuragy: +.002%
Resistance: 10MQ
Accuracy: =.01%
Resistance®: 1G0
Accuracy: 2%

Voltage Range: 1V to 10V
HP-IB Centrol Capability

HP-IE Controd Capability serves as printer for out-

put data

Bandwidth: DC to 100 MMz
Sweep Time: %0ns to 20ms/div
Veoltage Ranga: 100xV to 1000V
Resolution: 1 aV

Resistances: 1 kfl £ 10%

Sygtran Denner Model M107

Fluke Model 7318

Fluke Model 5200A and
Madal 5215A

Fluke Maodel 750A

Guiidline Model
9330/100 or 8330A/100

9330/1K or 9330A/1K
9330/10K or 9330A/10K
9330/100K ar 8330A/100K
89330/1M

9330/10M

-hp- Part No. 03456-67901

-hp- Model 413A
-hp- Model 59401A

-hp- Medel 9B25A, DE825B,
9835A, 98458, or BBA

-hp- Model 1740A

-hp- Model 34564
(or 3456A)

-hp- Part Ng. 0634-1021
-hp- Modal 5004A

-hp- Part Number
03456-10001 {9825A/B)
03456-10002 (9835A,
(9845A/B)
03456-10003 (B5A)

-hp- Part No, 03466-61602

-hp- Part Number
5061-1153
5061-1154
5061-1165

03456-68800)

*These items included in 34564 Digital Voltmeter Satvice Kit far Component Level Repair (-hp- Part Numbar

* » These items are not required if a board level repeir strategy is to be used. This strategy does require a
34584 Digital Voltrneter Service Kit for Board Level Repair (-hp- Part Number 03456-69801),

P = Performance Test T
A = Adjustment o}

- Troubleshooting
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 totai 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.
4.28. 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

4-4
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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,.

c. 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 above this point show that
+ DVM is definitaly out of specs
DVM smec * st spec | Readings in this
= . A - .- [ reglen arg ambiguous

DVM spec - std spac [oman ai g
’ Aeadings in this rogion guarantee
that DVM 1s withln spacs

T . e e e | e g e

% Error

DVM spec - std spec . o
DVYM spec [ Readlngs in this

DM spac + std spec i : ; . . o | region ere ambiguous

—_ & Readings below this polnt show that
DVM is definitely out of specs

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 DOV, Ghms, 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. DLV 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 Siandard (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 buiton. 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.

FPerformance Test

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

NOTE

Pressing the RESET button automatically
sets the 34564 to DCV, Awlorange, 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’’ intg the N DIG
DISF 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. 1f 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.

h. Record the 3456A’s reading on the Test Card and
make sure it is within the indicated limits, If the 10V
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 Tast Limits.

3456A Input 3456A Range 3456A Set-Up

90 Day Limits 24 Hour Limits

Shaort .1V Range DCV
Short 1 V Range DCV
Short 10 V Range DoV
Short 100 V Range DCV
Short 1 kV Range DCv
+10V DL Autorenge oCv
+1VDC Autarange LCyv
+.1VvDRC Autoranga DV
+ 100 v DC Autorange DCV
+ 1000 Vv DC Autgrange DCv
1 v DC 10 V Range ocv
-5V DC 10 V Range DCV
-10 v DC 10 V Range DCcv
-10 v De 10 V Range DCV, PLC =100
10V DO 10 V Renga OCV, PLC =1
-1gvoe 10 V Range DCV, PLC =1
-1V DC 10 V Range DCV, PLC=.01
-10 vV DC 10 V Range DCV, PLEL=10
Filter On
Filter Off
Autozern Off
DCV/DCV Ratio
Autorero On
ACVY +DCV/DCV
Ratio

10 v B 10 V Range

10v DC 10V Range

10V DC 10 V Range

-00.0024 -3 to +00.024 -3
-.000004 to + 000004
-0.00002 to +0.00002
-00.0003 to + 00.0003
-000.002 wo +000.002
+9.99975 to + 10.00025
+.989972 to +1.000028
+ 89942 -3t +100.0068 -3
+89,9971 to +100.0028
+ 999 854 to + 1000.146
-, 99996 1o -1.00004
-4.99986 to -5.00014
-9.99975 to -10.00025
-8.999756 to -10.00025
-9.99973 to -10.00027
-9.9981 to -10.0009
-9,992 10 -10.008
-9.99975 to -10.00025

-8,88974 to -10,00028
89595 to 1.00006

598857 to 1.00143

-t

-00.00:4 -3 to +00.0024
-.000004 1o + .000004
-0.00002 to + 0.00002
-00.00032 to +00.0003
-000.002 to +000.002
+8.88990 to +10.00010
+.993987 to + 1.000013
+99.94854 .3 to + 100.0046 -3
+99.9986 to +100.0014
+5889.867 to +1000.1332
-. 2989497 to -1.00003
-4,99994 1o -5.00006
-9,98990 to -10.00010
-9.99990 to -10.00010
-85.99986 1o -10.00014
-9.9991 to -10.0009
-95.892 to -10.008
-9.99980 to -10.00010

-9.99988 to -10.00011
99938 to 1,00002

.998892 to 1.00111
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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.

QUTPUT
VOLTAGE
O—0-

INPUT ‘/

VOLTAGE
R e

100v
G 3

10¥ §

[ p—

i

D

T STANOARD

NULL
YOLTHMETER

TRANSFER
STANDARD

1456-4-1

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

l. 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 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.1V,

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 Nuil 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 Quiput Voltage switch
is set o another position.

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

w. Uprange the Reference Divider’s Qutput 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 indication on the
Null Voitmeter, after the Reference Divider has stabi-
lized.)

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

Zz. 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 Qutput
Voltage switch to 1 V and set the 3456A to the 10 V
range.

blb. 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 Adjustmenis 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 stering “*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.

Jji. Press the 3456A°s RESET button, Connect the
Transfer Standard’s High Output to the 3458A's
RATIO REF HIGH and VOLTS HIGH terminals,
Connect the Standard’s Low Qutput to the 3456A's
RATIO REF LOW and VOLTS LOW terminals. Refer
to Figure 4-4 for the connection,

OC TRANSFER
STANDARD
FLUKE 731E

DIGITAL VOLTMETER
hp 345BA

R [ R i |
I [ S . |
— PR R RS [ R |
- RS RN RS (R B |

Figure 4-4. Ratio Test Connection.

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

Il Set the 3456A to ACV +DCV/DCV 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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DC STANDARD
SYSTRON CONNER MODEL M107A

CONNECTED TO
CHASSIS GROUND

DIGITAL VOLTMETER
hp 3435BA

I R I

<K

Figura 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
“OouUT).

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 omn.

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

s5. Disconnect the test equipment from the 3456A. If
the DC Common Mode Rejection Test fails, refer the
3456A to a service trained person. This compietes the
DCV Test,

4-37. Ohms Test,

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

the Chms Performance Test Card for the Ohms Test
limnits,

4-39. Equipment Required.

Standard Resistor:

100 ohm + .0005%; (Guildline Modet 9330/1{0) 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 z .001%; (Guildline Model 9330/160K
or 9330A/100k)

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

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

Resistor Assembly:

(1000 M ohm =z 2%;
03456-67902)

-hp- Part Number

4-40. Test Procedure.

a, Press the 3456A% RESET button. Short across the
VOLTS (ZWR, 4WR) and RATIO REF (4 WR SENSE)
terminals as shown in Figure 4-6.

Table 4-3. Ohms Test Limits

3456A
Ranga

3456A Set-Up

90 Day Limits

24 Hour Limits

Autorange
Autorange
Autorange
Autorange
Autorange
Autorange
Autorange
Autorange
Autorange
Autorangs
100 K
100 K
100 K

100 K

2-Wira Ohms
4-Wire Ohms
4-Wire Ohms
4-Wire Ohms
4-Wira Ohms
4-Wire Ohms
4-Wira Ohms
4-Wire Ohms
4-Wire Ohms
2-Wira Ohms
4-Wire Ohms
Autozarg Off
2-Wira O.C,

Autozero On
4-Wire 0.C,

-00.0024 to 00,2024
-00.0024 to 00.0024
9.99966 + 3 to 1000034 +3
999 966 + 3 to 1000.034 +3
99,9936 to 100.0064
99,9968 4+ 3 10 100.0032 +3
999,928 + 3 to 1000072 +3
9.99578 + 6 t0 10.00422 + 6
B893.899 +6 to 1160.001 +6
999,928 + 3 to 1000.072 +3
9.9995 + 3 ta 10.0006 +3
9.99332 + 3 to 10,0007 +3
99 9966 + 3 te 100.0034 + 3

99.9968 + 3 to 100.0032 + 3

-00.0024 to 00,2024
-Q0.0024 to 00.0024
9,99976 + 3 t0 10.00024 +3
999,978 to 1000.024
99.9946 to 100.0054
99,9978 + 3 t0 100.0022 + 3
995,938 + 3 to 1000.062 + 3
0.989588 +610 10.00412 +6
§89.999 + 610 1110001 +6
999,938 + 3 10 1000.062 + 3
9.9996 +3 10 10.0004 + 3
9.89294 + 3 10 10.0006 +3
99,9976 +3 10 100.0024 + 3

99.9978 + 3 10 100.0022 +3
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REFERENCE YOLTS
14 WIRE) (2 WIRE) GUARD

83 ¢

I45F-4-6

Figure 4-6. 4-Wire Ohims Shart.

b. Set the 3456A 1o the 2-Wire ohms function and set
it to the 6 digit mode by storing *&'" 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 1o 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,

YOLTS
RATI0 REF 2WR

4WR [ SENSE 4WRM LUARD

—0 -

S TANDARD g

RESZISTOR ] O ©

Figure 4-7. Ohms Test.

f. Do the same for the 1 K, 10K, 100K, 1 M, 10 M,
and 1 G ohm ranges by connecting the 1 K, 10K, 100K,
1 M, 10M, and 1000 M ohrm 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,

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

h, 5S¢t the 3456A to the 4-Wire ochms 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.

i. 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. ochms 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 d¢ from the DC Standard to the 3456A7s 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.

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

d. Setthe 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, IV, 10V, 100 Vand 700 V.

g. Setthe 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.

§. Do the same for a 10 V output.




Performance Test

k. Set the AC Calibrator for a 1 V, 20 Hz output and
turn the 3456A's Filter ““ON". Record and check the
reading.

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

4.45. Ailternate 250 kHz ACV Test

4-46. The following test is an aiternate 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.

Maodel 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 3436A.
This completes the Alternate 250 kHz check.

Table 4-4. ACV Test Limits.

JA56A

Freqrency Range

3458A Set-lp

90 Pay Limits 24 Hour Limits

- Autoranga
kHz | Autorange
kHz Autarange
kHz Autorange

ACV
ACV
ACY

ACV+DCV

00943 10 .01057
00944 to 01066
.09%44 to . 10060
49820 10 .50080

00928 t0 .01072
00928 to0 .01071
08923 to .10077
49885 10 50106

100 V AC
700 V AC
1.0V AC
10V AC
1.0V AC
1.0V AC

kHz
kHz
1 kHz
100 kHz
100 kHz
100 kHz
100 kHz
100 kHz
250 kHz
250 kHz
20 Hz
20 Hz

1
1
1
1 kHz
1
1

Autarange
Auterange
Autorange
Autorange
Autorange
Autorange
Autorange
Autorange
Autorange
Autorange
Autorange
Autorange
Autorange

ACY
ACVY
ACYV
ACY
ACV
ACY
ACV
ACY
ACVY
ACV
ACYV
Filter Qn
ACV + DCV

98860 to 1.00140
9.9860 to 10.0140
99.860 to 100.140
£08.32 to 701.68

00704 10 01296

9180 to 1.00840
9.9160 to 10,0840
99,160 to 100.840
692.76 10 707.24

.94350 to 1.05650
9.4350 to 10.56560
89600 to 1.00400
99600 to 1.00400

.99895 to 1.00105
9.98856 t0 10.07106
99.895 10 100.105
698.61 10 701.39

.00725 10 01275

99200 to 1.00800
89,9200 10 10.0800
99.200 to 100.800
693.10 10 706.90

94370 10 1.05630
89.4370 10 10.5630
99640 to 1.00360
23640 to 1,00360




PERFORMANCE TEST RECORD
24 HOUR LIMITS

HEWLETT —PACKARD MODEL 3456A Test Performed By

DIGITAL VOLTMETER Date

SERIAL NO.

DCV Tast Temperatura = 23°C + 19C

Ingut to

3456A Set-Up and Configuration Rending

Gpen Self-Test
Open Press RESET
Open Set to 6 dig. resolution .- -- .-

Short .1 V Range +00.0024 -3 - -00.0024 -3

Short 1 V Range +.000004 - . -.000004

Short 10 V Range +0.00002 _  _____  -0.00002

Short 100 V Renge + 0G.0003 . -00.0003

Short 1 kV Range +000.002 e -000.002

+10 v DC Autorange +10.00010 e+ 9,99990

+1vDC Autorange +1.000013 - +.999887

+.1 v DC Autorange +1000046-3 __ === +995.9854

+100 v DC Autorange +100.0014 . +189.9988

+ 1000 V DC Autorange +1000.133 . +999.867

-1 vDC 10 V Range -1.00003 - -.999897

-6 v DC 10 V Range -5.000086 __ -4.99894

-10 vV DC 10 V Range -10.00010 - -9.99890

-10 vV DC Int. = 100 -10.00010 . -9.89990

-10vDC Int. 1 -10.00014 e -9.99886

10 v DC int, = .1 -10.0008 - -9.9991

10V DC Int. = .01 -10.008 - -9.992

-10vV DC int. 10, Filter On -10.00010Q ——— -9.99890

-10 vV DC Filter Off, Autozero Off -10.00011 - -9.99989
Open Prass RESET .-
10V DC to DCV/DCV Ratio 1.00002

REF Hto V H
and REFL to VL

10V DC to ACVY +DCV/DCV Ratio 1.00111
REFH to VH
and REFL to VL

See Below CMR Test

CMR Test
1. Connecta 1 K ohm resistor between the HIGH and LOW VOLTS terminal and connect GUARD
to VOLTS HIGH.
. Taka a reading.
. Apply 100 V dc between the 3456A’s chassis and VOLTS HIGH terminal,
. The 34586A 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 g certain configuration (5 digit mode, etc.).




’

PERFORMANCE TEST RECORD

24 HOUR LIMITS

HEWLETT — PACKARD MODEL 3456A Test Performed By

DIGITAL VOLTMETER Date

SERIAL  NO.

Ohms Test Temperature = 23°C £ 1°C

Input to

Step # 34564

Set-Up and Gonfiguration Reading

Open Prass RESET
Open Set to 6 dig. resolution .- . .

4-Wire Short  2-Wire Obms 00.2024 _ . -00.0024

4-Wire Short  4-Wire Ohms 00.0024 —__ -00.0024

10 ki Autarange 10.00024 e 999978 +3

1 kit Autorange 1000.024 999.976

Autorange 100.0054 o 99.9946

Autcrange 100.0022 +3 . 8599978 +3

Autarange 1000.062 +3 _ 999,938 +3

Autorange 10.00412 +6 __ 9.9958B +6

Autorange 1110.001 +6 ———____ B8B9.999 +86

2-Wire QOhms 1000.062 +3 e 999,538 +3

4-Wire Ghms
100 K Range 10.0004 + 3 9.9996 + 3

Autozero Off 10.0006 + 3 . 909994 +3

Autozero On
2-Wire O.C. 100.0024 +3 99,9976 +3

4-Wire 0.C. 100.0022 +3 = 999978 +3




PERFORMANCE TEST RECORD
24 HOUR LIMITS

HEWLETT — PACKARD MODEL 3456A

DIGITAL VOLTMETER

SERIAL NO.

ACV Test

Stap #

Temperature = 2

Input to
3456A
Open
.01 v DC
01V, 1 kHz
0.1 V, 1 kHz
0.5V, 1 kHz
1.0V, 1 kHz
10V, 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

3°C x 1°C
Sot-Up and

Cenfiguration
Press RESET

ACV + DCV

ACY

ACV

ACYV

ACVY

ACV

ACV

ACY

ACV

ACY

ACV

ACV

ACV

ACY

ACV

Filter On

ACV +DCV

01087
01056
.10060
.560080
1.00106
10.0105
100.105
701.39
.01275
1.00800
10.0800
100.800
706.80
1.06630
10.5630
1.00360

1.00360

Test Performed By

Date




PERFORMANCE TEST RECORD
90 DAY LIMITS

HEWLETT—PACKARD MODEL 345B6A Test Performed By

DIGITAL VOLTMETER Date

SERIAL NO.

DCV Test Temperature = 23°C + 1°C

Input to ' "
38564 Seot-Up and Configuration Reading

Open Self Test
Open Press RESET
Open Set to 6 dig. resclution

Short .1 V Range +00.0024 -3 . -00.0024-3

Short 1 V Range +.000004 —_  -.000004

Short 10 V Range + 0.00002 - -0.00002

Shert 100 V Range +00.0003 - -00.0003

Short 1 kV Range +000.002 - -000.002

+10v DC Autorange +10.00025 _  +9.998975

+1vDC Autorange +1.000028 +.8998972

+.1vDC Autorange +100.0058-3 ___ = +98.942-3

+ 100V DC Autorange +1.00.0029 . 499997

+ 1000 vV DC Autorange +1000.146 - +989.874

-1 v DC 10 V Range -1.00004 -  -.99996

-6V DC 10 V Range -5.00014 - -4,989886

-10vV DC 10 V Range -10.00025 - .. -5.99975

-10 v DC Int. = 100 -10.00025 _ -9.99975

-1t0v DC int. =1 -10.00027 e -9.99973

-10vDC Int. = .1 -10.0008 _ -9.999

-10v DC Int. = .01 -10.008 - o -9.9892

-10v DC Int. = 10, Fiiter On -10.00025 -  -8.9997b

-10v DC Filter OFf, Autozerp Off -10.00026 —_ -9.99974

Open Press RESET .-

10V DC to DCV/DCV Ratio 1.00008
REF H to V H
and REFLtoV L

10V DCte ACV +DCV/DCV Ratio 1.00143
REF H to V H
and REFLtoV L

See Balow CMR Test

CMR Test

1. Connect a 1 K ohm resistor between the HIGH and LOW VOLTS terminals and coennect 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 .000C1 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 & certain configuration {5 digit mode, etc.).




PERFORMANCE TEST RECORD
90 DAY LIMITS

HEWLETT — PACKARD MODEL 3456A

DIGITAL VOLTMETER

SERIAL NO.

Dhms Test Temperature = 23°C + 1°C

Input to

Step # 34584

Open
Open
4-Wire Short
4-Wire Short
10 ki)

1 k@

Sot-Up and Configuration

Press RESET

Set to 6 dig. resolution .-

2-Wire Ohms 00.2024

4-Wire Ohms 00.0024
Autorange 10.00034
Autorange 1000.034
Autorange 100.0064
Autorange 100.0032 +3
Autorange 1000.072 +3
Autorange 10.00422 +6
Autorange 1160.001 +6

2-Wire Ohms 1000.072 +3

4-Wire Dhms
160 K Range 10,0005 +3

Autozero Off 10.0007 + 3

Autozero On
2-Wire 0.C. 100.0034 + 3

4-Wire 0.C. 100.0032 +3

Test Performed

Date

-00.0024
-00.0024
9.99966 +3
989.966
99.9936
99.9968
999.928
9.899678
893.999 +6

999.928 +3

9.9996 +3

99993 +3

998.9266 + 3

99.9968 +3




PERFORMANCE TEST RECORD
90 DAY LIMITS

HEWLETT - PACKARD MODEL 3456A " Test Performed By

DIGITAL VOLTMETER Date

SERIAL NO.

ACV Test Temperature = 23°C + 1°C

Input to Seot-Up and High Reading

Stap # 3456A Configuration Limit

Open Press RESET -

.01 v DC ACV +DCV 01072

.01V, 1 kHz ACV 01071

0.1V, 1kHz ACY L10077

0.6V, 1kHz ACV 50105

1.0V, 1 kHz ACV 1.00140

10OV, 1 kHz ACV 10.0140

100V, 1 kHz ACV 100.140

700V, 1 kHz ACYV 701.68

01V, 100 kHz ACV 012986

1.0V, 100 kHz ACV 1.00840

10V, 100 kHz ACV 10.0840

100V, 100 kHz ACV 100.840

700V, 100 kHz ACV 707.24

1.0V, 260kHz ACV 1.06650

10V, 260 kHz ACV 10.5650

1.0V, 20 Hz Filter On 1.00400

1.0V, 20 Hz ACV+DCV 1.00400




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.

57. 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.

Tahle 5-1. 3456A Adjustments.

Adjustiment
Pat

Input to
the J458A

Tolarance
in Counts

Displayed

| Genaral and Set-Up information
Reading

+10 Vv DC

+1 VDo
+.1VDC

+ 100V DC

10 ki
1 ki
100 ki
1000 ki
10 M2

ACY
ACV
ACY
ACV +DCV
ACY

Reszat the 3456A. Set to 6 digit.
Connact GUARD to LOW,

Adjustment A’ is coarsa; B
is fina.

+ 1¢.00000

+ 1.000000

+100.0000 -3 Enable the 3456A's Null Math

feature to correct the 100 my
pffset.

+ 100.0000

Set the 3456A to the 4-Wire
Ohms function,

10.00000 + 3
1000.000

100.0000 + 3
1000.000 + 3
10.00000 + 6

5ot the 3456A to the 5 Digit
mode,

Repeat Steps 13, 14, and 15
01.000 until readings converge.
1.00000
001.00
Minimum

Seo Note Repeat Steps 16 and 17 until

readingg convarga.

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 untll the noted reading in Step 16 iz reachad.




Adjustments

5-9. ADJUSTMENT LRCATION.

5-10. All the adjustments for the 3456A are located
behind a front pane! 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
serews located at the section’s left and right side.

¢, Onee 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

SRR

STEP #2: REMOVE PANEL SECTION

CALIBRATION POTS

Figure 5-1. 3456A Adjustment Location.
5-11. DEV 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
DCV Adjustments, Refer to Section 1V, Paragraph 4-6
for the critical specifications and requirements.

5.2

Moadel 3456A

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
€.

d. 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 V
+ 1 count reading.

e. Set the DC Transfer Standard to 1 V.

f. Adjust calibration pot ““C* for a + L000000 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. Turmm 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.

e




Model 3456A

Adjustments

DIGITAL YOLTMETER
hp 3456A

REFERENCE DIVIDER
FLUKE 730A

DC STANDARD
SYSTRON DONNER MODEL M107A

Sl

]

DC NULL

YOLTHMETER o °
hp 418A 990900

O
TR S
SENSE
]

OuUTPUT

DC TRANSFER
STANDARD
FLUKE 731B

2 L
I

J 3456-5-2

Figure 5-2. DCV Test Equipment Connection.

l. 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.

o. Set the Reference Divider’s Output Voltage switch
to.1V.

eyt N, outeui
VDL TAGE VOL TAGE

& HIGH

3456A
UL INFUT G | oy
VOLTHETER

— _nC
T STANDARD

TRANSFER—
STANDARD ——

1456-5-3

Figure 5-3. DCV Test Equipment Connection

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

g. Set the Reference Divider’s Standard Cell switch
to the ‘‘Locked” position. Adjust the DC Standard
Output 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.

5-3




Adjustments

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)

I 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.

RATIOD REF
AWR L SENSE

STANDARD
RESTSTOR

Figure 5-4. Standard Resistor Connection.

¢. Connect the | K ohm Standard Resistor to the in-
put terminals. Adjust calibration pot “G” for a
1000.000 + { 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

Model 3456A

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 1V, 1 kHz output and
connect it to the 3456A’s VOLTS input terminals.

¢. 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
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. 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),




Model 3456A

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 IXCV 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 Tast 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 buiton automatically
sets the 3456A to DCV, Autorange, Internal
Trigger, and 5 Digit Display.

¢. 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 3-2.

Table 5-2. DCV Test and Adjustment Limits.

Input 1o 3I356A

Set-Up and Configuration

Adjust

Pot Tast Limits

Open Self Test
Short Press RESET

Short .1V Range
Shaort 1 V Range
Short 10 V Range
Short 100 V Range
Short 1 kV Range
+10 Vv DC Autorange
+1vDC Autorange

= DR RN hU Bk —=

— -

Math On

—
a

Math On

Null Math Oft

100 V Range

1 kV Range
10 V Ranga
10 V Range
10 V Range

100

1

A

.01

+100V DC
+ 1000 vV DC
-1 v 0og
5V DC
-1Qv oC
-10v DQ Int.
-10v DC Int.
-10 vV Do Irit.
10V DC Int.
-1Q v De Int.
-10 Vv DC
Open Press RESET
10V DC to
REFHto VH
and REFLto VL

CMR Test

Short Set to 6 dig. resolution

Short .1V Range Null

dvDe .1V Range Null

10, Filter On
Filter Off, Autozero OFf

-00.0024 -3 10 +00.0024 -3
-.Q000043 to + 000004
-0.00002 to + 0.00002
-00.0003 to + Q0.0003
-000.002 to + 000,002
+9.99999 1o + 10.00001
+.999998 to 1.000001

+89.9995 -3 to + 100.0005 -3

+ 99,9999 to + 100.0001
+999.867 to + 1000.133
-.98897 to -1.00003
-4.89994 to -5.00006
-9.99990 o -10.00010
-8,99990 to -10.00010
-5, 99986 to -10.00014
-9.9991 10 -10.0008
-9.8992 t0 -10.008
-9.29990 10 -10.00010
-5.99989 to -10.00011

99998 to 1.00002
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e. Do the same forthe 1 V, 10V, 100V, 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’’
fora + 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.

. Turn adjustment ““A" until the 3456A°; 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.

. 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 Vv
%+ | 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.

Model 3456A

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

5, 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
0.1 V.

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 Voltmetet's 3
microvolt range.

Xx. Set the Reference Divider's Standard Cell switch
to the QPEN 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 + 1000000 V £+ 1 count reading.

Always uprange the Reference Divider’s In-
put Vollage swifch 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 Output 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.,

ge. Downrange the Reference Divider’s Output
Voltage switch to | 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.

ji. Set the Reference Divider’s Qutput Voltage switch
to 5V, Check the 3456A’s reading.

jj. Turn the DC Standard’s Qutput 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 *-*’ ouiput to
VOLTS HIGH). Check the reading.

11. Change the Number Of Power Line Cycles In-
tegrated on the 3456A to 100 by entering & “*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**, *‘.1°",
017, and 100 into the N CYC INT register, respec-
tively. Check readings.

nn. Turn the 3456A’s Filter ““ON"’ and check the
reading,

0o0. 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.

55. 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

OIGITAL VOLTMETER OC TRANSFER
STANDARD

FLUKE 7318

456 -5-5

Figure 5-5. Ratio Test Connaction.
tt. Record the 3456A’s reading.

uu. With the DC Standard’s Qutput 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 -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 ¥ ohm z .001%; Guildline Maodel 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 QOhms con-
figuration.

b. Short the VOLTS and RATIO REF (4WRQ
SENEE) terminals as shown in Figure 5-7.

c. Check the 3456A’s reading.

d. Set the 3456A to the 4-Wire Ohms function,
Check the reading.

5-7
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Table 5-3 Ohms Test and Adjustment Limits.

Input to 3456A

Set-Up and Configuration

Adjust

Pot Taxt Limita

QOpen Prass RESET

2-Wire Ohms
4-Wira Ehort 4-Wire Ohms
10 K2 4-Wire Ohrms

1 KQ 4-Wire Qhma

100 & 4-Wire Ohms
100 KQ 4-Wire Ohms

1 MG 4-Wire Ohms

10 MO 4-Wire Ohms

1 Mit 2.Wire Ohms

10 K 4-Wire Ohms
100 K Range
Autozero Off
Autozara On
2.Wire 0.C.
A4-Wire Q.C.

4-Wire Short

Lo s A Bk -

10 K
100 K

100 KO

Opan Set to B dig. resolution

-00.0024 to 00,2024
-00.0024 to 00.0024
5.99997 + 3 t0 10.00003 + 3
2499 999 to 1000.001
99.9946 to 100.0054
99.9999 + 3 to 100.0001 + 3
§99.989 + 3 to 1000.001 +3
9.99986 + 6 to 10.00004 + 6
989 938 + 3 to 1000.062 +3
9.9996 +3 10 10.0004 +3

9.9994 + 3 10 10.0006 +3
09,9976 + 310 100.0024 + 3

299.0978 + 310 100,0022 +3

0OC STANDARD
SYSTRON DONNMER MODEL M107A

CONNECTED TO
CHASSIS GROUND

DIGITAL VOLTMETER
hp 3458A

<X

J 3

Figure 5-6. OC 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 insirument.

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 1" for a 1000.000 +3
+ 1 count reading.

5-8

j. Disconnect the 1 M ohm Standard Resistor and
connect the 10 M ohm Standard Resistor to the input
terminals. Adjust calibration pot “I’? for a 10.00000
+6 x4 count reading.

k. Disconnect the 10 M ohm Standard Resistor and
connect the 1000 M ohm Resistor Assembly 1o 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.

REFERENLCE VOLTS
[4 WIRE) (2 WIRE) GUARD

53 o

3456=5=7

Figura 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,

8-31. ACV Test and Adjustmants.

5-32. Refer to Table 5-4 for the ACV Test and Adjust-
ment Limits.

5-33, Equipment Required.

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

5-34, Test and Adjustment Procedure.

a. Press the 3456A's RESET button. Set the instru-
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.

€. 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 ¢ in the given order until all
the readings are within the limnits.

NOTE

Calibration pots K", “L", and "M aor 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 4+ 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.

Table 5-4. ACV Tast and Adjustment Limits,

Input to 3456A

Set:-tp and Configuration

Adjust

Pat Test Limite

Open Prass RESET

V, 1 kHz ACV, 100 V Range
Vv, 1 kHz 1 V Range

V. 1 kHz 1 kV Range

Short
Short ACV

1 kHz ACY
1 kHz ACV
1 kHz ACY
1 kHz ACY
1
1
1

[+l RN A ]

—
N ]

kHz ACV

kHz ACY

kHz ACV

01V, 100 kHz ACY

1V, 100 kHz ACV

10V, 100 kHz ACV

100V, 100 kHz ACV

700V, 100 kHz ACY

1V, 250 kHz ACV

10V, 250kHz ACY
1V, 20 Hz Filtar On

1V, 20 Hz ACV+DCV

01 VOC te Filter Off

REF H to V H

and REFLto VL

PIMIMIMI A — =3 =
st B o= O 00 00w O LT L Y

ACV+DCV, 1 V Ranga

ACV +DCV, Autorange

ACV + DCV/DCV Ratio

00.999 10 01.0017
99987 to 1.00003
000.98 ta 001.02
Minimum

+ 2 counts of reading in Step §
Q0943 to 01067
00944 to 01056
08940 to 10060
48920 to 50080
.98895 to 1.001056
9.9895 10 10,0105
39 895 t0 100,106
698.61 t0 701.39
0072% t0 01276
.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 te 10.5630
99640 to 1.00360
.89640 to 1.00360
L9889 to 1.00111
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2. Adjust calibration pot ““M™ for a minimum
reading.

3, Continue adjusting ecalibration pot “M’" in the
same direction until the reading noted in Step 1 13
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
fora .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 1V,
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 fora 1V, 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.

x. 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.

v. 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.)

¢. 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.,
Ajp. 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 (1) in the reference
designator column are available only for repair and ser-
vice of Hewlett-Packard Instruments.

Table 6-1. Standard Abbreviations.

ABBAEVIATIONS

silver
alummum
ampere(s)
gold

. capacitor
. . ceramic
coetficient
common
composition
. connaction

- dapositad
doubls-pole doubie-thraw
double-pole singie-throw

alectralytic
. encapsvlated

faradts)
hetd affact tansistor
. fixeed

gallium arsenide
@igahartz = 10+ 9 hertz
guardiad)

germanum

groundiad)

henryties)
mercury

.. . assembly

. motor

battery

CBpACitor

.. . diode or thytistor
. .delay hne

. ramp

misc slectronic part
R fuse

. hertz [cycleis] per secand)

nside diamarer
impregnated
ncangdescent
msulationied]

kilohmist - 10+ 3 ohms
kilohertz = 10+ 3 hertr

inductor
. .linear taper
logarithmic taper

milliamperelsl = 10 - 3 amperes

magahartz = 10+ 6 henz

magohmisi - 10+ 6 ohms

Lo . metal fim

.. manufacturer

millisecond

mounung

milwvoliist = 10 - 3 voits

. . mucrofarad(st

Lo microsecondls)

micraveltis = 10~ & voits
Mylar

mansamperels) = 10_ g amperes

. .nermally closed
. .. neen
normally opan

NPQ

ns

f

oo, ..

p
pA
pe
pF

pos.

pp

ppm .

A

An

ims
ot

Se

sect .

Si.

. nagative posiive zero
izer0 temperature coeflicient)
nanosecondist = 10~ 9 saconds
not separately replaceable

. . ... .chmis
. .. order by descrption
. outswe cismeter . .

paak

picoamperalsh

printgd  cirCuit

. picofaradsi 10 ° 12 farads

. pegk nverse vollage

part of

posmenist

polystyrena

. potentiometer

peek-io-paak

Lo parts pet mitlion
precisicn (1emperature coeflicient,
long term siability andior tolgrancet

. resistor

. . thodium
roct-mean-square
fotary

.. solanium
.. .. sectignis}
silican

DESIGNATORS

filrer

©.. ... heater
integrated  circuit
jack

. relay

.. induetar

.. ....... meter
mechanical part
.plug

Q

QCR .

Rip!
AT
§

T

LT

TC

TP .

. eanpistor

. transistor-dioda
resistor(pack)
thermigtor

. .. Switch
.. tranatormer

. . terminal board
. thermocouple

. test point

. . slide
single-pale double-throw
singie-pole single-throw

. . . tantalum
temparature  coetficient

- utanium dioxide

toggle

10lgrance

tmmer

Hansstor

. . . . voitlsl
sltarnating currant working voliage
variable

direct curram waorking voliage

. watHs)

Lo oo . with
warking invarse voltage
without

wirgwound

optimum value zelectad st factory,

avarage vatue shown {part may be omitted)
no standard 1ype pumber assigned

selected or special type

{® Dupent de Nemours

terminal sthip

. . . R . MiCrocirouit

. vacuum tube, nean bulb, photacell, atc.
i .. cable

sockat

. . lampholder

fuseholdar

crystal

. natwark

6-1




Replaccable Parts

Model 3456A

Table 6-2. Code List of Manufacturars.

Manufacturer
Number

Manufacterer Name

Address

HB027
00000
01121
01295
01928
02111
Qagss
04713
07263
07716
17856
18324
18701
20840
22229
24546
27014
27167
28480
32293
34371
34649
56289
72136
72882

Sehurter AGH
Any Satisfactory Suppliar
Allen-Bradley Co.

Spectrol Electronics Carp.
KDt Pyrofilm Corp.

TRW Ing. Burlington Div.
Siliconix Inc.

Signetics Corp.
Mepco/Electra Corp,
Micro-Ohm Corp.

Intersil Inc.

Intel Corp.
Sprague Electric Co.

Texas Instr Ine. Semicand Cmpnt Div,
RCA Corp Solid State Div,

Motorola Semiconductor Praducts
Fairchild Sermiconductor Div.

Solitren Devices Inc, (FETS ICS)
Corning Glass Works (Bradford)
National Semiconductor Corp.
Corning Glass Works (Wilmington)
Hewlatt-Packard Co Corporate HQ

Harriz Semicon Div. Harris-Intertype

Elactre Metive Corp. Sub IEC
Erie Technolegical Proaducts Inc.

Luzern, Switzerland

Milwaukee, WI 53204
Dallag, TX 75222
Somerville, NJ 08876
City of Ind, CA 91745
Whippany, NJ 07981
Phoenix, AZ BR062
Mountain View, CA 84042
Burlington, 1A 52601
Santa Clara, CA 95054
Sunnyvale, CA 94086
Mineral Wells, TX 76067
El Monte, CA 91731

San Diago, CA 92123
Bradford, PA 16701
Santa Clara, CA 895051
Wilmington, NC 28401
Pala Alto, CA 94304
Cuperting, CA 85014
Malbourre, FL 32801
Mountain View, CA 85051
North Adams, MA 01247
Williamantic, CT Q6226
Erie, PA 16812

Table 6-3. Exchanga Assemblies.

Assambly Dazcription

Part Number
for Exchange Aazembly

Part Number
for New Aaxambly

A3 Qutguard Interface Logic
Ad Main Outguard Logic

AZOD inguard DC-Ohms-A/D Converter
MNate: Includes A21 and AZh

Inguard Logic
AC Convartar

A30
A40

03456-66503
03456-66504
03456-66590

03456-62503
034568-685604
03456-69590

03456-60530
03456-69540

03456-665630
(3456-66540

6-12. EXCHANGE ASSEMBLIES.

6-13. Exchange assembiies 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

repair. The part number of this serviee kit is
03456-69800.

. 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 ¢onjunction
with the exchange assembly program describcd.in
Paragraph 6-12. The part number of this service
kit is 03456-69801.

. 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

Designation | Number Description Mfr Part Number

L} 0345 habb501

o

RC ASSEMBLYwHPIR 03uSbupn50!

At 12515971
AtJ2 125123841

AP 1251=a%33
12516066

CONNECTOR 3«P]N ® METRIC POST TyPE 1251 =597
CONNECYOR 24wPIN F AMP CHAMP 12361 =384y

o ~ >

CONNECTOR HOUSING=D=PIN LOCKING 12514833
CONNECTOR CRIMP 1251=606b
A181 31011973 SWITCH=BL TeiA DIP=SLIDE-ABSY 1A SoVDC 10 1=t973

AWy 81203041
0380-1214

CaALE ASSEMBLY.HP.IB A12o=3041
STANDOFF-HEX &.8-MM-LG 7-MM-A/F 5TL 0380-1214

A2 0345666502 PC ASSEMRLY=DISPLAY AND KEYBO0ARD D3uSH=p68T2
42CR1 1990=0665
AaCR2 199020655
AJCRS 1990=06b5
A2CRy 19900066%
A2CRS 1990=0049

LED#VISIBLE LUMeINTEIMCD [Ful0MA=MAX 1990=0665
LEDeVISIBLE LUMLINTEIMED IFs2pMAeMAX 199020605
LEDeVISIRLE LUMaINTYEIMED JFE20MpA=MAX 1990=0606%
LEDLVISIBLE LUMLINTEIMED IFm20MALMAN 1990=046%
LED=VISIBLE LUMGINTEIMED [FE2OMAwMAY 1990u0p6S

Wl et e Y D~

2CRe 19900685
4aCRy 19900665
A2CRS 19900665
A2CRe 1990m0066%
A2CR10 19900645

LECeyI8IBLE {UMaINTBIMED [FHZ20MAmMAY 19900565
LEDGVISIBLE LUMLINTEIMLD IFmzpYaahiX 1990=0686%
LED«VISIALE LUMwJNTEIMCH IFM2QUaeMAX 1990=0665
LEDRVISTBLE LUMeINTEIMED IFmRoMiuMAY 1990w0406%
LEDVESIBLE LUMENTEIMCO [FAQ0MAsMAX 1990m0685

R Lok Ll Lot i

haCR11 199000665
AaCRy2 19900665
A2CR1) 19900655
haCRy 4 1990066%
L2CRYS 1990206465

LEDwYTSTBLE | UMalNTRIMCD [EE2pMAamAY 1990=956%
LEPaVISTBLE LUMLINTERIMCD [Fm20MAaMAXN 1990=0665%
LED»VISIBLE LUM=INTEINLD JFE20MA=MAX 1990=06869
LECaVISIBLE LUMGINTZIMCD [Fm20MA=MAX 193040665
LEC=VISIALE LUMaINTEIMCD [FB20MAaMAX 1990=956%

e W L

A2CR1b 19990665
AlRy7 1990=0b65
A2CR18 1990 0665
ARER1L9 1299=0665
A2CR20 [9%0wn006%

LEP=VISIBLE LuMwiNTEIMCD [FRAOMAmMAY 19900665
LED=VISIBLE LUMINT®IMCD [Fm2oMAmbAX 1990=966%
LEDeVISIBLE LuMaINTEIMED IF®2DMauMay 19900465
LED=VISIBLE LUMaINTEIMCD [Fm204aeMaX 1990=06b5
LEDWVISIBLE LUMaINTEIMCD [FB20MAuMA) 1990=0665

[F14H]] 19%0m0bbS
A2CRR22 1990u 065
A2CR23 19900645
a2CR24 19900665
A2CR2S 1990a0686%

LED&VISIRLE LUMLINTRIMED IFm2oMaaMAX 19900865
LED=VISIALE LUMaINTEIMCD [FAZOMAaMAK 1990«0b6%
LEDVISIALE LUMLINTH(MED IFmagMaaMAX 19900669
LED=VISIALE LUM=INTRIMCD TFRZHUa=MAK 1990e0p65
LEDWVISIALE LUMaINTRIMCD IFmapVaemiy 1990=0445

[F1LF1Y 1990nbbs
A2CR27 19900645
AZCR38 1994m 0665
A2CR29 19900645
A2CR30 1990=0665

LEDRVISIBLE LUMINTREMCD TFs20MAaMAX 19990665
LEDWVIBIBLE LUMmINTRIMCD JFH20MpA=MaX 1990=06565
LEDLVISIALE LUMSINTHIMED IFm2oMAaaMAk 19900665
LEDaV]ISIBLE LuMaInTOiMCD [FR2OMAMAY 199004068
LEDaVISFRLE LUMSTNTRIMCD IFmRoMamMAX 19900665

A2CRY1 1990=066%
A2CRYE 19900465
42CR11 1990m0665

LEDwVISIBLE LUMQINTSIMED IFw2p¥imMAX 1990=0BOS
LED=V]ISTIBLE LUMaINTSIMCD IFm2(Ma=mMaX t990e 0665
LEDaVISIALE LUMaINTSIMCD IFm20Mimmay 19%0m086%

A208; 1990=n649
a2pa2 1990=0730
[¥11E] 1990=073%0
A2D84 19900730
A2088 199¢=0730

DI9PLAYaNUMBES 5082=T6te
DISPLAY=NUMe3EG 1=lHAR ,3aH RED 50827011
DISPLAY%NUMLBEG {«CHAR _3eH RED 5082=Thl!
OISPLAY=NUM=BES 1e(HAR ,5«H RED 408227611
QISPLAYmNUMaBES 1=CHAR ,3«H RED 50827611

A ot Sl bt Al il e e e AP L A e L [T BT R TR

h2Dge 19900730
A2087 1990w 730
Y141 19900649
A208% 19%0073%0

DISPLAY=NiMe9EG 1alHAR ,3ar RED SondeThld
DISPLAYwNUMw3EG Lw[HAR ,3eH RED 5082=76l1
DISPLAY=NUMSEG 5062e7hlb
DISPLAYehNUMSBEG taCHAR ,3aM RED 50A2=Taly

Wk Ll L L

k28, 50609436
Apdz 5060w943e
4285 S060e9uls
ApdL 5060=943b
LY1T 5060943

PUgHBLTTON awlyCH P,C, MOpNTY 30609y 3s
PUSHAUTTON SAITCH P,C, MOUNT 504029435
PUBKHBUTTON SWITEH P,C, MOUNT 5060=9436
PUSHBUTTON SWITEH P,C, MOUNT 5000e9436
PUSHBUTTDN SwWITEH P,C, MOUNT 5060=9438

h28g S060=9436
A287 §060e9038
4283 Sobnedads
A249 S5060=9U3s
a2blo SN60=9416

PUSHBUTTON SWITCH
PUSHBUTTON SWITCH
PUSHBUTTON SWITLH
PUSHBUTYON SWITELH
PUSHBUTTON SWITCH

MOUNT Soelt=Hy3ls
MOLUNT G060=9430
HMOUNT 5060=9438
MOUNT LT LERTR
MOUNT 5060=9435

B e B |

MUY U 9Y
DN

OONON Oanaan 0Oa000

“OUNT 5060=%43e
MOUNT She0=0u3s
MOUNT SOate9ule
HDUNT 5060=9438
MOUNT 5060=9u43s

a2l S0hgevd3e
LY-La%: 50609436
42813 5060=9436
a2814 S060=9436
ApB1s 5060=9436

PUSHBRUTTON SWITCH
PUSHBUTTON SWITCH
PUBHAUTTON SWITCH
PUSHBUTTON SWITCH
PUSHBUTTON SWITCH

B ]

MOUNT 5060=943%6
MOUNMT 5080=94386
MDUNT Ste0=2430
MOUNT S060=9430
MOUNT 5060«9y3e

A2B 16 5060=9034
Ap8 17 S060e9430
A28 5 50609036
42819 50609436
42820 S060+9438

PUSHBUTTON SwITCH
PUBHBUTTON SWITLH
PUSHBUTTON SWITCH
PUSHAUTTON SWITCH
PUSHRBUTTION SwWITCH

e R A ]

* e e

1 86E-0ZE6 HITWNN LHVd

See introduction to this section for ordering information
*Indicates factory selected value




Table 6-4. Replaceable Parts (Cont'd).

Reference HP Part
Designation | Number

2821 5060=9036
Apdz2 5060m9438
agdas 50609436
A28 50609434
A2h25 50609436

oo

Qty Description fggae Mfr Part Number

PUSHBUTTON BWITCH MOUNT 2048¢ Stbn=Gule
PUSHBUTTON SWITCH MDUNT 28080 §0g0=G436
PUSHBUTTON BWITCH MDUNT 2848¢ 50b0=Rule
PUBHBUTTON BWITCH MOUNT 28480 Bo0buwSudn
PUBHRUTTON SWITCH MOUNT 28480 SoLN=943e

PUSHBUTTON SWITCH MOUNT RB4B0 S0pNwRy36
PUSHBUTTON BWITCH MOUNT 284En S0ene3yin
PUSHRUTTON SWITCH MOyNT 2848n S0E0=Fu3k
PuSHRUTTON BwlITCH MOyNTY 28480 She0=lyln
PUSHBUTTON SWITCH MDUMT 2BuUBQ G0p0=Tulb

Apl26 $0b09438
Apda27 So0bomti3e
Apd2s S0b0~9436
LY] FX] S0b0=9436
LY { E4] S060~3436

PUSHBUTTON SHWITCH MOUNT 28480 SNhN=9UTs
PUSHARUTTON SHITELH MOUNT 28480 LD EL TR T
PUSKHBUYTON BWITCH MOUNT 284BN LI G EL TR
PUSHBUTTON BWItTCH MOUNT 2BuBD 5060=9436
PUSHBUTYAN BWITCH MOUNT 28480 S5060=9436

ARg31 5060+9436
[ Y1 S080=PU3b
A2B 33 Sp60mRul6
[¥] K10 5060=0436
[Y1ET $060=0410

AR8 36 S060=9438
LH By 50609438

Adng 81203042

%1 12000504
A2X2 12000508
42X} 1200=0808
APN4 12000508
Apis: 12000508

PUSHEUTTON SWITCH MOUNTY 28480 5060=94%8
RFUSHRUTTON SWITCH MOUNT 28480 Sthu=43a

CABLE ASSEMBLY=DISPLAY 28480 8120=3042

SOCKET-IC 14=LONT DIPe3LDR 28480 1230=0508
SOCKETeIC L4«CONT DIPSLOR 28084 1200=0504
SOCKET=IC 1UnCONT DIFe3LDR 28480 12000508
SOCKET=IC 14=CONT BIP=SLDR 28489 L200w0508
SOCKETeIC |4=CONT DIF=SLDR 2B4BO t2nn=nko8

S ooOD -] -3~ b B B B e R B B B B B ]

SOCKETeIf 14wlONY DIPm3LDR 28480 §200w0508
SOCKEY=]C 14eCONT DIP=BLDR gB0BY 12000508
SDCKETeIC {4=CONT DIPwSLDR 26489 1200nmAG08
80C ETWIC j4«CONT DIP=3 DAL 28480 1200w0E0R

12000508
1200~0508
1200~0508
1200=0508

cocoao

A2 MISCELLAMNEDUS PARTS

CAPalP RANGE 28480 Sh41=0a0y
CAPwACHDC 28u8¢ Sculet?ds
CaPauLOCAL 28480 B04)wl792
CaPwCHS 28480 S0uim1Bds
CAP=PERIDD 28480 Soulayna?

504tend94
50d1=1736
S0uj=1792
SouteqBue
So4ie18a?

