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CERTIFICATION

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

WARRANTY

This Hewlett-Packard product is warranted against defects in material and workmanship for a period of one year
from date of shipment [,except that in the case of certain components listed in Section 1 of this manual, the warranty
shall be for the specified period] . During the warranty period, Hewlett-Packard Company will, at its option, either
repair or replacc products which prove to be defective.

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

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

LIMITATION OF WARRANTY

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

NO OTHER WARRANTY IS EXPRESSED OR IMPLIED. HEWLETT-PACKARD SPECIFICALLY

DISCLAIMS THE IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS FOR A PARTICULAR
PURPOSE.

EXCLUSIVE REMEDIES
THE REMEDIES PROVIDED HEREIN ARE BUYER'S SOLE AND EXCLUSIVE REMEDIES. HEWLETT-
PACKARD SHALL NOT BE LIABLE FOR ANY DIRECT, INDIRECT, SPECIAL, INCIDENTAL, OR CONSE-
QUENTIAL DAMAGES, WHETHER BASED ON CONTRACT, TORT, OR ANY OTHER LEGAL THEORY.
ASSISTANCE

Product maintenance agreements and other customer assistance agreements are available
JSor Hewiett-Packard products.

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

The following genaral satety precautions must he ochsarved during all phazes of aparation, service, and repair of this
instrument. Failure to comply with these pracautions or with specific warnings elsewhere in this manual violates
safety standards of design, manufacture, and intended use of the instrument. Hewlett-Packard Company assumes no
fiability for the customer's failure to comply with these requirements. This is a Safety Class 1 instrument.

GROUND THE INSTRUMENT

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

DO NOT OPERATE IN AN EXPLOSIVE ATMOSPHERE

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

KEEP AWAY FROM LIVE CIRCUITS

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

DO NOT SERVICE OR ADJUST ALONE

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

DO NOT SUBSTITUTE PARTS OR MODIFY INSTRUMENT

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

DANGEROUS PROCEDURE WARNINGS

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

Dangerous voitages, capable of causing death, ars present in this instrument. Use ex-
treme cautien when handling, testing, and adjusting.




SAFETY SYMBOLS

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

F

NOTE:

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

Indicatcs 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 (carth) 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-
rures.

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

Alternating or direct current {power line}.

The WARNING sign denotes a hazard. 1t calls attention 1o a pro-
cedure, practice, condition or the like, which, if not correctly per-
formed or adhered to, could result in injury or death to personnel.

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

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




SECTION |
GENERAL INFORMATION

e )

The information in this manual is for the use
of Service Trained Personnel. To avoid elec-
trical shock, de not perform any procedures
in the manual or do any servicing to the
3468A unless you are qualified to do so.

1-1. INTRODUCTION

1-2. The information in this manual is for the Installa-
tion, Operation, Performance, Calibration, and Service
of the 3468A Digital Multimeter. The manual is design-
ed for the use of Service Trained Personnel, Other users
should refer to the Operators Manual. This manual is
separated into the following sections.

1-3. Section |, General Information

1-4. A short description of the manual and introduction
to the 3468A is in Section 1. The section also lists instru-
ment specifications and accessories.

1-5. Section iI, Instaliation Procedures

i-6. This section explains how the 3468A is prepared
for use and includes power requirements, line voltage
selection, etc. The section also explains how to connect
the multimeter for remote operation.

1.7. Section I, Dperation

1-8. The condensed operaiing instructions of the
3468A, for the use of Service trained Personnel, is in
this section. For more complete instructions, refer to the
Operators Manual.

1-8. Section IV, Performance Test and Calibration

1-10. The 3468A’s Performance Test and Calibration
Procedures are in Section 1V. The Required Equipment
Table and an abbreviated specification table are also in-
cluded.

1-11. Seetion V, Replaceable Parts

1-12. Section V lists the replaceable paris of the 3468A.
It also includes pictures and illustrations of chassis and
mechanical parts.

1-13. Section VI. Backdating

1-14. This section has information for adapting the

manual to 3468A°s with serial numbers below the ones
shown on the title page.

1-15. Section VI, Service

1-16. The 3468A’s Troubleshooting Procedures,
Theory Of Operation, and Schematics are in Section
VII. The troubleshooting information is in the form of
Service Groups which are symptoms oriented (i.e., what
is the failure). The complete theory of operation is in
Service Group F and the Schematics are in Service
Group G (last group).

1-17. Appendix A

1-18. The appendix has a condenscd description of the
HP-IL (Hewlett-Packard Interface Loop).

1-19. DESCRIPTION

1-20. The -hp- Model 3468A is a versatile multimeter
with dc and ac volis, de and ac current, and resistance
measurement capabilities. The multimeter is excellent
for bench use, and since it is remotely programmable, it
can be used in measurement systems. A feature of the
instrument is that the reading can be displayed in either
5 172, 4 172, or 3 1/2 digits. Other features are
Autozere (for good stability), and an AlphaNumeric Li-
quid Crystal Display.

1-21. Another excellent feature is Electronic Calibra-
tion. No mechanical adjustments are necessary to
calibrate the 3468A.

1-22. SPECIFICATIONS

1-23. Specifications of the 3468A are the performance
characteristics of the multimeter which are certified.
The specifications are listed in Table 1-1 and Table 4-1
{(in Section 1V}. They are the performance standards or
limits against which the multimeter can be tested.

1-24. INSTRUMENT AND MANUAL IDENTIFICATION

1-25. Instrument Identification is by a serial number
located on the multimeter’s rear panel. Hewlett-
Packard uses a two-part serial number with the first part
{prefix) identifying a series of instruments and the sec-
ond part (suffix) identifies a particular instrument
within a series. An -hp- assigned alpha character be-
tween the prefix and suffix identifies the country in
which the 3468A was manufactured.

I-1




General Information

3468A

Specifications

Table 1-1.
DC VOLTAGE
ingut Characteristics:
Maximsm
Reading Resolution
Range 5% Digit) 5% Digit i 4% Digit i 3% Digit
L3 +. 301000V TV 10pV 100xV
EAY +3.01000V 10V 100xV Tmv
30V 1301000V 100uV Tmy 10mv
300V + 301 000V TmV 10mV 100mV

Ingut Resistance:

L3V, 3V ranges: > 1090
30V, 300V ranges: 10M@ = 1%

Meximum Input Voitage: {non-destructivej

Hizo Lo: 301 Vrms or 450V peak
Hi or Lo to Earth Ground: =+ 500V peak

Measurement Accurscy:

+{% of reading + number of counts}
Auto-zero ON

5% Digit Mode:

Cai. Temp + 1°C Cai. Temp. +5°C

Range | 24 Hours i 90 Day i 1 Year
3V 0.005 + 4 0.009 + 5 0.02 + 8
3v 0.0035 + 2 0.007 + 2 0.018 + 2

30V 0.005 + 3 0.009 + 3 0.0z + 3

300V 0.0058 + 2 0.009 + 2 Doz + 2

4% and 3% Digit Mode:

Accuracy is the same as 5% digit mode for % of reading; use
1 count for number of counts.

The Cal. Temp. {Calibration Temperature)} is the temperature
of the environment where the 3468A was calibrated. Cali-
bration should be performad with the temperature of the
environment between 20°C and 30°C.

Auto-Zero Off:

{5 digit} for a stable environment |+ 12C), far < 24 hrs., add
11 counts to accuracy specification for .3V and 30V ranges,
3 counts for 3V and 300V ranges. For 4% or 3%: digits,
multigly counts by 0.1.

Tamperature Coefficiant:

0°C to (Cal. Temp. — 5~C},{Cal. Temp. +5°C) 16 55°C
5% digit display, auto-zera ON
+ |% of reading + number of counts);°C

Range { Temperature Coafficient
.3V, 30V 0.0008 + .5
3V, 300V 0.0007 + .05

Noise Rejection:

In dB, with 1kQ imbalance in Lo lead. AT rejection for 50,
B80Hz + 0.7 Y%. Auto-zero ON.

AC AC Dc
Display NMR ‘ ECMR ‘ CMR
5% digils 80 150 14C
4% digits 54 130 140
3% digits o] 70 14G

Maximum Reading Rates: {readings/sec)

First reading is correct within .1 count of tinal value, when on
correct range, triggered coincident with step input.

The reading rates are dependent on the speed of the controlier
being used.

Line Auto Resalution
Frequency Zero 3% Digits | 4% Digits A §% Digits
Off 32 21 3.7
B60Hz On 290 134 2
Off 32 19 3.1
50Hz On 25 12 1.7
Maximum Reading Rate with 41CV:
2 readings/sec
Dizplay Rate: (raadings/sec)
For 50 ar 60 Hz operation.
5% Digits | 4% or 3% Digits
Autu Zerc off 4 4
Auto Zerc On 2 4
Resistance (2-wire £, 4 wire Q}
Input Characieristics:
Maximum
Reading Reasolutivn
Range (5% Digit} 5k Digit | 4% Digit ; 3% Digit
300 4 | 301.000 1 imi 10ma 100ma
3kl | 3.01000 kQ2 10mi 100mQ 1 Q
30 k0 | 30.1000 k2 100mQ 10 10 0
300 kG | 301.000 k{2 1R 10 2 100 Q
ama | 3.01000MQ 10 0 100 @ 1kl
30M 30.1000M0 100 R 1 k2 10 kQ

Input Protection: (nor-destructive}

Hi source to Lo source:
Hi sense to Lo sanse:

+ 360V peak

+ 350V peak

Hi or Lo to Earth Ground: + 500V peak

Massurament Accuracy:

+{% of reading + number ol counts)
Auto-zero ON. 4-wire ohms.

1-2




34684

Table 1-1. Specitications (Cont'd)

General Information

Resistance (2-wire 8, 4-wire Q) (Cont'd)

5% Digit Mode:
Cai, Temp £ 1°C Cal. Temp. =5°C
Range [ 24 Hours i 90 Day i I Year
3008 0.0045 + 4 0012 + 5 0.617+ 56
3k - 300k 0.0038 + 2 0011 + 2 D.C16 + 2
3MIE 0.0Ub% + 2 0011 + 2 0.016 + 2
oMo 0036 + 2 0086 + 2 0.078 + 2

Z-Wire Ohms Accuracy:

Same as 4-wire ohms, except add @ maximum of 100m{ oft-
set.

Auto-Zarg Off:

(5% digit) for a stable environment (£ 12C|, for <24 hrs., ada
11 counts te accuracy specification for 3000 range 3 counts
for 3k through 300k ranges, 8 counts for 3M{ range, and
33 counts for 30MI range.

Temperature Coefficient:

Q*C 1w (Cal. Temp. —5°C),(Cal. Temp. +5°C) 10 55°C
ble digit display, auto zero ON
+ (% of reading + number of counts)j2C

Range i Temperature Coefficient
3000 0.0009 + 08
3k — 300k 0.000% + 0.05
RHYIY 0.0021 + 0.08
30MQ 0.021 + 0.08

Current Through Unknown:

Range: 3000 3kl 30kl 300kk  3ME 30MG
Current: TmA  TmA  100uA 10 1g  100nA

Maximum Open Circuit Vohtags:
6.6V
Maximum Reading Hates:

Same as dc volts, except for 3MI and 30M ranges, For 3MQ
range, add 20ms; for 30MRQ rarge, add 200ms per reading.

AC VOLTAGE (true rms responding)

Measurement Accuracy:

+ (% of reading + number of counts)

Auto-zero ON. 5 ¥ digit display. Accuracy is specified for sine-
wave inputs only, > 10% of full scale.

1 Year, Cal. Temp. +5°C

Ranges
Frequency ] 3V i v, 3oV i ooV

20Hz-50Hz2 1.14 + 183 114 + 102 1.18 + 102
50Hz - 100Hz C.46 + 163 048 + 103 0.5 + 102
100Hz — 20kHz .29 + 163 0.26 + 102 0.33 + 102
20kHz  BOkHz C.B6 + 247 0.41 + 180 Q.56 + 180
50kHz - 100kH2 1.74 + 882 1.0 + BR25 1.26 + 825
100kHz - 300kHz 101 + 3720

{30V range only}
Auto-Zera Off:

(5% digits} for a stable sovitunment (= 1°C), for <24 hrs.,
add 10 counts to accuracy specifications for all ranges.

Temperature Gosfficient:

0°C to {Cal. Temp. — 62C],{Cal. Temp. + 5%C} to BESC,
5% digit display, auta-zera ON.

For frequencies < 20kHz, ={0.016% of reading
+ 10 counts}/®C

For frequencies > 20kHz, ={C.04% of reading
+ 10 counts)/°C

Crest Factor:
>4:1 at full scale.
Comman Mode Rejection:
With 1kil imoalance in Lo lead, > 70dB, dc 10 BOHz.
Maximum Reading Rates: {readings/scc)
First reading is correct within 70 counts of final value, whern on

vorrect range, triggered colncident with step input. Add U.6
seconds for each range change.

For 50 or 60Hz operation, auto-zero DN or OFF.
3% or 4% digits: 1.4 readings/sec
5% digits: 1.0 readings/sec

DC CURRENT

input Characteristics:

Maximum
input Characteristics: Reading Resaiution
Range {8% Digit} 8% Digit i 4% Digit i 3% Digit
Maximum
Reading Resoiution 3A | +3.0°000A 10uA 100A TmA
Hangs (5% Digiti 5% Digit | 4% Digit A a5 Digit
Maxi Input: (non-destructive)
L3V 301000V TV 10uV 100V .
v 3.01000V 10V 100V 1My 3A from < 250V source: fuse protected
3o0v 30.1000V 100V imvy 10my Measuromant Accoracy:
300V 301.000v imv 1omv | 1¢0mv asu L8

Input Impedsnce:

TMO + 1% shunted by < &6UpF

Maximum input Voltage: (non-destructive)

Hito Lo: 301Vrms or 450V peak
Hi or Lo o Earth Ground:; = 500V peak

+ (% of reading + number of counts}
Auto-zero ON. 5% digit display.

Cal_Temp +5°C

Range , 80 Days N 1 Year
3A,<1Ainpat | 0.14 + 6 |0.17 + 6
3A,> 1A input 1.0 + 30 |10 + 30




General Information

34684

Tahie 1-1. Specifications {Cont'd)

OC CURRENT (Cont'd}

Aato-Zero Off:

(5% digit) for a stabie environment (= 170}, for < 24 hes., add
11 counts to accuracy specification for 5% digit mode.

Temperature Coefficient:
0°C to {Cal. Temp. - 5°C},iCal. Temp. + 5°C} to 65°C
5% digit display, auto-zero ON
+ {0,012 of reading + 0.5 counts)/°C
Maximum Burden at Full Scaie:
1A
Maximum Reading Rates:

Same as de volts

AC CURRENT (true rms responding)

Input Characteristics:
Meximum
Reading Resaiutian
Range (5% Digit} 5% Digit | 4% Digit | 3% Digit
BA .301000A TaA 10uA T100pA
3A 3.01000A 10pA 100pA TinA

Maximum Input: {non-destructive)

3A from <250V source; fuse protecied

Measurament Ascuracy:

+ (% of reading + number of counts)

Auto-zero ON. 5% digit dispiay. Accuracy specified for sine-
wave inputs only >10% of full scale.

1 YEAR, CAL. TEMP. +£5°C

Ranges
Fraquency i 300mA | A
20Hz—50Hz 1.77 + 163 |25 + 163
bUHz - TkHz 1.1 + 163 |1.B + 163
Thtz -~ 10kHe 1.0 + 163 1.7 + 163
10kHz - 20kHz 1.14 + 1863 1.84 + 163

Auto-tero Off:

{5 digits) for a stable environment {x 1°C}, for <24 hrs.,
add 10 counts to accuracy specification.

Temporature Gostlicient:

0°C to (Cal. Temp. — 5°C}, (Cel. Temp. +5°Cj 1o 55°C.
5% digits, auto-zero ON.
1+ {0.021% of reading + 10 counts)i®C

Maximum Burden at Full Scale:

v

Crest Factor:

>d4:1 at fuli scaie

Maximum Rsading Ratea:

Same as ac volts

GENERAL INFORMATION

Dperating Temperature:
0 ta 55°C
Humidity Rangs:
96% R.H., 0 to 40°C

Storage Temperature:

-40°C to 76°C

except for hattery option, - 409 o + B5°C

Warm-up Time:

1 hi. to meet all specifications.

integration Time:

Line Frequency
Numbar of Digits ,  50Hz | BOHz

5% 200ms 166.7ms
4% 20ms 18 B7ms
3% 2ms 2ms

Power:

AC Lins 48  440Hz; BB — 260V, (see configuration}

Battery: {Option 001}

Rechargeable lead-acid; minimum continuous operation for
b hours at 26°C: racharge time is 16 hours with 34884 off and
36 hours with 3468A on.

Maximum Power:
<13 VA
Bize:

98.4mmH » 2Z38.1mm W x 276.2mm D
(3.88 inHx9.38iInwWx 10.88in D)

Weight:

3468A - 2.1 kg (4.63 Ibs.}
346BA with Option 001 - 3.1 kg {6.83 lbs.}
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1-26. This manual applies 1o Instruments with the sertal
number identified on the title page. Updating of the
manual is accomplished either by a chanze sheet or

revised manual.

1-27. OPTIONS

1-28. The following opuons are available for the

J468A.

Option 001:
Option 315:
Option 316:
Option 325:
Option 326:
Option 335:
Option 336:
Option 345:
Option 346:
Option 91¢:

Manuals

add Rechargable Battery Pack

set for 100V, S0Hz Power Source

set for 100V, 60Hz Power Source

set for 120V, S0Hz Power Source

set for 120V, 60Hz Power Source

set for 220V, 50Hz Power Source

set for 220V, 60Hz Power Source

set for 240V, 50Hz Power Source

set for 240V, 60Hz Power Source
additional set of Operators and Service

General [nformation

1-29. ACCESSORIES AVAILABLE

1-30. The following s a list of available accessories for

the 3468A.
Accessory
No. Description

10023A Temperature Probe

1 1000A Test leads, dual banana both ends

11062A Test leads, dual banana to dual
alligator

11003A | Test leads, dual banana to probe and
alligator

110968 RF Probe

34111A | High Voltage Probe

34118A | Test Leads, dual banana 1o probes with
safety guard rings

82167A | HP-IL Cable (2 each)

1-5/1-6

e |



SECTION 1l
INSTALLATION

Z-1. INTRODUCTION

2-2. This section of the manual has the necessary infor-
mation and instructions to install and interface the -hp-
Model 3468 A Digital Multimeter. Included are initial in-
spection procedures, power requirements, environmen-
ral information, and instructions for repacking the in-
strument for shipment. The information in this section
is for Service Trained Personnel.

e )

The information in this marnual is for the use
of Service Trained Personnel. To avoid eiec-
trical shock, dao not perform any procedures
in this manuai or do any servicing to the
34684, unless you are qualified to do so.

Z-3. INITIAL INSPECTION

2-4. The 3465A 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 multimeter should be inspected
for any damage that may have occurred in transit. If the
shipping containcr or cushioning material is damaged, it
should be kept until the contents of the shipment has
been checked for completeness and the instrument has
been mechanically and electrically checked. Procedures
for checking the electrical performance of the 3468A are
in Section IV. If there is mechanical damage, the con-
tents are incomplete, or the multimeter does not pass its
Performance Test, notify the nearest Hewleli-Packard
Office (a list of the -hip- Sales/Service offices is located
at the back of the manual). If the shipping container is
damaged or the cushioning marerial shows signs of
stress, notify the carrier as well as the Hewlett-Packard
office. Save the shipping material for the carrier’s in-
spection.

2-5. POWER REQUIREMENTS

2-6. The 3468 A requires a power source of 100V, 120V,
220V, or 240V ac (-10%, + 3%), 48Hz 10 440Hz single
phase. The maximum power consumption is 13VA. For
the 3468A to meet its noise and normal mode rejection
specitications, the multimeter must be operated using a
line frequency of either 50Hz or 60Hz (dependent on
option). A listing of the 3468A’s power options, the cor-
responding power line voltage, and line frequency are as
follows:

Option Voitage and Frequency
Option 313 100V ac @ S0Hz
Option 316 100V ac @ 60Hz
Opticn 325 120V ac @ 50Hz
Option 326 120V ac @ 60HzZ
Option 333 220V ac @ S0Hz
Option 336 220V ac @ 60Hz
Option 345 240V ac @ S0Hz
Opticn 346 240V ac @ 60Hz

Bejore connecting power to the 39684,
make sure the power source matches the
power requirements of the multimeter, as
marked on the option label affixed to the
rear panel. If the instrument is incompaiable
with the available power source, go fo
Paragraph 2-7 to reconfigure the
multimeter.

2-1. Line Frequency and line Voitage Selection

2-§. The Power Line Frequency can be selected from
the switch behind the 3468A’s rear panel. Locate the
switch, shown in Figure 2-1, and set the switch to the
desired power frequency (50Hz or 60Hz), as shown in
the figure. To set the 3468A to the correct power line
voltage, the instrument has to be first disassembled.

SWITORES 4

POWER OR i
SRO G H0GMz i i
me 3 L TTCR A 8
ORLY { »EWMABLE | :
ST } &

r HP -

S e e e S NG R

Figure 2-1. 3468A Power Frequency Switch

2-1




installation 3468A

Then, make sure that the insirument 1s set to the correct 4. Ifthe 3468A does not nave the optional Balttery
power line voltage, If it is, reassemble the 3468A. [f not, Charger, lift the fop cover up and away from the
select the jumper for the correct voltage and rhen instrument and set it aside. Continue with step 6.

reassernble the instrument. The procedures to disassem-
ble the 3468A, select the correct jumper, and reassemble

R e R e 5. If the 3468A has the optional Battery Charger

{Option 001}, lift the top cover assembly up ap-
proximately one inch and then place 1t to the left

WARNING of the instrument, in an inerted position as shown
in Figure 2-2. Locate the battery supply cable and

note that it is plugged into the instrument with the

T'v avoid electricel shock and personal in- red stripe toward the outside of the instrument
Jury, rrake sure the multimeler is discon- case. Carefully unplug the battery supply cable
nected from its exiernal power source before from the imstrurnent.

removing any covers.
6. Locate the power line select jumpers. They are

a. Disassembly Procedure. Do the following: located on the 3468A°s main printed circuit board

) , at the right side of the power transformer (see
1. Disconrect the 3468A’s Power Cord and turn Figure 2-4). If the jumper is in the correct posi-
the instrument off. tion, go to step ¢ to reassemble the 3468A, If the

jumper needs to be changed, continue with step b.

=

2. With the multimeter in the inverted position,

locate and loosen the four screws at the bottom of b. Power Line Jumper (J701) Selection. If the
the instrument. {Loosen the screws only enough to jumper has to be changed, the 3468A needs further
remove the top cover.) disassembly. Do the following:

3. Carefully return the 3468A to the upright posi- 1. Refer to Figure 2-2 and locate the inner shield

tion with the front panel facing you. on the 3468A’s main printed circuit board. Loosen
m and remove the mounting screw on the shield and

- then remove the shield, as shown in Figure 2-2.
The instrument contains CMOS [fruegrated
Circuits which are susceptible to failure due
(o static discharge, 1t is especially irmportari!
that grounded tools and wrist straps be used
when handiing printed circuit hoards. 3. Remove the prinied circuit board assembly by

2. Refer to Figure 2-3. L.oosen and remove the
printed circuit board mounting screws, as shown
in the figure,

HED STRiFz UM
BATTERY SUPPLY CABLE

REMOVE SCREW
AND SHICLD

Figure 2-2, 3468A Top Cover Removed



34684

REMOVE

Installation

Figure 2-3. Top View with Inner Shield Removed

lifting 1t up and out of the 3468A’s bottom
asscmbly. Set the bottom assembly aside.

To preveni leakage paths on the main
printed circuit board, hold and/or handle
the board by the power transformer only.

4. Refer to Figure 2-4 and locate the power line
jumper (J701}.

5. Obtain a low warttage (25W) soldering iromn.
Unsolder and remove the power line jumper from
the printed circuit board.

I I

BOWEFR TRANSFORMER

[ 1 j

I ! | oem

Tes iy
1N 1AL ONZ JUMPER- @220 T
T0 SECECT THE
CORRECT POWER LINE

Vhi TACF (F2a07 15

3ded 2-3

Figure 2-4. Power Line Voitage Configuration

6. Refer to Figure 2-4 and iustall jumper J701 into
the holes for the desired power line voltage (the
solder in the holes may have w be removed, belore
the jumper can be inserted into the holes), Make
sure there is a good solder joint between the
jumper and printed circuit board wrace. The line
voltages and corresponding jumper are as follows:

Jumper | Line Voltage
100 90V - 105V
120 108Y - 126V
220 198V - 231V
240 216V - 252V

7. Quncee the jumper has been replaved, place tic
printed circuit board into the botom assemnbly.

8. Reinstall the printed circuit mounting screws.
Then reinstall the inner shield and the shield
mounting screw.

¢. Reassemble Procedure. Do the following:

I. [f the optional Battery Charger is not installed,
continue with step 4. If the Battery Charger is in-
stalled, continue with the next step.

2. Obtain the previously removed top cover
assemnbly and set it next to the 3468A bottom
assembly, as shown in Figure 2-2.

23



Installation

3. Locate the red stripe on the battery charger
cable. Then plug the cable into the battery charger
socket on the main printed circuit board with the
red stripe facing away from the center of the in-
strumant {i.e., facing to the left side of the
3468 A). The cable has to be plugged in correctly,
ar the battery can be discharged and the power
fuse mav blow,

Make sure the battery charger cable is in the
correct position, or the battery can be
discharged or the power fuse may blow.

4. Re-nstall the bottom assembly on the cover
assembly insuring that the display, handle, and
spacers fit properly into their respective locations.
Also be sure that the battery supply cable does not
interfere with a spacer.

5. If the power line voltage and/or line frequency
was changed, re-mark the option label on the
3468A°s rear panel to reflect those changes.

Z.9. POWER CORDS AND RECEFTACLES

2-10. Figure 2-3 illustrates the different power plug
configurations that are available to provide power tothe

3468A

3468A. 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/Service office and a replacement
will be provided.

2:11. HP-IL INTERFACE CONNECTIONS

2-12. The 346BA is compatible with the Hewlctt-
Packard Interface Loop. The interface connection is
made by a pair of two-wire balanced line cables. The
cable is limited 1o 10 meters (32.8 feet) for unshiclded
cables (from one device to the next) and Lo 100 meters
(328 feet) for shielded cables. A typical interface con-
nection is in Figure 2-6.

2-13. ENVIRONMENTAL REQUIREMENTS

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

250 v
OPERATION

150V
OPERATION

250 v
OPERATION

260V
OPERATION

PLUG® SEV 1011.1859-24507
PLUGT CEET VI PLUGT. CEEZZ-V1 PLUG™ DHLE 107 TYPE 12
CABLE*. HY 8° 20 1682 CABLE®: HP 312018380 CARIF* HP A1 I0-29558 CABLE": HP B120-Z104
126V - 6A"* 250 v 50V 230V - GA" " 125 V- GA"*
(IPERATION GPERATION
P
5 A
™ "\\“\ N
) [ T,
Ry - b “,
- Fr
N . ey
S 7 \S\:j;
~
e Loy
PLUG® MNEMA 1 16P FLUGT NZSS 198/ASC11Z PLUG™: BE 13634 PLUG™. NEMA G-15F PLUG . NEMA 5-15F
CABLE®. WP 8120-06B4 CABLE*. HP 8120 0636 CABLE™: HP 8120-1723 CABLE®: 4P 8120-0648 CARIF" HP 81231521

STD-B-4195 (Fev.}

*The nurber shawn far the plug is the industry identifier for the pleg anly.
The rumber shown far the cable is an HP part number for a complete cable including the plug,
* UL listed for use in the United States uf Ainenca

Figure 2.5. Power Cables
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#-14. Operating and Storage Temperature

2-15. To meet and maintain the specifications listed in
Table 1-1, the 3468A should be operated within £5°C
{+9°F) of the Reference Temperature. The Reference
temperature is the temperature in which the 3468A was
last calibrated. For example, if the last Reference
Temperature was 23°C (73°F), the 3468A should main
tain its specifications if operated within £5°C (% 9°F)
of that temperature. The factory temperature is from
18°C to 28°C (64°F to 82°F). The 3468A may be
operated within an ambient temperature range of 0°C to
55°C (32°F to 131°F) with less accuracy.

2-16. REPACKAGING FOR SHIPMENT

ODPTIOMAL RKP-IL
COMPATABLE DEVILE

l CONTH0LLER
I i-hp-a10

]

Figure 2-6. Typical HP-IL Interface Connection

Installation

NOTE

If the instrument is to be shipped o Hewleti-
Packard for service or repair, attach a tag to
the instrument identifying the owner and in-
dicating the service or repair made. Include
the model number and full serial number of
the instrument. In any correspondence, iden-
tify the instrument by model number and
Jull serial number. If yvou have any ques-
tions, contact your nearest -hp- Sales/Ser-
vice office.

2-17. Place the instrument in its original container with
appropriate packaging material and secure with strong
tape or metal bands. If the original container is not
available, a replacement can be purchased from your
nearest -hp- Sales/Service office. Hewlett Packard sug-
gests that vou always insure shipments.

2-18. If the original container is not to be used, do the
following:

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

b. Place packing material around all sides of the in-
strument and protect the front panel with cardboard
strips.

¢. Place the instrument in the Inner container in a
heavy carton. Seal the carton with strong tape or metal
bands.

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

2-19. WHERE TG SHIP YOUR UNIT FOR REPAIR
2-20. Inside the U.S.A.

2-21. For fast service, return the unit along with the ser-
vice card safely packaged directly to:

Hewlett-Packard
instrument Service Center
P.D. Box 7922
690 Middlefield
Mountainview, CA 94047

2-22. Dutside the U.S.A.
2-23. Return your wvnit 1o the nearest designated

Hewlett-Packard Sales and Service Office. Check the
back of this manual for the address.

2-3/2-6
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SECTION 11l
OPERATION

3-1. INTRODUCTION

3-2. This section of the manual has the information and
instructions for the operation of the 3468A Multimeter,
showing froat panel and remote operation. The infor-
mation is an abbriviated description of the operation
and is written for a Service Trained Person, rather than
an Operator. IF'or more complete operating instructions,
refer to the 3468A’s Operators Manual. To familiarize
yourself with the front and rear panel features or for a
review of instrument operations, refer to Tigure 3-1.

3-3. The Operation Section is separated into the follow-
g major areas: General Information, Front Panel
Operation, Shifted Operation, and Remote Operation
(HP-IT.). Tt is suggested that vou read the Remaote
Operation Chapters last, since you need to know the
other operations to understand the remote operation,
The major areas are as follows:

a, General Information - paragraph 3-4.

Titie Paragraph
AC Power Operation 3.5
Battery Operation 37
Turn-On 3-9
Display 312
Input Terminals 3-14
Miscellaneous 3-16

b. Front Panel Operation - paragraph 3-19

Title Paragraph
DC Volts Measurement 3-20
AC Volts Measurement 124
Resistance Measurement 3.28
DC Current Measuremernit 3-32
AC Current Measurement 136
Ranging 3-40
Triggering 3-45

c. Shifted Opcration - paragraph 3-49

Title Paragraph
General 3-50
Number Of Digits Displayed 3-53
Autozero 3-56
Self-Test/Reset Operation 3-59
Calibration 3-62

d. Remote Uperation - paragraph 3-63.

Title Paragraph

General 3-66
3468A Response To Loop

Messages 3-70
3468A Addressing 391
Talk-Only Mode (No Con-

troller) 3-94
3468A HP-IL Programming 3-96
Advanced Programming 3-108

3-4. GENERAL INFORMATION
3.5. AC Power Operation

3-6. Before connecting ac power 10 the 34684, make
sure the power source matches the power requirement of
the multimeter (as marked on the option label at the rear
panel). If the instrument is incompatible with the power
source, refer to Section I of this manual for power re-
guiremeni moedification.

3-7. Battery Operation (Option 001)

3-8. Make sure the 3468A’s battery is charged before
operating the multimeter in the battery mode. The max-
imum charge current is approximately 400mA and is
generated when the 3468A is plugged in and its power
switch is off. The current is approximately 130mA when
the power switch is on. The multimeter will not operate
if the battery voltage is below approximately 3.5V
(nominal valtage is 6V). Rattery voltage can be checked
by first pressing ==V button and then, with a probe con-
nected to the H1 INPUT terminal, touch the battery
voltage check pad through the access hole in the bottom
cover.

3-9. TurnOn

3-10. When the 3468A is first turned on, the multimeter
goes through an Internal Test routine. During the test,
all the display segments are lit. When the test is com-
pleted and the 3468A passes the test, “*SELF TEST
OK”” will be disptayed for about one second. If the Self-
Test fails, refer to Section VII of this manual for
troubleshooting information. For more information on
the Self-Test, refer to paragraph 3-59.

3-11. Once the Self-Test is completed, the 3368A goes
to its turn-on state which is:

UG TGN 500a00050c0 00000050 0000000 BCV
RANGE............coiein i AUTO
TRIGGER...........ccooeeins INTERNAL
ANYTHDZE YD) 60 00000000000 0000 080005500 ON

3-1
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Uu;sc the measurement keys along the top row to sclect the
type of measuremen: you want to make.

@The 12 character alphanumeric display includes 12 dedicated
annunciators. The display is read directly in engineenng units,
l.e., MV for milli-voits, MOHM fur Mey-vhim resistance, etc.

@If the hiue key is pressed before another key. the function
shown above that key is executed.

@ These terminals are used for the voltimeter sense leads when
making 4-wire olins measurements,

@These termnals are the voltmeter and 2-wire ohms input,
4-wire ohms source current terminals.

@Thls is the Amps input terminal and is used with the INFUT
LOW terminal. {3 Amp fuse protected)

@These keys are usad to select specizl operating teatures of the
3488A. The blue shift kay allows for selecting the "SHIFTED"”
functions of the bottom row of keys.

The Internsl Trigger s selected hy this key
34684 triggers itself.

In this maode, The

Autozers is a function that allows you 1o enable or disable the in
ternal zerg correction circuitry,

Pressing the Single Trigger key causes the 34€8A ro take ane
reading ard wait for the next trigger impulse.

The Test(Reset key performs an internal self test, thenresets the
34684 1011s wwrn-cn state. Any errors in the sell estaie noted
in the display.

The frant panel SRT (Service Request) key is an HF-IL opera-
tion that enabies you to manually interrupt the controller. This
key is enabled by setting the SRU mask.

The 346 8A HP-'B Address is displayed when the Addiess kay is
nressed.

The Local key returns the 3468A to front panel control from the
REMOTE mode.

Figure 3-1. 3468A Front and

Rear Panel Features
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3468A

The 3468 A features total electronic calibration. The Cal key is
used as part of that procedure. See Saction IV,

@The range keys are used to select the proper range for the
measurement, Fress any of the keys 0 select the manual
range mode. Note the M BNG annunciator in the display. The
Auto/Man kev will retuwrn the meter to autorange.

Operation

@The “SHIFTED™ tunctions of the range keys arc uscd to aelect
alternate numbers of display digits

@ The Qption Label shows the instrument’s powsar opton.

1, HP-1L Connector.

@These switches selzct the Talk-Only mode, Power-On SRQ
feature, correct power line frequency 150Hz or 80Hz!, and Cal
Enable, left to right respectively.

Figure 3-1. Front and Rear Panel Features {cont'd)

3-1Z Display

3-13. The Display is & 12 character alphanumeric Lig-
uid Crystal Display (LCD) with 12 annunciators. The
display is normally used to show readings, however, the
display can also show alphanumeric messages (sent
remaotely). The four characters to the right show the
function and the 8 characters to the left show the
reading (e.g. +.123657 DCV). If a reading is not
available (due to a remote programming error), “*IN-
VALID” will be displaved. An “OVLD" is displayed if
the input is out of range for the selected range and func-
tion.

3-14. [nput Terminals

3-15. The 3468A has five Input lerminals which are:
INPUT HI, INPUT LO, @ SENSE HI, 12 SENSE LO,
and A (Amps) termunal. The INPUT HI and LO Ter-
minals are used for measuring dc volts, ac volts, and
resistance in the 2-Wire Ohms configuration. Refer to
Figure 3-2 tor a typical connection. The @ SENSE HI
and LO Terminals (in conjunction with the INPUT Ter-
minals) are used in the 4-Wire Ohms configuration.
Refer to Figure 3-4 for a typical ohms connection. The
A (Amps) Terminal with the INPUT LO Terminal is
used to measure ac or dc current. Refer to Figure 3-3 for
a typical current connection.
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Figure 3-2. Typical Input Measurement Cennection
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Figure 3-3. Typical Current Measurement Connection

3-16. Miscellaneous

3-17. Option Label. The 3468A has an option label on
the rear panel to show the power source Lo which the in-
strument is configured. Whenever the 3468A is re
configured, the option label should be changed to show
the new power configuration (see Section 1I of this
manual),

3-18. Information Decal. An information decal show-
ing the capabilities of the 3468A is affixed to the under-
side of the multimeter. The decal can be used as a quick
reference guide for the 3468A.

3-19. FRONT PANEL OPERATION
3-20. DC Volts Measurements

3-21. The 3468A is abie 10 make de volts measurements
from lu¥ to 300V in four ranges: .3V, 3V, 30V, and
300V. All ranges are protected from input voltages up to
450V peak. Select the DC Volts Function for dc volts
measurements by pressing the —y button.

3-3
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3-22. In the DC Volts Function, ranging Is done n the
Input Circuitry of the 3468A. The result is that the input
to the A/D Converter (which changes the voltage to
digital information) has the same value in all ranges for
all full scale inputs (e.g. 10V input to the A/D for .3V,
3V, etc. inputs to the 3468A).

3-23. When the DC Volis Function is selected, the right
side of the display shows “VDC’' to indicate that the
function is selected. The resultant reading can be
displayed either asa 5 1/2,4 1/2, or 3 1/2 digit reading,
dependent on the selected Number Of Digits Displayed
{(see paragraph 3-53). Refer to Table 1-1 or Table 4-1 for
the DC Volis Function’s accuracy specifications.

3.24. AC Volts Measurements

3.25. The 3468A uses a True RMS AC to DC Converter
to measure ac voltages from .03V to 300V in four
ranges: .3V, 3V, 30V, and 300V. The response of the
converter is from 20Hz to 100KHz on all ranges (to
300KHz on the 30V Range only). All ranges are pro-
tected from input voltages up to 450V peak. Select the
AC Volts Function for ac volts measurements by press-
ing the ~v button.

3.26. The AC to DC Converter changes the ac input
voltage to dc volts, which is then measured by the
3468A’s A/D Converter. All ranging is done in the AC
to DC Converter, applying the same voltage value to the
A/D Converter for all full scale inputs.

3-27. When the AC Volts Function is selected, the right
side of the display shows “YAC” to indicate that the
function is selected. The resultant reading can be
displayed either asa 5 1,/2, 4 1/2, or 3 1/2 digit reading,
dependent on the selected Number Of Digits Displayed
(see paragraph 3-53). A .6 sccond delay is also applied in
the AC Volts Function before a reading is taken (also,
during a range change). Refer to Table 1-1 or Table 4-1
for the AC Volts Function’s accuracy specifications.