CAPey ELELT S0Ul=tAUl
CaPe? 28480 I ESE.TL)
CaPey 2BuBa S0utwl850
CAP=d 28uBy S0dl=1851
CAP=S 28480 504fw1852

Sp41mi848
S0a1+1849
50411850
8041=188)
S041ey B8R

CAP=b 2Bub SNa1m] REY
CAPs? 28480 Soai=1850u
CAP=B 28480 Saq1=tASS
LAP=D 28480 S0d1={A5t
LAP=SRQ 28480 S0ui=1857

S0l1=1853
S0d1e18%4
S041=1B855
SodlaqBSe
S041=185%7

£041=-18%58
50412859
So41-1860
S0uU1e18b1
S041=1862

< 0 0o~ O Vi E T GO Lo L R

CAP=FILTER 2BUBY S041=1858
KEY CaAP=DCY 28489 S504i=iBsS9
KEY CAPwAL VOLTS 28480 S041=1Rb0
KEY CAPw2wR OHM 2BUB0 504]=1R01
KEY CAPwUYWR OHM 28480 Stytmlpa?

KEY CAP=TESY 28460 §04i=1R63
KEY CAP=INT 28080 Soul=1hod
KEY CAPmwMATH 28a80 S04t=1RES
KEY CAP=aUTQ ZERD #BuUBY S04l=1B6n
KEY CAP=ENTER ExP 284080 Su4i=18b?

041w 863
5001a1864
804110865
50411866
$oU1e1BaT

KEY CAPelLR, CONT 28480 Snyi=1808
KEY CAPw=ATORE 28480 §041=1869
KEY CAPmRECALL 28480 SGul=1R?0Q
KEY CaPegHIFY 28480 Shulwin?y
KEY CAP=SINGLE 2848¢ 5041=1872

SoH1w1848
S0Ute1869
S0d5=1870
5041=187¢
5041=1872

DT HEW WO DD AT Ny

KEY CAP-RESET 28480 GOUI=1873
KEY CAPeEXT 28480 Eoul=iBTh
KEY CAP=AUTO 2B4BY S0ulm1BTS
KEY CAP=HOLD 28480 B0ut=1870
KEY CaPwRDE 8ToR 2848 50ul=1927

50411373
S04letdV4
S041+187%
5041#5876
S041=1927

Vi N - O

034S6abbS03 PC ASSEMBLY=OUTSUARD LDGIC, PWR SUPPLY 2B48p NIAGhepbSNd
0180m0309
0180=0309
01602209
0180=0309
0189=9309

01a0=3031
0160ad%71
01604571
0160=205%

CAPACTTORAFXD 4, TUF#mgby 10VDL TA Sbpbe 15004 75X 082
CAPLCITOR=FXD 4,TUF#=20% 10VOL T4 6289 150puISRec 1Al
CAPACITORRFXD 380PF +&5% 300VDL MiCa 28480 H160m2209

CAPRCITORFXD 4,TyFem20% 10¥DC TA 56289 1SoDETSXON1GAR
CAPACITOR=FXD 4,TUF+=20% y0¥0L TA 56289 1S00uTSXan AR

CaPACITOR=FXD 013F+75=10% 1aVDE AL 28480 Glah=3gs)
CAPACTTOR=FXD ,1UF +Bow20% SoVDC CER 26480 H1eNwE5T1
CAPACITOR=FXD ,{UF +Bhw20% S0VDC CER 2HUG0 Wlohey5T]
CAPACITURSFXD ,01UF +B0e20% 100VDC CER 2BuBy 0602055

OmER EEREE =

CUCES HIFWON LEvd

See introduction to this section for ordering information
*Indicates factory selected value




Table 6-4. Replaceable Parts (Cont'd).

Reference
Designation

HP Part
Number

Qty

Description

Mfr
Code

Mfr Part Number

ASCRY
ASCR2
A3CR3
A3CRY

1901 =00%0
190tw0050
19010050
E901=0050

0360=15930
03601930
03601930
0340m1930
0160=1930

0360=1930
12510349

1251 =604t
1251 =6t 5]
125139561

06£3n1025
068322225
0698a3615
06831035
0698=3b15

06831025
0683u1025
068%ag03%
0683=1035
06A3a1 038

0683.1035
068321035
0683.1035
069BwilBS
06%8u4uss

0698e3228
06B3a222%
06831025
06833325
06R3=2228%

06R3=1325
068321035
04683e1025
06B3u1n35
1683=1028

q100=241p
poetie

1820430
1820=1199
1820-1 1097
1820widld
1A20mi112

18201100
18202058
10202058
1820=2428
1A20.1975

1820m1212
18202058
1A20=11 44
1820w2058
1820e(112

18201759
182o=1212
18580054
1R20=0514
1820=17589

1A21e0001
1820=143)

1200.06%9

034%s=b8504

e DD WA DWO NGO N =

LYV

DWW

b
1
9
|
9

DIODE=SWITCHING BV 200MA 2N8 D0w=3S5
DIQDE=SWITLHING 80V 200MA 2NS DO=3S
DICPE=SwITLHING BoY 200MA 2N8 D035
DICOEmS8WITCHING BOY 200MA 288 DOw3S

CONDUCTOR
CCNDUCTOR
CONDUCTOR
8uUs CONDUCTOR
CONDUCTOR

8US 2 CONDUCTOR
CoNnECTUR 4epIn M POSY TYPE

CONNECTOR 18«FIN F POST TyPE
CONMECTOR 15=PIn F POBT TYPE
COMMECTOR bePIN F POSY TYPE

RESIBTOR (K S% _25% FL Timad00/e600
RESISYOA 2,2K 5% 25w FC TCawaoOn/eloe
RESIBTOA 4T Sy 2 MO TCeo+w2nn
RESISTOR 10K 5% 254 FL TCe=40044700
RESISTOR 47 Sx 2% MO TCmos=g2go

REQISTOR 1K S5x ,25% FL TCuedgp/ebuo
REBISTOR 1K S5X 25« FC TCudD0/eb0n
RESISTOR oK 5% ,254 FC TCswuop/e700
RESISTOR 10K 5% ,2%W FC TCe=d00/¢To0
RESIATOR oK 5% ,25W FC TCewioo/eTo0
RESISTOR faK 250
RESJSTOR 10K o054 TEE=L0¢ /4790
RESISTOR oK 225 TCRaldnts4T0Y
RESISTOR 23,2%x 1% ,12%W F YCwlé=l00
RESISTOR 23,2K 1% (1250 F TCs0+wlog

TCH=400/4700

RESISTOR 49,9k 1x L1254 F TCwpswiop
REBESTOR 2,2K 5% ,25W Fr Tresufo/+700
RESISTOR 1K S5x ,25W FL TCa=dOo/eoor
RESISTOR 3,3K 5% 25w FC TCe=d00/¢Ta0
RESISTOR 2,2K Sy ,25W F(C TCEednp/eTon

RESISTOR 3 3K Sy _25W FL TCaeuprseToo
REBISTOR 10K S¥Y ,25¢ FC YCesdooseToo
RESIBTOR 1k 8% _2%W FL TCwedNo/sbon
RESTATOR 10K 5% ,2%8 FC TCEwdQO/¢Ton
RESISTOR LK 5% ,25W FC TCe=q00/¢500

TRANBFORMER=PULSE BIFILAR WOUND) tg,n MM
TRANGFORMERwPULSE BIFILAR WOUNDy 18,u MM

IC CMTR TTL LS BIN 8YNCHRO POSEDGEYRIG
IC I8V TTL LB HEX 1=INP

IC GATE TTL LS NAND QUAD 2eINP

1C SCHMITTeTRIG TTL L8 INv HEx 1e]lMP

IC FF TTL L8 DeTYPE PDS=EDGE~TRIG

IC IMV TTL L8 HEX J=INP

IC MISC TTL & QuUaD

IC MISC TTL 8 QUAD

HP-1B MCG6BALBSP

iC BHFeRGTR TTL L8 NEG=EOGE=TRIG PRL=IN

IC FF TTL LS Jwx MEG=EDGE=TRIG

IC WI8c TTL 8 QuAD

IC GATE TTL L& NOR QUAD 2wINP

IC MISC TTL 3§ Quap

IC FF TTL LS D=TYPE FOSeEDGE=TRIG

ic BFR TTL L3 NoNeIANY OCTL

IC PF TTL LS Juk NEGwEDGEwTRIG
TRANSISTCR ARRAY 14=FIN PLSTC DIP
IC GATE TTL Nanp QUAD 2«INP

I1C BFR TTL LS NONINKY OCTL

TKANSISTOR ARRAY 1d4ePlN PLATC DIP
It SHF=RGTA TT| |8 He§ BERIaL=In PRL=OUT

SOCKETIL 40eCONT DIPLSLDR

PC ASSEMBLYwMATN GONTROLLER, DISPLAY DR,

8480
28480
28480
F-LLLIN

ZBU8n
28480
28480
28480
28abn

28480
2BuBA

28060
28480
28080

o111
ot121
21187
LARE3!
27167

01121
i1
nit2y
nl12
oliet

011
01129
olt121
2u8dn
24%up

28680
nit2t
sl1gt
altey
n1121Y

G112l
niy2t
01121
0t121
01121

ECLE L
2648y

+129%
71295
¢129%
41295
n1295

01298
20480
28480
LLET 1Y
01298

0t29s
28480
0129%
2848¢
11299

27014
01298
2848y
11295
27014

01%28
01295

2848y

28480

1901 =0050
190 1=0080
1901eh05¢
1901en0S0

03e0m]1930
elbnw1930
03aN=1930
35081930
03h0=183%0

N360=tq30
1251 =449

1251mb0b |
1251ub0b)
1251=3961

CB102%
caz2zas
FPUZm2aTot=tTROad
CB103%
FPupmpaTonmuTROe)

CByn2s
celo2s
CByp3s
81035
CRy03S

CBH1035
EBINYS
CByn3s
Clw] /BuT0u2322uf
Clel/daTywddpdnF

[(ELLER T L
cee22s
CBrads
Ce31gs
Lh2aes

83325
681035
CR1028
ca1038
CaLO02s

alo0m=2p1y
B1o0w2ale

SNTULB &1 AN
BNTULSOAN
ENTULBOON
SNTALEB 4N
SNTUL8TUAN

SNTUL80AN
18202058
1829=2058
1820m2028
SNTULS14SY

BNTAL8 1 28N
1820m2058
§uydL302N
1820=2088
SNTHLET 4N

DMBLLER TN
ANTUL8 L 28N
185800054
BNTUREN
DMAIL 89N

CA304n
BNTULSI6dN

120000859

03aSe=pb50U

See introducticn to this section for ordering information
*Indicates factory selected value
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Table 6-4. Replaceable Parts (Cont'd).

Reference HP Part
Designation | Number

[Y14} 01800309
AUGE 01800309
(113 0180=03D%
Aace 0140aDt 96
(Y14 04{80e0309

AuCe 0180m0291
ABGT 0180e1 T4l
A4Cs 0160=0309
ASCY 01800309
AC1o 0180%030%

oo

Qty Description Mfr Mfr Part Number
Code

CAPACITOR=FXD 4 TUF+m20¥ 10VDC TA 56289 1500478 XnuiNAd
CAPACITORSFXD 4, TuF4e20X §0VDL T4 56289 1500475001048
CAPACTTOR=FXD 4, TUF$=20% 30VDL TA 56289 1500475001042
CAPACITOR=FXD LBOPF +e5% 300VDC MICA 72138 QMISFIGLIN3N04vICR
CAPALITOR«FXD a4, TUF4=20% 10VDE TA 56289 15604 TS unluA2

EWEEE

CAPACITORWFXD 10F4ei10% 35¥0L TA Se2B9 1500105X9;3542
CAPACITUR=FXD ,1UFesln% 3SVRC Ta S6289 1500 uux93%a2
CAPACITORAFXD &4, TUF+w20% 10VDC T4 §4289 1500475 p0lnae
CAPACITOR=FXO 4, 7UF+=20% 1OVDC TA 56289 1500478xan)aaéd
CAPACITOR=FXD &, TUF+wdox 10VDC TA Se289 150Da78X0nEgA2

EeEPuW

CAPACITORSFXD 4, TUF+m20% 10VOC TA LY L 1500478Xunt A2

aaCty 01800307
CAPALITOR®FXD 4,TUF+«20X 10VDC TA 56289 150patsxoninse

AaC12 0180-0309

e

DIOBE=SMITOHING ROV 200MA 2NZ DOw)S 28480 1931 w050
DIODE=SWITCHING BnY 200M4 2NS DDa35 28484 1901 =005y
DIODE=SwITEHING BOV 200Ma 245 DO=5S 2augn 19010050
DIODF=SWITCHING R0V ZoOMA 2NS DO=35 2648n 171 w}050
DICOE=SHITCHING BOV 2DUMA 2NS DO=3% 28480 19¢1=0080

Aaghy 19080050
AaCRa 19050050
MAGRS 19010050
A4CRa 1901=00%0
AGCRS 1901 -0050

DICDE=SATTCHING ROV 200mA 2N3 pO=35 28480 1901 =056

44Ch6 190120050
DIOOE-3WITCHING 80V 20044 2h3 D036 28480 | 1%01e00%0

(1140 1901 0050

bl A Lol

BUS 2 CONDUCTOR 2848y 0D3b0=t930
BUs 2 CONDUCTOR 28ab0 p3e0m=193y

BUS 2 CONDUCTOR 28480 036009034
BUS 2 CONDU ELIT-TH 0360=19390

CTOR
NETHWORKeCNDLT MOPULE DIP) J& PINSY 0,100 28ubn 18310e0307

0340=1930
03601930
036023930
03601930
18100307

O -

BUS CONDUCTOR 268480 0360wl 930
BUS CONDUCTOR EEET-T 0860wt B30
BUS CONDUCTOR 284bo 0305930
BUS CONDUCTOR #é4eo 0360=1F30
BUS CONDUCTOR 2848y 03an=1030

ConnECTOR 3ePIN M POST TYPE 28480 1251 =4p82
CONNECTOR 3wPfN M PDST TYPE 28480 1251e0p87
COMNECTOR 3wPIN M POSY YVYPE P8ub0 12514689
CONMECTOR 3=PIN M POST TYPE 28480 125 =8p82

0360=1930
03601930
0360=1930
03601930
03601730

129 wttnby
12%1wubhp
1251005682
12514082

[P,

o oo

9100wib1? INDUCTORRF=CHaML D 3,9Un 10% pouge G9100etnl?
CONNECTOR 15«PIN F FOST TYPE 28481 12%51u6081
CONNECTOR 15=-PIN F POST TYPE 28480 1251mb041
JUMPER REMOVABLE 2848n 125000104
JUMPER REMOVABLE Zausy 1250wt 41
JUMPER REMOVABLE 26480 12580141

1251 wb081
1281=4081
1258=0141
1258141
1258=0141

E ] T e DO

1258=0141 JUMPER REMOVABLE 28uBD 1258«014]
06831035
0483a103%
068341025
0683e102%
1810w0232

068310258
0u8de103y
0a83a)02%
06813135
06831035

RESISTOR J0K 5% ,254 FU TCBwd00/+700 12 CHIN3S
RESISTOR 10K 5X 254 FL TCamd00/4700 oti1al Cata3s
RESIETOR 1K Sx _25H FC TCael00/4600 0l1d1 CBLo2s
RESISTOR 1K 5% 254 FC TCawdl0/+600 1121 CRiaEs
NETNORX=RES BmgyR100,6K OHM X & 56269 216CHLDURIPH

RESISTOR 1M 5% 254 FC TCwadG0/vb0D gttt céi02s
RESIBTUR 10K 5X ,25n FL TCawd00/4700 ni12t CAtD3sg
RESISTOR 1K S% 284 FC TCowd0O0/¢b00 01121 CB1025
RESISTOR 33K 5% ,2%5W FC TCS=dp0/+800 012t £B8333%
RESISTDR 10K 5% 250 FC TC®=q0d/4700 ot121 CRE03S

- D=0 O 00—

RESTATOR 56K 5% 254 FC TCaed00/4800 a112y CHY83S
RESTSTOR 10K Sy ,25¢ FC TCeedo0/47040 01121 CHi035
RESISTOR 47K %% ,2%W FC TCA=400/+4800 0121 cauvis
RESISTOR 10K S% ,254 FC TCaedg0s+7¥n0 vl 21 81035
RESISTOR 10K 5% 250 FC TCawd00/4700 o112t [TIREL

LLLEELT-31]
06831035
0683=4735
0b83=1035
0643.1035

P Y ]

0o83=ytal
0683=474%
0683eq7us
0681a4Y45
0e83a103%

Go83aytus
0685=10§s
068323515

12514394
12514082

RESTBTOR UTOK 5% 25w FL TCE=BO0/+900 olt2) cBA7T4S
RESISTOR 470K S5y 25k FC TCmwBoy/ed00 oLt CRatds
RESJSTOR &Y0K %% 25w« FL TCa=Bl0/+900 [(IRY 3] CB47usS
RESTGTOR 40K 5% 25w FC TC=2e800/+900 01121 CBalus
RESISTOR 10K S% ,25W FC TCwelod/4700 LR Pl (IR L]

-0 oo

RESIBTOR W70k 5% ,2%w Fc TCE=B00/4%00 (IR 3| cadtus
RESISTOR 1K SY 284 FC T{mmdO0/ebn0 a1yl CBLoes
REBIBTOR 330 5% ,25# FU TCEmypo/+b600 niye CHINS

= S

CONNECTOR 4=PIN ® POST TyPE 2848n 1285=8894
CONMECTOR 3=RINM M POST TYPE 28480 12514682

o D

NOT USED

NOT D
1R20=1144 !g GH%E TTL L8 NOR QUAR 2=INP 01298 BNT4L802M
NOT USED
1318-1629 IC MEMORY, ROM 28480 1818-1629

1820ui216 IC DCOR TTL L8 %eTOwBellNE 3=INP 0129% Sh7alL 838N
1818-1630 1C MEMORY, ROM 28480 1818-1630
AQ 1818-1631 IC MEMORY, ROM 28480 1818-1p31
1B20~1199 IC INY TTL L3 HEX 1=INP 01295 §MTALE0AN
AbUipall t818m1960 IC NMOS 8192.BIY RAM STAT 28gaN§ 28480 1818=1960

See introduction to this section for ordering information
6-6 ReV B #|ndicates factory selected value




Tahle 6-4. Replaceable Parts (Cont'd).

Reference
Designation

HP Part
Number

o0

Qty

Description

Mir
Code

Mfr Part Number

AaViy a1t
Agqut2
Aqul3
[LIGE]
LLTUE

halite al
ARULY
AgUlh 21
[T

Aguzo

Aaly
Aau2
gty
AaU2o
LTI ]

AUy
Aaye?
Aales
AsURe
ABU3O

ALXES
AgNis

vl

Ao

A10C)
[ Y311
ALOC)
h1oCe
A10CS

llosb
31134
AJOCH
Ayoce
A10cio

[ST138]
A10C12
Ayol13
ALOCH
L1061%

hyoLie
AgOC1Y
AfoCen
[TR.138

1818=i960
18201197
1820e)112
182002038
1820.2137

1820=jU1b
1820e12186
1820-0693
1A20mi 216
1R20=1423

1A20=230%
1820=1142
182021197
fddusylne
t820=1759

1820=1931
1820e1144
18201858
1820=2132
1820=2132

1200m0473
12000659

0diney 292

D3uSpenssio

0160-4571
160wdSTE
01604571
0i60edsST]
#160a302%

0180=0230
01803009
0180=2803
018020230
01800230

t18ge0230
0180-p230
018028635
¢180e0230
F180=2635

018p=30ad
01800230
0{80=0230
01803008

CONNO A DEBD - Vi M B REO00 OFOPWY DWMDEU QDO

e =RV R

NMO3 B192«HIT RAM BTAT 250eN§
GAYE TTL LB NAND GUAD Zeinp

FF TTL L8 DaTYPE POSwEDGE=YRIG
ORVR WMOS CLOCK DRYR

MICPROC wM)3 ReB]T

SCHMITTWTRIG TTL L8 1NV mEX jeInP
DCOR TTL L8 3=T0eBuLINE Sujvup

FF TTL 8 U=TYRE POSEDRGETRIG
DEOR TTL L8 ZwTO=BalJNE Je]NP

ENCDR £HD$

BFR TTL LS

CAPACITOR=FXD
CAPACITORwFXDP
LAPACITORaF XD
CAPACITOReFXD
CAPARCITOR=FXD

CAPALITOR=FXD
CAPACITCRmF XD
CAPACLTORWFXD
CAPACITORSF XD
CAPACITOReFXD

CAPACTIYORWFXD
CAPACITOR=FXD
CAPACITOPaF XD
CAPACITOR=FXD
CAPACIYOR=FXD

CAPACTITQR=FXP
CAPACITOR=FXD
CAPACITORSF I
CAPACITORFXD

MY TTL LS MOhDSTEL RETRIG DUAL

FF TTL LS DaTYPE POSeEDGE=TRIG
GATE TTL L8 wAND QUAD Zelnp
FF TTL L3 D=TYPE PUS=ELGE~THIG

NON=INV OCTL

GAYE LMDS MNaND 8=INP

GATE YTL LS HMDR QUAD 2=TNP
FF TYL L8 DeTYPE OCTL

DRYR CMOS LED DRVR

DRVR CMO8 LED DRYR

SOCKET=IC 1b=CONT DIP OJP«BLNR
BOCKETIL 40eCNNY DIPwBSLDR

CRYBTAL=6,00 MHZ

PC ABSEMRLY=INGUARD FOWER SUPPLY

JJUF #Bpe20X B0YDL CER
LIUF #Bp=zox SovbL CER
JAUF #Bo=R0X SOVOC CER
LAUF ¢Bowd0x SOVDL CER
HooQUF+LOEmI0X 1SVOC AL

1UF +»20% SOVDL TA
QFUF+a20% S0VDC AL
100UF+5010X S0vDC AL
{UFs=mP0x S0VDC TA
1F+=20% SUVDE Ta

tUFsw20y SOVPC T2
1yF+=28% SNVOC TA
1000UF+50e10% 3SVDL AL
1UF+m»20X S0YDC TA
100NUF+50migX 35VDEL AL

330uF em2 X SOyRC &
JUF+=20% B0VDC TA
1UF¢=20x SoyDC TA
ATpUF+S0m10y 3SVDC AL

28484
21295
0129%
neTLY
naT1y

1295
n}e9s
01698
G295
w1295

2T
298
ni2es
1298
piota

aAT13
#1295
11295
312293
12293

28480
ARady

28480

ELLLD]

28060
2BUBD
28480
28480
FLEE-T

50269
281484
28480
56289
56209

56289
Sp289
PBy8a
Sh289
2&4B0

2B4Bn
S6289
5628¢
FLELT]

181A= 1960
SMTALEO M
SHILLBTuAR
MEBBTS
MEaRARDP

BHTALS U0
HN7HL51‘bM
SN748 74N
BHTELST dun
SMIULBLZEN

MVTUCIP I
MTULGTHAN
ENTULBnox
sNyaLSTARy
D¥RiLagh

MCI40RRBLP
BATALSn2H
SNTULEIT TN
TEM721RA
1CM7ZIAA

1200=0u73
1PN mnpBY

odfneypap

PATLTT IR RN

Fladmusii
Glanaids?)
IRTLLY LA
BEbomAGT)
t18D=3025

150pinSxersSead
nfanmdged
GYB0wEENY
15nD1ngXniS A2
150p1eSxnnSoad

15001 nGagnlake
1500108k upS0ae
nlone2pds
1800105x0n504e
UlBnedlss

DiBraipia
1500108 X0 0842
1560 nExa0BuAs
G1B0OeIN"Y

nuTLY
o6yl
2ByBo
EERLT
04713

MOAZOR
Mpagu2
1Gogengdn
19n2=0pdy
1M53660

DICDEFw BRNDG 2oV 24
DIGPE=FK BROG 2acy 24
DIODE=ZNR 1N3363B 30V 5% PDwSw TCEs29MV
DICDE=INR INS343R 30V SX PRSSw TLWe2IMY
DICOE=ZNR 1M536pB 37V SX PD=Sw IRESanNA

A1 OCRY
A1OCR2
(YR 11}
A10CRY
A1OCRS

1906=009¢
190420098
1902=0044
1902 egbid
1902=1000

PBA4BY
nar1y
26487
EUE T
ELLT-TN

1901mb078
1483555

19p1en2a
t30{ennéh
191 winzs

DIDDE=PWR RECY aca¥ 7S0MA Dleg?
DIODE=INR JNS3RSA 1BV 5% PDASH IRASANNA
CIODE=PAR RECT dpo¥ 750ML DDep®
CIOCEePWR RECT dQoV 7S5UMA DU=2%
PIODEPWR RECT a00V 750MA DOep®

A10CRG
A10GR?
L
ALOCRY
L0CRIp

AyoCR1y
MOCRIE

ALoMy  slo
ALOMZ 210
A1OM3  Alo
ALOHE 510

19010028
1902e) 340
19¢1e0028
1901 =0028
1901=n028

n4713
4713

1V83550
1153585

DIDDE=ZNR |NSIEEB 1BY Sy POSSh JRESg0NA
DIODE=ZNR INSISAR 2RV S% PORSH TLmeTEX

1902et340
1902=1288

WO PNAAEE NN O OR

248
2BUBY
2Badn
ELELD]

12050462
1205%0462
120520462
EROB=0462

HEAT SINK SGL TNu22nelS
HMEAT SINK BGL TO=220=($§
HEAT SINK 3Gl TOw220=C5
KEAT SIMK SGL TDw220wC§

12050462
12050462
1205mcub2
1208=0462

& W TN

12515386 2Bakq 1251=53¢8p

A10J14 LONNECTOR 6wPIn M POST TYPE
ALopid
[T L4%

A10Ry
AjoRg

FLLLYY
2Radn
p-LET.Id

1251=537
1251=6060
1251eb0t4d

1251839
1281 =6068
12518014

075%=0737
0757a0403

ConnECTQR B=plu F ppgt typi
CONTACTREONN U/w=POST=TYPE FENM CRP
CONNECTOR 8=PIM F PO8Y TyPE

2U%4s
2USas

CSalsdnTlUm1n@l«F

RESISTDR 3,62k 1% ,25k F TC®24m100
Clmi /haliim] 21 NaF

RESISTOR 12¢ 1% 1250 F TCogswloD

™A LT

0726l
07263
QUTII
27014

THpSUC
TA15uC
ML7915CT
LM337Y

I 7605 V RGLTR TOw220
IC 7RIS ¥ RGLTR TDw22w
IC v RELTH TC=22p

1€ 337 v RGLTR TDe22v

ayouy
Ajoup
Ayouy
L¥R L]

18280122
1826m03%
1020w02] 4
1820w0527

O 0

See introduction to this section for ordering information
*Indicates factory selected value
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Tahle 6-4. Replaceable Parts (Cont'd).

(¢

Reference HP Part
Designation { Number

20 0348beb6520

Qty Description gc]:(rie Mfr Part Number

o

-

PL ASSEMBLY=DU, A/D AND DHME #8480 034SewbbB520

CAPACITORFXD 470PF +-10% 10GVDC POLYP ELT1 0160-5231
CAPACITORWFXD %70PF +-10% 100YDC POLYP 26484 0160-5231
CAPACITORWFXD 470PF +-10% 100¥DC POLYP 28480 0160-5231
CAPACITOR®FAD &70PF +-10% 100VDC 26u80 | p160-5251
CAPACIYORFXD 1UF +=f0X 100VDC POLYP 26u48n 01ah=4n?B

A20C10y 0160-5231
a20C102 0160-5231
az00103 0160-5231
A20C104 0160-5251
200108 01bo=yn¥a

CAPACITORAFXD {UF 4wl SOVDC POLYE 2848y 01a0=0A%9
CAPACITOR®FXD LuTUF +el0X BOVRL POLYE 2848 Uio0e0970
CAPACETCR=FAD 30PF +uSy S0uyDC MICA 28uBq RT-LEDEL-T
CAPACITURWFAD 1UF+=20¥ SOVOC TA 56289 150050800542
CAPACITORaFXD {UF¢w20X% S50YDC TR 56269 £S0D10SX00S0A2

h20C108 t1b0w0B59
A20£107 0lependTo
Aa0C108 GleoenlBl
A20C10¢ Q180w0230
AzoLi1p 0180=0230

S @ Pid~  SAmuAY

CAPACITORGFAD 1 0oPF #eS% 100Y0C CER 28480 C160= 3336
CAPACITUR=FXD 100PF +mf0X S0VDC CER 28480 Glpneyiie
CAPACTTURFXD 150PF 42,53 1b60YRC POLYP 28480 0160=dd6]
CAPACITOR=FXD tONPF +mi0X SOVOC CER 28480 J1p0e3ildn
CAPALITORSFXD 3ooPF +w=)oX 50Y0C CER 28480 n160=3336

A20C11y 9160e3336
A20C20y 0150=3133%6
AzoCR02 O1e0edbbl
A20CR03 cibo=3336
A20C204 0160=3338

- ]

LAPACITORSFKD 33IPF ¢wS% 100VDC CER (4e3d) 28480 8160m4807
CAPACITOR=FXD 33PF +wG% 1OUVDC CER nemdo 2684u8o a1ed=aao0?
CAPACITORFXD 510PF +-5% 300VDC MICA 28480 0160-0362
CAPACITORFXD 1850PF +mS% 100YDEC CER 28480 NipHmtAta
CAPALITOR=FXD 5E00PF 8% 200VDCL POLYE 2AUBY 0160-0158

agol30) 01604807
A20L£302 0100maBOT
200303 0160-0362
A20C304 D160=4B18
A20C30% 0160-0158

o MW el et

CAPACITORGFXD _{UF +Bp=20% SOVOL CER 28489 016DwdSTL
CAPACITORSFXD L70PF +-10% 100 ¥DC POLYP 28480 0160-5231
CAPACITOR-FXD .0039MF .05 POLYP 28480 viaheBius
CAPACITORWFAD 2, 2UF+m{0X 2oVOL TA 56289 15ab225X90204A2
CAPACIYUR=FXD 470PF +=3X 100VDC CER 28480 [(RE-TELLL]

4200409 [FETEYLES]
A20CH02 0160-5231
A20Cuos ni60=5104
h20C404g 01800197
h20Cuus tlo0wyBosd

& o oo

CAPACITOQR&FYD (UF+=20X SOVOC TA 56289 1500105x00504A2
CAPACITOR=FXD JUF+=20% S0V0OC TA 562689 156p10gxuS0A2
CAPACITOR=F X0 {UFee2nX S0uDC TA 56269 150Dy aSXenS0A2
CAPACITORGFXD (UF+=20X S0VDC TA 56269 150010%XanS0R2
CAPACITOR=FXD 4TnoPF +=10X {00VEC CER 28480 0160=4831

Ap0Cu0s [BLECTES D)
A20C407 0180e0230
Aa0Cyon 0180=0230
ApoLuoe 01RGa0230
Aaolile [ITLLT TR

CAPACITURRFXD JUF #+=t0X 100Y0C POLYP 28480 Bl1pledyTH
CAPACITOR=FXD {uFsm@ng S0VOC T4 50289 £S0010SXNNS 042
CAPACIYOR=FXD ,1UF +80=20% 50vDL CER 28480 Olplmldgy]
CAPALITORWFAD &, AUF+sltx 35YDC TA 56289 15n06A5X903502
CAPACITUR=FXD 1LF+=20% 150VDC TA 56289 1500105X015042

A20C41y 016004078
AROCS 0N 01800230
hz0Lg0y Vis0=4871
A20C709 018gp=9tlb
A20C70¢ 4B 016040269

e e e

DIDBE=ZNR 13y 2% DO«T PO, 4w 28480 19021337
DIOGE=ZNR 13V 2% DD=7 PO® UW aBugo 1902=1337
PIODE-GEN PRP 3nv 25MA TCOwl2 2848 19010580
DIOpE=PWR RECT w00V TS0MA Due2d 28489 1904=0029
DIDDEwSBWITCHING BEYV 200MA 2NG DD=3% 28489 190420050

A20tR1g1 19021337
Ap0GR102 190241337
A20iR2p1 190120506
A20CR202 1901029
a20lR3IN 19010050

[N =R R

DIODE=SWITCHING B0V 200MA 24§ DO0=35 2B4B0C 1901=00%0
BIDOE=SWITCHING AoV 200MA 2n§ DOW3S 28480 1901 =0050
DICDE=SWITCHING ROV 200Ma 28 DO=35 28480 1905=00%0
DIODEwSWITCHING POV 200MA PNS BO=35 2BUB0 19010050
DINDE=SKWITCHING BuV 200MA 2N DO0-35 ELELH) 1901=0050

Aa0gR3p2 190120050
A2oLR3Ip3 19010050
A20CR3gU 19016050
A20CR30Y 19010080
A20CR3pE 19015050

L L e

DIDDE=SCHDTTKY 284810 19¢1=0518
DIODE=SCHOTTRY 2EUBY 1901=n518
DICOE=SWITCHING BoV 200MA 2N§ 26abo 1901 »0nS0
DIDDE«GEN PRP 36y %0MA D035 26480 19010378
DIDDE=GEN PRP 35V 50MA (Oe3S 26480 1801=037¢

h2otR3Ip? 19010518
A20CR3I0B 19010518
A20CR491 1901 =0050
A20CRUp2 19010370
A20LRand 19010378

o wE X

A20CRApA 1901=05%18
4200R5p2 1901=0704
A200RS0) 1902+1109
420CR701 19010040
A20CRT02 19010040

DIODE~SCHOYTKY 28481 190105318
DICDE-PWR RECY 1N4002 jooV 14 DOwdy 51295 1M&002

DIODE«ZNR 9,09V BX D0O=35 PO, U¥ 28480 19023146
DPIDDEwSWITCHING 3oV S0MA 2N 0De3% ELTT-TH 190 egndn
CIODE=SWITCHING 30V SomMa 3Ng DDe3S 2an80 1901 e00d0

- B

A20CRT03 §901 w0040 DIODE=SWITERING 30V 50Mp 2M3 pOw33 28480 1901=004d0
420CR7 0 1902-3182 DIDDEwZNR 12,1V S% DDw3S #0# 4w 28uBy 1902=3182

A20E201 t9TomOnAY TURE=ELECTRON SURGE ¥V PTCTR 28480 1970w00B4
A20F201 211n=nntt FUSE L0623 250V NTD 1.2%x,.2% UL 28080 2110=0n1§

20018 1251644 CoNNECTUR Terin F PUST TYPE 78480 1251 ebpdu
Az0d24 1251 =6064 CONNECTOR SePIh & POSY TYPE 28480 1251 "b0bd
42028 1251 =619 CONMNECTOR 4ePIN ¥ POSY TyPE 28480 12516191
420426 1200m084T SOCKET=STRP Be{pNT S1P DIPeSLDR 28080 1200=0867
4z0J27 1200=08a? SOCKET=3TRP B+CONT $IP DIP=SLOP 2808y f2eo=n8ns’

A20J28 1200=08b67 SOCKET=STRP A=COMT SIP DIP«SLPR 284984 1200=0R87
R20J29 12%1 =658 CONNECTUR &ePlN M POST TyPE 2BuB 1251=0515

A20%501 pu9smpaby RELAYREED {4 ggn“a gp0nvDC sYDC~COIL 2848y 0u90=0nB3
A20K102 PUFPanbBS RELAYwREED 14 SpoMA 1p0oyRC SyDC=COIL ELELY 1890w06B3
A20%10% 0490«1238 RELAY=PEED 28 1200¥DC L5VRC=CONL tgVA 2BoBe 0490=1238

A20P1% §251=3962 CONNELTOR BePlt F POST TYPE 2Bakp 1251m3562
AgoRy? 128 (mp0b? COMNECTOR j0ePIN F POBT TYPE plase 1251mbun2
[¥LLEL 125tmp0ap CONMNECTOR 1CePIN F POST TYPE B8 1251 =hnep
Ap0P2Y 1251 abh? CUNNECTOR 10=PIN F POST TYPE 2848y y25lebob?
A20P29 1258wn14] A JUMPER REMCVABLE 28480 t258=01241

See introduction to this section for ordering information
6 8 Rev B *Indicates factory selected value




Table 6-4. Replaceahle Parts (Cont'd).

Qty Description Etn;:ie Mfr Part Number

O

Reference HP Part
Designation Number

A20P30 12516002

=

COMKECTOR 10=Fin F PDST TYPE 2848y 1251 w6002

@

ApoGyay 10880429
A200t02 185520298
hgoltoy 185%.02%8
A200108 18550298
A208108 185820298

TRANSISTOR JoFET NaCHAN DaMUDE TOw92 2BUBH 1855m0429
THANSISTOR J=FET NeCHAN BwMUDE TOw®? 2BUBH 1B55m020n
TRANBISTOR JoFET NaLHAN Da“UDE TNwG3 PBubg 1855 a) 29K
TRANSIBTOR JeFET weCHAN DmMODE TO=92 aBasn 1855m020h0
TRANSISTOR JwFET NelHAN DuMi0E TOw93 2848n 18650205

TRANBISTOR JuFET nmlHoN De™UDE TOm92 FLEY T 18550398
TRANSISTOR JeFETY Ne[HAM Q=MODE TO=9g 28480 1855=ya%a
TRANSISTOR JaFET MalHAN DeMUDE TOW92 28480 1855m294
THANBISTUR J=FETY weCHAN DarmiOOE TOw92 2848 18850248
TRANBISTOR JeFE? NeLHAM DeMUDE TOw9p 28480 1B855=0294

200104 18580298
AR0030T 185520298
hapliom 193520298
A200109 188520298
Azolile 18550298

TRANSISYCR J=FET Na(CHAN De™UDE TOw92 ELEED 1858, 290
TRANSISYOR JWFET Ne[CHAN D=MODE T0=92 28080 18550291
TRANSISTOR JuwFET NalHAN DaMODE TUe92 28480 1855wnu29
TRANSISBYOR JaFET Nm(HAN D=MODE TO=92 28480 1855m0429
TRAKRSIBTOR JaFET Nmw{HAN DeMUDE TO=92 ELET 185%=9298

1 1855.0298
H 18580298
3 185520429
L] 18%8=pu29
[} 18550298
[ 188820298 TRANSISTOR J=FET NeGHAN DaMUDE TOw®2 ECET-TY 185580298
T TRANSISTOR J=FET Me(HAN (eMODE TUL92 PaUBG 18550 29R
] TRANSISTOR JaFET NmbHAN DaMiDE TleO2 BBy 1885a0 290
[} TRANSISTOR J=FET NeCHAN DeMODE TOwo? 2a4an 1pS5=0294
/] TRANBISTOR=JFET DUAL MeCHAM TO=?t &1 F8UBY 1855%=0243

18550298
1855a0298
1855=0298
18854243

1
1
i
i

e R R R T N e Py T LY TR TN T Uty -

20012

2002y 10880270
A20Q204 18880298
a20d202 1858.0298
A20Q20% 185%a0298
032040 {8%5%=0298

A20G20% 1855.0298
A206205 18%5w)258
AoQaoy 18550294
4200208 1858an429
A200209 18550429

TRANSISYOR JaFET NelHAN DaMIDE TDwf9g FLELT 185%=0p70
TRANSISTOR JWwFET N=CHAN DeMiIDE TDe92 2848¢ 1885294
TRANSISTOR JwFET NeCHAN DeMUDE TDw92 28480 18550296
TRANSISTOR J=FEY N=CHAN De=MODE TOw92 28480 18550294
TRANBISTOR J=FET NaCHAN DeaMODE TUm%2 26480 1859298

TRANSTSTOR J=FET NaCHAN DaMODE T0e%2 28480 18550298
TRANSIBTOR J=FET Ne[HAN DeMODE TOw9p 28uac 1868w029R
TRANMBISTOR JwFET NelHAN DeMODE TOm92 2808y 18550298
TRANBISTOR JaFET NwlHAN Do¥ODE TOw§2 284B0 18550029
TRANRSISTNR JwFETY NelHAN DaM0DE 10=92 2848n 1858wty

=T AR N fefe o

L208210 185440079
200214 1PS4apa?e
A200304 1854m0215
A200302 195520386
420030y 1855=0386

4200304 185520386
4200308 185820247
A200304 18582018
4200307 185820270
A200308 18550341

TRANSLSTOR NP4 AN3438 S T0eG Pp=ivw 14928 aN3ENY
TRANSIBTOR NPN 283439 8] TOeS5 PORiw ni92k 2N3u3e
TRANSISTOR WPN 81 PDa3SaMa FTE3u0MKT 04713y 2M3904
TRANSISTOR J=FET 2N4392 Nw(HAN LeM(pE 04713 2ng3ep
TRANSISTOR JwFET 2NaG392 NelHiN DLMODE 04Tl pMNE392

o 0= gy N

TRANSIETOR JeFET 2M4392 NulHAN DeMODE [ERARS 29439
TRANSISTORwJFET DUAL Nw{HAMN Dw™QDE TOw?1 pBaby 185%5engut
YRANSISTOR JuFET 2N4392 NaCHAN DaMODE 04713 2Huzay
TRANSISTOR JeFET NelHAN DeMODE TO=%2 87 z848q 18550270
TRANSISTOR JuFET 2NA338 NalHAN DeMODE 17856 2NUTIR

oD 00— 0

TRANSISTOR JFET NalHAN DaMODE Y0a92 81 28489 18550270
TRANSIBTOR=JFEY DUAL N=CHAMN De=MODE TOw=?1 28480 1865=0246
TRANSIATORWJFET DUAL NeCHAN Da™OOE TOw?1 28080 1855u02u7
TRANSISTOR PNP 81 T0w32 PDRebd2%¥w 28484 1853=0460
TRANSISTOR JwFET 2NU3IG) NelHAN DeMODE 01295 2My391q

Az0o0309 1885.0270
A200310 18580246
A20031 1855.9247
A20040) 18530066
A200402 185800420

TRANSISTOR JwFET 2NUl9] NeCHAN DeMODE 1129% 284391
TRANSISTOR J=FET 2ZNU3G3 NuCHAN DeMODE DEYSEY ZN4I93
TRANSISTOR JwFET NeCHAN DwMODE TOw92 8% 28uBy 1855w027T0
TRANSISYORJIFET DUAL NelHAN DaMpDE TOaT] 28uBn 1855= 0460
TRANBJATORSJFET DUAL NeCHAM TO=¥i B[ 2guao 18450243

A20040%y 18550420
A20Gu0s 1888m0414
A200008 188850270
A200004 1855=0460
A20000 18550243

MO O EN NP OG

TRANBISTOR JwFET NefHAN DeMGDE TOwS2 2BUfn 185Senuly
TRANSTISTOR PNP aN49]T ST PDazpomn 07263 2Nu9L7

TRANSISTNR NPMN 8] PODRI&OMW FTeIGYHZ 28480 1854=0087
THANSISTDR NPN 81 PDEI6OVw FYRTSWAZ 28480 16549e00RT
TRANSISTOR NPN 81 PORZsovA FTaystHZ 2848¢ 1854monRY

A200408 185520439
4200509 1833200R9
A200701 185420087
4200702 18540087
A20070% 18%4400A87

RESISYOR 2 ,55K 1% L1254 F TCmgaeioe 24548 Cawl/aTa2551
RESISYOR 27K 5% 2w CC TCw04765 ot12t H8RT3S
REBISTOR 10x 5% ,SW CC TCaC+TpS HERE 3] EBI03Y
RESTISTOR 100% Sy 1% CC TCwoe8682 01121 GBy1nag
RESISTOR 100K 10% 2w CC YCEC+BAZ 61121 HAYO4]

AgoR1o{ 06983179
AZOR1QR 0692=2715
Az0R103 [LLTTINR L]
A20R104 068%=] 045
A20R10S 0693mi sy

=X AR LY RV BF

AZOR106 0693m1041
A20R107 n69hasssa
A20R108 0698a3558
A20R108 06922715
L20R110 06922735

REGISTOR Jo0x 10X 20 CL FTCWOeBBZ 11121 HB104]
REBISTOR 402K 1% 125k F TCmysmice pusuk Chwt/RuTebio@laF
RESISTOR 4,02K 1% ,125% F TCmos=100 easde Cleli /BaTowtnd)ef
RESISETOR 27K 5% 2w CC TL®0e745 [ARTS) HB2735
RESTSTOR 270 5% 2w CC TLwOe705 nitey HB2735

L0 @@

RESISTDR 190K Sy 25w FC TCeadonseB800 elte)y CByous
RESTISTOR {0k 5% ,2%# TeE=tdgos/4T00 ni1egy cB103s
RESTEYOK 10k Sx ,2%4 TCE=tg/eT00 LERY S} CByn3s
RESIBYOR 10K S5y 28w Texeti00rs4T00 rit2 CB1N3S
RESISYOR JOK %% 25w TEmed00/4700 R4 {B1035

A20R1 4y DeBIuinul
A20R112 0683} 038
[F1LIER 06835038
[YILIRY LT LETST B 1
A20R1 1y 0883«1 018

A20Rt1p 06831035
A20R11Y 0aB3e103S
ApORI1E 0a83=103%
A20Rt 19 0683-1035
4p0Rt 20 069242715

-

REBIBTON 10k 5% ,25w TCm=l00/¢T00 o121 cH103%
RESISTDH joK Sy ,2%% TCR=400/4700 n111 CBrols
RESIATOR Jon S% , 254 TCsadansaTon ni12y CHIN3S
REBIBTOR 10K Sx ,25w TCRalBO/4 Y00 012y LBLO3S
REQISTDR 27K 5% 24 CC TCEN4TeS AR F] HA27135%

PR

See introdufction to this section for ordering information
*Indicates factory selected value
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Table 6-4. Replaceable Parts (Cont'd).

Reference HP Part
Designation | Number

AZ0R12] 0683a1035
A20R122 06H3e1035
A20R12Y 0683w1055
AROR12Y 6831035
h2oR128 t6B3m1035

o0

Qty Description mfr Mfr Part Number
Code

RESIBTOR 10K 3% ,254 FC TC®ed00/+700 01121 £8103%
RESTOYOR 10K 5% 258 FC TCwwd00/+700 o121 cai03s
RESIBTOR 10K 5% 254 FU YCsedo0/+700 01121 CBi035
RESIATOR 10K %% ,254 FC TCmwdoo/+T00 oii1dt LB103%
REBISTIOR 10K Sx 254 FC YCme4oo/seT00 [TRF §] CB103S

o g

REBISTOR 10K 1% ,125W F TCEQ4+wio0 2uBds Clni/BaTomit0ZeF
RESISTOR 10X 1% ,125W F TCRO4eloo 2US4s Clni/BaTomitgel
RESISTOR 100K 5% ,25W FC TCumy00/4800 g1421 CB1048
RESISTOR (00K S% 2% FC TCmad00/4800 [LIRY 31 CBrous
REBISTOR 100K 5% ,25W FC TCmedoo/+800 oil21 CB104S

A20R12p 0T8T 04U2
AZBRLRT 0?57=0442
[FLLITY] 06B3wj04S
A20R129 06831049
A20R130 06831045

REBISTOR 10 %X ,2%5¢ FL TL®=400/+4500 01421 cat00%
RESIBTOR 10 5% 25N FC TCwed00/+300 01121 81008
RESIBTOR 100K 5% ,25W FC TCwed00/4800 01124 [4:31.L11
RESISTOR 10K Sy ,254 FC TCRaU00/4700 61121 CByo3%
RESTSTOR 60,0k 1X L1254 F TCeOveloo 20546 Clul/8uTOubOd2nF

A20R13| 06831005
A20R1 32 0683=100%
A20R13S N643a]04S
Az0R1 3y 0648301035
AROR1DS 069803572

A20R15s 0698402
A20R137 0583} 04%
A20R138 04831045
A20R139 04B3m 045
A20R14n 0683e1 0G4S

RESISTOR 17,4K 1% 125 F TCRO+=100 03888 PHESSe]/BuTl=lTdRer
RESISTOR 100K 5% ,25W FC TCWed0o/+600 e112y C84045
RESISTOR §00K Sx 250 FC TCem400/+800 o141 CBy04S
RESISTOR J00K &% ,25# FC TCmeu00/+800 03121 ¢B1o4s
RESISTOR 100K %% 25w FC TCmed00/+800 oit21 catous

[P R LT LR IV N ] et 0D

RESISTOR 100K 5% .25W FC TC=~400/+800 01121 CB1045
RESISTOR 51K 5% ,25W FC TC+-%00/+800 01121 CB5135
RESISTOR-TRMR 50K 10% C TOP-ADJ 1-TRN 23480 2100-3253

A2QR14%} THRU R145 0683~1045
AZOR146 0683-5135
AZOR1LT7, R148 2100-3253

~ o

RESISTOR 1 OHM 5% .5W 01607 EBLOGS
RESISTOR }2M 5% .125W 01121 BBIZM
RESISTOR 6.8M 5% .125W 28480 06986592
RESTISTOR 8.2M 5% .125W 1121 BRS.2M

AZ0R149 0698-3547
A20R150% 0699-074%0
AZ20R150% 0698-6592
A20R150% 0696-0743

~ oy v

RESISTOR 40,2 1% 125w F TCEO4=100 24506 Clul/B8aTOntd02EeF
RESTATOR 42,2K 1% ,i25H F TCmO+e 00 24%46 C4mi/BuTOmsgenF

RESTSTOR 4,75 1% 1RSW F 1Cu0¢=100 284890 0L%8=B690

REAIATOR 10 1% 1250 F TCuO*=109 24546 Clwl/BuTomioR0F
RESIBTOR 19,1 1% ,125W F TC0+=100 03888 PMEESw] /8uTOelIR1uF
REBISTCR 37.4 1% k250 F TCa0+=100 24548 C4m)/BeTDa3TRUnF
RESISTOR 750K 1% ,i25W F TCE0e=100 28480 0757=0486

AZ0RRO¢ 0698.3262
420R20p 06983450

A20R20% 046988490
A20R204 075Tw0346
A2DRZ0S 06%8a03bb
AZOR20y 069ama3TT
A20R207 1757=0u8b

e miy &) D

RESISTOR 3K SX 260 FC TCw=d00/*700 o1121 | c930e%
RESISTOR 2K S% ,2%W FC TCwad00/+700 o1 CA202%
RESISTOR K 5% ,25W FC TCmm400/4800 01121 85138
RESTISTOR S1K 5% ,25W FC TCEed00/+800 o112l CBS13S
RESISTOR S1K 5% ,25W FC TCR=400/¢800 01121 tBS13%

AzpRaos 068323025
A20R209 068322025
Az0R21g 06835135
AR0R214 068TmK138
A20R212 0b83=5135

REBISTOR 13K Lx 234 FC. TCa=dg0/4800 o121 CB1335
RESIATOR 30K 92X 254 PaW TLRO+w] 28480 0B11=1053
RESIOTOR 100K 5% 25K FC TCwed00/+800 04121 {Bious
RESISTOR 100« §% ,2%W FC TCMwd00/¢800 011ét gA104s
RESISTOR 100K Sy 25W FC TCuai00/4800 [ RT3 CB1045%

A20R213 0683e1335
A20R219 0811a10%3
A20R218 0623a104%
AZOR21% 06831045
A2DR217 0683a)04%

RESISTOR 5,81M 1X ,12%4 F TCHg+=i00 28480 06990072
RESISTOR 100K 5% 2N MO TCuD#=200 28480 07b4e0028
RESISTOR 29,4K t% L1266 F TCEO+=100 24548 CHul /8T QuRPUZF
RESISTOR 22,1K 1% 1254 F Y(mo+elo0 24846 Clal/BaTindR2l2eF
REBISTOR 100 5% ,254 FC TCEwd0O/+500 [3RE 3] c8to15

RESISTOR 40K 1% ,125W F TCu0é=100 U844 Cumi/anTelliReF
RESIBTOR 2K 1% 125Kk F TCEO4w] 00 AUB4E Clal/BuTow00lel
RESISTOR 3,01% 1X (I25W F TCuO¢miop 24546 Chm1/BuTOw30i1mp
RESISTOR 20K 1% 1254 F TCE0+wlol 24546 Clwl/BuToa2002=F
RESISTOR 15K 1% L1258 F T(80+~10D 24546 Chml/BmTOnlB02eF

ARORZLS 0699=0072
AZORZLY LR ELENT L]
ARORZp 0698wq490
A2OR2RY 015Te0uS 0
AgoR223 n6B3e1015

AaORy 0r8sY=0iuu2
A20RY0P 0757=0283
A20R3¥0% 0757=0273
AQ0R30Q 01570449
A20R308 0TS Teplle

W E>OD ~4 00N -d el Ol O [=2- XN 2"

REBISTOR 36,5k 1% ,12%W F TCm0+=100 248ub Chal/8aTOndoS2ul
RESTBTOR 20K 1% 1254 F TCro4wioo 2u546 ClmisBuTom=2002"F
RESESTOR {SK 1% 1250 F TCRO+»t00 HLITS Clinl/BeTfomiS02nF
REBISTOR 100K 1% ,125W F TCEQ4=100 24s5as C4mi/BeTOn]fONF
RESTETOR 150K 1X 1350 F TCRO#e=100 24846 Climi/BuT0uiS03aF

A2O0R304 07570455
A20R307 078Tmquu9
A20R308 0757=00d6
20309 07570465
A20R3LM 078Te0dbY

A20R3E1 nT8Twp274
208312 0698-3496
A20R311 06598-4121
K20RI g 0I5Tadns
A20R3158 0757=0406%

(=R R ]

RESISTOR 1,21k tx ,125W F TCEOewlog 2u546 Ciwl/BeToul2] 3uF
RESISTOR 3.57K 1% ,125W F TCEG+e100 24546 Chel/BeTOm3571nF
REBIBTOR 11.3KIX ,1BSW F TC804=100 24546 Clmt/Batoa1132eF
RESISTOR 00K 1% ,125W F TCa0+=100 2UBUE Chml/BmTOn1003aF
REBISTOR 100K 1% ,12%W F TCRG+miO0 24548 Clhul/BuTo=l1003aF
F

RESISTOR 100K ty ,125%W F TLEO4e100 24546 Clol/BuTOn1p0darF
RESISTOR 100K 1% ,125% F TCehewiop 2u546 Chel/BaTomin0IwF
RESISTOR 1K 1% 1254 F YCEQem) 0O 245486 Cdw]/BuTiniQ0inF
REBESTDR IK 1% 1250 F TCwOé=100 24u4e C4=i/petOmi0iaf
RESISTOR 10K 1x ,125W F TCRO+=l00 24546 ClUwi/BaT(u]l002=F

A20R3e 07570465
A20R3LY 0750445
A20R3E 07570280
420R3 19 0757=0280
A20R320 0757w0U42

A20R324 0757 .0U42
A20R322 075Ten44d
A20R32% 07570451
AZORIZ24 075T=0317
A20RI2S 0698e1158

AT R - o oW

RESIBYOR jok ty ,125% F TCRo4atop 245u6 Cldni/8aToutgo2aF
RESYBYOR 12,1K 1X L1250 F TCRO+=100 2usde Clml/BuTQuigid=F
REBISTOR 24,3K 1x L1254 F TCwo4=100 2U54s Cini/BaT(uitIgeF
RESISTOR 1,33K 1% ,12%W F TCmOes1O0 U546 Cin]/BaTOml 33 1nF
RESIBTOR 14,7K 1% 125k F TCu0+=100 24546 Caei/8wTOwlaT2nF

(YR - N ]

See introduction to this section for ordering information
#*Indicates factory selected value




Table 6-4. Replaceable Parts {Cont'd).

Reference HP Part
Designhation Number

A20R32% [(ELLYS Y
A20R32Y D69BeR U5t
A20R32p NeFRedB2U
ARORIZS 0757=nua9
A20R33p 07%7=0449

Qty Description g;:i e Mfr Part Number

RESISTOR 133K 1y 1258 F TCEQeminn ELLTE Lot /BaTidm]3B3nf
RESISTOR 133k 1% ,12% F TLete=tnn 245de Chwl/RaTiml 333aF
RESISTOR S62K 1y 185w F TCRGeeldn #BUBD NeEYRmARFA

RESIBTOK 20k 1¥X L125W F TCRC4«=10U U546 Clhal/BulumdU{Ewf
RESISTURK 20K 1% ,125% F TCEA4=100 24548 tda)/PuToegutiPmF

oo

FF~=~o0

A20RYy 0b9RaABFY
A20R33> 0757=0u4?
[FILEES 0698-3151
A20R3 3y 2100=33RF
A20R40Y 0757 angha

REBISTNR SpgK 1% _125% F TLEAsaiy LTI DhGHwRRZU
RESIBTOR 10% 1% 125w F TCmos=lD0 F454d6 Lim] /Rafun]UEnF
RESISTOR 2.87K 1% .125W F TC=+-100 2u94p [d4a)/ButhmghT |aF
RESISTOR=YRMR §g 10X € T0Pwan) 1=TPN 28461 Plitm3gry
RESISTOR §K 1% _#25W F T(atem| 00 2uS4s ClhulfbmTOmt 0] =f

A20R40? pe9B-ud07
A20RG0YS tb9R=y8Y9
A20RANYE 0757-0445
ARORAOYR B75Tapay?
A20RBOIN 874%7ap476

RESTSTOP Y1U,3K 1% ,t25% F TCehemie FXLELTS (lbaj/fnTinteIP=f
RESTSTON 402K 1% ,12% F TCaNseldy 28468 TLLET LR
RESISTON 100K 1% ,125W F TCoi4al10n 24546 Cim] /leTiimzOudeF
PESTSTDK 200K 1% ,125n F TCoCcewIOP 24586 Clm| FRaT g0 DdeaF
RESISTOF 301K 1% ,)12%8 F TCegemiOn 24848 Cimi /BuTOudli|3aF
(PADDING LIST FDR RUOZ » 3 EACH)

CGAN A~ W E- D~

A20Ru0q co9Beuasy
A20R408 [T LETE SN
A20R404 06VRaydR?
A20Ra0T 0r5Twnb80
A20R408 075T=0dlb

RESISTOR 402 11 ,12%% F fCeysatnn 2uSub CémisBmiumtt2RaF
RESTSTOR 107k 1X _185a F TCaltem1On 2484p Cdal fhaTDel 07 deF
RESTSTOR 32,4% tX ,125m F TCROs=low 24546 Clm| FRaTlimd2iudnF
RESIBTIDR 15K 1y 125w F TCEr4alne 24548 LUal/BeTom1502=F
RESTSTOR 15k 1% 1254 F TCeDewign 24540 [Uel /baYliw1S02=F

A20RA09 0TSTa b
A20R41p 07ST7=0410
AQOR&1Y 0T57=045)
A20RA12 089843279
AzORu1Y G1597=0d3%

RESISTOR b04 1% 1254 F TCE0+wipd pasueg Llet/8uTumbldHuF
RESISTOR 3ut 1% 1254 F TCmas=ign 24546 CUm)/ReTpalyLR=F
RESISTOR 30,1k 1% 1254 F TCamnselon 24546 (Ul /BatuminlZ=F
RESISTOR 4,99% 1% ,1235W F Timotelan 24546 CUul#BaTimibFlaf
RESISTOR 3,32K % L1250 F TCroemipa 2u5ub Clul/Ralumdiplmf

DO G W= O R

420Ru1g 0698au513
A20RU1Y U75Ta0u02
A20RU1y 078 Ymplup
A20Ru1Yy (L LT UL L]
A20Ru1R 015 taguil

RESISTON 97 6K ¢% L1250 F TCenvujor 03688 PYEGSay sBaT)mFT62wF
RESTISTOR 1uK 1% 125k F TCR0+e100 ed5de [lUe]/faTim]l00Z=F
RESISTOR 10K 1% L1258 F TemitbwlGo 2u5de Cldal/R=Ti=luld=F
RESISTOR 4,03k 1% ,1254 F TCxosmlon pa5ub [Uel/BaTOmln@)aF
RESISTOR 332 1% 1254 F TCstb+=10n 245de CUel /BeTU=332R=F

O D O

ARORUL G 075 2aplit?
A20Ru2p 0757wn442
L20RUZY 157 =nudd
A20RU22 0757anuu2
AR0RAG2Y 07570253

RESISTOR 10K 1%
RESISTOR 10K 1%

TLs0+=100 24546 Cla) /RaTO=li(2wF
TCR04m1t0 24546 Claf /BuTital)ORwF
RESISTOR 10Kk 1X TCE0+m100 24546 Clal /AaTOmi002nF
RESISTOR 10K 1% TCug+=10n asue Clal /laTt=1002nF
RESISTNR 2K 1% ,12%W F TCeO+aldl 2d4gde Cdml /anTiagid]leF

F
F
F
F

T L0000

A20RU2y 0757-0272
a20Ruds 0757-0457
A20R4Rs 0757-0457
A20Ruay 0757-0272
a20R42N 075Ta0t45

RESTISTOR 52.3K 1% .125W 03292 C4-1/8-T0-5232-F
RESISTOR L7 .5¢ 1% .125W 03292 C4-1/8-TO-4752-F
RESISTOK 47.5K 1% .125W 03292 Cl~1/8-TO-4752-F
RESISTRR 52.3K 1% .125W 03292 C4-1/8-T0-5232-F
RESTISTOR 100K §x 125w # TCERew) OO 2U5Ue Clwi/BuToutvodmF

LRl - o+ ]

A20R4Y 0p98.3279
A20Radq 069843279
A20RUYY 9157=0273
L20R432 075 7apudz
AR20RAIY 08983279

RESISTOR 4,9% 1% 1250 £ TCEGesIn0 Fasle Clml/AnT0alT9]up
RESISTOR 4,99K 1% 1254 F TCegemfin ELLTTA Cldmt/BaTieu99)af
RESTISTOR 3,01k 1% 12354 F TLp(ewinn 2d54e ClUes/BaTla3t]leF
RESIATOR 10K 1% ,125% F TCRO4atne RUSUL Cldal/RaTon)tURaF
RESISTONF 4,996 1% ,12%5W F TCxoe=log 2454k Clwl/BuTiud99)wF

s0E9 o

A20R508 069Pw32RE
AaoR%09 0?5 T=pub3
A20R51 te9han39p
A20RS1y 075T-0389
AR0RS12 0690=391}

RESIBTOR A49,%9k 1% G 12%¢ F 1Cxatming ELELT N69A=32PH
RESISTOR 3p.{K 1% ,12%1 F TCxnsaygn 2454e Cawi/BaTamingg=F
RESTSYOR k6,5 tx 128w F T{m0¢a=10D 24540 Clwl/PuTmtbREwF
RESTSYOR 33,2 1% 125 F T{cCs=ilD 2asab (] /BaTOmd3IREwF
RESTSTOR 320 Jpx (W CC TEa0+52% AT 4 GB391)

-l g

A20RR Y Gp9pedByG
A20R412 069Rau519
A20Rs1S BYSTwcdl)
A20RBLY 2100=3094
k20RG1S F10N=3nES

RESTSTOAR 402k 1% ,12%n F TLen¢mInn 8484 ba9R=4539
RESISTOR 40Pk 1% ,12%¢ F TCEBDewing 28uBg (PLLETL L)
RESISTUR U0 §X 125k F TCEO#a]nn ETLITS Cowl/BaTymlifeF
REBIGTOR=TPMKE 100K 10Xk C §1DE«2DJ 1YaTRN ngt1y a3Ping
RESIBTOR=FRME 200 1u% C STDE~aDJ 17=TR [(FARN] 43P0

]

420RGIG R100=3088
A20R&LT? 2100-3898
A20RGIS 015T=n38y
A20RT0p 0683=3315
A20R704 068345135

RESESTOReTRMAR 200 0% [ SIppwat) 17=TRn neti qipaet

RESISTOR- 20 UHM 10 FLILY 2100-0398
RESISTOR £5 % 4254 F 1imC4=i00 19701 MFUC] /B=tialBRO=F
RESISTOR 310 SY 25w FC TCE=up(rseb00 a1121 CE33LS

RESISTOR 51K 5% ,25# FL TLmelgo/seBnn 01121 CBS135

= &g

AzoR703 06835135
Ap0R703 06838135
AzaRT04 068325115
A20R70% 068351158
A20RT08 0683euT2%

RESIBIDR K1k Sy 2654 FL TLeedgg/leboon o121 CBS135
RESTRTOR SiK 5% ,25W FC TCE-400/4800 01121 ces13¢
RESTSTOR S1K 5% 25w #C TC=eupolreBou LARES! C65135
RESIBTOR S1K 5% 254 FC TCmwun2/+Boo al121 CB% )35
RESIBYOR u,7K 5X ,25% FC TC2mgdn/4T00 LIRF3! CEy72s8

RESIBIOR 4, 7K &x 25W FC TCo®wadpseTaD ut1e4 £Bures

hzaRTar 6034725
RESISTOR 4,7k S% ,25% FC TCa=unn/seTen aifel LAuT2S

A20RTOB 06834725

N UM Mo cod

A20960¢ LT YT swlTbHe5TI37m1 HEY 2BuBo 3100=3564
It COMPARATOR 0P QUAD 14eDIFaP u129% LM339 SPEC
IC COMPARATOR GP QUAD 14=DIPeP ni2e% L#339 SPEC
IC GATE TTL L8 NOR WUAD Z2eINP 01295 SNT4LpSN
IC COMPARATOR GP HUAC la=DIFwp 01295 L4339 SPEC
IC OF AMP GP TN.99 0129% LMRAOTAL

Agoyl0y 182bm 347
A20ULOR 1a2b=0347
A2OU10y 1820=1144
Aa0UL04 1826=0347
Apouyos 1R2620059

(TR . U

4A  SEE NOTE ON SCHEMATIC & See introduction to this section for ordering information
#Indicates factory selected value




Table 6-4. Replaceable Parts (Cont'd).

Reference HP Part
Designation Number

Agod104 46 18200478
AgoUsoY 1820=5197
ApOUL08 1826m0d12
A20UR00 1R04=p04d
A20U204 1A2bmo38

A0U202 1h2bm1 3B
4300203 182000478
AgoUzon 182600035
4200208 192620025
A20U301 1826=0412

A20U302 188p=0054
ApoUz03 182be005%
AROUIHY 1826m(3t7
A20U308 182600059
A20UN0L 18201748

Gty Description l(\:nc]::ie Mfr Part Number

oo

IC 0P AMP GP B=DIPeP 18324 LM308H

IC GATE TTL L8 NAND QUAD 2=INP 01295 ShTULSNON

16 COMPARATOR PRCN DUAL R=DIPaP 27014 LM3I93N

SIG-CDND G FINELINE 28480 1@DU=npuY
COMPARATOR 5P QUAL 1A«DIP=P 0129% L339

g~

COMPARRATOR GP GUAD 14aDIFwP 01295 LMRIeN
0P AMP LULWeBIASwHe]WPD TOe®Y 27014 LM30EM
DP AMP LOWaDRIFT TDw@® 27014 LM3InBhn
DP AMP LCWeCRIFT T(=99 27014 LM2aBan
COMPARATOR PREN DUAL BeD]PeP grela L"393N

- ~d D

TAANSISTOR ARRAY 14ePIN PLETC DIP 2a480 1a5a=0054
1 0P AMP GP T0a99 01295 LMpa1AL
€ COMPARATOR GP QUAD LA=DIPwp 0129% LMIZTSPEC
Ic OP AMP GP T0w99 01295 LM2a1AL
GATE CMOS NOR GUAD Z=INP 04713 MCE40n1BCF

Wi e

pP AMP BIFET T0-99 27014 LF256H

0P AMP GP TDaW99 01295 LMao14lL

FE CMNE DeTYPE POSeEDGE=TRIG CO 0413 MLL4L TR
BFR CMO8 INV HEX 04713 MCHUY49IBCR
GATE CMO8 EXCL=OR QUAD 2=INP 01928 LDUDTORE

azousoy 1826-0371
A20U308 182620059
a20Ua01 19202258
A20U403 1820=1748
4200803 1820ut601

A20U404 182001556
AZOUQOS 1826-0685
A20Ua0s 1826-0685
4200407 1820=1T40
AROUGOS 1826=0138

A20Unde 1B2b=01 18
AR0USOp 180S=0045%
A20U%00 1GET=008T
A20US04 18200493
A20USOE 1826-0471

o T

DLOR £MOS BIN 2=TQwdw[ IME DUAL Z=INP 01928 LD45855F

0P AMP LOWeuRIASesHsIMPD TO-%9 2701u LFASLH

OF EMP LDWeBIAS=H=IMPD TO-59 27014 LF3SIH

BFR CMD8 TNV HEX VeT13 MEIHOLOURCF
COMPARATOR GP GUAD ldspIPep 01295 LMIEON

C COMPARATOR GP QUAD 14=p]P=pP n12ey LM3396
A/D, REF FINELINE, F/U/W A2t REF BDARD LTINS 10D5wo 045
470, REF FINELINE, F/U/W A25 REF BOARD 2byep 1QET=0NGT
1C OP AMP GP BuDIPeP 27014 LM307M
IC 0P AMP LOW-DRIFT T0O-§9 062180° OP-07CJ

SR AT F o ] hE®mEo

It bCOR CMO8 BIN 2eY0eta| INE pUAL R=INP 0t928 LDADS54F
1C MICPAOC=ALCESS NMOZ 4=BI1T 34bHa9 PB24Y

A20U70% 1820-15%6
Az0uTo2 1820=2177

A20N3 03456ab1b014

- N

CABLE=INPUT SwWITCHING TO INPUT AMPL, 28480 B34SEmblb0y

A20 MISCELLANEDUS PARTS

-

YERMINAL=STUD FKD=TUR PRESSaMTG #8480 13a0wlpt]
(FOR K101, K102)
TERMINAL#ATUD SPCL~FDTHRY PRESB«MIG 2HLEBN 03p0=1918
TERMINALwBTUD SPCLwFDTHRY PRESSeMYG 28480 Ulptelgg?
STANDUFFeHEX 7,p=MMell 4,B=M¥=it/F BRS 0Go0n ORDER BY DESCNIPTION

0360=ibll

0360=i 96
0360=1917
0380=1 217

G38pe1256
13%0«0457
1390w0458
16000868
1600=0849

STANDDFEFwHEX bmMValG UepeMMeprsF BRS NAT [ 2] ORDER BY DESCRIPTION
FASTENERaSNAPwIN PLGR 0,076 IN « L3185 IN 28480 1380w048Y
FASTENER«SNAPwIN GROM 0,076 IN » 165 IN 28u8( 1590=04%8
CONNECTOR STRIP=iu=PIN FINELINE {USgq) 28489 PHOORRLE
CONNECTOR §TRIPa14«PIN FINELINE (p200) 28480 YL00eGRLE

CONNECTOR STRIPw1t1«PEN FINELINE (U20R) 2pado 1600=08T
CUMNECTOR STRIP~13ePEN FINELINE (USQ0) 28460 1600=0B73
FUBEHOLDER=SPR TYP,2S50=FUSE 2adan 2110=6598

1600=0871
1600#0873
2110=0598

- N-N: 1 WO Do D Ew

A21 034S6mbe521
A21P16 12516190

PC ASSEMBLYSCALIBRATION 28uBn 0345eepb6821
CONKEETOR TwRIN ¥ POST TyPE 1251=6190

RESISTORWTRMR (00K 10% € SIDE~ADS 17=TRN 3P4
RESTETOR=TRMR 50X 10X C SY0DEeaD] 17«TRN 43p503
RESISTOReTRMR Syk f0%X C SICE=ARJ 17aTRN 43P50r3
RESISTOR=TRMR S0k 10% C BIDEwADJ 17=TRN a3pso3
RESISTCR=TRMA 29K J0% C BIDE=ADJ 37=TRN 43P203

A21R801 2100=3094
A2IRGO2 2100=3054
AziR60} 21003054
ALRO0Y 2100m3084
AziR40S Ziop=3161

A2iRo0p 069803454
A21R607 0T57=0Ub3
A2iR60n 07570ub0
AZLRbOY 075Twpdbd
AZIRB1H 0698mauBe

RESIBYOR 215K tx ,125W § YCw04=100 3 Céwl/RaTimd]83aF
RESISYOR 82,5% 1X 1250 F TCed4eliD (4wl /BmtuB2B2aF
RESISTOR 61,9k 1% ,125% F TCmosm)vo Chwl/RaTiab]92aF
RESIBTOR &1,9% 1% 128w F TCAgé=i00 Chal/BaTiiud ] 92aF
RESISTOR 26,7k 1% 128K F TCmoé=lon C4m]/BaTywnT2eF

A e e B el oo i) ]

0380msj 186

STANDOFF=PRESSwEN FU MM | ONGY M3 X 6,5 28480 0340=1186

03485hubb524 PC AQSEMBLY=REFERENCE BOARD WP 2BaBp 03456=hb524

ASSEMBLY NOT FIELD REPAIRABLE. NEW
ASSEMBLY MUST BE ORDERED.

See introduction to this section for ordering information
6 1 2 R ev B *Indicates factory selected value




Table 6-4. Replaceable Parts (Cont'd).

Mfr
Code

Reference HP Part

Designation | Number Mfr Part Number

Qty Description

034%bebbS29 PC ASSEMBLYSREFERENCE BOARD, Nat, 0345bepb525

ASSEMBLY NOT FIELD REPAIRABLE. NEW
ASSEMBLY MUST BE ORDERED.

A30 034Sh=bb5Y0

(3114} 01800309
Ajobe 0180e03509
A30C) ¢ls0=2208
Ay0te elhp=0)as
(311 e180=0509

PL ASBEMBLY=INGUARD LDGIL 0345p=p6530

CAPACITOR=FXD 4,7UF+=20X 10VDC TA 15upHTSX001042
CAPACITORWFXD 4, TUFew20X LOVDE TA 150D4TSX00n 1Al
CAPACITOR=FXD 330pF +=5% 30nyDC MICA [BLLIY-FIL]
CAPACITOR«FXD 22PF #=EX Snov0( MICA OMSC2p0d0B00N VLR
CAPACITOR®FXD 4 TUF+w2DX 10VDC YA 15004 7SXont0Ae

- T o

A30ls 018p=030%
A308T 0180u0291
AS0CS 018000309
A3080 0180=0309
ayelso 0180.0291

CAPACITORSFXD o, 7uFé=p0% {4VOC T4 1500075Xpn10h2
CAPACITURRFYD {1([Fewipy 3SyDC TA 150D1pGx9n 3542
CAPACITOReFXD 4,TUF¢=20X 10VDL TA 150047520048
CAPALITURWFXD 4,TuF+w20Xx JOVDC TA 1500475 0n1nag
CAPACITOR=FXD {1Lf4=10X 35VDC TA 1500109X9n3542

L]

A30c1l 0180=0309

A30431 1251aq682
A30J32 1251wa682
A30J33 1251=518%
A30J34 12%tab1 05
A30J3% 12%1=0b82

=

CAPACITOR=FXD 4,TUF+w20% 10VpE TA 150p4T4x00nt0a2

CONNECTQR 3ePIN ™ POST TYPE 1281=4nbdg
CONNECTOR 3JePIN M POSY YYPE 1251 etnl
CONNECTOR %ePIn M POST TYPE 12516165
CONNECTOR 3aPIN ¥ POST TYPE 125126185
CONNECTOR 3=PIN M POSY TYPE 1251 =dgRp

s

See introduction to this section for ordering information
*Indicates factory selected value




Table 6-4. Replaceable Parts (Cont'd).

Reference HP Part o Mfr
Designation | Number Qty Description Code Mfr Part Number

k30J30 1251=db82 COMMECTOR RwPIn “ POBY TYPE fABubn 1251 wdabe

430P7 12513167 LONNECTDR 4aPIn F PUOBY TYPE ELELT 1251=31067
1251 =3411 COMTALTeCONN U/weP0STwTYPE FEM CRP 28480 1251=3411
A30Pa) 125106062 CUMNECTOR j0=PIn F POST TYPE 28080 1291 =6062
A3OP3O 1281=5062 LONNECTDR thePIn F POST FYPE 28480 12516062
A30P3Y 1258m0181 JUMPER REMOVABLE 28u4B0 1258=0 1)

A30P35 12580141 JUMPER REMOVABLE 25uB0 12580141
230P36 125A=014¢ JUMPER REMOVABLE FLELD] t258en14dy

a30G1 1RShan0?t TRANSISTUR NPN 8] POEBOOWW FTB200MHZ 28udy 185depo?y

ASORY G6A3=10)25 RESIGTOR 1K S% 254 FE Timady/eenn a1121 CBlo2s
A3gRa 068321035 RESISTOR (9K 5% ,25% FC TC®elpnseTie 112 LBYN3S
A30RY Nb83a1n28 RESISTOR K 5% .éﬁw FC TCmedON/ebn0 21129 CB10285
ASORY pe83=1025 RESISTOR LK SX 234 FC TCE=400/460%" 01121 ch102s
AS0RS 06830719 RESIBTOR avo 5% ,2%# FC TLBednQ/4en0 nli21 char1s

A30RE 0682a3315 RESTBTOR 33K Sy 254 FC TCEwd(OseBon ai121 CB3IINS
A30RT 0b83=t102% RESISTOR Ix 5% ,25% F[ TLw=d00/4600 o112 CBe1625
A3ORE 088341035 RESISTOR 10k 9% ,25% FC TCRe400/+70h gi121 €B81035

A8k Sedicagse REBIBIER %% 2f (BN FE TERIESIIINE SHE | edER

A30R11 DpR3wrn2s RESISTOK 3.3% 5% 254 FC TCEwa 0074700 01t21 - R T-19

138813 Bgtizigze RERIRIBR 1R sa¥ ofAnEC LECEORIINS" EHN I

A30R 4 [LLETY 1 RESISTOR 2,2K 8% 25« FC YCRaUposeT00 ol121 cBz22%
A30RS 0683a3325 RESISTUR 3,3¥ Bx ,2%5s FL TCRayp0s/+700 (R F3 CR3325

RESISTOR 2,2K Sx ,25¢ FL TCswuno/¢700 L1121 [A:FEELS
RESTSTOR 330 %% ,25W FC TCeedQo/4b00 nt121 cB33s
RESISTOR 330 5% ,254 FC TCewd00/4600 f112) CR33IS

430R1& 0&ATw2225
AVOR1T 068343315
43¢R18 0683=331%

= w

=

TRANSFORMER=PULSE BIFILAR WOUNDy 38,0 MV 26480 9100edble

hyoTy Fi0heblt
TRANSFORMERPLULEE BIFILAR WOURDy R, 0 MM 28480 9100=2816

AyoTe LITTEFIN

h30U1 1h20-1199
Asoue 1820-1197
430U3 1820=1211
A30UL 182owttad
AS0US 1820e11687

—-_—

MY TTL L8 HEX leNP 01295 HNFaLSodN
GATE TTL LS NaND QUAD 2=IMP 01295 Su7ULS00N
GATE TTIL LS EXCLeDR QUAD ZeINP 0129% gNTuLSBEN
GATE TTL L3 NOR QUAD 2eINP n1295% SNTUL50EN
GATE TIL L8 mAND QUAD 2w=INP 01295 gMTULSnON

FF TTL L8 DeTYPE POSENGE=TRIG 01295 GNYuL 8FUAN
FF TTL L8 DeTYPE POB=EDGE~TR]G 21298 BMTALSTUAN
IkY TTL LS HEX |=INP 0129% SNTALBpaN
LCH TTL LS 4=B1T 01295 §MTULB3TSN
GATE TYL LS NAND TPL InINP 01298 BNTaLStON

ASOUS 1820m1142
A30UT 1820wi112
Asoug 1820=1199
AJ0U9 8201445
A30U50 LARgei202

CHTR TTL LS BIN SYNCHRD POBwECGE«TRIG #1295 BNTULS163AN
IMV TTL LS WEX 1wlNP 01295 BNTHLBOAN
MICPROC NMOS AeBIT 28480 1820-2539
GATE TYL L8 nanD QUAD 2e=inP 01295 anNraL8odn
SHF=RGTR T L8 NEGWEOGE=TRIG PRLeIN 01295 SNTAL 81654

A3oUs! t82um1A432
30U 1820=119%
ASOUSS 1820-2539
A30UL4 t820+1197
A50U1S 1820=1975

1
9
8
[
L]
8
8
1
4
7
5
1
Q
]
L

8FR TTL L3 NONeINy OCTL 21014 DMB1LgeTN
CNYER TTL LS BIN SYNCHRC POB-ERGE=TRIG 01295 SNTULBIGYAN
GAYE TTL NAMD GUAD 2mINP 0129% SNTAgeN

FF TTL t8 DeTYPE PDS«EDGE=TR]EG 01293 gnraLsrasN
FF TYL LS D=TYPE POS=EDGE«TRIG 01295 BNTALBPAAN

A3ouLsd 1820m1759
A¥0UL? ta2tmla30
AsoULE 1820m0854
AYOULY 1820m11t2
ATOU20 tR2om11t2

RN D

BFR TTL LS NDR BUAD 2<INP 0129% BNTHL 533N
GATE TYL L8 NAND BeINP 01295 BNTALEICN
YRANSTISTOR ARRAY 14wPIN PLETL DIP 01928 CAMEL
IC SHFwRGYA TTL LS Rwd SERIALeIN PRLaDUT 01295 ENTALS 64N
1¢ FF TTL LS D-TYPE 01698 SHN7ULS7HAN
SOCKEYm]C u4gwCONT RIPWSLOR 2848y 1200m0659

A3oUR1 18201272
AxpUz2 t820=1207
a3ou2l t8R1enn0]
asolU2d tAPomyads
A30UZ5 1820~1112
A%0XY3 1200u0bR9

LV A Y

A0 MIBCELLANEDUS PARTS
23071 GU10e1228 CAYSTAL=0U,B75 MyZ S0KZ 20ubg ULt 2eS
As0Y1 o4icwi22e CRYSTALwS, 8% MHZ pOHZ 28480 cd4jreiee

1200-0546 SOCKET=XTAL 2eCQNT HE=25/U DIP=8LDR 28480 1200=054¢
1390=0457 FASTENEK=SNAPeIN PLGR 0,076 IN & ,165 IN 28480 1390=0457
1390a0458 FASTENERwENAP=TN GROM 0,076 IN = 1865 IN 28480 139600458

Auo 03USheabS40 PC aggEMBLymaAC CONVERTER 2048y 034Somab540

A40Cy 0160=3980 CAPACITORWFXD ,22UF ¢=i0% 400Y¥OC 2848y Glo0wi9Bs

A4DC2 01d0-0198 CAPACITOR=FXD 1SOPF +e5% 300VDC “ICa 213 DMISFISLJ0300RVICR
haols Ol&ne0205 CAPACITORWFXD G2PF +#8X 300VDC MICA 2848y Gl60=0205

Au0d 0180eplon CAPACITOR®FXD 4,TyF+=10% 35VDC T4 56289 £S0D4TEXINIEEE
huols 018gen100 CAPACITORWFXD 4, TUF+=10% 35VDC T4 56289 t5p0478X903502

Ay0C, Qlg0=p284 CAPACITORFXD 0PF +4s5X 50OVOC CER neag0 28480 Clptmaznu
A4ocy 016ye8532 CAPACITORSFXO 1000PF ¢e20% SoVDC CER 28480 plbnedtyp
AQ0(8 4180=0100 CAPACITOR=FXD 4,TUF+=10% 3SVDC TA 5628% 150D475x903562
Auolo 01835«0100 CAPACITORaFXD 4, YUF+=)0% 35VDC TA S628% 150D4T5X903582
ALOCID 0le0=2240 CAPACITORSFXD 3, 6PF +o, 25PF S004DC CER 28480 tlenegadn

A SEC NOTE ON SCHEMATIC 8 See introduction to this section for ordering information
6 14 ReV B *Indicates factory selected value




Table 6-4. Replaceable Parts (Cont'd).

Reference
Designation

HP Part
Number

oo

Description

Mfr
Code

Mfr Part Number

AB0C12 a5
Agot13
AnoC18
hgol1S

[YT141])
aa0g1?
ayoCe8
Y14
4a0C20

aaog2l
Aspla2
Aa0C23
AhgoCas
Aaotes

140026,
AgpCRne
ITHIN
VeoL2?
iyolae

haplay
aq0g30
LXT131]
Ka0c32

01602150
Qiboe0]da
0130=0081
01%0a0091

0160-4532
0i60-2257
0160-2257
0160mu%32
Glen=2261

01402308
0160w010k
018024532
01604532
Q140m0195

O1d0m0190
0lkp=2159
01602308
0160=-333¢
0160«0)64

0160a3829
0§b0w2083
0180=0100
0160037

@ m = A

L em oy e

CAPACTITOR=F XD
CAPACITORFKD
CAPACITORFXD
CAPACITOReFXD

CAPACITORWF1D
CAPACITOR=FXD
CAPACITORwFXD
CAPACTITOR=FXD
CAPACITURSF XD

CaPACITOR®FXD
CAPACTTORRF XD
CAPACITORWFXD
CaPACITORSFKD
CAPACITOR®FXD

CAPACITORFXD
CAPACITORWFXOD
CAPACIYOR@F KD
CAPACITOR=FXD
CAPACITORSFXD

CAPACITORF XD
CAPACITOR=FXD
CAPACITORF XD
CAPACITOR=FAD

I3PF #=5% 300VNC MICa
220PF +a%x 300VLC MICA
1,5PF 4= ,25PF SOOVDL [ER
1.59F +=,25PF So0vDC CER

1000PF se20y S0V0L CER
10PF +=5% 500vDC CER

10PF +=8% S00YNC CER
1000PF ¢e20% SOy0L LER
18PF +=5% SopvbC LER pe=3p

IpPF #=5% I00VOC MICA
L015UF $m10x 200VOC POULYE
1000PF ¢=20% S0uDC CER
1000PF 4=2oy SovDC CER
130PF +wSXx 300v0C MICA

39PF +=5% 300vOL wICR
33PF +=EX 100VDC MICA
36PF +=5X 300v0C MICH
100PF +=10% SOVDC CER
L039UF 4apox 200¥0C PULYE

LATUF valpy SovDE

L22UF +=10% B0UDL POLYE
4 TUFe=10X 3SVOL TR
LAPF +=5% SOOVOC MICA

2Budo
Bubo
26480
28480

28480
28480
78480

28480

28480

2BUHD
2Budn
2848¢
2840810
12130

72136
2Budo
25u80
2e4sn
28480

28480
ELPLY]
56289
28480

0160-2150
vlanen]dd
0150=0091
¢150005¢

OjerwidsEy
0160-2257
0166-2257
0ls0=4632
f1enegae)

Glptwdiig
016u=d194
G1h0=i83Z
Gloned§3
DMISF131J0300nVICR

DM1SESF0J0u3N0AVICR
nlaneg|Sy
Glanma3ns
N160eF33e
0lenmnt bl

nlgneiAge
vlene2ys}
156PUTEX9035062
01e0e0378

A =AU U e R

AkoC33 016001062 CAPACITORFXD ,022UF +e10% 200YDC POLYE 28480 0lobmn162

haol3e 0160w

=

CAPACITORWFXD 24PF ¢aB% S00VDL CER 04m30 FLEE:N 1ohw2266
LY114:3
AgoLhd
haoLRY
haoLRd
A30CARS

28480
28u80
28480
28480
28480

190120040
1901 =0040
§901=0dTS
19010376
1301-D9135

DICDE=8WITLHING 30V SgYA av§ DDa3S
DIDDE«SWITCHING 39V S0MAE M3 D035
DICOE=GEN PRP 35v SOMA O0=3S
DICDESGEN PRP 35V SyM4A DDal§
DICDE-SCHOTTKY

1901 =00480
t901=n0d0
1901=03878
90103878
1901-0915

DICDE-SCHOTTKY
DIODESHITCHING 30V S0Ma 20§ DO«3S
DIDDE«BWITCHING 3oV SoMA 2N§ D038
DIODESWITCHING 30V SoMa 2M§ DO=35

haolRT
AQOCRE
hagtRY
WGOCR10

I1801-0915
190ta0040
19019040
i90t=nod0

208u80
paulin
28480
28480

19981-0915
1908=00d0
1%p1=00d0
190t=npdg

28a8y
20460
28480
2848y
28n8n

§90t=0nan
I T
19g1=inin
1901=0370
t201engdn

KAOLRIY
AntLR12
Agolaiy
[LLILET
haotR1s

19010040
190120040
19010040
19010376
19010040

DICPE-SWITCHING 30V S0oMg 208 [0=35
DICOE=SKITCHING 30V S0MA 2NS [De3S
DIODE«SwITCHING 30V SoMa 2ME [0w3S
DJODE=GEN PRP 35y SOMa 1Dw3S

DIODE=SWITCHING 30V SoMA 2M3 D0w3S

AqolRis 2848y

1901 =040 CIODELSWITCHING 3pV SoMAa 2M8 D0.3% 190Latnde
0490w0683
0490=006A3

haoKy
A0K2

RELAY=REED 14 SpoMad 1600v0L SVDCACODIL
RELAY=REED 14 SpnMa LoGovyDe SvDC=CDIL

28089
28a60p

[(ELIEYTY) ]
G490=0683

LR

284890
28480

AQOPYT
Agore

1251«6062
12516082

188804235
18580308
1A55and25
18552002%
18880425

18550025
18580425
10550025
18550425
1855«002%

185840425
185420071
189320020
1858.0081
18840071

CONNECTOR 1O0=PIN F PDST TYPE
COMNECTOR (o=PIN F POST TYPE

1251=hoad
t281wbg6p

YT
(11 1-H
4000}
Aq094
AGoos

Aa006
Aa007
ANORS
44009
480010

400014
Aq0012
140013
hapliga
Ag0q1%

22289 J3ne
2848¢ iBSS=a3nA
22229 J304
22229 Jlo4
22229 J304

TRANSISTOR J=FET nelHAN DemvnOE Tow92
TRANSISTORwJFET DUAL NelHAN DLMODE §I
TRANSISTOR J=FET NeCHAN (OwMDOE T0=972
TRANSISTOR J=FEY NalGHAN DaMDDE TDw®2
TRANSISTOA JoFET NeCHAN DeMUDE TO=92

22289 Jan4
22229 J304
22229 J3i04
22229 J304
22229 J304

22229
28480
28480
01298
2BaBY

TRANSTSTOR J=FET NeCHAN pevODE T0=92
TRANSTIBTOR J=FET NeCHAN DaMODE TOw9?
TRANSIBYOR JeFET NeCMAN DeMODE 10w62
TRANSISTOR JeFET N=[CHAN DeMODE 7092
TRANSIBTOR JeFET NeCHAN DeMODE T0=92

Jiod
tBh4=0071
1853=0020
2HR2UE
188421071

TRANGISTOR J=FET NeLWAN D=vQDE YOw92
TRANSISTOR NPN 8T POERIoQ™a FleZpoMHl
TRANSTSTOR PRP §1 PONX0D“A FTESCMHZ
TRANSISTOR JeFEY NelHAN D&MOOE 81

TRANSISTOR NPw 3] POm3go4w FTagpokui

28480
2B4B0
28480
28480
26480

[T TN
400917
AqoQ1 B
[T IL
(Y1111

TRANSISTOROUAL MAN TQe§2 PDWGan“M
TRANSISTOR=0UAL NPN TO=S52 PORS00MW
TRANSISTOR 4PN 3F PDwieo¥w FYs?5MH2
TRANSISTOR NPN 8] PDa3sovn FTaYSMHZ
TRANSISTOR JeFET NeCHAN DaMOpE YDeiR 8]

1A%4mc?53
18540753
18S4wnnb?
185400 ?
1855=0093

18%4a0753
185400753
18540087
18840087
185%5=00693

04295
0129%
9129%

EETEL S
ahu3e
anu3el

1A58w0420
18550420
185350420

TRANSTSTOR JwFET 2NA39L NelwaN D=MOUE
TRANSISTDOR JuFET 2N439] Ne[LHAN DaMOOE
TRANSISTOR J=FET 2MU3G1 NeCHAN DeMODE

K001
A40022
4000Q2)

A00R}
AuOR2
490RY 28
AGORG
hyons

01121
np12t
28480
2B48p
24548

cBinos

£8§n0%

0764-0016
07edmnol s

Cldm) fReTOMEAT | =F

048321005
0683a1008
0764-0016
PI60=0010
698wty 38

REBLBTOR 10 5% 258 Ff TCE=400/4500
RESISTOR 10 S% ,25% FC TCmedno/+500
RESISTOR 1K 5% 2W MO PC=0+-200
RESISTOR 14 5% gv MO TCwO4m200
RESISTOR 2,049K t¥% ,125W F Teace=tac

™ & ol LN TR Y] AR B L - B b B B B B e e R B ] [~

& SEE NOTE ON SCHEMATIC 7 See introductien to this section for ordering information

*Indicates factory selected value




Table 6-4. Replaceable Parts (Cont'd).