3.28. Resistance Measurements

3-29. The 346BA is able to make resistance
measurements from .001 ohms to 30M ohms in six
ranges. The ranges extend from the 300 ohm to the 30M
ohm range. All ranges are protected from input voltages
up to 350V peak. Resistance measurements can be made
using either the 2-Wire or 4-Wire ohms configuration,
which are selected by the 2 WIRE {1 and 4 WIRE { but-
tons, respectively. Refer to Figure 3-4 for the correct
ohms connections.

3-30. Resistance measurements are made by applying a
known current (generated by the 3468A) to the
unknown resistance. The resultant voltage drop is then
measured by the 3468A’s dc circuitry (Input Circuitry
and A/D Converter). In the 2-Wire Ohms Function, the
voltage drop is measured across the HI and LO INPUT
Terminals. In the 4-Wire Ohms Function, the voltage is
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measured across the HI and LO §@ SENSE Terminals.
The Ohms Current Source generates the known current
which is applied to the unknown resistance (in both
ohms functions} from the HI INPUT Terminal. The
current values are as follows:

Range Current
300 ohm imA
3K ohm ImA
30K ohm 100uA
300K ohm 10uA
3M ohm luA
30M ohm JuA
ISENIE IRFUT
N
@ﬂ s UHANDWN
B 3 (1) donsr KESISTANCE
J’/ ¥
/. ©r
L i
2-WIRE OHM MEASUREMENT
e
NPT —‘ -~
ofctl
(’Uuw $ RESISTANCE
/’n"‘i\_J !q/_‘\ ‘ R
.
\“-\
IAL250 \
st -
L \ 3dbn 34

4.WIRE OHM MEASUREMENT

Figure 3-4. Ohms Gonnections

3-31. When an Ohms Function is selected, the right side
of the display shows either *“OHM”’, “KOHM"’, or
“MOHM", dependent on the range selected. In addi-
tion, the ‘292" annunciator is on for the 2-Wire Ohms
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Function and the 4" annunciator s on {or the 4-Wire
Ohms Function. The ohms reading can be displayed
eitherasa § 1/2, 4 1/2, or 3 1/2 digit reading, depend-
ent on the selected Number Of Digits Displayed (see
Paragraph 3-53). A .02 second or a .2 second delay is
also applied before each reading in the 3M ohm and
30M ohm Range, respectively. Refer to Tahle 1-1 or
Table 4-1 for the Ohms Function's accuracy specifica-
tions.

NOTE

Lhe 3468A will show a negative resisiance if
small negative voltages exist on the circuit
under test, or the Ohms Sense and Input
Leads are reversed from each other. This on-
fy happens in the 4-Wire Ohms Funcrion.

3-32. DC Current Measurements

3-33. The 3468A can make dc current measurements
from 10uA to 3A i one range: 3A. The range is pro-
tected from excessive currents and voltage by a 3A 250V
fuse. Select the DC Current Function to measure dc cur-
rents by pressing the = A button.

3-34. In the DC Current Function, the current is ap-
plied between the INPUT LO and A Terminals. Since a
known value resistor (.1 ohm) is connected between the
terminals, a voltage proportional to the unknown cur-
rent and the resistor is generated. This voltage is
measured by the 3468A°s dc circuitry (Input Circuitry
and A/D Converter).

3-35. When the DC Current Function is selected, the
right side of the display shows “ADC” showing the
funiction selected. The readings can be displayed either
asa 5 1/2, 4 1/2, or 3 1/2 digit reading, depending on
the selected Number Of Digits Displayed (see paragraph
3-33). Refer to Table 1-1 or Table 4-1 for the DC Cur-
rent Function’s accuracy specifications.

The current function is protected by a fuse
of 250 V rating. To avoid damage 1o the
Multimeter, current sources having open cir-
cuit voltages greater than 250 V (dc + peak
ac) must not be connected to the A famps)
inpur terminal,

NOTE

Current inputs of greater thun { amp may
cause internal heating of the multimeter
which, [ sustained for more than 30
secounds, may cause inaccuracies. Alflow suf-
Jicient time for the circuitry ro setile after
measurement is complete and before other
critical measuremenis are made.

3408A

3-36. AC Current Measurements

3-37. The 3468A can make ac currenl measurements
from 30mA to 3A in two ranges: 300maA and 3A. The
frequency response is from 20Hz to 20KHz. The ranges
are protected from excessive currents and voltage by a
3A 250V fuse. Select the AC Current Function to
measure ac currents by pressing the ~ A button.

3-38. The AC Curient Function is similar to the DC
Current Function (see paragraph 3-32); a voltage drop
across a resistor is measured. The difference is that the
resultant ac voltage is changed from ac to dc using the
AC 1o DC Converter. Similar to the AC Volts Function,
all ranging is done in the converter.

3-39. When the AC Current Funcuon is selected, the
right side of the display shows “AAC’, showing the
function selected. The readings can be displayed either
asa s 1/2,4 1/2, or 3 1/2 digit reading, dependent on
the selected Number Of Digits Displayed (see paragraph
3-33). Reter to lable 1-]1 or Table 4-1 for the AC Cur-
rent Function's accuracy specifications.

3-40. Ranging

3-41. The 3468A has (wou range modes: Manual and
Autorange. Muanual ranging is selected by pressing the
AUTO/MAN bultton (if the 3468A is in Autorange) or
by pressing either the <™ or {7 buttons. The “M
RNG’® annunciator on the display then turns on. The
following explains the different range modes.

3-42. Uprange. The 3468A upranges to the next highe
range each time the " button is pressed. The highest
selectable range depends on the function selected (e.g.

300V for the AC Volis and DC Volts Functions). If a

function 1s selected with its highest range lower than the
previous range, the muliimeter defaults to the new
highest range.

3-43. Downrange. The 3468A downranges to the next
lower range cach timc the <} button is pressed. The
lowcest sclectable range depends on the function selected
{e.g. .3V for the DC Yolts Function). I a function is
selected with its lowest range higher than the previous
function, the multimeter defaults to the new lowest
range.

3-44. Autorange, The 3468A selects the optimum range
when this mode is selected. The mode is selected when
the 3468A is first wurned on or by pressing the
AUTO/MAN button (if in Manual Range). When
Autovrange is enabled, the 3468A upranges when the
reading is at or above + 30100 and downranges at or
below +027000. The numeric range points are irrespec-
tive of decimal placement. Refer to Figure 3-5 for the
autorange points (the example is for the DC Volts Func-
tien; other functions are similar),

3-5
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Figure 3-5. Autoranging Points

3-45. Triggering

3-46. The 3468A has two trigger modes: Internal and
Single. The following paragraphs explain the trigger
modes.

3-47. Internal Trigger. In this mode, the measurement
cvcle is internally initiated and the 3468 A makes the
measurements at the maximum reading rate. The Inter-
nal Trigger is selecied at instrument turn on or by press-
ing the INT/TRIG button.

3-48. Single Trigger. In this mode, a measurement cycle
is initiated each time the SGL/TRIG button is pressed.
When the button is initially depressed, the 346BA in-
itiates a measurement cycle and then places the
multimeter in the Single Trigger mode. The <“S TRG™
annunciator on the display also turns on, when the
3GL/TRG button is pressed. If the button is pressed
during a measurement cycle (while in the Single Trigger
mode), the 3468A starts a new measurement cycle.
‘When the cycle is completed, a new cycle can then be in-
itiated by pressing the button.

NOTE

When ihe 3468A is in the Single Trigger
mode and an attempt is made to change
range or function, the lefi portion of the
display goes blank (except for the decimal
point) until another reading is taken (instru-
ment triggered).
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3-49. SHIFTED OPERATION
3-50. General

3-51. The Shifted Operation of the 3468A s used to ex-
pand the capabitities of the multimeter using the same
number of front panel pushbuttons. This is done by us-
ing the bottom row of front panel buttons for two dif-
ferent operations, shifted and unshifted. An unshifted
operation (AUTO/MAN, INT/TRIG, eic.) is normally
selected by pressing a single button. A shifted operation
is done by first pressing the blue “‘SHIFT" button (on
the right end of the upper row of buttons) and then
pressing one button (on the lower row). To sclect a new
shifted operation, press the blue button again and the
button for the new operation. Table 3-1 lists the shifted
opcrations and corresponding buttons. The shifted
operations are also shown in bluc lettering above the
buttons.

3.52, When the blue Shift button is pressed, the
“SHIFT®? annunciator on the display is on, The annun-
clator remains on until a different button is pressed.

Table 3-1. Shifted Operations

Shifted Select Description of
Operation Button Dperation
3 Digit (Disp} | AUTQ/MAN | Selects 3 Digits Displayed (see
paragraph 3-53}.
4 hgit [bisp) G Selects 4 Digits Displayed {see
paragraph 3-532}).
5 Digit (Disp) G Selects B Digits Displayed (see
paragraph 3-52).
AJTOZERO INT/TRIG | Turns Autozero on or off {see
paragraph 3-bE).
TEST/RESET SGL/TRIG | Places the 44688A into its inter-
nal Test Mode (see paragraph
3-59).
ADRS SRQ Displavs. the 348BA’s current
HP-IL Address. Code (sze
Paragraph 3-92).
CAL LOCAL Places the 3J34G8A into the
calibration mode

3-53. Number Of Digits Displayed

3.54, The 3468A can display readings in either 5 1/2, 4
1/2, or 3 1/2 digits. The 5 1/2, 4 1/2, and 3 1/2 digits
can be selected by first pressing the blue Shift button
and then either the AUTO/MAN, <>, or {& button,
respectively.

3-55. The Number Of Digits Displayed affects the
reading rate of the multimeter. This is because the
number of digits determines the integration time of the
A/D Converter. In the 4 1/2 digit mode, the integration
time is 1/60 second (or 1/50 second for the 50Hz op-
tion), which is called 1 PLC (Power Line Cycle). In the
3 1% digit mode, the time is 1/600 second (for both 60Hz
and 50Hz options), which is .1 PI.CC. In the 5 Y2 digit
mode, the 3468A takes 10 readings using the 4 ¥4 digit
mode and averages them together for an extra digit of
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resolution. This takes a time of 1/6 second {or 1/5 sec-
ond in the 30 Hz option} which is 10 PLC. For more in-
formation on the integration time and the A/D Con-
verter, refer to this manuals Section V1! (chapter on the
A/D Converter theory of operation).

3-56. Autozere

3-57. The Autozero Function of the 3468A is used to
compensate for offsets that mav be present in the
multimeter’s internal circuitry (DC/Ohms Input
Amplifier, A/D Converter, etc.). The method used is to
temporarily connect the input of the input amplifier to
ground (INPUT LO Terminal) and take a measurement
(the INPUT HIT Terminal is open at this time). The off-
set reading is then stored into the 3468A’s internal
memory. After that, the short is removed and a regular
input measurement is made. The offset reading is then
subtracted from the input reading and the compensated
reading is displayved.

3.58. The Autozero feature is enabled when the 3468A
is turned on and after doing a Self-Test (see Paragraph
3-59). The feature can be disabled by pressing the blue
Shift button and then the INT/TRIG button., The “‘AZ
OFF"’ annunciator on the display will light, showing
that the function is off. After the function is turned off,
the multimeter immediately takes an offset reading and
stores it into memory. This last reading is then sub-
tracted from the input mcasurements that follow. Since
no more offsct rcadings are taken, the reading rate of
the 3468A is fastcr (up to twice as fast). If a range, func-
tion, or digit change is made, or an allempt is made to
calibratc the 3468A, a new offset reading is taken. With
Autozero off, the 3468A’s inpul circultry remains in a
static state. This is useful when making measurements in
extremely high impedance circuits where the internal
switching transients of the 3468 A may affect the reading
accuracy.

NOTE

The 34684 °s long 1erm stability may be af-
fected, if the Autozero feature is disabled.

3-59. Self-Test/Reset Operation

3-60. The 3468A uses an Internal Self-Test to check its
display and internal circuitry. The muliimeter goes
through the test at turn-on and also by pressing the blue
Shift button and then the SGL/TRG (TEST/ RESET)
button. When the test is selected, all the segments of the
display (except the upper dots of the colons) are on for
abour five seconds. After the Self-Test is completed, the
display indicates ““SELF TEST OK"’ (if the test passes)
for about one second. The 3468A then goes back 1o its
turn-on state (see paragraph 3-9), not the previous state.
If you wish to view the message longer than normally
displayed, hold the SGL/TRG (TEST/RESET) button

Operation

down and the message remains an the display. After the
button is released, the 3468A then goes 1o its turn-on
state.

3-61. If the Self-Test fails, an error message will be
displayed for about one second. The message is
“ERROR dd”, where dd is the summation of the in-
dividual error numbers (an error number pertains to a
test failure). This message can also be viewed longer
than normally by holding the SGL/TRG
(TEST/RESET) button down. The error numbers and
corresponding failures are as follows:

Error Number J468A Failure
Calibration RAM Error
RAM Error
ROM Error
A/D Converter Error

e —

3-62. Calibration

3-63. The 3468A does not have any adjustments to
calibrate the instrument; calibration is done elec-
tronically. A known good calibration source is applied
to the instrument and the value of the known source is
entered into the instrument. A reading is then taken and
compared with the entered value. A Calibration Cons-
tant is calculated (from the entered value) to correct the
reading to the known value, and then stored into the in-
strument’s memory. The correct readings are then
calculated using the constants and then displayed.

3-64. When calibrating the 3468A, first the rear pane
switch number 8 has to be set to CAT. ENARLE (down).
Then the calibration process becomes a simple four step
procedure: configure the instrument to the desired func-
tion and range, apply a known source, set the display,
and start the calibration cycle. These steps can be per-
formed either from the front panel or remotely. Refer to
Section IV for further calibration procedures.

NOTE

T'he CAL ENABLE Switch on the rear panel
should not be in the CAL/ENABLE posi-
tion under normal use. It should only be in
that position to calibrate the instrumeni.

3-65. REMOTE DPERATION
3-66. General

3-67. The following paragraphs give device dependent
information necessary to remotely operate the 3468A
over the Hewlett-Packard Interface Loop (HP-IL).
Directions for mechanical interface connections to the
HP-IL are given in Section II of this manual.
Familiarize yourself with the front panel operation

3-7
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{local) before artempting 1o use the multimeter in
remote (HP-IL).

3.68. The Hewlett-Packard Interface Loop 1§ a wo
wire, serial interface that permits communicarion from
one device to another. A general description of the
HP-IL is in this manual’s Appendix A. Refer to the ap-
pendix for any non-3468A related HP-IL information.

31.69. The following lisis the different 3468A remote
opcrations. Note that not all controllers will be capable
of cxecuting all Loop messages. Refer to the Operators
Manual for more information on programming the
3468A. The Operators Manual covers programming the
3408A with BASIC language controllers such as the -hp-
Model 85 as well as RPN language controllers such as
the -hp-Model 41C/CV, This scction assumes that the
reader has a general understanding of programming.

a. 3468A Response to Bus Messages (paragraph
3-70).

Title Paragraph
Dala 3-72
Trigger (GET) 3-73
Clear (DCL or S3DC) 3-74
Remote 3-75
Local 3-76
Local Lockout 3-77
Clear Lockout and Ser Local 3-78
Require Service (SRQ) 3-79
Status Byte 3-81
Programming the SRQ Mask 3-86
Status Bit 3-88
Pass Control 3-89
Abort 3-90

b. 3468A Addressing (paragraph 3-91) and Talk-
Only Mode (paragraph 3-94).

¢. 3468A HP-IL Programming (paragraph 3-96).

Title Paragraph

General 3-97

Program Codes 3-99

Power-On SRQ 3-101
Sending Data to the Display 3-102
Reading Data from the 3468A 3-104
Data Ready Feature 3-106
Front Panzl SRQ 3-107

d. Advanced Programming {paragraph 3-108j.

Title Paragraph
General 3109
Extended Ohms Operation 3-110
Reading the Binary Status
Byte 3.111

3-8
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3-70. 3468A Response to Loop Messages

3-71. The following paragraphs explain the 3468A7:
response to Loop Messages. The multimeter’s Loop
capahilities are in Table 3-2.

Tahle 3-2. 346BA’s Loop Capabilities

Mnemanic Interface Function Name
R The 3468A handshakes as a receiver
o Handshakes as a driver to the next device
Al Handshekes as an accoptor
SH1 Handshakes as a sourna
T1.2,3.5.5 | Basic Talker, Send Status, Send Device 1D, Talk
Only and unaddressed as a Tealker when ad-
dressed to Listen
led Na extended talker capability
Lt,2 Basic Listener and unaddrassed to listen whan
addresced ta Talk
LECQ Neo extended Listzner capability
co The 3468A cannot serve as a controller
AA Can be autpaddressad by the controller
AEQ No extended addressing capability
AMG No multiple addreasing cacability
[nlag Tre 346BA responds to Device Clear and
Selected Device Clear
DT The 3468A responds to Device Trigger
RLZ Basic Remote, Lccal, and Local Lockout
capability
SR2Z Basic Service Request and Asynchranous Ser-
vice Reguest capahility
PPG MNo Paralel Poll capability
MS1 The 3468A does have Manua! Service Request
capability
FOO No powsar-down capability
pDoo The 2468A doecs not implement Device
Dependent Talker o | istener cornmands

3-72. Data. The Data Message is used to transfer infor-
mation between the 3468A and the controller.

a. The message is used to send data to the multimeter
and consists primarily of set-up information (e.g. DCV,
30V Range, etc.). The 3468A is the Listener and the con-
:roller is the Talker.

b. The message is also used by the controller to
receive data from the 3468A. This includes the
multimeter’s output (readings) and status information.
In this case, the 3468A is the Talker and the controlleris
the Listener.

3-73. Trigger (GET, Group Execute Trigger). The Trig-
ger message causes the 3468A to initiate a measurement
cycle. It is an HP-T1. Trigger and triggers the multimeter
in either trigger mode, since it has priority over the other
trigger modes. If the 3468A is triggered during a
measurement cycle, the cycle is ahorted and a new cycle
is initiated. The multimeter has to be programmed to
““listen” to execute the trigger.

3-74. Clear (DCL or SDC: Device Clear or Selective
Device Clear). A Clear places the 3468A into its turn-on
state. In addition, the SRQ Mask is set to zero or octal
200 (if the Power-On SRQ switch is on, see (paragraph
3.101).
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3-75. Remaore. The Remote Message allows the 34684
to be controlled over the HP-IL. In remote, the front
panel buttons, except the LOCAL and Front Panel SRQ
buttons, are disabled. The Local and Front Panel SRQ
buttons are disabled when the 3468A is in remote and
local lockout (see paragraph 3-77). The instrument state
in remote is determined by the local state before being
placed in remote. The RMT annunciator on the display
will also be on with the 3468A in remote.

3-76. Local. This message clears the remote opcration
of the 3468A and enables its front panel opcration.
Pressing the front panel LOCAL button also places the
multimeter in the local state (if the button has not been
disabled by the Local Lockout Message, see next
paragraph).

3-77. Local Lockout. All the front panel buttons are
disabled with this message, if the 3468A is in remote.
The message is in effect until cleared over the HP-IL or
power is cycled.

3-78. Clear Lockout and Set Leocal. This message
placed the 3468A into local and the Local Lockout
Message is cleared.

3-79. Require Service {SRQ}. The Require Service
Message (SR Message) is independent of all other
HP-IL activity. The 3468A must be programmed to
send the SR{) Message. This is done by programming
the SRQ Mask (see paragraph 3-86). The front panel
SRQ annunciator is on when the 3468A requires service.

3-80. Since more than one device (on the same Loop)
can cutput the SRQ Message, the devices can be polled
by the controller (by a Serial Poll) to determine if the
3468A {or another device) requires service. The 3468A
then outputs a Status Byte (see paragraph 3-81) which
shows for what reason the multimeter requires service.

3-81. Stains Byte. The Status Byte is output by the
3468A in response to a Serial Poll. The message has the
same information as the 3468A’'s Status Register (see
next paragraph), and sets the corresponding bit true for
any true SRQ condition shown in Table 3-4 (whether the
SRQ Mask is set or not). The bit is represented in Figure
3-6.

3-82. The 3468A. can require service if any condition in
Table 3-3 is true. Since the SRQ Mask must be set to
output the Require Service Message {except for bit 7,
which is set by the Power-On SRQ switch), the 3468A°s
Status Register is used to monitor the conditions. This
way, only the condition that is set by the mask outputs
the SRQ Message. Other true conditions that can cause
an SRQ Message, but which are not set in the SRQ
Mask, remain in the Status Register as a true condition.
They will not causc the SRQ Message to be output, For
¢xample, suppose the Front Panel SRQ condition is the
only onc sct in the SRQ Mask. If the Data Ready condi-
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Lion is true, but not Front panel SR, no SRQ Message
is output (the Status Register’s Data Ready bit is true).
The only way the SR(Q) Message is output is if the Front
Panel SR() condition is true. Both the Front panel SRQ
bit and the Data Ready bit will then be true in the Status
Register.

Table 3-1. Status Byte Definitions

Octal | Decimal | Bit
Code | Code

Definitions

(v o) 1 QO | Data Ready - Indicates 10 the controller that
mecasurement data is ready to be output,
The Require Service Message and bit is
cleared when the contraller begins to accept
the data or when the reading is no longer
available, See paragraph 3-110.

o0z 2 1 | This bit will be true if the 34G8A receives an
nvalic cornaination of range ard function
codes, The bit will be cleared when a valid
cembination is selected.

004 B 2 | Syntax Errar - This shows that an invalic Pro-
gram Codels) has been sent to the 34684
le.g. F3).

010 8 | 3 | Internal Error - Shows that a failure in the
3468A is detected. This may be a failure in
lhe Self-Test Routine {see paragraph 3-56),
the A/D Converter, or & checksum error in
the Calibration RAM (checked every time a
reading is taken). More information can be
obtained by reading the 3468A's error
register. See paragraph 3-116.

420 16 4 | Front Parel SRO - This bit is set when the
3468A’s Front Panel 3RO huttonis pressed.
See paragraph 3-111.

040 32 5 | invalid Calibration - When this bit is set, an
attempt to calibrate the 34688A has falled.
100 64 | 6 | This is the RAS bit. This bit is true only when
the 3468A requires service from the con-
trolier.

Power-On SRQ - Shows that @ puower-on
reset has occurred. See paragraph 3-102.

200" 128 7

Note: More than one bit in the Status Byte can be true (see
paragraph 3-83).

| b7 |b6 [b5‘b4lo$|b2 |n1 |h0J

Power-0On SRQ J ‘ l Data Ready
Request Invalid Range/

Service Bit Function
Invalid Calibration Syntax Error
Front Panel SRQ Intemal
Error

Figure 3-6. Status Byte
3-83. More than one bit in the Status Byte Message can

be true. For example, bit 0, 2, and 4 are true (remember,
bit 6 is true for any RQS condition, if the SRQ Mask is
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set for the conditionj making the resultant Status Bytle
looks like the following:

b0

(o[ LLeL ]

NOTE

A 17 in this example shows a true
condition.

3-84. The byte is output as shown in the previous exam-
ple with the corresponding octal number of the example
at 125 (shown as follows).

01 O_iﬂ 101
LLd

3-85. The Status Byte together with the Service Request
{SRQ) Mask determine when the Require Service (RQS)
bit is to be set. Setting RQS causes SRQ to be sent on the
HP-IL. Execution of a Serial Poll for the 3468A will
clear SRQ and it will remain clear until another reason
for setting RQS occurs. RQS, on the other hand, is set if
one or more corresponding bits in the Status Byte and
SRQ Mask are both set. RQS is cleared whenever all
corresponding bits are not both set. A Serial Poll then,
may cause RQS to be cleared but not in all cases. Bits 2,
4.5, and 7 are cleared with a Serial Poll.

3-86. Programming the SRQ Mask. The SRQ Mask
must he set for the 3468BA to output a Require Service
Message. Setting the SRQ Mask will not set the bits in
the Status Byte; these bits are automatically set (except
bit 6) when any corresponding require service condition
is true. For example, you wish to know if the multimeter
has received an incorrect program code (Syntax Error)
or has an internal failure (Internal Error). If the condi-
tions are true, bits 2 and 3 of the Status Byte are set; but
no Service Request Message is sent. The message will
not be output until the SRQ Mask is set to the cor-
responding bits of the Status Byte (which are are bits 2
and 3). Since the mask is to be set in octal, the resultant
code for the bits is ‘“14"". The mask is set by sending
““Mdd?’, where dd is the octal code for the bits.

3-87. Only bits 0 to 5 can be set by programming the
SRQ Mask. Bit 6 of the Status Byte is set whenever the
Requirc Scrvice Message is output and bit 7 is set by the
Power-On SRQ switch on the rear panel (see paragraph
3-101). Because of this, only a two digit octal code (00 to
77) can be sent to program the mask. The mask can be
cleared by sending: ‘‘M00’’. Remember, the mask is on-
ly set to output a Require Service Message (not the
Status Byie) for a certain SRQ condition.

3-10
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3-88. Status Bit. The 3468A does not respond to a
Parallel Poll. The Status Bit is used only for Parallel
Poll and should not be confused with the bits in the
Status Byte Message.

3-89, Pass Control. The 3468 A does not have controller
capabilities.

3-90. Abort (Interface Clear), All HP-IL. communica-
tion is terminated (including the 3468A’s Loop com-
munication). Control is returned to the controller. The
Abort Message does not remove the 3468A from remote
control.

3-91. 3468A Addressing

3-92. Lach device in the loop is assigned an address by
the controller. The assigned address will probably be
different than the factory preset address. The 3468A,
for example, has a preset address of 22. The address
permits the controller to specify or select a particular
device in the loop when sending commands. Addresscs
are assigned sequentially around the loop in the direc-
tion of information flow. The [irst device in the loop,
after the controller, is assigned an addiess of 1. The sec-
ond device in the loop is assigned an address of 2, and so
on around the loop until all devices have been address-
ed. IT the 3468A is the only device in the loop with the
controller, it will be assigned an address of 1.

3-93. Refer to Figure 3-7. It shows a controller and four
devices with their basic capabilities, assigned loop ad-
dresses, and the direction of information flow.
Remember that the controller automatically assigns ad-
dresses to devices in the loop.

3-94. Talk-Only Mode (No Gontroller]

3.95. The 3468A°¢ Talk-Only Mode allows the
multimeter to send measurement dara to an external
device (like a printer) without a L.oop controller. The
multimeter is placed into the Talk-Only Mode by setting
switch | (on the 3468A rear panel) to 1 (up). Measure-
ment data is then output after each trigger. Function
and range settings are selected from the front panel.

3-96. 3468A HP-IL Programming

3-97. General. The following paragraphs explain how
to program the 3468A over the HP-IL. If information is
desired using controller dependent language, refer to the
3468A°s Operator’s Manual.

3-98. Programming the 3468A is done by DATA
messages. Set-up information (Range, Function, ctc.) is
DATA sent by the controller and is done using program
codes. The DATA received by the controller (from the
3468A) is measurement data, and as well as other data
like the Status Byte and the 5 bytes from the Output
Binary Status Byte.
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Figure 3-7. HP-IL Addressing

3-99. Program Codes, All the program codes for the
3468A are listed in Table 3-4. The 3468A must be in
“remote’” and *‘listen’’ to receive the codes (the RMT
and LSTN annunciators are on when the 3468A is in
remote and listening).

3-100. The Program Codes are a series of 8-bit ASCII
characters. All lower case characters, spaces, commas,
and semicolons are ignored (they may be used with the
codes as separators). All null characters, carriage
return, line feed, form feed, vertical tab, and horizontal
tab characters are also ignored. Other characters which
are not included in Table 3-4, cause a Syntax Error (bit 2
in the Status Register set). In addition, a Syntax Error is
caused if the characters are sent in a different order than
shown in the table (e.g. **1F”’ causes a Syntax Error).

Table 3-4. 3468A Program Codes

Type Program Description
Code
FUNCTION F1 DT Volts

FZ AT Volts

F3 2-Wire Ohms

F4 4-Wire Ohms

F5 DC Current

F& AC Current

F7 Extended Ohine  (see  pamsygiaph
3-110)

RANGE Ri 3V, 300 Ohm, .3 Amp, Extended
Ohms

R2 3V, 3K Ohm, 3 amp [AC orly)

n3 30V, 30K Ohm

R4 200V, 300K Ohm

RS 3M Ohm

RE 30M Ohm

MaiTs NZ 3 172 Digits Displayed
DISPLAY LD N4 4 1/2 Digits Displayed
NE % 1/2 Digits Displayed

TRIGGER T1 internal Trigger
T2 Single Trigger

Table 3.3. 3468A Program Codes (Cont’d]

—
Type Program Bescription
Code
AUTOZERC 0o Auatozero Disabled
21 Aatozero Enabled
DISPLAY D1 Normal Display Opegrauon
[ Display Text and update &nnun
ciators
MISC. B1 Road Status of the 3468A in Binary
COMMANIYS {see paragraph 3-115)
@ Calibrata (see Section W of this
" manuall
Mdd | Set SRQ Mask Mdd, where dd is
i the cctal code of the bits!

3-101. Power-On SRQ. This feature is enabled by set-
ting the Power-On SRQ switch to On (switch # on the
rear panel in the up position). When the feature is en-
abled, the 3468A Requests Service (generates an SRQ)
each time power is cycled or a reset condition is
generated by the instrument (e.g. due to an instrument
failure or selecting the Self-Test).

3-102. Sending Data to the Display. Up to 12 ASCII
characters can he displayed at a time by the 3468A’s
display. The legal characters are decimal 32 through 95
of the 128 ASCII characters. Only upper case letters and
numbers can be displayed. Lower case letters gensrate
characters which do not resemble the letters. Commas,
periods, and semicolons can go between characters.

3-103. The display message mode is enabled by pro-
gram code ‘D27 (e.g. ‘*D23468A DMM’' where
**3468A DMM?™ is the message displayed). In this modc,
the annunciators continue to be updated. If more than
12 characters are sent to the display, the cxtra characters
arc ignored until a control character is received. If the
control character is different than HT (IHorizontal Tab),
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VT (Vertical Tabj, LF (Line Field), CR (Carriage
Return), or FF (Form Feed), a Syntax Error is
generated. A “D2”’ code locks the display until a ““D1”’
(Selects Normal Display) is sent, a CLEAR message is
sent, an error condition oeccurs, or a front panel button
is pressed.

J3-104. Reading Data from the 3468A. Data in the form
of readings can be output by the 3468A over the IIP-IL
{other data that can bc output is discussed in later
paragraphs). To output a reading (if available), the
3468A has to be addressed to *‘talk’’. The readings are
cutput using [3 ASCII characters and are in the follow-
ing form.

+ D.CDDDDE + D CR LFED)

Polarity of Linte Feeg
reading {with End or
[a" =+ Identify Line
15 sent for ac Setl
readings)
Feading ex- Carriage
pressed in { Retarn
srientific
notation (D is
a decimal
digit}

3-105. Each character in the output statement {except
EOI) is one byte, which adds up to 13. The exponent
will be in engineering natation (E-3, E+U, E+3, or
E +6) and the mantissa will always have 1, 2, or 3 digits
before the decimal point (D.DDDDD, DD.DDDD, or
DDD.DDD). If the 3468A isinthe 4 1/2 0r 3 1/2 Digit
mode, the Sth and/or 6th digits will be output as zeroes.
An overload condition (whether plus or minus) will be
output as: +9.99999E + 9. If a different output is re-
quested (Binary, Front/Rear Switch position, etc.), the
other output supercedes the reading. If a data transfer is
iaterrupted while being output, the 3468 A continues the
output wherever it left off, when addressed again. This
partial output (or any output) can be disabled by a
Group Execute Trigger (GET), Clear Message (DCL or
SDC), sending any valid program code, or pressing the
LOCAL, SHIFT, and TEST/RESET buttons on the
front panel.

3-106. Data Ready Feature. The Data Ready feature of
the 3468A, when enabled, outputs a Service Request
Message (SRQ) afier each completed measurement cy-
cle. Before the message can be output, bit 0 of the SRQ
Mask must be set. This is done by sending program code
“MO1? (bit O of the Status Byte and Status Register).
When the Service Request Message is sent, the front

3-i2
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panel “SRQY annunciator rurns on oand bit {# of the
Status Byte is set. The SRQ) condition remains until the
data is read by the controller, or a Serial Poll is done.

3-107. Front Panel SRQ. The Front Panel SRQ feature
of the 3468 A outputs a Service Request Message (SRQ)
each time the Front Panel SRQ button is pressed.
Before the message can be output, bit 4 of the SRQ
Mask must be set. This is done by sending program code
“M20° (bit 4 of the Status Byte and Status Register).
Once this is done, the Scrviee Request Message will be
output and the front panel SRQ annunciator turns on,
whenever the SRQ button is pressed. The SRQ condi-
tion rcmains until a Scrial Poll is don¢ by the Con-
troller.

3-1D8. Advanced Programming

3-109, General. The following paragraphs have ad-
vanced programming information for the 3468A. It in-
cludes Extended Ohms Operation and Reading the
Binary Status Byte.

3-110. Extended Ohms Operation. This operation {o1
function) is only available over the HP-IL and is used to
measure resistance above 30M ohm. The function is
selected by sending program code “F7R1"’, The 3468A
is set ~o the 2-Wire Ohms Function and the 30M ohm
Range. A 10M ohm resistor is connected in parallel with
the input. Measure the internal resistor first and then
measure the unknown resistance. The unknown
resistance can then be calculated by this formula:

Ri * Hr
Rx =
Ri - Rt

where Rx 1s the unknown resistance, Kiis the measured
10M ohm resistor, and Ri is the measured value of the
parallel combination.

3-111. Reading the Binary Staius Byte. The current
state of the 3468A can be determined by reading the
Binary Status Byte of the instrument. When program
code “B1" is sent, the 3468A outputs five bytes which
are ¢ach & bits wide. The corresponding meaning of the
bits (when true) are in Table 3-5. Once the status byte is
read, the Error Register (byte 4; see Table 3-5) will be
cleared. However, if the error still exists and the instru-
ment is triggered, the corresponding bit of the error will
again be set in byte 4.
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Table 3-5. Binary Status Byte Definition
Byte # Definition
1 Bits Function, Range, and Number Of Digits
True Displayed
XAXXKAXOT | B 1/2 Digits Displayed
XXXXXX10 | 4 1/2 Digits Displayed
XXXXXX11 13 1/2 Digits Displayed
XXX001XX | Same as R1
XXX010XX | 5ame as R2
XXXO11XX | Same as R3
XXX100XX | Same as R4
XAXTO1XX | Same as RS
XXX110XX | Same as R6
XKAX1TIXX | Same as R7
D01 XXXXX | DC Volts Funcuon
O10XXXXX | AC Volts Function
OT1IXXXXX | 2-Wire Ohms Funcuios
TOOXX XXX | 4-Wire Ohms Function
101XXXXX | DC Current Function
TTOXXXXX | AC Current Function
TTIXXXXX | Extended Ohms Function
2 Bit# Instrument Status Bits
0 1= Internal Trigger, 0= single Trigger
1 1= Autorange Enabled
2 1= Autczero Enabled
&} 1= 3488A set for 50Hz Operation
4 1= Calibration RAM Enabled
b Not used {always O)
6 Not used {always 0}
7 Not used {always 0}
3 Bit# SRQ Mask Bit Definition
Q 1= Data Ready bit set for SRQ on each
complete reading
1 1= SRQ when invalid range/function
combination
P 1= Syntax Error - SRQ if Syntax Error
occurs
3 1= Internal Error - SRQ if Hardware Er-
ror QCours
4 1= Front Panel SRQ - SRQ if SRA but-
ton is pressed
5 1= Calibration Error - SRQ if CAL pro-
cedure failed
B Not used (always O}
7 1= Power-On SRQ - PON SRQ switch
on last time power was turned on or
DCL message was received
4 Bit# Internal Error Information
0] Set if any of the Calibration RAM loca-
tions have incorrect checksums or if a
range with an incorrect checksum is
selected
1 The Main CPU RAM Self-Test has failed
2 The ROM Checksum incorrect during
Self-Test
3 An A/D Slope Error was detected
4 Not used (always O}
5 Not used {always 0}
o] Not used {always 0}
7 Mot used (always 0}
5 A/D DAC Value
A decimal value between 0O to 63
represents the setting of the internal
Digital to Analog Converter [(DAC).

Operation
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SECTION 1V
PERFORMANCE TEST AND CALIBRATION

4-1. INTRODUCTION substitute equipment. A short description of the re-
quired equipment and the critical specifications
4-2. This section of the manual has the Performance necessary to do the test and calibration procedures is in
Tests and Calibration Procedures used to verify the the following paragraphs. This information may be
3468A’s accuracy specifications, and to calibrate the helpful in choosing substitute equipment.
multimeter to those specifications. A summary of the
specifications to which the 3468A is tested and ) .
calibrated is listed in Table 4-1. The complete specifica- 4-6. DC Volts Test and Calibration
tions are in Table 1-1. All tests and calibrations are . . o
made without removing any instrument covers, 4-7. "l_"he DC Yolts Test and Cahbra_m_‘m (DC Voits
Furiction) requires a very accurate Digital Voltmeter
4-3. Since Performance Tests are normally performed (like the 3456A) as the Standard. The Digital Voltmeter
after calibration, the tests are included in the Calibra- must be cghbrgtcd 19 15 230 b 3t volts specifications
tion Procedures. The procedures are set up in such a pefore calibratlr_lg and tes.tm_g the 3468A (i.e. the 346.8‘&
way that the Performance Tests can be ignored, if so is tested and ca.llbra'_ted within 24 hours after the Digital
il Voltmeter, which is used as the standard, has been
calibrated). It is recommended that the Digital
4-4. EQUIPMENT REQUIRED Voltmeter be calibrated in the same temperature en-
vironment and leave the Digital Voltmeter in the same
4-5. All required test equipment for the Performance temperature environment in which the 3468A is to be
Tests and Calibration Procedures are listed in Table 4-2 calibrated and tested (e.g. the 3468A’s Reference
(Recommended Test Equipment). The equipment used Temperature, see Paragraph 4-39). In addition to the
for the individual tests and the test procedures are also Digital Voltmeter, a DC Volis Standard is required to be
listed at the beginning of e¢ach test procedure. If any of used as a very stable voltage source. The following lists
the recommended equipment is not available, use the required equipment and recommended models.

Table 4-1. Abbreviated Specifications Table

DC Voits Function {accuracy = +(% of reading + number of counts)) AC Volts Function 1 Year Limits (accuracy = (% of reading + number of
counts))
Range | 24 Hour Limits | 90 Day Limits | 1 Year Limits Frequency .3V Range 3V,30V Range 300V Range
3V | 0005 + 4 0.009+ 5 0.02 + 5 20Hz- 50Hz |1.14 + 163 1.14 + 102 1.18 + 102
3V | 0.0035+ 2 0.007 + 2 0.018+ 2 50Hz-100Hz | 0.46 + 163 0.46 + 103 0.50 + 102
30v | 0.00b + 3 0.009+ 3 0.02 + 3 100Hz- 20KHz |0.29 + 163 0.26 + 102 0.33 + 102
300V | Q.0055+ 2 0.009+ 2 0.02 + 2 20KHz- 50KHz|0.56 + 247 0.41 + 180 0.55 + 180
50KHz-100KHz| 1.74 + 882 1.05 + 825 1.26 + 825
OC Current Function {accuracy = +(% of reading + number of countsj) 100KHz-300KHz Ni& 10.1 + 3720 N/A
{30V Range only}
Range | 90 Day Limits | 1 Year Limits ) o )
AC Current Function 1 Year Limits {accuracy = +{% of reading + number of
3A<IA | 014 + & | 0.17 + 6 counts}}
3A>1A 1.0 + 30 1.0 + 30 Frequency .3A Range | 3A Range
20 Hz 50 Hz 1.77 + 1863 2.5 + 163
50Hz 1KHz 1.1+ 163 1.8 + 163
TKHz 10KHz 1.0 + 163 1.7 + 163
10KHz 20KHz 1.14 + 163 1.84 + 163

Ohms Function {accuracy = +{% of reading + number of counts))

Range ‘ 24 Hour Limits , 90 Day Limits | 1 Year Limits
300 0.0045+ 4 0.012 + 5 0.017 + &
3K | 0.0035+ 2 0011 + 2 0.016 + 2
30K | 0.0035+ 2 0011 + 2 0.016 + 2
300K | 0.0035+ 2 0.011 + 2 0.016 + 2
3M | 0.0052+ 2 0.011 + 2 0.016 + 2
30M | 0.036 + 2 0.066 + 2 0.078 + 2

4-1
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Tabie 4-2. Recommended Test Equipment.
Instrumant Critical Spacifications Recommended Model Use*
Digital Voltmeter Range:300mV to 300V -hp- Model 3456A PCT
Accuracy: £ .004%(30V, 300V}
+.005%(300mV,3V)
DC Vohage Voltage:300mV to 300V Systron Donnet PCT
Standard Accuracy: = .005% Model M107
AC Calibrator Fregquency:20Hz to 300KHz Fluke Model 52004 PCT
Voitage:30mV to 300V and Model 5215A
Accuracy: +.1%
Voltage Stability: +.02%
AC/DC Current DC Current: 1A Valhalla Model BCT
Source Accuracy: £.03% 2500
AC Current: 100mA to TA
Freguency: 1KHz to 5KHz
Accuracy: +.1%
Resistance Guildlineg Model.
Standard Resistance: 100 ohm 9330/100 or FC
Accuracy: = .0005% 9330A/100
Resistance: 1K ohm 9330/1K or PC
Accuracy: = .0005% 9330A/1K
Resistance: 10K ohm 9330/10K or PC
Accuracy: .001% 9330A/10K
Resistance: 100K ohm 9330/100K o PC
Accuracy: +.001% 9330/100K
Resistance: 1M a330/1M PC
Accuracy: +.01%
Resistance:10M 9330/10M PC
Accuracy: + .01%
Deskiop Computer HP-1B Capability -hp- Model 85, CTO
9825,9826,9835,0r
9845
Bus System HP-1B Control Capability -hp- Model 58401A T
Analyzer
Oscilloscope Bandwidth:DC 1o 100MHz -hp- Model 1740A T
Signature Analyzer -hp- Model 50044 T
*P=Performance C = Calibration T = Troubleshooting 0O = Operator's Check

4-§. Digital Voltmeter. The recommended Digital
Volumeter is an -hp- Model 3456A. The critical re-
qguirements are as follows:

a. Required voltage range is from 300mV to 300V dc.

b. Accuracy and stability requirements in a 24 hour
period are as follows:

+

.004% for the 30V and 300V Ranges

1+

.005% for the 300mV and 3V Ranges

4-9. DC Volts Standard. The DC Volts Standard
chosen is a Systron Donner Model M107 Precision
Voltage Source. The critical requirements are as
follows:

a. Output from 300mV to 300V dc.

4-2

b. Within .005% full scale accuracy.

¢. Short term stability better than .0002% per hour.

4-10. AC Volts Test and Calibration

4-11. For the AC Volts Test and Calibration (AC Volis
Function) use the Fluke Model S5200A/5215A AC
Calibrator. If the calibrator is not available, use a
substitute calibrator that meets the requirements listed
following this paragraph. It is suggested to acquire the
recommended calibrator with the HP-IB (IEEE 488) op-
tion 05 for future computerized Performance Test and
Calibration.

a. Frequency Response: 20Hz to 100KHz (and
300KHz at 30V).

b. AC Volts Range: 300mV to 300V ac.
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c. AT Volts Accuracy: = 1
4-12. Ohms Test and Calibration

4-13. The 3468A°s Ohms Function can be tested and
calibrated in two different ways, at full scale or 1/3
scale. If the 3468A is to be tested and calibrated at full
scale, use three each of the recommended standard
resistors in series to form, 300ohm, 3Kohm, etc. If the
3468A is to be tested and calibrated at 1/3 scale, use on-
ly one each of the recommended standard resistors.

4-i4. If the recommended resistors are not available,
use substitutes that meet the critical requirements. If a
substitute is not available, you may be able to use a
calibrated decade resistor with settings that range from
300ohm to 30Mohm or 100ohm to 10Mohm. The cor-
rection factors on the decade resistor’s calibration chart
must be algebraically added to the 3468A reading, to
achieve the required accuracy. The Standard Resistors
and critical requirements are as follows:

a. 100 ohm, and 1K ohm Standard Resistors. Usc
the Guildline Model 9330/100 or 9330A /100 for the 300
ohm Range, and Model 9330/1K or 9330A/1K for the
3K ohm Range. The accuracy requirement is =+ .0005%
or better.

b. 10K ohm and 100K ohm Standard Resistors. Use
the Guildline Model 9330/10K or 9330A/10K for the
30K ohm Range and Model 9330/100K or 9330A /100K
for the 300K ohm Range. The accuracy requirement is
+.001% or better.

¢. IM ohm Standard Resistor. Use the Guildline
Model 9330/1M for the 3M ohm Range with +.002%
or better accuracy.

d. 10M ohm Standard Resistor. Use the Guildline
Model 9330/10M for the 30M ohm Range with + .01%
or better accuracy.

4-15. DC Current Test and Calibration

4-16, The DC Current Test and Calibration requires an
AC-DC Current Calibrator as the current source, a
Digital Voltmeter for the standard, and a DC Volts
Standard for a stable voltage source. The following
paragraphs have the required equipment and recom-
mended models.

4-17. AC-DC Current Source. The Valhalla Model
2500 15 the recommended AC-DC Current Source. The
critical requirements are as follows:

a. Required current is 1A.

b. Required accuracy is = .03%.

4-18. Digital Voltmeter. The recommended Digial
Voltmeter is an -hp- Model 3456A. Refer to paragraph
4-8 for the critical requirements.

Performance

4-19. DC Volts Standard. The DC Voits Standard
chosen 15 a Systron Donner Model M107 Precision
Voltage Source. Refer to paragraph 4-9 for the critical
requirements.

4-20. AC Current Test and Calibration

4-21. The AC Current Test and Calibration requires an
AC-DC Current Calibrator as the current source and an
AC Calibrator as the ac standard. The following
paragraphs have the required equipment and recom-
mended models.

4-22. AC-DC Current Source. The Valhalla Model
2500 is the recommended AC-DC Current Source. The
critical requirements are as follows:

a. Required current is 100mA and 1A.
b. Required frequency response is: 1KHz and 5KHz
¢. Required accuracy is +.03%.

4-23. AC Calibrator. The recommended AC
Calibrator is a Fluke Model 5200A/5215A. Refer to
paragraph 4-11 for the critical requirements.

4-24. TEST CARDS

4.25. Performance Test Cards are provided at the end
of this section and are to be used to record the 3468A°s
performance. It is recommended to fill out the cards
and refer to them while doing the test. The test limits
and set-up information are printed on the cards for easy
reference. The cards can therefore be used as an ab-
breviated test procedure (if you are familiar with the test
procedures). The cards can also be used as a permament
record and may be reproduced without written permis-
sion from Hewlett-Packard.

4.26. CALIBRATION CYCLE

4-27. A periodic performance verification is required
for the 3468A. This should be done as part of an incom-
ing inspection test and at a 90 day or 1 year interval,
depending on your environmental condition and ac-
curacy requirements.

4.28. TEST FAILURE

4-29. If the 3468A fails any Performance Test, do the
necessary calibration according to which test failed (e.g.
do the DC Volts Calibration for a DC Volts Test
failure). If only one range fails, calibrate only that
range, otherwise calibrate the complete function (this is
only true for the DC Volis and Ohms Functions). If the
failure cannot be corrected by calibration, go to Section
VII of this manual for servicing information.

4-30. INSTRUMENT SET-UP

4-31. Instrument set-up is specified in each test and
calibration procedure.

4-3
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4-32. INSTRUMENT SPECIFICATION

4-33. Specifications are the performance characteristics
of the instrument which are certified. These specifica-
tions, listed in Table 1-1 and Table 4-1, are the perfor-
mance standards or limits against which the 3468 A can
be tested. Table 1-1 also lists some supplemental
characteristics of the 3468A and should be considered as
additional information,

4-34. 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. The specifications listed
here supercede any previously published.

4-35. Specification Breakdown

4-36. The 3468A’s specifications are grouped according
to instrument function (AC Volts, DC Volts, etc.).
Within each group are either one, two, or three main
sets of specifications: the 24 hour, 90 day, and 1 year
limits. The limits to which the 3468A conforms depend
on when the instrument was last calibrated. They also
depend on the limits to which the 3468A was certified
and also on the instrument function. The 24 hour limits
should only be used if the instrument was calibrated
within the last 24 hours, otherwise, the 90 day or 1 year
limits apply.

4-37. Each set of specifications includes an accuracy
specification for each voltage, ohms, and current range.
They are specified as a percentage of the reading and an
add-on of a certain number of counts. For example, the
24 hour full scale DC Volts Function accuracy on the
30V Range (in the 5 Digit Display mode) is:

+.005% of reading + 3 counts

giving a full scale accuracy of +.005% or (5 counts}
plus 3 counts (or .003%), which is a total of 8 counts
(or £.008%). (This is only true at full scale and changes
at 1/10 scale, see next paragraph.) If for example the 4
Digit Display mode is selected, the percentage is the
same (.005%), but the number of counts is different and
changes the total percentage to = .015% (.005% plus 1
count in the 4 Digit mode is .01% which makes the total
equal .015%).

4-38. The number of counts also changes the accuracy
of the 3468A at 1/10 scale. For example, the percentage
(same Function, Range, and Digit mode) at 1/10 scale is
still .005% at 1/10 scale. However, the number of
counts (3) is .03% at 1/10 scale. This gives a total of
.035%, rather than .008% at full scale.

4-39. Temperature Coefficient (Reference Temperature)
4-40., The temperature in which the 3468A was last
calibrated is called its Reference Temperature. To main-

tain the 3468A’s specified accuracy, the multimeter
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must be operated within the specified range of that
temperature (as shown in Table 1-1). If the 3468A is
tested or operated outside the temperature range, the
Temperature Coefficient (listed in Table 1-1) must be
added to the instrument’s specifications. It is recom-
mended to calibrate the 3468A in the temperature in
which it is to be tested and operated.

4-41. TEST CONSIDERATION
4-42. General

4-43. Because the 3468A is able (o make highly accurate
dc measurements, certain requirements have to be met.
For example, the Digital Voltmeter used to test and
calibrate the 3468A should be good encugh so thati its
errors do not introduce any significant uncertainties in
the Performance Test and Calibration. A Voltmeter
which is 10 times better than the 3468A nearly
eliminates the uncertainties. Since voltmeters (or even
standards) with these accuracies are not readily
available, use the recommended Digital Voltmeter.
Make sure the voltmeter has been calibrated to its 24
hour specifications and used within 24 hours after
calibration, before testing and calibrating the 3468A..

4.44. Ambiguous Region

4-45. Since the available test equipment is not an order
of magnituide better than the 3468A, it is important to
be aware of the uncertainties or ““ambiguities’’. An ex-
ample is in the next paragraph.

4-46. A hypothetical case is to check the 3468A’s 3V
full scale d¢ accuracy with a certain standard. The
3468A’s 90 day specification is =+ .01% with the stan-
dard’s accuracy ideally +.001% (ten times better). If
the 3468A reading is ‘*30.0033*’ (.011% high), the
multimeter may or may not meet the 90 day limit
(dependent on the standard’s accuracy). If the standard
is .001% high (30.0003V), the 3468A’s actual reading is
*“30.0030"" which is in the 90 day limit. If the standard
output is right on, the 3468A reading is ‘‘30.0033°" (its
reading is high and out of tolerance). Although in both
instances the standard is within its limits, it may show
the 3468A to be in or out of its limits. This creates an
Ambiguous Region, shown in Figure 4-1. The region
gets bigger when the 3468A limits are tighter and/or the
standard’s specifications are less accurate. The best test
1s when you know your standard’s actual limits.

S500-B-4738

Figure 4-1. Ambiguous Regions
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4-47. PERFORMANCE TEST

4-48. The Performance Test is separated into five main
tests: DC Volts, DC Current, AC Volts, AC Current,
and Ohms. Each step in the tests and the tests
themselves should be done in the order they are given,
starting with the DC Volts Test. Allow at least a 1 hour
warm-up time. If the 3468A has been on for less time,
inaccuracies can result. The Performance Test is
separated into the following tests.

a. DC Volts Test - paragraph 4-49.
b. DC Current Test - paragraph 4-54.
¢. AC Volts Test - paragraph 4-39.
d. AC Current Test - paragraph 4-64.

e. Ohms Test - paragraph 4-69.
4-49. DC Volts Test

4-50. The DC Volts Test limits are printed on the DC
Volts Test Card and in Table 4-3. The instrument set-up
information is also printed on the test card. Each step
on the test card corresponds to a step in the test pro-
cedure. Because of this, each step number on the test
card is shown in parenthesis (e.g., Step #1.) in the pro-
cedure.

4-51. Unless otherwise specified, all test signals are ap-
plied to the 3468A’s HI and LO INPUT Terminals.

4-52. Equipment Required. The following is the re-
quired test equipment for the DC Volts Test.

Digital Voltmeter (-hp- Model 3456A)
DC Volts Standard (Systron Donner Model M107)

Performance

4-53. Tesi Procedure. After the 3468A has been warm-
ed up for at least one hour, do the following:

a. (Step #1.) Reset the 3468A by pressing the blue
Shift button and then the SGL/TRIG (TEST/RESET)
button.

NOTE

Resetting the 3468A, automatically places
the instrumeni into the DC Voifs Function,
Autorange, Internal Trigger, and 5 Digits
Displayed.

b. (Step #2.) Short the 3468A’s INPUT Terininals.
The instrument should now be on the .3V Range.

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

d. (Step #3, 4, and 5.) Set the 3468A to the 3V, 30V,
and 300V Range by pressing the Uprange button once
for each range. Record and make sure the reading on
each range is within the specified limits. If any readings
in this step or step c are out of the specified limits, go to
the DC Volts Calibration Procedure in paragraph 4-86.

e. (Step #6.) Remove the short from the 3468A’s IN-
PUT Terminals and set the multimeter to the .3V
Range.

f. Set the DC Volts Standard for zero volts output.
Set the Digital Voltmeter to the DC Volts Function and
Autorange,

g. Connect the 3468A to the Digital Volimeter and
DC Volts Standard, as shown in Figure 4-2. Use the
Digital Voltmeter as the standard and the DC Standard

Table 4-3. DC Voits Test Limits

3468A JAG6BA | 34B8A 24 Hour Limits 90 Day Limits 1 Year Limits
input Range | Set Up high low high low high fow
Short .3V | DCV | + 000004V - 000004V +.000005V - .000005V +.0000056V -.000008V
Short 3v +0.00002Vv | -0.00002V +0.00002V -0.00002v +0.00002V —0.00002V
Short oV +00.0003V | -00.0003V +00.0003V -00.0003V +00.0003Vv - 00.0003V
Short 300V +000.002V | -000.002V +000.002V —-000.002v +000.002v -000.002v
300mv .3V +.300019Vv | +.299981Vv +.300032v +.299968V +.300065V +.299935Vv
300mv 3v +0.30003V | +0.29997V +0.30004V +0.29996V +0.30007V +0.29993V
+1v 3v +1.00006V | +0.99994V +1.00008V +0.89991Vv +1.00020v +0.99980V
-1V 3V - 1.00006V | —-0.99994V - 1.00008v -0.99891V -1.00020V -0.99980V
-3V 3v —3.00013V | —-2.,99987V -3.00023V -2.99977v -3.000686V —2.99942v
+ 3V 3v +3.00013 +2.99987V +3.00023V +2.99977V +3.00056v +2.99944V
+ 3V 3V | AZ Oft | +3.00016 +2.99984Vv +3.00026V +2.99974V +3.00059V +2.99941V
+ 3V 3V | AZ On,
4 Digit | +3.0002V +2.8998V +3.0003V +2.9997V +3.0006V +2.9994V
+ 3V 3V | 3 Digit | +3.001V +2.999v +3.001v +2.999v +3.002V +2.998Y
+ 3V 30V | 5 Digit | +03.0005v | +02.9995v +03.0006V +02.9984V +03.0008Vv +02.9991v
+10V 0v +10.0008V | +09.9992V +10.0012V +09.89988V +10.0023v +09.9977v
+ 30V 30v +30.0018V | +29.9982V +30.0030V +29.9970V +30.0063V +298.9937Vv
+ 30V 30V | AZ Off | +30.0029Vv | +29.9971V +30.0041V +29.9995V +30.0074V +289.9926V
+ 300V 300V | AZOn | +300.019V | +299.981V +300.029V +298.971V +300.062Vv +299.938V
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as the power supply. An example on how the Digital
Voltmater and DC Volts Standard checks the 3468A ac-
curacy using the multimeter’s 3V Range, is as follows:

1. Set the 3468A to the 3V Range.

2. Set the DC Volis Standard for an output of
+3V.

3. Note the reading on the Digital Voltmeter. If
the reading is not exactly +3V, adjust the DC
Volts Standard until the reading is exactly +3V,
as displayed by the Digital Voltmeter. This
reading is then the standard voltage used to check
the 3468A reading.

4. Make sure the 3468A reading is within its
specified limits. Record the reading on the Test
Card.

NOTE

Always uprange the 3468A before upranging
the DC Volis Standard and always
downrange the DC Volts Standard before
downranging the 3468A.

OC STANDARD
SYSTRON DONNER MODEL M107A

412 ©
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Figure 4.2. DC Voits Accuracy Test

h. Check the multimeter’s .3V Range full scale ac-
curacy by setting the DC Volts Standard for an accurate
output (as displayed on the Digital Voltmeter) of
300mV. Check the multimeter’s reading and make sure
it is within the specified limits.

i. (Step #7.) Set the 3468A to the 3V Range and set
the DC Volts Standard for an accurate output of
+300mV. Check and record the reading.

j. (Step #8.) Set the DC Volts Standard for a +1V
output. Check and record the reading.

4-6
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k. {Step #9.) Apply -1V 10 the 3468A by reversing the
input leads. (Leave the leads in that position for the next
step.) Check and record the reading.

1. (Step #10.) Set the DC Volts Standard for a 3V out-
put (-3V input to the 3468A). Check and record the
readings.

m. (Step #11.) Apply +3V to the 3468A by reversing
the input leads. (Leave the leads in that position for the
steps that follow.) Check and record the readings.

n. (Step #12.) With + 3V applied to the 3468A, turn
Autozero off by pressing the blue Shift button and then
the INT/TRIG (AUTQO/ZERQ) button. Check and
record the reading.

0. (Step #13.) Turn Autozero on by pressing the blue
Shift button and then the INT/TRIG (AUTO/ZERO)
button.

p- (Step #14.) With + 3V applied to the 3468A, select
the multimeter’s 4 Digit Display mode by pressing the
blue Shift button and then the Uprange (4) button.
Check and record the reading.

q. (Step #15.) Select the 3468A’s 3 Digit Display
mode by pressing the blue Shift button and then the
AUTO/MAN (3) button. Check and record the reading.

r. (Step #16.) Select the 3468A’s 5 Digit Display
mode by pressing the blue Shift button and then the
Downrange (5) button.

s. (Step #17, 18, and 19.) Set the 3468A to the 30V
Range. Check the multimeter’s 1/10, 1/3, and full scale
accuracy by setting the DC Volts Standard for accurate
outputs of +3V, +10V, and + 30V, respectively.
Check and record the readings. Leave the + 30V con-
nected to the 3468A.

t. {Step #20.) With + 30V applied to the 3468A, turn
Autozero off by pressing the blue Shift button and then
the INT/TRIG (AUTO/ZERQO) button. Check and
record the reading.

u. (Step #21.) Turn Autozero on by pressing the blue
Shift button and then the INT/TRIG (AUTOQ/ZERO)
button.

v. (Step #22.) Set the 3468A to the 300V Range.
Check the full scale accuracy by setting the DC Volts
Standard for an accurate output of +300V. Check and
record the readings.

w. (Step #23.) Turn the DC Volts Standard’s output
off. Disconnect the DC Volts Standard and Digital
Voltmeter from the 3468A.
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X. (Step #24.) The DC Common Mode Rejection Test
is next, Do the following:

1. Set the 3468A to the .3V Range.

2. Connect a IK ohm resistor (-hp- Part No.
0698-1021) between the 3468A°s HI and LO IN-
PUT Terminals.

3. Note the 3468A°s reading.

4. With the DC Volts Standard’s outpur off,
connect the standard to the 3468A as shown in
Figure 4-3.

5. Set the DC Volts Standard for an output of
400V and then turn its output on. Check and make
sure the 3468A’s reading is within .040mV of the
reading noted in step 3.

y. Turn the DC Volts Standard’s output off and then
disconnect it from the 3468A. This completes the DC
Volts Test. If any test fails, try calibrating the instru-
ment {go to paragraph 4-86). If the test still fails, go to
Section VII of this manual for troubleshooting.

OC STANDARD
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Figure 4-3. DC Common Mede Rejection Test
4-54. DC Current Test

4-55. The DC Current Test limits are printed on the DC
Current Test Card and in Table 4-4. Each step on the
test card also corresponds to a step in the procedure
with each step number shown in parenthesis in the pro-
cedure.

4-56. Unless otherwise noted, all test signals are applied
to the 3468A’s A (Amps) amd LO INPUT Terminals.

Performance

4-57. Eguipment Required. The following is the re-
quired test equipment for the DC Current Test.

Digital Voltmeter {(-hp- Model 3456A)
DC Volts Standard (Systron Donner Model M107)
AC-DC Current Calibrator (Valhalla Model 2500)

4-58. Test Procedure. Make sure the DC Volts Perfor-
mance Test has been completed, before doing the DC
Current Test. Also make sure the 3468 A has been warm-
ed up for at least one hour, then do the following:

a. (Step #1.) Reset the 3468A by pressing the blue
Shift button and then the SGL/TRIG (TEST/RESET)
button.

b. (Step #2.) Set the 3468A to the DC Current Func-
tion and short the multimeter’s A (Amps) Terminal to
the LO INPUT Terminal.

c. Record the displayed reading on the Test Card and
make sure the reading is within the limits shown on the
Test Card and Table 4-4,

d. (Step #3.) Remove the short from the A and LO
INPUT Terminals.

e. Set the DC Volts Standard for a + 1V output.

f. Set the Digital Voltmeter to the DC Volts Func-
tion, 1V Range, and 6 Digit Display mode.

g. Set the AC-DC Current Calibrator to the 1A
Range.

h. Connect the DC Volts Standard and Digital
Voltmeter to the AC-DC Current Calibrator as shown
in Figure 4-4.

i. Connect the AC-DC Current Calibrator to the
3468A as shown in Figure 4-3.

j. Make sure the reading on the Digital Voltmeter is
exactly +1V. Readjust the DC Volts Standard, if
necessary.

k. Check and record the reading on the 3468A.

I. Remove the DC Volts Standard and Digital
Voltmeter from the AC-DC Current Calibrator.
Remove the current calibrator from the 3468A. This
completes the DC Current Test. If any test fails, try

Table 4-4. DC Current Test Limits

3468A 346BA | 3468A 80 Day Limits 1 Year Limits

Input Range | Set Up high low high low
Short 3A DCI +0.0006A —0.00006A |+ 0.00006A —0.00006A
+1A 3A +1.00146A +0.99854A |+ 1.00176A +0.98824A
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calibrating the instrument {go 1o paragraph 4-90). If the
test still fails, go to this manual’s Section VII for
troubleshooting.

4.59, AC Volts Test

4-60. The AC Volts Test limits are printed on the AC
Volts Test Card and in Table 4-5. Each step on the test
card also corresponds to a step in the procedure with
each step number shown in parenthesis in the pro-
cedure.

4-61. All test signals are applied to the 3468A°s HI and
LO INPUT Terminals.

Tabie 4-5. AC Voits Test Limits

346BA 3468A 3468A 1 Year Limits
Input Range |Set Up| high low

.028V,20KHz .3V | ACV|.028244V | 027756V
.28V ,20KHz L3V .2B0975V | .278025V
0.28V,20KHz 3v 0.28175V | 0.27825V
1.5V, 20KHz 3V 1.5604892V | 1.49508V
2.8V, 20KH:z 3v 2.80830V | 2.79170V
2.8V,20KHz 30V 02.8175V | 02.7825V
28V, 20KHz 30V 28.0830V | 27.7170V
28V,20KHz 300V 028.194V | 027.806V
280V, 20KHz 300V 281.028V | 278.974V
0.28Vv,50KH:z 300mV .281815V | .278185V
2.8V 50KHz 3v 2.8B1328V | 2.78672V
28V,60KHz 30V 28.1328V | 27.8672V
280V, 50KHz 300V 281.720V | 278.280V
0.28V,100KHz 300mvV 285754V | 274248V
0.28V,100KHz 3V 0.28119V | 0.26881V
2.8V,100KHz 3v 2.83765V | 2.76235V
16V, 100KHz 30v 16.2400V | 14.7600V
28V,100KHz 30V 28.3765V | 27.6235V
280V, 100KHz 300V 284.353V | 275.847V
25V, 300KHz 30v 27.8970V | 22.1030V
2.8V, 50Hz 3V 2.81391V | 2.78609V
2.8V,20Hz 3v 2.83294V | 2.767086V
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Figure 4-4. DC Current Aucurat:y“Test

4-62. Equipment Required. The required test equip-
ment for the AC Volts Test is the AC Calibrator (Fluke
Model 52004, 5215A Option 05).

4-63. Test Procedure. Make sure the DC Volts Perfor-
mance Tests have been completed before doing the AC
Volts Test. Also make sure the 3468 A has been warmed
up for at least one hour, then do the following:

a. (Step #1.) Reset the 3468A by pressing the blue
Shift buttton and then the SGL/TRIG (TEST/RESET)
button.

b. (Step #2.) Set the 3468A to the AC Volts Function.

¢. Set the AC Calibrator for a .028V at 20KHz out-
put. Connect the output of the calibrator to the INPUT
Terminals of the 3468A.

d. (Step #3 and 4.) Set the 3468A to the .3V Range.
Check the 1/10 and full scale reading of the range by ap-
plying .028V at 20KHz and .28V at 20KHz, respectively.
Check the readings and make sure they are within the
specified limits shown in Table 4-5 and the AC Volts
Performance Test Card. Record the readings.

e. (Step #5, 6, and 7.) Set the 3468A to the 3V Range.
Check the 1/10, 1/2, and full scale accuracy of the
range by applying 0.28V at 20KHz, 1.5V at 20KHz, and
2.8V at 20KHz, respectively. Check and record the
readings.

f. (Step #8 and 9.) Set the 3468A to the 30V Range.
Check the 1/10 and full scale accuracy of the range by
applying 2.8V at 20KHz and 28V at 20KHz, respective-
ly. Check and record the readings.
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g. (Step #1U and 11.) Ser the 3468A 1o the 300V
Range. Check the 1/10 and full scale accuracy of the
range by applyving 28V at 20KHz and 280V at 20KHz,
respectively. Check and record the readings.

h. (Step #12, 13, 14, and 15.) Check the full scale ac-
curacy of the .3V, 3V, 30V, and 300V Range by apply-
ing .28V at S0KHz, 2.8V at 50KHz, 28V at S0KHz, and
280V at 50KHz, respectively. Check and record the
readings.

i. (Step #16.) Set the 3468A to the .3V Range. Check
the full scale accuracy of the range by applying .28V at
100Hz. Check and record the reading.

j. (Step #17 and 18.) Set the 3468A to the 3V Range.
Check the 1/10 and full scale accuracy of the range by
applying .28V at 100KHz and 2.8V at 100KHz, respec-
tively. Check and record the readings.

k. (Step #19 and 20.) Set the 3468A to the 30V
Range. Check the 1/2 and full scale accuracy of the
range by applying 15V at 100KHz and 28V at 100KHz,
respectively. Check and record the readings.

l. (Step #21.) Set the 3468A to the 300V Range.
Check the full scale accuracy of the range by applying
280V at 100KHz. Check and record the reading.

m. (Step #22.) Set the 3468A to the 30V Range.
Check the full scale accuracy of the range by applying
25V at 300KHz. Check and record the reading.

n. {Step #23 and 24.) Set the 3468A to the 3V Range.
Check the full scale accuracy of the range by applying
2.8V at 50Hz and then 2.8V at 20Hz.

0. Disconnect the AC Calibrator from the 3468A.
This completes the AC Volts Test. If any test fails, try
calibrating the instrument (go to paragraph 4-94). If the
test still fails, go to this manual’s Section VII for
troubleshooting.

4-64. AC Current Test

4-65. The AC Current Test limits are printed on the AC
Current Test Card and in Table 4-6. Each step on the
test card also corresponds to a step in the procedure
with each step number shown in parenthesis in the pro-
cedure.

4-66. All test signals are applied to the 3468A's A
(Amps) and LO INPUT Terminals.

4-67. Equipment Required. The following is the re-
quired test equipment for the AC Current Test.

Performance

AU Calibrator {Fluke Model 5200A Option 03).
AC Calibrator (Valhalla Model 2500).

Table 4-6. AC Current Test Limits

J468A 3468A 3468A 1 Year Limits
Input Range Set Up high \ low
01A 5KHz 3A ACI .010263A | .009737A
0.1A 5KHz L34 101163A | .09B837A
1A BKHz TA 1.01863A |0.98137A

4-68. Test Procedure. Make sure the AC Volts Perfor-
mance Test has been completed, before doing the AC
Current Test. Also make sure the 3468A has been warm-
ed up for at least one hour, then do the following:

a. (Step #1.) Reset the 3468A by pressing the blue
Shift button and then the SGL/TRIG (TEST/RESET)
button.

b. (Step #2.) Set the 3468A to the AC Current Func-
tion and the .3A Range.

C. (Step #3.) Set the AC Calibrator for a 1V at 5SKHz
output.

d. Set the AC-DC Current Calibrator to the 10mA
Range.

e. Connect the AC Calibrator to the AC-DC Current
Calibrator as shown in Figure 4-5.

AC CALIBRATOR
FLUKE MODEL 5200A

OIGITAL MULTIMETER

34B8A
e ©F_ESE__" (L arararaiuters 8%—,
(outeut

\ AC-DC CURRENT CALIBRATOR
\ VALHALLA MODEL 2500
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Figtﬁe 4-5. AC Current Accuracy Test
f. Connect the 3468A to the AC-DC Current
Calibrator as shown in Figure 4-5.
g. Check and record the 3468A’s reading.
h. (Step #4.) Set the AC-DC Current Calibrator 1o

the 100mA Range. Check and record the 3468A°s
reading.
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i. (Step #5.) Set the 34684 and the AC-DC Current
Calibrator to the 1A Range. Check and record the
3468A’s reading.

j. Remove the AC Calibrator from the AC-DC Cur-
rent Calibrator. Remove the current calibrator from the
3468A. This completes the AC Current Test, If any test
fails, try calibrating the instrument (go to paragraph
4-99). If the test still fails, go to this manual’s Section
VII for troubleshooting.

4-69. Ohms Test

4-70. The Ohms Test should only be performed in the
ohms function in which the 3468A was last calibrated.
If, for example, the 3468A was last calibrated in the
4-Wire Ohms Function, perform the Ohms Test in the
4-Wire Ohms Function. If the 3468A was last calibrated
in the 2-Wire Ohms Function, perform the Ohms Test in
the 2-Wire Ohms Function. In addition, the same test
connections or leads used to calibrate the 3468A in the
2-Wire Ohms Function must also be used when testing
the multimeter in that function. This is because the im-
pedance of the test leads is cancelled out when the
multimeter is calibrated (in the 2-Wire Ohms Function).
A different set of test leads can have different im-
pedances which show up as an ohms test error.

4-71. The Ohms Function of the 3468A can be tested
using either full scale or 1/3 scale inputs (e.g. 3K ohm or
1K ohm resistors to check the 3K ohm Range). Because
of this, both test limits are given in Table 4-7 and on the
Ohms Performance Test Card. The test step numbers
{on the Test Card) shown in parenthesis are for the 1/3
scale tests. When testing the 3468A, make sure the test
leads used to connect the standard resistor to the
3468A’s INPUT Terminals are as short as possible. This
is to prevent the leads from picking up any noise, which
could give an invalid reading.
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4-72. If the 34684 is to be tested in the Z-Wire Ohms
Function, all test resistors are applied to the 3468A’s
INPUT Terminals. If the 4-Wire Ohms Function is to be
tested, short the INPUT Terminals or connect the test
resistors as shown in Figure 4-6 and Figure 4-7, respec-
tively.

| L SENSE

35669 & a

Figure 4-6. 4-Wire Ohms Test CGnn;lﬁtion

4-73. The Ohms Test limits are printed on the Ohms
Test Card and in Table 4-7. Each step on the test card
corresponds to a step in the procedure with each step
number shown in parenthesis in the procedure.

4-74. Equipment Required. The following is the re-
quired test equipment for the Ohms Test.

Standard Resistors:

100 ohm £ .0005%; {Guildline Model 9330/100
or 9330A/100)

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

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

Table 4-7. Ohms Test Limits

346BA 3468A 346BA 24 Hour Limits 90 Day Limits 1 Year Limits

Input Range Set Up high low high low high low
Short 300 Ohms 000.004 000.000 | 000.004 000.000 |00.0041 00.0000
Short 3K 0.00002K 0.00000K | 0.00002K 0.00000K { 0.0041 00.0000
Short 30K 00.0002K 00.0000K | 00.0002K 00.0000K | 000.005 000.000
Short 300K 000.002K 000.000K | 000.002K 000.000K | 00.0002K 00.0000K
Short 3M 0.00002M | 0.00000M | 0.00002M | 0.00000M [ 000.002K 000.000K
Short 30M 00.0002M | 00.0000M| 00.0002M | 00.0000M | 0.00002M | 0.00000M
300 300 300.012 299.988 | 300.041 299.959 |300.056 299.944
(100} 100.004 089.996 | 100.017 098.983 |100.022 099.978
3K 3K 3.00014K 2.99986K | 3.00035K 2.99965K | 3.00050K 2.99950K
{1K} 1.00006K 0.99994K| 1.00013K 0.99987K | 1.00018K 0.299982K
30K 30K 30.0014K 29.9986K | 30.0035K 29.8965K | 30.0060K 29.9950K
{10K; 10.0006K 09.9994K| 10.0013K 09.9987K | 10.0018K 09.9982K
300K 300K 300.014K 299.986K | 300.035K 299.965K | 300.050K 299.950K
{100K) 100.006K 089.994K | 100.013K 0899.987K | 100.018K 099.982K
3M 3m 3.00017M | 2.99983M| 3.00035M | 2.99965M | 3.00050M | 2.99950M
{1M) 1.00007M | 0.999893M | 1.00013M | 0.99987M|1.00018M | 0.99982M
30M 30M 30.0110M | 29.9890M| 30.0200M | 29.9800M | 30.0236M | 29.9764M
{10M} 10.0038M | 09.9962M| 10.0068M | 09.9932M | 10.0080M | 09.9920M
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100K ohm =+ .001%; {Guildline Model 9330/ 100K
or 9330A/100K)
IM ohm +.002%; (Guildline Model 9330/1M)
10M ohm +.01%; (Guildline Model 9330/10M}

+

4-75. Test Procedure, Make sure the 3468A°s DC Volts
Tests have been done, before doing the Ohms Test. Also
make sure the 3468A has been warmed up for at least
one hour, then do the following:

a. (Step #1.) Reset the 3468A by pressing the biue
Shift button and then the SGL/TRIG (TEST/RESET)
button.

b. (Step #2.) Set the 3468A to the desired Ohms
Function (see paragraph 4-70). If the 2-Wire Ohms
Function is to be tested, short the INPUT Terminals. If
the 4-Wire Ohms Function is to be tested, short the
SENSE Terminals and the INPUT Terminals, as shown
in Figure 4-6. Check the reading on the 3468A’s display
and record the reading on the Test Card.

c. (Step #3, 4, 5, 6, and 7.) Set the 3468A to the 3K,
30K©, 300K, 3MQ, and 30MQ Range by pressing the
Uprange button once for each range. Record and make
sure the reading on each range are within the specified
limits. If any readings in this step and step b are out of
the specified limits, go to the Ohms Calibration Pro-
cedure in paragraph 4-103.

d. (step #8.) Remove the short from the 3468A’s
INPUT Terminals and set the multimeter to the 3000
Range.

e. Connect either a 3000 or 100! Standard Resistor
to the INPUT Terminals (refer to paragraph 4-71 to
determine the resistor value). If the 3468A is to be tested
in the 2-Wire Ohms Function, connect the resistor to the
INPUT Terminals. If the test is to be done in the 4-Wire
Ohms Function, connect the resistor as shown in Figure
4-7.

0 SENSE 5 @ INPUT
4N 2W 0
L HI
STANDARD <
nsszsn—:a%
— {1 [ S —
Lo
A
L _ 34564/

Figure 4-7. 4-Wire Dhms Connections
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f. Check and record the reading.

2. (Step #9 through 13.) Check the 3468A°s 3K,
30K, 300K, 3MQ, and 30MQ Ranges by connecting
the following standard resistors to the multimeter’s in-
put: 3K@ (or 1K), 30KQ {or 10K2), 300KQ (or 100KD),
IMQ (or IMQ), and 30MQ (or 10MR), respectively.
Check and record the readings.

h. Remove the Standard Resistors from the 3468A.
This completes the Qhms Test. If any test fails, try
calibrating the instrument (go to paragraph 4-103). If
the test still fails, go to this manual’s Section VII for
troubleshooting,

4.76. COMBINED CALIBRATION AND PERFORMANCE
TESTS

4-77. General

4-78. The following paragraphs have the 3468A°s Com-
bined Calibration Procedures and Peformance Tests.
The Perfomance Tests are included in the procedures
since they are normally performed after calibration. The
procedures are set up in such a way that the Perfor-
mance Tests can be ignored, if so desired.