Qty Description I(\:ngzle Mfr Part Number

Reference HP Part
Designation | Number

AuORy 06831005
AUORY GhB3m1 105
A4ORA [T TV TR L
AUORS 0h%Bmildyn
AuoRi0 + 07570791

o6

RESIBYOR 10 5% ,25¢ FC TLwed00/4500 61121 cB100S

RESISTOR 10 9% ,25W FC TCe=mdfp/+¢500 01121 cAtO0S

RESISTOR 2,49% §% ,128W F TCmos=loo 24546 Clhiwl fBuTO=249]aP
RESISTOR Y, 4K |x 125w F YCa0ewi00 245u6 C4s1/BmTO=3ilinF
RESIBTOR 419K 1X 1254 F TCaQem) 0 28uBo 0757L0751

- DN U

RESISYOR 13,3K 1% .125wW F TC=+-100 g4sue Clal/BuTOwl330uF
RESISTOR=TRMR LoDk 10% £ BIDE=ADJ 17=ThN (3R RE 43p104
REBIBTUReTRMR 100K 10X € SIDE=ADJ 17«TRN 0211t 43r104
RESISTOR=TRMR 200 10X C BIDE=pAbJS 17=TRAN 021t ulp2ot
RESISTORTRMR J00K 10% C SIPE=ADJ 17«TRN (TR} 3P0

AuQRy3 0757-0289
IYLLIT] 2100=3094
AUoRY3 21003094
AUORLA 2100a3095
huoryS 2100=3094

RESISTOR 304K tx 1250 F TCEG4mi00 pusde Cldai/8uT0=3013=F
RESISTOR Bb,b6K 1% 125w F TCAG+wInd 24546 Cim1/BaT0eBbb2aF
RESISTOR 86,6K 1% ,125¢ F TCRosetng 245de Cdwl /BaTOubBbb2aF
RESISTOR 100 1% 125w F TCEO#=1040 2usSdé Clwl /RuTUS]ULwF

RESISTDR %09 1X ,125W F TCs0esino 2454e Cdmi /BeTO=F(9R=F

AyoR(s A157=08T
AUORET 069824511
AygREB 069820511
AGOR1® 075T=0ln1
AugRR0 075T=0422

RESISTOR &,98K 1% ,12%%W F TCm0+=109 2u%4s C4wl/BuT0b9BLwF
RESISTOR 100X 1% L1254 F TCE04elgD 2u%44 Clui/BaTOwl(03aF
RESISTOR=TRMR 20 10% € TOP«ADJ §=TRN 28480 ELLLITTL

RESISTOR 5.99K 1% L1250 F TCwo4=10C 24548 Clwl/BaTQalt99]F
RESISTOR 243K 1% ,125W F TC@Osmln0 2Uste Ciwl/BuTiw2d33aF

ANQR21 ob9aedli7)
hapRze 075 7=piss
AUOR2)Y 2100=3409
AgoRR4 0698-3279
KGoRZY 0757=0474

~o Ut N 0RO sk Eao

RESISTOR 130Kk 1% L1256 F TCEdemino puUBLD Cidnl/Butiml30d=F
RESIBYOR 261K 1% ,12% F TCu0+ey00 24546 CUe1FRmTOmang3wF
RESISTOR 100 1% 1258 F TCwmo4elon 245068 Clinl/8eTnal0f=f
RESIBTOR 576K 1% 12%W F TCRO+=100 28480 Db9BeTEN]
RERISYOR 10,5K 1% ,t25«¢ F TLwQemjto 24846 Clet/BatouilSieF

AGORRS 07570468
AgoRa? 069B=3455
A40RR8 0757mpunt
A4oR29 0698780}
A4 OR30 069BaulT?

pooE O

RESISTOR |, 24K 1% L1254 F TCmnemiog FLET T Céul/BaTQa]2ulaF
RESISTOR 6,190 1X L1254 F TCR0+=100 19701 MFUCY/BuTOnb]9inp
RESISTOR 909 1% L1254 F TCsOot={0D 2uGay Cle) /Ballud0SReF
REBYISTOR 90,9 1% 12%W F TCmge=q0( 24848 C4m| s8uTuqoRI=F
RESISTOR pax 1% 125w F TCmbewioo 24848 Clduw|/BuTiuldodF

AupR3t 069823223
AU0R32 0757w0290
A40R3D 07570422
AuoRye 0757=0u00
AgoR3S 069Bad 7Y

&g Jrt s

AugR3e 075T=0u00
A4oR3? 07570422
ALOR3E 0698e4479
AuQR39 069843581
aR0RGO 06983215

RESISTOR 99,% 1y 1254 F TCx04mi00 24544 Clul /BuTOuFIRIF
RESIGTOR 999 1% 1250 F TCEO4=100 24546 Clmt 7BmTimFOPNeF
RESISTOR 14K 1% 125w F Teedsuloo 245489 Clwt /BuTOsld08=F
RESIBTOR 13,7k 1% ,125% F TCuagat0Q 245486 CUat /8aTpulidlaef
RESIBTOR 499K 1% ,125W F TCmO4sino 2848¢ J698=3215

£~ £ D

RESISTOR 576K (X 3258 F TCepemqiQe 28480 0H69BeTRIY
RESISTOR 100K 1% 1254 F TC=04ei00 FLLTTY Clmt/BuT0ult0daF
RESISTOR 590K 1% 125w F TCwO4=100 28480 0bgBeB3d3
RESIBTRR 4ppK 1% 1250 F TCmo4miQe 28480 0698a4519
RESISTOR 3,16k 1% 1254 F TCEOewlto FLLAT Clal/BuToadtblar

LYULYY] 08987803
AapRy2 07570465
A4ORAY 0690828343
AyRyt 069824539
A4ORA% 07570279

Sag¢E

RESISYOR 249K TCE0baing 4546 Cldef/RalQe@i9d=F
RESISTOR 100K TCa0s=ifto 24546 Clat/anTOalG0daF
RESISTOR jo00k TCE04=i00 245ue Ciw]/BuToel 00 3af
RESISTNA fnoK TCEO+=iOn 20548 L=l /BaTOn1R)}eF
RESIBTOR 100K TCEGsmipn 20548 [dul/BaTlel0deF

ALOR4tL 07570270
A40R4T G7S7=0Ues
hugRyd 075 7=0465
AdoRY? 0757w0H68
AGORSO 075Tw0ubs

oo o0 -

RESISTOR 100K YCRO+m1 0D 20548 Cdw] /BaTha) GOieF
RESTSTOR jaokK {4 T EILLTY Chul /beTowliglef
RESISTOR jook TCmt+w100 2454 Cdw) /BaTOwl100Sef
RESISTDR 100K TCEQeai0d FLLLT CUwti/AaTOn1003eF
RESISTOR 100% LA25H TCul4=160 24glg ClUat/Ratdalpddef

A4ORS 1 07570465
AgoRER 07570465
[TTLLY 07570485
AuORSY 0757=046%
A4DRRS 0757=0485

s40RSe 0683e472%
A40RST 06834728
A40oRES 075Tuplb5
AUORSY [(NLILT LYY
AQQReD 0698~3486

RESIBTOA 4,7K 250 Fp TCmed00/¢700 o112y cRaT2s
RESISTOR &,7K W25¢ FC TCmat00/+700 n1i21 caaras
RESISTOH 100K JA25W F TCmp4myOC 24546 Clmls/BaTOmtbONF
RESISTOR 400K L2254 F TLND4=100 24546 Cldet/BaT0a)005=F
RESISTOR 232 1y ,125% F T{®0seing 2usup Clel/RuTOuz32K=F

NN oo

LVLETY] 0698=43A%
A4ORB2 069024373
ITTLITS 0757=0u4b%
AgORGY 0757=0ubS
AUORSS 06783279

RESISTOR 53,6 1% 1250 F TCRO+e]0G 24546 ClUnt/BuT(uS3Rbey
RESTHTOR 26,7 1% 1250 F TCupewlng g3e8e PYESSwt /8aT0w24RTaF
REBISTOR 100K 1% 1254 F TCeC4eild 24546 Clw) /8aTO0=]00inF
RESISTOR 100K 1% L1254 F TCRO4=jl0 24548 Cmj/BeTinl 003eF
REBIBTOR @,99K {X ,125% F TCHQ4=l0D 24546 Clwt/BaT0ndF91eF

A40ReS 075T=0400
YL Y 0757=0433
A40RpE 069940152
AYORBY 075 TepubS
AqoR70 07570281

RESISTOR 7,.5K 1% ,12% F TCw0+wjo0 24S4e Clm) /BmTOm7S501aF
RAESISTOR 3, 32K 1K (3TN F TCRG4=100 2454g Clel/aaTOn3S21wF
RESISTOR 649K 1% ,125W F TCEQe=100 2848p 06990152

RESISYOR fo0K 1% ,125W F TCep+wiOn ELLLE] Clw] /BmTim1003uF
RESISTOR 2,74K 1% 1250 F 1Cs0eainr 205udh Cld=l/Butlag?ila¥

o o@~- OO

AgORTL 06783382
QORI 06985513
A4OR73 0698mil?s
hapiTy 07%7=0280
AUORTS 06987332

RESISTOR S, 49K 1% 1254 F TCegselno 24548 Cla}/BaTpubidin¥
RESISTOR 97,6k 1X L1254 F TCRO¢e1p0 PELEE] PMESSa] /BuTOnT62eF
RESISIOR B, 06K 1% (125K F TCanselod 2u%as Chwl/hmTOmBOb]mF
REB,BTOR 1K 1X L1254 F TCuG4s100 24946 Clw}/BaTOull))aF
RESISTOR 1M 1% _125W F TCROewigo 20480 069Bw?33g

£ o —aly

AgORT6 DeFBal26b
LYTLEA 21000589
AUORTE 06987982
hagAre 0698e4%09
AUQRBO 075%epu442

RES1STOR 237Kk 1% ,12%4 F TCEQ4=i00 24546 Clel /8aTOuR3TRaF
RESISYORaTRMR 1M 20% C TOPeADJ |=TRN 284940 21000569
RESISTOR 976K 1% 125k F TCEO4=1D0 077te CEA] /8nTOwdTb3nF
RESIOTOR Bp, 6K 1% ,125% ¥ TCxppelle 24S4é Cln|/BuTOuBOBEF
RESISTOR 1OK 1% ,125W F TCRO4eiQ0 24846 CHe)/BaTlnl}02=F

-l Y

See introduction to this section for ordering information
*Indicates factory selected value




Table 6-4. Replaceable Parts (Cont'd}).

Reference HP Part
Designation | Number

hyoRel 0757.0280
ARQRBE 069080488
AUOREY 06%B-4519
A4ORSU B757=0280
A4ORES 0o¥Ba7332

Qty Description '&Iae Mfr Part Number

o6

RESIBTOR tk 1% 1254 F TC=0+=l0n 24546 Cidm1/BuTOuillleF
REBISTOR 24,9k 1% 125W F TCwOtelod 24546 (el /BnT0udd92aF
REBISTOR jugK (x ,12%W F TC®Q0ew100 2us4b Clul /BuTOmidDlaF
RESISTOR 1K 1X 1254 F TCsO+4w10Q0 24346 Clml/BuTOall0leF
RESISTOR 1M 11X ,12%% F Tis0+m100 28489 0698«7332

B ekt

hyoRes 2100=0%69 RESISTORTRMR (M 20x £ TOPwADJ j«TRN 28400 2100=0%569
A4out 18200477
Auou2 18Rb=pd1}
A4ouy LOCkan0Ub
LY 1826m041}
dyous VBRE=0U1S

DP AMP GP BeDIP=P L8324 LM301AN

DF AMP LOWeR]ASewHeIMPD T{a9% 34371 HAR=2405 w5
GAIN FINELINE 28480 10D6w00UG
0P AMP LOWsSBIASsMeIMPD T(e9G 3437y HAZw280%5eS
OP AMP LOW=BIASeHeIMPD TO=9% 37 HARwR2H05#5

YT 182bap) 09
AGOUY 182620357
Agove 182620138
ALOUS 182520118
AuoUro 18201148

OP AMP 4B TO0a99 343TL HAZa2h25=B0%93
OP AMP WB TOw99 27014 LF3STH
COMPARATOR GP GUAD 14=DIPwP 0129% LMIION
COMPARATOR GP QUAD 1d=DJPe=p 1295 LM3ION

GATE TTL L8 NOR QUAD 2sINP 01295 GNTULSa2N

CEEmIAE NN A

Aaouyy 1826=0138
Aug12 182020493
Augu1} LAZo=0U%]

COMPARATOR GP QUAD 14aDIPuP 0129% LM339N
OF AMP GP 8=D]PeP 27014 LMBOTN
OPF AMP GP BuDIP-P 27014 LM30TN

Ll

A40 MISCELLANEDUS PARTS

t360=10641 TERMINALLSTUD FKDwTUR PRESSMTG 0360w1 b8
0360=t910 TERMINAL=BTUD SPCL=FDTHRU PRESS=MTG D340e]91b
0380e1917 TEAMINALWBTUD SPCLFDTHRU PRESB=MTG 036001917
03680=1217 BTANDOFFwHEX T,6mMMelG 4, ,BeMM=p/F BRS ORDER BY DEBCRIPYION
1600e0870 CONMECTOR STRIP FOR U3 FINELINE 1600=0870

Lb0p=0872 CONNECTOR 4TRIP FOR U3 FINELINE 1600m0872

See introduction to this section for ordering information
*Indicates factory selected value




Table 6-4. Replaceable Parts {Cont'd).

Reference
Designation

Qty

Description

Mfr
Code

Mfr Part Number

0§80=029¢
01S0mp0t2

t902-1217
i902m1247
1906~0205

19700085
2110=0033
2110=00865

2lice0BbH
21100565
2110=0569

12514192
1251=6192
1251=6193
1251=6184
12514194

1281es)90
12516194
1251=6194
50697478
SobneTUtB

12%0.0083
1250=0083
9itow3tg
Blgnmyyue

07bden(Rd
0A37ap196
Moye=221e
LITEEIY-LH
3101=04bl
3101w 299
3101=1299
03700603

Joy=2298
3Mr1=2298

0 u=nibd
18260581

1200=047%
0340=0%80

= o £ o Al Al

L e - 0m

L' A D e e W D0 0

<

ED o DWW

CHASSS MOUNTED PARYS

CAPACITOR=FXD juFestny 3ISYOC TA
CAPACITORWFXD ,01UF ++20% I1KVDC CER

DIDPE=ZNR 6,2V 5% DOed PD310W TCE#,035%
DIODEwZNR & 2V §% D0ey PDmigr TCE4,035%
DIODE ASSEMBLY BRIDGE

TURE-ELECTROM BURGE ¥ PTCTR

FUSE 754 250V 1,25X,285
[FOR 1004120V DPEHATIODN)
FUSE ,Y75A 2%0y NTD t,25x,.25 ul
(FOR 2207200V OPERAYION)
FUSEHOLDER $0DY 124 MAX FOR UL
FUSEROLDER CAP 124 Max FOR UL
FUSEHOLDER NUT

COMNECTER 15«PIN ¥ POST TYPE
CONNECTDR 15=PIn M PRST TYPE
CONNECTOR éwPIN M PDST TYPE
CONNECTCR 8wPIN M PDET TYPE
CONNECTOR 10=PIN W POAT TYFE

COMMECTOR 10=PIn M PO8T TYPE
COMNECTLR 10ePINM M POST TYPE
CONNECTOR 10=PIN M POST TYPE
TERMINAL &SSEMALYLFRONT INPUT
TERMINAL ASSBEMBLYwREAR INWPUT

CONNECTORARF 8N¢ FEM BGLwHOLE=FR StaDHY
CONNECTORRF 8NC FEM BGLwHOLEFR GpaONHM
FILTER=LINE

CABLE AS8Y 1BANG Y=[NDCY BLKeJKT

RESISTOR 100K Sy 2W MD TCan4=280
MO VARISTOR 430V RMS

BWITCHePR DPDT ALTNG 44 PSGVAC

KEY CaPelINE

SUTTCH=PB 6PDT ALTNG ,54 1UGOVAC
SWITCH=GUARD, PB DPDT
SWlTCH=-GUARD, PAH DPDT

KEY CaR 714 1IN 831 ,55. [N Wi FOR

SWITCH=BLIOEs VOLTAGE SELELT
SWITCHeBLIDE, VOLTAGE SELECT

TRANSFORMERPURER 1007120 /2204240Y
VOLTAGE REGULATORa LME23¥

SOCKETeX8TR 2«CONT TOw3 SLDR&TUR
INSULATUR=XSTR YHRM=CNODCT
NOTE

MANY OF THESE PARTS ARE ILLUSTRATED IN
FIGURES 6-3 TO 6-11.

56289
Se289

284B0
2B4By
28480
ELELT

ZByBn
2848y

uengy
28480
ZBUBD

28480
28480
28480
28480
F8uB0

28480
e4udo
28480
78480
2848

28480
28460
28480
28489

284890
28uBY
28uB0
28080
28a6¢
28a6n
28480
28480

FLELD]
28ugy

28480
27014

28480
28480

£500105X903642
COZ3ALNEJIUIMEDS

1902=1217
19g2=1217
1906-0205

1970=0085
2110=0033
R110=0065

ubt, 1657
Rl10=0508
21100569

1251mb6192
1251 =b192
12516193
1251=6164
1251=6190

1251=6194
1251=b184
1231mb1 94
5060eT47H
EChO=Tute

1250=00H3
12500083
F1o0=3910
Bygoey3as

yTelep28
GBT7=01%8
30 e2210
S041=1082
3to1=nideg
3101=9299
3101=129%
037000403

3101e2298
3101=2298

95000469
LM523K

1240=0479
t340w0580

6-18 Rev B

See introduction to this section for ordering information
*Indicates factory selected value




Table 6-4. Replaceable Parts (Cont'd).

Reference HP Part i Mfr
Designation | Number Qty Description Code Mfr Part Number

MISCELLANEQOUS PARTS

D3uSeaftong
03486m=00102
034%sa0010d

03456-00105
03456002014

LhAS3I8eINGUARD, R1GHY 26480 oduSesntyn
CrAd8T9eINGUARD, LEFT 28480 034Semgoyng
GUBSET=0UTGYARD 28480 63uShennynd
GAUSSFT-QUTGUARD 25480 03456-00105
PANELwFRONT 2848y u3aSh=pnnd
0345600202 PANELwCALEIRRATE 284480 0314Sbmpb20e
PANEL=SUS 28480 034%ben0204
REAR PANEL 28480 03456-00205
SHIELD-OUTGUARD 28440 03456-00603

03uSbe00R04
03456-00205
03456-010603

- o0 om o W A

0345pe0t20t BRACKET=aTRANSFORMER 28460 G3uSbent120]

BRALKE ToPANEL “OUNT 28080 | o3useentzod
BRACKET=GUSSET 28480 | uluseactaca
SHIELDaINGUARD 28080 | o34Sewpuiny

034Seap1203
034Sbe01204
034Shudd]ng

D3456-04103
03uSee0d10k
LY TR
03486w00)08
03456-04109
03456-04401
039040006
1460e1348
So6ls0088
08e0ei990
5041-3076

IR

SHIELD-RMS COMVERTER 28480 03456-04103
SHIELDwTOP 28uB0 034Seendinh
SHIELD=BOTTOM 20480 03uSeendyos
TOP COVER 28uB0 03uSbendirs
POWER SHIELD 28480 03456-04109
FRAME-REAR MOD 28480 0345604401
INSULATORFLG=BAHG NYLON 28480 03900000
TILT 8YAND 88Y EEELTY 1de0=1345
FRONT WANDLE kJ7T 28480 50&]=00bA
TERMINAL «8TUD DAL=TUR PRESS=MTE LT 0360w]99p
CAPLGCKING FOR TERMINAL SWITCH 28480 5041-3076

EXDNW o0 dn - MDD

LIGHT PIPE=PANEL 28480 Unyireipis
WINDDWeDTBPLAY 28480 41ldepba
TRIM BTRIP FL-ET:10) B00im0y38
FRONT FRAME 28480 5020wE80)
SIDE STRUTS 26480 SupnaRpEiz

4040e) b4S
411d=npb8
8001apa3s
3020=R801
5020-86832

L e R

PUSHRDDaFGR 81 aND 82 PBUBN S0utwTngd
FODNT(8TANDARD) 28089 S04pwT20)
TRIM=TOP 28080 SOUNmT2NZ
STRAP WANDLE CAP=FRONT PEUBE SounmTA1G
STRAP HANDLE €aPwREAR 28489 SNuneTR20

SoupeT0R2S
Sougw7201
S0u0=7202
S040.7219
S040w7220

e B M e B R e e

w08 D 0oy

50609804 STRAP HanpLEwlRalN 26480 SnbU=IROU

S0e0=9B47 BECTTOM COVER 2BUBR 50bteFkaT

$060-9876 SIDE COVER ASSEMBLY 28480 5060-9876
5060-9507 SIDE COVER-NO HANDLE 28480 5060-9907

T120=3528 LABEL=CAUTION ELT 0 T120m3528
T120-4008 LABEL«INFORMATIDN ¢B8abu Ti2oeta0s
Ti20=8807 LABEL»METRIC ELEET HauwBep?

NOTE

MANY OF THESE PARTS ARE ILLUSTRATED IN
FIGURE 6-1 AND FIGURES b6-3 TO 6-11.

See introduction to this section for ordering information
*Indicates factory selected value




Replaceable Parts

Model 3456A

NOTE

The MP Designations used on this page apply
only to those parts calfed out in Figure 6-1.

MP18 Mp8

Reference
Designation

-hp- Part Number

[N x)

Daseription

MP1
MP2

MP3

MP4

MP5

MP6

MP7

MP8

MP9
MP10
MP11
MP12
MP13
MP14
MP15 Aq
MP16
MP17 440
MP18

5020-8801
03456-04401
03456-00204
03456-00203

5040-7202

5040-7201

1460-1345

5040-7219

5040-7220
03456-00201

5060-9876

5001-0438
03456-00202

5020-8832
03456-04108

5060-9847

5060-9907

5060-9804

W PO=O~ O =000 W®~000n 4

UGN YT O X QPO S G X QS G g G

FRONT-FRAME
REAR-FRAME MOD
SUB-PANEL

REAR PANEL

TOP TRIM, FRONT FRAME
FOOT

TILT STAND

STRAP HANDLE CAP-FRONT
STRAP HANDLE CAP-REAR
FRONT PANEL

SIDE COVER, W/HANDLE RECESS
SIDE TRIM, FRONT FRAME
PANEL-CALIBRATE

SIDE STRUT

TOP COVER

BOTTOM COVER

SIDE COVER, NO HANDLE
STRAP HANDLE-18 IN

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.

Scraw

Washer, Internal Tooth
Washer, Halical
Standett

Nut x

-—“——;—_‘_———___—_ oW
Washer, Internal Tooth
Washar, Halical
Standoff

Nut

A21 Assy. Mounting Scraw
Washer, Halicel

Relay Mounting Screw
Washer, Helical

Refarance

Dasignation -hp- Part Number Description

=
g

SCREW-MACH M3 X 0.5 16 MM-LG PAN-HD
WASHER-LK INTL T 3 MM 2.3-MM-ID
WASHER-LK HLCL 3.0 MM 3.1-MM-ID
STANDOFF-HEX 7.6-MM-LC 4.8-MM-A/F
NUT-HEX DBL-CHAM M3 X 0.50 1.8 MM-THK
SCREW-MACH M3 X 0.5 6MM-LG PAN-HD
SCREW-MACH M3 X 0.6 20MM-LG-PAN-HD
STANDOFF, THREADED-M3 X 6.0

MP1 0515-0064
MP2 2190-0521
MP3 2190-06584
MP4 0380-1217
MP5 0535-0003
MP6 0515-0211
MFP7 0515-0057
MP8 0380-1258

OO O W
NNPEPDLAROOE

Figure 6-2. A20 Board Miscellaneous Fastener Parts.




Replaceable Parts

Model 3456A

NOTE

The MP Designations used on this page apply on-
ly to those parts called out in Figure 6-3.

MP2

Aaferance
Designation

-hp- Part
Mumbar

Dascription

MP1
MP2
MP3
MP4
MP5
MPE
MP7
MP8
MP8
MP10
MP11
MP12

A9

03456-04109
1251-6184
1251-6194

03456-00204
05615-0212
0515-0219
1251-6182

03456-04109
0515-0211

03456-00102
0516-0211
0515-0212

N N O S O Y

Chassis-Inguard-Right

Connector 8 Pin M Post Type

Connector 10 Pin M Post Type

Sub-Panel

Screw-Mach M3.5 x 0.6 6 MM-LG Pan-HD
Screw-Mach M3 x 0.6 6MM-LG Flat-HD
Connector 15-Pin M Post Type

Power Shield

Screw-Mach M3 x 0.5 6MM-LG Pan-HD
Chassis-Inguard-Left

Screw-Mach M3 x 0.5 BMM-LG Pan-HD
Screw-Mach M3.5 x 0.6 6MM-LG Pan HD

6-22 Rev B

Figure 6-3. Top View of Chassis with PC Boards Removed.




Model 3436A

Replaceable Parts

ROTE

The MP Designations used on this page apply on-
Iy to those parts called out in Figure 6-4.

Refarance
Designation

hp- Part
Numhgr

=
-
-

Dezcription

MR
MP2
MP3
MP4
MF5
MF&
MP?
MF&
MFP3
MP10
MP11

Ayg

03456-04109
1380-0458
1390-0457

03456-01204
0515-0212
0515-0219

03456-04103
0515-0215
0515-0212
0515-0211
0515-0211

R e

Power Shield

Fagstanar-Snap-In Grommet
Fastener-Snap-In Plunger

Bracket-Gusset

Screw-Mach M3.5 x 0.6 6MM-LG Pan-HD
Serew-Mach M3 X 0.5 6MM-LG Flat-HD
Shigld-RM3S Convertar

Scraw-Mach M3 .5 x 0.6 20MM-LG Pan-HD
Screw-Mach M3.5 x 0.6 6MM-LG Pan-HD
Sgrew-Mgch M3 x 0.5 BMM-LG Pan-HD
Screw-Mach M3 x 0.5 BMM-LG Pan-HD

Figure 6-4. Bottom View of Chassis with PC Boards Instatled.
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Replaceable Parts Model 3456A

NOTE

The MFP Designatigns used on this page apply on-
Iy to those parts called out in Figure 6-5.

Reference -hp- Part
Designation Numbar
MP1 2510-0192
Mp2 03456-00103
MP3 4040-1415
MmP4 03B0-1267
MPS 03456-04102
MP& 0624-0461
MP7 03456-04101
c2 01650-0012
CR2 18021217
E1 1970-0085
R 0764-0028
0837-0196

g2
-

Screw-Mach 8-32 x .25 100° Flat-HD
Gusset-Outguard

Spacet-Insi

Spacer-Foly

Shield-Qutguard

Screw-Tapping 8-16 x .5 Pan HD Plastite
Shield-lInguard

Capacitor-Fxd .01 pF

Diode-Znr 6.2 V

Tubs-Electron Surge Protector
Resistor, 100K 5% 2W

MO Varistor 430 V RMS

- ot e ok = — B — GO O = OO

Figura 6-5. Bottom View of Chassis with PC Boards Removed.




Madel 3456A Replaceable Parts

NOTE

The MF Designations used on this page apply an-
Iy to those parts calfed out in Figure 6-6 (A, 8B, &
.

A. Side View of Chassis Showing Handle/Hardware.

B. Side View of Chassis with Side Cover Removed.

C. Opposite Side of Chassis with Side Cover Removad.

Referenca ‘hp- Part

Designation Number
MP1 2680-0172
MP2 5040-7219
MP3 5060-92304
MP4 5040.7220
MPE 0624-0461
MF& 0515-0211
MP7 0515-0211
MPE 0515-0210
MPS 0515-0212

Degcription

2
-

Screw-Mach 10-32

Strap Handle Cap-Front

Strap Handlg-18 In

Strap Handle Cap-Rear

Serow-Tapping 8-16 % .5 Pan Haad Plastite
Screw-Mach M3 x 0.5 BMM-LG Fan-HD
Screw-Mach M3 x 0.5 6MM-LG Pan-HD
Scraw-Mach M4 x 0.7 x 8MM-L.G Pan-HD
Screw-Mach M3.56 x 0.6 6MM-LG Pan-HD

MO R L e = =MD

Figura 6-6. Side Views of Chassis.




Replaceable Parts

Model 3456A

NOTE

The MP Designations used on this page apply on-
Iy to those parts called out in Figure 6-7 (A & 8),

AZ Board

A. Front Panel.

B. Front Frama, Cal. Panel, Sub Panel, and A2 Board Assembly.

Refarence
Dasignation

-hp- Part
Numbar

Dazeription

MF1
Mp2
MP3
MP4
MP5
MPG
MP7
MPB
MP2
MP10

03456-00201
4040-1645
4114-0868

03456-00204
0515-0211

03466-00202

03456-01203
2510-0133

03486-01204
6020-8801

Front Panal
Light-Pipes
Window — Display
Sub-Panel

Panel-Calibrate

Front Frame

Screw-Mach M3 x 0.5 6MM-LG Pan-HD

Bracket-Panal Mount
Screw-Mach 8-32 x . 188 Pan HD
Bracket, Sub Panel

Figure 6-7. Front Assembly {Inside View).




Model 3456A Replaceable Parts

NOTE

The MP Designations used on this page apply orn-
Iy to those parts cafled out in Figure 6-8 (A & BI.

WARNING:
GUARD VOLT/

!

MP4

A. Inguard Chassis Hardware—Front.

MP14 MP12
MP13

B. Rear Panel.

Referonca -hp- Part

Designation Numbar

MP 1 03456-00102
MP2 0515-0212
MP3 03456-00101
MP4 0824-0314
MP& 0380-1214
MP& 05150226
MP?  &qp 0624-0034
MP8 Ajn 2110-0564
MPS  Ayq 2110-0665
MP10 Ayp 0340-0580
MP11 A4 0515-0212
MP12 Ayg 0570-1171
MP13 Ay 0510-0043
MP14 Ayq 06156-02156
J38 BO6B0-7478
J40, Ja1 1260-0083
56, 56 2101-2288
Ul Ay 1826-0181

Description

£
—-_

Chassis-Inguard-Laft

Seraw-Mach M3.5 x 0.6 6MM-LG Pan-HD
Chassig-Inguard-Right

Serew-Tapping 4-20 x 375 Pan-HD Plastite
Standoff Scrow-HP-1B, Metric

Scraw-Mach M3.5 x 0.6 10MM-LG Pan-HD
Seraw-Taping 6-20 0.5 Pan-HD

Fuseholder Body

Fuseholder Cap

Insulator-XSTR THRM-CNDCT

Screw-Mach M3.5 x 0.6 6MM-LG Fan-HD
Screw-Cover Mtg.

Ring-Rat Ext-E-.147 Dia

| Screw M3.5 = 0.6 20MM-LG Pan-HD
Terminal Azsembly-Front Input
Connector-RF BNC

Switch-Slide Voltage Seleat

Voltage Regulator-LM 323K

B e T < B SR s R+ B S o - L R R = - I [ ]

o R P e = D) LY =k e =3 -3 BRI o= R R — R =

Figure 6-8. Inguard Chassis—Front and Rear Panal.
Rev B 6-27




Replaceable Parts Model 3456A

NOTE

The MP Designations used on this page apply on-
Iy to those parts called out in Figure 6-9 (A & B).

MP2 38

/

A. Inside View of Front Terminal Assembly and Guard Switch.

B. FrlnnﬂlﬁearHSﬁuitcl‘l (F{H)

Aotarence -hp- Part
Benignetion Mumber

MF1 06B16-0214 Screw-Mach M2 x 0.4 6MM-LG Pan-HD
MFP2 05150211 Screw-Mach M3 x 0.6 6MM-LG Pan-HD
MP3 0R15-0214 Screw-Mach M2 x 0.4 6MM-LG Pan-HD
MF4 B040-7023 Pushrod for 52

J38 5060-7478 Tearminal Assembly-Front Inpug

52 3101-0461 Switch-Front/Rear-PB 6FDT

54 3101-1289 Switch-Guard-PB DPDT

Degcription

Figure 6-9. Inside View of Front Terminal Assemhbly, Guard Switch, and Front/Rear Switch.




Model 3456A Replaceable Parts

NOTE

The MP Designations used on this page apply to
those parts called qut in Figure §-10 (4 & B).

MP1 54

A. Inside View f ar Terminal Assembly and Guard Switch.

B. AC Pawer Switch.

Rafarance -hp- Part e
Daseription Number Description

MP1 0615.0214 Secrew, Mach M2 x 0.4 6MM-LG Pan-HD
MPZ2 0515-0211 Screw, Mach M3 x 0.5 6MM-LG Pan-HD
MP3 0615-0217 Scrow, Mach M2 x 0.4 4MM-LG Pan-Hd
MP4 5040-7023 Pushrod for 51

J39 hOG0.7478 Terminal Assembly-Rear Input

51 3101-2216 Switch-FB DPDT ALTNG 4A 250 VAC
54 3101-1299 Switch-Guard PR DPDT

Figure 6-10. Inside View of Rear Terminal Assembly and AC Power Switch.




Replaceable Parts

Model 3436A

NOTE

The MF Designations used on this page apply on-
ty tp those parts called oul in Figure 6-7T171.

Aaference
Designation

-hp- Part
Number

Description

MP 1
MP 2
CRS Arg

03456-01201
{3515-0216
1906-0205

Bracket-Transformer
Screw-Mach M4 x 0.7 50MM-LG Pan-HD
Diode Assembly Bridge

—

Figure 6-11. Power Transformer and Bracket; Voltage Regulator, Zener Diode, and Bracket.
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I WARNING l

These servicing instructions are for use by trained
service persannel anly. To avoid electrical shock, do
nat paerform any servicing other than that contained
in the operating instructions unless you are qualified
to do so.
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SECTION Vil
MANUAL CHANGES

7-1. INTRODUCTION

7-2. This scction 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 in¢luded 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 aumber. Perform these changes
in the sequence listed,

7-5. If your instrurnent 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.

Tabta 7-1. Manual Changes

Instrumant Serisl Number Make Manual Changes

2015A00260 and Below
20715A00379 and Below
2015A0052% and Balow
20715A00950 and Below
2015A01865 and Balow
2015A02160 and Below
2015A01866 thru 20715429085
2015A02970 and Below
2015A03070 and Below
2015A04595 and Below

o B a1 R
1o 2t 2

PR
L G G

PR N R N i SN Y

—_

2201A04596 thru 22D1A4795

7-9. Change #2
7-10. For serial numbers 2015A0037% 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 E425 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 configurea .o 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. Change #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).

Red, Part 4
1]

Dos, Numhéar Daeeription

7-6, MANUAL CHANGE INSTRUCTIONS
1-1. Change #1
7-8. For serial numbers 2015A.00260 and below.

a. Page 8-83/8-84, Figure 8-70 (Schematic 9, Main
Controller Schematic). Delete inverters A4U16b and
Uléc, as shown in Figure 7-1. Since part of Ul6 iz also
used in other circuits, only delete U16b and Ul6e.

b. Page 6-7, Table 64 (Replaceable Parts). Change
A4U18 from 1820-0693 to the following:

C
D

AdU18B I 1820-1112 l 8 | IC SN74L574AN

Description

Ref_ Part
Daz. Kumhbar

A4QCT 7.C1BI 014Q-0202 I 2 ICAPACITDH-F}(D 15pF BOOVDC

c. Page 8-81/8-82, Figure 8-69 (Schematic 8, Inguard
Logic Schematic). Change the following:

1. Delete A300I25a from the schematic, as shown
in Figure 7-2.

2. Connect a .0047uF capacitor (A30C12) from
pin 1 of A30Ull 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:

Ruf, Part c
Dos, Numhar 1]

A30CT2 I 0160-4298 | & I CAPACITOR .0047xF

Description

RevB 7-1




Backdating Model 3456A

¢. Pape 8-83/8-84, Figure 8-70 (Schematic 9, Main 7-13. Change #4
Controller Schematic). Change Address Line Al0con- 714 For serial numbers 2015400950 and below. Use
nection as shown in Figure 7-3. new part number (1855-0460) shown in Table 6-4, when %
replacing A20Q406. The old number is: 1855-0246.

1810-02732

as
47 100K |
5

ICRO
PROCESSOR

10 Uiga

LUEOERE)

11
1o U4c( L]
z
2
1
Uta

Figure 7-2. Change #3 on Schematic 8
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Figure 7-3. Change #3 on Schematic 9
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Backdating Model 3456A

7-15. Change #5 4. Change R21 from 9.09K ohms to 6.98K ohms.

Do not change the resistor if C11 is missing from
7-16. For serial numbers 2015A01865 and below. All the A40 assembly or hybnd U3 has been rep]aced_
changes pertain to the A40 Assembly.

a. Page 8-79/8-80, Figure 8-68 (Schematic 7, AC 5. Change R24 from 4.99K ohms to 3.16K ohms.
Converter Schematic). Do the following: Do not change the resistor if C11 is missing from
the A40 assembly or hybrid U3 has been replaced.
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 6. Change R60 from 232 ohms to 301 ohms. Do
been replaced. not change.the resistor if C11 is 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.
b. Page 6-14/6-15/6-16, Table 6-4 (Replaceable
3. Change C22 from .0154F to .018xF. Do not Parts). Do not make the following changes or additions
change the capacitor if C11 is missing from the if capacitor C11 is missing from the A40 assembly or
A40 assembly or hybrid U3 has been replaced. hybrid U3 has been replaced.

RETIRLL

7

&

®

B6. 6K gy, ¥
3

/:m{} 11 55T

R27 R26
261K 130K 100

JHPRA 0wt JHPRY ot \g‘!
) H 4 3
o o 4 o
=12V +12V =12V 3 +12V
1

Figure 7-4. Change #5 on Schematic 7




Model 3456A

Ref. Part
Des, Numhar

[— ]

Description

A40C3 0160-2202
A40C1T1 0160-3502
A40C12 0160-4807
A40C22 0160-0302
A40R21 0698-4470
A40R24 0757-0279
A40R60 0757-3486

7-17. Change #6

CAPACITOR-FXD 75pF 300V
CAPACITOR-FXD .3pF 500vDC
CAPACITOR-FXD 33pF 300VDC
CAPACITOR-FXD .018uF 200VDC
RESISTOR 8.98K 1% .1256W
RESISTOR 3.16K 1% .126W
RESISTOR 301 1% .125W

NO GG W

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. 1If 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/B-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. Part

4
Des. Number 0

Dageription

A40R3 | 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
ROM s 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 (U5, 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
ﬂ] 03456-56540
P

INFUT ATTENUATOR

10 FRONT/REAR

TERMINAL SWMITCHIS2Y

A20 P17
.
ACY 2L
6 FHDHHU?CDZIZDI ' £
H
H

H ALD 2

) 6 FRUHNU?EDZH'JI_E_<<_4_
:
:

H3
6 rnam U70106)

g 354
oK

Figure 7-5. Change #8 on Schematic 7
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Backdating Model 3456A

a. Page 6-6, Table 6-4 (Replaceable Parts). The Table 7-3. Individuval ROM Signatures
changes are as follows:

Stort)5top ROM

Ret. l Part | C Connaction Pin # Signatura
Des, Number D Dazeription
17 g78c

asUs | 18181367 | 0 | IC MEMORY, ROM A ,
Aau7 | 1818-1368 IC MEMORY, ROM 4UG pin 7 9 igg?

1
AdUs | 18181369 | 2 | iC MEMDRY, ROM 10
1M ABAA

b. Page B8-A-3/8-A-4, Table 8-A-1 (Data Bus 13 1p22
[D0-D7] Signatures, Service Group A). Replace Table 1a 3AGFP

Po-D7] e, 15 24H5
8-A-1 with Table 7-2. 16 UUHA

17 02HA

NOTE
Note. Set the Signature Analyzer 10:
Make sure the ROMs in the 3456A agree Star: (T} see Table

with ones listed in Table 6-4. Update the Stop: |~} see Table

table only if the ROMs are different from Clock: (=L} A4TFI-C

the ones that are listed. The "1'" {High, + 5V} signetura is: 1180,

Tahie 7-2. Data Bus (D0-D7) Signatures 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-
Data AGPS ing:

o Pin? Sigoaere h. Turn the 3456A On and check the following
0o 7 2AP3 signatures. If any signatures are bad, try the recom-
g; g FF';;;’ mended integrated circuit(s) in the given order. Replace

the one on the left first and then replace the one next to

10 F I . .
gi " ggogs it, if the signature was still bad.

D5 12 HHBA L.C. Pin # Signature Replace

06 13 7867
oS ISR et A3U4 11 1180 AlU4 C
A3U4 10 0000 A3U4,U8
MNote. Set the Signatura Analyzer to: A3U4 12 1180 A3U12,U’7,U3,U4
Start: (o} A4ATP3-A AlUI4 15 1180 A3U14
Stopr (™) A4TP3-B A3Ul2 3 2P23 A3z
Clock: (™) A4TP3-C AUz 5 4H88 A3UI2
The *1* {High, + 5 V} signature is: 0003. A3UL2 11 Ce6C A3z
A3UI12 14 3931 A3UI12,Ul4
c. Page 8-A-3/8-A-4, Table 8-A-4 (Individual ROM A3UL2 13 1931 A3U12
Signatures, Service Group A). Replace Table 8-A-4 with A3U7 0654 A3U7
Table 7-3. A3U7 OF76 A3UT
. . A3U7 3574 A7
Table 7-3. Individual ROM Signatures A3UT 441P A3UT7, U8
A3UT 441PF A3U7
Start/Stop ROM A3USB 441P A3USB
Conneetion Pin # Signature A3Ul4 3931 AlU14
AdUE pin 10 9 2p23

:? gggg e. Page 8-A-16, paragraph 8-A-26 step . Change the

13 3931 signatures in step j of paragraph 8-A-26 to the follow-
14 0654 ing:

15 OF76 ) '
18 3574 j. Check the following signatures and if any are bad,

17 431F replace the recommended Integrated Circuit in the given
A4UE pin 9 9 1A11 order:

10 9751 L. Pi Signature Replace
11 3PUM LC in # gnat P

13 CA4A A3US 5 11280 A3Ug U4

14 7CA7 A3US 11 OF76 A3US, U4

16 480A A3U8 13 6P07 A3UR,U14 w
18 11F6 A3UB 6 U280 A3UB




Madel 3456A

L.C. Pin #  Signature

A3USB 10 OF76
A3US 14 3501
AlUl4 2 FESA
AlUl4d 6 4210
A3U4 10 3501

Replace

A3U3
A3U8
A3U14
A3Ul4
A3Ul4

f. Page B-A-16, paragraph 5-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:

L.C. Pin #  Signature

A3U4 10 1180
A3U4 12 0000
A3US 15 1180
A3US 5 2P23
A3US 11 4488
A3IUB 13 Ce6C
A3Ul4 132 3931

Replace

A3U4,U8
A3UI2,U7,U8,04
A3U3

A3US8

A3UR

A3US

AlUl4

2. 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
arder:

1.C. Pin #  Signature

A3UI2Z 3 2P23
A3U12 5 1180
A3Ul2 1 Co6C
A3UI12 13 393]
AlUI2 2 2P23
A3UI12 6 1180
A3U12 10 C66C
A3UI12 14 3931
A3L? 2 P23
AT 6 4H88
A7 10 Co6C
A3U7 14 3931
A3US8 2 3931

Replace

A3U12,U7
A2, L7
A3U12,U7
A3U12,177,U8
A2
A2
A3UI2
A3z
A7
AMI7
Al3U7
A3U7
A3US

7-25. Change #10

7-26. For serial numbers 2015404595 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 fansg 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 A3CRS to
diode rectifiers A3CRS through AICRE, as shown in
Figure 7-6. Add fan Bl, and change fuse F1 to 750MA
and 375MA, as shown in Figure 7-7.

c. Page 6-5, Table 6-4 (Replaccable Parts). Change
and add the following:

Rof, Part

Dox, Numbar Doscription

DIODE-PWR RECT 100V 6A
DIGDE-PWR RECT 100V GA
DIODE-PWR RECT 100V GA
CICDE-PWR RECT 100V 6A

A3CRE
A3CRB
AJCR7
A3CRE

1901-0662
1901-0662
1901-0662
1901-0662

d. Page 6-7, Table 6-4 (Replaceable Parts). Change
Heat Sink A10H]1 through A10H4 to Part MNumber:
1205-0462.

e. Page 6-18/6-19, Table 6-4 (Replaceable Paris).
Add and change the following:

Ref., Part c

Dea. Numhber D Dascripton

FAN MOTOR

FAN BLADE

FILTER-AIR

FUSE 754 250V 1.25X.25
{FOR 100V/1 20V QPERATION)
FUSE .375A 260V NTD 1.25X.25 UL
{FOR 220V/Z40V OPERATION)
GAUSSET-OUTGUARD
GAUSSET-SHROUD
PANEL-REAR

FAN SHIELD-TOP

FAN SHIELD-BOTTOM
BRACKET-REGULATOR
SHIELD-OUTGUARD
SHROUD-FAN

TOP COVER

SIDE COVER-NO HANDLE

Bi1 3140-0604
3160-0307
3160-0300
F1 23110-0033

F1 211Q-00865

-

03456-00103
03456-00104
03456-00203
03456-00601
03456-00602
03456-01202
03456-04102
5040-8304
5060-9835
5QE6Q-9852

f. Page 6-18/6-19, Table 6-4 (Replaceable Parts).
Delete bridge rectifier CRS (Part Number: 1906-0205)
from the table.

OO~ -~am

g. Page 6-20, Figure 6-1 (Chassis/Cabinet Parts).
Change the following in the table located in Figure 6-1.

-hp Part ¢
Numbar ] 1] | My I

MF15 | 5060-9835 4] 1 TOP COVER
MP17 SOH0-9852 1 1 SIDE COVER, NO HANDLE

Red.
Des,

Dascription

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, I -hp- Part

C
Des. Number 1 b ‘ Qty | Deseription

MP1 I 03456-00602| o l 1 [ Fan Shield, Bottom

RevB 77




Backdating

Model 3456A

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

(1)
@

Volts/2ZWR{/4AWRSl Terminals - input terminals for the
ACV, DCV, ACV+DCV, and 2-Wire Chms measurements.
In addition, the terminais 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.

Vokltmeter Complete Connector - Qutputs pulse during mea-

® @O ®®

HP-IB Connector used to connect to HP-IB.

HP-IB Address Selection Switch - Sets 3456A HP-IB 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 262 V -.375
amp.

AC Power Connector.

Figure 7-6. Change #10 in Figure 3-1

surement cycle.
220,240
1 [
2 S
3 4

GUARD

100/120

D)

NOTE »
5% AND S& [REAR PANEL}
SHOWN WITH 120V SELECTED

QUTGUARD POWER SUPPLY
063456-66503

5% SUPPLY FOR A3 BOARD
(+4,75 70 5.25%1
I 8A MAX

Figure 7-7. Change #10 on Schematic 14
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Backdating

NOTE

The MP Designations used on this page apply on-
Iy to those parts called out in Figure 8-3.

Refaronce
Designation

-hp- Part
Numbar

Description

MP1
MF2
MP3
MP4
MP5
MP&
MP7
MP8
MP9
MP10
MP11
MP12

03456-00101
1251-6184
1251-6194

03456-00204
0515-0212
0515-0219
1251-6192

03456-00601
0515-0211

03456-00102
0515-0211
0515-0212

N N N T - S S Ny

Chassis-Inguard-Right

Connector 8 Pin M Post Type

Connector 10 Pin M Post Type

Sub-Panel

Screw-Mach M3.5 x 0.6 6 MM-LG Pan-HD
Screw-Mach M3 x 0.5 6MM-LG Flat-HD
Connector 15-Pin M Post Type

Fan Shield, Top

Screw-Mach M3 x 0.5 6MM-LG Pan-HD
Chassis-Inguard-Left

Screw-Mach M3 x 0.5 6MM-LG Pan-HD
Screw-Mach M3.5 x 0.6 6MM-LG Pan HD

Figure 7-8. Change #10 in Figure 6-3




Backdating Model 3456A

}. Page 6-27, Figure 6-8 (Inguard Chassis-Front and k. Page 6-30, Figure 6-i1 (Power Transformer and
Rear Panel). Replace Figure 6-8 with Figure 7.9, Bracket; ec.). Replace Figure 6-11 with Figure 7-10,

NOTE

The MP Designations used on this page apply on-
Iy to those parts cafled out in Figure 6-8 (A & B).

. .
CWARNING

 GUAAD VOLTT

L

MP4
A. Inguard Chassis Hardware—Frant.

MFP& MP7

JA0 MP16 MP14 141 MP13 MP132
MP15
B. Rear Panel.

Refarence -hp- Part C
Dasignation Numbar 1]
MP 1 03456-00102 5
MP2 0515-0212
MP3 03456-00101
MP4 0624-0314
MP5 0380-1214
MP6& 0615.02258
MP7 0515.0211
MPB 2680-0265
MP9D 0380-1208
MP1O 2110-0564
MP11 2110-0566
MP1 2 3150-0300
MP13 0515.0212
MP14 0570-1171
MP15 0510-0043
MP16 0515-0215
J38 5060-7478
J40, J41 1250.0083
55, 8% 3101-2298

aty Description

Chassis-Inguard-Left

Screw-Mach M3.5 x 0.6 6MM-LG Pan-HD
Chassis-Inguard-Right

Screw-Tapping 4.20 x .375 Pan-HD Plastite
Standoff Screw-HPIB, Metrig

Screw-Mach M3.5 x 0.6 10MM-LG Pan-HD
Screw-Mach M3 x 0.5 8MM-LG Pan-HD
Screw-Mach 10-32 x 1.0 Pan-HD w/Melical Lock
Spacer .194 |.D. x .5 0.0. x .625 Long
Fuseholder Body

Fuseholder Cap

Air Filter

Serew-Mach M3.5 x 0.6 6MM-LG Pan-HD
Screw-Cover Mig

Ring-Ret Ext-E-.141 Dia

Screw M3.5 x 0.6 20MM-LG Pan-HD
Terminal Asgembly-Front Input
Connector-RF BNC

Switch-Slide Voltage Select

I R T I R R e e Y B L I L R R R

Figure 7-9. Change #10 in Figure 6-8
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Backdating

NOTE

The MP Designations used on this page apply on-
Iy to those parts called out in Figure 6-11,

Refarance
Oesignation

hp- Parl
Number Description

MP1
MP2
MP3
MP4
MFS
MP6
CR1
T1
U1

03456-012Q1 Bracket-Transformer
06156-0216 Scraw-Mach M4 x 0.7 5OMM-LG Pan-HD
0340-06B0 Insulator-XSTR THRM-CNDCT
03456-01202 Bracket-Regulator
0624-0034 Screw-Tapping 6-20 0.5 Pan-HD
2740-0003 Nut-Hex 10-32 x .375 AF
1802-1217 Digde-Zor 6.2V 5%
9100-0469 Tranzformear-Power
1826-0181 Voltage Regulator-LM 323K

Figure 7-10. Change #10 in Figure 6-11

Rev B 7-11
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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 Ul to the following:

7-12 Rev B

Ref.
Dea.

hpe Part
Numbar

| 5] o |

Backdating

Paxeription

A4UI0
A4UT1

1818-1213
TB18-1213

IC NMOS 8192-BIT RAM
1C NMOS B192-BIT RAM




SECTION VIII
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

| WARNING I

hazard involved.

Any interruption of the protective grounding
conductor (inside or outside the instrument)
ar disconnection of the protective earth
terminal is [ikely [0 make the instrumen!
dangerous. Intentional interruption of the
protective grounding conductor is siricily
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-
gircuiting 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-
strumeni. Voltages or signals at many points
may, {f contacted, result in personal injury.

8-8. RECOMMENDED TEST EQUIPMENT.

8-9. The recommended test equipment is listed in this
Manual’s Section 1 (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 QOpera-
tion. Refer 10 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 Qutguard Section. The purpose of the
Qutguard 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. Outquard Section.

8-15, This scction has mostly logic circuitry and
associated power supplies. The main blocks in the sec-
tion are the Main Controller, HP-IB Interface, Front
Panel Interface, and Outguard Isolation Logic.

8-16. 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
controiler also performs the 3456A°s math calculations.
The Main Controller circuitry consists of a micropro-
cessor, ROMs, RAMs, and other digital circuiiry,

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,
ACV, erc.) from the front panel o 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 Hewleti-Packard's implementation
of IEEE 5id. 488-1973, *‘Standard Digital
Interface for Programmable Instrumenta-
tign.”’

8-19. Inguard Section.

8-20. The basic functions of the -hp- Model 3456A are
DC, AC (RMS), Ohms, and Ratio Measurements. The
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Inguard section has the analog measurement circuitry,
Anaiog 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-1B.

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
range.

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.

¢. 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-
portional to the value of the current and the unknown

'__l

MAIN
CONTROLLER

—

OUTGUARD

FRONT SANEL
CIRCUITRY

POWER

ISOLATION SUPPLY

LOGIC

HP-1B

(DUTGUARD) INTERFACE

INGUARD
POWER
SUPPLY

OHMS
CURRENT
SOURLE

ISOLATION
LOGIC
{INGUARD)

o

INGUARD
CONTROL
CIRCUITRY

PRECISE
REFERENCE

DC ATTENUATOR
AND
SWITCHING

INPUT
TERMINAL

INPUT A/D
AMPLIFIER CONVERTER

FILTER k—#

i

AC
CONVERTER

3466A8-1

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
ACY function and on the 10 V range in the DCV func-
tion. With the | V and 100 mV ranges the gain is 10 and
160 respectively and in the high Ohms ranges the gain is
2. In the 160 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. FrontiRear 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. laput Protection.