4-79. Since the 3468 A has no internal adjustments, the
multimeter is calibrated electronically. A known good
calibration source is applied to the 3468A°s INPUT Ter-
minals which is used to calibrate the multimeter. Ten
readings are then taken and the entered value of the
calibration source is compared with the average value of
the ten readings, A Calibration Constant is then
calculated and stored into the calibration RAM. The
constant is used to calculate the correct readings.

4-80. Calibrating the 3468A

4-81. The 3468A is calibrated by first applying a zero
input to the instrument (i.e., INPUT terminals shorted)
and then applying a full scale input (or in some cases, a
1/3 scale input). When the zero input is applied, the
3468A takes a reading and stores the resultant zero con-
stant in its calibration RAM. When the full scale input is
applied, the 3468A again takes a reading and stores the
resultant gain constant into the RAM. This constant has
to be within .955 to 1.045 or the 3468A will display an
error message. The following is an example on how
calibration is performed. The 3V Range in the DC Volts
function is chosen for the example. It is suggested to go
through the example before going to the calibration pro-
cedures to gain an understanding on how the 3468A is
calibrated.

a. Set the 3468A to the DC Volts Function and the
3V Range. Make sure the instrument is not in
Autorange.

b. Short the instrument’s INPUT Terminals {(zero in-
put).

4-11
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¢. Set the rear panel CAL ENABLE Switch 1o the
calibration enable position (the down position, as
shown on the rear panel).

d. Set the multimeter to the Single Trigger mode by
pressing the SGL/TRIG button.

e. A zero reading, or an approximate zero reading,
should now be displayed. In addition to the reading,
“C:” is also displayed to the right of the reading (e.g.
“4+0.00002C:"").

f. Press the blue Shift button and then the LOCAL
{CAL) button.

g. The 3468A then makes a measurement and decides
what type of input is applied to the instrument. Since it
is a zero input, the 3468A should now display

+0.000007 VDC. (The displayed *“C:"’ is replaced by a
U?!!.)

h. Press the SGL/TRIG (Single Trigger) button only
once.

i. The 3468A will display **+0.000007 CAL”’ for
about five seconds and then ““ZERQO DONE"’ for about
two seconds. The zero calibration constant for the DC
Volts Function in the 3V Range is now stored in the in-
strument’s calibration RAM.

j. Remove the short from the 3468A and apply an ac-
curate +3V to the INPUT Terminals. For best ac-
curacy, use a + 3V calibration source of which its exact
value is known (e.g. +3.00015V, +2.99985V, etc.).
This voltage must be within the range of + 2.99000V to
+3.01000V.

k. Press the blue Shift button and then the LOCAL
{CAL) button.

I. The 3468A again makes a measurement, and this
time decides that the applied input is 4+ 3V. The display
should now show ‘*+3.00000?7 VDC"’.

m. 1If the exact value of the calibration source is
unknown, but the source is accurate enough to calibrate
the multimeter, continue with step o.

n. If the exact value of the calibration source is
known, the 3468A can be calibrated to that value. This
is done by setting the display to the known value. The
thing to remember is that the display can show no more
than + 1000 counts of the absolute value. The calibra-
tion is performed as follows:

1. After the CAL button is pressed, the 3468A
will display ““+3.00000? VDC’’. The reading on
the display can now be changed using the Uprange
and Downrange buttons until the applied value
and displayed value agree with each other.

4-12
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2. It the source i3 above + 3V, press the
3468A’s Uprange button umil the displayed
reading agrees with the source. Pressing the but-
ton once will increment the reading by one count.
To continue increasing the displaved reading,
press the button repeatedly. For example, if the
source is + 3.00015V, press the Uprange button 15
times, until **+3.000157 VDC’ is displayed. If
the button was pressed too long and the displayed
reading is too high, press the Downrange button
until the values agree.

3. If the source is below +3V, press the
3468A’s Downrange button until the displayed
reading agrees with the source. This operation is
the same as using the Uprange button, except the
displayed reading is decreased rather than increas-
ed. For example, if the source is +2.99985V, press
the Downrange button until ‘*+2.99985? VvDC*"
is displayed.

0. Press the SGL/TRIG butten once.

p. The 3468A will display “‘+ 3.00000?7 CAL> for
about five seconds, as it measures the calibration source
and compares it to the number previously displayed
(step | or n). If the calibration source were outside the
limits of 2.99000 to 3.01000 volts, the “INV CAL SIG”
error message will be displayed (refer to paragraph
4-83c¢). If the source is within the limits, a **GAIN CON-
STANT?" is automatically calculated and stored in inter-
nal memory. All subsequent dc voltage measurements
will be corrected by this gain constant. Consequently,
they will be no more accurate than the accuracy of the
calibration source itself.

q. The message ““GAIN DONE” will be displayed
for about two seconds when the calibration process is
completed.

r. If there is no more calibration to be performed, set
the 3468A°s CAL ENABLE switch to the up position.
The instrument is now ready for use.

NOTE

Make sure the CAL ENABLE switch at the
rear panel is in the “‘up’ position, before
cycling power on the instrument.

4-82. Calibration Messages

4-83, When calibrating the 3468A, certain messages
may be displayed by the multimeter. The following steps
lists the messages and also gives information on what to
do if a certain message is displayed.

a. ENABLE CAL - This message shows that the rear
panel CAL ENABLE switch is not in the enable position
(the switch is in the up position) when attempting to
calibrate the multimeter. Make sure the switch is in the
correct position, when attempting to calibrate.
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b. INV CAL F&R - This message is displayed if the
calibration constants cannot be calculated in the present
function or range. It is most likely caused if the 3468A is
set to an invalid range or function.

c. INV CAL SIG - This shows that the 3468A cannot
calibrate to the applied input signal, This message is
displayed if the applied signal causes the 3468A to
calculate a gain constant which is out of range (.955 to
1.045) or an offset constant greater than 10,000 counts.
Make sure the correct signal is applied for the selected
function and range.

d. INV CAL ZERO - The 3468A displays this
message if the zero calibration constant is invalid when
attempting to calibrate the gain. Make sure the 3468A
has been calibrated by a correct zero signal.

€. INV CAL NUM - This message shows that the
number in the display is not acceptable for calibration.
Make sure the number is within + 1000 counts of
300000 (or 100000 for 1/3 scale calibration) and also
make sure no zero calibration is attempted with display
not at zero, when calibrating over the HP-IL.

f. CAL RAM BAD - This shows that the Calibration
RAM did accept data which was written to it, but the
data was incorrect, Redo the calibration.

4-84. Calibration Procedures

4-85. Each step in the procedures and the procedures
themselves must be done in the order they are given.
Each procedure has two parts, Calibration and Perfor-
mance Test. The performance test part can be ignored,
if so desired. Since, after calibration, the 3468A will
meet its full scale 24 Hour limits, the performance test
for full scale (or in some cases 1/3 scale) and zero inputs
are not included. This is because the 3468A is normally
calibrated using full scale {or 1/3 scale) and zero inputs.
The Calibration and Performance Test Procedures are
separated as follows:

a. DC Volts Calibration and Test- paragraph 4-86.

b. DC Current Calibration and Test - paragraph
4-90,

c. AC Volts Calibration and Test - paragraph 4-94.

d. AC Current Calibration and Test - paragraph
4-99.

e. Ohms Calibration and Test - paragraph 4-103.

4.86. DC Volts Calibration and Test

4-87. Refer to Table 4-8 for the DC Volis Calibration
Signals, Performance Test Signals, and Performance
Test Limits. Each step in the table is shown in paren-
thesis in the procedure. Unless otherwise noted, the
calibration and test signals are applied to the 3468A’s
INPUT Terminals.

4-88. Equipment Required. The following is the re-
quired test equipment for the DC Volts Calibration and
Test.

Performance

Tabie 4-8. DC Volits Calibration and Test

Step#| 346BA 34687 I468A Test Limits
Ingut Range Set Up high fow
1 Short L3V pCv Cal. Cal,
2 |+ 300mv .3V Cal. Cal.
3 Short 3V Cal. Cal.
4 + 3V 3v Cal. Cal.
5 [+ 300mV 3V + 30003V +0.29987V
8 +1V 3v +1.00006V |+ 0.99994v
7 -1V 3V - 1.00006V [-0.99994V
8 -3V 3V -3.00013V |~ 2.89987V
9 + 3V 3V | AZ Oft +3.00016 |[+2.99984V
10 + 3V 3V | AZ On,
11 4 Digit +3.0002V |+ 2.9998V
12 + 3V 3V | 3 Digit +3.001Vv +2.999v
13 Short 30V 5 Digit Cal. Cal.
14 + 30V 30V Cal. Cal.
15 + 3V 30V +03.0005V |+ 02.9995v
16 + 10V 30V +10.0008V |+ 09.9992v
17 + 30V 30V | AZ Oft +30.0029V [+ 29,9971V
18 Short | 300V AZ On Cal. Cal,
19 +300V | 300V Cal. Cal.

Digital Voltmeter (-hp- Model 3456A)
DC Voilts Standard (Systron Donner Model M107)

4-89. Calibration and Test Procedure. After the 3468A
has been warmed up for at least one hour, do the
following:

a. Reset the 3468A by pressing the blue Shift button
and then the SGL/TRIG (TEST/RESET) button.

NOTE

Resetting rhe 3468A automatically places the
instrument into the DC Volts Function,
Autorange, Internal Trigger, and 5 Digits
Displayed Mode.

b. Set the rear panel CAL ENABLE Switch to the
calibration enable position (the switch is in the down
position, as shown on the rear panel).

¢. Set the multimeter to the Single Trigger Mode by
pressing the SGL/TRIG button.

d. (Step #1.) Short the 3468A’s INPUT Terminals.
Set the instrument to the .3V Range (take out of
Autorange).

€. Press the blue Shift button and then the LOCAL
{CAL) button.

f. Press the SGL/TRIG (Single Trigger) button only
once and then remove the short from the Input Ter-
minals.

g. Set the DC Volts Standard for zero volts output.

h. (Step #2.) Connect the 3468A to the Digital
Voltmeter and DC Volts Standard, as shown in Figure
4-2. Use the Digital Voltmeter (DVM) as the standard
and the DC Volts Standard as a stable power supply.
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i. Set the DC Volts Standard’s vutput for +300mV
and note the reading on the Digital Voltmeter.

j. Press the blue Shift button and then the LOCAL
{CAL) button.

k. Using the 3468A°s Uprange and/or Downrange
buttons, adjust the reading on the multimeter until it
agrees with the reading on the Digital Voltmeter.

1. Press the SGL/TRIG (Single Trigger) button once.

m. (Step #3 and 4.) Remove the Digital Voltmeter
and the DC Volts Standard from the 3468A. Short the
3468A°s INPUT Terminals and set the instrument to the
3V Range.

n. Calibrate the 3V Range (applying zero and full
scale inputs) by using the procedure in steps e to 1. The
only exception is that the DC Volts Standard is set for
an output (in step i) of +3V instead of +300mV.

o. If no performance checks for the 3V range are to
be made, remove the DC Volts Standard and Digital
Voltmeter from the 3468A. Continue with step q.

p- If the performance checks for the 3V Range are Lo
be made, do the following:

1. Set the 3468A to the Internal Trigger Mode
by pressing the INT/TRIG button.

2. (Step #5.) Set the DC Volts Standard for a
+ 300mYV output.

3. Using the Digital Volumeter as the standard,
check and make sure the 3468A reading is within
the specified limits shown in Table 4-8.

4. (Step #6.} Set the DC Volts Standard for a
+ 1V output. Check the reading.

5. (Step #7.) Apply -1V to the 3468A by revers-
ing the input leads. (Leave the leads in that posi-
tion for the next step.) Check the reading on the
multimeter (per Table 4-8).

6. (Step #8.) Apply -3V to the 3468A by setting
the DC Volts Standard for a 3V output. Check the
reading.

7. (Step #9.) Apply + 3V to the 3468A by rever-
sing the input leads. Check the reading.

8. With +3V applied to the 3468A, turn
Autozero off by pressing the blue Shift button and
then the INT/TRIG (AUTO/ZERO) button.
Check the reading.

9. (Step #10.) Turn Autozero on by pressing the
blue Shift button and then the INT/TRIG
{(AUTO/ZERQO) button,
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10, {Step #11.; With + 3V sull applied, select
the multimeter’s 4 Digit Display mode by pressing
the blue Shift button and then the Uprange (4)
button. Check the reading.

11. (Step #12.) Select the 3468A°s 3 Digit
Display by pressing the blue Shift button and then
the AUTO/MAN (3) buiton. Check the reading.

12. (Step #13.) Select the 3468A°s 5 Digut
Display by pressing the blue Shift button and then
the Downrange (5) button.

13. Remove the DC Volts Standard and Digital
Voltmeter from the 3468A and set the multimeter
back to the Single Trigger Mode (press the
SGL/TRIG button).

q. (Step #13 and 14.) Short the 3468A°s INPUT Ter-
minals. Set the instrument to the 30V Range.

r. Calibrate the 30V Range (applying zero and full
scale inputs) by using the procedure in steps e to 1. The
only exception is that the DC Volts Standard is set for
an output (in step i) of + 30V instead of +300mV,

s. If no performance checks for the 30V range are to
be made, remove the DC Volts Standard and Digital
Voltmeter from the 3468A. Continue with step u.

t. If the performance checks for the 30V Range are o
be made, do the following:

1. Set the 3468A to the Internal Trigger Mode
by pressing the INT/TRIG button.

2. {Step #15.) Set the DC Volts Standard for a
+ 3V output.

3. Using the Digital Voltmeter as the standard,
check and make sure the 3468A reading is within
the specified limits shown in Table 4-8.

4. (Step #16.) Set the DC Volts Standard for a
+ 10V  output. Check the reading on the
multimeter,

5. (Step #17.) Set the DC Volts Standard for a
+ 30V output.

6. With +30V applied to the 3468A, turn
Autozero off by pressing the blue Shift button and
then the INT/TRIG (AUTO/ZERQO) button.
Check and make sure the reading is within 11
counts of the +30V calibration source.

7. (Step #18.) Turn Autozero on by pressing the
blue Shift button and then the INT/TRIG
(AUTO/ZERO) button.

8. Remove the DC Standard and Digital
Volimeter from the 3468A and set the multimeter
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back 1o the Single Trigger Mode {press the
SGL/TRIG button}.

u. (Step #18 and 19.) Short the 3468A°s INPUT Ter-
minals. Set the instrument to the 300V Range.

v. Calibrate the 300V Range (applying zero and full
scale inputs) by using the procedure in steps e to 1. The
only exception is that the DC Volts Standard is set for
an output {in step i) of + 300V instead of +300mV.

w. If no DC Common Mode Rejection Test is to be
made, turn the output of the DC Volts Standard off and
remove it and the Digital Voltmeter from the 3468A.,

x. If DC Common Mode Rejection Test is to be
made, do the following:

1. Set the 3468A to the .3V Range.

2. Connect a 1K ohm resistor (-hp- Part No.
0698-1021) between the 3468A’s HI and LO IN-
PUT Terminals.

3. Note the 3468A’s reading.

4. With the DC Volts Standard’s output off,
connect the standard to the 3468A as shown in
Figure 4-3.

5. Set the DC Volts Standard for 400V output
and then turn its output on. Check and make sure
the 3468A’s reading is within .040mV of the
reading noted in step 3.

6. Turn the DC Standard’s output off and then
disconnect it from the 3468A. This completes the
DC Volts Test (and Calibration). If any test fails,
£o to Section VII of this manual for troubleshoot-
ing.

4-90. DC Current Calibration and Test

4-91. Refer to Table 4-9 for the DC Current Calibration
Signals, Performance Test Signals, and Performance
Test Limits. Each step in the table is shown in paren-
thesis in the procedure. All test Signals are applied to
the 3468A°s A (Amps) and LO INPUT Terminals.

Table 4-9. DC Current Calibration and Test

Step# 3468A J468A 346BA Test Limits
Input Range Set Up | high low
1 Short 3A DCI Cal. Cal.
2 + 1A 3A Cal. Cal.

4-92. Equipment Required. The following is the re-
quired test equipment for the DC Current Calibration
and Test.

Digital Voltmeter (-hp- Model 3456A)
DC Volts Standard (Systron Donner Modei M107)
AC-DC Current Calibrator (Valhalla Model 2500)

Performance

4-93. Calibration and T'est Procedure. Do the follow-
ing:

a. Reset the 3468A by pressing the blue Shift button
and then the SGL/TRIG (TEST/RESET) button.

b. Make sure the rear panel CAL ENABLE Switch is
set to the calibration enable position (the switch is in the
down position),

c. (Step #1.) Set the 3468A to the DC Current Func-
tion and the 3A Range.

d. Set the multimeter to the Single Trigger Mode by
pressing the SGL/TRIG button.

e. Make sure no connections are made between the A
and LO INPUT Terminals.

f. Press the blue Shift button and then the LOCAL
{CAL) button.

g. Press SGL/TRIG button once.
h. Remove the short from the 34684
i. Set the DC Volts Standard for a + 1V output.

j. Set the Digital Voltmeter to the DC Volts Func-
uon, 1V Range, and 6 Digit Display Mode.

k. Set the AC-DC Current Calibrator to the 1A
Range.

I. Connect the DC Volts Standard and Digial
Voltmeter to the AC-DC Current Calibrator as shown
in Figure 4-4,

m. (Step #2.) Calibrate the 3468A by doing the pro-
cedure in steps f and g.

n. Since the performance checks are the same as the
calibration points, the checks are not required. Remove
the DC Volts Standard and Digital Voltmeter from the
AC-DC Current Calibrator and remove the calibrator
from the 3468A. This completes the 3468A°s DC Cur-
rent Calibration and Test.

4-94. AC Volts Calibration and Test

4-95, The AC Volts Function is calibrated using only
one calibration source, 3V at 1KHz., With the 3V ac
signal applied, the 3468A determines the gain constants
by taking a measurement in the 3V Range and 30V
Range. The measurement in the 3V Range is a full-scale
measurement and the 30V Range is a 1/10 scale
measurement. The ranges are automatically selected by
the multimeter.

4-96. Refer to Table 4-10 for the AC Volts Calibration
Signals, Performance Test Signals, and Performance
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Test Limits. Each step in the table is shown in paren-
thesis in the procedure. All test signals are applied to the
3408A s INPUT Terminals.

4-97. Equipment Required. The required test equip-
ment for the AC Volts Calibration and Test is an AC
Calibrator (Fluke Model 5200A/5215A option 05).

Table 4-10. AC Volts Calibration and Test

Step# 3468A 3J468A [ 3468A

Test Limits

Input Range | Set Up high fow
1 3V, 1KHz 3V | ACY Cal. Cal.
2 |.028V,20KHz .3V 028244V | .027756V
3 10.28V,20KHz 3V 280875V | .279025V
4 |0.28V,20KHz 3V 0.28176V |0.27825V
5 1.5V, 20KHz 3V 1.560492V | 1.49508V
6 2.8V, 20KH:z 3v 2.80830V | 2.79170V
7 2.8V, 20KHz 30V 02.8175V [02.7825V
8 28V, 20KHz 30V 28.0830V | 27.7170V
2 28V, 20KH:z 300V 028.194V [ 027.8086V

10 280V, 20KH: 300V 281.026V | 278.026V

11 10.28V,50KHz 300mV 081815V |.2781856V
12 2.8V, 50KHz 3V 2.81328V | 2.71328V
13 28V, 50KHz 30V 28.1328V | 27.8672V
14 280V, 50KHz 300V 281.720V | 278.280V

16 | 0.28V.100KHz | 300mV
16 | 0.28V,100KHz 3v
17 2.8V, 100KHz 3V
18 15V, 100KHz 30V
19 28V, 100KHz 30V
20 280V, 100KH:z 300V

286754V | 274246V
0.29119V | 0.26881V
2.83785V | 2.76235V
15.2400V | 14,7600V
28.3765V | 27.6235V
284.353V | 275.647V

21 25V, 300KHz 30V 27.8970V | 22.1030V
22 2.8V, 50Hz 3V 2.81391V | 2.78608V
23 2.8V,20Hz 3V 2.83294V | 276706V

4-98. Calibration and Test Procedure. Do the follow-
ing:

a. Reset the 3468A by pressing the blue Shift button
and then the SGL/TRIG (TEST/RESET) button.

b. Make sure the rear panel CAL ENABLE Switch is
set to the calibration enable position (the switch is in the
rear position).

¢. (Step #1.) Set the 3468A to the AC Volts Function
and the 3V Range.

d. Set the multimeter to the Single Trigger Mode by
pressing the SGL/TRIG button.

¢. Set the AC Calibrator for a 3V at 1KHz output
and connect it to the 3468A°s INPUT Terminals.

f. Press the blue Shift button and then the LOCAL
{CAL) button.

g. Using the 3468A’s Uprange and/or Downrange
buttons, adjust the reading on the multimeter until it
agrees with the output value of the AC Calibrator (if the
output value is known).

h. Press the SGL/TRIG bution once.
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1. I no performance checks are (o be made, remove
the AC Calibrator from the 3468A. AC Volis Calibra-
tion is now completed,

J. (Step #2.) If the performance checks are to be
made, set the AC Calibrator for a .028V at 20KHz out-
put. Set the 3468A to the .3V Range. Check the reading
on the multimeter and make sure it is within the
specified limits (per Table 4-10).

k. (Step #3.) Do the same as in the previous step by
applying .28V at 20KHz to the multimeter.

l. (Step #4, 5, and 6.) Set the 3468A to the 3V Range.
Check the 1/10, 1/2, and fuli scale accuracy of the
range by applying .28V at 20KHz, 1.5V at 20KHz, and
2.8V at 20KHz, respectively. Check the readings.

m. (Step #7 and 8.) Set the 3468A to the 30V Range.
Check the 1/10 and full scale accuracy of the range by
applying 2.8V at 20KHz and 28V at 20KHz, respective-
ly. Check the readings.

n. (Step #9 and 10.) Set the 3468A to the 300V
Range. Check the 1/10 and full scale accuracy of the
range by applying 28V at 20KHz and 280V at 20KHz,
respectively. Check the readings.

0. (Step #11, 12, 13, and 14.) Check the full scale ac-
curacy of the .3V, 3V, 30V, and 300V Range by apply-
ing .28V at 50KHz, 2.8V at 50KHz, 28V at 530KHz, and
280V at SOKHz, respectively.

p. (Step #15.) Set the 3468A to the .3V Range. Check
the full scale accuracy of the range by applying .28V at
100KHz. Check the reading.

q. (Step #16 and 17.) Set the 3468A to the 3V Range.
Check the 1/10 and full scale accuracy of the range by
applying .28V at 100KHz and 2.8V at 100KHz, respec-
tively. Check the readings.

r. (Step #18 and 19.) Set the 3468A to the 30V Range.
Check the 1/2 and full scale accuracy of the range by
applying 15V at 100KHz and 28V at 100KHz, respec-
tively. Check the readings.

s. (Step #20.) Set the 3468A 1o the 300V Range.
Check the full scale accuracy of the range by applying
280V at 100KHz. Check the reading.

t. (Step #21.) Set the 3468A to the 30V Range. Check
the full scale accuracy of the range by applying 25V at
300KHz. Check the reading.

u. {Step #22 and 23.) Set the 3468A to the 3V Range.
Check the full scale accuracy of the range by applying
2.8V at 50Hz and then 2.8V at 20Hz.

v. Disconnect the AC Calibrator from the 3468A.
This completes the AC Volts Calibration and Test.
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4-99, AC Current Caiibration and Test {Optional)

4-100. Since the DC Current and AC Volts Calibration
has been performed, no AC Current Calibration is
necessary. If there is any doubt about the accuracy of
the AC Current Function, the function can be checked
using the Optional AC Current Calibration and Test
Procedures in the following paragraphs. Refer to Table
4-11 for the Performance Test Signals and Performance
Test Limits. Each step in the table is shown in paren-
thesis in the procedure. All test signals are applied to the
A (amps) and LO INPUT Terminals.

Tabie 4-11. AC Current Calibration and Test

Step# 346BA 3468A | 3468A Test Limits
Input Range | Set Up high law
1 0.1A,1KHz 3A .010263A | .009737A
2 |0.1A,5KHz 3A .101163A | .098837A
3 1A, 5KHz 14 1.01863A | 0.98137A

4-101. Eguipment Required. The following is the re-
quired test equipment for the AC Current Calibration
and Test.

AC Calibrator (Fluke Model 5200A Option 05)
AC-DC Current Calibrator (Valhalla Model 2500)

4-102. Calibration and Test Procedure. Do the follow-
ing:

a. Reset the 3468A by pressing the blue Shift button
and then the SGL/TRIG (TEST/RESET) button.

b. (Step #1.) Set the 3468A to the AC Current Func-
tion and the .3A Range.

c. Set the AC Calibrator for a 1V at SKHz output.

d. Set the AC-DC Current Calibrator to the 10maA
Range.

e. Connect the AC Calibrator to the AC-DC Current
Calibrator as shown in Figure 4-5.

f. Check the 3468A’s reading.

g. {Step #2.) Set the AC-DC Current Calibrator to
the 100mA Range. Check the 3468A°s reading.

h. (Step #3.) Set the 3468A to the 3A Range. Set the
AC-DC Current Calibrator to the 1A Range. Check the
3468A’s reading,

1. Remove the 3468A and the AC Calibrator from the
AC-DC Current Calibrator. This completes the AC
Current Calibration and Test.

4.103. Ohms Calibration and Test

4-104. The 3468A°'s Ohms Function can be calibrated in

Performance

either the 2-Wire or 4-Wire Ohms Function. It cannot
be calibrated in both. Make sure the multimeter is
calibrated in the function which will be used. If the
3468 A is to be calibrated in the 2-Wire Ohms Function,
connect the Standard Resistors to the 3468A°s INPUT
Terminals. If the 3468A is to be calibrated in the 4-Wire
Ohms Function, connect the Standard Resistors as
shown in Figure 4-7.

4-105. Refer to Table 4-12 for the Ohms Calibration
Signals, Performance Test Signals, and Performance
Test Limits. Each step in the table is shown in paren-
thesis in the procedure. All test signals are applied to the
INPUT Terminals. The 3468A can be calibrated either
at full scale or 1/3 scale. Both the full scale and 1/3 in-
put values are given in Table 4-12 and the Performance
Test Card. The 1/3 scale input values are given in paren-
thesis.

Table 4-12. Ohms Calibration and Test

Step# 346BA J46BA 347BA Test Limits
Enput Range Set Up high low

1 Short 300 Ohms Cal. | Cal.
2 300 300 Cal. | Cal
(2} {100} 300 Cal. | Cal
3 Short 3K Cal. | Cal.
4 3K 3K Cal. | Cal,
{4) (1K} 3K Cal. | Cal
5 Short 30K Cal. | Cal.
B 30K 30K Cal. | Cal
{6} (10K} 30K Cal. | Cal.
7 Short 300K Cal. | Cal.
8 300K 300K Cal. | Cal.
8} (100K} 300K Cal. | Cal.
] Short 3M Cal. Cal.
10 3Mm 3m Cal. | Cal.
{10] {1M) 3M Cal. Cal.
11 Short 30M Cal. | Cal
12 30M 30M Cal. | Cal
(12} {(10M} 30M Cal. | Cal.

4-106. Equipment Required. The following is the re-
quired test equipment for the Ohms Calibration and
Test. If the 3468A is to be calibrated at 1/3 scale, use
one of the following recommended standard resistors. If
the 3468A is to be calibrated at full scale, use three each
of the recommended standard resistors to form 3K ohm,
30K ohms, etc.

100 ohm + .0005%; (Guildline Model 9330/100
or 9330A/100)
IK ohm +.0005%; (Guildline Model 9330/1K
or 9330A/1K)
10K ohm + .001%; {Guildline Model 9330/10K
or 9330A/10K)
100K ohm = .001%: (Guildline Model 9330/ 100K
or 9330A/100K)
IM ohm +.002%; (Guildline Model 9330/ 1M)
10M ohm +.01%; (Guildline Model 9330/10M)

4-107. Calibration and Test Procedure. Do the follow-
ing:
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a. Reset the 3468A by pressing the blue Shift bution
and then the SGL/TRIG (TEST/RESET) button.

b. Make sure the rear panel CAL ENABLE Switch is
set to the calibration enable position (the switch is in the
down position).

c. (Step #1.) Set the 3468A to the Ohms Function and
the 3000 Range.

d. Set the multimeter to the Singie Trigger Mode by
pressing the SGL/TRIG button.

e. Short the 3468A°s INPUT Terminals. If the
4-Wire Ohms Function is to be calibrated, short the ter-
minals as shown in Figure 4-6.

f. Press the blue Shift button and then the LOCAL
{CAL) button.

g. Press the SGL/TRIG button once.

h. {Step #2.) Connect the 300§ or 1008 Standard
Resistor to the 3468A°s INPUT Terminal. If the 4-Wire
Ohms Function is to be calibrated, connect the resistor
as shown in Figure 4-7.

1. Press the blue Shift bution and then the LOCAL
(CAL) button.

j. Press the SGL/TRIG button once.

k. (Step #3 and 4.) Set the 3468A to the 3K§I Range
and calibrate the range using zero and full scale (or 1/3
scale) inputs. Use the same procedures in steps d
through i, except use a 3KQ (or 1KQ) resistor instead of
a 3002 (or 100Q) resistor.

. (Step #35 and 6.) Set the 3468A to the 30K§) Range
and calibrate the range using zero and full scale (or 1/3
scale) inputs. Use the same procedures in steps d
through i, except use a 30KQ (or 10KQ) resistor instead
of a 30002 (or 100Q) resistor.

m. (Step #7 and 8.) Set the 3468A to the 300KQ
Range and calibrate the range using zero and full scale
{or 1/3 scale) inputs. Use the same procedures in steps d
through i, except use a 300Kfl (or 100KQ) resistor in-
stead of a 300Q (or 100%) resistor.

n. {Step #9 and 10.) Set the 3468A to the 3M{ Range
and calibrate the range using zero and full scale (or 1/3
scale) inputs. Use the same procedures in steps d
through i, except use a 3M1Q (or IMQ) resistor instead of
a 3000 (or 100£) resistor.

0. (Step #11 and 12.) Set the 3468A to the 30ME
Range and calibrate the range using zero and full scale
{or 1/3 scale) inputs. Use the same procedures in steps d
through i, except use a 30M{? (or 10M£) resistor instead
of a 3008 (or 100%) resistor.

4-18

3468A

p. Since the points checked in the Performance Test
are the same points that where calibrated, no Perfor-
mance Test is required. Set the rear panel CAL
ENABLE switch to the up position. This completes the
Ohms Calibration and Test.

4-108. REMOTE CALIBRATION
4-109. General

4-110. The 3468A can be remotely calibrated using the
HP-IL (Hewlett-Packard Interface Loop). In remote
calibration, a computer is used to set-up the 3468A to
the required range, function, and calibration mode in-
stead of doing it from the instrument’s front panel.

4-111. Remote calibration uses the same test equipment,
including hook up to the 3468 A, as is used in local calibra-
tion. In addition, both remote and local calibration pro-
cedures are basically the same in that zero scale and full
or ' scale calibration signals are used. It is therefore
helpful to know how to calibrate 3468A locally. Read the
calibration procedures in paragraphs 4-80 to 4-107 before
attempting to calibrate remotely.

4-112. The following paragraph has an example on how
to remotely calibrate the 3468A. In the example, the
3468A is calibrated on the 3V by remotely sending the
appropriate program codes. Then the value of the calibra-
tion signal is remotely sent to the 3468A’s display. Once
this is done, the program code to calibrate the instrument
is sent. The example shows how to send the program
codes using an -hp- Model 85A Desktop Computer and
an -hp- Model 41CV Handheld Programmable
Calculator. It is assumed that you know how to program
the 3468A using the 85A or 41CV. For information on
programming the 3468A, refer to the 3468 A Operator’s
Manual or Section III of this manual.

4-113. Remote Calibration Example

4-114. Connect the 3468A to the HP-1L and make sure
it is the first instrument in the loop after the HP-IL con-
troller (i.e., 85A or 41CV). Then turn the controller off
and-on. This insures that the 3468A HP-IL address is

((l))

4-1135. With the 3468 A turned on, set the CAL ENABLE
switch (switch 8) on the instrument’s rear panel to down.
A “C” should now appear on the right end of the
numbers in the 3468A’s display indicating that calibra-
tion is enabled. Calibrate the instrument on the 3V Range
in the DC Volts Function by doing the following steps.
Each step is separated into two sections with the first sec-
tion showing how to calibrate using the 85A and the other
using the 41CV. The 3468A is calibrated by applying zero
volts and 3V or 1V calibration signals. Do the following.

4. The 3468A is set to Remote and Listen and then pro-
gram codes ““FIR2N3Z1T1’’ are sent to the instrument.
This sets the 3468A to the DC Volts Function (F1), 3V

o
I:.
i
&=
L
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Range (R2), 5 2 Digit Displaved {INS), Autozero On {(Z1},
and Internal Trigger (T1).

1. Model 85A.

OUTPUT 901 ;“FIR2N3SZITI1™

The "OUTPUT 9017 statement sets the 3468A o Remote
and Listen, and ““FIR2ZNSZ1T1’’ are the program codes
sent to the instrument.

2. Model 41CV.
Step# Action

Press XEQ button

Press ALPHA button

Enter “REMOTE"’ from keyboard
Press ALPHA button

Press ALPHA BUTTON

Enter “FIR2N6Z1T1* from keyboard
Press ALPHA button

Press XEQ button

Press ALPHA button

Enter ““OUTA’" from kevboard
Press ALPHA button

'—-CD‘\DOOM.IO\LALDJ[\J-—

Steps 1 through 4 set the 3468A to Remote
and Listen. Steps 5 through 7 enter program
codes ““FIR2NSZIT1”’ into the ALPHA
register. Steps 8 through 11 output the
ALPHA register which sends the program
codes to the 3468A.

b. After the 3468A is set up to the desired function
and range, apply the zero volts calibration signal to the
instrument. This is done by shorting the HI and LO IN-
PUT Terminals. Once this is performed, the value in the
3468A display has to be set to the value of the calibra-
tion signal (i.e., OV). This is done by sending program
codes D2+ 000000, Code ““D2' enables the display
to receive “*000000°. Since the 3468A is calibrated in the
5% Digit Mode, make sure that six zeroes (i.e.,
000000y are sent instead of just one zero, Also, the
“+7" between D2 and 000000 needs to be there for the
display to accept the numbers correctly.

1, Model 85A.

OUTPUT 901 ;D2 + 000000

2. Model 41C.
Step# Action

I. Press ALPHA button

2. Enter “D2+000000°" from keyboard
3. Press ALPHA button

4, Press XEQ button

5. Press ALPHA button

6. Enter “OUTA” from keyboard

7. Press ALPHA button

Performance

Steps | through 3 enter program codes
*D2 + 000000™" into the ALPHA register and
steps 4 through 7 output the ALPHA register
which sends the codes to the 3468A.

¢. The 3468A is now calibrated by sending program
code ““C” to the instrument. The instrument will then
display “‘CAL”, while it is calculating the zero offset
calibration constant. When finished, “ZERQO DONE”’
will be displaved for about two seconds. Zero calibra-
tion is then completed.

1. Model 85A.
OUTPUT 901 ;**C*°

P Model 41CV,

Step# Action
I. Press ALPHA button
2. Enter “C” from keyboard
3. Press ALPHA button
4. Press XEQ button
5. Press ALPHA button
6. Enter “OUTA’ from keyboard
7. Press ALPHA button

Steps 1 through 3 enter program code ©*C”
into the ALPHA register and steps 4 through
7 output the ALPHA register which sends the
code to the 3468A.

d. After zero calibration is completed, apply either a
full scale (3V) or ¥4 scale (1V) calibration signal to the
3468A°s INPUT Terminals. Then set the display to the
applied value. Since in this example the applied value is
2.99998V, send program codes D2+ 2.99998" [0 the
3468A.

1. Model 835A.

OUTPUT 801 ;D2 +2.99998”

2. Model 41CV.
Step# Action

Press ALPHA button

Enter D2+ 2.99998" from keyboard
Press ALPHA button

Press XEQ button

Press ALPHA button

Enter “OUTA’’ from keyboard
Press ALPHA bution

~1 Ohn s Lo DD

Steps 1 through 3 enter program codes
D2+ 2.99998" into the ALPHA register and
steps 4 through 7 output the ALPHA register
which sends the codes to the 3468A.
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e. The 3468A i1s now calibrated by sending program
code ““C** to the instrument. The instrument will then
display ““CAL’’, while it is calculating the 3V gain calibra-
tion constant. When finished, **GAIN DONE"’ will be
displayed for about two seconds. The gain calibration is
then completed.

1. Model 85A.
OQUTPUT 901 ;> C”

2. Model 41CV.

Step# Action
1. Press ALPHA buuon
2. Enter “C” from keyboard
3. Press ALPHA button
4, Press XEQ button
5. Press ALPHA button
6. Enter “OUTA”’ from keyboard
7. Press ALPHA button

Steps 1 through 3 enter program code “*C”’
into the ALPHA register and steps 4 through
7 output the ALPHA register which sends the
code to the 3468A.
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f. I'he 3V Range in the DC Volts Function 15 now
calibrated. Calibration of the rest of the ranges and func-
tions is done the same way by calibrating with zero and
full or V4 scale inputs. When calibrating at full or 4 scale,
make sure the display gets the correct information. For
example, to calibrate the gain by applying 1V, send pro-
gram codes ‘D2 + 1.00000" to the 3468A. The decimal
point included in the number sent to the 3468A (l.e.,
+1.00000, + 3.00000. etc.) is not necessary. It is only in-
cluded to show the value of the calibration voltage to
which the 3468A is calibrated.

7-116. Remote Calibration Exceptions

7-117. In remote calibration, as is in local calibration,
there are certain exceptions. These are as follows:

a. No calibration is required for the AC Current Func-
ton if the AC Volts and DC Current Functions are
calibrated. If AC Current calibration is performed, it can
only be done at full scale (.3A) on the .3A Range.

b. Full scale or ¥ scale calibrations can be perform-
ed in all functions except the AC Volts Function {(and AC
Current, see previous paragraph). The AC Volts Func-
tion is calibrated only at full scale on only the 3V Range.




Hewlgtl-Packard Mode! 34684

Digital Multim

eter

Serial Number ___

OC Volts Test

PERFORMANCE TEST CARD

24 HOUR LIMITS

lest Performes By
Date

Reference Temperature

Step# input 1o Set-Up and High Reading Low Test Test
J46BA Configuration Limit Limit Pass Fail
1 Open Press TEST/RESET S S
2 Short .3V Range +.000004V -.000004v R I
& Short 3V Range +0.00002V o -0.00002V B S
4 Short 30V Range +00.0003V o - 00.0003v — —
5 Short 300V Range +000.002V -000.002v . —
B + 300mv .3V Range +.300019v . +.299981v I B
7 +300mV 3V Range +0.30003v o +0.29987V . .
g + 1V 3V Range +1.00006V S +0.98994V — B
9 -1V 3V Range - 1.00006V . 0.99984v I -
10 3V 3V Range -3.00013v - -2.99987v _— —
11 + 3V 3V Range +3.00013v . +2.99987V B N
12 + 3V Autozero Off +3.000186V I +2.99884v [ S
13 Autozero On
14 + 3V 4 Digit Disp +3.0002v I +2.89498v
15 + 3V 3 Digit Disp +3.001V +2.899V R _—
16 5 Digit Disp
17 + 3V 30V Range +03.00056v I +02.9995v — —
18 + 10V 30V Range +10.0008V o +089.9992v _ .
19 + 30V 30V Range +30.0018Vv o +29.9982v S [
20 + 30V Autozero Off +30.0029v +28.9971V — _—
21 Autozero On
22 + 300V 300V Range +300.019v o +299.881v S I
23 Open .3V Range
24 See Below CMR Test

pwm

LUMR Test

Connect & 1R ohm resistor between the HE and LG INPUT Terminals of the 34684
Note the 3468A's reading.
Apply 400V dc between the 3468A°s HI INPUT and the Fower Line Ground,
The 3468A should remain within .040mV of the reading in step 2.




Hawlett-Packard Model 34684

Digital Multimeter
Serial Number

DC Volts Test

PERFORMANCE TEST CARD

90 DAY LIMITS

Step# Input to Set-Up and High Reading
346BA Canfiguration Limit
1 Open Press TEST/RESET
2 Short .3V Range +. 0000056V
3 Short 3V Range + 0.00002V I
4 Short 30V Range + 00,0003V
& Short 300V Range +000.002V I
6 + 300mv .3V Range +.300032V —
7 +300mvV 3V Range +0.30004V . i
g + 1V 3V Range +1.00009V o
9 -1V 3V Range - 1.00009V
10 -3V 3V Range - 3.00023V
i1 + 3V 3V Range +3.00023V
12 + 3V Autozero Off +3.00026V
13 Autozero On
14 + 3V 4 Digit Disp + 3.0003V —
15 + 3V 3 Digit Disp +3.001V -
16 5 Digit Disp
17 + 3V 30V Range + 03.0006vV o
18 + 10V 30V Range +10.0012V _ —
19 + 30V 30V Range + 30.0030V o
20 + 30V Autozero Off +30.0041V
21 Autozere On
22 + 300V 300V Range +300.029V I
23 Open .3V Range
24 See Below CMR Test

R

CMR Test

Connect a 1K ohim resistor between the HE and LU INPUT Terminals of the 34684,
Note the 3468A s reading.
Apply 400V dc between the 3468A's HI INPUT and the Power Line Ground.
The 3468A should remain within .040mV of the reading in step 2.

Test Pertormed By

Date

Reference Temperature

Low
Limit

Test
Pass

Test
Fail

- .000005V
-0.00002V
- 00.0003V
-000.002V
+.299968V
+0.29886V
+0.99991V
-0.99991v
-2.99877V
+2.99977v
+2.99874V

+2.9997V
+2.999V

+02.9984v
+~09.8988V
+29.9870V
+29.8958V

+299.971v

e

e




PERFORMANCE TEST CARD
1 YEAR LIMITS
Hewlell-Fackard Model 34684 Test Performed By_
Digital Muitimeter Date o
Serial Number__ Reference Temperature.
DC Volts Test
Step# Input 1o Set-Up and High Reading Low Test Test
3468A ___Configuration Limit - Limit Pass Fail
1 Open Press TEST/RESET _ -
2 Short .3V Range +.000006V -. 000005V — .
& Short 3V Range +0.00002Vv -0.00002v o S
4 Short 30V Range +00.0003Vv -00.0003V o S
5 Short 300V Range +000.002v -000.002v _ [
5] +300mYy .3V Range +.300065Y I +.299935v R —
7 +300mv 3V Range +0.30007V S +0.29993V I -
8 + 1V 3V Range +1.00020V o +{.99980V S I
g -1 3V Range -1.00020V I -0.99980vV R —
10 -3V 3V Range -3.00056V -2.99944v — R
11 + 3V 3V +3.0058V I +2.99944V S
12 + 3V Autozero Off +3.00059v S +2.99941V S _
13 Autozero On
14 + 3V 4 Digit Disp +3.0006V S +2.9994V S -
15 + 3V 3 Digit Disp +3.002V +2.998V P S
16 5 Digit Disp
17 + 3V 30V Range +03.0009v B +02.9991v - S
18 + 10V 30V Range +10.0023Vv +08.9977V P B
19 + 30V 30V Range +30.0063V +29.9937V [ —
20 + 30V Autozero Oft +30.0074V I +29.9926V S .
21 Autozero Un
22 + 300V 300V Range +300.062V +299.938v R -
23 Open .3V Range R o
24 See Below CMR Test S —
CMRE Test
1o Connect a 1K ofun resistor between the Hi and LU INPUT Terminals of the 34684,
2. Note the 3468A's reading.
3. Apply 400V dc between the 3468A's HI INPUT and the Power Line Ground.
4. The 3468A should remain within .040mV of the reading in step 2.




Hewlett-Packard Model 34884

Digital Multimeter
Serial Number

DC Current Test

PERFORMANCE TEST CARD

90 DAY LIMITS

Test Peifuninied By
Date

Reference Temperature

Step# Input to Set-Up and High Reading Low Test Test
3468A Configuration Limit Limit Pass Fail
1 Open Press TEST/RESET S [
2 Short DCI Function +0.00006A -0.00008BA S —
3 + 1A 34 Range +1.00146A _ +(0.98854A —
PERFORMANCE TEST CARD
1 YEAR LIMITS
Hewiett-Packerd Model 3468A Test Performed By,
Digital Multimeter Date_
Serial Number, o Reference Temperature
DC Current Test
Step# Input to Set- ilp end High Heading Low Test Test
3468A Contiguration Limit Limit Pass Fail
1 Open Press TEST/RESET N S
2 Short DCI Function +0.00006A -0.00006A S S
3 + 1A 3A Range +1.00176A +0.99824A




PERFORMANCE TEST CARD

1 YEAR LIMITS

Hewlstl-Fackard Mudel 34684 Test Pertormed By
Digital Muitimeter Date.

Serial Number___ L Reference Temperature

AC Vaolts Test

Step# Input 10 Set-Up and High Reading Low Test Tast
3468A Configuration Limit Limit Pass Fail

—_

Qpen Press TEST/RESET

2 Open ACY Function
3 028V,20KHz .3V Range 0z28244v I 027758V — R
4 0.28V,20KHz .3V Range 280975V S 273025V R S
5 0.28V,20KHz 3V Range 0.28175V e 0.27825V S S
5 1.5V,.20KHz 3V Range 1.50492v 1.49508vV — .
7 2.8V, 20KH:z 3V Range 2.80830V I 2.79170v S —
g 2.8V,20KHz 30V Range 02.8175v I 02.7825V B _—
9 28V,20KHz 30V Range 28.0830v o 27,710 v . o
10 28V, 20KHz 300V Range 028.194Vv B 027.806V — N
11 280V, 20KHz 300V Range 281.026V o 278.974V S B
12 .28V, 50KHz .3V Range 281815V —— 278185V . N
13 2.8V,50KHz 3V Range 2.81328v I 2.78672v B R
14 28V, 50KHz 30V Range 28.1328V [ 27.8672v N —
15 280V, 50KHz 300V Range 281.720V [ 278.280V o _—
16 U 28V, 100KHz .3V Range 285754V I .274248V I .
17 0.28V,100KHz 3V Range 0.29119v I 0.26881V — —
18 2.8V, 100KHz 3V Range 2.83785V I 2.76235v N —
19 15V, 100KHz 30V Range 15.2400V . 14.7600v . N
20 28V, 100KHz 30V Range 28.3765V S 27.6235V o .
21 280V 100KHz 300V Range 284 353V o 275.647v B S
22 25V, 300KHz 30V Range 27.8970V N 22,1030V S S
23 2.8V, 50Hz 3V Range 2.81391v S Z2.78603v _—
24 2.8V,20Hz 3V Range 2.83294v o 276706V o -




PERFORMANCE TEST CARD
1 YEAR LIMITS

Hewletl-Packard Model 34684 Test Performed By
Digital Multimeter Date
Serigl Mumber Reference Temperature

AC Current Test

Step# Input to Set-llp and High Reading Low Test Test
3468A Configuratian Limit _ B Limit Pass ~ Fail
1 Open Press TEST/RESET — i
2 Open ACI Function
3 .01A BKHz .3A Range 010263A I 009737A o -
4 0. 1A BKHz .3A Range 101163A T .098837A e —
5 1A, BKHz 34 Range 1.01863A I 0.98137A I B

PERFORMANCE TEST CARD

24 HOUR LIMITS

Hewiett Packard Model 34B8A Test Performed By

Digital Muitimeter Date

Serial Number. Reference Temperature

Ohms Test

StepH input to Set-Up and High Reading Low Test Test
3468A Configuration Limit Limit Pass Fail

—_

Open Press TEST/RESET R J—

2 Short Ohms Function 00.0035 00.0000 — S
3 Short 300 Range 000.004 I 000.000 S
4 Short 3K Range 0.00002K e 0.00000K S S
5 Short 30K Range 00.G002K I 00.0000K e —
B Short 300K Range 000.002K [ 000.000K N R
7 Short 3M Range 0.00002M [ 0.00000M I I
8 Short 30M Range 00.0002M S 00.0000M o S
g 300 ohm 300 Range 300.012 o 299.988 S I
193 100 ohm 100.004 I 099.996 —
10 3K ohm 3K Range 3.00014K o 2.99986K . N
(10} 1K ohm 1.00006K R 0.89994K S
11 30K ohm 30K Range 30.0014K o 29.9986K . B
{11} 10K ohm 10.0006K I 09.8994K — S
12 300K ohm 300K Range 300.014K IR 299.986K S R
{(12) 100K ohm 100.006K I 089.994K I S
13 3M ohm 3M Range 3.00017M o 2.99983Mm . S
{13 1M ohm 1.00007M B 0.99993M — —
14 30M ohm 30M Range 30.0110M L 29.9890M R R
{14} 10M ohm 10.0038M [ 09.9962M — —




Hewlett-Packard Model 34684
Digital Multimeter

Serial Number__

PERFORMANCE TEST CARD
90 DAY LIMITS

Test Performed By

Date__

Reference Temperature_

Ohms Test
Step# input 1o Set-Up and High Reading Low Test Test
3468A Configuration Limit Limit Pass Fail
1 Open Press TEST/RESET I I
2 Short Ohms Function 00.0041 00.0000 J— —
3 Short 300 Range 000.005 000.000 . R
4 Short 3K Range 0.00002K 0.00000kK I S
5 Short 30K Range 00.0002K 00.0000K — R
6 Short 300K Range 000.002K 000.000K o o
7 Short 3M Range 0.00002M 0.00000M — B
8 Short 30M Range 00.0002M 00.0000M R S
9 300 ohm 300 Range 300.041 299.8959 — —
9 100 ohm 100.017 099.983 [ —
10 3K ohm 3K Range 3.00035K 2.99965K R R
{10) 1K ohm 1.00013K 0.95987K — S
11 30K ohm 30K Range 30.0035K 29.9965K S S
111 10K ohm 10.0013K 09.9987K R I
12 300K ohm 300K Range 300.036K I, 299.965K o [
{12y 100K ohm 100.013K R 099.987K — S
13 3M ohm 3M Range 3.000385M 2.89965M N S
113j 1M ohm 1.00013M R 0.99987M S R
14 30M ohm 30M Range 30.0200M 29.9800M — —
14} 10M ohm 10.0068M 09.9932M S— P




PERFORMANCE TEST CARD
1 YEAR LIMITS

Hewlell Packard Model 3488A Test Pertormed By_
Digital Multimeter Date
Serial Number e Reference Temperature.
Ohms Test
Step# Input 1@ Set-Up and High Reading Low Test Test
JA6BA Configuration Limit ~ Limit Pass Fail
1 Open Press TEST/RESET e I
2 Short Ohms Function 00.0041 00.0000 N I
3 Short 300 Range 000.005 . 000.000 o o
4 Short 3K Range 0.00002K 0.00000K — I
5! Short 30K Range 00.0002K I 00.0000K — I
& Short 300K Range 000.002K I 000.000K I
7 Short 3M Range 0.00002M 0.00000M B —
8 Short 30M Range 00.0002M 00.0000M . N
9 300 ohm 300 Range 300.066 I 299.944 R S
19} 100 ohm 100.022 R 099.978 S S
10 3K ohm 3K Range 3.00050K I 2.99950K _— I
{104 1K ohm 1.00018K R 0.99982K I S
11 30K ohm 30K Range 30.0050K [ 29.9950K o S
{1 10K ohm 10.0018K I 09.9982K B —
12 300K ohm 300K Range 300.050K - 299 950K — I
{12} 100K ohm 100.018K S 099.982K R S
13 3M ohm 3M Range 3.00050M I 2.999560M R I
{13) 1M ohm 1.00018M e 0.99982M o _
14 30M ohm 30M Range 30.0236M I 29.9764M . o
1144 10M ghm 10.0080M [ 09.9920M




SECTION V
REPLACEABLE PARTS

51. INTRODUCTION

5-2. This section has information for ordering replace-
ment parts. Table 5-3 lists the parts in alphameric order
of their reference designators and indicates the descrip-
tion, -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 5-1.)

¢. Typical manufacturer of the part is a five-digit
code. (See Table 5-2 for list of manufacturers.)

d. Manufacturers part number.

5-3. Miscellaneous and Chassis Parts are listed at the
end of Table 5-3. A disassembly procedure of the instru-
ment is also included with the Miscellaneous and
Chassis Parts listing.

54. ORDERING INFORMATION

5-5. To obtain replacement parts, address order or in-
quiry to your local Hewlett-Packard Office. (Office
Locations are listed at the back of this manual.) Identify

parts by their Hewleti-Packard Part Numbers. Inciude
instrument model and serial number.

5-6.
5-7.

NON-LISTED PARTS
To obtain a part that is not listed, include:

a. Instrument Model Number

b. Instrument Serial Number

c. Description of the part.

d. Function and location of the part.
5-8. PARTS CHANGES
5-9. 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.,
A, 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 VI). The
number of the subscript indicates the number of the
change in backdating which should be referred to.

5-10. PROPRIETY PARTS

5-11. Items marked with a dagger (f) in the reference
designator column are available only for repair and ser-
vice of Hewlett-Packard Instruments.

Table 5-1. Standard Abbreviations

ABBREVIATIONS
.. silver Hz. . hertz feyclelsl per second) NPO. ... L negative positive zero EBoocn S Lo shde
abuminum Izem empstature coefficient) SPDT . smgle pole double-throw
.. amperels) I, . inGide diameatar A% L, cnanosscondls) = 103 seconds SPST. . single-pale singie-throw
- gaid g . impregnated OET. Lo L nodseparately replaceabile
ngd . ...... . incanduscent Woooooon Lo tantaium
c... L. . GRDaTitor B ooos00000 . - msulation(ed) .. . <. . - ohmish TC. . tsmpe(!tule waetficient
cer . o ceramic obd L wrxer by descriptian Tilig . itaniurm  dioxids
coef . .- casfhcient ki wilghmis) = 10+ 3 ohms 00 - culside diarmeter . 109 . . ragghs
com . . comman kHz . kitgheriz = 10~ 3 heriz ol . toleranca
comp - GETIESHion B B . pegk i arimmar
N connection L. e inductor PA. mcoumne(els] TSTR . . wansistor
a0 inear wper BG o printed circuit
dep - . depositad g - . Ingasithonie teper oF ., DIDCIf!laﬂlB" 10-12 farads Voo . . wnltisl
DPDT .duubln—pule double-throw piv. . . pesk inverse voltage waTw .almrnetmg current wwkmg vu]taga
DPST. . - double-pele single-thraw ma milliampere(st = 10~ 3 gmperes ol part of war _ ... . wariable
MHZ . .megahertz = 106 heriz pos - pugitionls) vdocw dlmct c.urrent warkmg veltage
sleer . misctrolytic L R megnhm:s> = 10+6 ahms ooy . nolynmne
ancag .. encapsuiated mit fiimn . migtal filen ot . potentiormeter W e - owit(s)
mir . . mnutaciurer g - peak-to-peak WL with
F.. . faradisi mE .. .. millisecond pam parts per million wiv worklng inverse voltags
FET.... ... tigld affoct transistor mig .. B . mounting BRG. . ... ... .p g i wies ... without
[E=] ined L voltts) = 10— 3 volts fong terny stability andfor tolerancel e - . wirewaund
fPococooooosomonc . . microfaradis)
GaAs . . gaitiurm arsenide wF o mn::rosucondisl R .. resisiar
GHaz, A g;gahert! = 10+2 herre v  microvoltts) = 10 - B volts fih ... thodium
LI an0moocna . quardiadi [ Jocccgocoocacna .- Mylar s reat-mean- Sepuare Lo epramem value selected st factory,
GBe .. . germanium rot . .. folary numge valua shown [part may be omitted;
gnd . - groundied; b, oo .nanuumpoulal = 10_g amperes . .m0 standard type number assigned
NC. . a c normallv closed Se. . . siwmnim selected or speceal type
H TTRY . henrylies) MNa . ... neon sect . . section(s)
Hg. ... ..o ey MO Cnarmally apen Si. . . . silicon (®) Dupost de Nemours
DESIGNATORS
AL . L. assembly . firvar (Floo ccocoomaaun 60 a0 . transistor 15 L terainal strap
8. . o . MOtor . heates GCR .. ... ... tansisordiode U c .. isrocireuit
[Jrooggoongogoan n +o ... battery INBQIE“!O GhEuit Alpl . resistonpack) V.. REETT tube neon hulb photocell, mte.
(Bocooomooaocanoanafac ... fapaciton . jack .. tharmigtor W
LR " diode or thyristor comelay S L. switch X
oL, defay fine . . inductor transformer ADS .
D . - lamp 55 .. matar . . terminal board F |
E...... ST mise stectranic part mechanical part . thermocouple Y.
Boocogoogoooomag coo0oonnoon oaoooWlsl) o plug . best point z..




Replaceable Parts

Tabie 5-2. Code List of Manufacturers

3568A

Mfr.

Ko, Manutacterer Name Address
0049D United Chemicon Inc
01121 Allen-Bradiey Co Milwaukee Wi 53204
01285 Texas Instr Inc Semicond Cmpnt Div Dallas TX 75222
01928 RCA Corp Solid State Div Somerville NJ 08876
03888 KDI Pyrofilm Corp Whippany NJ 07981
04713 Motorola Semiconductor Products Phoenix AZ B5062
06665 Precision Monolithics Inc Santa Clara CA 895050
07263 Fairchild Semiconductor Div Mountain View CA 924042
07716 TRW Inc Burlington Div Burlington 1A 52601
11236 Cts of Berne Inc Berne IN 46711
12269 Unitrode Corp Watertown MA 02172
14936 General Instr Corp Semidon Prod Gp Hicksville NY 11802
24355 Analog Devices Inc Norwood MA Q2062
245486 Corning Glass Works {Bradford) Bradford PA 16701
27014 National Semiconductor Corp Santa Ciara CA 95051
28480 Hewlett-Packard Co Corporate Hg Palo Alte CA 94304
32293 Intersil Inc Cupertino CA 94014
56289 Sprague Electric Co North Adams MA 01247
71400 Bussman Mfg Div of McGraw-Edison Co | St. Louis MO 63107
75042 TRW Inc Philadelphia Div Philadelphia PA 19108
75916 Littlefuse Inc Des Plaines IL 600186

5-12. 3468A DISASSEMBLY PROCEDURE

5-13. The following is the complete disassembly pro-
cedure for the 3468A. The procedure also includes the
disassembly of the Battery Charger assembly (Option
001).

a. Make sure the 3468A is turned off and ac power is
disconnected from the instrument.

b. Turn the 3468A upside down and then refer to
Figure 5-2. Loosen screws MP3, but do not attempt to
remove the srews from the 3468A’s bottom assembly
(MP6). The screws are held in the assembly by “O*’
rings.

¢. Turn the 3468 A right side up facing you. Lift the
3468A’s top assembly (MP7) up about an inch or so,
away from the bottom assembly. Then place the top
assembly next to the bottom assembly, as shown in
Figure 5-3.

d. If the battery option is installed, disconnect cable
W901 from the Al assembly (mother board) mounted in
the bottom assembly. If the battery and/or the battery
charger printed circuit board is to be removed, do the
following:

1. Refer to Figure 5-8. Disconnect the wires
from the battery, then loosen and remove screws
MP18.

2. The battery charger printed circuit board can
now be removed. Once the board is removed,
remove the battery cover (MP20) and then the bat-
tery.

3. The battery charger is now disassembled.
d. Remove handle MP5 from the bottom assembly.

e. If the display (MP16) is to remain in the 3468A,
continue with step f. If the display is to be removed, do
the following:

I. Refer to Figure 5-7. Unplug cable W501
from the display assembly.

2. Loosen and remove screws MP15 from the
front panel assembly (MP2).

3. Remove the display assembly.

f. Refer to Figure 5-4. Loosen and remove screw
MP9 from the inner shield (MP10). Then remove the in-
ner shield.

g. Refer to Figure 5-3. Loosen and remove screws
MPI11 from the Al assembly {main printed circuit
board).

h. Remove the Al assembly by lifting it up and out of
the 3468A’s bottom assembly (MP6). Set the bottom
assembly aside.

i. Refer to Figure 5-7. Unplug cable W50} from the
display assembly (MP16). Then unplug the wires going
to the front panel terminals.

j. Refer to Figure 5-7. Loosen and remove screws
MP17 from the Al assembly. Remove the front panel
assembly (MP2) from the Al assembly. The instrument
is now disassembled.




Table 5-3. Replaceabie Parts

Reference HP Part |c A Mfr
: 2 Descripti Mfr Part

Designation | Number |D Qty il Code art Number
a1 BBALE-ELSDY | 0 1 PL OASSEMELY-HOTHER BOARD 2HAED 346866501
ALETISL 1420~0278 7 1 BATTERY 3V 95A-HE LI/S-DIDX W-FLEX 28480 1420-0278

ETLEL 01804438 & 3 CAPACITOR-FXD 470PF +-2.%% 160VDE FOLYF 28480 G1a0-4438
st016: G1E0-4438 & CAPACITOR-FRD 470PF +-2,5% 1A0VDC PLLYP FRARN 014 0-4438
B16103 H140-4438 & CAPACITOR-FXD 470PF +-2.%% 160VDC POLYP 28480 0160-4435
B1C104 0150-0012 3 1 CAPACITOR-FXD . D1UF +-20% 1KVDEL CER S628% COa3AT0aT103Me50
aloE0d 0160-2800 & i CAPAGITOR-FXD 170PF +-S5% 100UDLL CER 20480 B160-4800
RiG202 HERATEEE ST CAFACITOR-FXD OLUF +-10% 1o0vDD CER ZH4ED Cl1ED-4ETE
ALC203 0160-4832 |4 o CAPACITOR-FXO .GI1UF +-10% 100vD0 CER 20480 G1a0-%832
EEL=L0 8160-5386 5 1 CAPAGTITIR-FRD L 15UF 83000C G 1A 0-T3BL
A1G302 01460-5384 3 1 CAPACITOR~FXD 2.7PF 400UDD H160-5384
AILA04 B180-0228 & z CAPACTITOR-FXD 20UF+-10% 15VEC Ta THBDERERIN I SRS
16308 H10-4803 ¥ i CAPACITOR-FXD SBPF +~%X 100VDD CER ©+-a0 01604803
A103DS N1BU-0228 & CAPACITOR-FXD PEUF+-10% 1SUDE Ta 150DPREREE R
A1C307 DleE-5385 4 1 CAPACITOR-FXD 1.8UF 108yDD 0160-538%
A1CI0E IBO-2E0S 3 1 CAPACITOR-FXD .IZUF+-10% 35000 T4 15003 34X503502
ALCI0G F1B0-0373 @ 1 CAPACITOR-FRD | &@UF+-10% Z5VUDC TaA LEODGBANT 0 35AR
BIC3LE G1B0-D271 3 3 CAPACEITOR-FXD 1UF+-10% 3I5UDC Ta 15001 05XFIIGAE
Al1G3 H169-4571 ] 13 CAPACITOR-FXD . 1UF +80-20% SOVDD CER G160-4571
alC3le 0160-4571 8 GAPACITOR-FXD . 1UF +H0-20% SO0VDE CER 0160-4571
A3 0180-0291 3 CAPACITOR-FXD 1UF+-10% 35UDE Ta 5420 15001 05XF n35a
A4 Blab-4571 B CAPACITOR-FXD | 1UF +80-20% SOUDC CER ELET] G1a0-4571
Al1CARR 0 1a0-a571 ] CAPRLITOR-FXD | 1UF +BD-Z20% SO0MDD 26480 BlEB-4571
AlC4D4 B1H0-4571 ] CAPACITOR-FXD 1UF +R0-20% S0UDE HBAR G Bih0-4571
B1C4D5 01404571 ] CAPACITOR-FXD . 1UF +BY-20% SOVIC CER 2H4E0 01e0-4571
A1C411 N160-3814 @ 1 CAPACITOR-FXD 1S0PF +-5% 100VDC CER #4850 0160-4814
AtCaiz 160 - 4630 2 1 CAPACTTOR-FXD Z200PF +-10% 100VDC OFR 2HAR0 B160-4B30
RlCu1D B1ED-53G3 3 1 CAPACITOR-FXD 1500PF +-10% 100VDE CER FEYED D1GD- 53498
#1C430 B1AD-4HET 3 1 CAPACITOR-FXD BR2OPF +-5% 100VDE CER FHARD N1AD-4823
410431 01b0-a832 4 2 CAPRCITOR-FXB . 01UF +-10% 100VDC CER 2480 01604832
ALCTO1 0160-3335 0 CAFACLTOR-FXD 470PF +-10% 100VDG CER EETEY 0160-333%
A10503 01604533 1 2 CAPACITOR-FXD 1000FF +-20% S0LBG CER 26480 H160-4530
AICS04 B160-4B00 & CAPACITOR-FXD 120PF +-%5% 100UDEL CER 2480 0160-5800
ALCS0S nlen 5 2 CAPRCITOR-FXD 33PF +-5% 1U0VDC CER 0+ -30 2480 16D

A1CS0A 0160-4807 B CAPACITOR-FXD ;3PF +-SX 100UDC CER G+-30 PR4B0 0160-5807
ATLEDT D140 -4%71 ] CAPACITOR-FXD | 1UF +HO-20% S0YDE CER 2480 B1a0-4571
A1C50E B160-4810 # El CAPATITOR-FXD II0PF +-5% 10OV CER PE4BD 0160-4816
ALETOT DH0-AB1D ] CAPACITOR-FXD 330FF +-5% 100VDC CER ZA480 016048110
AICSSD G160-4571 @ CAPACITOR-FXD .1UF +B0-20% S0VDE CER 2E480 B160-4571
A1G551 01800281 3 CAPACITOR-FXD 1UF+-10% 35VLC TA LEI8Y IS0DL0SET 035
ALCTSE H1RD-4RID 2 CAPACITOR-FED 2ZO0PF 4-L10% 100WED CFk 2HE4ED D1E0-5830
A1CTEE B1B0-2P8E 7 4 CAPACITOR-FXD 330UF+-20% SOVDE AL 25480 G180-2984
BICTEE 1180-2984 7 CAPACITOR-FXD 330UF+-20% SHUDC AL EHARO 0180-29834
ALCTOS 018G-0117 2 H CAPACITOR-FXD 2.7UF+-10% 35VDC TA Y- 1500275903582
1CVOL PBn-0117 2 CaPALTITOR-FXD 2, FUF+-10% 35WDC T S628% 1S0DE7SRTIISED
a1Cing B16O-4571 i CAPATITOR-FXD L LUF 1E0-20% H0VDE LER FEYED BLED-U4571
A1C7EL 21800493 9 i CAPACITOR-FXD 1000UF+S0-10% 25UDC AL 045D ISURELIB0D
AICT4D 11Bn-2v8s 7 CAPACITOR-FXD 330UF+-20% SOWDC AL 28480 0180-276H4
alC7a1 1160-2986 7 CAPATITOR-FXD I30UF+-20% SOVDC AL 20480 01B0-2984
ALCTOR 0160-5571 B i CAPACTITOR-FXD L 1UF rB0-20% 50VDC CER 28580 0160-L571
HILT 4R 0160-4832 4 CAPACITOR-FXE . O1UF +-10% 100VDG CFR 28480 B160-4832
AICRE0 1901 -08a% 8 ! PIONE-PWR RECT 1NABO? 1KY 1A DO-4i 14936 1HAH0T

AICREDE 19020184 & ] DIODE~ZMR 1&.24 5% DO-35 Ph=.ay BRAED 17020184
ALCRGBOT 1626-04918 2 1 IC-¥ RGLTR-FXD-POS 6.6/7 .25V=-TO-92PKE aEaa0) 162h-0018
ALCREDT 190L1-0060 i 1 Do WITCHIMG 30 SOMA 2MS DO-35 R 1801-0040
ALCRSSE 1901-0518 g i DIODE-SM 516G SCHOTTEY 28481 1u01-051E
ALCRESL 15901-0050 3 Lo DIODE-SWITCHING B0V 200MA ZNS PELED 1501-0050
AICRS52 1FR2-0970 B 2 DIODE-ZNR 33V SY DO-25 Ph=, 40 DEABE 190R-09T
#1CRES 1902-0970 ] DIODE-ZNR 33Y 5% DO-35 PD=. 84 29480 19020970
ALLRESS 1901-0050 3 DIDDE-SWITCHING S0V 200MA N5 2E4BG 1901-0058
A1CRESS 159010050 a DIODE-SWITCHING S0V 200MA 2ZNS 254810 19010050
ALCRSSG 1901-0050 3 DIODE-SWITCHING BOM 200MA 2MS PRAR0 1901-0050
ALCR7OL 1901-0743 1 E DIODE-PWR RECT 1M4004 4004 14 01295 TNAT0S

AICRFOZ 19010743 1 DIDDE—PUR RECT 1H4004 400V 14 11255 1640 014
HLCR703 1901-0743 i DIODE-PWR RECT IM4D04 ADOV 14 01295 1MA004

A1CR704 1901-0743 1 DIODE-PWR RECT 1M4004 200V 14 81295 1Han04
A1TR70S 101 -07A3 1 DIODE-PWR RECT 1N4004 400V 1A 01295 1Na00A

AICR7 08 1901~0743 1 DIODE-PWR RECT 1M4DO4 400U 14 DO-41 01095 1NAG 04

#1CR7O7 19010743 1 DIODE-PWR RECT 1M4004 400Y 14 DO-41 01295 1NAG G4

ALCRY11 1902-0632 7 @ DIODE-ZNR INZ354E 17V S% PD=SW TC=+75% 04713 1NSES Ak

ALKV 1R 1702-0936 & i DIODE-ZHR &Y PD=5W IR=300UA TEPey VESHS

#1CRT13 1902-0632 9 DIODE-ZHR INS354F 17V 5% PD=SW Tre=+75% FEVEE 1M53% 4k
AlCR749 1902-0554 5 z DIDDE-ZHR 32,2y 5% DO-15 Ph=1W TO=+, 0752 2E480 17020654
ALCR7SE 19020654 5 DIOBE-ZNR 33.2U 5% DO-15 PD=1W TC=+.075% HBABT 1502-0654
A1CR7S1 1701-0743 1 DIODE-PUR RECT iWAGDA 400U 14 DO-41 01295 INADD4

#1CRTSE 19010743 1 DIODE-PUR RECT IM4004 400V 14 D41 01295 1H4004

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




Table 5-3. Replaceabie Parts (Cont'd)

Reference HP Part |c e Mfr
- A ol Qty Description C Mfr Part Number

Designation Number ode

ATETDY 1970-00%940 & 1 TUBE-ELECTRON &30V 2EAEN LE70-00%0

ATFL01 H1in-0003 n 1 FUSE 3a 2500 WID 1.259X.2% UL FEILE 214003

ATF730 2110-0234 97 1 FUSE .1aA 230V TD 1.25X.235 UL Tiano MO 1710,
ALFATIN 21100643 4 x| FUSEHM. DER-CAPTIVE CLIP TE4EE 2110-0643

ATH?OY L285-0369 cd 1 HEAT SIMK SGL TO-220-C5 DHARD 1205-B30Y
alI7on 1200-0407% 0 1 SOCKET-IC 1&-CONT DIP DLP-SLDR 28480 1200-04607

aiKi10l G459 0-1310 I3 1 RELAY-REELDL CR-2583 SRAE 449 0-13%10

AlR102 0490-130% I I RELAY-REED CR-2544 20480 D4%0-130%
A1K103 1470G-130% 3 RELAY-REED CR- e HE450 D49 0-130%

ALE104 FAYN-1X0G ) RELAY-REED CR-2984 28480 n490-130%

RIL2G] P100-16%51 2 1 INDUCTOR RF-CH-HMLD 750UH 5K 26X a3 kISl Wi00-14651

ALLS0L F100~1631 B 1 INDULCTOR RF-CH-MLD S6UM SX . 1&6DX, 3ROLE SH4BE ?100-1631

Aip703 1251-4743 Q COMNNELTOR-AC PWR HE-9 HALE REC-FLE THREMP SHARN PEL1-4743
ALP7OZ 1251-4742% L} 2 CONNECTOR-AL PWE HP -2 HALE REC-FLG THRMP 20460 12514743

ATREDL LEEA-0514 7 4 TRANSISTOR-ZN&520 (SELD 1B53-85110

AlR2g2 18530318 7 TRANSISTOR-2MA520H {(SEL 18%3-05110

ATRER3 185305190 v TRANSISTOR-2NAT20 (SELY 1HS3-0510

ATREDS 1853-0510 7 TRANSTSTOR-IN&YE2D (SEL LBSE-0510

ATEENS PREE-0298 2 b TRANSISTOR J-FET R-THAN L-nube id-vs AEaEh 18550298

AIRTOL B6B6-5135 & Bk RESISTOR 51K Hx .5W CC TC=0+7&5 ni121 ER313S

A1R102 1686~5135 & RESISTOR S1K S¥ .5W CC - a112t ERS135

#IRT0DE 16BE6-5135 & RESISTOR S1K 5% . 6W OO o1t EBS ]
aLR104 B HBE-D130 & RESISTDOR S1K 39X .5W CC niiz21 BB

ATRIDG 0686-5135 & RESISTOR 51K X . SWw CC p112% 91

AlRLD: 1686-5135 & RESISTOR S1K S% .3W CC i 01121 ERS133

#IR1ODF 0B11-3435 2 ¥ RESISTHOR 1 1% 3W PW TC=0+-%0 SBasn N811-84.40

ATRIDE BaBe-513n & RESTISTOR SiK 5% 65 OO0 TO=0+765 wilet ERS L3S

ATRI DY NeBo-5135 & RESISTOR 51K 5% . 5W LC TC=0+755 11 EBS135

miRt10 BeTE-B77Y 3 S RESISTOR 1K 5% L 2%W CC TC=—400/ vuu SEaan 0469887277

A1R201 1&78-80%3 & i RESISTOR 40K 1% .1W F TE=0+-5 [l N MARS-1 100 t&- a0t~k
a1R202 BEBI-2445 T 2 RESISTOR 240K 5% .2%W FC TCe-B800/+%08 01121 CR2445

ATREDS I&6B3-2445 7 RESTSTOR 240K 5% 250 Fo TC=-8&0/+700 1112 R A40

A1RZ04 05B3-A4715 0 H RESISTOR 470 5% A00/4600 n1121 CEA715

AIRZ20D 1&83-4325 a 1 RESISTOR 4.3K 59X —~400 /4700 plL121 B4 320

ALRANZ 1698-6670 1 1 RESISTOR 1K .3% .125W F TC=D+-25 20480 DHEFE-HEVD

ATRZ03Z FA9R-6320 1] 1 RESISTOR 24K .25% .125W F TC=0+-25 2R480 GAYE-6520
ATRIDS (p&83-2430 7 1 RESISTOR 24K 0% L E9W FO TU=—400/7+800 wltEl GHA435

AIRZNE 07570457 [ i RESISTOR 47 . 5K 1% 1254 F TC=ik+-100 24546 CA-1/B-Th-4750. -+
ALR3DE DHEZ-1003 5 3 RESISTOR 10 3% 25W FC TC=-400/+300 g1t CRI06S

ATRIODT GHBE-1005 ] RESISTOR 10 5% . 29W FO TO=-400/+500 nria CriODS

ATR40L 0EHB3-15655 1 1 RESISTOR 1. 6K 5% .25W FO TO=-900/+11 00 atriz2t TH14655

ATRATE DePE-B353 ] 1 RESISTOR 806K 13 1254 F T +-100 28420 D6PR-B35E

ALTRAOZ 0 &7E- 4039 7 1 RESISTOR 482K 1% .125M F 7T =106 268480 D&HSH-453%
ATRA04 B7S7-0472 ) 1 RESISTOR Z00K 1X (125 F TC=G+-100 24548 Ca—1/8-TO-2003 ¢
ATR40G Q7T -044% & E] RESISTOR 100¥ 1% 1254 F TC=0+-100 24546 Ca-1/8-TO—1007%~F
AIR4ATE N&¥B-3228 ? 2 HESISTOR 4% .9% 1% 1254 F TC=0+-1400 SO4B0 D&w8-3208

ALR40T BeA3-BE9TE 1 = RESISTOR 8 2M 5% .25W FC TO=-F00/+11440 11z LREESES

AlRADE D&B3-1003 =5 RESISTOR 10 5% .25W FO TO=—a80/+500 G111 CBI00T

ATR4DY FEV-041% & 1 RESISTOR 475 1% 125W F TC=g+-100 SAT4E CA-1/B-TH-475R-F
ATR 4368 [dsiei i Feini) 4 1 RESISTOR 3.01H 1% 1256 F TC=0+-100 245490 Ca4-1/9-T0-3011-F
ATRAZD 0 L9E-BB27 4 2 RESISTOR 1H 13X .125W F TC=0+-100 28480 a7 8-BE2Y

AIRE01 1810-0162 = 2 WETWORK-RES 14-DIP4, 7K DHM X 13 11236 Feli-1-R4., 7R
ATRG0E D&E3-H28S 1 RESISTOR B.2H X .25%W FC TC=-%007+1100 41181 CE&255

ATREDZ HA832-1535 & &4 RESISTOR 15K 5% . 23W FC TU=-400/+800 o112l LR1S3S

ATRT04 De83E-1535 & RESISTOR 15K S¥ .25W FC T =400 /+B00 B1ict [R5

ALRING 06HIB-I446 3 s RESISTOR 383 1% 125w F TO=0+-100 24348 CA-1/78-Tu—- 303K
AIRSDE DAYE-3444 3 RESISTOR 383 1% .125W F TC=0+-100 24545 ©4-1/8-T0-383K -F
ALRSOT N&83~1535 & RESISTOR 15K SX 234 FC TC=-400/+800 01121 CH153%