8-26. Refer to Figure 8-3 High Voltage Protection Cir-
cuits for the following discussion. A 2.5 kV surge
voltage protector (E1)} 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
0 A3D,

y13 L351<<ﬁﬂ-\(}w>>‘37

NO CONNECTION ] |

(] >—
Q‘*tb—-> TO INPUTS OF INPUT SWITCHING

AND AC CONVERTER

T0 GUARD

(s8]

3458-8-2

52

: T0 INPUT SWITCHING

: AND AC CONVERTER
HIo ‘ﬁv !

avi

[E0ARG ] oo™ ohc J,

¥

439 v

TG GUARD SHEET METAL

3456-8-3

Figure 8-2. Simplfied Front/Rear Switch Circuit.

Figure B-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

8-3
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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

1Q0 Series
200 Series
300 Series
400 Series
500 Series
600 Series
700 Series

Input Switching

Ohm's Current Source

Input Amplifier

A/D Converter

Reference

Calipration

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,
LLMES, and LGND come directly from the Inguard
microprocessor A30-U13. A30-Ul3 also provides the
logic input for the Range and Function Control Logic.

8-31. 100 V and 1000 V Ranges. Relay K102 and Fet
switch Q109 will be enabled by the control logic for the
100 V and 1000 V ranges (see Figure 8-8 Simplified
Schematic for Input Switching). The 100:1 voltage
divider (9.9 M and 99.975 k fine-line resistors) in this
path attenuates the input to the desired levels. Current-
limit protection for these ranges is provided by the 2.55
k ohm resistor (R101) in series with the 10 M ohm
divider (see Schematic 1, Input Switching}.

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 Ul04c
(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 Ui04b and c 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.

Comparator's Input

Pos. Term. Neg. Term. Fat Switch

Comparator's Qutput

ov +2V
+5V +2V
+2V Qv
+2V +5V

-18V Open
Pull-Up Voltage Closed
Pull-Up Voltage Closed

-18V Open

A30 AcD

INPUT SWITCHING

RANGE
AND
FUNCTION
CONTROL
LOGIC

IRELAYS AND FETS)

R

|
|
\,

TN
5 ENCODED LINES >y pECODED LINES

3456-6-4

Figure 8-4. Range and Function Control Switching.
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/’EEMPARATUR

18 3458 -8-5

Figure B-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 Q103. 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 Fiiter) 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

R13%
L0 4K

. ANALOG FILTER T AN

) m—— AR :
C19% l

1

TO OL13,

Dila, 0101

LEFT IS

Figure 8-8. 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 QI 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 dispiay. 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
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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. Circnit Description. Refer to Figure 8-7
Simplified Schematic for Input Amplfier and Schematic
3, Input Ampilifier 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-
rent 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

/:: INPUT AMPLIF]ERﬂ\

TR303
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"tesnuzoo
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AMPLIFIER =2

1456-8-7

Figure 8-7. Simplified Schematic for Input Amplifier.
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B7 dB. A selectable integrator circuit (consisting of
C303, R327, R326, R325, R324, Q302, Q303, Q304. and
U/308) 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 ali functions and ranges.

Table 8-3. lnput Amplifier Gains.

Function Range Gain

DCvV 100 mV 100
pCcv 1V 10
DCV 10V 1
DCV 100V 10},
DCvV 1000 V 1
ACY All Ranges 1
Ohms 100 chms 100
Ohms 1K, 10K ohms 10
Ohms 100K-1G chims 2

*100:1 voltage divider in Input Switching circuits for these
ranges.

8-d44. Gain Switching. HAL, 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 Amptifier. 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 Cirenit. The Low Ohms Offset
circuit (connected to pin 12 of U200} is used for chms
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
Il because it has many of the features of the original
multi-slope technique (-hp- 3455A Digital Voltmeter).
The Multi-Slope H method provides high speed and
high accuracy 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 voliage is proportional to
the input voltage. Rundown measures this vollage by
applying a reference of opposite polarity and noting the
time required to discharge the capacitor.

2ERD
CROSSING

——— INTEGRATION ~——] |
RUNUP
N J

h
RUNDOWN COUNTS COWVERTED
T0 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-Stope II is more accurate because of its unique
runup method,

8-9
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8-53. Multi-Slope 11 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.

Integratien Time Periods
Integration  Max. NR. Digits In Milliseconds
Time {PLC) Displayed 50 Hz 60 Hz
1007 6 — —
10 6% 200 166.67
1 6% 20 16.67
A 5% 2 1.67
O 4% .2 .167

*For an integration setting of 100 PLC, the digitally derived

Model 3456A

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.

average of ten successive 10 PLC readings is used.

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 the A/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
stope 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
5—4 slope. A S+0 or S—0 period (no slope) occurs at
the end of each A/D count period.

INTEGRATOR

INGUARD
LOGIC
tA30 BOARD)

]

DECDDING
ITS

LOGIC _AND 3456A-6-A11
IRC

C U

ZERD REFERFNLE

jasea-f-10

Figure 8-10. Runup Slope For Zero Volts Input (.1 PLC}.
8-10

Figure 8-11. Simplified Zero-Crossing Circuit
{A/D 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 § — 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 genecrate 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 cireuit 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
generated for this circuit condition.

Figure 8-12. Runup Slope Sequence For Full-Scale input
(10V} And 50% Fuil-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.

-+
pe——dt———  TP402

! 5-4 SLOPE
2y Tz (= 12eA) ;
0 c :
1

agK +

I3=1;1+1,
(~. 24mA) N

DUTPUT

3456A-8-14

17 i
‘% Se4 SLOPE
1 | i TP402 .
[~ 12mAl] §38K :
LUUTPUT
—&

v

3456A-B-A-13

Figure 8-13. Simplified Schematic 0f 5+4
Slope Generation Circuit.

Figure 8-14. Simplified Schematic Of S~4 Slope
Genoration 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 $+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 pA is applied to the
summing node (virtual ground) from the + 12 V supply.
With the — 10 V input, 93 A flows through the 108 k
ohm resistor towards the signal source. The remaining
29 uA 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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Figure 8-15. Slope Generation When Input Signal
Voltage 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 § + 0 period are fixed. This pattern will
remain the same for each .1 PL.C 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 B8-17, integration time 1 PLC).

This Sequence Repeated
6 Times For .1 PLC

T

5-0 (St4

A/D
Counts J{1.2 ] 4 4 110 1.4 |10 4 [10

ALE's 6 [20] 2 [BO (2 |50 2 |50

e 130 A/D Counts =

Total of

130 A/D
Total time for 510 periods is 6 A/D counts Counts

Total time for S+ 4 slopes is 124 A/D 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

o

A/D
Counts 8 |. 10 .4 |10 4 110

ALE’'s 40 50 [ 2 [BO 2 |8C

e | 300 AJD COUNTS —ssmmmmr——————

Total time for S+ 4 slopes is 1248 A/D counts | Total of
1300 A/D

Counts

Total time for S+ 0 periods is 52 A/D 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
amount 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.

Digitz Developad During

Max. KR. Runup (Most Aundown {Least Duration

Intagration Digits Significant Significant {Mili:

Time (PLC) Displaysd Digits} Bigits) 50 Hz B0 Kz

100" 6% - - - -
10 B2 884" 200 166.87
1 6% 9.8 7664 20 16.87
1 5% 9. 87656 2 1.67
.01 4%, -— 9.876 .2 167

* For an integration setting of 100 PLC, the digitally derived average of ten successiva
10 PLC readings is used.

** During 10 PLC, four digits are devetoped during rundown with the least significant
digit being roaunded 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,

‘lg@
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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(1/1000S5+ 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
5+4  SLOPE ZERG
CROSSTNG

' +2 SLOPE ' )
L7 | S-1 SLOPE

L 530 i
SLOPE
= 102 MG MAXTHUM

Figure 8-18. Multi-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 rediuces 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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!\RID A/D LOUNT S-4 SLOPE
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Figure 8-20. S+4 and S-4 Rundown Slopss.

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
positive going 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.

$+4

b i AJD Counts
2o0r12 120r2

*S + (0 period {Dead Time, Inguard Logic stops counting during 5 + 0 periods)
* *Maximum of either 2 or 12 A/D counts allowed

** *Maximum counts allowed

» 5+0 PERIOD iDEAD TIME, NO COUNTINE]
FOLLGWS THE TERMINATION OF EACH SLOPE

I456A-0-18

Figure 8-19. Rundown Timing Chart.

Figure 8-21. Rundown Slopes.
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B-77. -3, S+2, and 8—1 Slopes. The final three
slopes that follow the § £ 4 slopes always cross zero in
the direction shown in Figure 8-21. This is done for two
reasons: to optimize the $—3, S+2, 5~ 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 § — 1 slope because of the
zere detecting comparator’s hystersis. It is during this
final 5 — 1 slope (most critical zero-crossing period) that
the least significant digit i3 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 5+ 0 and the A/D-Autozero
periods are identical.

Tahle B-6. Slopa Generation.

¥l y2 yi ¥4 ]
GND | GND | GND |- 12v | GND i 5+4

Type Slope

-12v |-12v | GND [-12v |GND |/ 5-4

-12V | GND [-12v |-12v |GND | — 5-2

“12v | GND | GND | GND [ GND | T $+2

-12v | GND | GND [-1t2V 12V | — 8-

GND [-12V | GND [-12V | GNP 5-0

-12V | GND | GND [-12V | GND 53+0&

A/D-Autozero

8-79. 12 Volt Reference and A/D Autozero. The slope
circuits use a — 12 Vy reference voltage and a +12 V
reference voltage (see Figure §-26). The —12 Vu
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-
sel voltage is subtracted during the A/D measurement
cycle.

3-80. 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 iz for a — 5 Vinput (.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 Figare 8-12).

B-B1. 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.

§-14
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Figure 8-22. A/D Converter Waveform for —5V Inpat,
Autozero Disahled,

Figure 8-23. A/D Converter Waveform for —5V Input,
Autozero Enahbled.

Figere 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 (.] PLC) with the front panel Autozero
enabled. Fewer zero-crossings occur when the input
voltage is increased because the 5 4+ 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 Schematie, for the follow-
ing circuit descriptions. The input signal to the A/D
Converter passcs 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 (404 grounds the input to prevent the
gates of (3402 and Q403 from becoming forward biased,
When Q402/0403 are open, FET Q405 switches in R403
ter 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
€402 provides liltering for the FET gencrated switching
transients. Resistor R404 and R403 provide linearity
“fine-tuning’’.

8-85. Integrator Circuit, Refer to Fipure 8-26
Simplified A/D converter Schematic. The Integrator
circuit consists of Q406, U405, €403, and the
resistor/switch network that is connected between
- 12Va, ground, and +12V. The 5—1 to S+ 4 current
paths arc 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 cxample of the integrator operation refer to
Paragraph 8-63.

8-86. Slope Control Circunits. The coded slope control
signals (H5A, HSB, and HSC) and the Low Run Up
{(LRL) from the Inguard Logic circuits are inverted and
level shifted (from 0V 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 cutput
level of the comparators will be — 12 V when the input
signais are + 35 (logic high) and be ground when the in-
put signals are at ground (logic low),

B-87. Integrated circuit U404 decodes the slope signals
from the outpuis of the H3A, HSB, and H3C com-
parator stages. The “‘exclusive or’' stages between U404
and U401 (hex latch) provide further decoding. CMO35
is used for the U402 inverter stages because CMOS pro-
vides & 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.

B-88. The switching circuits shown in the simplified
schematic are the U402 inverters whose outputs switch
between — 12 Va and gnd, The resistors in US00 (.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
UJ401 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 *“Qto 5 V' logicto “— 12 Vto O V"
logic by Q401. The ALE clock puises are used by the
U401 lateh stage to accurately control the start and stop
times of each slope. Refer to the Inguard Logic Theory
of Operation for a detatled discussion of the ALE clock
and other A/D Converter timing requirements,

8-91. Analog Overload Detection Cir¢uit, The Analog
Overload Detection Circuit, consisting of comparator
stages U409a, ¢, and d, is connected to the cutput of the
integrator. This circuit detects when the A/D Con-
verter’s input exceeds either +12.4 Vor —12.4 V (i.e,
124% of full scale). The voltage on the integrator
capacitor is due to the combined charge currents from
the applicd slope (S+4 or 5—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.

8-92. The output of U409a (LOVL) will go low when
the output of either U409 or U409d goes low. L1409¢
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. UJ409d 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 lire 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. Diigital 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
measurernents 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-

8-15
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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 U409 comparator stage and to
408 in the A/D autozero circuit.

8-96. Zero Comparator (U409b). Comparator U409b
hag an ¢pen 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
qutput 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 Inpot  Amplifier offsets. A/D
autozero, which canot be switched off, occcurs between
every A/D Converter measurement cycle to compensate
for any +12 V reference errors (seg Paragraph 8-79).

8-98. The output of slope amplifier U406 appears at the
source of the A/D autozero FET switch (Q408). The
autozero capcitor C411, charges to the voltage level ap-
pearing at the output of U406 when Q408 15 ¢losed. The
voltage stored on C411 is fad to Q407a and b, a divide
by 30 amplifier. The cutput of J407a 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 (5A) 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 an 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 5601} 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 siability 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 taan A25 and vice versa. Refer to schematics 3A
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. Cirguit Desecription.

8-107. As shown on the Simplified Schematic 8-27,
—12 Vg is used only in those circuits requiring a very
stable and precise — 12 volts. The — 12 Vp is used for
the less critical stages of the A/D Converter and as a
reference for the AC Converter. The + 12 V source has
good short term stability.

8-108. The zener diode voltage reference on both the
A24 (UJ503) and A25 (UU500) 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 US303)
specification range of 5.82-6.06 volts, U500 on the A25
board has a zener cutput voltage (pin 2 of US500)
specification range of 6.8-7.1 volts.

8-109. Buffer Q3501 lowers the output impedance of op
amp U501 so that iransients generated by the A/D
CMOS circuits will not cause regulation problems. The
base of Q501 should be approximately — 12,7 V (output
of Us01) which is reduced to — 12 V by the base-emitter
junction of Q3501.

8-110. The effective feed-back resistance established by
fine-line U500, 126, J27, J28, 8601, and R&614 provide
the range needed for the course and fine adjustment of
the — 12 Vg reference voltage. The jumpers associated
with J26, J27, and J28 are positioned for either — 12V
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. 5601 (serewdriver
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 fora
pin configuration and truth table for $601.
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Figure 8-25. 5601 Data.

8-111. JIMPR 501 and 302 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. DHMS MEASUREMENTS.

B-113. General.

R-114. The Ohm’s Current Source in the 3456A supplies
a dc reference current to the unknown resistance during
resistance measurements. The resulting de 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 Qutguard Logic
changes the reading polarity to obtain a positive front
panel ohms reading.

8-115. The FET switches in the Input Switching provide
for cither 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. Gircuit Daseription.

8-117, General. Refer to Figure B8-28, 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 maintaing an out-
put voltage near — 13 volis,

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.

#-120. Curremt 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.

B-17
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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 — 3.5 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 U202,
This flow is through the gate-source of the current
regulating FETs,

8-123. Current Regniating FET’s Q203, 205, Q208,
and Q209. The four current regulating FET’s are biased
gither on (by U205) or off (by a comparator) to select
the proper fine-line resistor current path for the sclected
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 oulputs a — 18 V level that will bias off
{open) the associated current regulating FET.

B-124. Range Switching, The Range and Function
Control Logic, which is actually an extension of the In-
guard Controlicr, provides the high (5 V) and the low
{(eround) logic levels for the comparator/FET range
switching circuits. Table 8-7 lists the FET s status, logic
levels to the comparators, ¢te, for all ohms ranges.

8-125. MNote 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 (206) 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 HAZ2
is high (100 K ohm and higher ranges), Q202 is closed
and Q201 is open. When HA2 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 =55 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.

$-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
diseharge tube E201 (400 V) provide protection for
voltages above 400 V. Diode CR202 provides protection
apainst negative voltages that are less in magnitude than
400 V. For positive voltages less than 400 V dicde
CR201 is forward biased. This diode junction voliage -
drop (.7 V) is applied to the base of (0211 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.

Table 8-7. Ohms Current Souree.

u20%
Pos, Term.

Ranga FET
Switch Clozed

Lurrent
Thraugh
Utknowh

Voltage At
K101 (Full Scaiel

input Amplifier
Gain

Logie Inputs
Teo Associated
Comparators

100 &
TKQ
10 K
100 Kf2
1 M
10 MR
100 Ma*
1 G

55V
5.0V
55V
9.25V
2.25V
8.256 V
8.25V
.25 V

Q209 )
0209
Q208
Q208
0205
Q203
Q203
Q203

1 mA

1 mA
100 uA
50 pA
5 kA
500 nA
500 nA
500 nA

-1V
-1V
-1V
-5V
-5V
-8BV

- —4.5V
- —-4.85V

H4
H4
H3

"Rasistance
calculated on
thes# ranges.

"*Q204 and Q206 closed far these

FArgEE,

=204 and QZ06 open for thoso

ranges,
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Figure 8-26. Simplified A/D Converter Schematic.
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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 ochms 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 (K10l
closed).

8-131. Relay K103 and FET switch Q116 are open dur-
ing 4-wire chms measurements. At this time the VOLTS
HI and the VOLTS LO terminals still supply the ochms
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 (Rlead) is measured
via the ““4 WRQ SENSE HI’’ terminal (through FET
switches Q115 and Q103). the voltage across Rlegd 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 {Rlead), in addition to
the dc offset of the Input Amplifier, is subtracted out
during 4-wire ochms 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 lnput
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 V and — 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 12V (A) to 13.3 V (C). This is done by moving the
bottom of, part of the U200 resistor divider from
ground to —12 Vy.

+12V-|

A Normal Amplifier Voltags Swing
B: Level Shift
C: Resultant Amplifier Voltage Swing

—-12V.d

Figure 8-29. Level Shift for Low Ohms Offset Circuit.

8-135. Figure 8-30 illustrates the voltage drops that oc-
cur across Ry (.115 V) and Rigad 1 (.01 V) for a 100 ohm
range measurement. The 4-wire ohms measurement is
taken between the 4 WR (@ HI terminal (top of Ry) and
the VOLTS LO terminal (ground). In this case, the
voltage read is the voltage across Ry (.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 ] 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 U30l1a 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 U3C1a is
— 18 V. The resistor network (R322 and R323) at the in-
put of U306 divides this — 18 V.downto — 12V which is
inverted to zero volts by U307,
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Figure 8-30. Low Ohms Offset, Circuit Operation.

8-137. The — 12V 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
Lj200. A different gain setting section of U200 (pins 13
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.

[ JAWRQLO

- -

8 {4 WR & LO Autozero
Autozera

-11.2V — 4 WR Q HI
~12.0 —¥ A/D Overload

~13v__

=12.0 = A/D Overlcad
-12.5 - 4 WR QI H)
-13v

Low ohms measurement Low ohms maasurement with
witheut a “'Low Ohms Offset a “Low Ohms Offset Circuit™
Cirguit” 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. ACV 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 HACV (High True, AC Volts) and HACD (High
True, AC + DC) control (using NOR gates UlQa-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, 100V, 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 U1l 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

e
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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.

§-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 Q5 are turned on (Hi)
and FET switch Q11 (HI) is turned off at this time.
When a range other than 1V is selected, H1 will go low.
FET's Q9 and QS are turned off during these times and
Q11 is turned on. FET Ql1 shorts out the 1 V range
feedback path then the 1 V range is not selected.

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 ¥ and 10V
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, 10 V, and 100 V ranges are obtained by selecting
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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 TPY. 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 Ul 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 V to 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 AM 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.

£-156. Op amp U4 (bipolar amplifier) drives transistors
(312 and (313, The collectors of (212 and (}13 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 CR5 is turned on during the
negative portion. The signal at the anode of CRJ is in-
verted by U2, The output of U2 (gain of 1) and the
signhal 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
forthe 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 registance paths (20 K and 100 K) at the input of
LJ4. Fine-line (.(}1 %) 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 IMPR’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 voliage is:
Vo =/ yjg 2. This states that the output voltage (Vo)
is equal to the square root(r) of the average(m) of the in-
put voltage (Vin) squared(s). The RMS Converter is
divided into the following three sections (for the circuit
description see Figure 8-34): Sguaring 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
{U3) with two transistors (Q16A and (J17A) 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 QI6A and Q17A 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—asgsume
that no current flows into the amplifier. The feedback
circuit causes the amplifier output to produce whatever
voltage is tequired to produce a feedback current that
will exactly balance the input current. Transistor Q15 is
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the current source for US%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 Q17A~pulling current from Q16A will reverse bias
Ql6a 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 ¢ombined output of the Averaging
and Square Root amplificrs 1s a de 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 U2 and the
R-C networks connected to the output of U12. Pole |
consists of C28 and the 282.2 K and 138.6 K ohrn fine-
line resistors that are in parallel with C28. Pole 2 con-
sists of €30, R72, and R73 and pole 3 consists of €33,
R78, and R79. The time constant for pole 1 is chunged
(changed frorm 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 €29 in parallel with C28 which increases
the R-C time constant. FET switches Q22 and Q23 arc
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 Ul2. Source follower Q14, in the
output of the Averaging Amplifier, i5 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 (QL6B) 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




Q16A and QI7A in the Squaring Amplifier. Diode
CR1S balances out the voitage 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 Cony.
Range Factor Dutput Gain Gain Gain

1v 1/2 , .5 2.5 8
v /20 . 08 2.5 8
100 v 1/200 .5 . 2.5 B8
1000 V*{ 1/400 . .5 B

*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 Voits Measurement Paragraphs 8-30, 8-40,
and 8-48 for circuit descriptions of the Input Switching,
Input Amplifier, and A/D Converter respectively.

Adl

TRHS AC
CONVERTER

INPUT
SWITCHING

AMPLIFIER

AsD ot
CONYERTER

J456A-2-73

Figure 8-33. AC Converter, Dutput Signal Path.

B8-171. 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 shouid not be disabled by the
intrument’s controller. A controiler error message will
be displayed if Autozero is disabled. The second and
third cycles are the DC Reference measurements with
Autozero disabled (disabled by Quiguard
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, i, 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 c¢ycle) but the associated FET
switch (Q109 or Q116) is open. For ACV/DCV or
ACV +DCV/DCV Ratic Measurements, FET switch
Q110 is closed 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 (Rieaq)
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 8-3%) and Reference Low
(see Figure 8-36) illustrations.
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8-176. INGUARD LOGIC (A30 Board).
B-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 Outguard.

1.  Receiver—Paragraph 8-183

2.  Transmitter—Paragraph 8-186

b. Controlling the different ranges and functions.

1. Inguard Microprocessor—Paragraph 8-189

2.  Range and Function Control—Paragraph 8-191

c. Controlling the timing and the A/D Converter cir-
cuits during the actual measurements.

1. ALE and ALE Synchronizer—Paragraph 8-198

2.  ALE Clock for A/D Converter—Paragraph
8-199

FRAC and Rundown Operation—Paragraph
8-200

Rundown Timing—Paragraph 8-206

FRAC Circuit Description—Paragraph 8-211
LOVL (Low Overload)—Paragraph 8-221
Run/Test Operation—Paragraph 8-222

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. lIsolation Logic.

8-182. General. The Isolation Logic on A30 consists of
a receiver which receives information from the
Outguard and a transmitter which sends information to
the Qutguard (See Figure 8-37). Both use transformers
for coupling. Each transformer consists of windings on
a torodial core and a single wire passing through the
center of the core for coupling. Transformer coupling
allows the Inguard ground (connected to low input ter-
minal) to be isolated from the Outguard ground which is
connected to earth ground.
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Figure 8-37. Simplified Block 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 Qutguard 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).

B-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, Qy (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 P 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.

B-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 uP. 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 UlS, a parallel to serial shift register. This
transfer takes place when U13 writes (U13 Pin 10 goes
low). Serial data transfer from U5 to Ul9a begins
when the shift load level at U15 pin 1 goes high. Data is
transmitted to the Qutguard 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 Qutguard. This bit is provided
by connecting U15’s “‘serial in’’ terminal (pin 10) to +5
V. The Q and Q outputs from Ul9a 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 Ul17, Ul9b,
and Ul4a. The count sequence starts when Ul3 pin 10
returns high after a write command, The Q output of
positive edge triggered U19b goes high at this time
which removes the clear from Ul7 and also enables
Ul4a. 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 U14d.
The Q output of U19b goes low again at this time which

A30TP1

A30TPZ

SO, &

T1<700ns
T2=2.54us

BIT #1 IS ALWAYS A "1". THIS
INTERRUPT BIT TELLS THE
MICROPROCESSOR THAT A "BYTE
IS AVAILABLE". BITS 2-9 ARE
DATA BITS.

BIT &5 WILL BE A "1" WHEN THE BYTE
IS TRANSMITTED BACK TO OUTGUARD IF
THE FRONT/REAR SWITCH IS IN THE REAR
TERMINAL POSITION. A "0" INDICATES
FRONT TERMINAL POSITION.

3456-8-38

Figure 8-38. Isolation Logic Data and Clock {at Receiver) with Internal Self-Test #3 Enabled,
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again clears Ul7 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 Qutguard and also for
measurement data that will will be sent to the OQutguard.
An 8-bit bi-directional data bus is used for RAM data
transfer. The pP has no address lines but contains two
8-bit quasi-directional static ports (PT10-17 and
PT20-27) for input/output lines. These lines are used
for Inguard circuit control during ranging, function
changes, measurements, etc.

8-190. The uP 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 ¢ycles. 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 Ul13’s internal oscillator is 5.85

Logic, Transmitter.

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 Cantroi.

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 QOutguard. This data is tem-
porarily stored by Ul3 and then passed to the Port Ex-
pander (U702) over I/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/O ports (PT40-43, PT50-53, PT60-63, and
PT70-73) and one 4-bit interfacing port (PT20-23). Tim-
ing pulses from A30UI13 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

Model 3456A

transferred from Port Expander U702 (via PTS51, PT32,
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.

Tahle 8-9. Range Decoding U701.

INPUTS DUTPUTS
Enabls Select Ha Hi H2 Ht Range
Bapin 1) | A0 mmd axai?  QaB Oml® A Dhms
o [¢] 0 0 0 0 1 10M-1G
™
+OK& 100K
100&1K
X —

X = Don't Care 1 = High 0 = Low

Table 8-10. Gain Decoding U701.

fnputs Qutputs
Enable Seluct HAY HAZ HAID | #A100
GolPin 15} | Bal14)  B1id3) Qp3{9) | Ge2(10} G111} Qool32) BC Range
o] [+] ¢} o] [ o 1 100 my
0 1 o] 1 o 1Va100V
] el 1 o ¢ o] -
o] 1 1 1 4] [+ * | 1Ov&1000V

*Gain of 1 for all AC canvarier 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

HIEROPABLESSOR
013

¥1
5. B5MH3 [60H3)
4. B75MHz (50H2)

1P3 &

cal
220F

+5Y 3

ALE

TG AZD CONY
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Figure 8-41. ALE and ALE Synchronizer.




can be monitored at TP3. The output from Ul2e¢ and
U12d 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 Uéb,
pin 8—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 (Uéa, Uéb, U7a, UTh), 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. U7h's output is a pulse train (approximately
0to +3.6 V, 60 ns pulse width) that occurs at the ALE
clock rate. Applying these pulse trains to NAND gate
U5a, and Usa’s output to flip-flop Uéa provides strobe
pulses for U5k and USd. These strobes will change when
necessary to advance or delay slightly the clock pulses at
Use’s output. The output of USe 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 Circnits) -

for the following circuit discussion. The FRAC (Five
Rundown ALE Counter) circuit is part of 2 large ioop
that includes the A13 xP and the integrator/comparator
cireuits in the A/D Converter. The FRAC looks at both
the polarity bit (HSA,) from 113 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 circult. The FRAC counts the time the slopes
are on by strobing the pP’s internal counter (UJ13, pin
39 on every 5th ALE during rundown, ifan 5+4, 5-3,
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 pP counts these
A/D time periods during rundown and computes the
measurernent 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 aceurate 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 continnes for an integer number of A/D
counts. After the stope has crossed zero, 5 — 3, which is
exactly a decade less in steepness, is applied. After 33
crosses zero, 3+2 (1/100 5+4 slope) is applied and
after this crosses zero, 5—1 (171000 5+ 4 slope) is ap-
plied. The time duration of each slope is counted se-
quentially, with that count subsequently being stored in
memoty, 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 $x4, 5-3, and
5+2 slopes nor will these slopes stop immediately at
zero-crossing. The counting and slopes stop at the next
A/D coum after zero crossing (see Ty, Figure 8-42),
therefore 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 5 — 1 slope is turned
off shortly after zero-crossing—on an ALE count versus
an A/D count,

§-204. The pP always has an S5+0 period ready to
follow a slope period after zero-crossing occurs. FRAC
stops counting during & 8+ 0 period which allows time
for the Iogic 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 UJ13 at
each count, (2) determine if the first S+ 4 slope is the
correct polarity, (3) determine when zero crossing o¢-
curs, (4) stop counting at the next A/D count after zero
crossing oceurs, () start counting at the beginning of
each slope.




NOTES

1. Slopes not drawn to scale for illustra-
tion purposes.

2. Input signal voltage to integrator is
switched off during rundown.

S+2 SLEPE
MAX 17 A/D COUNTS

S-1 SLOPE
$-3 SLOPE ZERD~EROSSING HAX 18 AsD COUNTS
HAX 16 A/D COUNTS

TASEA-0- 4T

FRAC enabled, starts counting ALE’s {5 ALE's = 1 A/D Count); Rundown always starts with S~ 4 slope.

FRAC senses that slope is already pesitive; Slope direction must be reversed to reach zero-crossing; Max of 2 A/D counts
after TQ; FRAC ists S+ 0 through (flat period}; Counting stops during S + O period when logic decisions are being made.

S+ 4 slope starts; FRAC starts A/D counting again; S+ 4 slope lasts for max of 12 A/D counts or until zero crossing.
A/D count periods; FRAC strobes microprocessor at each A/D time.

Zaro crossing occurs; FRAC will detect this event but will continue to count until next A/D count occurs.

A/D Count; FRAC lets S+ 0 through; counting stops.

S - 3 Slope starts; Will fast for max of 16 A/D counts or until zero crossing occurs.

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 afl of the remaining slopes in the same manner as
it did for the S+ 4 siopes.

S — 4 slope with negative input signal (input signal is positive for TO-T8 example)

Zero-crossing oceurs; 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+ 0 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 8+ 4 or 5 -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 8 +4 run-
down scquence. The actual rundown counting does not
start until the following S—4 slope 5 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
5—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 5—4
slope is started. At this time, Inguard Logic letsan S+ 0
period pass through and then (after 5+ 0 period) sends
the command for an 5+ 4 slope. The 5 + 4 slope can last
for a period of up to 12 A/D counts (usuzally lasts for
shorter period) but stops when the A/D count occurs
after zero-crossing.

Frac dizabled a2
thiz timp

Frae snabled at
thiz time

S+4

]

12 or 2

10 60
or or
ALE's 60 10 B0 85 20 33

¢ S+ 0 penod (Dead time, Frac not counting during 3 + 0 pariods)
" * Maximum of either 2 or 12 A/D coumnts allowed
“HE Maximum counts alGewed

NOTE: Chart not drawn 0 scale

Fi“gura 8-43. Rundown Timing Chart,

B-209. The §—3, 5+2, and S— 1 slopes can last for the
maximum A/D count periods shown (16, 17, and 18
respectively) but stop afier zero-crossing occurs. An
540 period (.4 A/D counts or 2 ALE counts) accurs at
the end of each of these slope periods, FRAC is enabled
during these 5 + O periods but is not counting.

Service

8-210. FRAC is disabled at the end of the last 5+0
period following the S—1 slope. The $+0 period (33
ALE counts or 6.6 A/D counts) occurring after FRAC's
disablement is allocated to the uP 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
peried. 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)y 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 “*}"’ output states for Ull, during FRAC's
count-to-five routine, is shown in Figure 8-44. Only two
of these outputs, Q¢ and Qp, are used for FRAC cir-
cuit operations.

8-212. The Q¢ output goes high on the fifth ALE
count, This high accomplishes the following three
things: {1} Strobes the counter in the MP (U113, pin 39).
(2) A high is applied (via U2a and U2b) to the *D"’ in-
put of U11 (pin &) if a2 zero-crossing has already occur-
red (see Figure 2-44). (3} A low is applied (via Ule, U2d
and UIf) to the load input of U1l {pin 9). A low on the
load input of U9 causes Ull"s outputs (Qp, Qc, QR,
and 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 00 0if a zero-crossing had occurred (see
U111 Output Table).

8-213, The Output Table for Ull shows that FRAC
starts another 5 ALE count cycle immediately, if zero-
crossing has not gccurred {e.g. outputs change from 0 1
0 0 at 5th ALE count to 0 0 0 0 at count 1). I zero-
crossing has taken place, the outputs change from 01 0
0 at the 5th ALE count to 1 ¢ 0 0, the wait state (QpD
high, an §+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 Ull 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 Ula 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 07", the HCP line will
go high when zero-crossing occurs. The output of U3la
goes high with these inputs.

§-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 xP (Ul3, pin 31). FRAC
Enable and the high from NAND gate UlQb drive the
output of Udc low. This low enables U4d so that the
ALE clock pulses can pass through to the clock input of
UJ1l. The FRAC Enable line goes low after the final
5—1 zero-crossing. The load input line of Ull (pin 9
goes low at this time (via Ulec, U2d, and Ulf) which
disables the counter,

$-217. 5+ 0 Period. The counter (U11) is disabled dur-
ing rundown when the HCP (High Compare) line going
to the pP (U13, pin 1) changes states due to a slope
cross-over, The uP lets an 5+ 0 through afier this zero-
crossing oceurs. The 4-bit latch (UY) outputs the $+0
command (high on H5A, HSB, and H5C lines) when &
logic high-enable appears on the “*G’” inpuis of U9. The
output of NAND gate U10b goes low at this time which
makes the output of NOR gate Udc high. This (high)
disables NOR gate U4d in the ALE clock path going to
Ul1l. When Ul3 terminates the S + 0 and outputs a slope
comand, the cutput of Ul0b returns to a logic high.
NOR gate Udd is enabled again at this time which allows
Ul to resume counting the ALE clock pulses.

8-218. The output of NAND gate UlQOa is low for an
5 -1 slope code. When the HCP line goes high at zero-
crossing, a low is applied (via gates Udb, Uda, and UJld)
to the enable inputs (pins 4 and 12) of the 4-bit latch
(U9). This low disables the latch which turns off the
5—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 occur on
the Qo output of Ull, Glitching may be possible in
Ull's flip-flop stages when a D input transition and an
ALE clock pulse occur simultaneously,

8-22¢. 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 uP (U13) during Runup. The enable line to pins 4
and 12 of latch U9 are held high during runup s0 the
data from L/13 is passed through to the A/D Converter
¢ir¢uits without enabling commands. The LRU (Low
True, Runup) level from NAND gate UlQc is an enabl-
ing signal for the A/D Converter circuits used during
runup. This logic [ow 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).

§-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

Service

place: (1) The LRU output line from U10c 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 xP immediately
terminates the runup slope sequence. (3) The P
transmits data to the Qutguard xP 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 Qutguard pP sends
the proper commands back to the Inguard pP 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 IMPR’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.

Tahle 8-11. A30 Board Jumpers and Plugs/Jacks.

Jumper
or Jack Purpoze

JMPR1 Unsoldering JMPR1 breaks FRAC's loop so SA

signatures can be checked.

If a +5V power supply leading problem cccurs,
JMPRZ and/or JMPR3 can be unsoldersd to
localize the trouble,

J3 Supplies a start, stop, and ground for SA Tests,

J3z Provides a choice of three different clocks for J31
5A Tests, Thers shold ba no Jumpers agross any of
the J31 or J32 pins during normal oparations.,

J33/034 1. Run {(Normal pogitian: Jumper connects Pin
1 of J33 ta PFin 1 of 34,

2. BA Tests: Jumper gonnects Pin 2 of J33 to
Fin 2 of J34. J34 is looking at the HSA polarity bit.

3. S5A Tests: Ground is applisd to Pin 3 of J34
when Jumper conrects Pin 3 of J33 to Pin 3 of
J34. This breaks all loops to provide repetitive pat-
tern for SA tests.

1. Run {(Nermal) Position: Jumpear connects Pin
1 and 2 of J35. Tha A/D Converter overload ling
(LOVL} will terminate the runup sequence in this
position,

2. Test Postion: Pin 2 of J35 is connected to
+ BY when Jumper is across Pins 2 and 3 of J35.
A/D overload line {LOVL) will not effect runup se-
quence in this position,

1. Run {Normal) Position: Jumper cannect Pins
1 and 2 of J36.

2. Test Position: Pin 2 of J36 is connactad to
+ 5Y when Jumper iz across Pins 2 and 3 of J36.
This tast position will continuously cycie the A/D
Converter to provide a good FRAC test as wellasa
good A/D Converter test. To iriplement this test,
the 3456A power switch must be turned off and
then on again after the F36 Jumper plug is posi-
tioned to test.

JMFR2
JMPR3
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B-224, Dutguard Section (A3 and A4 Boards),

B-225. General.

8.-226. The Outguard Section 15 divided into the follow-
ing groups for the theory of operation (see Figure 8-45,
Simplified Block Diagram, Qutguard).

Paragraph
Main Controller Circuits{A4 Board)
1. Microprocessor
2. Clock Generator
3. Address Bus
4. Data Bus and Data Transfer
5. Peripheral Sclect Decoders

Isolation Logic Circuits (A3 Board)

1. Transmitter

2. Receiver

Keyboard Scan Logic (A4 Board)

1. Keyboard Scan Circuits

2. Display Ready Circuit

Display and Annunciator Drive
(A4 Board)

1. Control Circuits for Data

Transfer
2, Display and Annunciator Driver
Systems

3. Sample Rate Indicator Circuit

Keyboard, Display, and Annunciator
Circuits (A2 Board)

HEP-IB circuits (A3 Board)

1. HP-IB Interface Adapter

2. HP-IB Transceivers

External Trigger Circuit (A3 Board)

Signature Analysis (SA) Test Modes

8-227. The 3456A is & 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 Quiguard ROM (Read Only
Memaory).

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
Qutguard P uses the reset line going to the Inguard P
for & master synchronizing control in addition to sen-
ding the Inguard pP 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 als¢ manages the com-
munications between the Front Panel Control/HP-1B
interface and performs the math calculations.

Service

B-230. A memory mapped I/0 address bus technique is
used in the 3456A. The [/0 peripherals {Display,
Keyboard, Isolation Logic, and HP-IB) are treated as
memory addresses 50 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 U19) to generate strobes (see schematic 9, Main
Controller). These strobes enable the device/s addressed
by the P during a read or write routine.

8-231. Main Controller Circuits (A4 Board).

8-232. Microprocessor (A4U15). The pP used in the
Main Controller (Outguard) is a Motorola
MC6EAOOP. 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 (Ul5 pins 3 and 37
respectively) are inputs for the external two-phase, non-
overlapping clock that is generated by A4U14. These
clock signals are 0 V to + 35 V square waves.

8-233. The Main Controller pP 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 4P 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 uP.

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.

¢. NMI (pin 6j-- Nonmaskable Interrupt. This input
line is connected to the Interrupt Request output line
from the HP-1B Interface Adapter (A3U9, pin 40). The
NMI line is set low when HP-IB data is available for
transfer to the gP.

d. R/W (pin 34)--Read/Write. This output line is
used for the RAM, HP-IB, and Isolation Logic ¢ircuits
to control their Read and Write operations. A high on
this line signals these circuits that the pP is in 2 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 uP how long it is supposed t¢ 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/Pil during the run {(normal) opera-
tion, When the TSC line is tied to +5 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 gP requires only one +5 V power
supply (pio 8), The Halt line (pin 2) 1 disabled by tieing
jt to 43 V via a pull-up resistor.

8-236. Clock Generator. The two-phase non-
overlapping clock inputs (#1 and ¢2) required for the gP
operation are supplied by the Clock Generator
(AdU14). The output frequency (fy) of Ul4 is deter-
mined by the frequency of the crystal (Y1) connected to
pin 2. The phase I (1) and phase 2 (¢2) outputs are 1.5
MHz (fg), 0 Vto + 5 V square waves that appear at pins
15 and 13 respectively.

8-237. A buffered ourput (Bus ¢2, pin 7) connected to
the Master Clock Hine, 15 used for circuits on both the A3
and A4 boards. A 3 MHz output (2 x f3, A4U14 pin 5) is
used as an input (o the ¢ircuit that generated DBE.

§-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

Model 3456A

(negative-to-positive transition) initializes the pxP at
power turn-on. A negative-to-positive transition occurs
on the Power Supply Ready line at power-on after
(delayed transistion) the Qutguard Power Supply (+3
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, ¢, and d. Each memory
location and 1/Q 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,

¢. 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 0 respectively, HP-IB i
selected. The HP-IB Interface Adapter (A3U9) has 8
working registers. The low bits (2, 1, 0) are used for
register select,

1§ Bit Address Bus

11 (10|28} 7

10

1

spacs.

T il Seloctable ROM Addrass Field 1

ROM Select Bit. If bit 15 is high (true), the address is in ROM

i Iq-— RAM Address Locations ——Jim

prm—— .
When Bits 14-11 are all low, RAM is selected.

14 {13]12 (11|10

AT

If bit 15 is not true, Bits 14-11 are tha peripheral select bits.

Bits 2-0 are us-
ed for HP-IB
register select
bits (HP-1B Inter-
face has 8
working
registers).

Pty .
When Bits 14-11 are this pattern,
HP-IB is selected.

Figure 8-46. Address Bus Structore.
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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 uP controlled Outguard Section. Strobe
pulses are used to control the memory and 1/0 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 |
MHz uP. Because a 1.5 MHz uP is being used, the
foliowing 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 uP is nor-
maily the phase 2 ($2) clock. The Bus ¢2 (1.5 MHz, f5)
and 2 x fg outputs from U14, 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 Ty time the preset
input to Ul3b (neg. transition) sets the output (Q) of

CLK
feiulld PIN 110

0 INPUT
[BUS (D 2afe
U1y PIN 320

PRESET
BUS B U1l PIN 180

5 i
I0BE STRETCHED: £
13 PIN 8 1 [

T

— |e=tBE STRETCHED
=30n3

F438-4-47

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 (Ty-T) 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
(U15, 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-

{5 g Ny Ny U gy TN s I O
[BUS @)

CiLK "‘1 H
(OBE STRETLHED!

LR
uf WA
u15 PIN 34)

0
ISTRETLHED RAW
ULEA PIN 5}

WRITE PERIDD ~

STRETCHED =50ns

} e naniot
WRITE - LDV . o
ReAo - en ToTy Tty

« THI5 NEGATIVE TRANSISTIDONW DELAYED
WRITE PERIOD BY UIGH AWD U1EC INVEATING STAGES

" STRETCHED =50ns

1436-8-48

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
discussion. The VMA output from the uP has 2 50-80 ns
wide noise 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 Ul6f 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.

CLK
(BUTEZ.u180 PINILY

DEE
(DAT STRETCHED!

uP YHA
115 PINS)

TRUE YHA.D
fU18B PINI)

= TRAUE VHA AEMOYED BRFOAE
STRETCwED UBE AND OBE REHRYED

T4e-a-15

Figure 8-49. True VMA Generator, Timing Diagram.

§-vs|9-Hed




BUS & 2
(1.5MHz].

m1{1.5MHz,To)
W2(1.5MHz . fol

VA

34

‘-‘Dcﬁ

2Xfo [3MHz]

g STRETCHED DBE

READ - HIGH
WRITE - LOW

Ui6B

g STRETCHEG DBE

10
— 3 ISOLATION LOBIC
A3ULL(15)

CLK
LK g

5

STRETCHED
R/MW

4
45V 3




READ - HIEGH
WRITE - LOW

10
L—» ISOLATIDN LOGIC
A3U11 (15}

LLK PR

S

STRETCHED
R/W

4
45V,

. TO RAM A4U3 (3}

HP~-1B A3US 5]
ISOLATION LOGIC
Ajuz I

TO ROM SELECT

A4UZ3 (41

AND PERIPHERAL
DECODERS
A4UL7 (8] ,A4UL13(6)

3456A~6-50

Figure 8-50. Speed Compensating Circuits.
8-45/8-46

b




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 Al5 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.

ROMS

Jb
DECGDER

1
o]
j'\FLEII'

ENABLE

¢ i
GiA  LiB 01

iR

SELECT-L
+5Y

Function Table

Inputs Outputs

Enable i:?

61 G2* 1 u?

L H
L L
L H

*G2=G2A+G28B.

Figure 8-51. ROM Select Decoder U6.

The output lines (pins 7, 9, and 10) from U6 are con-
nected to the chip select pin (CS, pin 20) of ROM’s US5,
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. AlS5, Al4, and VMA are the enable inputs for
decoders UI7 and U19 (see Figure 8-52). All, Al2, and
A13 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
U1

Service

u1s .
DECODER = I/0 RESEY

2 0/A DATA STROBE
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Figure 8-52. Decoders 17 and U19.

a. I/0 Reset (UI9, pin7). Serves as a master reset for
the Qutguard 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 Dispiay 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 clogk input for A4U20a (monostable
multivibrator). The Q output of U20a (low to high tran-
sition) is transferred through tri-state buffer U235 to the
4P when U25 is enabled. D/A Data Strobe provides a
longer set-up time for the buffered inputs.

c. Rate Light Strobe (U19, pin 12). Serves as the
clock input for A4U20D (one-shot multivibrator). U20b
drives the front panel ‘‘sample rate’’ LED.

d. Voltmeter Complete (UI9, 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 (U189, pin 14). The Isola-
tion Logic control circuits (both transmitter and
receiver) are strobed when the P wants to transfer data
via the Isolation data lines. The Read/Wnite line from
the Qutguard Controller determines whether this strobe
is used to transmit or receive data.

f. RAM Select (U19, 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 (QE) 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 (UI7, pin 1I). This line is
used with flip-flop A4U24b to generate a wider write
strobing pulse for the Annunciator driver (A4U30).

i. Display Strobe (UI7, pin 12). This line is used with
flip-flop A4U24a to generate a wider write strobing
pulse for the Display driver (A4UZ9).

j. Kevboard Clear (U17, pin 13). This strobe is used
as a clear input to A4U22a and A4U22b o clear the
Keyboard Interrupt.

k. Kevboard Strobe (U17, pin 14). This strobe is
used as an output enable for both the Key Encoder
A4U21 and the Tri-5tate Buffer A4U25. Encoded
keycode information is sent to the pP via the data bus
during this strobe period.

{. HP-IR Select (Ul7, pin_15). The HP-1B Select
strabe line is the chip select (CS) for the HP-IB Interface
Adapter (A3U9).

8-251. Read Only Memory (ROM). The programs
(firmware) used to contral the measurement operations
are recorded into three ROM's (US, U7, and UB). Each
ROM has 64 K hits (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
{CFE), the data in the selected address location is read via
the 8-bit data bus into the xP.

8.253. The initial 3456A production runs had six (U1,
Uz, U4, U5, U7, and U8) 32 K bit ROM’s (see
Schematic 9, Main contreller). 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.

B-254. Random Access Memory (RAM). The RAM
read/write IC deviges (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. Cnly 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-AD are used to access the
RAM memory locations. The RAM’s 8-bit 1/0 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 Qutput 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 C5-L control lines are low.

8-256. Isolation Logic (A3 Board, sae Schematic 12, lsola-
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 Qutguard 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 pP
(A4U15) is transferred across the 8-bit data bus to
A3U10, a parallel to serial shift register. Data is loaded
into UL0 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 ULSb (pin 9) low. Serial data shift
out of 110 occurs (at the clock rate) when the load/shift
input to 10 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 U15b).

§-259. An extra bit (byte-available bit) is added to the
8-bit byte by Ul5a. Flip-flop Ul3a 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 Ul3a 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 Ullb (Bus 2 +2) is
divided again by two in Ul7a (Bus ¢2-+4). The pro-
pagation delay time of inverters U6b and ¢ and U2b and
¢ is used to delay the Bus ¢2 = 2 clock at Ul3a, pin 2to
compensate for the clock delay through Ul7a.
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B-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 Uéd)
causes the output of Ul3b 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 Ul17a
is cleared, its Q output goes high which disables gate
Ul3a. The clock path to U10, Ul5a, U19, 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 U2l, 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 U1l7b. 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 uP 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 Qutguard uP when the ASE enable line (pins
1 and 19 ) goes low. An enable on the ASE line occurs
when the uP 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 Schamatic
10, Keyboard Scan Logic, Display and Annunciator Drive;
A2 Board, see Schematic 11, Keyhoard, 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 uP whenever a front panel key is pressed. The
P responds by strobing in the encoded keyboard infor-
mation.

8-266. Keyboard Scan Circuits. Figure 8-53 illustra‘tes
a basic 4x$§ switch matrix with a capacity for decoding
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Figure 8-53. 4 x 5 Switch Matrix (8§18 Closed).

20 switches (only one switch can be closed at a time).
Switch 518 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)
50 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 Y35 lines are
tied to U21 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 Y1’-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 8-564. 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 (U2l 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 pP.

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 pP 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 wgF
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
rotl-over will sense the second key being pressed.

8-.271. Display Ready Cireuit. A monostable
multivibrator, U20a, generates the Display Ready signal
that tells the u¥ when it is alright to write to the display
(A4UU29) 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  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 Driva).

8-273. General. Display and Annunciator data 15
transferred from the Qutguard wP to an octal latch
{A4U28) via the 8-bit data bus. This data i5 then strobed
through the octal latch to the tri-state inputs of the

Display and Annunciator drivers U29 and U30. A write
strobe to cither 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 € out-
puts until it is clocked through by the /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 U2da
(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 1/0 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
¢ireuits 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 U30 LED Driver Systems read data directly
{from the 8-bit I/0 data bus (via latch A3U28) and then
drive the front panel LED’s directly, These 1C'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 (A2D52-D57 and D39,
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 t for the exponent display (DS89). 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 sirobed.

8-278. Data lines DO-D7 and the write strobe lincs are
the only inputs to U29 and U30. The Shutdown mode
input pin (pin 10) on both U29 and U30 arc 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 (AZCR9) 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
(C5) tied to pins 7 and 6 of U20b are timing com-
ponents. The 330 ochm resistor (R23) tied to pin 12 of
U20b is used 1o limit the current to AZCR9.

B-280. Keyboard, Display, and Annunciator Circuits (A2
Board, see Schamatic 11, Keyboard, Display, and Annun-
ciators).

3-281. Refer to Paragraph 8-266, Keyboard Scan Cir-
cuits, for the ecircuit description of the f{ront panel
switches, 51-537,

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 D52 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 B-85. Internal Circuit Diagram For
A2052-D87 and DS9.

an internal circuit diagram for these displays, for addi-
tional information regarding the display operation.
Note that all of the anodes of ¢ach 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 (2node) 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
vatue 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
D51 and also to Figure 8-56 for the external and internal

114
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A-38&

Figure 8-56. Internal Circuit Diagram For
A2DS1 and DS8.
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connections used for these displays. The D58 display is
rotated 180 degrees before it is inserted into the display
socket. This is done so that the only segments used in
DSB8, 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).

§-286. General, The HP-1B Logic provides the means
for the Main Controller to interface with the HP-IB
(Hewlett-Packard Interface Bus). The HP-1B 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 (A151).

¢. Bidirection Communication Link (Bus
Transceivers U12 and U7, DIO 1-DIO § Data Bus).

d. Data Byte Transfer Control (Bus Transceiver U8
and Handshake Lines).

e. Interface Management Control (Bus Transceiver
Ul4 and Management Control Lines).

Refer to Appendix A of this manual for additional in-
formation on the HP-1B.

8-287. Interface Adapter (A3U9). The HP-IB Interface
Adapter is interfaced with the Main Controller (A4U15
#P) via the 8-bit bidirectional data bus (DO-D7), ad-
dress lines A0-A2, and four Control lines (HP-IB Select,
R/W, R8T, and NMI). Clock for U is supplied by the
Main Controller circuits (A4U14). The interface be-
tween U9 and the HP-IB is via D10 1-DIO 8 bus (Data
Input/Qutput) and the Handshake (3 lines) and
Management Control (3 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 AD-A2 address lines. The Main Controller generates
a low on the HP-IB Select line (chip sel¢ct) when data is
read into or out of U2 over the 8-bit bidirectional data
bus (DO-D7). The Main Controtler 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) linc is used by U9 to in-
terrupt the Main Controller uP when it has data to send
(data from its Interrupt Status Register). The NMI line
stays low until the P reads the data. A low to high tran-
sition on the R5T (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
oCeurs,
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8-289. The Main Controller P scans U9 via the A0-A2
address lines. Tri-State Buffer 16 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 A151 switches iz read by the uP (via the §-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 iz to be used as a talk-only
device. Data lines DQ-D5 ar¢ pulled high by the 10 X
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, US, and
Ul4. 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 UB. 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/R1 line from U9, Transceiver
LJ14 is programmed (pins 1, 7, and 9 to ground, Pin 15
to +35 V) so that information flow on the REN, ATN,
and IFC c¢an 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 HE-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 K2. 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 Uda and used to clock the high appearing
at the I input {(pin 2) of USa to the QQ output (pin 3).
This high is fed to pin 16 of tri-state buffer A3Ul6 and
strobed thorugh to the Main Controller uP when the
ASE line (enabie, pins 1 and 19) goes low,. The ASE line
goes low when the Main Controller 4P scans U9 via its
AQ-A2 address Tines,

8-294. Refer to Paragraph 8-250(d) for a description of
the Voltmeter Complete output line.
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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
sighatures 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. JO/PO—RUN/ROM SA. Plugs P9 and P12 must
both be in their ROM SA position and the Data Bus
Break, E3, 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
DO-D4 and D6 are tied to +5 V via the 100 K pull-up
resistors (R53). Plug P12 breaks the VMA signal path
from Ul18b to the U17 and U19 Line Decoders.

b. JIO/PI0—RUN/RAM 54. Plug P10 must be in
its SA position and P9, P11, and P12 in their RUN posi-
tion and E5 inserted in it socket before RAM signatures
can be taken. Plug P10 breaks the A3 address line path
to the UJ8 ROM and grounds the A3 line to U8 when it is
positioned in the RAM SA position.

Pin Connections

Input
Contral Data Bus
SIR

2 3
6 5
10 i
15 14 13

3/R = Send/Receive
PUE = Pull-Up Enable

Truth Tahle

Infa.
Direction
Flow

Comments

Data — Bus ——
Data — Bus Active Pull-Up

Data —~ Bus Open Collectar

X = Don't Care
Pasitive True Logie

Figure 8-57. Quad Bidirectional Transcaiver (HP-IB),
Pin Configuration and Truth Table (HP-1B).
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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 P11l connects the TSC pin of the xP to ground
when it is in its RUN position and connects the TSC pin
to +5 V in the TSC position.

d. J12/P12—-RUN/ROM §A., 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
1ests can be made. See Paragraph 8-295(a). J9/P9
RUN/ROM.

¢. TP2 and TP3. TP2 A and B (3A Strobe 1), TP2C
and D (SA Strobe 2), and TP3 A and B are used for the
$tart 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-Cis a0 V to +4 V square wave occurring
at a frequency of 1.5 MHz.

Refer to the Service Group troubleshoating sections for
guidance in setting up these jumper/plugs for SA
testing.

8-296. Pawer Supplies (A10 Board—Inguard Power Supp-
ly and A3 Board—Outguard Power Supply, see Schematic
14, Power Supply).

8-297. For isolation putposes, the 3436A 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 1C regulators must be at least 2
volts greater than the regulated output voltage.

#-299. The acceptable voltage range and the maximum
design current for each voltage line is given in the A20
Board block Lo the right of the Al10 board schematic.

8-300. + 15 Volt Circuit. One half of CR1 is used for
the full-wave rectifier input to voltage regulator UZ. 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 Volr Circuit, ‘The other haif of CR1 is used
for the full-wave rectifier input to the —15 V voltage
regulator (U3). Zener diodes CR4 and CR!1 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 + 13 Vcir-
cuit.

8-302. +5 Velt Circuit. A full-wave bridge rectifier
(AIOCR2) 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 +3V
line going to the Inguard circuits. The chassis servesas a
heat sink for CR2,

8-303. — 18 Velt Circuit. The —18 V circuit uses a
voltage doubler to increase the voltage level appearing
at the negative terminal of full-wave rectifier CRI1
(—17.5 Vto —30 Vrange)toa —21 Vto —33 V range.
The ac voltage appearing at the negative terminal of
capacitor C16 (330 4F) 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 +5V
output of voltage regulator Ul is added to the output of
the €7 and CRé6 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 CR5 s
referenced to + 5 V rather than ground.

8-305. 12 Volr 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 | 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
gach ground and which circuir uses which ground.

8-307. Outguard Power Supply. Since all of the
Outguard cireuits need only a single +5 V supply, the
Qutguard 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 +5V line going to the
CQutguard circuits. Regulator Ul and zener CR1 are
chassis mounted s¢ that the chassis can serve ag 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 Outgnard Power Supply is used

Model 3456A

to generate @ Power Supply Ready signal (0 Vio +5 V
transition). This signal is used by the Main Controlter
pF 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
regutator (U1) is applied to pin 11 of U18. The Ui8 cit-
cuit delays the 0 V to +5 V output transition at pin 9 of
UIR (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 FProcedures 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. Ounce 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,

B-314, Most Printed Circuit Boards in the 3456 A 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 board
size. The following lists the board {(assembly) and
number of fasteners.

Number of
Faztaners

£-315. Use the following procedure to remove a board
that is held in by fasteners. The AC Converter (A40
board} i 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 bpard. 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. 34bGA Service Group Listing.

Instrument Seetion

Fallare Service Group

Qutguard
Qutguard
Qutguard
Outguard

Turp-Gn Failure A

Inopearativa Display

Ingperative ARRUNGISTON

Inoperative Keyboard

Cambined Digplay, Annunciator,
and Keyboard Failure

HP-18 Failure

lzoiation Logic

Miscellanedus

Ourguard
Qutguard
Outpuard
Dutguard

Inguard
inguard
Inguard

Inguard Logic
A/D {Analog, Digital)
Isolation Logic

DoV Inguard
Overload Inguard
DCV Accuracy tnguard
DCV Noise Inguard
Ratio Inguard
Anatog Filter Ingusrd

Ohms Inguard
Querload Inguard
Ohms Accurady Inguard
Oihms Moize Imgard
0.0, Qhms Inguard

ALYV Inguard
Overload Inguard
ALV Accuracy Inguare
ACV Noise Inguard

Inguard
Qutauard/inguard
Inguard

Mizcellaneous
Fowet Supplies
Internal Adjustments

§.55/7-56 4
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SHEET METAL WHERE USED

INPUT SWITCHINGY 1xV MAX. VOLTAGE MEASURED BETWEEN P18,
INPUT AMPLIFIER | PIN 7 {INSTRUMENT LOW)} AND ANY <7| IN INSTRU-
MENT.

OHM'3 CURRENT SOURCE
INFUT AMPLIFIER
A/D CONVERTER ] 10xV MAX. VOLTAGE MEASURED BETWEEN P18,
REFERENCE} PIN 7 AND ANY @2 IN INSTRUMENT.

AC CONVERTER (A40Q)

3456-6P1 AC CONVERTER {A40) 1004V MAX. VOLTAGE MEASURED BETWEEN P18,
PIN' 7 AND ANY L IN INSTRUMENT,
3

ALL OTHER INGUARD
GROUNDS {A20NA40)

INGUARD LOGIC (ASDJ} 2 mV MAX., VOLTAGE MEASURED BETWEEN P18,

PIN 7 AND ANY Qa IN INSTRUMENT

IN GENEHALNZ . ‘%2 , AND V3 ARE USED IN ANALOG CIRCUITS AND v# 15 USED
IN LOGIC GATE CIRCUITS, POWER SUPPLY AND IN ALL OTHER CIRCUITS NOT

UTIL]ZINGﬁ @2 , AND %

Figure 8-58. Inguard Grounding Structur
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Model 3456A

Make sure the 3456A is turned Off and
power is removed from the instrument
before removing or instaliing a printed cir-
cuit board, or damage to the instrument may

resulr.

Many printed circuit boards in the 34364
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 Qutguard 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 15
dead or inopcrative. If any of these symptoms are not
present or only dashes ( ) are displayed,
the instrument does not have a turn-on failure.

b. Imoperative 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. fnoperative Keyboard. An Inoperative Keyboard
is when any or all instrument operation cannot be
selected from the keyboard.

e, HP-IB Fuailure. An HP-1B failure is when only the
3456A's Remote Operation fails. If any other failures
are noted, troubleshoot them first.

f. Isolation Logic Failure. An lsolation Logic failure
is normally idnicated when the 3456A°s displays only
dashes (— — — =~ — —)and Self Test #3 fails. Since
both an Inguard Logic and Outguard lsolation 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 Fuilure (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 Converier. 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.
§-325, The component Reference Designator tells

where the component is located. For example, compo-
nent A20R 105 shows that it is locarted on the A20 board

(assembly). This is shown by the “‘A20"" in the
designator. The other areas can be determined the same
way (A40C35, A40 board, etc.).

£-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.

Tahle 8-13. Component Numbering.

Campongnt
Number Circuitry Schamatic

Prefix Used Numbor
——

Input Switching 1
Ohms Current Source 2
Input Amplifier 3
A/D Converter 4
Referance 5A,68
Front Fanel Calibr. 1,2,6A,58
Range and Function
Control Logic

1,2,3,6




Service

B8-327. 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
“+1.8.8 888 +8.",

b. All front panel display and LEDs are blank.

the display shows

¢. 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 ot the
356A s Inputr Terminals and the GUARD
switch is in the “IN™ pasition 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 wili 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.

B-330. The failed test and any other test can be in-
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
eircuitry 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 B-14 and are explained as
follows. Remember, the A/D output is only displayed if
an individual test is selected.

8-58
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Table 8-14. 3A56A Self-Test Limits.

Auto Dels Lower
Zor 4 Limit

H

+.00011

+.00081
+.00798

On . - a0
On . - Q00BN
On . -.00798
Oon . -12.00394 | -11.,99606
©n . Q000 | +.015000
Cn . 000 +.1500
. - 10202 -.0Da798
On . -10.20000 -8.80000
+9.60000 [+10.40000

L=l R e I I S T IR
—
Ol e e 3

o

-
a9

a. Test #1. This rest 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 calcuiations and checking the resuits,

¢. Test #3. This test verifies the Isolation Logic. It is
done by sending a hexadecimal ““8F"* from the outguard
to the Inguard Controller. The controller then sends
back to the Outguard either a hexadecimal “*8F" or
“9QF*’, depending on the Front/Rear switch position.

d. Test #4. In this test the Input Amplifier is set-up
for the X1 pain 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 circuwitry between and including the
Input Amplifier and A/D Converter.

€. Test #5. This 15 the same a3 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 it 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.

.




Model 3456A

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.

. 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. Salf-Test Troubleshooting.

8-335. The following paragraphs have troubleshoot in-
formation for the 3456A°% 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
QOutguard 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 inpperative. 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.

B-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.

B-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.

B-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 */ 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 ¢ircuitry, make sure the
3456A is 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 Funection. §f 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.

B-59/8-60
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St (néj‘

Mnamonic

ALE

Definition

Addrass Lateh Enab.la

Address Latch Enabla, Synchronmizer
Auto Zero {A/D Auto Zero Enabla)
Front/Rear Switch

(3ate 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 enablea)

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 from HAL
and HAM)

High True, Input Amplifier Gain of 1 00 (Decodad from HAL
and HAM)
High True, Comparator {Integrator Veltage Polarity In-

dicator}

High True, BC, High Ranges (Input Relay Enable— 100V
and 1000V Rangegs)

High True, DC, Low Ranges (Input Relay Enakle— .1V, 1V,
and 10V Rangeas)

High True, DC, High Ranges IDC Enable— 100V gnd
1000V Ranges)

High True, DC, Low Ranges {DC Enable=—. 1V, 1V, and 10V
Rangas)

High Trua, Ground (Grd Enakie-Autozerp)
High True, Ohms & AC, Least Significant Coded Range Bit
High True, Ohms & AC, Most Significant Coded Range 8it

High True, Ohrms (Relay Enable)

High True, Run:Up (Run-Up Enable)
High True, Slope Bit A

Mnemonic Definitions.

Origin
A30-U13{1}

A30-UBb(9)
A20-U401(15)

52 (chassis
mounted)

AZO-U105(6)

A20-U305(6)

A20-U702(21)

A20-U702(13)

AZO-U702(20)
A30-U13(386)

AZ0-U702(22)

A20-U702(23)

A20-U701(8)

AZ0-LU701(10)

A20-U701(11)

AZO-U701(12)

AZO-U40880(1)

AZ0-U702(18)

AZ20-U702017)

AZD-UTO2{3}

A20-U7Q2(5)

AZ20-U103a(1)
A20-U702(15}
A20-U702(16)

A20-U702(19)

AZ20-U408(13)
A30-U9{11)

Destination

A30-U1a(1), UBh(12),
U7b(11), U14a(1},
UT4et10)

AZ0-0401
AZ0-0408
A30-U13(35)

AZQ-TP104,

Q101/Q109,Q102,
Q103, Q170/Q113,
Qit4/atig, Q115,

A20-TP304, 0306,
0307, Q308, Q1086

A20-UT07d(12),
U101e(9)

A4Q-11100(5,8),
U1od(t 2t

A4Q-U10a(2,3)
A4O-UT11(8,11)

A20-U701{14)

AZ0-U701(13)

A20-U3040(7)

A20-11202a(5),
U202b(6), 0304,

U304d011}); A21-RE03

A20-0303, U304e(9)

A20-Q302, U304a(5)

A20-TF40%;
A30-J3301), U3a(1),
U4p(5), U130

AZ0-K1Q2 (via Q703)

AZ0-K1032 {via Q701)

A20-U107(7)

AZQ-U1020(11),
U107m(5)

AZ0-U104¢(8)
AZ0-U701(2)

AZO-LJ701(3);
ALO-U11(4,7)

AZ20-1301a{3), K101
{via Q702)

A20-U401(3)

AZQ-LUA0B(8);
A30-U10a13)

H&B
HSC
H1

H4WH
LACF
LDE
LDHF
LDLF
LGND

LGS

LMES

LOVL
LPC

LRU
LTS7
LAWL
PROG
SA TRIG
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sit

Mnamonic

M58
HEC
H1

HAWH
LACF
LDE
LDHF
LDLF
LGND

LGS

LMES

LOVL
LPC

LRU
LTE7
LawL
PROG
SA TRIG

§-59

2 %23

High True, Slope Bit B
High True, Slope Bit C

High True, Ranga Bit 1, Ohms (10 M) & AC (1.0 W)
(Decodad from HL & HM)

Detinition

High True, Range Bit 1-Buffered, AC (1.0V Range)

High True, Range Bit 2, Ohms (1 M) & AC (10.0 V)
(Decoded fram HL and HM)

High True, Range Bit 3, Ohms (100 ki and 10 kf2) & AC
{100.0 V) {Decoded from HL and HM)

High True, Range Bit 4, Ohms {100 2 and 1 ki & AC {1
kV} (Deceded fram HL and HM)

High True, 4 Wire Ohms Migh
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 Selegt
Low Trus, Measure

Low Truae, Overload

Low True, Pracharge

Law True, Run-Up

tow True, Self Test #7

Low True, & Wira Ohms Low
Program Bit

Signature Analysis Trigger

Mnemonic Definitions (Cont'd).

Origin
A30-Ua5)
AJ0-UH3)

AZQ-U701(4)

A40-UB(13)

A20-U701(5}

AZ0-U701(6)

AZD-UT01(7)

A20-U702(2)
AZ20-U107d07 1)
AZ0-UT02{14)
AZ0-UT01a(3)
A20-L1076(6)
A30-U13(32)

AZ0-U702(17)

A30-U113(33)

AZ0-U408a(2)
AZQ-U107¢(8)
A30-U10ci®)
A20-U702(4}
A20-U103a013)
A30-U13(25)
A30-U13(37)

Destination

AZ0D-LI408(4)
AZ0-U4Q8(6}

A20-UzQ1al5),
L202q(B) A21-RE0S;
A4O-UB(4,7.11)

A40-0Q2Q

A20-UZ01bi7)
AZ1-RE04; A40-UDI4,7)

A20-U201¢(9)
AAQ-UD(T1}

AZ0-U0201d{11);
A21-RB02Z; A4Q-L15(9)

AZ0-U102c(9)
A20-U102b(6)
AZ0-U701{(1)

AZO-U101a(4)
AZO-U102a(4)

AZ0-U103a(3),
U103dt17), LHO7ci®)

AZ0-U103al2),
U103bi5}

A20-U107ci10),
1108a(3), U10BbLIE}

A30-435(1)
AZO-LU104a{4}
AZO-U40B(10)
A20-U101d(10)
A20-U104d(11)
AZQ-U702(7)
AZQ-TP404
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Skt _3-\'(-3 GENERAL SCHEMATIC NOTES

1. RESISTANCE IN OHMS, CAPACITANCE (N MICROFARADS, INDUCTANCE N MICROHENRIES UNLESS OTHERWISE NOTED
3. ASTERISK DENOTES A FACTORY-SELECTED VALUE. VALUE SHOWN ON SCHEMATIC IS TYFICAL.
3. [::] ENCLOSES FRONT PANEL MARKING.

-~ ENCLOSZES REAR PANEL MARKING,

CIRCUIT ASSEMELY EORDERLINE.

OTHER ASSEMBLY BORDEALINE. ALSO USED TO INDICATE MECHANICAL INTERCON-
NECTIONS (GANGING).

HEAVY S0LID LINE INRICATES PATH OF MAIN SIGNAL,

\HB/ DENOTES WIRE COLOR CODE, CODE USED 15 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. \218/ DENOTES WHITE BASE, BROWN WIDE STRIPE, GRAY NARROW STRIPE.

¢ DENOTES GROUND ON QUTGUARD PC ASSEMBLIES. CONNECTED TO INSTRUMENT FRAME GROUND.

INSUARD GROUNDS ARE REFERENCED TO INGUARD POWER SUPPLY GROUND AND
ISOLATED FROM INSTRUMENT FRAME GROUND. SEE FIGURE 8-58, INGUABD GROUN-
I 2 V 3 V4 DING STRUCTURE.

* DENOTES SCREWDRIVER ADJUST.

JACK MOUNTED ON INGUARD
ABSEMBLY ASSEMBLY
DESIGNATION NAME SHEET METAL

A3D l INGUARD LOGIC PIN NUMEER A20
0345666530 OF JACK AND

P
ASSEMBLY PART WG SCHEMATIC

NUMBER ) NUMBERS

! PEl

pa

1 '
MGQUNTED ON A30 BOARD ASSEMBLY, CON. ; /{,/ P
NECTOR 15 DESIGNATED FLUG (P21) IF 18 1T { \/._
MUVEABLE DR ATTACHED TO MOVEABLE PART OR e 2
BOARD ANMD PLLUGS INTO A STATIONARY JACK _‘7\! >—(—* 1
14211, H

MOUNTED ON

AZQ ASSEMBLY
SV

| - 1
! RB !

PULL-UP RESISTORS CONNECTED TO THE
PULL-UP . . L 5vDC SUPPLY ARE USED TO PROVIDE A
REFISTOR HIGH LOGIC LEVEL {> 3.8VDCI TG IC INPUTS,
U WHEN THE SAME PULL-UP RESISTOR 15 USED

BY TWO OR MORE IC'5 OR BY GEVERAL PINS
ON THE SAME IC, THE RESISTOR PRESENCE 1S
SHOWN AS + 5V, (FOR RBI, +5V, (FOR RZ),
ETC. RATHER THAN SHOWING THE PULL-UP

UNUSED GATES RESISTOR,

1B (3} +5Vz

SCHEMATIC NUMBER FOR COMNVENIENCE N
UNUISED GATES ARE ONLY LISTED WHEN . TRACING INTERCONNECTIONS

EITHER THE INPUTS, OUTPUTS OR BOTH ARE
TIED TS A VOLTAGE OR GROUND. ‘
E.G. UYBPIN 315 TIED TQ + 5V VIA A PULL-UP
RESISTOR 3456-8-10 B

Figure 8-XX. Example Scheratic.
B-XX/8-XX

Figure 8-39. Mnemonic Definitions and General Schematic Notes,
8-61/8-62




RATID REF.
4WR[) SENSE

HI

DIVIDER

CURRENT
SO0URLE

OHMS

al

EEJ

INPUT
SWITLHING
AND
FILTER

VLY,
10V

o

e
LD

a0

| CONVERTER

fFULL
SCALED

POWER

SUPPLY




:: P
=
T zo
=g
m= .
T =
or

JAVLLY,
10V

£12VOLTS
REFERENCE

L]

Y
1

1

1

1

1

1

]
-

IFULL
SCALED

DC VOLTS

INPUT
AMPLIFIER

1gv
(FULL
SCALE}

POWER

SUPPLY

Prommm e e e

w‘.d

A/D
.| CONVERTER

I

[30 ]

INGUARD
CONTROLLER

POWER

SUFFL




DISPLAY

4] 2] a]
HAIN | HB-18

CONTROLLER . INPUT/CQUTFUT

h

7]

RONT PANEL

POWER SUPPLY CONTROL
SHBUTTO

NS QUTGUARD
_ ‘ - i

3456-8-20

{PU

Figure 8-60. Detailed Block Diagram.
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A20 Board - Input Switching - Componant Locator Table.

Component , Component Col. Camponent Bol. Componant

R111
R112
R113
R114
AR118
R116
R117
R1128
R118
R120
R121
R122
R123
R124
R1256
R126
R127
R128
R128
R13Q
A121
R132
R133
R134
R13%
R136
R137
R138
R138
R140
R141
R1d2

R143
R144
R145
R146
R147
R148
R148
R150
R&17
RE&18
TRP101
TRi02
TP104
TPi105
TP106

C101
c102
C103
Ci04
C1086
Cl106
C107
C108
C108
C110
c111

2101
G102
Q103
Q104
Q105
Q106
Q107
Q108
Q108
0110
alil
0112
Q113
Q114
0115
Qane
Q117
Q118
0118
Q120
a1

Zd
mm
m mmm

2
m

o

e
m
m m
rmmmmmaT mm ] m
leNaB-B-SuEutnininlnEnlal

Tn
n
]

CR101
CR102

m T c)mlncig'n11m|n

e m
G}

J18
J20
J22
J23

U101
U102
U103
U104
U108
U108
u1a7
U108

o
I'I'I'=‘_|DU

mTm T

T
G

JMPR101
JMPR10Q2
JMPR103
JMPRGO2
K101
K102
K103

R1O1
R102
R10Q3
R104
R105
R106
R107
R10&8
R108
R110

0 G

U200

®
O

P15
P18
P21
P30

o0m GUE}GQG
mgmmmgmuuu {21 M M MM Mmoo moR Mmoo mom

[aRaRaEnRaraRARcEn R~ R~ N Halie le i Bl

T
@

FOR SERIAL NUMBERS 2815A053¢ AND
ABOVE, JMPR 103 HAS BEEN ADDED,

A20 Input Switching IC Type/Voltage Table

ic Type +14Yy { +15V

1o, uio2 LM339N
u1a3 SN74LS02N
U104 LM339N
uios LM2O1AL
u10e LM2Q1AN
U107 SN74LS00N
uiog tM393N

NOTE: + 18 V Source is Q307 (Input Amplifier Section),
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AZG Board - Ohm's Current Source - Component Locator Table

Component Col. Component Col. Companent Component
€201 C P16 A R208 c R608 A-B
C202 D Pt8 D-E R20% C RB09 A-B
C203 C R210 C R610 A-B
C204 D Q201 C R211 C
Q202 C R212 C TP201 D
CR201 E Q203 D R213 C TP202 C
CR202 E Q204 D R214 c-D TP203 o
Q205 D R215 C
E201 E Q2086 D R216 c-D U201 B-C
Q207 D R217 Cc-D uz202 c
F201 E Q208 E RZ18 D- U203 Cc
Q209 £ R219 D-E U204 D
Ji6 B-C Q210 E R220 c-D U208 D
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JMPR201 C R222 E
JMPR202 C R201 C RE01 A
JMPR203 C R202 C R&02 A
JMPR204 Cc R203 c RB03 A
JMPR205 D R204 C R604 A
JMPR206 D R2056 C RBO5 A
JMPR207 D R2086 C RB0O6 A-B
JMPR208 D R207 C R607 A-B
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Maodel 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.

§-A-3. PRE-TROUBLESHOOTING CHECKS.

8-A-4. Before iroubleshooting 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 I3 and 15.

8-A-5. OUTGUARD FAILURES AND TROUBLESHOOTING.
8-A-8. Turn-Dn Failura.

8-A-7. Before troubleshooting for a Turn-On Failure,
check the following:

a. Make sure the Data Bus Break (A4E5) is making
good contact. If the pins are bent, the Data Line
Signatures may be good but the instrument may be in-
operative.

b. Make sure the Test Jumpers (A4J9, J10, J12 and
§11) 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 (
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).

¢. 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.

c. Move A4J9 and A4J12 to their respective ““ROM
SA’ position,

d. Connect and set the Signature Analyzer as
follows:

Start: A4TP3I-A

Stop: A4TP3-B

Clock: A4TP3-C

Hold: Cut

Self-Test: Qut

Gnd: Ground Pin (next to A4CL1)

e¢. Turn the 3456A On and read the Data Line
Signatures as given in Table 8-A-1.

3-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, eic.} or Strobe
Decoders (A4U17, U19, and associated circuitry). Go to
Flowchart B, Figure 8-A-2, for troubleshooting. 1f 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
A4LI30, 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.

B-A-1/8-A-2




Tahle 8-A-1. Data Bus (D0-D7) Signatures. Tahle 8-A-3. Rom Select {A4UG) Signatures.

Date AdP5 A4UE
Buz Pin # Siguature ‘ Pin # Signatures

Do 7 751A
o1 g 28A1
D2 2 1748
D3 10 CCCA
D4 11 3193
Ds 12 UEHS
PeE 13 5997
07 14 5P4A

4868
BUR1
0003
0002
000
0003
1183

GAHF
28A4
Start: (™. ) A4TP3-A SFUA
Stop: {™_) A4TP3-B 0003
Cloek: (™) A4TP3-C 0003
Tha "1’ {High, =5 V} signature is: 0003,

R R

NMote. Set the Signature Analyzer to:

Nate: Set the Signature Apalyzer to:

(see noté below), Start:  (—_ ) A4TP3-A
Stop: (™) A4TP3-B
Ciogk: (™) A4TP3-C

The ©1' (High, + 5V} signature is; 0003.

Table 8-A-2. Address Bus {AD-A15) Signatures. Tabie 8-A-4. Individual ROM Signatures.

Adiirazs A4li5 . ' Start/Step ROM
Bus Pin # Signatore ROM Connaction Pin # Signatura

AD 9 [W]N]W;0] A4U5 A4UE pin 10 9 BO2F
Al 10 FEFF 10 1263
AZ 11 8484 11 1302
A3 12 P763 13 8547
Ad 13 TUEP 14 0654
A5 14 0356 15 0632
AB 156 U769 16 HAGP
A7 16 G6F9A 17 2A22
AB 17 7791 A4UE pin 9 ] 2128
AS 18 62321 10 82FU
A1Q 18 37C5 11 a582
Al1 20 6U28 13 FFOA
Al2 22 4FCA 14 QA13
A13 23 4BGE 18 90AB
A4 24 SUP1 16 4c71
A1b 25 0001 17 835C

Note. Set the Signature Analyzer to: A4LIB pin 7 9 BH3H

Start: (L) A&TP3-A :? ';':'l;:
Stop: {=_) A4TPF3-B

13 731H
Clock: 1—_) A4TP3-C 14 OHF2

The "1’ {High, + 5V) signature is; 0003, 15 COF4
16 ACT3
17 aPus

KOTE
Note. Set the Signature Analyzer to:
Refer to Section Vi (Beckdating) of this menua! Start: {™_) see Table

for the signatures, if the 34564 Is equipped with Stop: {_—} see Table

ROMs heving part numbers 18781387, Clogk: (=) A4TP3-C

1818-1368, and 1818-1369 for A4US, A4UT. The 1" (High, +BV) signature is: 1180,
and A4U8, respectively. ROMs with these
numbers may be instafied for instruments with
serial numbers 20754-03070 and below.,

.83 ]8-0H
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( Start ,

Do the following:
a. Turn the 34564 Off,

b. Remove Data Bus Braak
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
A4TP3-B

3. Clock {™_ ) 1o
A4TP3-C

4. Gnd to Ground Pin

¢. Turn the 3456A On.
f. Read the Address Bus,

Signatures {(see Tabhle
8-A-2),

Are
any Address Bus
Signatues bad?

Are
ali the Address
Signatures bad?

Are
there any ‘0003’
and/or *'0000""
{steady reading)
Signatures?

1. Check the Static DO 1o
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 1o
manually toggle the line

| High and Low. If unable tc

do, check ground and
power supply shorts on
the Bus.

Replace A4U15,

any Address Lines
A11 to A15B bad?

Is
Address Line A11
bad?

Replace A4U17, U19,
and then U5, U7, and UB.

is
Address Line A12
bad?

Is
Address Line A13
bad?

Is
Address Line A14
bad?

Are
Address Lines A1 to
A15 all good?

Remoave JMPR A {on the
A4 board). If A12 is still
bad, try A4U17, U189, If
A12 is good, try A4US,
U7, and UB.

Remove JMPR B (on the
Ad board). if A13 is stili
bad, try A4U17, U18. If
A13is good, try A4UB,

Remove JMPR C {on the
A4 board). If A14 is stili
bad, try A4U17, Ut9,
and U186. If A14 is good,
try A4LU6.

Replace A4U23 and then
try A4U18, U177, and
U8,

Replace A4U4
U8. If Addres.
still bad, try A
11,
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Ara
any Address Lines

ND

»

AT1 to A15 baa?

YES

Is
Address Line A11
bad?

Replace A4U17, U189,
and then U5, U7, and U8,

Is
Address Line A12
bad?

Is
Address Line A13
bad?

Is
pddress Ling A4
b

pce A4U23 and then
A4UT9, W7, and

Are
Address Lines A11 to
A15 all good?

Remove JMPR A (on the
A4 board}. If A12 ig stil
bad, try A4U17, U119, If
AT2 is good, try A4US,
U7, and 8.

Are
any of Address Lines
AQ, A1, and A2
bad?

Is
only Address Lina
A10 bad?

Remove A3U9.

Are
any of AQ, A1, and
A2 still bad?

the Signature at

A4U8 pin 6 0003?

Chack the Signatures at
A4UB pins 7, 9, and 10
{sea Table 8-A-3).

Repiace A3U9,

Are
the Signatures
good?

Replace A4U12, Continue
if A10 is still bad.

Replace A4US8, U7, and
UB. If Address Lines are
stiil bad, try A4UTO and
U1t

Remove JMPR 8 {on the
A4 board). If A13 is still
bad, try A4U17, U18. If
A13 is good, try A4UB,

Remove JMPR C ion the
A4 board), If A14 is still
bad, try A4U17, U19,
and U186, If A14 is good,
try AdUB,

Check the Signatures of
the individual ROMs.
Refer to Table 8-A-4 for
the Signatures and
Signature Analyzer con-
nections. :

Does
any ROM have a
bad Signature?

Replace the bad ROM
{A4UB, U7, and U8),

Go td
for
shoots




U7, and
Lines are
U10 and

Remove A3U9,

Are
any of AQ, A1, and
AZ still bad?

NO

the Signature at
A4UB pin 6 00037

Replace A4U23, U6, and
then replace A4U18,
U18, U13, and U15.

Check the Signatures at
A4U8 pins 7, 9, and 10
(see Tabie B-A-3).

Raplace A3US.

Ara
the Signatures
good?

Replace A4UB. i the
Signatures are stili bad,
repiace the AOM con-
nected 10 the pin with the
bad signature.

Raplace A4U12, Continue
if A10 is still bad.

Check the Signatures of
the individual ROMs,
Refer to Tabie 8-A-4 for
the Signatures and
Signature Analyzer con-
nections.

Does
any ROM have a
bad Signature?

Go to Paragraph 8-A-29

 for furthar troubie-

shooting.

Replaca the bad ROM
(A4US, U7, and UB).

Figure 8-A-1. Flowchart A.

Rev B 8-A-3/8-A-4
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Tahle 8-A-5. Strobe Signatures. Table 8-A-6. Ram Select Signatures.

LC. Pin # Signature ‘ 1L, Pin # Signature

66HH
UUHB
HOA4

UUHB
FHPC
2213
1020
66HH
54PP
2213
1020
1020
2213

FHPC
2213
5PCH
FHPC
1020
9356
2213
9,10 1020

11 1020
12,13 2213

AaU17 1M 4545 A4U3
12 CF2C
15 U446
A4U1S 7 9ray
9 91PC
12 8H70
13 CASP
15 1026

Note. Set the Signature Analyzer to;:

Start: {™_) A4TP2-D
Stop: (™) A4TPZ-A
Clock: (—_) A4TP3-C

The **1° (High, +5V) signature is: 1025.

WOABWN= ST SO0 RN WA

Note. Set the Signature Analyzer to:
Start: {™_) A4TPZ2-A

Stop: (™.} A4TP2-B
Clock: {—_) A4TP3-C

The “*1°' {High, + 5V) signature is; 3233.




Do the following:
a. Turn the 3458A Off,

. Make sure the Data Bus
Break (A4E5) is in its
socket,

c. Make sure A4J9 and
J12 are in the "RUN"
position,

d. Move A4J10 to the
"SA" position,
e, Conngct the Signature
Analyzer as follows:

1. Start (o] to
A4ATP2-D

2, Stop {™_) to
A4TP2-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
A4U1s,

Read the Signatures on
A4U17 as given in Table
B-A-5,

Are
the Signatures
on A4U17 good?

Replace A4U17, and If
still bad, replace the 1.C.
connected to the bad
Signature.

Ara
the Signatures
on A4U18 good?

Connect the Signature
Analyzer as foliows:

a. Start (~_) to
A4TP2-A

b. Stop {—_) to
ALTP2-B

Is
the Signature at
Ad4U18 pin 5;
HoA4?

[
the Signature at
the 5 V test point
32337

Is
the Signature at
A4U15 pin 34:
HOA47?

Replace A4U18.

Check the Signatures on
the RAM Select Lines (ses
Table 8-A-8),

Replace A4U24.

Read the Signatures on
A4U18 as given in Table
B-A-5.

Replace A4U19, and if
still bad, replace the 1.C.
connected to the bad
signature.

Are
the Signatures
good?

Replace A4U10 and U11,




Is
the Signaturs at
A4U18 pin 5;
HOA4?

the Signature at
the 5 V test point
32337

Is
the Signature at
A4U15 pin 34:
HOA47?

Replace A4U1E.

Reptace A4U18,

Check the Signatures on

| the RAM Select Lines (see

Table 8-A-8).

Replace A4U24.

Are
the Signatures
good?

| and replace corresponding

Trace the bad Signature

.C. as shown in Table
B8-A-6.

Replace A4U10 and U11.

3456A-8-A-7

Figure 8-A-2. Flowchart B,
Rev B 8-A-5/8B-A-6
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( Start i

With the 3456A in the
Test mode, note the
Display Failure.

Is a
Segment and/or a
Decimal Point missing
on one of more
LED?

Are
all the Display
LEDs Cff?

Short the bad
the LED to 4
ment.

Short the Anode of the
bad LED to the Ancde of a
good LED.

Does
the bad LED
turn on?

Repiace the bad LED.

Replace A4U29,

Da the following:
a. Turn the 3456A Off,

b. Move A4J10 to the
*‘SA’" position,

c. Connect the Signature
Analyzer as follows:

1. Start (™.} to
AdTPZ2-A

2. Stop (™) to
A4TP2-B

3. Clock (_) to
A4TP3-C

4. Gnd to Ground Pin

d. Turn the 34564 On,

e, Check the Signatures
on A4U28 pin 11, UZ4
pins 6 and 3.

Is
the Signature
at A4U28 pin 11
C3Ur?

Is
the Signature
at A4U24 pin B
BP7A7

Is
the Signature
at A4U24 pin 3
8P3H?

Replace A4U18, uUzQ,
and U28.

Replace A4U28 and U28.

Replace A4U24 and U28.

Replace A4U%7,




:

Short the bad Segment of
the LED to a good seg-
ment.

Does
the bad Segment

! Replace the LED.
turn on?

(YES

Remove the short.

Da the following:
a. Turn the 3466A Off,
b, Move A4J10Q to the
““SA" position.
¢, Connect the Signature
Analyzer as follows:

1. Start {(™\.) to
AATPZ-A

2. Stop (™) to
A4TP2-B

3. Clock (~_) to
A4TP3-C

4. Gnd te Ground Pin

d. Turn the 3456A On,

e. Chack the Signatures
on A4U28 pin 11, U24
pins § and 3.

Is
tha Signature
ar A4U28 pin 11
C3UH?

s
the Signature
at A4U24 pin g
5P7A?

Is
the Signature
at AdU24 pin 3
8P3N?

Replace A4U193, U20,
and U28.

i Replace A4U29 and U28.

Replace A4U24 and U29.

Replace AdU17,
—

NOTE

This Flowchart is for nor-
mal Display Failures. If
any unusual failures are
ncted, 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
uzs.

Figure 8-A-3. Flowchart C.

B-A-7/8-A-8
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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
A4TPZ-A
2. Stop
ALTP2-B
3. Clock
ALATP3-C
4, Gnd to Ground Pin
d. Turn the 3456A On.

e. Check the Signatures
on A4U28 pin 11, U24
pins B8 and 11.

{™~1) 1o

[™~1 1to

Is
the Signature on
A4U28 pin 11
C3UH?

Is
the Signature on
A4U24 pin B
095U?

Is
the Signature
on A4U24 pin 11
67537

Does
the bad LED turn
on?

Replace the bad LED.

NOTE

This Fiowchart is for not-
mal Annunciator Failures.
If any unusual failures are
noted, try the following:

a, Make sure the ancde
and cathode lines of the
LEDs are changing state
(strobing).

b. Make sure the Highs
and Lows have the cor-
rect TTL levels.

¢. Repiace A4U30 and
u2s.

Replace A4U19 and U28,

Replace A4U30 and U28,

Replace A4U24 and U30.

Replace A4U17.

3456A-5-A-14

Figure 8-A-4. Flowchart D.
Rev B 8-A-9/8-A-10
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Determine if and how
many keys fail by pressing
ditferent keys on the
keyboard.

ls
anly one key
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 3458A Off.
b. Move A4J10 1o the
**SA’' position.

c. Connect the Signature.

Analyzer as follows:
1. Start {—~_! to
ALTPZ-A
(™) to

(™1 to
4. Gnd to Ground Pin.

d. Turn the 3456A On.

e. Connect the SA probe
to A4U22 pin 6,

Check for an interrupt by
pressing a key and see if
A4U22 pin 6 toggles. Try
different keys, even all
kleys, If pin 6 does not tog-
gle.

Does
A4U22 pin 6
toggle?

Is
the total keyboard
bad?

Do the following:
a. Turn the 3456A Off.

b. Move A4110 to the
"'SA’" position.
c. Connect the Signature
Analyzer as foliows:

t. Start {™~ ) to
A4TP2-A

2, Stop {—_}t 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 34564 On.

f. Press the DCV (r=—===)
button.

s
the Signature
P1P27

Is
the Signhature
62pPg?

Press the MATH button.

Replace A4U21 and 425,

Is
the Signature
62P8?

Is
the Signature
P1P27

The keyboard interrupt is
generated by A4U21,
Make sure pin 13 on 21
changes from Low to
High when a key is press-
ed. If it does not change,
U217 is most likely at faulz,
If it does change, A4U27
and 22 are most likely at
fault.

Prass the 2 Wr{} button.

Replace A4CR7,

Make sure the Signatures
at A4UZ1 pin 14 is 6PCP
and 44C9 at A4U22 pin
1. If these signatures are
bad, try A4U17. If the
keyboard is still bad, try
A4U15,

is
the Signature
36507

Is
the Signature
C5557

Press the 'O button,

Replace A4U217 and U25.

-

Is
the Signature
C555?

Is
the Signature
36507

Press the

Replace A

| and U25.

Replace

Press the DOWNRANGE
button,

Repiace A4CRE.




Press the 2 WrQ button.

Is
the Signature
365U

Is
the Signature
4U8C?

YES

Press the **1°' button.

Replace

Is
the Signature
FFB1?

YES

| Replace A4U286, U22,
and U25.

Press the SINGLE button.

Replace A4CR7.

| Repiace A4U2Z6, UZZ,
and U25,

Replace A4CRB.

Replace A4U26.

Is
the Signature
98367

YES

Press the ""4" button.

ls
the Signature
IC3F?

Press the LOCAL button.

15
the Signature
117P?

Press the FILTER buiton.

Replace A

Is
the Signature
92747

Check for open switches
and cable.




44126,

uzz,

is
the Signature
4UBC?

the Signature
F817

Replace A4CRS,

Press the *'1°* button.

Replace A4U21 and U256,

13
the Signature
FF81?

Is
the Signature
4UsC?

Replace A4U26.

Prass the SINGLE button.

Replace A4CRS5.

Is
the Signature
98362

Is
the Signature
IC3F?

Replace A4CR4.

Press the ''4'' hutton,

Replace A4U21 and U25.

Is
the Signature
IC3F?

Is
the Signature
98367

Reptace A4U286,

Press the LOCAL button.

Replace A4CR4.

Is
the Signature
117P?

Is
the Signature
92747

Replace A4CR3.

Press the FILTER butten.

Replace A4UZ21 and U25.

Is
the Signature
92747

Is
the Signature
117P?

Replace A4U26,

Check for apen switches
and cable.

Replace A4CR3.

3456A-8-A-5

Figure 8-A-5. Flowchart E.
8-A-11/8-A-12




Are
the Keyboard,

Display, and
Annunciators
bad?

Are Are
the Display the Keyboard
and Annunciators and Annunciators
bad? 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 i

2. Stop (T} to
A4TP2-B

3. Clock (™) to
A4TP3-C

4. Gnd to Ground Pin

d. Turn the 3456A On.

e. Connect the SA probe
to A4U28 pin 11.

ina: Go to Flowchart D and
Do the following: then E for trouble-
a. Turn the 3456A Off. shooting.

b. Move A4J10 to the
“SA’" position.

c. Connect the Signature
Analyzer as follows:

1. Start (T} to
A4TP2-A

2, Stop (™) to
A4TP2-B

3. Clock (™) to
A4TP3-C

4. Gnd to Ground Pin

d. Turn the 3456A On.

e. Connect the SA probe
to A4UZ28 pin 11.

Is
the Signature
CU3H?

Replace A4U19,

Is
the Signature
CU3H?

Replace A4U25, U28,
and U20. If the Keyboard,
Display, and Annunciators
are still bad, go to
Flowcharts C, D, and E for
troubleshooting.

Replace A4U28 and U25.
If stitl bad, geo to
Flowchart C and then D
for troubleshooting.

3456A-8-A-§



Are
the Display
and Annunciators
bad?

Are
the Keyboard
and Annunciators
bad?

Go to Flowchart C and
then E for trouble-
shogoting.

Do the following:
a. Turn the 3456A Off,

b. Move A4J1C to the
'SA" position.

c. Connect the Signature
Analyzer as follows:

1. Start () to
A4TP2-A

2. Stop {7} to
A4TP2-B

3. Clock (™.} to
A4TP3-C

4, Gnd to Ground Pin

d. Turn the 3456A On.

a. Connect the SA probe
to A4U28 pin 11.

Go to Flowchart D and
then E for trouble-
shooting.

Is
the Signature
CU3H?

Replace A4U28 and U25.
If stiil bad, go to
Flowchart C and then D
for troubleshooting.

3458A-8-A-6

Figure 8-A-6. Flowchart F.
8-A-13/8-A-14




Model 3456A

B-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
A4130 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 Anpunciators 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. inoperativa Keyhoard,

8-A-20. An Inoperative Keyboard is when certain or all
3456A operations cannot be selected from the front
panel. This is also true when a certain button is pressed
and the front panel ndicates 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 B-A-5, for
troubleshooting.

8-A-21. Combined Display, Aununciator, and Keyboard
Failare,

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 A4E3 from its
socket,
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¢. Move A419 and A4J12 to their respective “ROM
5A’ position.

d. Connect and set the Signature Analyzer as
follows:

Start: A4TP3-A

Stop: A4TP3.B

Clock: A4TP3-C

Hold: QOut

Self-Test: Out

Gnd: Ground Pin (next to A4C11)

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. HPIB Failure.