ALRSSY 16FE-44B2 7 1 RESISTOR 17.4K 1% .125W F TCo=0+-100 f138ea PHESS 1/78-T0- 174+
ATRSSE 04:98-325% 7 2 RESISTOR 12.7K 1% .125W F TC=0+=-100 24548 CA-L/8-Th—1273-F
ATRSS3 16765-BB27 4 RESIGTOR 1M 1% . 125W F TC=0+-100 2R4H0 lew8-8027

ATRES61 183100340 7 1 RESISTIVE NETWORK-B X 5. AK OHH 2Haan 1810-0540

AIRSES DLAFB-F3I57 7 RESIGTOR 12.7K 1% .123W F TC=0+-1400 24046 C4=1/8-TO=1272F
A1TRSSS DHEFE-8777 3 RESISTOR 1 9% 25W CC TC=-400/+%00 28480 D&aFa-87 77
AIRSLE 16¥8-B777 3 RESISTOR 1K 5% 254 CL TC=-400/+9010 28480 (1 aPE-8777
AIRGET De?P8-8777% 3 RESISTOR 1K 5¥ .25k CC TC=—400/+708 28480 GATE-BTTY
A1RSEE 1818062469 3 4 MNETWORE~-RES $-STFP16.0K OHM X 8 28480 1810-026%

See introduction to this section for ordering infermation
#Indicates factory sclected value




Table 5-3. Replaceabie Parts {Cont'd)

c B
LEEerEs P LEG Qty Description ) Mfr Part Number
Designation | Number |D Code
ATR708 01698-8777 3 RESISTOR 1K 5% .25W GO TC=-400/+%00 FEABY DHFE-BF 7T
ALRTAD 03120 hag 1 1 RESISTOR .27 5% .94 PW TC=04-3010 TEN4R BURI-1/2-27/100-F
AIR7A1 06A3-1535 & RESISTOR 15K 5% 256 FC TC=-400/+800 11121 CBIE3D
ATRTS6 B837-0220 1 2 THERMISTOR-ROD T9 10K 2481 0837-022
ATRT70S NB37-0225 3 1 THERMISTOR-PTC 2.5 .36 28480 GBE7-0225
ALRT7 04 0837-0223 4 2 THERMISTOR-PTC 10,30 20460 0837 -g2Rd
AIRT7O7 1837-0223 4 THERMISTOR-BTE 10,30 28480 BHI7-0223
A1S30 31012243 & SUITCH-RKR DIP-RER-ASSY B8 14 054 30WDL 20480 I101-2243
A15730 31011723 5 BWTTOH-FE 4PDT 454 115VaAC Pa3461 3101-1723
ALTS0T F100-4177 7 1 TRANSFORMER-INTERFACE PIL R ZH480 F100-3199"
ALTSDZ F140-0480 3 1 TRANSFORMER—P /L DRIVER REABD0 $140-0600
A1TIIN PIBO-4R02 5 1 TRANSFORMER ~POWER 28480 S0 420E
Atuiol 1826- 0822 7 1 IC OP AMP PRCN TO-9% PKC 24355 ADSAZKH
Aluzet 18240493 ] 2 IC OF AMP LOW-BIAS-H-IMPL 8 LLIP-P PKD 04713 M M3NEAP
ATUZDZ 1826~ 0493 8 IC 0P AMP LOW-RIAS-H-IMPD 8-DIP—F PKC 04713 MiMADEAP T
ALU203 161260072 ] 1 IC OF AMP LOW-BIAS-H-IMPD TO-9% PKG 072563 UAZAHH
A1U341 1826-0887 4 1 IC~LF4120N (SEL} 28480 1826~ 0BE7
AlUTDY 1GF7-0067 6 1 28480 10F7-0067
aluzoz H26-0357 3 i IC OF 4MP WB TO-9% PG 27014 LF357H
ALUZDE 1826-0893 3 1 IC-CONY ADS5BAJH R 1826-0891
ALU4D1 18260059 2 1 IL DF AMP GP TD-9% PKG 01395 LM 01 AL
AtU4ez 18246-043% [ 2 1€ OF AMP LOW-DFS B-DIF-F PKG BesbT 0P -0 /0P
AlLLAB S 1GF&-0068 3 1 PCE HYBRID A/D 2A480 1AF 60066
ALU4D4 1826-0271 0 ! IC OF aMP GP B-DIF-P PKG 01295 BT 741P
ALUADS 1826-063% o IC OF AMP LDW-OFS B-DIP-F PKG D6685 P —g7ee
ATUS0L 1820-2718 @ 1 IC-INS BOZFLN-11 2T Y- 1820-27 18
alusoz 181841753 a 1 IC-HE36000N-5 2A460 1818~1753
ATUS0E 1LB3-0003 =] 1 LC-HPIL 28-PIN 25480 LEI-0003
ALUSDY 1820-2702 4 1 IC NMOS 16384-BL( PROM 2480 1BE0-27 08
ALUEDS 18720-1578 ] = I1C SHF~RETR CMOS D-TYPE PRL -IN WRL U] 01925k CDA07ERE
ATUSIT 18201578 ] IC SHF-RGTR CMOS D-TYPE PRIL-IN PRL-OUT 01928 CRal7aRE
ALLSDE 1820-2102 o] 1 IC LCH TTL LS D-TYPE DGTL 013295 SNTALSZ7EN
RIUSDT 18181754 7 1 IC RAM MOS S101L EEEY:1] 181 8-1754
ATUSED 18260412 1 1 IC CORPARATOR PRON DUAL B-DIF-F FKG 27014 LHEIIN
ATU70Y 18260551 £l 1 IC 340A ¥ RGLTR TO-22 01395 TLYE0SATKL
AtUT S 1826-0214 1 1 1C V RGLTR TO-2210 04713 M7 FLS0T
ATU703 18260607 & 1 IC-LMBAOAT-18 ZEARD 18260607
ALWED I B126-3479 7 1 E450 B1E0-3479
ALWSIZ B0LL-116% 1 CONNEL TOR <HF IL 28440 3061-116%
Al HIGLELLANEDUS PARTS
ALYEDL 410-1332 4 1 CRYSTAL-&. 603 MHZ 23480 04101532
1450~ 1485 3 1 STAHP ING-SPRING FUSE 26480 1AL 0-148%
GE4EE-BOUNY | & 1 3468A OPT. D01 (RATTERYT UFT.} 2481 DEALE-HOBU]
03468-66503 | 2 1 PC ASSEMBLY-BATTERY CHARGER 2e46H0 B3A6B-6650F
0180-3148 i L CAPACITOR-FXD 2200UF 25VDC 28480 0180-3148
Bl1EO-G17 7 CAPACITOR-£FXD 1UF +-207 75VDC (el 2a430 0160-01727
Gl60-4571 & CAPACITOR-FXD - LUF +30-20% S0VD0 ik o AR0 DlB0-G571
4 Glbe-%571 i CAPACTITOR-FXD - 14F +B0-20% 30WDO CER BEADD J16a0-4571
AZCA0E BlEQ-0UEE -1 i CAPACTITOR-FXD LOUF+-10% Z0VDC Ta 2R4R1 J1E0-04%E6
AZCa07 C16G-4371 g CAPACITOR~FXD - l1UF +80-70% 30VDC CER 20460 Ol6Q-5571
AZCT08 0160-4571 2} CAPACITOR-EXD . 1UF +B0-20% SOVDT GER FRAB0 0160-4%71
ABCTIT b 1&l-4571 8 CAPACTTOR-FXD .1UF +B0-P0X SOUDE CFR 2AAS0 D160-4571
AZCTLO 01B0-1745 4 2 CAPACITOR-FXD 1.5UF+-10% 20UDC TA 5 aRHE 15001 BEXFICN AL
ALY D160-4813 1 1 CAPACITOR-FXD 180PF +-5% 100WDC CER 20480 0160-4813
ABEY1E D1BD-1745 4 CAPACITOR-FXD 1.SUF+-10% 20VDC Ta S6ERT 15001 5SXF020A2
ABCRY Y 1901-0743 1 DIODE-PMR RECT 1MAOODS 400V 14 DO-41 01295 1HAGH4
ABCRYDE 1901-0743 1 DIDPE-PWR RECT 1N4004 400V 1A DO-41 11295 1NAD 04
ABCRT O3 1901-0743 1 DIODE-PWR RECT 1N4004 4004 1A DD-41 01259 1NADD4
A3CRT 04 1901-0743 1 DINDE~PWR RECT 1N4004 4004 14 D047 61295 LRa004
ABCRY 05 1901-0743 1 DIDRE~PUR RECT 14004 400V 14 DD-41 01295 INADOA
AZCRY0E LYB1-0743 1 DIODE-PWR RECT 1MA4G04 400V 1A DO-H 91295 1N400A
ATCRY 07 1901-0743 1 DIODE-PMR RECT 1M40D4 ABDY 14 DO-41 01295 1NA0D4
AICRTOE LF01-0050 3 DIDDE-SWITCHING BOU 200MA PNE DO-3% 284810 1201-0054
AFCRP0T 1901-0050 3 DIODE-SWITCHING 80V 200MA 2NS DO-35 2RAB0 19010050
AICRTLD 1501-0050 3 DINDE-SWITCHING B0V 200MA ENS DO-3% 285480 1P01-0050
ABCRTT 1 1FH1~0050 3 DIODE-GWITCHING S0V 200MA 2NS DO-35 2E4E0 1901-0056
AICRTI2 1901-0743 1 DIODE-PWR RECT 1N4D04 400V 14 D-41 01295 1IN0 4
ABCRY LS 1901-0743 1 DIODE-PWR REGT 1N4004 400V 1A DP-41 01295 1NALO4
AJCRY1 4 1901-0743 1 DINDE-PWR RECT 1N4004 400V 1A DO-41 01295 1HADNA
AUCRT 1S 19010743 1 DIODE-PWR RECT 1M4004 400V 1A DO-41 01295 14004
A3CRT 16 19010743 1 DIODE~PWR RECT 1N4004 400V 14 DO-43 01295 Ma004
AZCRYTT 19031-0743 1 DIDDE~FWR RECT 1N40G4 400U 1A DO-41 01295 1N4004
AICRY1E 1901-0743 1 DIODE-PWR RECT 1N4004 400V 1A DO-41 11295 INaNig
AJCRT1Y 1901-0743 1 DIODE~FWR RECT 1N40G4 400V 1A DO-41 91295 1Na004
AJCRT20 1901-00850 3 DIODE-SWITCHING BOV 208HA 2NE DO-3% 28480 1901-0050

See introduction to this section for ordering information

*Indicates factory selected value
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Table 5-3. Replaceable Parts (Cont'd)

Reference HP Part |c o Mfr
erenc o| Qty Description Cod Mfr Part Number
Designation Number ode
AICRT21 1SG1-0050 3 DIODE~SWITCHING BOV Z00MA ZNS DO-35 2HAET 1901-0050
HEFTDL 21100087 9 1 FUSE 24 2SOy N 7EP15 pz002
ABFEFOL 2110-0&£43 &4 FUSEHOLDER-CAPTIVE CLLIP AR 21VD-0L543
HAFRF01 C110-05643 4 FUSEHOLDER~CAPTIVE CLIP e 3 =11} 2110-056432
AZHYO1 1205-0448 7 1 HEATSINK-TOX MDUNT 214840 12050448
AXHIO4 1205-04%52 3 1 HEATSIMK-TOLS BOARD HMOUNT 2450 12050452
A3RF01 18530305 a 1 TRAMSISTUR PHNP ZNSBE7Y 51 T4 3 Ph=1%51W 4713 DNSB7S
AZQF02 1854-0472 =4 2 TRANSISTOR MPN ST DARL FPD=S00MW 04713 HPG-414
AZGTOS 1ES4-0087 5 1 TRANSISTOR WPN 51 PD=3&60HW FT=75HHZ 23480 1R54-0108H7
AEATG4 1854 -0756 g 1 TRAMSISTOR NPMN 2N&6315 SI TO-8&6 PL=70W 04713 EMAI1S
ASET0S 18540472 = TRANSISTOR HNFN SI DARL FD=S00MW Ba7i13 MPS—#14
AZRT01 D757 0447 & 1 RESISTOR 20K 1% 125U F TU=0+-100 24548 CA4-1/8-TU-Z2uiis-r
AZRTOZ 0757-0442 b 1 RESISTOR 10K 1% 12856 F TC=0+-1008 24544 G4 1/8-TO-1002-F
AZRTO3 DHFF-0G3D2 7 1 RESISTOR 71.05K .29% ,1285W F TC=0+—-%5n 2a480 HHFPF-0032
AZRGO4 D&9B-H2T 0 7 1 RESISTNR 125K .25% .125W F TC=0+-50 Pt ey 1=31) GaFE-56270
FAARTODE DAEE-2335 ] 2 RESISTOR 33K 5% .254W FC TC=-400/+800 01121 [ i i
AIRFOE D&aEI-271% & 2 RESISTOR 270 5% .25W FC TC=-4040/+400 01121 LB271S
ARRO7 [T AT A = ped RESISTOR &LBK 5% 254 FC TC=-4007+800 01121 CHRAFIS
AZRFOE Q757-04465 & RESISTOR 100K 1% .125W F TO=0+-100 2a044 Ca-1/8-TO-1003F
HARTDT? 116983558 =] 1 RESISTOR 4.02K 1% .12%W F TC=0+-100 2AT46 CA-1/8-T0-4021-F
A3RFID 1673-34490 7 1 RESISTOR 194 1% L125W F TC=0+-100 24544 Ca4-1/8-TO- 196K —F
A3R7IL D757 - 0467 8 1 RESTSTOR 121K 1% . 125W F TC=2+-100 2450456 D4-1/8-T0-1213-F
AZRTIEZ DFHT 0465 & RESISTOR 100K 1X .125W F TC=0+-100 2AS4L C4-1/B-TU-1003-F
AZRT13 HHE3~6HBIS 7 RESISTOR 68K SX . 23W FO TO=—3400/+Bi0 aii2t CHELBES
A3IRF1A &B3-F055 ? 1 RESISTOR 3M 5% ,2%W FC TC=-906/+1100 41121 CRINGES
AZRTLE N&98-0677 il 1 RESISTOR 93 ,1% 1% 1254 F TC=0+-100 Q3888 PHESS-1/8--TH-2312 -+
AZRT1E &98-3452 i 1 RESISTOR 147K tX . 125W F 1 O+—-100 245486 el BeTO=1473-F
AZRFLIE NEE3-3335 k=] RESISTOR 33K 5% .25W FC TC=-400/+4B0G o01121 CRILIS
AZRT1T D&E3-3328 & 1 RESISTOR 3.3K 5% .Z20W FO TC=—480/+70i G112l CRIZ2S
AZRT20 0ABI-2715 & RESISTOR 270 ¥ 25W FO TO=-400/4+600 1121
AZRF 21 0HB3I-2200 Kl 1 RESISTOR 22 5% . 2TW FC TL=-400s.+300 1121
A3RTED Da9E-3162 i ) RESISTOR 44 4K 1% . 125W F TC=0+-100 SaN4h C4-1/8-Tl-4&42-F
AZRTES pevE-3220 2 RESIGTOR 4% 9K 1% .I20W F TC=0+-100 2480 N&98-3228
AZRTES H&HB3-105% 5 1 RESISTOR 1M SX 2856 FC TU=-200/+700 G1i21 CR105%
AIRTFER QR3I7-0220 1 THERMISTOR-ROD TP 10K (HN =SRABD ng37-022
ABTRR1 M0 ~4205& 7 i TRANSFORMER-POWER 28480 F1L0--420&
AZLTRL 1BZ2&-0544 o 1 Y REF §-DIP-C 0Dazi 3 HMGT 4050
AU 1824-0138 a8 1 16 COMPARATOR GF GUAD 14-BIP-F PG 01295 LMIZIFN
- il=dixd 1BZ0-1745 3 2 IC GATE CHMDS MOR RUADR Z-1IMFP na71il MY 4001 BCP
AZUSDA 18201745 = IC GATE CHOS MOR QUAD 2-InP 04713 HiT14001ROP
A3UFNE 1B20-24565 7 1 IC TIMER CHMOS ZR293 1CH7SSSIPA
AZWF0T B120-3487 7 1 COMNECTOR=-16-PIN AINSH 2413 B120-3487
OFT, 001 HISCELLANEOUS FParRT:s
1420-0287 B 1 BATTERY RECHARGER-LV SLD 234810 AN —-0EET
B8120-3460 (1] 1 CABLE-LUGGED 125HM ap480 2120-3486¢
B120-3481 1 1 CABLE-LUGGED 100MHK ZB48E0 Hizh-3481
MISCELLANEQUS PARTS
B3468-60201 = 1 ASSEMEBELY-FRONT PANEL 2B4580 D34aB-60201
L4580 0&01 I t SHIELD-PT (TOF 20480 UZ&qhBﬂlQbﬂ‘l
5061-1166 [ 1 DIGPLAY-DREVE ASSY ZE480 5061-11b6
7120-3530 g 1 LABEL ~WARNING cEASE 7i2n-3530
7120-5370 ] 1 PULL TO ROTATE LAREL 28480 FI20-5370
7120-8&607 2 1] LABEL —HETRIL HARDWARE 2a4G0 F120-8607
7Fi21-2420 7 i SERIAL NUMBER, ETC. 20480 F121-24248
T7181-2445 % i OFPERATION LAEEL 20480 7i21-244&

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




Tabie 5-4. 3468A Mechanical and Misceliansous Parts

Ref. Part C
Des. Number 1} oty Description
MP1 0370-0603 4 1 Pushbutton (Power Switch)
MP2 03468-60201 5 1 Front Panel Assembly
MP3 2360-0137 0 4 Screw
MP3 0900-0010 2 4 O Ring
MP4 7121-2448 5 1 Operation Label
MPB 5040-8058 5 1 Handle-Bail
MP& 03468-64401 5 1 Bottom Shell Assembiy
MP7 4040-1126 3 1 Top Shell Assembly
MPB 5040-8044 g 4 Spacer Shell
MPS 2360-0209 7 1 Screw
MP10Q 03468-00601 3 1 Shield
MP11 2360-0117 6 3 Screw
MP12 4135-0418 2 1 Push Rod
MP13 0510-05856 ] 4 Push-on Fastener
MP14 03488-00602 4 1 Bottom Shield
MP15 0624-0333 ] 2 Screw
MP16 5001-1872 5 1 | Display
MP17 0515-0226 5 4 Screw
MP18 0515-0067 2 2 Scraw
MP19 | 03468-00101 8 1 Top Shietd
MP20 | 03468-01201 1 1 Battery Cover
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SECTION Vi
BACKDATING

6-1. INTRODUCTION

6-2. This section has information which adapts this
manual to instruments with serial numbers below the
ones shown on the title page. Since this manual does
directly apply to instruments having serial numbers
listed on the title page, no change information is given
here.
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SECTION vii
SERVICE

7-1. INTRODUCTION

7-2. This section of the manual has information on how
to troubleshoot and repair the 3468A multimeter with
the information given in Service Groups. Preliminary
troubleshooting procedures to select an appropriate
group is also given in paragraph 7-24. It is recommend-
ed to use the procedures first, before going to a service
group. Section VII also has the 3468A’s complete
Theory of Operation (in Service Group F), the complete
Schematics (in Service Group G), and the necessary
safety considerations. The section is separated as
follows:

NOTE

The 34684 s Theory of Operation is in Ser-
vice Group F (next to the last group).

a. Safety Considerations - paragraph 7-3.
b. Recommended Test Equipment - paragraph 7-8.
¢. Miscellaneous Information - paragraph 7-10.

1. Instrument Disassembly (PC Board Replace-
ment) - see Section V.

2. Fuse Replacement - paragraph 7-13.
d. Troubleshooting - paragraph 7-15.
1. Introduction - paragraph 7-16.
2. 3468A Self-Test - paragraph 7-18.
3. Service Group Selection - paragraph 7-24.
7-3. SAFETY CONSIDERATIONS

7-4. The 3468A has been designed with international
safety standards. To maintain these standards, the cau-
tions, warnings, and other safety related information in
this manual must be followed when servicing the instru-
ment. Servicing should only be done by qualified service
personnel.

7-5. Calibration, maintenance, or repair of the instru-
ment with covers removed while any power or voltage is
applied, should be avoided as much as possible. If any
work is done while power and/or voltage is applied, the
work should be carried out by a skilled person who is
aware of the hazards involved.

I WARNING I

Any interruptions of the protective ground-
ing conductor (inside or ouiside the instru-
ment) or disconnections of the protective
earth terminal can make the instrument
dangerous. Intentional interruption of the
protective grounding conductor is strictly
prohibited.

7-6. It is possible for capacitors inside the instrument to
remain charged when the instrument has been turned
off or its power source disconnected.

7-7. Make sure that only the recomimended fuse type (fast
blow, correct current rating, etc.) is used for replacement.
The use of repaired fuses and the short-circuiting of fuse
holders must be avoided.

‘ WARNING I

The service information given in this manual
is normaily used with the instrument’s pro-
tective covers removed and with power ap-
plied. Voltage or signals at many points
may, if contacted, result in personal injury.

7-8. RECOMMENDED TEST EQUIPMENT

7-9. The recommended test equipment is listed in Table
4-2 in Section IV of this manual.

7-10. MISCELLANEOUS INFORMATION

T-11. Instrument Disassembly (PC Board Replacement)

7-12. To replace the 3468A’'s main printed circuit
board, the instrument must be completely disassembled.
The procedure to disassemble the instrument is in Sec-
tion V (Replaceable Parts) of this manual, which also
has a procedure to replace the battery option board.

7-13. Fuse Replacement

7-14. The 3468A has two fuses plus an additional fuse
for the battery option. One fuse is the main power fuse,
another fuse is to protect the instrument in the DC and
AC Current Functions, and the battery fuse is to protect
the Battery Charger Circuitry. The main power fuse and
the battery option fuse can only be replaced by remov-
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Service

ing the 3408A°s top cover. Go to Section V of this
manual for the disassembly procedure. The Amps Fuse
15 located inside the 3468A°s A (Amps) terminal (on the
front panel). To replace the fuse, first remove any
cables connected to the A terminal and then turn the in-
strument off. Use the side slots on the A terminal to
rotate the terminal counterclockwise. The terminal and
fuse will then protrude from the front panel. Remove
the terminal and fuse, and replace the fuse with a 3A at
250V fast blow fuse (-hp- Part No. 2110-0003). Return
the terminal and fuse to the front panel.

7-15. TROUBLESHOOTING

The instrument contains CMOS Iniegrated
Circuits which are susceptible to failure due
to static discharge. It is especially important
that grounded tools and wrist straps be used
when handling or troubleshooting these
components,

7-16. Introduction

7-17. The following paragraphs and Service Groups
have troubleshooting information and procedures for
the -hp- Model 3468A Digital Multimeter. Before
troubleshooting and repairing the 3468A, make sure the
failure is in the instrument rather than from any exter-
nal connections. Also make sure the instrument is
calibrated.

7-18. 3468A Seit-Test

7-19. The 3468A Self-Test is designed 1o make sure that
most of the instrument’s internal logic circuitry is opera-
tional. The test is selected when the 3468A is first turned
on or by pressing the blue Shift button and then the
SGL/TRIG (TEST/RESET) button. The following
paragraphs have the Self-Test Failures and some
troubleshooting information.

7-20. Calibration RAM Error (ERROR 1). If this test
fails, an attempt made to calibrate the RAM was unsuc-
cessful. First try to calibrate the 3468A. If the failure is
still noted, go to Service Group D, paragraph 7-D-12 to
check the CMOS RAM.

7-21. RAM Error (ERROR 2). This test shows that the
Main Controller’s (U501) RAM has failed its internal
self test. The failure is normally caused by a defective
U501. To make sure US01 is the cause, go to Service
Group D, paragraph 7-D-12, for further
troubleshooting.

7-22. ROM Error (ERROR 4). This indicates that the

3468A has failed its internal ROM self test. The Control
ROM (U502) is the most likely cause. Go to Service
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Group D, paragraph 7-D-23, tor further
troubleshooting.
7-23. A/D Converter Error {ERROR 8). This shows
that the A/D Converter has failed its internal self test.
Go to Service Group D, paragraph 7-D-32 (A/D Con-
verter Troubleshooting) for troubleshooting.

7-24. Service Group Selection

Table 7-1. 3468A Service Groups

Service
Group Title
A DC Volts and DC Current Troubleshooting
B AC Volts and AC Current Troubleshooting
[ Ohms Troubleshooting
D A/D Converter and Logic Troubleshooting
E Miscellaneous Troubieshooting (Battery, etc.)
F Theory of Operation
G Schematics

7-25. The Service Groups have the Troubleshooting In-
formation, Theory of Operation, and Schematics for
the 3468A. Service Group F has the Theory of Opera-
tion and Service Group G has the Schematics. The rest
of the groups have troubleshooting information.

7-26. The correct Service Group is selected according to
failure. Once the failure has been determined, go to the
recommended group. The following paragraphs lists
possible failures, general troubleshooting information,
and corresponding Service Group(s). The Service
Groups are also listed in Table 7-1.

7-27. DC Volts and DC Current Failure (Service Group
A). Typical DC Volts and DC Current Failures are
Overload, Inaccurate, Constant Zero, Floating, or
Noisy Readings. Troubleshooting information for these
failures is in Service Group A. The following explains
the failures.

a, Overload. An overload is caused when the reading
taken by the instrument appears to be larger than the in-
put actually is. This can be caused by a saturated
DC/Ohms Input Amplifier or by the A/D Converter.

b. Inaccurate Readings. Inaccurate readings are nor-
mally caused when the measurement circuitry is not
linear. This is because the 3468A is calibrated using zero
and full scale inputs. Therefore, the full scale and zero
readings must be good, but any other reading can be in-
accurate,

¢. Constant Zero Reading. A constant zero reading
is normally caused when either the input to the
DC/Ohms Input Amplifier or the input to the A/D
Converter is shorted to ground (common). It can also be
caused if no runup is done by the A/D Converter.
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d. Fioating Reading. A tloating reading is when the
3468A displays a certain reading (with no input applied)
which does not change, after an input is applied to the
multimeter. This can be caused by the A/D Converter
and if there is an open in the Input Circuitry.

e. Noisy Readings. Noisy readings can be caused by
the Input Circuitry and A/D Converter.

7-28. AC Volts and AC Current Failures (Service
Group B). AC Volts and AC Current Failures can be
Overload, Inaccurate, Floating, or Noisy Readings.
Troubleshooting information for these failures is in Ser-
vice Group B. Before going to the service group, check
and make sure the DC Volts and DC Current Function
is operating correctly. The DC Volts and DC Current
failures are explained in paragraph 7-27. The following
explains the AC Volts and AC Current Failures.

a. Overload. An overload is caused when the reading
taken by the instrument appears to be larger than the in-
put actually is. This can be caused by a saturated AC to
DC Converter or the A/D Converter.

b. Inaccurate Readings. Inaccurate readings are nor-
mally caused when the AC to DC Converter has poor
frequency response.

¢. Floating Reading. A floating reading is when the
3468A displays a certain reading (with no input applied)
which does not change, after an input is applied to the
multimeter. This can be caused if there is an open circuit
in the AC to DC Converter or A/D Converter.

d. Noeisy Readings. Noisy readings can be caused by
the amplifiers and the RMS Converter in the AC to DC
Converter.

7-29. Ohms Failures {Service Group C). Typical Ohms
Failures can be Overload, Inaccurate, Floating, or
Noisy Readings. Troubleshooting information for these
failures is in Service Group C. Before going to the ser-
vice group, check and make sure the DC Volts and DC
Current Functions are operating correctly. The DC
Volts and DC Current failures are explained in
paragraph 7-27. The Ohms Failures are explained as
follows:

a. Overload. Anoverload is caused when the reading
taken by the instrument appears to be larger than the in-
put actually is. This can be caused if the ohms current is
too large. Since the DC/Ohms Input Amplifier or the
A/D Converter can also cause an overload, make sure
the DC Volts Function is operating correctly (go to
paragraph 7-27, if the function fails).

b. Inaccurate Readings. Inaccurate ohms readings
can be caused if the ohms current changes value under
different loads. Inaccuracy can also be caused if the
measurement circuitry is not linear. Make sure the DC
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Volts Funclion is operating correctly (go 1o paragraph
7-27, if the function fails).

c. Constant Zero Reading. A constant zero reading
is normally caused when the Ohms Current Source does
not supply any ohms current. The failure can also be
caused when either the input to the DC/Qhms Input
Amplifier or the input to the A/D Converter is shorted
to ground (common). Make sure the DC Volts Function
is operating correctly (go to paragraph 7-27, if the func-
tion fails).

d. Floating Reading. A floating reading is when the
3468 A displays a certain reading (with no input applied)
which does not change, after an input is applied to the
multimeter. This can also be caused by the A/D Con-
verter and the Input Circuitry. Since this is not an ohms
failure, make sure the DC Volts Function is operating
correctly (go to paragraph 7-27, if the function fails).

€. Noisy Readings. Noisy readings can be caused by
a noisy chms current.

7-30. Logic Failures (Service Group D). Logic Failures
consists of Turn-On, Display, Keyboard, Control
ROM, Calibration RAM (CMOS RAM), Processor
RAM, and HP-IL Failures. Go to Service Group D,
paragraph 7-D-12, if any of the failures are detected.
The following explains the failures.

a. Turn-On Failure. A Turn-On Failure is when the
3468A°s Keyboard, Display, and HP-IB is dead (i.e.,
the 3468A is completely inoperative). This is most likely
caused by the Main Controller (U501) and associated
circuitry.

b. Inoperative Display. An Inoperative Display is
when part or all of the 3468A’s display is inoperative.
This can be caused by the display itself or the Main Con-
troller Circuitry.

c. Inoperative Keyboard. An Inoperative Keyboard
is when part or all of the 3468A’s keyboard is in-
operative. This can be caused by the keyboard itself or
the Main Controller Circuitry.

d. Control ROM Failure. A failure caused by the
Control ROM normally shows up as “ERROR 4’ (after
the 3468A’s Self-Test). The ROM (U502) itself can be
the cause in addition to the Main Controller (U501) and
latch U508. A defective ROM can also show up as a
Turn-On Failure.

e. Processor RAM Failure. This failure shows up as
“ERROR 2"’ after the 3468A’s Self-Test routine. It
shows that the Main Controller’s internal RAM has fail-
ed its self-test.

f. Calibration RAM (CMOS RAM) Failure. This
failure can show up as a “ERROR 1’ after the 3468A’s
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Self-Test routine. The RAM (U509) itself can be the
cause or the Main Controller Circuitry.

g. HP-IL (Remote) Failure, This failure is most like-
ly caused by the HP-IL Chip (U503), but can also be
caused by other circuitry in the Chassis Common Logic
Circuitry.

7-31. A/D Converter Failures (Service Group D). The
A/D Converter Failures are normally caused by the
A/D Converter itself or the Main Controller (U501). Go
to Service Group D, paragraph 7-D-33 for
troubleshooting. The following explains the failures.

a. Overioad, Constant Zero, Floating, or Noisy
Readings. Any one of these failures can be caused by
the A/D Converter or the 3468A°’s Input Circuitry (In-
put Switching or DC/Ohms Input Amplifier). Since
both circuitry can cause a failure, a procedure to isolate
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the circuitry 1s in both Service Group D and Group A.
For a definition of the failures, go to paragraph 7-27
(DC Volts Failures).

b. A/D Converter Fails. This failure can be caused
by the A/D Converter or the Main Controller. It shows
up as ““ERROR 8, after a Self-Test routine.

¢. Input Hybrid (U102) Failure. Since the Input
Hybrid receives its set-up information from the Main
Controller, the controller can cause the hybrid to fail.

7-32. Miscellaneocus Troubleshooting (Service Group
E). Service Group E has some information on how to
troubleshoot the 3468A’s power supplies, Reference
Circuitry, and the optional Battery Charger Circuitry.
The Battery Charger Circuitry fails if the 3468A is
unable to operate on its internal battery (i.e., the ac
power source is disconnected).



SERVICE GROUP A
DC VOLTS AND DC CURRENT TROUBLESHOOTING

Service Group A Contents

Title Paragraph
Introduction. . .............. ... ............. 7-A-1
Pre-Troubleshooting Information. . ............ 7-A-3
DC Volts Troubleshooting. .. ................. T-A-5

Overload, Floating, Constant Zero (with input ap-
plied), or Noisy Readings on All Ranges. ... .. T-A-7
Constant Zero Readings (with no input applied) on

All Ranges........... ..., 7-A-9
Overload, Constant Zero, Floating, or Noisy
Readings on Some Ranges. .. ............. 7-A-11
Inaccurdte Readings on All Ranges.......... 7-A-17
Protection Circuitry Troubleshooting. . ........ 7-A-19
Input Circuitry Troubleshooting. ... ........ .. 7-A-21
Overload Readings on All Ranges........... 7-A-23
Constant Zero Readings on All Ranges. .. ... T-A-25
Floating Readings on All Ranges............ 7-A-27
Noisy Readings on All Ranges. ............. 7-A-29
DC Current Troubleshooting. . ............... 7-A-31
7-A-1. INTRODUCTION FPower Checked Yoltage
7-A-2. This Service Group has the DC Volts and DC 25y at Level —
Current troubleshooting information for the 3468A. 4+ SV | Jumper + S + 4.8 Vio + 5.15V

The Service Group is symptoms oriented (i.e., what
fails) with two different levels of troubleshooting. The
first level determines the general area of the 3468A that
causes the failure and the second level has specific
troubleshooting information for the area that fails.
Unless otherwise specified, refer to Schematic 1 when
using the troubleshooting procedures.

The instrument contains CMOS Integrated
Circuits fe.g. Ul02) which are extremely
susceptible to failures due 1o static
discharge. It is especially important that
grounded tools and wrist straps be used
when handling or troubleshooting rhese
components.

7-A-3. PRE-TROUBLESHOOTING INFORMATION

7-A-4. Before doing any troubleshooting procedures,
perform the following:

a. Check the 3468A°s Power Supplies and make sure
they are stable, have the correct value, and are not
oscillating. The power supplies are as follows (see
Schematic 4):

- 14.25V to - 15.75V
+14.55V to +15.45V

— 15V Jumper — 15
+ 15V Jumper + 15

b. Check and make sure the Reference Supplies are at
the correct level and quiet. The + 10V supply can be
checked at U405 pin 6, the -10V supply at U404 pin 6,
and the buffered + 10V supply at IM201 (see Schematic
3).

7-A-5. DC VOLTS TROUBLESHOOTING

7-A-6. Typical DC Volts Failures are Overload. lnac-
curate, Constant Zero, Floating, or Noisy Readings on
all or some ranges. The following paragraphs have the
failures and the troubleshooting procedures (see
paragraph 7-27 for a description of these failures).

71-A-1. Overload, Floating, Constant Zero {with input ap-
plied), or Noisy Readings an All Ranges

7-A-8. If a failure is noted on all ranges, the failure can
be caused by the Input Circuitry (Input Switching or
DC/Ohms Input Amplifier) or by the A/D Converter.
To determine the inoperative circuitry, do the procedure
which follows this paragraph (the same procedure is
also in Service Group D). If the procedure has been per-
formed already, ignore the procedure and go to

T-A-1
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paragraph 7-1-21 for troubleshooting. If it has not been
performed, do the following:

a. Set the 3468A to the DC Volis Function and the
3V Range.

b. Turn Autozero off by pressing the blue Shift but-
ton and then the INT/TRIG (AUTQOZERQ) button.

¢. Apply a stable +3V dc to the INPUT Terminals.

d. With a Digital Voltmeter (like the 3456A) measure
for + 10V at JM101.

e. Make sure the reading on the test voltmeter is a
stable + 10V. If the reading on the test voltmeter is a
stable + 10V, the A/D Converter is at fault. Go to Ser-
vice Group D for troubleshooting.

f. If the reading on the test voltmeter is wrong
{overload, constant zero, floating, or noisy), unsolder
and lift the end of jumper JM101 which is connected to
the A/D Converter (toward the front of the 3468A).

g. If the reading on the test voltmeter is now good,
the A/D Converter is at fault. Go to Service Group D
for troubleshooting.

h. If the reading is still wrong, the Input Circuitry
{Input Switching and DC/Ohms Input Amplifier) is at
fault. Go to paragraph 7-A-21 for troubleshooting.

i. Replace jumper JM101.

7-A-9. Constant Zero Readings (with no input appliedj on
All Ranges

7-A-10. Since the 3468A’s 30V and 300V Ranges will
normally have a constant zero reading with no input ap-
plied, the other ranges will also be at zero if relay K102
is shorted. Make sure the relay is good and is not being
turned on by U102 (zero volts across the coil of K102).
If the relay is turned on in the .3V and 3V Ranges, U102
may be defective.

7-A-11. Overload, Constant Zerc, Floating, er Noisy
Readings on Some Ranges

7-A-12. The Input Hybrid (U102) in conjunction with
the Input Relays (K101 through K104) is used to select
different paths to connect the input signals with the
DC/Chms Input Amplifier. The hybrid is also used to
select the amplifier’s different gain configurations.
Because of this, a relay or U102 can make certain ranges
fail.

7-A-13. Overload. An overload condition exists if the
DC/Ohms Input Amplifier’s feedback circuitry is open.
Since the feedback circuitry is in U102, the hybrid is
most likely defective,
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7-A-14. Constant Zero Reading. The most likely cause
is the Input Hybrid (U102).

7-A-15. Floating Readings. A floating reading is nor-
mally caused when an input path to the DC/Ohms Input
Amplifier is open. Check for the following:

a. If the .3V and 3V Ranges are defective, do the
following:

1. Short across the contacts of relay K101,

2. If the ranges are now good, make sure K101
is energized (5V dc across the coil). If K101 is
energized, replace the relay. If not, U102 may be
defective.

3. I, after replacing K101, the ranges still fail,
U102 may be defective.

b, If the 30V and 300V Ranges are defective, do the
following:

1. Short across the contacts of relay K102,

2. If the ranges are now good, make sure K102
is energized (5V dc across the coil). If K102 is
energized, replace the relay. If not, U102 may be
defective.

3. If, after replacing K102, the ranges still fail,
U102 may be defective.

7-A-16. Noise. Noise can be caused by a FET switch in-
ternal to the Input Hybrid (U102) and UI01. Replace
U101 and then U102 if noise is noted on some ranges.

7-A-17. Inaccurate Readings on All Ranges

7-A-18. Inaccurate readings normally show up as other
than positive full scale readings. This is because the
3468A 1s calibrated using zero and positive full scale (or
1/3 scale) inputs. Inaccurate readings can be caused by
the Input Circuitry (Input Hybrid or DC/Ohms Input
Amplifier). Try replacing U101 and then U102,

7-A-18. PROTECTION CIRCUITRY
TROUBLESHOOTING

7-A-20. This circuitry consists of EI01 and various
diodes in U102, If all ranges fail, try replacing E101. If
the ranges still fail or some ranges fail, the most likely
cause is U102.

7-A-21. INPUT CIRCUITRY TROUBLESHOOTING

7-A-22. The Input Circuitry consists of the Input
Switching Circuitry and the DC/Ohms Input Amplifier.
Before troubleshooting the circuitry, make sure the



J468A

failure is not caused by the A/ Converter. Go
paragraph 7-A-5 to determine the faulty circuitry, if it
has not been done already.

1-A-23. Overload Readings on All Ranges

7-A-24. An overload can be caused when the output of
the DC/Ohms Input Amplifier is too high. This can be
caused by an excessive input to the amplifier, open feed-
back, or a defective amplifier. Do the following:

a. Set the 3468A to the DC Volts Function and the
3V Range.

b. Make sure Autozero is turned off (see paragraph
7-A-8 step b).

¢. Short the 3468A°s INPUT Terminals.

d. With a high impedance Digital Voltmeter (like the
3456A) measure for zero volts (+ ImV) at U101 pin 3
(U102 pin 10).

e. If the reading on the test voltmeter is other than
zero volts (1.e., above 1 mV), the Input Hybrid is defec-
tive. Replace U102,

f. If the reading is good, connect pin 6 and pin 2
(U102 pin 3 and 9) of U101 to each other. Using the test
voltmeter, measure for zero volts (+3mV) at pin 6 of
U101.

g. If the reading is good (less than +3mV), the
amplifier feedback circuitry is defective. Replace U102,

h. If the reading is wrong (greater than 3mYV), the
ampilifier is defective. Replace U101.

7-A-25. Constant Zero Readings on All Ranges

7-A-26. A constant zero reading is normally caused
when the input or output of the DC/Ohms Input
Amplifier is shorted to ground. Make sure pin I and pin
13 of U102 and pin 6 of U101 are not shorting to
ground. If no shorts are noted, do the following:

a. Set the 3468A to the DC Volts Function and the
3V Range.

b. Make sure Autozero is turned off (see paragraph
7-A-8 step b).

¢. Using an external power supply with a 100K ohm
resistor in series, apply + 3V to pin 3 of U101. {(Connect
one end of the resistor to pin 3 of U101 and the other
end to the power supply.)

d. Using a high impedance Digital Voltmeter (like the
31456A), make sure the voltage at the resistor end con-
nected to pin 3 of Ul0L is +3V.
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¢. I the voltage is loaded down, the Input Hybrid is
defective. Replace U102,

f. If the voltage is +3V, measure {using the test
voltmeter) for approximately + 10V at U101 pin 6.

g. 1f the voltage is incorrect, the Input Amplifier is at
fault. Replace U101.

h. If the voltage is good, the Input Hybrid (U102)
may be defective.

1-A-27. Floating Reading on All Ranges

7-A-28. A floating reading is normally caused when an
open exists between the DC/Ohms Input Amplifier and
the instrument’s INPUT Terminals. Before
troubleshooting the instrument, make sure the wires
from the INPUT Terminals to the mother board are
good. If they are good, do the following:

a. Set the 3468A to the DC Volts Function and the
3V Range.

b. Make sure Autozero is turned off (see paragraph
7-A-8 step b).

¢. Using an external power supply, apply + 3V to the
3468A’s INPUT Terminals.

d. Connect the 3468A’s HI INPUT Terminal to U101
pin 3 (U102 pin 10).

e. If the displayed reading on the 3468A is still a
floating reading, replace U101,

f. If the displayed reading on the 3468A is + 3V, the
Input Hybrid (U102) may be at fault.

1-A-29. Noisy Readings on All Ranges

7-A-30. Noisy readings can be caused by the lnput
Hybrid or the DC/Ohms Input Amplifer. Do the
following:

a. Set the 3468A to the DC Volts Function and the
3V Range.

b. Make sure Autozero is turned off (see paragraph
7-A-8 step b).

¢. If the reading on the 3468A is quiet with Autozero
off, the Input Hybrid is defective. Replace U102, If the
reading is still noisy, continue with the next step.

d. Connect pin 6 and pin 2 (U102 pin 3 and 9) of
U101 to each other.

e. Apply a stable + 3V to the 3468A’s INPUT Ter-
minals.
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f. Using a high impedance Digital VYoltmeter (like the
3456A) measure for a stable +3V at U101 pin 3.

g. If the voltage is noisy, replace the Input Hybrid
(U102).

h. If the voltage is stable, measure for a stable +3V
at pin 6 of UI0L.

i. If the voltage is noisy, replace U101, If the voltage
is stable, replace U102 (Input Hybrid).

7-A-4
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7-A-31. DC CURRENT TROUBLESHOOTING

7-A-32. Make sure the DC Volts Function is operating
correctly on all ranges, before troubleshooting for dc
current failures. Go to paragraph 7-A-5 to troubleshoot
for DC Volts Failures. If the DC Volts Function is
good, the only components that can cause a current
failure are an open current fuse (F101), a defective
resistor R107, or the Input Hybrid U102. Make sure
F101 and R107 are good. If the resistor and fuse are
good, U102 may be defective.



SERVICE GROUP B
AC VOLTS AND AC CURRENT TROUBLESHOOTING

Service Group B Contents

Title Paragraph
Introduction. ... .......... .. ... ... .. .. .... 7-B-1
AC Volts Troubleshooting. . .................. 7-B-3
Overload, Floating, or Noisy Readings on
AlTRaANges. .. ...oovii i 7-B-5
Inaccurate Readings on All Ranges........... 7-B-8
Overload, Inaccurate, Floating or Noisy Readings
onSome Ranges. ........................ 7-B-10
AC Current Troubleshooting. .. .............. 7-B-12

Overload Protection Circuitry Troubleshooting.7-B-14

7-8-1. INTRODUCTION

7-B-2. This Service Group has the AC Volis and AC
Current troubleshooting information for the 3468A and
is symptoms oriented (i.e., what fails). Before
troubleshooting for AC Volts or AC Current Failures,
make sure the 3468A’s DC Volts and DC Current Func-
tions are operating correctly (go to Service Group A, if
the functions fail). These functions must be good,
before the AC Volis and AC Current Functions can

operate,

The instrument contains CMOS Integrated
Circuits (e.g. Ul02) which are extremely
susceptible to failures due to static
discharge. It is especially important that
grounded tools and wrist straps be used
when handling or 1roubleshooting these
components.

7-B-3. AC VOLTS TROUBLESHOOTING

7-B-4. An AC Volts Failure can be Overload, Inaccuraie,
Floating, or Noisy Readings on all or some ranges. The
following paragraphs have the failures and
troubleshooting procedures (go to paragraph 7-28 for a
description of these failures). Unless otherwise specified,
refer to Schematic 2 for the following troubleshooting
procedures.

1-B-5. Overload, Floating, or Noisy Readings on All
Ranges

7-B-6. An overload reading can be caused if one of the
amplifiers or the RMS Converter in the AC to DC Con-
verter is saturated. A floating reading can be caused if
there is an open circuit in the AC to DC Converter.
Noisy readings can be caused by any of the amplifiers in
the converter, or by faulty bypass capacitors.

7-B-7. Before troubleshooting the AC to DC Con-
verter, make sure relay K104 (see Schematic 1) is good
and is energized (5V dc across the coil). If the relay is
not energized, U102 may be defective. If K104 is good,
do the following procedure.

a. Set the 3468A to the AC Volts Function and the
3V Range.

b. Apply a stable 3V at 1KHz sine wave to the
3468A°s INPUT Terminals.

¢. Using a stable Digital Voitmeter (like the 34564},
measure for approximately + 3V dc at jumper JM302,

d. If the reading is a stable + 3V dc, do the follow-
mng:

I. Apply 1V at 1IKHz to the INPUT Terminals.

2. If the test voltmeter now reads a stable + 1V
dc at IM302, the AC to DC Converter is good.
Make sure the DC Volts Function is operating cor-
rectly.

3. If the DC Volts Function is good, replace the
A/D Hybrid (U403).

e. If the reading is other than approximately + 3V or
noisy, measure for approximately .12V ac at jumper
JM303. Make sure the reading on the test voltmeter is
stable.

f. If the reading is good, do the following:

1. Measure for a stable 3V ac at pin 4 of U303.
2. If the reading is good, replace U303.

3. If the reading is wrong, lift the end of
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capacitor C304 which is connected to pin 4 of
1J303. Then measure for a stable 3V ac at the lifted
end of the capacitor.

4. If the voltage is good, replace U303.

5. 1f the voltage is still wrong, make sure the
voltage at pin 6 of U302 is a good stable 3V ac.

6. 1f the voltage is good, capacitor C304 or
306 is defective.

7. If the voltage is unstable or wrong, connect
pin 6 to pin 2 of U302 (use a very short lead to
connect the pins, to prevent oscillations). If the
reading at pin 6 is now a stable .12V, the feedback
resistors of U302 are defective. If the .12V is
wrong, replace U302.

g. If the reading at JM303 is other than .12V ac or
unstable, replace U301, If the AC Volts Function is still
inoperative, U102 may be defective.

71-B-8. Inaccurate Readings on All Ranges
7-B-9. Since the 3468A°'s AC to DC Converter is

calibrated with an input voltage at a frequency of 1KHz,
inaccuracy can result from poor frequency response.
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Since the high frequency is compensated by C302 or
C305,make sure the capacitors are good. If the
capacitors are good, try replacing U301 and if still inac-
curate, try U102.

71-B-10. Overload, Inaccurate, Floating, or Noisy Readings
on Some Ranges

7-B-11. Since all ranging of the AC 1o DC Converter is
done in the Input Hybrid U102, the hybrid is the most
likely cause for ac failures on some ranges.

7-B-12. AC CURRENT TROUBLESHOOTING

7-B-13. Make sure the DC Current and AC Volts Func-
tions are operating correctly on all ranges, before
troubleshooting for ac current failures. Go to paragraph
7-B-3 to troubleshoot the AC Volts Failures and Service
Group A for the DC Current Failures. If the functions
are good, the only component that can cause a failure is
the Input Hybrid U102.

7-B-14. OVERLOAD PROTECTION CIRCUITRY
TROUBLESHOOTING

7-B-15. All of the ac functions overload protection cir-
cuitry is in U102. Replace the hybrid, if defective.
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SERVICE GROUP C
OHMS TROUBLESHOOTING

Service Group C Contents

Title Paragraph
Introduction. ........... ... ... ..... e TG
2-Wire and 4-Wire Ohms Troubleshooting. . ... .. 7-C-4
Overload Readings on All Ranges. ........... 7-C-6
Inaccurate Readings on All or Some Ranges...7-C-8
Constant Zero Reading on All Ranges.......7-C-10
Noise on All Ranges...................... 7-C-12

Floating Readings on All or Some Ranges. ...7-C-14

Overload, Noise, or Constant Zero

Readings on Some Ranges................ 7-C-16
Ohms Protection Circuitry Troubleshooting. .. .7-C-18

Ohms Current Source Troubleshooting. .......
4-Wire Ohms Troubleshooting

7-C-1. INTRODUCTION

7-C-2. This Service Group has the OQOhms
troubleshooting information for the 3468A and is symp-
toms oriented (i.e., what fails). Unless otherwise
specified, refer to Schematic ! when using the
troubleshooting procedures.

7-C-3. Most ohms failures will show up in both the
2-Wire and 4-Wire Ohms Function with the
troubleshooting procedure given in paragraph 7-C-4. If
a failure shows up in only the 4-Wire Ohms Function,
go to paragraph 7-C-22 for troubleshooting.

The instrument contains CMOS [niegrated
Circuits fe.g. Ul02) which are extremely
susceptible to failures due ifo static
discharge. It is especially important that
grounded tools and wrist straps be used
when handling or troubleshooting these
components.

7-C-4. 2-WIRE AND 4-WiRE OHMS TROUBLESHOOTING

7-C-5. An Ohms Failure can be Overload, Inaccurate,
Constant Zero, Floating, or Noisy Readings on some or
all ranges. A failure should show up with an appropriate
input applied to the 3468A. For example, an overload
failure on the 3K ohm Range should show up with a 3K
ohm resistor applied to the input. The following
paragraphs have the ohms failures and the
troubleshooting procedures (go to paragraph 7-29 for a
description of the failures).

7-C-6. Overload Readings on All Ranges

7-C-7. An Overload is normally caused by a high ohms
current (or an open between the INPUT Terminals and
the Input Circuitry). Make sure the DC Volts Function
is operating correctly before troubleshooting for an
ohms failure. Do the following procedure.

a. Set the 3468A to the 2-Wire Ohms Function and
the 3K ohm Range.

b. Connect a 3K ohm Resistor to the 3468A°s INPUT
Terminals.

¢. Using a high impedance Digital Voltmeter (like the
3456A), measure the voltage between pin 17 and pin 19
of U102, Connect the low input of the voltmeter to pin
17 and the high input to pin 19.

d. If the reading on the test voltmeter is + 4V dc¢ and
the 3468A displays an overload, the Range Resistors in
U102 may be too low. Replace U102.

e. If the reading is other than +4V dc, the Ohms
Current Source is defective. Go to paragraph 7-C-20 for
troubleshooting.

7-C-8. Inaccurate Readings on All or Some Ranges

7-C-9. This failure is normally caused when the ohms
current changes value due to a load change. Do the
following procedure.

a. Set the 3468A to the 2-Wire Ohms Function and
the 3K ohm Range.

b. Connect a 3K ohm Resistor to the 3468A’s INPUT
Terminals.

7-C-1
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¢. Using a high impedance Digital Volimeter {like the
3456A), measure the voltage across R204. Since the
ohms current on the 3K ohm Range is ImA, the voltage
should be approximately .47V dc.

d. If the voltage is radically wrong, the ohms current
is incorrect. Use the overload troubleshooting pro-
cedure (in paragraph 7-C-6) to determine the faulty cir-
cuitry.

e. If the voltage is good, remove the 3K ohm Resistor
from the INPUT Terminals. Then short the INPUT
Terminals.

f. If the voltage across R204 changes, the Output
PMOS FET in U102 or the Ohms Protection Circuitry
may be defective. Make sure Q201 through Q205 are
good. If they are, replace U102,

1-G-10. Constant Zero Reading on All Ranges

7-C-11. A Constant Zero Reading is normally caused
when the ohms Current Source supplies no ohms cur-
rent (current at zero value). Since no current goes
through the resistor to be measured, no voltage drop
across the resistor is developed and the 3468 A measures
zero volts (zero reading). A no-current condition can be
caused by an open circuit between the Ohms Current
Source and The INPUT Terminals, or by a defective
Current Source. Do the following procedure.

a. Set the 3468A to the 2-Wire Ohms Function and
the 3K ohm Range.

b. Connect a 3K ohm Resistor to the 3468A°s INPUT
Terminals.

¢. Using a clip lead, connect pin 15 of U102 1o the
3468A°s HI INPUT Terminal.

d. If the 3468A still shows a constant zero reading,
the Ohms Current Source is inoperative. Go to
paragraph 7-C-20 for troubleshooting.

e. If the Ohms Function is now operating correctly,
do the following:

1. Disconnect the clip from the HI INPUT Ter-
minal and connect it to the collector of Q204
(junction of Q204, R203, and anode of CR201).
Leave the other end of the clip lead connected to
pin 15 of U102 for the checks that follow,

2. If the Ohms Function is now inoperative,
check for an open Q201 through Q204.

3. If the Ohms Function is still operating,

disconnect the clip lead from Q204 and connect it
to the cathode of CR201.
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4. If the function is now inoperative, check for
an open CR201,

5. If the function is still operating, check for an
open K103, R204, or L201. Make sure K103 is
energized (+5V across the relay coil), before
replacing the relay. If the relay is not energized,
U102 may be defective.

7-C-12. Noise on All Ranges

7-C-13. Noise on all ranges is normally caused by a
noisy ohms current. Do the following procedure.

a. Set the 3468A to the 2-Wire Ohms Function and
the 3K ohm Range.

b. Connect a 3K ohm Resistor to the 3468A°s INPUT
Terminals.

¢. Using a clip lead, connect pin 15 of U102 to the
3468A°s HI INPUT Terminal.

d. If the Ohms Function is quiet, noise is
caused by the Ohms Protection Circuitry. Check Q201
through Q204.

e. If the Ohms Function is still noisy, check the
following:

1. Using a high impedance Digital Voltmeter
(like the 3456A), make sure the voltage at U201
pin 6 is a quiet + 12V (< 10uV change). Replace
U201, if noisy. If the voltage is still noisy, try
U102,

2. If the voltage at U201 pin 6 Is good, measure
for a quiet + 12V at U202 pin 6 (< 10uV change).
Replace U202, if noisy. If the voltage is still noisy,
replace U102,

3. If the voltage at U202 pin 6 is good, replace
UJ203. If the ohms function is still noisy, replace
U102,

7-C-14. Floating Reading on All or Some Ranges

7-C-15. A Floating Reading is normally caused by an
open circuit between the INPUT Terminals and the
DC/0Ohms Input Amplifier. Make sure the DC Volts
Function is operating correctly, before suspecting an
ohms failure. If the failure shows up in the Ohms Func-
tion only, U102 may be defective.

7-C-16. Overload, Noise, or Constant Zere Readings on
Some Ranges

7-C-17. Failures on some ranges can only be caused by
the Input Hybrid U102. This is because the hybrid is
used to configure the current source for the different
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ranges. I at least one range is good, the Ohms Current
Source Is operating.

1-C-18. OHMS PROTECTION CIRCUITRY
TROUBLESHOOTING

7-C-19. The Ohms Protection Circuitry 1s used 1o pro-
tect the Ohms Current Source from excessive positive or
negative input voltages. To make sure the circuitry is
operational, check the following:

a. To check the circuitry operation for positive input
voltages, do the following:

1. Set the 3468A to the 2-Wire Ohms Function
and the 3K ohm Range.

2. Connect a 1K ohm resistor from pin 15 of
U102 to ground (positive side of capacitor C313).

3. Connect a high impedance Digital Voltmeter
{itke the 3456A) across the 1K ohm resistor.

4. Acquire a variable 0-10V power supply. Set
the supply for a OV output and connect it to the
3468A°s INPUT Terminals.

5. Measure for approximately 1V dc across the
1K ohm resistor. If the voltage is wrong, the Cur-
rent Source may be defective (go to paragraph
7-C-20 for troubleshooting).

6. Adjust the power supply until it outputs
+ 10V. If the voltage across the 1K ohm resistor
remains at approximately + 1V, the Ohms Protec-
tion Circuitry does protect from positive input
voltages.

7. If the voltage does not remain at +1V,
replace CR201.

b. To check the circuitry operation for negative input
voltages, do the following:

1. Leave the same set up as in step a, except
bring the variable power supply down to 0V. The
voltage across the 1K ohm resistor should again be
+1V.

2. Reverse the power supply output leads and
apply -10V dc to the 3468A°s INPUT Terminals.

3. The voltage across the 1K ohm resistor
should go down to approximately zero volis or
some positive voltage.

4, 1If the voltage is good, the Ohms Protection
Circuitry is operating correctly.

5. If the voltage changes polarity (negative
voltage), the Ohms Protection Circuitry is in-
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operative. Measure for approximately - 6V at the
source and drain of Q205. If the voltage is high or
zero, replace Q205 If the voltage is good, check
for a defective Q201 through Q204.

7-C-20. OHMS CURRENT SOURCE TROUBLESHOOTING

7-C-21. The Ohms Current Source consists of a Voltage
Reference, Buffer and Range Resistors, and a Gate Bias
Amplifier. Before troubleshooting the current source,
make sure the + 10V reference is good at IM201. To
troubleshoot the Ohms Current Source, do the follow-
ing procedure.

a. Set the 3468A to the 2-Wire Ohms Function and
the 3K ohm Range.

b. Using a high impedance Digital Voltmeter (like the
3456A), measure the voltage at pin 2 and pin 3 of U203
(U102 pins 17 and 18, respectively). Make sure the
voltage on both pins is approximately + 8V,

¢. If the voltages are not approximately the same,
replace U203,

d. If the voltages on both pins are wrong (other than
+ 8Y), but are approximately the same, do the follow-
mng:

I. Measure for approximately + 12V at pin 6 of
U201.

2. If the voltage at pin 6 of U201 15 + 12V,
replace U102,

3. If the voltage at pin 6 of U201 is other than
+ 12V, measure for approximately + 8V at pin 3
of U201.

4. If the voltage at pin 3 of U201 is wrong,
replace U102.

5. If the voltage is good, connect pin 6 to pin 3
of U201 (U102 pin 6 to pin 7).

6. Measure for approximately + 8V at pin 6 of
U201.

7. If the voltage at pin & of U201 is +8V,
replace U102,

8. If the voltage is other than + 8V, replace
U201,

e. If the voltages on both pins of U203 are approx-
imately + 8V, do the following:

1. Measure for approximately + 12V at pin 6 of
u202.
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2. If the voltage is wrong, connect pin 6 {o pin 3
of U202.

3. If the voltage is now good, replace U102.
4. If the voltage is still wrong, replace U202,

t If the Ohms Current Source is still inoperative,
replace U203 and then U102,
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7-C-22. 4-WIRE OHMS TROUBLESHOOTING

7-C-23. The only difference between the two ohms
functions is that the 4-Wire Ohms Function uses the
Ohms SENSE Terminals and a different input path in
U102. Make sure the wires from the terminals are con-
nected correctly. Also, make sure the lead resistance of
the test used in the 4-Wire Ohms Function is not ex-
cessive (< 1/30 of full scale reading in the LO INPUT
lead and < 1/3 of full scale in the HI INPUT lead). If
everything appears to be good, U102 may be defective.
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A/D CONVERTER AND LOGIC TROUBLESHOOTING
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Title Paragraph
Introduction . . . ... .. ... ... . 7-D-1
Theory of Operation (Cross Referencej......... 7-D-3
Pre-Troubleshooting Checks. . ................ 7-D-8
Rear Panel Switch. .. ... .. ... ... .. .. ... 7-D-10
Logic Failures and Troubleshooting. .. ........ 7-D-13
Self-Test. ... oo 7-D-14
Turn-On Failures. . ....................... 7-D-21
Free Running SA
(Processor Kernal Test) - SAQ. . .......... .. 7-D-24
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Check the Reference Voltages, ............. 7-D-35
Integrator Test.. .. ... ... ... . .......... 7-D-38
A/D Converter Circuitry Test - SAZ. . ..., ... 7-D-40

7-D-1. INTRODUCTEON

7-D-2. This Service Group has Logic Circuitry and
A/D Converter troubleshooting information for the
3468A. Choose the correct troubleshooting information
by referring to the 3468A°s failures and failure symp-
toms, given in this service group.

7-D-3. Most of the procedures in this Service Group re-
quire a Signature Analyzer (HP 35004A) for
troubleshooting. In addition, two 5°’ Pomona clips will
be useful (HP part-number 8120-1926).

71-D-4. THEORY OF OPERATION (CROSS REFERENCE)
7-D-5. Logic - Paragraph 7-F-50.

7-D-6. A/D Converter - Paragraph 7-F-31.

7-D-7. HP-IL - Paragraph 7-F-62.

7-D-8. PRE-TROUBLESHOOTING CHECKS

7-13-9. Before troubleshooting the 3468A for a Logic or
A/D failure, check the following:

a. Check the 5V supply and make sure it is good. The
supply should be between +4.9V and +35.1V. If the
supply is inoperative, go to Service Group E for
troubleshooting.

b. Make sure the RESET line of the Main Controlier
{U301pin 4) is high. If the line is low, try replacing U550
and then U304,

¢. Make sure ALE at JMS301 is good as shown in
Figure 7-D-1. If the signal is missing or incorrect, make
sure the microprocessor’s clock, USOI(pins 2 and 3) is
6MHz. If the clock signal is missing or wrong, try
replacing the crystal Y301, If the signal is still wrong,
replace US01.

1uS Pos. Trig.

Figure 7-D-1. ALE at JM505
7-D-10. REAR PANEL SWITCH

7-D-11. Before troubleshooting, be sure that 5501, the
8 pin dip switch located near the rear panel, has a nor-
mal operating configuration. See Table 7-D-1.

7-D-12. On the rear panel of the 3468 A there is easy ac-
cess to four of the cight pins of S501. Access to the other
four pins may be gained by taking the top cover off the
instrument, and gently lifting the black HP-IL input
jack.

7-D-1



Service

_ Table 7-D-1. 5501 Configurations

Switch Switch State

Number Open or up (0] Closed or down (1)
1 Talk Only Mode | Normal
2 Not Used Not Used
3 Power On SRQ Normal
4 Mot Used Mot Used
& 50Hz 60Hz
6 Normal SAT*
7 Normal SAZ*
8 MNormal Enable Calibrauon

*SA 1 and SA 2 switches must not be closed at the same time.
SA 2 causes the display to go blank.

7-D-13. LOGIC FAILURES AND TROUBLESHOOTING

The 34684 contains CMOS devices which
are extremely sensitive to stalic electricity
damage. It is especially important that
grounded tools and wrist straps be used
when handling or repairing the 34684, All
standard service procedures for preventing
static electricity component damage should
be followed when  handling or
iroubleshooting these components.

7-D-14. Self-Test

7-D-15. Turn off the instrument, then turn it on again.
When the 3468A is powered on, it executes a self-test.
First, it displays all segments of its display except the
upper dot of the colons. It then checks its ROM, RAM,
calibration RAM, and A/D converter. If the 3468A
passes these tests, the display will read ““SELF-TEST
OK” for one second.

7-D-16. If Self-Test is good and you still suspect a
digital failure, go to paragraph 7-D-26, General
Signature Analvsis (SAT1).

7-D-17. If there is no meaningful information or the
display is blank, go to paragraph 7-D-21, Turn-on
Failure.

7-D-18. If one or more failures are detected, ““ERROR
dd”’ will appear in the display for about one second.
The decimal number, dd, is the arithmetic summation
of the individual error message numbers. The error
message numbers are:

Calibration RAM error
RAM error

ROM error

A/D converter error

[+ =T N S I

Ii for example, the unit had a detecuve ROM and was
not calibrated, the display would read ERROR 5, which
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is error | {calibration RAM error) + error 4 (ROM er-
ror). Notice that any combination of errors will give a
unique number.

7-D-19. The one second message can be extended by
holding down any key. The message will be held in the
display as long as the key is held down. After seif-test
the 3468A enters its reset state which is DC Volts.
Autorange, Autozero on, Internal Trigger, and 5 1/2
Digit Display mode.

7-D-20. The following sieps give a description of what
each test does and what to do if it fails. When there s
more than one error, solve a calibration error LAST.

a. Calibration RAM Error (1). This test performs a
checksum on the Calibration RAM, so if the test passes,
all calibration constants are stored in RAM and the
RAM is probably good. It does not however guarantee
that the calibration constants will make the 3468A meet
its accuracy specifications. If the test fails, try to do a
complete calibration, (see Section IV).

1. If during calibration the error message
“CAL RAM BAD’ is displayed, replace the
Calibration RAM (U509).

2. If calibration cannot be enabled (i.e., no
““C* appears in the eight character location of the
display), first be sure the Calibration Enable
switch is in the CAL ENABLE position (switch is
down), If the switch is down, make sure the switch
is good, then check for a defective U350, U509,
and associated circuitry.

3. If the 3468A can be calibrated, set the CAL
ENABLE switch up. Then turn the instrument off
and on. If the Self-Test still fails, turn the 3468A
off and measure battery BT351 and the cathode of
CR3551. The battery should read approximately 3V
d¢ and the cathode of CR551 should be approx-
imately +2.7V. If BT550 is good but CRS551 is
not, check C550, CR550, U509, and US50. If the
battery voltage is low, something may be loading
down the battery. Disconnect the plus side of the
battery. If the battery voltage is still low, replace
the battery. If it is good, check C550, U550, and
CRS550. If they are all good, replace US09.

b. Microprocessor RAM Error (2). This test per-
forms a checksum on the internal RAM of the
microprocessor (U501). If this test passes, the
microprocessor is probably geood. If this test fails,
replace US01. If still inoperative, go to paragraph
7-D-24, SAO0, for troubleshooting.

¢. ROM Error (4). This test performs a checksum on
the ROM (U502} so if the test passes, the ROM is pro-
bably good. If the test fails, replace the ROM, U502. If
this doesn’t work go to paragraph 7-D-24, SAOQ, for
troubleshooting.
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d. AsD Converter Error (8. This test performs a
test on the slopes used in Run-up and Run-down. This
test {(along with another test that occurs every time an
A/D conversion is made) assures you that the A/D is
working properly. If this test fails, go to paragraph
7-D-33, A/D troubleshooting.

7-0-21. Turn-On Failures

7-D-22. A turn-on failure is when, after power-on, the
3468A has a blank display, partial display, or does not
give any self-test information.

7-D-23. First be sure the power supplies and clock are
good. Since the display is the most likely cause of a turn-
on failure, check the signatures of the lines going into
the display. Do the following:

a. Turn the 3468A off.

b. Very carefully disconnect the display cable at the

display.

The display assembly, U540 is a CMOS
device which is extremely susceptible to
static electricity damage. Please use a
grounded wrist strap when disconnecting the
display cable, W501

¢. On S501, put all switches down (closed) except
switch 7 and 8, which should be up (open). For 50Hz
operation put switch 3 up also.

d. Connect the control leads of the Signature
Analyzer as indicated:

Clock - JMS505 - Rising Edge

Start - JM503 - Falling Edge

Stop - JMS503 - Rising Edge
€. Turn the 3468A on.

f. Check that the +3V signature is FSFH and the
ground signature is 0000 before proceeding. If not,
recheck connections. If the signatures are still wrong go
to paragraph 7-D-24, SAQ, for troubleshooting.

g. Read the signatures on the pins of the display
cable, W501 (W501 may be shown as P50l on the
silkscreen of the Al board).

Pin Signature
W501(4) 0000
WS501(8) FSFH
W501(9) 1CC4
WS501(10) 2367
W501(11) 2UAS
W301(12) F119
W501(14) 9FU6
W501(13) P5CO
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h, If any signatures are wrong ol unsiable go to
paragraph 7-D-24, SA0, for troubleshooting.

i. If the signatures are good, check the following
voltages on W3501 with a Digital Voltmeter.

Pin # Voltage

W501(1) 3.3V
W301(2) 2.2V
Ws01(3) 1.1V

1. It the voltages are good, carefully reconnect the
display cable and check for 6.6KHz on C501. If good,
replace the display. If the display still fails, check the
continuity of the display cable.

Use grounded tools and wrist straps when
handling the CMOS display. It is extremely
susceptible to static electricity damage.

k. If the voltages are on the display are wrong, does
W501(pin 3) have 1/3 the voltage of W30I(pin 1)7 If so,
R561 is probably good. The failure is caused by either
the power supply or U550. If the voltage of W501(pin 3)
is not 1/3 of W501(pin 1), check R561 and U550.

7-D-24. Free Running SA (Processor Kernal Test) - SAD

7-D-25. To establish that basic processor operation is
correct, the processor must be isclated from the data
bus and the rest of the digital devices, and then exam-
ined by itself. Free Running SA (SA0) accomplishes
this. For this test you will need a Signature Analyzer and
two 5’ Pomona clips or their equivalent. Do the follow-

ing:
a. Turn the 3468A off.

b. Put the switches of $301 in a contiguration fo
normal operation. Refer 1o table 7-D-1.

¢. Use one 5’ Pomona clip to connect + 3V to R367
(the side of R567 connected to U502, pin 20). Most in-
struments will have “*SA’’ silkscreened on the proper
side of R567.

d. Use another 5°° Pomona clip to connect + 35V o
R 3502 (the side of R502 connected to U504, pin 2). Most
instruments will have ““SA’" silkscreened on the proper
side of R502.

e. Using the Signature Analyzer, connect the control
leads as indicated.

Clock JMS505
Start U501(23) - Rising Edge

- Falling Edge

Stop  US01(23) - Falling Edge
7-13-3
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b, Turn the 3468 on.

g. Check that the + 3V signature is 8P54 and the
ground signature is 0000. If the signatures are wrong
recheck your connections first, then check the clock and
power supply (see paragraph 7-D-8). If clock and supply
are good, replace U501,

h. If the signatures are good, check the signatures on
the pins of U501 and U508, as shown in Table 7-D-2.

Table 7-D-2. Free Running SA - SAQ

0000 | 1 40 | 8P54
8P54 | 2 39 | 0000
0000 | 3 38 | 8P54
8P54 | 4 37 | 8Pb4
8P54 | 5 36 | 8P54
8P54 | 8 UbH0D1 35 | BP54
8Pb54 | 7 34 | 8P54
8P54 | 8 33 | 8P54
8P54 | 9 32 | 8P54
8P54 | 10 31 | 8P54
8P54 | 11 30 | 8P54
TA33| 12 29 | 8P54
29PP | 13 28 | 8P54
0863 14 27 | 8Pb4
HH53| 15 26 | 8P54
HIOF | 16 25 | BPG4
3A8A( 17 24 | 0000
0108 18 23 | 8P54
F61C | 18 22 | 4596

20 21 | 29486
Q000 | 1 20 | 8Pb4
TA33 |2 19 |F61C
7A33 | 3 18 |F61C
29PP | 4 17 |0108
29PP | 5 16 |0108
0863 |6 UbHUB 15 |3A%A
0863 | 7 14 |3A8A
HHE3 | 8 13 |H10F
HHE3 | 8 12 |H10F
0000 | 10 11 | 8P54

+5V: BPG4
Grnd: 0000

i. If any signatures are wrong or unstable, check the
+ 5V supply and the clocks first, then replace U501 or
US08. If replacing the IC doesn’t correct the failure,
check for opens or shorts on the affected lines. Check
also for two lines shorted together.

j. If the microprocessor (U501) signatures and the
latch (U508) are good, SAOQ is complete and the pro-
cessor (barring intermittent operation) is good. Proceed
to the next paragraph.

71-D-26. General Signature Analysis - SA1

7-D-27. If the microprocessor passes SAQ test accord-
ing to SAl. SAl is a general signature analysis which
checks the ROM (U3502), the registers (U505 and U508),
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and 1L verities that the proper signals are getiing to the
display and keyboard. SAl also verifies that the
keyboard is operative and that the
HP-IL. is operating. For SAl you will need oniy a
signature analyzer. Disconnect the two Pomona clips
used in SAQ. The sequence described as follows applies
to all parts of SAIL.

a. Turn the 3468A off,

b. Put all the switches down (closed) on S301, excep!t
switch 7 and 8. Put switch 7 and 8 up. For 50Hz opera-
tion put switch 5 up also.

¢. Turn the 3468A on.

d. All segments of the display should be lit, except
the top dot of the colon. If not, check S501. If still in-
operative, troubleshoot the display (paragraph 7-D-29).
7-D-28. ROM Test. Test the ROM, U502 as follows:

a. Connect the signature analyzer control leads as in-
dicated.

Clock R3567* - Rising Edge
Start JMS503 - Falling Edge
Stop JM503 - Rising Edge

*Connect the control leads to the side of
R567 attached to U502 (pin 20). Most in-
struments will have *‘SA’’ silkscreened on
the proper side of R567.

b. Check the signatures that are listed in table 7-D-3.

Table 7-D-3. ROM Signatures

35F0 | 1 24 | 3F2P
TFAF | 2 UB0Z2 23 |C82P
F5PU | 3 22 |2ACT
1PFP | 4 21 10000
835P | 5 20 | 0000
95U5 | 6 19 |7CAQ
76uU4 | 7 18 |C550
FCB9 | 8 17 |4P78 or 4JC2
99F4 | 8 16 |UUAU
ousC| 10 15 |20HH
6919 | 11 14 |FUUA

12 13 | 2958

+ BV 3P2P

Gnd: 0000

¢. If any of the signatures are wrong or unstable,
replace the ROM (U502). If replacing the ROM doesn’t
correct the failure, the failure is most likely on the data
bus. Check each line for a stuck 1 (3P2P) or 0 (0000), or
two lines shorted together.
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d. If the signatures are good, the RUM 1s probably Clock  JM30S - Rusing Edge
good, continue with the next paragraph. Start  IMS03 - Falling Edge

Stop  JMS03 - Rising Ed
7.D-29. Display, Register (U505,U507),and Keyboard b L R

Test. This part of SAI tests the registers (U505,U507), b. Check the + 5V signature (F5FH), and the ground
and it verifies that the display, DAC (R401-R406), and signature (0000). If the signatures are wrong, be sure
keyboard are getting the proper information. To do this that your connections are correct and be sure that the in-
test, the instrument must pass SA0 and the ROM test strument has passed SAQ and the ROM test. Then check
first. for a stuck 1 or 0.

a. Connect the Signature Analyzer leads as indicated. ¢. Check the signatures as shown in Table 7-D-4.

Table 7-D-4. SA1 - General

0000 | 1 40 |F5FH 0000 | 1 16 | F5FH 0000 | 1 16 | FBFH
: 0000 | 2 39 |RAMDOM 00001 2 15| 0000 0000 | 2 150000
0000 | 3 38 |F5FH 23671 3 1410899 FE3A| 3 1410899
FGFH | 4 37 | 0000 E119 | 4 UB05 138233 g5A2| 4 UBOT 138233
FGFH | 5 36 [2UAB PECO | % REGISTER 12 | FCBOD H74P{ 5 REGISTER 12 |FCEO
FBFH | & 35 11CC4 SFUB | & 111 77¢cA 4U1CH 6 111 77CA
FSFH | 7 34 {0000 o000 | 7 10| o000 FBFH | 7 100000
FEFH | 8 33 |F5FH 00001 8 9| o000 0000 | 8 910000
FB5FH | 9 32 |F5FH
F5FH | 10 U501 31 |0000
QOO0 | 11 m 30 {F5FH
FBFH | 12 29 [F5FH
FBFH | 13 28 |FBFH
FBFH | 14 27 |HH47
FBFH | 18 26 |F5FH
FBFH | 16 25 |F5FH
FSFH | 17 24 | TICA
FSFH | 18 23 |FCBO
FEFH | 19 228233
0000/| 20 21|0899
2UAB | 1 14 | F5FH FBFH | 1 16| FFH HH4T | 1
1CC4 | 2 13| F5FH F5FH | 2 15} FBCO FBFH | 2
0000 3 UsBDY 12|77CA 0000 3 14| 9FUB F5FH | 3
0000 | 4 RESISTOR 11| FCE0 0000| 4 W5H01 13| H23H F5FH {4 o
FBFH | & 108233 0000 | 5 DISPLAY 12{F118 FB3A | B 2
F5FH | & a| 0899 0000| 6 CABLE 11| 2UAS8 95A2 | B
FSFH | 7 8| F5FH o000 | 7 10| 2367 H74P | 7
) FBFH | 8 9| 1CC4 4uUiC | 8
CONNECTOR TO KEYBUARD
PF23 | 1 24 | F5FH TEAF | 1 22 | F5FH
BAC FFAF | 2 23|0899 3POF| 2 211FP23
RA01 B5A2 3POF | 3 22(8233 P52H| 3 20 {F5FH
RA02 H74P P52H | 4 21 | 0000 836F| 4 191 9FUG
RA03 4UIC 835P| 5 20 | F5FH €839 5 UBUY 18 |F5FH
R404 2367 C839| 6 UbBLZ 19| FCB0 S5A3C| 6 RAM 17 | F5FH
R405 F119 BA3CY 7 ROM 18| 77CA JUAS| 7 16 | FSFH
R406 9FUE 9UAB| 8 17 | F5FH Q00| 8 15 | FBFH
F5FH | DS 16 | FBFH FBFH | & 14 | FBFH
FEFH { 10 15 | F6FH F5FH | 10 13 |F5FH
FBFH | 11 14 1 F5FH FSFH | 11 12 |F5FH
Q000 12 13 | F5FH

7-D-5
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d. It any of the signatures of W30l are wrong or
unstable, check the signatures of U505 (pins
11,12,13,14). If these signatures of US05 are good,
replace U305, If that doesn’t solve the problem, check
the continuity of the cable. If the signatures of U505 are
wrong, be sure that the instrument has passed SAO,
otherwise check for stuck bus lines.

e. If the signatures of W501 are good, the informa-
tion going to the display is good. Now check the
signatures of 1501,

f. If any of the signatures of J501 are wrong or
unstable, check the signatures of US07 (pins
11,12,13,14). If the signatures of U507 are good, replace
UsS07. If the signatures of U507 are wrong, be sure that
the instrument has passed SAQO, otherwise check for
stuck bus lines.

g. If the signatures of J501 are good, the information
going to the keyboard is good. If you still suspect a
keyboard failure, go to the Keyboard Test, paragraph
7-D-30 for troubleshooting.

h. If the signatures coming from the microprocessor
{U501) are good, but the ROM has some wrong
signatures, replace the ROM (U502). If the Rom passes
SAT it is added confidence that the ROM is working
correctly.