8-A-26. Before troubleshcoting an HP-IB Failure,
make sute 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-IB Failure:

a. Turn the 3456A Off and remove any connection
from the 3456A’s rear HP-IB Conncctor.

b. Remove the Data Lines Break A4ES from its
socket.

c. Move A419 and A4J12 to their respective “ROM
SA' position,

d. Connect and set the Signature Analyzer as
follows:

Start; AdTP3-A ()

Stop: A4TP3-B ( ~_)

Clock: AdTP3-C (—~_)

Hold: Cut

Self-Test: Out

Gnd: Ground Pin (next to A4C11)

e. Turn the 3456A On and read the Data Line
Signatures as shown in Table 8-A-I. 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 5A
Module II {-hp- Part No. 5061-1154) in its place.

g. Connect and set the Signature Analyzer as follows:

Start: AdU6 pin 10 (—~_)

Stop: AdU6pin 10 (_—)

Clock: A4TPI-C (~_)

Hold: Cut
Self-Test: Out

Gind: Ground Pin (next to A4C11)

h. Turn the 3456A On and check the following
signatures. If any signatures are bad, try the recom-
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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) af this
manual for the signatures in steps h, j, m,
and o, if the 34564 Is equipped with ROMs
having part numbers [818-1367, 1818-1368,
ane 1818-1369 for A4US, A4U7, and A4U8,
respectively. ROMs with these numbers may
be installed for imstruments with serial
numbers 2015A-03070 and below.

I.C. Pin # Signature

A3U4 11 1180
AjU4 10 0000
A3U4 12 1180
A3UL4 15 1180
A3UL2 3 892F
A3UI12 5 P263
A3U12 11 1302

A3UL2 14 8547

A3UI2 13 8547

A3U7 3 COIA
A3U7 5 C532
A3U7 11 HAG6P
A3U7 14 2A22
A3 13 2A22
A3 3 ZA22 A3UB

A3UL4 13 8547 A3UI14

i. Plug the HP-IB S5A Module I (-hp- Part No.
5061-1153) into the 3456A°%5 rear HP-IB Connector. Do
not remove Module II.

Replace

A3U4
A3U4,U8
A3UI12,U7,U8,U4
A3Ul4
AJUI2
A3UI2
AdUIl2
A3U12,Ul14
A3U12
A3U7
A3L7
A3U7
A3U7,U8
A3U7

j. Check the following signhatures and if any are bad,
replace the recommended Integrated Circunit in the given
order:

LC. Pin # Signature

A3UE 5 FFEA
A3US 1 421U
A3U3S 13 3501
A3US 6 FF8A
A3UR 10 421U
A3US 14 3501
A3U14 2 FF8A
A3U14 6 421U A3Ul4
A3U14 10 3501 A3Ul4

k. Turn the 3456A Off and remove both HP-IB SA
Modaule T and 11,

l. Insert the HP-IB 5A 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:

Replace

A3ug,Ul4
A3Us,Ul4
A3U8,U14
A3U8
A3USB
AlU3B
A3Ul4
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I.C. Pin #

AllU4 10 1180
A3U4 12 0000
A3UR 15 1180
A3US 5 892F
A3U3 11 P263
A3US 13 1302 A3UB

A3LIl4 13 8547 A3Ul4

n. Plug the HP-IB SA Module I (-hp- Part No.
5061-1153) into the 3456A°%s rear HP-1B Connector, Do
not remove Module II1.

Signature Replace

A3U4,U8
A3U12,07,U8,U4
A3US

A3USB

A3UR

0. Check the following signatures and if any are bad,
replace the recommended Integrated Cirenit in the give
order:

I.C. Pin # Signature

A3UI2 3 892F
A3U12 P263
A3U12 1302
A3UI2 8547
A3UI12 892F
A3U)2 P263
AJUI2 1302
A3UI2 3547
A7 892F
A3U7 P263
A3L7 1302
A7 B547
A3UR 8547

Replace

AsUI2,U7
A3U12,U7
A3UI2,U7
A3UI2,U7,U8
A3Ul2
A3UI2
A3UI2
A3U12
A3U?
A3U7
A3U7?
A3U7
A3US

p. Remove Modules 1 and III. If all the signatures are
good, replace A3U9,

§-A-27. MICROPROCESSOR TROUBLESHOOTING.

8-A-28. I the processor is presurmed bad, try the
following before replacing it:

a. Make sure the PSR (Power Supply Ready) is high.
Replace A3UE if incorrect.

b. Make sure the RST line is high, If the line is low,
replace A4UU14. If the line is high and Ul4 is suspected
of being bad, temporarily short the processor’s pin 4{ to
ground. When the short is removed, the pin should go
high and turn on the processor. Replace Ul4 if it hap-
pens.

¢. Make sure the NMI line (A4U15 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 (A4UL5 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 Al5 good, can be caused by many
different circuits. To help isolate the circuits, the
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3456A's Qutguard can be hatf-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,

¢. Connect pin 1 of P6 to the A4 board’s 5V test
point.

d. Connect pin 3 of Pé 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
34564 °s chassis or components while the in-
strument Is turned on, or damage to the
board may result,

Make sure the 34564 is rmrned Off when
removing or replacing o printed circuit
board, or damage may result to the instru-
ment and board.

8-A-32. If the Data Line sighatures 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 beard 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, A4US, Ul2
and associated circuits, Next try the Display Laich,
A4U28, and Keyboard Buffer, A4U25. Other
possibilities are the ROMs, A4U5, U7, and U8,

b. A3 Board: Remove the HP-IB chip A3U9. If that
does not help, try Address Buffer A3U16, and [solation
Logic Transmitter and Receiver Registers A3U10, U20.

8.A-34, QUTGUARD ISOLATION LOGIC.
B-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 #2 does not fail), the Byte Available Ling (A3U17,
pin 9) may be held High or Low,. Make sure the line and
pin 10 of Ul3 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.

g. Unplug the cable from the [solation Logic Connec-
tor (A3J7).

f. Connect pin ] 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 3436A On.

h. Press the TEST button and then set the 3456A to
Test #3 by pressing the 3, STORE, and 5 (COUNT)
kevs.

1. If Test #3 still fails, the Qutguard Isolation Logic is
at fault. Go to the next paragraph. If the test passes
{ + 3.00000 displayed), the Inguard [solation Logic i5 at
fault. Go to Service Group B for troubleshooting.

8-A-37. lsolating the Transmitter from tha 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 ¢f an gscilloscope 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.

Husec  Pos. Trig.

2 usec  Pos, Trig. T usec  Pos. Trig.

Figure 8-A-7. Transmitter Dutput.
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¢. If the waveform is missing or different from the
one in the figure, the Transmitter iz 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 otherwize noted, froubleshoor the
Transmitter and Receiver Cireuitry with the
34564 in Test #3 and the Isolation Logic
Connector’s pins shorled,

8-A-39, Transmitter Troubleshooting.

B-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 legs than
9 pulses.

¢. 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
puises 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-BA and B at pin 8 and 3 of U719, 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 U195,

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 togeling. If not, then trace for the

3-A-18
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6 usec. Pos. Trig.

B

5 usec Pos. Trig.

Figure 8-A-B. Qutput of Y19,

clock signal through U2b and ¢, Uéb and ¢,
and Ullb, Replace the IC(s) connected to
the line that is not toggling.

Check for toggling on pin 3 of Ul3. If it is
toggling, relace Ul3,

. If pin 3 of Ul3 is not toggling, U17a, Ul5h,
U2a, and Ul3b may be defective. First,
make sure pin 4 of U] 3 is not being held low.
Troubleshoot for a bad Ul3b, Ued, and Ula
if pin 4 is low. If pin 4 is not low, make sure
pin 9 of Ulsb toggles. If it is toggling,
replace U17, If not, make sure pin 12 of U135
toggles. If it is, replace U15. If not, try U2,

. Check the Isolation Logic Strobe by turning
the 3456A Off, moving A4J10 to the “‘SA*
position, and connecting the Signature
Analyzer as follows:

Start: AATP2-D (~_)

Stop: A4TP2-A (—=)

Clock: A4TPI-C ()

Hold: Out

Self-Test: Out

Gnd: Ground Pin (next to A4Cl11)

. Next turn the 3456A On and check for
signature “*1025°* (high) at pin 14 of A4U19
and signature ““CU45" at pin 5 of U8, If
the signatures are good, continue
troubleshooting the Isolation Logic. If the
signatures are bad, try Ul9 and U18, respec-
tively, If the signatures are still bad, go to
Flowchart B, Figure B-A-2, for further
troubleshooting,.

d. If the waveform at pins 2 and 10 of U19 is missing,
but pin 1 of U1% is good, make sure pin 4 of U15 tog-
gles. If not, try U6. If pin 4 of U135 is toggling, check for
toggling on pin 2 of U15. If pin 2 is toggling, replace
Ul1s. If not, try U10,
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Pos. Trig.

Pos, Trig.

5 usec.  Neg. Trig.

Setvice

U17a. Check for Input/Output shorts on U2 and U6, If
a short is noted, replace the defective IC. If no shorts
are noted, replace U17,

NOTE

Make sure the faifure is not an Incorrect
Number of Pulses, before troubleshooting
Jor an Incorrect Waveform.

8-A-45. Receiver Troubieshoeting.
8-A-46. Troubleshooting the Receiver can be done by
using the following Signal Tracing Technigue:

a. With an oscilloscope, check for the waveform
shown in Figure B-A-10 at the core of A3T2. If the
waveform is not present, replace T2.

Susec.  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 U9, If

the waveform is good, replace U19. If not, replace U15 |

or LH9.

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, It bad, replace Ul5
or U19.

¢. If more than 9 pulses are on the waveform at the
core of T, use a logic probe and make sure that pin 2 of
& toggles. If pin 2 toggles, replace Ul. If not, replace
Us.

d, If fewer than 9 pulses are on the waveform at the
core of T1, replace U1, (Note: Make sure the failure in
Step a and b is not present, before replacing U1.)

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 Uéb 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
82-A-11B shows the expanded wavcform). If the
waveform is not present, replace T2.

S usec. Pos. Trig.

2 psec. 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 §-A-12B shows the ex-

B-A-19
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panded waveform.) If the waveform is not present,
replace 121,

S psec, Pos. Trig.

B

2 psec.  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 &, try U2 and/or U6,

Susec.  Pos. Trig.

Figura B-A-13. Figure Receive Clock,

. 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 docs not toggle, make sure pin 13 of U13 toggles. If
pin 13 does not toggle, replace Ul3, If pin 14 toggles,
replace UI1.

f. Make sure pin 1 of U20 toggles. If not, replace US6.

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 sct-up information in Figure 8-A-14). Make sure
the measured waveforms are as shown in Figure 8-A-14.
Alse make sure pin 4, 5, 6, and 13 are the same as pin 3.
If any waveforms are bad, replace U22.

Model 3456A

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.

2 psec.  Posg, Trig. use Channel A

Figure B-A-14. High Lavel Data.

i. If all of the waveforms in Step g and h are good,
replace U20,

.2 psec. Neg. Trig. use Channel B

Figure 8-A-15. Low Level Data,

8-A-47. MISCELLANEOUS FAILURES.,
8-A-28. External Trigger Inoperative.

8-A-49, Make sure pin 5 of A3U5 changes from low to
high to low, when the 3456A is externally triggered. If it
does not, make sure diodes CR32 and CR4, resistors R2
and R3, and U4 are good. If still bad, replace A4U19. If
pin 5 of A3US does change, replace A3UI6.

8-A-50. Voltmeter Complete Inoperative,

8-A-51. Make sure diodes AICRI and CR2 are not
shorted. Try A4UJ19,

B-A-52. HP-IB Addrass Selection Inaperative.

8-A-53. Make sure the 3456 A HP-IB 15 otherwise work-
ing correctly. If not, go to Paragraph 8-A-25 for
troubleshooting. If it is good, try AUI6.
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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.

-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 3436A°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 Qutguard, To determine
the faulty circuitry, do the following:

1. Turn the 3456A Off.

2. Unplug the cable from the Isolation Logic Con-
nector (AYJ7, Schematic 12).

. 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 i3 available,
plug it into J7 instead of shorting the pins.

. Turn the 3456A On.

. Press the TEST button and then set the 3456A to
Test #3 by pressing the 3, STORE, and 5
(COUNT) keys.

. 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,

8-8-8. Overload Failure or Constant Zero Displayed (also
if Test #4 or Test #7 fails).

8-B9. If an Overload Failure is noted, a Constant Zero
15 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.
. If an Overload Failure is noted, do the following:

. Turn the 3456A Off

. Move A30I35 to the Non-Run (2 and 3) position
(Schematic 8).

. Turn the 3456A On.

. 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,

. If the Overload remains, return I35 to the Run
position and continue with the next step.

c. If Test #4 or Test #7 fails (or an Overload is still
noted), 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 (3chematic 4).

Figura 8-B-1. Test Jumper A20J29 in Ground Position.

4. Turn Autozero QOff. The 3456A should display a
stable zero reading (+3 count).

3. If other than zero is displayed, the A/D Converter
or Inguard Logic is at fault. Go to Paragraph
B-B-16 for further isolation.

6. If a stable zero is displayed, continue with Step d.

8-B-1
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. If a Constant Zero is displayed, do the following:

. Press the 3456A°s RESET button.

. 8et the instrument to the 10 V Range and the 6
Digit Mode (by storing 6 into the N DIGIT DISP
Register).

. Make sure jumper A20J29 is in the GND position
(as shown in Figure 8-B-1}, before doing the next
step.

. Turn Autozero Off.

. Remove jumper J29 from the GND position and
sel it aside.

NOTE

Make sure the removed jumper is placed
back into the RUN position, when finished
with the procedure.

. Apply an accurate and stable 10 V dc to
A20TP401. {Use the Low VOLTS Terminal as the
reference point or ground). I{f an accurate voltage
i§ not available, use one of which the exaet value is
known.

. If an overload or zero is displayed, the A/D Con-
verter or Inguard Lopgic as at fault. Go to
Paragraph 8-B-16 for further isolation.

. 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.

. If the 10 V reading is good, the Input Switching or
Input Amplifier is at fault. Go to Service Group €
for troubleshooting.

8-B-10. Inaccurate or Noisy Readings.

B-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 1est 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 1o
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
Range and Function Control Logic). The correct out-
puts in the 3456A°s functions and ranges are given in
various tables in Service Group C, I, 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,
20 to Paragraph 8-B-32 for troubleshooting.

B-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 B).

b. Make sure the ALE Synchronizer Circuitry is
good., Check the circuitry by making sure pins 1 and 2 of
A3QUS are toggling (the pins are changing from high to
low). If they are not togeling, replace U7 or US. If they
are togeling, replace US or U6,

B8-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:

4. 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 [solation Logic Connec-
tor (A3J7, Schematic 12).

d. Do the following on the A30 Assembly (Schematic
).

1. Move A30J33/134 to the 27 {middle) position, as
shown in Figure 8-B-2.

434

\I -4 Jumper

RUN

Figure 8-B-2. Jumper A3DJ33/34 in the 2 Position.

2. Move A30J35 and J36 to the Non-Run (2 and 3)
position,

¢. Connect {to A30 Assembly) and set the Signature
Analyzer as follows (Schematic 8):

Start: A30131-5TR
Stop: A30J31.5TP
Clock: A30J32-A
Gnd: A30J31-GND
Hold:

Self-Test:

f. Turn the 3456A On and make sure SA is working
correctly by checking the + 5 V signature (83AA). 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
SPHA

Checked at

A20U408 Pin 4
5H70 A20U408 Pin 6
5AF3 A20U408 Pin 8
PO12 AZ0U408 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 As/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. 1f the signatures are good, the failure
is most likely in the A/D Circuitry. Go to Paragraph
8-B-18 for troubleshooting.

Service

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 o be repadd-
ed according to the A/D Adjustment Pro-
cedure in Service Group F, if any com-
ponents are replaced in the converter.

§-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
§-B-27. The procedure to isolate the Digital Circuitry
from the Analog Circuitry and the analog
troubleshooting information, is as follows. Do the
following:

a. 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.

¢. 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 (A317) 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 A20129 (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
AZOTP405 (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 Wavaform.

can be determined by checking for the correct signatures
at A200402, If a Signature Analyzer is not available,
the faulty area can be determined by statically checking
the A/D Converter's Digiral Cireuitry, 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: AJOI31I-SRT
Stop: A30J31-5TP
Clock: A30J32-A
Gnd: A30JI31-GND
Hold: Out
Self-Test: Qut

Move A30J33/134 to the 2" (middle) position
(Schematic 8), as shown in Figure 8-B-2.
Turn the 3456A On.

Connect the DATA PROBE of the Signature
Analyzer to A20TP406. Connect one end of a
elip lead to A20TP407. Using the other end of
the lead, take the following signatures
(Schematic 4):

Signature

{~
()
(—~)

Checked at
POSU A20U402 Pin 2

HAL? A20U402 Pin 12
6635 A20U402 Pin 6
FHCC A20U402 Pin 10
AT33 A20U404 Pin 7

1. 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 Circuiiry is at
fault. Continue with the next step.

m. Te troubleshoot the A/D Analog Circuitry, do
the following:
1. Turn the 3456A Off.

2. Carefully remove the A30 Assembly from the ip-
strument. Set it aside.

3-B-4
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Using a clip lead, carefully short across A20C403
(Integrator Capacitor, Schematic 4).

Make sure jumper A20J29 is still in the GND
position.

Turn the 3456A On.

Using a high impedance Digital Voltmeter (like
the 3456A), measure for zero volts (< +10 mV)
at A20TP402 (use ground #4 as low).

If the voltage is other than zero, the integrator is
at fault. Replace Q406 or U405,

If the voltage at TP40? is zero, carefully apply
+5 V dc from an external power supply to pin 6
(gate) or 406,

Measure for approximately —.7 V at TP403,

. 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 15 not zero, replace 1J409.

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. If the voltage is wrong, replace CR403.

16. If the voltage is good, measure for +5 V at
TP405.

17. If the voltage is wrong, replace 1409,
18, If the voltage is good, replace C403.

8-B-22. Constant Zero Reading.

8-B-23. A Constant Zero Reading ¢an be caused by the
analog or digital circuitry in the A/D Converter. The
Digital Circuitry troubleshooting is in Paragraph
§-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).

¢. Make sure A30J35 and J36 are in the Non-Run (2
and 3) position (Schematic 8).

f. Make sure A30F33/134 is in the “1" (Run) posi-
tion (Schematic 8).

g. Place the A/D Test Jumper A20129 (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:

l. Turn the 3456A Off.

2. Connect and set-up the Signature Analyzer as
follows (Schematic 8):

Start: A30J31-5RT
Stop: AMI31-5TP
Clock: A30I32-A
Gnd: A30J31-GND
Hold: Out
Self-Test: Ot

Move A30J33/134 to the “*2"’ (middle) position
{Schematic 8), as shown in Figure 8-B-2,

Turn the 3456A On.

Connect the DATA PROBE of the Signature
Analyzer to AZ0TP406. Caonnect one end of a
clip lead to A20TP407. Using the other end of
the lead, take the following signatures
(Schematic 4%

Signature

{(~)
()
(~)

Checked at
PORU A2007402 Pin 2

HAU7 A200402 Pin 12
6633 A20U402 Pin 6
FHCC A20U402 Pin 10

AT33 A2011404 7

|. 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:

I. Turn the 3456A Off.

2. Carefully remove the A30 Assembly from the in-
strument. Set it aside.
Connect pin 10 of A20U408 (or pin 6 of P30) to
ground (use ground #4).
Turn the 3456A On.

Using a logic pulser, toggle pin 9 of 1401
{momentarily short pin 9 of U401 to ground).

Service

Measure for approximately — 12 V at the gates of
404 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 ¢hm-
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.

Using a clip lead, carefully short across A20C403
(Integrator Capacitor).

Make sure jumper A20J29 is still in the GND
position.

Using an external power supply, carefully apply
+5 V dc to pin 6 (gate) of Q406.

. Using a high tmpedance Digital Voltmeter (like
the 3456A), measure for approximately +35V
(£100 mV) at TP402.

. If the voltage is other than 5 V, the Integrator
may be at fault. Replace U405 or Q406.

. I the voltage is good, measure for approximate-
ly —.7V at TP403.

. M 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 1J409.

8-B-24. Inaccuracy or Noise.

8-B-25, Ipaccuracy is most likely caused by the A/D
Analog Circuitry, including resistor network AZ0U500
or Inverter U402, If the 3456A is very inaccurate
(= 50%), use the Overload Troubleshooting Procedure
in Paragraph B-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 A30133/134 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: A30J31-5RT
Stop: A30I31-5TP
Clock: A30F32-A
Gnd: A30J31-GND
Hold:

Self-Test:

Turn the 3456A On.

Connect the DATA PROBE of the Signature
Analyzer to AZ0TP406. 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).

Checked at

A2005402 Pin 2
A20U402 Pin 12
A20U402 Pin 6
FHCC A20U402 Pin 10
AT33 A20U404 Pin 7

If any of the signatures are wrong or jumpy, the
A/} Digital Circuitry is at fault {go to
Paragraph 8-B-27). If the signatures are good
and steady, continue with step c.

(™)
(~)
(=)

Out
Out

Signature
POBU
HAU7?
6633

¢. If the 3456A is inaccurate (or noisy), check the
A/D Analog Circuitry for proper operation. Do the
following:

L.
2.

Turn the 3456A Off.

Carefully remove the A30 Assembly from the in-
strument. Set it aside.

Using a clip lead, carefully short across A200403
(Integrator Capacitor, Schematic 4).

Connect pins 4, 6, and 8 of 1J408 (or pins 7, &,
and 9 of P3)) 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 &) of A200Q406 to
ground (ground #4).

Turn the 3436A On.

Using a logic pulser, toggle pin 9 of A20U402
(momentarily short pin 9 of U402 to ground).
Using a high impedance Digital Volimeter (like
the 3456A), measure the voltage at A20TP402.
The voltage should be a stable zero volts
(< +2 mYV). If the voltage is unstable or wrong,
relace U405 or Q406.
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10. If the voltage is good, remove the connection to

ground from Q406. Measure the voltage at
TP403. If the voltage i3 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). 1f 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.

. If 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, sct the 3456A
to the various slopes and measure for the correct out-
puts of U402. Do the following:

1.
2.

Turn the 3456A Off.

Make sure the A30 Assembly is still removed
from the 3456A.

Connect pin 4 and pin 6 of U408 to +35 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
WIONg.

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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Make sure the A30 Assembly is still removed
from the instrument.

Connect pin 10 of U408 to ground.

Place jumper A10J29 in the GND test position,
as shown in Figure 8-B-1.

Turn the 3456A On.

Using a logic pulser, toggle pin 9 of U401.
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 pV 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).

8-8-27. 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 Apalyzer as
follows {Schematic 8):

Start: A30J31-5RT ( ~~
Stop: A30J31-5TP ( ™
Clock: A30J32-A {—~.
Gndd: A30J31-GND

Hold: Out
Self-Test: Out

c. Move A30J33/J34 to the *2' (middie) position
(Schematic 8), as shown in Figure 8-B-2.

d. Turn the 3456A On.

¢. Connect the DATA PROBE of the Signature
Analyzer to A20TP406. Connect one end of a ¢lip 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 1€,
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 I1C"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 fogeling
when raking the signature ar pin 9 of
A20U401.

NOTE

Make sure nothing, except the 84 probe, is
connected to the Integrated Circuit on which
the signaiures are taken.

8-B-31, Siatic 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 (5-1, 5-4, 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-
mg:

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
{uze ground #4) or +35 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).

¢. 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 U40] (momen-
tatily 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 A20U40! before checking
the state of A20U401 and U402.

8-8-32. 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 I[nguard Logic Failures and
troubleshooting information.

8-B-7
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Table 8-B-1. A/D Converter Signatures.

LC. Pin # Signatura 1.C. Pin # Signaturs

HEAA A20U402 BEAA
65C8 POBU
65C8 6525
95U9 POSU
BUEH 6525
F729 6635
4811 P35SV
o000 0000
BEAA* 4811
Pa9U FHCC
14HO GUEH
G525 HAU?
U250 BEAA
POCO SUEH
POCO HAU?Z
85AA 85AA

A20U403 B5AA A200404 HUB9
PCY3 HBHA
BP3g 1C70
U260 FOCO
BF33 0980
3F63 14HO
0000 AT733
3F69 0000
0990 FATO
a6U9 4283
F7239 9FGa
4283 PCO3
85AA 1C70
BEAA HE8HA
5AF3
B5AA

HEBHA
1C70
B5AA
BBAA
B5AA
85AA
BHAA
B5AA
B5AA
BoAA
B5AA
0oo0
6508
HU&S

Azouamm

W~ @M B L k2

N e e SN R I S

85AA Az20U408
POT2
65C8
22499
A733
5AF3
HuBa
Q000
BEAA
0000
854A
alelale]
85AA
85AA
0000
BLAA

AZ20U407

- — - I
PO Mo PENG O ARR oo

—- s aa o
il - SRR S P A TR

* Muke sure the 5A Probe le toggling, when taking this signature,
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A20U404
AZ20U407
A20U408

A20U408 Configuration

00
Q000

c
=
-
M
=3
=
=]
=
=
=
[ &
-]
=9
=
o
a
L1
o
¢
(-~}
=
-]
o
J—

Tahle 8-B-3. Static State of the A/D Digital Circuitry.
0100001
Q

10

001
T
High =0V, 0=lLow = —-12V
ROTE 2: Far the correct levels on U401 and W402, make sure that pin 8 of U401 is toggled after

changing states.,

AZOU401
A20U402
AZ0DU403

NOTE 1: 1
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B-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 Ul3 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:

I.  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 U2,

2. If the signal is present, replace Ul2,

¢. 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
15 high, continue with the next step.

Using a logic pulser, toggle pin 40 of A4U15
(momentarily short pin 40 of U135, shown on
Schematic 9, to ground).

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 RESET line
may continve 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 Isclation Logic Con-
nector (A3U7, Schematic 12).

3. Move A30J35 and J36 to the Non-Run (2 and 3)
position.
Turn the 3456A On.
Using a logic probe, monitor Ul3 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
U3, if other conditions are noted. (Note: Make
sure the Front/Rear Switch is good, before
replacing 1f13.)

e. Check and make sure pin 11 of A30U13 is tog-
gling. If it is not toggling, replace A30UI13.

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. 1f not
oscillating, replace U12.

2. Make sure pin 8 of U3 is oscillating. If not
oscillating, make sure pin 12 of U35 is oscillating
{or high). If wrong, replace U6. If the pin is
good, replace U5,

3. If pin 8 of U3 is oscillating, replace Ui6.

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 Isplation Logic Con-
nector (A3J7) is unplugged (Schematic 12).

d. Move A30J33/J34 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.

f. Connect (to A30 Assembly) and set the Signature
Analyzer as follows:

Start: A30J31-STR
Stop: A30]31-5TP
Clock: A30132-A
Gnd: A30J31-GND
Hold: Out
Self-Test: Out

(7))
(~)
()

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:

Signature

SA Connection

A30P21 Pin 1 {F/R) — Off
Pin 6 (PROG) - On

Probe State

Pin 7 (LMES)  7F04
Pin B (LGND) 9AT6

A30P30 Pin 4 (TRIG) 00F0
Pin 5 (ALE) 0000
Pin 6 (LRL) 6578
Pin 7 (H5A) P242
Pin & (HEC) 3718 Toggling
Pin 9 (HSB) 4661 Toggling
Pin 10 {(+ 5V} O0F0 On

Toggling
Toggling
Toggling
Togeling
Toggling
Toggling

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 A30U9 to +5 V.
Turn the 3456A On.

Troubleshoot the 3456A using the procadure in
Figure §-B-4,

1. Move the Clock of the Signature Analvzer 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 Ul3.

m. If the signatures are good, do the following:
1. Turn the 3456A Off.

2. Reconnect the cable to the Isolation Logic Con-
nector (A3J7, Schematic 12).

3. Move A30J35 and J36 to the Run (1 and 2) posi-
tion. ‘
Move A30J33/134 to the “*17' (first) position.

Moaove the Clock of the Signature Analyzer to
A30J32-B,

* Turn the 3456A On.

Set the 3436A to Trigger HOLD and 4WR Ohms
Function.

Set the 3456A to the following functions and
take the signatures on A30P21 as follows.

A30P21

Function
Pin #

Signature

0000
0000
0001
o007
0004
0000
0001
0000
0000
0004

DCY
DCV
DCV
DCV
ACY
ACV
ACY
ACY
AWERQ
2WRO
2WRQ 0003
ZWRGO 0007

If any signatures are wrong, replace A30U16 or
U3,

. If the signatures are good, set the clock of the
Signature Analyzer to: ( = )

L b L b B L3 R LA B D

Service

11. Set the 3456A to the following functions and
take the signatures on A30P21 as follows.

Function A30P21  Signature
Fin #
0002
0006
0007
0000
0002
0006
0007
0000
0002
0006

DCV
DCV
DCV
DCv
ACV
ACYV
ACYV
ACV
2WR1
ZWRQ
2WRGQ 0007
ZWRG 0000

12. If any signatures are wrong, replace A30U16 or
U13.

13. If the signatures are good, replace A20U702,

VB WA B b e

8-B-39. Isolation Logic Troubleshooting.

8-B-40. To troubleshoot the Inguard Isolation Logic,
do the following:

a. Press the 3456A's RESET button and then the
TEST burton.

b. Set the instrument to Test #3 by pressing the 3,
STORE, and 5 (COUNT) button,

c. Comnnect 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.

—R171—
—R1Z2m
—R13—

— —R14—

—R16—

Connact
to hera.

5 usec Meg. Trig.

Figure 8-B-5. Iznlation Logic Input,




Take the following
signatures:

A30U13 Pin 27 —-HUA3
A30U13 Pin 28— 39HA
A30U13 Pin 289—-A12H
A30U13 Pin 30—-65C8
A30U13 Pin 31 —FB7H
A30U13 Pin 32— 8A76
A30U13 Pin 33—7F04

Are
any signatures
wrong?

ls
the signature
at pin 8 of
A30U10
65787

Yes

Take the following
signatures:

A30US Pin 2—-HUB3
A3Z0UQ Pin 3—HUA3
A30U9 Pin 5—38HA
A30US Pin 68—-321A
A30U9 Pin 10—-AtPH
A30U9 Pin 11—-A12H

Are
any signatures
wrong?

Is
The signature
at pin B of
A30UI0
1A317

Is
the signature
at pin 12 of
A30U10
ATU3?

é% 8 - és"!'/
Sht! g

Replace A30U13.

Replace U30U10.

Replace A30U9,

Replace A30U10 or U4,

is
the signature
at pin 3 of
A30U3
At12H?

I
the signature
at pin 6 of
A30U1
FBCH?

Is
the signature
at pin 10 of
A30U4
8F3F?

Is
the signature

Replace A30U3 or U2,

Replace A30U1 or U2,

Repiace A30U4,

at pin 2 of
A30U1
DOFO?

is
the signature
at pin 2 of
A30u4
83607

Replace A30U1 or U25.

<

Make sure pins 10, 11,
12, and 13 of A3OU1 are
toggiing.

Replace A30U10 or U7,

Are
all pins
toggling?

Is
the signature
at pin 1 of
A30U4
PO70?

Is
the signature
at pin 8 of
A30U1
POCO?

Raplace A30U1 or U4,

Replace A30U11, U2, or
Uz5,

Figure 8-B-4




A30U13.

u3ouio.

0U0 or U4,

10 or UT.

s
the signature
at pin 3 of
A30U3
A12H?

Is
the signature
at pin 6 of
A30UT
FECH?

Is
the signature
at pin 10 of
A30U4
BF3F?

Is
the signature

K;S g-B8-Y
N

Replace A30U3 or U2,

Replace A30U1 or U2,

Replace A30U4,

at pin 2 of
A30U1
OQFQ?

Is
the signature
at pin 2 of
A30U4
8360?

Replace A30UT or U26.

=l
]

Make sura pins 10, 11,
12, and 13 of A30U1 are
toggiing.

Are
all pins
toggling?

Is
the signature
at pin 1 of
A30uU4
Pa707?

Is
the signature
at pin 8 of
A30U1
PaCO?

Replace A30U1 or U4,

Replace A30U11, U2, or
U2s.

Replace A30U4 or U1.

Replace A30U1.

Figure 8-B-4. Inguard Signature Analysis Routines.
Rev B 8-B-11/8-B-12
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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 TPI1 are
wrong oOr 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.
If it is toggling, replace U21.
If it is not toggling, replace U23.

. If the waveforms are good, do the following:

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.

Using the same set-up, check for the waveform

shown in Figure 8-B-7B at U24 pin 10, 11, and
12.

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-36c). continue with step j. If the
RESET line is inoperative, do the following:

1. Press the 3456A’s RESET button.

Service

Using a logic probe, monitor pin 8 of A30U22.

Using a logic pulser, toggle pin 40 of A4U1S
(momentarily connect pin 40 of Ul5, shown on
Schematic 9, to ground),

If pin 8 of U22 does not toggle, replace U22.

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 ¢). 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 Ul3.

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 A30U15 or Ul6.

A

Pos. Trig.

b usec Pos. Trig

5 usec 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 B-B-8. Output of Inguard Isolation Logic.

o. 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.
Set the scope to the set-up information in Figure
8-B-9 and check for the waveform shown in the
figure.
If the waveforms are good, replace A30U18,
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. Cutput of A30U19.

5 pusec Pos. Trig.

Figure 8-B-10. Output of Shift Register.

8-B-14 Rev B
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5. If the waveform is wrong, replace U135 or Ul6.
6. If the waveform is good, replace U19.

p. If the waveform is missing, do the following:

1. Using the set-up information in Figure 8-B-11,
check for the waveform shown in the figure at
A30U19 pin 3.

2. 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 Ul3, if the waveform is missing.

If the waveform in Figure 8-B-11 is good, make
sure A30U1S 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 A30UI8 pin 12
{use the set-up information in the figure).

If the waveform is good, replace UlS8.

6. If the waveform is missing, use the logic probe
and check for toggling at pin 4 or Ul4, If not
toggling, replace Ul4. If toggling, check for tog-
gling at pin 2 of Ul4. If toggling, replace Ul4, If
not, replace Ul7, Ul9, or Ul4,

5 psec Pos. Trig.

Figure 8-B-11. ALE Clock Signal.

b psec Pos. Trig.

Figure 8-B-12. Isolation Logic Clock Signal.

e
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SERVICE GROUP C

8-C-1. GENERAL.

$-C-2. This Service Group has the DCV, Ratio, and
Analog Filter troubleshooting information for the
3456A. The Service Group is symptoms oricnted (what
Fails) with different levels of troubleshooting, The first
fevel uses procedures 1o determine the general area in
the 3456A which causes the failure. The other levels
huve troubleshooting information for the areas,

8-C-3. FRE-TROUBLESHOOTING INFGRMATION.

8-C-4. Various Switching FETs and Relays are used in
the 12OV 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
15 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
[.ogic is inoperative,

8:C.5. Some troubleshooting procedures in this Service
Ciroup requires that the 3456A’s Aurozero must be
gither On or Off, to determine the failure. Make sure
the instrument s in the given state, when
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}.

B-C-11. This failure can show up as a constani
Overload (OL), Zero Reading, MNoise, 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 Made (by storing 6" into the N DIG DISP
Register).

¢. Position the jumper on A20J29 as shown below.

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 Lnput (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 fora
stable —12 V at A20TP501 and TP502, and a stable
+12 V at TP503, If the voitages are good, the A/D
Converter is defective. Go to Service Group B for
troubleshooting, 1f 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 + 10V 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,

I 1f 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
FET; and Switches in the Input Switching and Input
Amplifier Circuitry.

Rev B 8-C.l




Service

Table 8-C-1. Inguard Switch Closure Commands,

Model 34356A

Function

pov
DoV
DCv
DCV
DOV
AQV
ACV
ACV
ACV

ACV+DCV
ACV+DCV
ACV+DCV
ACV+DCV

0.cC.
Q.c.
0.C.
0.c.
o.C.
0.c.
o.C.
0.C.

2-WRQ
2-WRQ
2-WRG
2-WR
2-WHS
2-WRQ
2-WRQ
4-WRS
4-WRQ
4-WRQ
4-WRY
4-WRQ
4.WRR
4-WRQ

2-WR{
Z2-WRQ
2-WRE
2-WRQ
4-WREQ
4-WRQ
4-WR(}
4-WRS

Ratio Ref
Ratio Ref
Ratio Ref

Test #
Test #
Test #
Test #
Test #
Test #
Test #
Test #
Test #

10
11
12

Switch Glosure Commands

Naote:

1 = High, 0 = Low, T =
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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 canse is
most likely open or shorted FETs in the Input Switching
ot {nput 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-15 for troubleshooting. The following
is a listing of the ranges and most likely causes.

Cause
Input Amplifier
Input Switching
Input Amgplifier
Input Amplifier
Input Switching

Only Ranges Fail

100 mV
100 mV, [ V, 10V
1V, 100V
10 V, 1000 V
100 V, 1000 V

Only Ranges Good

100 mV
1v, 100V
10V, 1000V

Caunse

Input Amplifier
Input Amplifier
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
1o isolate the circuitry.

8-C-15. DCV Circuitry Isolation.

8-C-16. The following is a procedure to isolate the faul-
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% jnto the N DIG DISP Register).

¢. Turn Autozero Off.

d. Apply a stable and accurate + 100 mV dc to the
VOLTS Input Terminals (an accurate and stable +1V
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
AZ0J19.

h. If the voliage 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 TROUBLESHCOTING.
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 Qverload (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 conmponents in the Input Switching Cir-
cuitry are replaced. Go to Service Group F
Jor the Adjustment Procedure.

8-C-21. All Ranges Inoperative.

8-C-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 componecnt, first determine what the
failure is (Qverioad, 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
A200103 (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-WRE Function. If the
voltage read on the Test Voltmeter appears to be chang-
ing from approximately zero to some negative value,
A200Q105 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 cither
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:

B-C-3
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a&. Turn the 3456A OfTF.

b. Place A30J35 (on the Inguard Logic Assembly) in
the “TEST' position (position 2 and 3).

NOTE

Make sure A30JF35 (on the Inguard Logic
Assembly) is placed back in the "RUN*
position (pasition 1 and 2), when the
iroubleshooting procedure is completed or
after repairing the 343564,

¢. Turn the 3456A Qn.

d. If the Overload condition disappears and zero is
displayed, replace A200Q102,

e. If the Overload condition remains, turn Off
A20(3103 (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 A200Q109,
Q110, QI12, Q115, 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 3456 A to the 4-WRQ Func-
tion.

. If the voltage changes to a low value, Q115 is
shorted, If not, Q112 is shorted,

. If the reading 15 still an Overload, check for a
shorted Q112.

. A shorted Q109 and Q116 can also cause an
overlpad. 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 ¢ircuit in the main measuring
path. If all ranges show the symptoms, check the
foltowing :

a. Make sure the Gate Bias Amplifier is good. The
amplifter 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 ig X1, the
output should be the same as the input (+5 V, within
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5 mV). If the output is incorrect, replace A20Q120 or
U105,

b. Make sure A20(}103 is not open. This can be
checked by turning the 3456A’s Autozero off and shor-
ting the source to the drain of QI03, If the 3456A can
now make & normal DCV measurement, replace 103,

¢. 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, 1V, 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).

¢. Apply a stable and accurate 100 mV (or I 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 AZ0TP104. If the voltage is
higher (more than 500 mV) than the input voltage,
replace A200120, U105,

. 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 103,

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
counis}, replace Q104. Remove the short from

Q104
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, If the reading is still wrong, turn Autozero On.

. Short the gate of (3115 to the Low VOLTS Ipput
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.

. If the offset reading is still excessive, short both
the gate and source (junction of Q110 and R111)
of Q110 to the Low YOLTS Input Terminal. If the
offset reading changes in the positive direction (=
200 counis) ot to approximately zero (<50
counts), replace Qi10. Remove the short from
Q110.

. Remove the short from the VOLTS Input Ter-
minals and apply a stable and accurate 100 mV (or
1 V) to the terminals,

. Turn Autozero Off.

. Short the gate of Q105 to the High VOLTS Input
Terminal. If the reading is good, replace Q108. If
not, replace G102, Q112.

h. If the 3456A displays very little (= 5Q 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,

. Short the source of A200Q104 (junction of Q104
and R104) to the High VOLTS Input Terminal.

. If the displayed reading is now good, replace
Q104. If not, remove the short from Q104 and
short across R104,

. 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. [f the Noisy Readings also
show up as Inaccurate Readings, the noise is most likely
caused by leaky FETs. Go to Paragraph 3-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).

¢, Apply a stable 10 V dc to the VOLTS Input Ter-
minals,

d. Turn Autozero Off.
e, If the displayed reading is stable replace A200Q104,
f. If still unstable, replace Q103.

8-C-28. Some Ranges Inoperative.

8-C-29. This failure can be a Zero, Qverload (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. 1f
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 (unction of (109 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 QOverload Failures on some ranges, do the
following:

a. Determine what ranges fail.

b. If only the 100 mV, 1 V, and 10 V Ranges fzil, do
the following:

1. Press the 3456As RESET button,

2. Set the 3456A to the 1 V Range,

3. Short the 3456A°s VOLTS Input Terminals.

4

. With a high impedance Digital Voltmeter (like the
3456A) measure the source of A20Q116 (junction
of Q116 and R120).

. If the voltage is approximately zero, check for a
leaky Q109.

. If the voltage is positive (=12 V), replace Q119,

. If the voltage is negative (= —12 V), turn the
Filter On (by pressing the FILTER button).

. If the voltage changes to approximately zero,
replace Q114. If not, connect the gate of Q109 to
the Low VOLTS Terminal.

. 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 Onr (by pressing the FILTER button). If the
overlpad condition disappears, replace A20Q101. 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 QI116, and resistors R102, R109, R110, R120.
Replace the faulty component.

8-C-5
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f. Turn A20K101 Off by shorting the base of
A200702 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 iz in the Input
Amplifier Circuitry.)

i. Using another clip lead, connect the emitter of
A20Q210 1o 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 — 35 V to the base of Q210.

. If the reading is good or improves significantly
{good within 20 cts), the Ohms Protection Circuitry 1s at
fault. Go to Paragraph 8-I>-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 A20R.103.

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 QQ310Q. 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 QOhms 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 fatlure shows
up as a low reading on a range with the higher ranges
worse (fower 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. Unselder and lift one side of El. (El is located at
the A40 Assembly on the botiom of the chassis.)

b. If the defective ohms range is now good, replace
El. If not, unsolder and lift one side of A20R101.

¢. 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.

3-D-29, Use the following troubleshooting information
if it has previously been determined that the Qhms 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 §-D-20.)

8-13-30. the Ohms Protection Circuitry can cause Ohms
Failures duc 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 corponents 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, unselder and lift E201.

. If the range is now good, replace E201. If not,
replace K101.

b. Open 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 iz 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 lpgic 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.

. If the reading is still wrong, remove the ¢lip lead
from the output of K101, (The output of the relay
is the lead opposite the one connected to the red
wire.)

. Connect the removed lead to the cathode of
CR202. If the reading is good, CR202 or R222 is
open or noisy.

. If the reading is still wrong, check for an open or
noisy Q20! and Q211,

8-0-31. 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.)

e
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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 2 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
A200)305 (pin &) and TP304.

. If both readings are the same (within 5 mV}, the
Input Amplifier is at fault. Go to Paragraph
8-C-47 for troubleshooting.

. If the reading is not the same (> 5 mV), the Gate
Bias Amplifier is at fault. Go to Paragraph 8-C-45
for troubleshooting.

t. If the reading is a High (positive) Reading on all
ranges, the most likely cause is a leaky A200Q310 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.

§-C-42. The Inpui 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 1s

good, before replacing a suspected open or shorted
FET.

2-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 cither
range is selected,

b. Only the 1 V and 100 V Ranges fail. These¢ Ranges
use the X 10 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 1s on.

¢. Only the 100 mV Range fails. This range uses the
%100 gain of the amplifier. The gain is determined by
A200309 and U200. Make sure the FET is on and not
noisy (by shorting its source to drain), when the range 1s
selected. Also make sure U200 is good and Q302 is on.

d. Only the 10 V and 1000 V Ranges good. Make sure
A200Q308 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
A200Q308 and Q303 are not shorted or very leaky, when
other than the 1 V and 100 V Ranges arc selected.

f. Only the 100 mV Range zood. 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, 305, 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

8-C-7
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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
TR102,

¢. 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-30
for troubleshooting.

¢. If no oscillation is present, remove the oscilloscope
and connect a high impedance Digital Voltmeter (like
the 3456A) 10 TP303.

f. Set the 3456A to the 10 V Range and measure the
voltage at TP303.

g. If the voitage is noisy (> 10 pV), go to Paragraph
8-C-51 for troubleshooting.

h. If the voltage shows a saturated output
(> £14 V), go to the next paragraph for
troubleshooting.

8-C-49. SBaturated Output, This failure can be caused
by an open Feedback or a defective component in the
amplifier citenitry, Do the following:

a. Press the 3456A’s RESET button.
b. Set the instrument to the 10 V Range.

¢. 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,

£. Unsoider and lift one side of R327 from the P.C.
Board, as shown below,

Lift this side
of R327

Model 3456A

k. Connect the gate of Q308 to A20TP105.
1. Turn the 3456A On.
j- Using a clip lead, carefuily short pin 6 of Q310 to

ground.

Muake sure the clip lead does not touch any
other pins on Q310 or other components on
the P.C. Board, or internal damage io the
34564 may resuli,

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.)

L. 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 10
+ 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-
eedure in Service Group F, if any of the components
have been replaced.)

8-C-50. Oscillating Output. An Oscillating Qutput 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
cheeked by connecting another capacitor with the same
value in parallel with the suspected defective capacitor.
If the oscillation remains, try replacing LF308. If that
does not eliminate the oscillation, perform the
troubleshooting procedure for a saturated output (in
Paragraph 8-C-49).

8-C-51. Noisy Qutput. 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, A200Q310, Q311, and
associated circuitry is noisy.

f. If the voltage is steady and quiet, measure the
vollage at pin 6 of U307. The voltage should be a solid
53V (<50 pV change). If good, replace U308. If noisy,
replace 1J307,

8-C-52. RATIO FAILURE.

&C-533. A Ratio measurement 15 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.
o to this Service Group for any DCV Failures and Ser-
vice Group E for any ACV Failures.

8-C-54. If the DCV and ACV 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-WRS 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-WR$ Funiction and the
1 K. ohm Range.

¢. Connect an accurate (£ .001%) 1000 ohm resistor
to the Input Terminals (VOLTS and 4WRQ SENSE). If
an accurate resistor is not available, use one of which
the exact value is known.

¢. 1f the Ohms Function fails, go to Service Group D
for troubleshooting.

e, If the Ohms Function is good, replace AZ0Q115,
Qlle.
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8-C-55. ANALDG 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 (3101 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. Applya 1V 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 QII186,
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 ochmmeter to
check for shorts. An open capacitor can be checked by
eonnecting 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 GROUP D

8-D-1. GENERAL.

8-12-2. This Service Group has OQhms 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 Fune-
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 ithe
Ohms Section of the 3456A is the Inguard
Ground #1 (A20TP10!]).

8-0-4. PRE-TROUBLESHOOTING INFORMATION.

8-D-5. Various Switching FETs 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 Gaing, and Closed Switches in the dif-
ferent Ohms Ranges. Table 3-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.

Roterance Input Amp
Voltape FETu Usnd Current Gain

-55 |Q201.0204,0206.0209 1mA X100
-5.5 10201,Q204,0206,0208 TmA X10
5.5 JG201.0204,G206,0208 1004 X10
-9.26 1Q202,40204,0208,0208 S0uA X2
4.2% |Q302,0204,0206,0204 Epd X2
-8.26 |Q202,0203 S00nA X2

8-0-8. INOPERATIVE OHMS RANGES.

3-D>-9. Most Range Failures show up in both the
2-WRA{! and 4-WR{ Function. Troubleshoot the 3456A
in the 2-WRQ Function for any Range Failures. If
failures are noted in onfy the 4-WRQ Function, go to
Paragraph 8-D-46 for troubleshooting, For the 2-WR{}
Function, go to Paragraph 8-D-15 for troubleshoating.

8-D-10. OHMS ACCURACY FAILURES.

8-D-11. Ohms Accuracy Failures can be in either the
4-WR, or both the 4WRQ and 2-WRQ Functions, If
the failure shows up equally in both functions, use the
troubleshooting information in Paragraph §-D-15. If
the failure shows up in only the 4-WR{ Function or is
quite a bit worse (more than XI100), use the
troubleshooting 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-WR{ 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 noeisy, troubleshoot for DCV Noise
before troubleshooting for any Ohms Moise (go to Ser-
vice Group ).

B-D-14. Most Ohms Noise normally shows up in both
the 4-WER and 2-WRQ Function. This can be caused by
the Ghms 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-WRQ AND 4-WRQ 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 Noisa).

8-D-1
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Tahle 8-D-2. Ohms Switch Closure Commands.

Function Range

Switch Closure Commands

2-WRQ 100
2-WRR 1K
2-WR{Q 10K
2-WRQ 100 K
2-WRQ 1M
2-WRg2 10M
2-WRQ =100 M
4-WRD 100
4.WRQ 1K
4-WRG 10K
4-WHRi) 100 K
4-WHRH ™
4-WRQ 10 M
4-WRQ =100 M

0.C. 2-WR{} 100
0.C. 2-WRQ 1K
0.C. 2-WRQ 10K
0.C. 2-WRQ 100 K

0.C. 4-WRQ 100
0.C. 4-WRQ TR
0.C. 4-wWRD 10 K
0.C. 4-WRi 100 K

Nota: 1 = High, 0 = Low, T = Toggle

8-D-19, Thiz fajlure can show up as 2 constant
Overload (OL), Zero Reading, Noise, or Inaccuracy on
all ranges. A failure can be c¢aused by the 3456A Input
Circuitry, Ohms Protection Circuitry, or Ohms Current
Source. A constant overload is normally cansed 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, 4WRD) Input Terminals.
If an accurate resistor is not available, use one of which
the exact value is known.

¢. 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 Inpur
at A20K101 (red wire connected to K101), Con-
nect the other end to the emitter of A200Q210.

If the ohms reading is good, K101 or the Ohms
Protection Circuitry is at fanlt. Go to Paragraph
8-D-28 for further troubleshooting,

If the reading is still *‘00.0000"" of noisy, the
Chms Current Source is at fault. Go to
Paragraph 8-D-34 for troubleshooting.

e. If the reading is an Overioad (OL), the Ohms Cur-
rent Source is at fault. Go to Paragraph 3-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
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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 A20KI101 Off by shorting the base of
A20Q702 to ground. (Q702 is located in the
Range and Function Control Logic.)

Remove the red wire from A20J20 and the white
wire from J19.

Using a clip lead, connect the removed red wire
to the base of A20Q310 (pin 3). (Q310 is in the
Input Amplifier Circuitry.)

Using another clip lead, connect the emitter of
A200)210 to the base of (3310.

If the reading is good or improves significantly
(zood within 20 cts), the Input Switching Cir-
cuitry is at fault. Go to Paragraph 8-D-25 for
troubleshooting.

If the reading is still wrong, acquire a 5 V dc
Power Supply and apply —5 V to the base of
Q210.

If the reading 15 good or improves significantly
(zood within 20 cts), the Ohms Protection Cir-
cuitry is at fault. Go to Paragraph 8-D-28 for
troubleshooting.

If the reading is still wrong, remove both clip
leads from the base of Q310. Connect the remov-
ed leads to either side of A20R103.

. Connect a high input impedance Digital
Voltmeter (like the 3456A) to either side of R103
and ground. Measure and note the voliage at
R103, The voltage should be very close to -5V,
if the recommended 100 K ohm test resistor is
uged.

. 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 Inoparative.

§-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 ohrs 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, zo to Paragraph 8-D-31 for troubleshooting.
For a defective Ohms Current Source, go to Paragraph
B-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 16 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
Circuitry, 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 goad, but is in ac-
tuality bad. For example, the 1 M through ! 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 possibie to adjust an
inaccurate range to tolerance.

B-D-23. Isolating tha 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 (2QWRE,
4WRD) Input Terminals.

d. Set the instrument to the 2-WRS§) 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.
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f. Turn A20K101 Off by shorting the base of
A200702 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 iz in the Input
Amplifier Circuitry.)

i. Using another clip lead, connect the emitter of
A20Q210 1o 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 — 35 V to the base of Q210.

. If the reading is good or improves significantly
{good within 20 cts), the Ohms Protection Circuitry 1s at
fault. Go to Paragraph 8-I>-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 A20R.103.

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 QQ310Q. 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 QOhms 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 fatlure shows
up as a low reading on a range with the higher ranges
worse (fower 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. Unselder and lift one side of El. (El is located at
the A40 Assembly on the botiom of the chassis.)

b. If the defective ohms range is now good, replace
El. If not, unsolder and lift one side of A20R101.

¢. 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.

3-D-29, Use the following troubleshooting information
if it has previously been determined that the Qhms 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 §-D-20.)

8-13-30. the Ohms Protection Circuitry can cause Ohms
Failures duc 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 corponents 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, unselder and lift E201.

. If the range is now good, replace E201. If not,
replace K101.

b. Open 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 iz 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 lpgic 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.

. If the reading is still wrong, remove the ¢lip lead
from the output of K101, (The output of the relay
is the lead opposite the one connected to the red
wire.)

. Connect the removed lead to the cathode of
CR202. If the reading is good, CR202 or R222 is
open or noisy.

. If the reading is still wrong, check for an open or
noisy Q20! and Q211,

8-0-31. 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.)

e
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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
nated in the DCY 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:

8. Only the 100 ohm Range fails. Make sure the X100
Gain of the Input Amplifier is good. If not, check for an
open A200309 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 i 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 A200Q306 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 in the
DCV Function should also be the only operative range
in that function.

¢. 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 funciion.

f. Only the 100 K obm 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 3-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 fatlures 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 FETs 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) conditior on the 100 M
and 1 (G ohm Ranges only, can show up as a
minus ohms reading (approximately
—49.XXX +46).

NOTE

The Ohms Current Source may need to be
readjusted internally, if components in the
Ohms current Source have been replaced.
Go to Service Group F for the Adjustmen!
Procedure.

8-D-37. All Ranges Inoperative (Qverload, 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 voliage 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 surc the Resistor
Divider (U200) is good. The divider can be easily
checked by lifting pin 3 of U204, Ef the divider is
good, replace U204,

. If the voltage at pin 3 is good, make sure the
20.4844 K and 20.4955 K resistors in UJ200 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 201 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.

¢. 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,
208, and Q209,

B-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 (¢.g. 100 ohm
resister for a bad 100 obhm 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, 1K, 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 selecred, Also
make sure Q202 and (205 are not shorted or leaky.

¢. Only the 10 K and 100 K ohm Ranges fail. These
ranges use 100 pA and 50 A 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 sclected,

d. Only the 1 M ohm Range fails. This range uses 5
#A current to measure resistance, The current is derived
by Q205. Make sure the FET is turned on and not noisy,
when the range is selected.

¢. 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 js
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.

2. 1M, 10 M, 10 M, and 1{0 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,
203 and/or Q205 is at fault.

. If the 100 and 1000 ohm Range is low and the 10 K
and 100 K ohm Range is good, Q208 is at fauit.

. If the 100 through 100 K ohm Ranges read pro-
gressively higher, Q209 is at fault.

b. 10 M, 1M M, and 1000 M ohm Ranges bad. Look
for a shorted or leaky Q204 and/or Q206.

¢. 10 K ohm through 10600 M ohm Ranges bad. Look
for a shorted or leaky Q208 and/or Q209.

8-D-43. High or Low Readings on soma Ranges.

8-D-44, This type of failure ¢an 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 §-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 ¢an ¢ause 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
a};:ljustcd out by a Calibration Potentiometer (Pot F to

8-0-46. 4-WRQ TROUBLESHOOTING.
8-D-47. General.

§-D-48. The following information is for 4-WR{Q
Failures that do not show up in the 2-WRQ Function. If
the failure is also present in 2-WR{, go to Paragraph
8-D-15 for troubleshooting. Also, troubleshoot any
Z2-WR{? Failures first, before troubleshooting for any
4-WR1? Faijlures,

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 (4WR(Q
SENSE) Terminals, Selecting the correct terminals is
done in the Input Switching Circuitry. Because of this, a
4-WRA Failure with no corresponding 2-WRE Failure is
most likely caused by the Input Switching Circuitry.
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Table 8-D-3. Range Failures and Defective FETs.

J468A
Ranga Rending

4201 Q207 Q203 Q304 a:05 Q08 0208 08

100 High X 4
Low X
aL X

8-D-50. Failures in the 4-WRQ Function can be caused
by Shorted, Open, or Leaky FETs in the Input Swit-
ching Circuitry. The FETs involved are, A200Q104-
QI108, Q115, 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, 4WRSY) High
and Low Terminals are connecied to the
RATIO REF (4WR{ SENSE) High and Low
Termingls, respectively.

8-D-51. Constant Qverload, or High Pozitive nr Negative
Readings.

8-D-52. This failure can be caused by Open or Shorted
FETs in the RATIO REF (4WRQ 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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¢. 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
Ql06.

. If the reading on the Test DVM is zero volis,
replace A200Q1035.

. If the reading on the Test DVM is a high negative
voltage (approximately — 13 V), replace Q106.

. If the reading on the Test DVM is5 4 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
(117, and source and drain of QL108.

. If the reading on the Test DVM is a high negative
voltage (approximately — 13 V), replace (108,

. If the measured reading is a high positive voltage
approximately 13 V), replace Q117.

. If the measured reading is jumpy or very unstable,
replace Q115. An open Q115 ¢an easily be checked
by reconnecting the 1000 ohm resistor to the Input
Terminals and shorting the sourge to the drain of
Q115. If the 3456A (under test) now displays the
resistor value, Q115 is open.

8.0-563, 4 WRQ Accuracy Failures.

8-D-54. These failures are normally caused by leaky
FETs in the 3456As Input Switching Circuitry. To find
the leaky FET, do the following:

a. Set the 3456A to the AWRQ Function and short the
Input Terminals. Make sure the instrument is on the [ 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
A2ZOR106 (orange wire connected at 123). Conncct the
high input of the Test DVM to the other side or R106.
Measure for any voltage across the resistor.

c. If no voltage or less than 5 microvolts is mcasure'd
across R106, continue with Step d. If a voltage 1s
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

Q117.

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 rto the other side R103.
Measure for any voltage across the resistor.

¢, If no or very little (a few microvolts) voltage is
measured across R103, replace Q105.

f. If a positive voltage larger than 50 microvolts is
measured across R105, replace Q107.

2. 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_thc voltage across R105 appears jumpy or noisy
with Autozero On and stable with Autozero Off,
replace Q105.
. If none of the above was noted and the 3456A still

has an ohms accuracy failure, Q105 may be defec-
tive.

Model 3456A

8-0-55. 3-WRQ Noise Failures.

8-D-56. Ohms Noise Failures in the 4-WR{ Function,
but not the 2-WR( Function, 15 most likely caused by a
leaky Autozero FET {A200Q]05) in the Input Switching
Circuitry. This failure should also show up as a low
ohms reading. Replace Q105.

8-D-57. 0.C. DHMS 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
0.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 (A200Q201-
Q206, Q208, and Q20%) On and Off, These FETs and
the other circuitry (Input, Current Source) are also used
in normal ohms. Therefore, an O.C. Ohms Failure i3
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

SERVICE GROUP E

8-E-1. GENERAL.

8.E-2. This Service Group has the ACY and
ACV+DCV  troubleshooting information for the
3456A. You must make sure the 3456A is functioning
gorrectly in the DCV Function, before troubleshoating
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 1o 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 the ACV
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 Fune-
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-] lists the commands for the ACV and
ACV +DCV 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.

B-E-10. The 3456A has two AC Functions: ACVY and
ACV +DCV, The ACVY Function can only measure ac
voltages and the ACY+DCV Function can measure
both ac and de 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 witha 1 V ac in-
put and not with a corresponding 1 V de 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

ACY
ALY
ACY
ACV

ACV +DCV
ACV+DCV
ACV +DCV
ACV+DCV

Nota: 1 = High, O =
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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 de
inputs) Functions fail.

B-E-13. All Ranges Inoperative (Overload, Zero Reading,
Accuracy, or Noize).

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 EMS Converter. Except
for Inaccuracy, use the following procedure to deter-
mine the fauity 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 B-E-38 for troubleshooting. If inaccuracy
and any of the previous symptoms are noted in both
functions with ac (ACV and ACV + DXV Function) or
de (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-

ng:

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.

. 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 aceurare and stable +1 V de 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,

. If the voltage is stable and within limits, the RMS
Converter i5 at fault. Go to Paragraph 8-E-31 for
troubleshooting.

. If the voltage is wromg or noisy, measure for
-5V (x1mV)at TP9.

. If the voltage is stable and within limits, the Ab-

solute Value Amp is at fault. Go to Paragraph
8-E-28 for troubleshooting.
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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 canse 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 1 V, 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 Funcrion.

3. Check the 1 V, 10V, and 100 V Ranges by apply-
ing accurate and stable —1V, —10V, and - 100
V dc to the VOLTS Input Terminals, respectively.
Use the 3456A°s DCV Function to make sure the
voltages are accurate.

. Using a high impedance Digital Voltmeter (like the
3456A), measure for +.5V (% 1 mV) at A40TP9
for all ranges,

. If the voltage on all ranges are wrong, the Input
Attenuator itself is at fault. Go to Paragraph
8-E-18 for troubleshooting.

. If the voltage is wrong on only some ranges, the
Feedback FETs and/or Feedback Resistors are
defective. Go to Paragraph B8-E-18 for
troubleshooting,

b. Only the 1000 V Range fails. The High Voliage
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
paraliel 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, U1 may be
defective.

. 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 U1.

. If the range is inaccurate, make sure the 2.5 K
ohm resistor in U3 is good. If good, Ul may be at
fault.

. 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.

e
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B-E-1B. INPUT ATTENUATOR TROUBLESHOOTING.
8-E-19. General,

8-E-20. Before troubleshooting the Input Attenuator,
make sure the failure is not in the Absalute Valug Amp
or EM5 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
Inaceurate, Qverlead, or Noisy Readings. Other possi-
ble failures can be a Floating Reading (the displayed
reading does not change when a different input is ap-
plied to the 3456A), or a large offset. 1f 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.

B-E-22. Overload, Offset, Floating, or Noisy Readings an
the 1V, 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 A4QQ2, U6, or U7. The Floating
Reading can also be caused by Q2, U6, or U7 and if
there i an open circuit. An offset is most likely cavsed
by Q2 and U6. Noise can be caused by )2, 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
A4002 (pin &) to pin 6 of U6,

¢. Using another clip lead, connect the gate of A4002
{pin 3} to ground.

d. Turn the 3456A On.

€. 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 Ué.

g. If the voltage is approximately zero (< = 100 mV)
and stable, 32 and U6 should be good. Try replacing
U7,

h. If the voltage is other than zero or noisy, Q2 or Ué
may be defective.

8-E-24. Inaccurate Readings on the 1V, 10V, and 100 V
Ranges, or All Ranges.

8-E-25. Inaccurate readings are most likely caused by
the { 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.

B-E-26. Overload, Zaro, Inaccurate, or Noisy Readings on
Some Ranges.

8-E-27. If it has been determined that the Low Voltage
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Attenuator ig 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 Failg Cause
Iv A40011, Q20, C11
v A40Q10, C10
100V A4003, 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 Iogic. 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 A40Q)5, Q%
10V Q4004, Q7
100 V A40Q1, Q6

¢. Inaccurate or Noisy Reading. This is normally
caused by leaky (or noisy) Feedback FETs 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 A400Q11, 500 K ohm in U3
10V A40Q10, 50 K ohm in U3
100V A4003, 5 K ohm in U3

8-E-28. ABSOLUTE VALUE AMP TROUBLESHDOTING.

$-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.

§-E-30. The Absolute Value Amp can cause Overload
(OL), Woisy, 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.

¢. Apply a stable and accurate —10 V dc to the
VOLTS Input Terminals. Use the 3456A°s DCV Fune-
tion to determine the aceuracy.

B-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 CR35 i conducting and
not shorted. Replace, if defective. Also make sure
(12 is conducting (correct emitter-base junction
bias). Replace U4 if Q12 is good.

. If not the same, make sure the 5 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 voliage is stable and good, remove the
—10 V from the Input Terminals and apply + 10V dc
to the terminals,

g. Using the Test Volimeter, 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 Converter,
make sure the failure is not in the Input Attenuaior 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 35 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 Offsat
Readings.

§-E-37. To isolate the fanlty circuitry, do the following:
a. Turn the 3456A Off.

b. Using a clip lead, connect the gate of A400Q14 to
ground.

¢. 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. Apply a 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. RM$ 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 TPS to
pin 1 of Q16A (this connects the output of US to
its minus input).

. Turn the 3456A On.

. Set the instrument to the ACV Function.

. Using a high impedance Digital Voltmeter (like the
3456A), measure for zero volts (£ 10 mV) at TP8.
1f the volitage is wrong, replace U35,

. If the voltage is good, make sure Q16A and Q15
are turned on (approximately .6 V across the
emitter-base junction).




M

Model 3456A

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 (16A.

h. If the signal at TP16 is good, check for the signal
shown in Figure 8-E-1B at TF17.

i. If the signal is not present, different, or unstabie,
do the following:
1. Make sure Q168 is turned on (approximately .6 V
across the emitter-base junction).

2. If the voltage is good, replace 17, If not, replace
13,

3. Replace Ul3.

J. If the signal at TP17 is good, do the following:

1. Leave the gate of Q14 conmected to ground, Using
another clip lead, carefully connect TP10 to pin 2
of U12 (or short across C28).

. Using a high impedance Digital Voltmeter (like the
3456A), measure the voltage at TP10.

. If the voltage 1s not zero (> 10 mV) or unstable,
replace Ul2.

4. If the voltage is good, replace Q14.

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 Fune-
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
ACV +DCV 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 U10Q are goaod,
replace K1.

8-E-42. AC Failures in both the ACV and ACV+DCV
Functions with no corresponding DC Failures in the
ACY 4+ 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. Inaccuracias At All Fraquencies.

B-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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. Set the 3456A to the ACV+DCV Funciion and
10 V Range.

. Apply a 10 V, 1000 Hz sine wave to the VOLTS
Input Terminals.

. Make sure the signals at A40TP3 and pin 6 of U3
are a clean half-wave sine wave.

. If the signals are good (not oscillating), the RM3
Converter is most likely at fault. Go to Paragraph
8-E-311 for troubleshooting.

. If the signals are oscillating, measure the signal at
TP9.

. If the signal is a clean sine wave, make sure Cl6,
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,

. If the signal is oscillating, make sure €25 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.

B-E-45. Inaccuracies At Higher Frequencies.

8-E-46. Check and do the following:

a. If the fajlure 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.
. 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.

. 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.)

. If the capacitors and U7 appear to be good, try
replacing 2 or Us.

¢. If the failure is in either the 1 V, 10V, or 100 V
Range, the failure can be caused by a defective A40C10,
C11, or Ci2. The faulty capacitor can be determined by
which range fails. The following lists the ranges and
faulty component,

Only Range Fails Cause
1v A40C11
10V A40C10

100V A40C12

d. If the failure is on only the 1000 V Range, check
and do the following:

B-E-5
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1. Make sure capacitor A40C3 is good. ing Amp (A40U12 and associated circuitry) in the RMS

2. Replace Ul. Converter. Make sure A40Q2! is on {(when the 3456A’s
Analog Filter is enabled), and ()22 and Q23 are off.

8-E-47. Inaccuracies At Lower Frequencies {Filter In). Check and make sure the logic turns the correct FET On
and Off, before replacing the suspected defective FET.

8-E-48. This failure is most likely caused by the Averag-
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SERVICE GROUP F

8-F-1. GENERAL.

B-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 (¢.g. ACV Adjust-
ment, AC Converter). The following lists the circuitry
and corresponding adjustment procedure,

Circuitry Adjustment Procedure

Reference Adjustment
A/D Adjustment
DCV Adjustment
DCV Adjustment
100V Adjustment
Ohms Adjustment
ACYV Adjustment

250 kHz Adjustment

Reference

A/D Converter

Input Switching
Input Amplifier

100V DC Input
Ohms Current Source
AC Converter

250 kHz Circuitry

NOTE

The adjustment procedures in this Service
Group does not have 1o be performed at the
3456475 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 +13V, —15V,
— 18V, and +5V regulated supplies. The following
paragraphs have the troubleshooting information for
both Inguard and Qutguard 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 circnitry 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 Ouguard Poawer Supply failure can be
caused by the supply itself (U1, AICRS through CRE)
or by a shorted Integrated circuit on the A3 or A4
board. Bince 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 A3CERS5 through CRE and zener dicde CRI1 are
good. If they appear good, replace Ul (mounted on the
chassis near T1). 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-
ponents in the Inguard. To troubleshoot a supply, do
the following:

a. Determine which supply fails.

b. Turn the 3456A Off.

¢. Refer to Table 8-F-1 to determine which board
uges the inpperative supply and where to measure the
various supplies. Remove the board(s) that use the in-
operative supply.

Tahle 8-F-1. Inguard Power Supply Locations,

Power Suply Maasured At Board Numbar

A10P1B Pin 7 A20

A10P15 Pin 6 A20,A40

- 18V A10P15 Fin 3 A20,A40

+ 6V A10P15 Pin 4,6 AZ0,A30,A40
=18V AT0P15 Pin 2 A2D

+33v
+15V

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 sop-
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.

8-F-1
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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 fiiter capacitors are good. Replace, if
defective.

Table 8-F-2. Powar Supplies Levals,

Voltage
Ragulator

Pawar Ripplw

Supply Raw Supply {Raw Supply) Load Raxigtor

3k ahimalTW}
220 ohms{2W}
220 ohms{2ZW}
1.5k ohms{5W)
A70 ohms{ 1 W}

+ 33V to + 46V
+17.5V 1o + 30V
-17.6V o - 30V

+ 7Vt + 16V

-21V ta — 33V

+ 33V
+ 1BV
- 16V
+ BV
-18v

< 2Vpp
= . 8Vp-p
< _8Vp-p
< .5Vp-p
1Wp-p

A10U2
A10U3
A10U1
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.

Schamatic
Nomber

Jumpar
Numher

Axsambly
Numbar

Powar
Supply

+ 33V AZ0 - 3

+15V AZO 102
+ 156V AZD 205
+ 16V A20 304
+15V AZD 507
+16Y A40 -

P
t

R I AN L
m
m

15V AZQ 101
A20 206
AZQ 303
A20 506
AdQ -

b
i

NP =
o
o

AZC -
A20 208
A20 a0
A20 403
Ag0D -
A30 -

00 ~F R =

A20 -
AZ20 207
AZ0 302
A20 -

AZ20 5086

b LR

8-F-10. REFERENCE TROUBLESHOQTING.,

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

B-F-2

Model 3456A

referenced to that voltage. To troubleshoot the
reference voltages do the following:

a. Determine which voltage (—12Va, —12Vh, or
+ 12V) supply is defective.
b. If the —12Va supply is defective, do the follow-
ing:
]. Make sure the supply 13 not loaded down by other
circuitry. Do this by lifting jumper A20JMPR3503.
If the supply is good, a component in the ather cir-
cuitry is loading down the supply. Refer to
Schematic 2, 3, 4, and 7 for the other circuiiry.
2. If the supply is still defective, make sure
A200Q501, 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 A23), or inac-
curacy to the 34564 will result.

¢, Ifthe — 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
A20IMPRS504. 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.

If the supply is still defective, replace A20U505.

If the — 12Vb supply is defective, remove the A20
board. If the supply is now good, lift jumper
A20IMPR401. 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 Frocedures. The adjustment in each procedure
must be performed in the order they are presented.

8-F-14. Referencae Adjuztment.

§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
(A200505, ete.). Do the following:

a. Press the 3456A°s RESET buiton.

b. Place jumper A20J29 to the ground position and
set all the jumpers located at the right of A20UJ500 bet-
ween AZ20F26 and J27, as shown in Figure 8-F-1,

w
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Figure 8-F-1. Reference Jumpers.

¢. 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 A20JMPR301
and JMPRS502 are in their respective places.
. Turn the 3456A On and allow the instrument to
warm up to its operating temperature.
. 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

A20]50 between —375mV and —125mV
A20J502 between —676mV and —375mY
A20J301 and J502 between — 875mV and —625mY

6. Continue with the next step.

g. Remove the test meter from TP403.

h. Reconnect the input of the Input Amplifier to
A20]119.

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.)

. Set the instrument to the 6 Digit Mode (by storing
6 into the N DIGIT DISP Register).

. Apply an accurate and stable +10V dc to the
VOLTS Input Terminals. Note the displayed
reading.

. 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 inio tolerance,
repad R403. Choose the correct value from the
following:

Resistor
Value

Réading
Difference

1 count 402K
2 counts 301K
3 counts 200K
4 counts 100K
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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-
Lon.

b. Conngct 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.

ofo ol 29

o Qo0

us0Q l

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, +10mV) is read on the test meter. Remove
the meter from TP303.

f. Reconnect the imput of the Input Amplifier to
A20J19.

g. Replace jumper A20J29 to the RUN position.

h. Short the 3456A°%s VOLTS Input Terminals,

i, Notc 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 2pV
(20 counts), the 3456A°s low input circuitry needs to be
padded. The padding instructions arc as follows:

1. If the offset is positive, connect a resistor (see step
3 for the correct viue) between the + 13V terminal
at A20CR102 and the node between A20R 149 and
AZ0R 104,

. 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

94V {no resistor required
4uV [12M ohm

9uV |8.2M ohm 0699-0741
Ouv 6.8M ohm 0698-6592

}. 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.

o. Set the 3456A to the 100 Number of Cycles In-

.0-
Q-
.5-

0
1 0699-0740
1

0
1
1
2
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tegrated Mode (by storing 100 into the N CYC INT
Register).

p. Adjust A20R147 for a zero reading (| 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 A20IMPR602 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 & into the N DIGIT DISP
Register).

¢. 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 pane] recading. The reading should
be between 9.9970K and 9.9990 K ohms. If the reading
is zood, 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).

. Turn the 3456A On and allow the instrument to
warm up to its operating temperature,

. Set the instrument to the 4-WR{ Function and the
6 Digit Mode (by storing 6 into the N DIGIT DISP
Register).

. Reconnect the accurate 10K ohm Resistor to the
4-WR. Ohms Input Terminals.

. 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:

IMPR204: 1.7 ohms
JMPR203: 3.3 ohms
JMPR202: 6.4 ochms
IMPR201: 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.

¢. 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 TPL

f. Adjust Calibration Pot **N*’ (on front panel) for a
0.0000 (= % 10xV) reading on the test meter.

g. If unable to adjust to tolerance, install jumpers
A400IMPR3 and/or IMPRA4 to either +12V or =12V
to bring the reading into tolerance. (See below.)

Qe — 0

Vo
I |

44
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/ /oL

.
GNDO O

Fiy
Jumper to be installed in ona of three positions.,

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 IMPR4
until the conditions in step e and h are met.

j. If no jumpers need to be installed, place jumper
A40JMPR3 and JMPR4 to ground.

k. Set the 3456A to the ACV Function and 1V
Range.

I. Adjust A4OR77 to its center position.,

m. Connect A40TP12 to TPIS,

n. Connect the test meter’s

“High' input to
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A40TP17 and the “Low’ input to TPI12. Adjust
A4ORRE 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).

5. 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 jumpets
A40IMPR2 and/or JIMPRA to either +12V or — 12V to
bring the reading into tolerance. (See step g.)

u. If the reading is in tolerance, measure between
A40TPS (high) and ground (low), Make sure the reading
is less than £ 8.25V.

v. Remove or insert jumpers A40IMPR2 and
JMPR6 until the conditions in step s and u are met.

w. If no jumpers need to be installed, place jumper
A40IMPR2 and JMPRS6 to ground.

x. Connect the test meter’s ‘‘High™' to A40TP16 and
“Low" to TP1,

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
A40IMPR7 and/or IMPRS to either + 12V or — 12V 1o
bring the reading into tolerance. (See step g.)

aa. If the reading is good, measure between A40TPE
(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 JMPRSE to ground.

dd. Remove the short from the Velis 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.

ge. If the reading is within 1.00000V and 1.01000V,
no further internal adjustments are necessary. Do the
ACY Adjustments in Section V of this manual (Ad-
justments).

hh. If the reading is below 1.00000V, remove
jumpers A40JMPR11 and/or JMPRI2 to bring the
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reading into tolerance. The change in reading each
jumper produces is as follows:

Remove Jumper ]

JMFPRI11
JMPR.I12
JMFPR11 and IMPR.12

Change in Reading

Approximate 1% increase
Approximate 2% increase
Approximate 3% increase

ii. If the reading is above 1.01000V, install jumpers
A40IMPRI11 and/or IMPR12 to bring the reading into
tolerance. (The effect each jumper has on the reading, is
given in step hh.)

ii» Do the ACV Adjustments in Section V of this
manual {Adjustments).

B-F-26. 250 kHz Adjustment.

8-F-27. Do this adjustrnent 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.

Model 3436A.

¢, Set the mnstrument 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.

i. Adjust A40R23 for the same reading as in step g
within 500xV. For example, the reading in step g was
10.1000¥, The reading in this step should be between
1.01050V and 1.00950V,

k. If unable to adjust A20R23, insert or remove
jumpers A40JMPRY and/or IMPRI10 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 normaily
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 vour nearest -hp- Sales and
Service Office,

A-S. HPB SYSTEM OVERVIEW.

A-10, The following chapters define the terms and con-
cepts used to describe HP-IB (Bus) systern operations,

A-11. HP-t8 System Terms.

a. Address: The characters sent by a conlrolling
device to specify which device will send information on
the HP-1B 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).

¢. Device: A unit that is compatible with the [EEE
Standard 488-1975.

d. Device Dependent: An actiont a device performs
in response to information sent over the HP-IB, The ac-
tion is characieristic of an individual device and may
vary from device to device,

¢, Poiling: 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:

4, Tatker; 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
caleulators 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 hstener (at Jdifferent 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
Systern Controller. The Active Controller is the current
controlling device. The System Controller can,
however, take control of the HP-IB even if it 15 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 compriscs the messages. The second
part ¢can be classified as HP-1IB management messages.
These messages are comprised of twelve messages and
are called meta messages. In this manual they arc refer-
red to as Bus Messages and are defined as follow.

a. Data: The actual information (binary bytes) sent
by a talker to one or tmore listengr. The information
(data) can either be in a numeric form or a character
string.

b. Trigget: The trigger message causes the lis;en_ing
device or devices to perform a device dependent action
when addressed.

¢. 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 frent pancl _Control 1o
remote program control when addressed to listen.

e, Local: This message clears the REMOTE message
from the listening device(s) and returns the devigels) to
iocal 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 1o 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

1. Abort; The system controller sends this message to
unconditionally assume control of the HP-IB from the
active controller, The message will terminate ail bus
comunication but does not implement the CLEAR
message.

A-16. HP-IB 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.

MESSAGE

HP-IB BUS IMPLEMENTATION WORKSHEET
DEVICE

MODEL
INSTRUMENT iy

MODEL

IDENTIFICATION TeTen
AND YES

LISTEN

HP-1B TALK YES

TALK

ADDRESS

5 BIT
VALUE 22

5 BT
VALUE

DATA S&R

TRIGGER

CLEAR

LOCAL

REMOTE

LOCAL
LOCKOUT

CLEAR LO &
SET LOCKOUT

REQUIRE
SERVICE

STATUS
BYTE

STATUS
BIT

PASS
CONTROL

ABORT N

§ = SEND ONLY R = RECEIVE ONLY

$ & R = SEND AND RECEIVE

N = NGT IMPLEMENTED
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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

Eon bl oulor enanpley the B4EER 48 prowranmgsd to the following

the progrom o

OPTION BASE 1 ¢ Seecifiss first &lement L e 2 futall,

i PR ol L i FILAFE LG Py .

] ( “||::‘- ‘i: B
D READING = "3t 01

TH STER

= oag

Lk

A B L ESHTFT O 4 04,

100 1#E THAND CEDy 150, 14 4 t
Dut b=t C s (-2 eB T 1=E#BITCBLs 700 s SHIFTCBIMAMD CELs 12405 200

e ik i B =N SN CHPE CRR SN R %
ERAS RIS L
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A-20. MULTIPLE READING TRANSFER PROGRAMS.

To send DATA from the controller to the 3456A, first:

A-21. The following programs show how to transfer Bus Management Lines Sent on Data Lines

multiple readings from the 3456A to the controller. The ATN 1 FC | sra | ren | EOI

programs are given in the HPL(9825A Controller) and T el x| 7 |x

Enhanced Basic (9835A/B and 9845B Controller) jT %_
Universai Uniisten

3456A Listen Address

Language. The programs do the following.
Controller Talk Address

a. The 3456A is set up to do this: then:

Bus Management Lines Sequence on Data Lines

1. Clear the 3456A and set SRQ Mask to bit 1 (Pro-

gram Memeory Execution Complete). ATN }IFC | SRQ | REN
FIFl x|

. Enter into memory to enable Reading Storage, Instrument
select 10 Number of Readings per Trigger, and Program Codes

Single Trigger. Figure A-2. Data Message (Controller to 3456A).

3. Execute Program Memory.

To send Data from the 3456A to the controller, first:
b. Read 3456A Status and remain in a loop until Pro-

Bus M Li DataLi
gram Memory has completed its execution. us Management Linss Sequance on Data Lines

ATN |IFC [sRra | REN |0
¢. Set up the 3456A to enable its System QOutput Tl x| x[x v o5

Mode and scroll the internally stored readings starting _'[ 'L
with #10. Universal Unlisten

Controller Listen Address
3456A Talk Address

d. Store readings into variables. then:
Bus Management Lines Sent on Data Lines

HPL Program.
ogra ATN |IFC |SRQ | REN

dim H"l”l o F F X '

Output DATA
from 3456A

Figure A-3. Data Message (3356A to Cantroller or Other
Devicels).

To send the TRIGGER Message (Group Exscute Trigger):

Bus Management Lines Send on Data Lines

ATN | IFC | SRQ | REN
T Fl X T X ? U6 octDio

Enhanced Basic Program
15 OFTION BRSE 3 Controller Tak Addrass 34564 Listen Address

ILer Fe
i ITF LT CHEMBEZL LRSI LaETHT R0 Figure A-4. Trigger Message (from Contralier to Device(s}}.

Universal Unlisten Trigger Command

To Enter the REMOTE Maode:

Bus Management Lines Sent on Data Lines

ATN | IFC ] SRQ IREN | EOI
T F X T X 7 UGB

A-22. BUS MESSAGE IMPLEMENTATION. _ Unuswn—TIL

2456A Listen Address
Controller Talk Address

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: Bus Management Linss

ATN | #FC | SRQO | REN | EOI
T = True

X X
F = False FIFLX

X = Don’t Care
Octal Code Figure A-5. Remote Message.

To Remain in the REMOTE Mode:
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To Serial POLL the 3456A (obtain Status Byte):
To enter the LOCAL Mede:

Bus Managemaent Lines

. Sent on Data Lines
Bus Management Lines Sent on Data Lines

ATN | IFC | SRQ | REN
ATN | IFC | SRQ | REN

TIFI X IXiF 76 oct03Q V5
v F X T |F ? U 8 octDQ1

Universal Unlisten T—- Centroller Listen Address
3456A Listen Address 34B56A Talk Address
Serial Poll Enable

Universal Unlisten Ga to Losal instrugtion
Controllar Talk Address 3456A Listen Address

then:
Figure A-6. Local Message. Bus Management Lines

Sent on Data Lines

ATN | IFC | SRQ* | REN

F F X X F | 34564 Status Byte
Ta eaable LOCAL LOCKOUT: *If SRQ was true, it will switch to the false state.

Bus Managemant Lines Senton Data Lines and finally:

ATN | IFC | SRQ |REN

Bus Management Lines Sent on Data Lines

T |F | X T oct 021

ATN |IFC
Local Lockout instruction T F

oct 031

to maintain LOCAL LOCKQUT: Serial Poll Disable

Bus Management Lines

ATN | IFC | SRC EOl Figure A-10. Status Byte Message.
x | x| x X

To send the CLEAR Message:

Bus Management Lines Sent on Data Lines

Figure A-7. Local Lockeut Message.

ATN |IFC |SRC |REN

T (F X X act004

Clear Command
To CLEAR LOCAL LGCKOUT and set LOCAL:

To send the CLEAR MESSAGE Only 1o the 3456A:
Bus Management Linaes

Bus Management Lines Sent on Data Lines
ATN | IFC | SRQ | REN | £01I

X X X T X ATN [IFC [SRQ |REN

F F X T | X ? B oct 004

Universal Unlisten Clear Command

Figure A-8. Clear Lockout/Set Local Message. 34584 Listen Address

Figure A-11. Clear Message.

Ta send REQUIRE SERVICE MESSAGE:

To send the ABORT Message:
Bus Management Lines

Bus Management Lines
ATN | IFC | SRQ EQI

ATN | IFC [ SRQ | REN | EQI
X X T X
X T X X X

Figure A-9. Require Service Message. 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 Jock.
The following procedures show how to install and
remove the lock.

a.

I,

Lock Installation Procedure.

Locate the front panel section located at the front
panel’s input terminals.

. 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.)

. 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.

. Sct the Front/Rear Switch to the desired position

(FRONT or REAR).

. Locate the Locking Cap and front panel section.

install the ¢ap 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 fock 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.

. Reinstall the front pancl section into the fronl

panel and tighten the screws,
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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 Ct. A20U200 Signal Conditioning Fineline (10D4-0044).
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NOTE

The measured value of the Finefine resistors may not be the exact value
shown. The Fineline accuracy depends upon the ratio of the resistor

values in refation to each other,
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Figure C2, A40U3 AC Gain Finelire (1QD6-0046).
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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; 1QE7-0057, used with A25 Ref. Board)
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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 Deskiop
Computer. Together, these instruments form a power-
ful measurement system. This guide will use program
cxamples to demonstrate remote control/system pro-
gramming techniques and general system capabilities as
they relate to the 9825 and the 3456A. [n doing so, some
of the more unique features of the 3456A will be
demonstrated.,

NOTE

This Appendix con be used with the 98254,
98258, 98258, or 98257 Deskrop Com-
puters. Throughout this Appendix the
desktop computer will be referred fo as just a
9525,

Example Program Summary

s Program 1 shows how to set 3456A functions and
have the 3456A return measurement data to the
computer.

Program 2 shows three methods of initiating a
group of readings.

Program 3 demonstrates the 3456A math capabili-
ties.

Program 4 uses the 3456A internal memory to
store readings.

Program 5 demonstrates how measurement in-
structions may be stored in the 3456A interpal
mermnoty.

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.

Program 7 illustrates how the 3456A can signal the
computer when the 3456A°s programmed
measurement instructions have been completed.

Program % uses some special 3456A capabilities to
take 2 burst of high speed measurements.

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 34356A Digital Voltmeter Operating Manual
{-hp- Part No. 03456-90005)

e 3456A Digital Voltmeter Introductory Users
Guide
(-hp- Part No. 03456-90002)

# Deskiop Computer
0F25A or 98253

Hewlett-Packard 98235A Desktop Computer

a.) Operating & Programming
(-hp Part No. 09825-90000)

b.) Extended 1/Q Programming
(-hp- Part No. 09825-90025)

¢.} General 1/0 Programming
(-hp- Part No. 09825-90024)

d.} Advanced Programming
(-hp- Part No. 09825-90021)

98258 or 9825T
05258 Manual Set
(-hp- Part No. 09825-87%01)

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-
Cess0ries:

1. 3456A Digital Voltmeter
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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 170 ROM.

b.) 98258

c.) 9825B

d.) 9825T

98034A Interface Card

SET-UP

To connect the system as shown in Figure 1, follow
these steps:

1.

2.

Turn off power to the 9825,

Insert the three ROM’s into any of the sockets on
the lower front panel (if they are not already in-
serted),

Install the 98034A into any of the three I/O 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.

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.

Attach the 24-pin connector at the free end of the
98034A cable to the rear panel of the 3456A. The
connector is tapered 10 ensure proper connection.

Model 3456A

»
;CAUT%ON; I

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.

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. m

FUNCTION DC volts

TRIGGER
AUTO ZERO

ADDRESS
SWITCHES

ADDRESS
TALK
NLYTE 4 1 |

i

3456A REAR PANEL

CONNECTOR

ROTARY
SWITCH

9825A REAR PANEL

Figure 1. System Connection.
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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 3456A 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-1B

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 YOLTS AUTO ZERO IS OFF

wrt 722, *F2Z0"

/ \ 3456A ADDRESS

SELECT CODE
The annunciators should change to:
DC volts

AC volts
AUTO ZERO

Appendix D

LISTEN

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-1B. The pro-
gram clears the 3456A, returns a DC volt reading and
displays that reading in the computet’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.

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.

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,

Figure 3. Example Program 1b.

Example Program 2: Triggering Techniquaes

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.

Model 3456A

et FIDLE Do BRI
Wt RS

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.

The computer displays the text in quotes.

The computer fixes its numerical display to 5
places to the right of the decimal.

A 10 count loop is set up.

The computer reads in the data from the meter
and stores it in array A.

The computer displays the data.

The loop is performed again.

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.

L
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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 tngger
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 3436A instructions for 10 readings
per trigger, single trigger.

gsooolim T@E ol 16
i LR 5, STHT R
2 : T wo Dot

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.

Run this program variation.

A third triggering technique uses the instrument’s hold
trigger mode. The instrument must then be given a
special HP-1B command to initiate the measurement cy-
cle (trigger the 3456A).

Change Line 1 to enable the 3456A hold trigger mode:

! ‘: i Ill | I::ll "
g T

n

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 # line: Press (FETCH), enter 4, and press
(EXECUTE). Line 4 should be in the computer’s
display. Press (CLLEAR) and type in the line to go before
Line 4. Press (INSERT-LINE). The result is shown
below,

L]
b

Perform the same operation to insert the trg 722 com-
mand between lines 9 and 10,
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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 werc 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 3.

"MARTAMCE: " s Y

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.

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,

Exampla Program 4: 3456A Intarnal Memory —
Storing Data

The 3456A has a feature called internal memory which
allows vou 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.

i Dourt STH,1ZTITZY
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Figure 6. Example Program 4a.
Pragram 4 Explanation;

Line 0: An array is dimensioned to hold 350 readings.
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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 recali 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.

Line 10: 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.

recall reodicm goaE, "

AT O Y B A A

ERRUS TV

Figure 7. Example Program 4h.
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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 4h 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 be recall-
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
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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.

D0 . Display Off: Displays “HHHHHH”’, no

annunciators lit

Auto Zero Off

System Output Mode Enabled

O1STI .. ... .01 Power Line Cycle Integration

Ten Readings per Trigger

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 capabilitics 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 calied Service
Request (SRQ).
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| 67] b6 | b5 | b4 [b3]b2]b1]b0 |

Limits Failure
Service Request
Pragram Memory Error

Front Panel SRQ
Program Memory Execution Complete
Data Ready

Internal Error

lilegal Instrument State }
Syntax Error

Trigger Too Fast

Figure 9. Status Byte.

The 3456 A 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 is 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,
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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.

WICE REGUEST om the FASE s Dl beerdwalt 200G

Figure 10. Example Program 6.
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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 +
20t 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 3456 A 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 3456 A 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 in-
terrupt. An external trigger command may be used in a
similar manner when an external triggering source such
as the HP-3497A Data Acquisition/Control Unit is
available. Enter program lines in Figure 11.
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Figure 11. Example Program 7.

Line 0: The computer is set to go to the interrupt
routine labeled “*Collect Data’* upon receiving
an interrupt.
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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

The interrupt is enabled.
A 5 count loop is set up.

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.

Wait I 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 Exampie 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).

The computer will go to *““DATA’’ upon receiv-
ing an interrupt.

An array is dimensioned to hold N readings.
The 3456A is set for high speed data acquisi-

Display Off

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.

Computer enables the interrupt. K is initialized
to 0. Flag 1 is set to 1.

Model 3456A

Line 5: If flag 1 is 1, the computer executes this count
loop. Flag 1 wiil 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 déta.
Line 12: Execution is returned to the main program.

Example Program 3: 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-
cessing time is tied up with transmitting the informa-
tion. A faster method of transferring the data is to use
the 3456A°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.

Peodinez?CLEACHIA40 "0 K

1R HIETIREL " a bl "STHT 2R HE

B
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]
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Figure 12. Example Program 8.
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First Byte

Exponent Sign
Exponent

Sacond Byte

Measurement’s MSD (Most ——I

Significant Digit}

Third Byte

3rd Measurement Digit

Fourth Byte

bth Measurement Digit

Appendix D

(oToloTolo [ Tof]

l —I_— 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.

by by

[pfojo[ofofo[o]o]

l—__ 2nd Measurement Digit

by by

EIBEIEEICIEIE

_I l_ 4th Measurement Digit

by by

[oofo]ofo[o[n]o]
l |— Measurement's LSD (Least

Significant Digit)

Figure 13. Packed Data Format.
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Program

Line 0:

N
# of rdgs.

Line 6:

CALETYISED

Model 3456A
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Figure 14. Example Program 9.

9 Explanation:

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 98258 or
a 98255 (or 9825A with option 002) the max-
imum number of readings is approximately
1700.

Type in the number and press (CONTINUE),

An array is dimensioned for N readings. The
size of the buffer is calculated as shown below.

* 4

+ 1 S

%x 4 bytes/rdg. + ! for transmission buffer size

termination
character

The statement specifies the buffer name, size,
and type. (For information on buffers refer to
i.) 9825B I/0 Control Reference - Section 6 or
ii.) 9825A Extended 1/0O Programming - page
71).

The 3456A is set for high speed data acquisi-
tion, and the system output mode is enabled to
ensure no readings are lost.

The readings are transferred from the 3456A to
the buffer until S bytes are filled.

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.

The computer displays the guoted text.

D-12 RevA

Line 7:

Line 8:

Line 9:

The unpacking routine is labeled. An N count
loop is defined.

Read/write statements are formatted to accept
4 bytes while suppressing the need for data ter-
mination characters.

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

Line 13:

Line 15:

Line 16:

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.

The variables are arranged in their proper
order forming the base quantity of the
number.

: 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.

The loop is performed again.

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 Coda

FUNCTION Shitt Function Off {Unshifted)
DCV

ACY

ACV +DCV

2 Wire K Ohms

4 Wire K Ohms

Shift Function On (Shitted)
DCV/DCV Ratio

ACV/DCV Ratlo

ACV + DCV/DCV Ratio
0.C. 2 Wire K Ohms

Q.C. 4 Wire K Ohms

Auto

100 mV or .1 K Chms
100G mV or 1 K Ohms
10 V or 10 K Ohms
100 V or 100 K Ohms
1000 V or 1T M Dhms
10 M Ohms

100 M Ohms

1000 M Ohms

TRIGGER Internal
External
Single
Hold

AUTOZERO On
off

FILTER On
Off

TEST On
Off

REGISTERS Storing into Registers
Recalling Registers

Number of Readings

Numbar of Digits Displayed
Number of Power Line Cyc. Int.
Delay

Mean Register {Read only}
Varience Register (Read only}
Count Register (Read only)
Lower Ragister

R Register

Upper Register

Y Ragister

Z Register

Off

Pass/Fail

Statistic (Mesn, Variance, Caunt)
Null

dBm

Thermistor (°F)

Thermistor {°C)

Scale [{X - ZWY]

%Error [{X - Y)Y x 100]

dB (20 Log X/Y)

READING STORAGE on
oft

SYSTEM QUTPUT MODE On
Off

DISPLAY On
off

QUTPUT FORMAT Packed Format On
Packed Format Off {ASCIl Format)

CLEAR-CONTINUE Active

NUMERLIC SEPARATOR Saeparates Numbers {e.g. F1W10STN}
HOME COMMAND Software Reset

FRONT/AEAR SWITCH SENSE 1 = Front, 0 = Rear

QI Enable
Disabla

PROGRAM MEMORY Load Program (Syntax) On
Load Program {Syntax| Off
Execute Program Memory
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Table 2. Status Byta Defintion.

Dacimal
Coda

Bit

Definition

65

Eront Panel SRQ - Whan the front panel
SRO button is pressed, this Require Ser-
vige is output. Pressing the button a se-
cond time will clear the Service Request.

Program Mermory Execution Complete
-Indicates to the controller that all the
program codes in the 3456A's internal
mernory are executed. The Reguire Sar-
vice condition is cleared when the Fro-
gram Memory is executed again.

Data Ready - Indicates ta the contrellar
that measurement data is ready to be
putput. The Require Service is cleared
when a new measurement cycle is ini-
tiated.

Trigger Too Fast - Indicates that the
3466 was triggered while executing 8
measurarment cycle. This anly cccurg in
Extarmal Trigger.

lNegal Instrurment State - Indicates that
the 3456A is unable 1o do an operation
pecause of an invalid set-up (e.g. 10 M
ohm range in DCV)

Internal Error - Indicates a failure in the
34586A

Syntax Error - Indicates te the controller
that invalid Program Code{s) where sent
to the 3458A (e.g. code F9)

Program Memory Error - Indicates that
the Progrem Memory Execution com-
mand ar the Test function was stered in
memaory, or an averflow of memory oG-
curred while logding into memory.

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

Note: Bit 6 is nat in this table, because it iz the SRQ bit.
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