1. If signatures are wrong on any of the other com-
ponents shown in Table 7-D-4, look for a stuck 1 or Q.
The microprocessor (U501), Rom (U502), and registers
(U308 and U309} are the only active components during
this test.

7-13-30. Inoperative Keyboard Test. An inoperative
keyboard is when all or part of 3468A operations cannot
be selected from the Keyboard. This can be caused by
the keyboard itself or the microprocessor. Be sure to go
through SAO0 and the previous SA1 test that checked the
information going to the keyboard. Do the following:

a. Be sure 3501 is set up as in paragraph 7-D-27
step b,

b. Connect the control leads of the signature analyzer
as follows:
Clock JMS505 - Rising Edge
Start  JMS503 - Falling Edge
Stop JMS503 - Rising Edge

¢. By pressing a certain front panel button, the
signature on a port of U501 should change. For exam-
ple, the signature on U501 pin 27 should change from
“HH47 to ‘*8H28"’, if the ==v button is pressed.
From this change, it can be determined if the button
(i.e., part of the keyboard) is inoperative or good. The
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following lists the pin numbers of U301, the button to
be pressed, and the change in signature.

U501 Press Change Signature
pin# Button From To
27 ~V HH47 8H28
27 AUTO/MAN HH47 FUFA
27 = A HH47 HOCo
27 SGL/TRIG HH47 4U1C
28 ~V F5FH 95A2
28 UP RANGE F5FH H74P
28 ~A F5FH F83A
28 SRQ FSFH 4UiIC
29 2 WIRE FSFH 95A2
29 DOWN RANGE FSFH H74P
29 SHIFT F5FH F83A
29 LOCAL F5FH 4U1C
30 4 WIRE F5FH 95A2
30 INT/TRIG F5FH H747

7-D-31. HP-1L Failure. Before troubleshooting for an
inoperative HP-IL, make sure the 3468A is operating
correctly from the front panel. Repair the front panel
operation first, before troubleshooting for an HP-IL
failure.

7-D-32. To troubleshoot the HP-IL, you will need a
Signature Analyzer and an HP-IL Cable. Then do the
following:

a. Make sure 5301 is set up as given in paragraph
7-D-27 step b.

b. Connect the control leads of the signature analyzer
as follows:

Clock JMS05 - Rising Edge
Start  JMS501 - Falling Edge
Stop  JMS3501 - Rising Edge

¢. Connect the HP-IL Cable from the 3468A°s
HP-IL Input Jack to the 3468A°s HP-IL Output Jack.

d. Check the + 5V signature (U085).

¢. If the signature is good, HP-IL is operating cor-
rectly, Make sure the instrument front panel operation
is good. If the signature is wrong, make sure the HP-IL
Cable is making good contact. If it is, check the con-
tinuity of the HP-IL Input Connector and Output Con-
nector (on the 3468A’s rear panel). To check continuity,
connect an ochmmeter from one outer pin to the other
outer pin of the Output Connector. Do the same for the
Input Connector. This checks part of the HP-IL Con-
nectors, and T501 and T502. If there is no continuity,
check for poor solder joints on the connectors, and if
the joints are good, replace T501 or T502. If there is
continuity, replace U503.
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7-0-33. TRUOUBLESHOUTING THE A/O CONVERTER

7-D-34_ Either of two front panel error messages would
indicate an A/D (Analog to Digital) converter failure.
The first of the two messages is ERROR 8, which means
that the failure was discovered during the 3468A Self-
Test. The second message is A-D ERROR, which in-
dicates the failure was discovered while the 3468A was
attempting to take a reading. The following paragraphs
will assist you in localizing faults in the A/D converter
circuitry.

7-D-35. Check the Reference Voltages

7-D-36. As explained in the theory of operation (Ser-
vice Group F), the + 10V reference and the -10V
reference supplies are essential for proper A/D conver-
sion. The + 10V reference should be checked at pin 6 of
U402, and pins 20 and 24 of U403. The -10 volt
reference should be checked at pin 6 of U405, pin 6 of
U404, and pins 13, 15, 18, and 23 of U403, The
reference supplies should be within £3% of 10 volts
and within .02% of each other.

a. If the -10V reference is good but the + 10V
reference is incorrect, lift JM201. If the + 10V reference
is now good, the problem lies in the Ohms Converter. If
the + 10V is still incorrect, either U402 or U403 is defec-
tive.

b. If the -10V reference is incorrect, measure the
voltage at the anode of CR40!1. If the voltage is not ap-
proximately -6.9 volts, either CR401 or R439 is defec-
tive.

¢. If the voltage at the anode of CR401 is correct, use
a clip lead to short across C431. Measure the voltage at
pin 6 of U405, It should be approximately the same as
the voltage on the anode of CR401. If it is not, replace
U405, otherwise replace U403. Remove the clip lead.

d. If the -10V reference is correct at pin 6 of U405 but
not at pin 6 of U404, replace U404.

7-D-37. If the reference voltages are correct, it will be
necessary to troubleshoot the A/D converter circuitry.
This is comprised of an integrator, U401; A/D con-
verter, U403; and DAC (Digital to Analog Converter)
resistors R401 to R405. Two procedures are described
for troubleshooting this circuitry. The first, beginning
with paragraph 7-D-38, checks only integrator U401. If
it checks good, U403 is most likely defective. The se-
cond method, beginning with paragraph 7-D-40, tests
the integrator; U403 DC input, comparator, and
run-up/run-down; as well as the DAC resistors
{R401-R405).

7-D-38. Integrator Test

7-D-39. The following procedures provide a simple
method of troubleshooting U401, the integrator.
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a. Connect one 10K ohm resistor across {in parallel

with) C410.

b. Disconnect JM405, Connect a 10K ohm resistor
from pin 2 of U401 to the + 10V reference.

¢. Measure the voltage at pin 6 of U401. It should be
approximately -10V.

d. Now connect the second 10K ohm resistor to the
-10V reference. The voltage at pin 6 of U401 should be
+ 10V,

e. If either measurement (step ¢ or d) is incorrect,
replace U401,

f. Remove both 10K ohm resistors and replace
JM405.

7-D-40. A/D Converter Circuitry Test - SAZ

7-D-41. The following procedures may be used to
troubleshoot the complete A/D converter circuitry.
Although a storage oscilloscope, such as the -hp- Model
1741A would be beneficial, it is not necessary.

a. Remove JM 101. Connect pin 6 of U401 to pin 25
or 26 of U403.

b. Set switch 7 {(rear panel bank of switches) to the
down position.

¢. Set up the oscilloscope as follows:

Channel A. Connect to pin 6 of U401.
Vert V/DIV.: 1V/DIV,
Channel B. Connect to pin 11 of U403,
Vert V/DIV.: .5V/DIV
Horizontal. 50mS/DIV.
Use 10:1 oscilloscope probes

d. Adjust triggering (trigger on channel A} for the
display shown in Figure 7-D-2. The top display indicates
the output of the integrator. The bottom display is the
output of the comparator. If the top display is correct
but the bottom is not, replace U403,

GND CHAN A

GND CHANB

Figufe 7-D-2. A/D Converter Test With Comparator
7-D-7
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g. Adjust Channel & Vert. V/DIV o 3V/DIV. Turn
off Channel B. This should provide the waveform
shown in Figure 7-D-3. Any discrepancy in the left por-
tion of the display indicates a failure in the DAC. Check
resistors R401 through R405. Discrepancies in the right
portion of the display indicates a failure in the
run-up/run-down portion of the A/D Converter.
Replace U403.

7-D-42, 1t 1s possible for the microprocessor, USOL, to
cause an A/D failure. This would be caused by a failure
of the controller to communicate with the A/D Con-
verter U403.

7-D-8
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CONVERTER

Figure 7-D-3. A/D Converter Test
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7-E-1. INTRODUCTION

7-E-2. This Service Group has information on how o
troubleshoot the 3468A’'s Power Supplies, Reference
Circuitry, and the optional Battery Charger Circuitry.

7-E-3. POWER SUPPLY TROUBLESHOOTING

7-E-4. The 3468A has three power supplies: + 35V,
-15V, and + 15V. The following paragraphs have some
troubleshooting information for the Chassis Common
and Floating Common supplies (refer to Schematic 4).

7-E-5. +5VY Supply. A low supply can be caused by an
excess load on the supply, a shorted CR712 or C705, or
a defective U701. The supply can be checked by lifting
jumper + 3. If the supply is still low, troubleshoot the
supply.

7-E-6. A high supply is most likely caused by a defec-
tive U701.

7-E-7. + 153V and -15V Supplies. Since the -15V supply
is a mirror image of the + 15V supply, use the following
procedure for both supplies. (The only difference is that
the -15V supply has an additional filter capacitor C706.)

7-E-8. A low supply can be caused by an excessive load
on the supply, a shorted filter capacitor or protection
diode, an open temperature sensitive resistor (RT705),
or a defective regulator. The supply can be checked by
lifting jumper + 15 for the + 15V supply or jumper -15
for the -15V supply. If still low, troubleshoot the sup-
ply.

7-E-9. A high supply is most likely caused by the
regulators (U702 or U703).

7-E-10. REFERENCE CIRCUITRY TROUBLESHOOTING
7-E-11. The 3468A’s Reference Circuitry is used io

develop three reference voltages: + 10V, -10V, and a
buffered + 10V. Since the -10V and buffered + 10V

depends on the + 10V reference voltage, make sure the

+10V is good before troubleshooting the other
reference supplies. Perform the following checks (refer
to Schematic 3).

a. If the + 10V reference is inoperative, do the
following:

1. Measure the voltage at zener diode CR401.
The voltage should be quiet and at approximately
+6.9V.

2. If the voltage is wrong, make sure R439 is
good. If the resistor is good, replace CR401.

3. If the voltage is good, short across capacitor
C431. Measure pin 6 of U405.

4. If the voltage at pin 6 is approximately +7V
and quiet, replace U403.

5. If the voltage is still incorrect or noisy,
replace U405,

b. If the + 10V is good and the -10V is incorrect or
noisy, replace U404, If still incorrect or noisy, replace
U403.

c. If both + 10V and -10V voltages are good and the
buffered ~+ 10V is low, lift jumper JM201 (see
Schematic 1). If the + 10V is now good, replace U102,
If still wrong, continue with the next step.

d. If the buffered + 10V is wrong or noisy, do the
following:

1. Check for a quiet -10V at pin 2 of U402,

2. If the voltage is wrong, replace U403,

3. If the voltage is good, connect pin 19 to pin
24 of U403.

7-E-1
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4, It the voltage at pin & of U402 is now at
+ 10V, replace U403, If not, replace U402.

7-E-12. BATTERY CHARGER CIRCUITRY
TROUBLESHOOTING

7-E-13. The purpose of the Battery Charger Circuitry is
to allow the 3468A to operate on an internal battery
(BT901). The circuitry is used to charge the battery
when the 3468A is connected 1o the ac power source and
to generate the raw (unregulated) voltages for the
3468A’s internal power supply. If the 3468A does not
operate with its ac power source disconnected, check the
following (refer to Schematic 5):

a. With the 3468A unplugged from its ac power
source, turn the 3468A on.

b. Connect the high input of a DC Volumeter to the
positive terminal of battery BT901 and connect the low
input of the voltmeter to the negative terminal of the
battery. Measure for +6V dc.

c. If the voltage is at or above +6V, check for an
open fuse F901 or the printed circuit board fuse (see
note on Schematic 5). The printed circuit board fuse is a
thin trace near J901 (J901 is a red wire going to the
positive terminal of the battery). If the fuse is open, it
can be replaced by a 28 gauge single strand wire. Insert
and solder the wire into the holes on each end of the
trace.

d. If the fuses are good and the battery is above + 6V
dc, troubleshoot the DC to DC Converter and
associated control circuitry. Go to paragraph 7-E-16 for
troubleshooting.

e. If the voltage is below 6V dc, the Battery Charger
Circuitry may not be charging the battery or the battery
itself is defective. Go to paragraph 7-E-14 for
troubleshooting.

7-E-14. Battery Charger Troubleshooting

7-E-15. The battery is charged with a current of ap-
proximately 400mA, when the 3468A is connected to its
ac power source and turned off. Do the following to
check the circuitry.

a. Turn the 3468A off and unplug the instrument
from its ac power source,

b. Check and make sure the Battery Charger Cir-
cuitry develops the correct current for the battery. Two
methods can be used to check the current. One method
uses an ammeter (like the 3468A or 3478A) to check the
current and is given in step c. The other method uses a
DC Digital Voltmeter (like the 3456A) and a 10 ohm 3
watt resistor. This method is in step d.

7-E-2
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¢. Vo check the charge current using an ammeter, do
the following:

1. Disconnect the red battery lead from the bat-
tery and connect it to the A {Amps) input of the
ammeter.

2. Connect the LO input of the ammeter to the
black battery lead (ground).

3. Make sure the 3468A is turned off, then plug
the instrument into its ac power source.

4. The current should be approximately 400mA
dc.

5. If the current is wrong, the battery charger is
defective. Go to step e for further
troubleshooting.

6. If the current is good, turn the 3468A on.
The current should change to approximately
140mA dc. If the current does not change, replace
U902. If it does change, the battery is most likely
defective. Replace the battery.

d. To check the charge current using a Digital
Voltmeter and a 10 ohm resistor, do the following:

1. Disconnect the red battery lead from the bat-
tery and connect it to one side of the 10 ohm
resistor.

2. Connect the other side of the resistor to the
black battery lead (ground).

3. Make sure the 3468A is turned off, then plug
the instrument into its ac power source.

4. Using the Digital Voltmeter, measure the
voltage across the 10 ohm resistor. It should be ap-
proximately 4V dc.

5. If the voltage is wrong, the battery charger is
defective. Go to step e for further
troubleshooting.

6. If the voltage is good, turn the 3468A on.
The voltage should approximately 1.5V dc. If the
voltage does not change, replace U902, If it does
change, the battery is most likely defective.
Replace the battery.

€. Measure for + 2.5V at pin 2 of U901 (use the black
battery lead as ground).

f. If the voltage at pin 2 of U901 is good, check for
an open R908, R910, and R740 (see Schematic 4). If the
resistors are good, check for an open CR906, and an
open or shorted Q901 or Q906. If Q901, Q902, and
CR906 are good, replace U902,
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g. If the voltage at pin 2 is low or missing, make sure
pin 1 of U901 is at least + 10V. If the voltage is missing,
check for an open CR901, CR902, or CR904.

h. If the voltage at pin I of U901 is good, replace
U901. If the voltage at pin 2 of U901 is still wrong (other
than +2.5V), replace U%02.

7-E-16. DC to DC Converter Troublesheoting

7-E-17. The DC to DC Converter develops the raw
(unregulated) voltages for the 3468A’s power supplies,
when the instrument is unplugged. The circuitry consists
of two major areas, the sense circuit and the converter
itself. The part of the sense circuit is used to turn the DC
to DC Converter on, when the 3468A is unplugged from
its ac power source. The other part of the sense circuit is
used to turn the converter off, if the battery voltage is
too low.

7-E-18. Before troubleshooting the DC to DC Con-
verter, make sure bridge rectifiers CR906 through
CR909, and CR912 through CR914 are good. Also
make sure C907 through C909 are not shorted. If they
are good, do the following:

a. Turn the 3468A off and unplug the instrument
from its power source.

b. Unsolder and lift the end of jumper JM901 which
is connecied to U903 pin 4 (toward the rear of the
3468A).

c¢. Turn the 3468A on.

d. Connect the lifted end of jumper JMY0! to the
positive terminal of the battery.

e. If the 3468A operates with JMS01 connected to the
battery, the sense circuitry is inoperative. With JM901
connected to the battery, do the following:

1. Make sure pin 2 of U903 is low. If the pin is
high, check for a shorted C904. If C904 is good,
replace U902. (A low is at approximately zero
volts and a high is the battery voltage, approx-
imately +6V.)

2. If pin 2 of U903 1s low, check for a high level
at pin 1 of U903.

3. If the level at pin 1 of U903 is high, replace
U903,

4. If the level at pin 1 of U903 is low, make sure
pin 4 of U902 is at approximately 2.5V. If the
voltage is good, make sure pin 5 is larger than the
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voltage at pin 4 {above +2.3V). If it is above
+2.5V, replace U902, If not, make sure R911,
R912, and the battery are good.

f. If the 3468A is still inoperative, the DC to DC
Converter itself is defective. With JM901 connected to
the battery, do the following:

1. Using an oscilloscope, make sure the signal
at jumper JM902 of U905 is a 28KHz square
wave, as shown in Figure 7-E-1.

2V

10uS Pos. Trig.

Figure 7-E-1. Output of U905

2. If the square wave is missing or wrong, make
sure R913, R916, €911, and CRY11 are good. If
they are good, replace U905.

3. If the signal at JM902 is good, check for the
signal shown in Figure 7-E-1 at U904 pin 11.

4. If the signal at pin 11 of U904 is missing or
wrong, replace U904.

5. If the signal at pin 11 of U904 is good, check
for the signal shown in Figure 7-D-2 at the collec-
tor of Q904 (pin 2 of transformer T901).

6. If the signal is wrong, make sure Q903,
904, and Q905 are good. If they are good, check
for a defective transformer T90!.

oV

10uS Pas. Trig.

Figure 7-E-2. QOutput of 0904

7-E-3/7-E-4
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7-F-1. INTRODUCTION

7-F-2. The following Service Group has the general and
detailed description of the operating circuitry of the -hp-
Model 3468A Multimeter. The general description ex-
plains the purpose of each operating block of the 3468A
Simplified Block Diagram (shown in Figure 7-F-1). The
detailed description explains the circuitry in each
operating block.

7-F-3. GENERAL BLOCK DIAGRAM THEORY OF
OPERATION

7-F-4, Refer to Figure 7-F-1 for the following discus-
sion of the 3468A’s General Block Diagram Theory Of
Operation.

7-F-5. The 3468A can be separated into two major
areas, Measurement Circuitry and Control Circuitry.

OHMS
e ot CURRENT e REFERENCE
e SOURCE
o SENSE | TNPUT
AW N W
L
—O o . » TNPUT ] INFUT l AsD
SWITCHING AMPLIFIER CONVERTER
x L x
— R .
Lo %7
L AC TO DC | R
CONVERTER ..l . o
SWITCH CONTROL CONTRGL
C————————— LOGIC
H -
POWER SUPPLY L FRONT PANEL
AND BATTEAY -1l CONTROL DISPLAY
CHARGER INPUT/QUTPUT IFUSHBUTTONSI
Sd5R-T-F-1

Figure 7-F-1. 3468A Simplified Block Diagram

7-F-1
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The Measurement Circuitry consists of the lnput Cir-
cuitry, A/D Converter, Ohms Current Source, and AC
to DC Converter. The Control Circuitry is used to
calculate and display readings, sets up the measurement
circuitry (Input Circuitry, etc.) for a particular function
and range, and sends and receives remote information.
It consists of the Main Controller {(main CPU) and
associated circuitry.

7-F-6. The following paragraphs explain a typical
measurement sequence,

a. Set-up. The 3468A receives range and funciion in-
formation from the front panel (local) or over the
HP-IL (remote). The information is received by the
Main Controller which then sets up the Measurement
Circuitry to do the desired measurement. The Main
Controller also sends information to the display to show
the selected function and range.

b. DC Velts Function. The following occurs if the
DC Volts Function is selected.

1. The Input Circuitry is set up to a certain gain
configuration by the Main Controller. The gain
depends on the range selected.

2. The input voltage is amplified or attenuated
{dependent on the range) to 10V (for full scale in-
puts) which is then applied to the A/D Converter.

3. The A/D Converter changes the voltage to
digital information and transfers it to the Main
Controller.

4. The Main Controller takes the information
and calculates the correct reading. The correct
reading is calculated by using the zero measure-
ment (see step f)} and the calibration constant(s)
{which are stored in the Calibration RAM).

5. The corrected reading is then sent to the
front panel to be displayed and sent over the
HP-IL (if the 3468A is in remote and addressed to
talk).

¢. Ohms Function. If the Ohms Function is selected,
the Ohms Current Source supplies a dc current to the
unknown resistance. A voltage drop proportional to the
unknown resistance and the current is applied to the In-
put Terminals. A regular dc measurement is then made
(see step b) and the ohms reading is calculated by the
Main Controller circuitry using the zero measurement
(see step f) and calibration constant(s).

d. AC Volts Function. If the AC Volits Function is
selected, the input is connected to the AC to DC Con-
verter. The converter changes the voltage to its
equivalent (RMS) dc voltage and applies it to the A/D
Converter. The A/D Converter changes the voltage to
digital information and sends it to the Main Controller.
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The controller then calculates the correct reading using
the zero measurement calibration constant(s).

e. AC Current or DC Current Function. If the AC
Current or DC Current Functions are selected, the input
current is applied to resistor AIR107 (.1 ohm). The
resultant voltage drop across the resistor is then
measured. An ac or dc¢ volts measurement is made,
dependent on the function selected (AC Current or DC
Current, respectively).

f. Autozero Function. If the 3468A’s Autozero
Function is enabled, an offset measurement (known as a
zero measurement) is made before an input measure-
ment. The zero measurement is made by connecting the
input of the Input Amplifier (HI INPUT Terminal is
open) to ground (LO INPUT Terminal). The resultant
offset of the amplifier is then measured and stored into
memory. This reading is then subtracted from the DC
Volts, DC Current, and Ohms readings that follow, If
the AC Volts or AC Current Functions are selected, the
zero reading is taken differently. The input to the A/D
Converter is shorted to ground instead of the DC/Ohms
Input Amplifier.

1-F-7. THEORY OF OPERATION
71-F-8. General

7-F-9. The following paragraphs give a detailed
description of the operating circuitry in the 3468A. The
circuitry is explained in the following order:

a. Input Circuitry - paragraph 7-F-10.
b. Ohms Current Source - paragraph 7-F-17.
¢. AC to DC Converter - paragraph 7-F-25.
d. A/D Converter - paragraph 7-F-30.
e. Logic Circuitry - paragraph 7-F-50.
f. Power Supplies - paragraph 7-F-67.
g. Battery Charger - paragraph 7-F-72.
7-F-10. Input Circuitry
7-F-11. General. The purpose of the Input Circuitry is
to condition the dc input signals to the 3468A to provide
full scale 10V dc input voltages to the A/D Converter,
for full scale inputs to the 3468A (the explanation for ac
inputs is in paragraph 7-F-25, AC to DC Converter).
The Input Circuitry also acts as a buffer between the in-
put and the A/D Converter. The circuitry can be
separated (and is explained) as follows:

Overvoltage Protection
Input Switching

Autozero and Pre-Charge
Pre-Charge Stage
DC/Ohms Input Amplifier

7-F-12. Overvoltage Protection. This circuitry has
three parts: High Voltage Protection, Low Voltage Pro-
tection, and Current Protection. The two circuits
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operate as follows (refer to Schematic | for the explana-
tion):

a. High Voltage Protection. This circuit consists of a
630V Surge Voltage Protector (E101) in series with two
51K ohm resistors. The circuitry is connected between
the HI and LO INPUT Terminals and conducts with a
peak voltage level of 630V (+20%), which provides a
low impedance path across the terminals., Capacitor
C104 provides a temporary low impedance path, and
R108 and R109 provides current limiting, if E101 con-
tinuously conducts.

b. Low Voltage Protection. This circuit consists of
diodes connected to the individual input nodes (part of
the HI Input, LO Input, A Input Paths, etc.). The
diodes on each node are connected (internally in U102)
to + 3.5V and -3.5V power supplies. If the voltage on a
node exceeds either +4.2V or -4.2V, a diode conducts
and keeps the level on the node to the £4.2V levels. The
difference between the high voltage at the input ter-
minals and the voltage at the input nodes is dropped
across the resistors which are in series with the diodes
and input terminals (the low pass filter). Figure 7-F-2A
shows a typical protection circuit.

¢. Current Protection. A fuse in series with the cur-
rent shunt (R107) protects the shunt from excessive in-
put currents (>>3A) and voltage sources. Open circuit
voltage of current sources should not exceed the 250V
rating of the fuse.

7-F-13. Input Switching. The Input Switching Cir-
cuitry consists mostly of Relay and MOSFET switches,
with most FET switches located in U102. The purpose
of the switches is to provide five signal paths to the In-
put Amplifier and to connect the amplifier for a zero
measurement (done in the Autozero Function; see
paragraph 7-F-14). The switches are controlled by cir-
cuits in U102 which receive their control information
from the A/D Controller. The following explains the
various input paths. Refer to Figure 7-F-2 and
Schematic 1 for the explanation.

a. Low Voltage Range Input Path (Figure
7-F-2B). The path consists of K101, R103, R104, R110,
and S1DC (S1DC is in U102). The purpose of the path is
to connect the HI INPUT Terminal (high input voltage)
to the DC/Ohms Input Amplifier. The path is used only
in the .3V through 3V dc volts Ranges and all Ohms
Ranges.

b. High Voltage Range Input Path (Figure
9.F-2C). The path consists of R110, K102, S2DC (in
102), and a 100:1 divider (9.9M ohm and 100K ohm
resistors, RD99 and RD98, in U102). The purpose of the
path is to attenuate input voltages by a factor of 100 and
to connect the attenuated voltage to the DC/Ohms In-
put Amplifier. The path is used only in the 30V and
300V dc volts Ranges.
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¢. Ohms High Sense Path {Figure T-F-2Dj. This path
consists of R105, R106, and S4ADC and S4BDC
(S4ADC and S4BDC are in U102). The path connects
the HI OHMS SENSE Terminal (high ohms input) to
the DC/Ohms Input Amplifier, only when the 3468A is
in the 4-Wire Ohms Function. Switch S4CDC (which is
also part of the path) is used to connect the junction of
S4ADC and S4BDC to ground. Switch S4CDC is closed
in all functions except the 4-Wire Ohms Function and
shunts any possible voltage on the S4ADC and S4BDC
junction to ground.

d. Ohms Low Sense Path (Figure 7-F-2E). This path
consists of R101, R102, S6ADC, and S6CDC (S6ADC
and S6CDC are in U102). The path is used to connect
the LO OHMS SENSE Input Terminal (low ohms in-
put) to ground (LO INPUT Terminal), when the 3468A
is in the 4-Wire Ohms Function. In the 2-Wire Ohms
Function, the low ohms input is the LO INPUT Ter-
minal (which is connected to ground).

e. Current Input Path (Figure 7-F-2F). This path in-
cludes R107 and S3DC (in U102). The voltage drop
across R107 (which is generated by the current being
measured) is connected through S3DC to the DC/Ohms
Input Amplifer. This path is used only in the DC Cur-
rent Function.

71.F-14. Autozero. The Autozero Function of the
3468A is used to measure the offset of the DC/Ohms In-
put Amplifier and subtract it from the input measure-
ment. As long as the Autozero Function is enabled, an
offset measurement is taken between each input
measurement. The offset measurement is called
<measure zero'’' and is done in two different ways,
dependent on the function selected. The following ex-
plains the two ways to make the measurement and the
circuitry used.

a. Autozero (in DC Volts, DC Current, and 2-Wire
Ohms Functions). In the DCV, DCI, and 2-Wire Ohms
Functions, the offset measurement (measure zero) is
made with switch MC (measure customer) open, and
switch MZ (measure zero) and S8DC closed (see Figure
7-F-2G). Switch S8DC and MZ connects the DC/Ohms
Input Amplifier to ground through a 102K ohm resistor.
After the offset measurement is made, switch S8DC and
MZ opens, and switch MC closes for the input measure-
ment. (Note: MOSFET switches MC, MZ, and S8DC
are in U102.)

b. Autozero {in the 4-Wire Ohms Function). In the
4-Wire Ohms Function, the offset measurement is made
with switch MC (and S8DC) open and switch MZ,
S6ADC, and S6BDC closed. The DC/Chms Input
Amplifier is connected to ground through the Ohms
Low Sense Path (includes an externally connected lead;
see Figure 7-F-2H) to the LO INPUT Terminal. This
measurement is different than in the DC Volts, DC Cur-
rent, and 2-Wire Ohms Functions, since the Input
Amplifier is connected to ground through the externally

7-F-3
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Figure 7-F-2. Simplified Schematic Of The Input Switching Circuitry
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connected low ohms sense and lo input leads. After the
offset measurement is made, switch MC and S6CDC
closes and switch MZ, S6ADC, and S6BDC opens.
Switch S6CDC is used to to connect the junction of
switch S6ADC and S6BDC to ground, shunting any
possible voltage on the junction to ground. (Note:
MOSFET switches S6ADC, S6BDC, and S6CDC are in
U102.)

7-F-15. Pre-Charge Stage (Figure 7-F-2I). A small
stray capacitance exists in U102 between the input of the
DC/Ohms Input Amplifier and ground. During a zero
measurement (measure zero in the Autozero Function),
this capacitor is at zero volts. After the offset measure-
ment, the input to the 3468A is applied to the Input
Amplifier and the capacitor is charged to the input
voltage. This charging may temporarily load down the
input voltage and a wrong reading is taken. To prevent
this, the input of the Input Amplifier is pre-charged to
the input voltage before the input measurement is made.
This is done by the Pre-Charge Amp and MOSFET
Switch PRE (both in U102). The operation is as follows:

a. After the zero measurement is made, switch PRE
closes (switch MC is still open).

b. The input voltage is connected to the Pre-Charge
Amp using the input paths.

¢. Since the Pre-Charge Amp is a X1 gain amplifier,
a voltage with the same polarity and value as the input
voltage is applied through PRE to the DC/Ohms Input
Amplifier. This pre-charges the stray capacitor to the in-
put voltage.

d. Switch PRE then opens and MC closes. An input
measurement is then made.

e. The same occurs before the next input measure-
inent.

7-F-16. DC/Ohms Input Amplifier. The purpose of
the DC/Ohms Input amplifier, in conjunction with the
Input Switching Circuitry, is to condition the 3468A’s
input signals. The conditioning is done to apply the
same full scale 10V dc voltage to the A/D Converter for
all DC Volts, DC Current, and Ohms full scale inputs.
This is done by configuring the amplifier to a gain of
X3.33 or X33.3. The gains used in the 3468A’s different
ranges (in the DC Volts, DC Current, and Ohms Func-
tions) are shown in Figure 7-F-3.

7-F-17. Ohms Current Source

7-F-18. General. The purpose of the Ohms Current
Source is to provide a stable current for resistance
measurements. The current is applied to the unknown
resistance and the resultant voltage drop across the
resistance is measured. Since this voltage drop is directly
proportional to the unknown resistance, the resistance
value is determined by the 3468A’s Main Controller
from the voltage reading.

Service

H

Figure 7-F-3. Simplified Schematic Of The DC/Ohms
Input Amplifier

7-F-19. The Ohms Current Source consisis of the
following circuitry: Voltage Splitter (Voltage
Reference), Buffer, Range Resistors, Qutput FET, Con-
trol Amp (Gate Bias Amplifier), Output MOSFET, and
Overvoltage Protection. In addition to these, a number
of MOSFETS are used as switches (to select various gain
determining resistors). All the previously mentioned
FETs are inside U102 which also controls the FET swit-
ches. The following paragraphs explain how the ohms
current is generated and how the ohms circuitry
operates. Refer to Schematic 1 and Figure 7-F-4 for the
explanation.

7-F-20. Current Generation. The explanation on how
current is generated is as follows:

a. The Voltage Splitter’s (U201) output is + 12V (or
8.4V for the 30M ohm Range only) which is applied to
the positive terminal of Buffer U202. The reference out-
put, which is applied to the positive terminal of the Out-
put FET Control Amp U203, is divided down to + 8V,

7-F-5
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Figure 7-F-4. Ohms Circuitry Configuration

irrespective of range, by feedback resistors RR3 and
RR4 in conjunction with R201.

b. The output of the Buffer is + 12V (or + 8.4V for
the 30M ohm Range only) which is applied to one side
of either Range Resistor RR5, RR6, RR7, or RR8
(dependent on the selected range). The other side of the
Range Resistors is applied to the Output FET Control
Amp.

¢. Since the Output FET Control Amp is a high gain

operational amplifier with its non-inverting terminal at
+ 8V, its inverting terminal must also be + 8V (the in-
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verting terminal draws little or no current}. This makes
the resultant voltage drop across the Range Resistors
+4V (or + .4V for the 30M ohm Range).

d. A current is then generated with its value propor-
tional to the value of the Range Resistor and the voltage
drop across the resistor.

e. The current is applied to the unknown resistor
through the Output MOSFET (in U102), High Voltage
Protection Cicuitry, and the HI INPUT Terminal. The
3468A’s Ohms Ranges, Ohms Currents, Range
Resistors, and selected MOSFET Switches are listed in
Table 7-F-1.

Table 7-F-1. Chms Current and Ranges

Ohms Ohms Range Resistor FET Switches
Range Current Resistor Voltage Enablad
300-3K TmA 4K (RR5) | 4V |[SOR,52R,S3R,
S6R,S7R,514R
30K ImA 40K {RR6! | 4V SOR,S2R,S3R,
SBR,S9R,514R
300K |.01mA | 400K (RR7)| 4V |SOR,S2R,54R,
S10R,S11R
3M TuA 4M (RR8) | 4V |SOR,S2R,S12R,
S13R
30M JTuA 4M (RR8B] | .4V |S1R,55R,S12R,
S13R

7-F-21. Voltage Splitter (U201). The following ex-
plains the Voltage Splitter (Reference) Circuitry.

a. The Voltage Splitter is a X1.5 gain non-inverting
amplifier with an output of + 12V (for the 300 ohm to
3M ohm Ranges) or + 8.4V (for the 30M ohm Range).

b. The gain is determined by feedback resistors RR3,
RR4 (both in U102), and R201. Since the total value of
RR3 plus RR4 is 20K ohm and R201 is 40K ohm, the
non-inverting gain is X1.5. (The gain is:
[20K/40K] + 1=1.5).

c¢. The + 12V output is generated by applying + 8V
to the amplifier input (8#1.5=12). The + 8V is deter-
mined by the + 10V Reference (from the 3468A’s
Reference Circuitry, see paragraph 7-F-49d) and voltage
divider RRO, RR1, and RR2. The sum of RR1 and RR2
is 200K ohm and RRO is 50K ohm resulting in a voltage
drop across the resistors +8V and +2V, respectively.
The +8YV is applied through FET Switch SOR to U201.

d. The +8.4V output is generated by applying
+5.6V to the amplifier input (5.6x1.5=8.4), The
+ 5.6V is also determined by the + 10V Reference (from
the 3468A’s Reference Circuitry) and voltage divider
RRO, RRI, and RR2. In this case the voltage drop
across RR2 (which is + 5.6V developed across 140K
ohm) is applied through FET Switch SIR to U201.

7-F-22. Buffer (U202) and Range Resistors (RRS to
RRS8). The Buffer is a non-inverting X1 gain amplifier
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with its putput at either + 12V or + 8.4V {on the 30M
ohm Range only). The gain is selected by either
MOSFET Switch pairs S6R and S7R, S8R and S9R,
SIOR and S1IR, or SI12R and SI13R. The Range
Resistors are used to determine the different chms cur-
rent values. Refer to Table 7-F-1 to determine which
switch and resistor is selected for the different ohms
ranges.

7-F-23. The Output FET Control Amplifier (U203) and
the Qutput MOSFET (in U102) form a feedback circuit
used to boost the output impedance of the Qutput
MOSFET. The FET is normally biased into saturation,
and in conjunction with the open loop gain of U203 and
the Range Resistors results in a high output impedance
of the Ohms Current Source. A high output impedance
is necessary to prevent measurement nonlinearities.

7-F-24. Overvoltage Protection Circuitry. The cir-
cuitry is used to protect the Ohms Current Source from
high voltages inadvertently applied to the 3468A’s Input
Terminals (when the multimeter is in the Ohms Func-
tion). The following explains the circuitry operation.

a. If a large positive voltage is applied to the 3468A°s
HI INPUT Terminal, the voltage is applied through
R204 and L201 to the cathode of CR201. Since the
cathode voltage of CR20! is higher than the anode
voltage, the diode is reverse biased. This prevents the
large input voltage from damaging the current source.

b. If a large negative voltage is applied to the 3468A°s
HI INPUT Terminal, the voltage is dropped across
R204, L201, and CR201, and across R203, and R202 to
diode connected FET Q205. This makes Q205 conduct
and in turn clamps the base of Q202 at -.7V (one diode
drop). This voltage along with negative collector to base
voltage forces Q201, Q202, Q203, and Q204 to turn on.
Transistors Q201 and Q203 conducts no more current
than the circuit which generates the ohms current (on a
given range). The circuit that generates the ochms current
cannot tell the difference between a valid unknown
resistance and the large negative input voltage. Most of
the large input voltage is dropped across R202 and
R203.

¢. R204 and L201 shape the initial current pulse to
limit the current densities seen by the semiconductors in
the current source under static discharge conditions.

1-F-25. AC to DC Converter

7-F-26. The purpose of the AC to DC Converter is to
convert the 3468A’s ac inputs (volts or current) to dc
volts. The converter output is + 3.00000V dc for all full-
scale ac inputs with the output applied to the A/D Con-
verter, All ac ranging is done in the AC to DC Con-
verter.

7-F-27. The AC to DC Converter consists of three
amplifier stages and a True RMS Converter. The pur-
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pose of the amplifier stages is to provide the same full
scale input voitage to the RMS Converter for all full
scale ac inputs, and to be a buffer between the converter
and the ac inputs. The True RMS Converter does the ac-
tual ac to dc conversion. The following explains the cir-
cuitry operation.

7-F-28. Amplifier Stages. Refer to Figure 7-F-5 and
Schematic 2 for the following explanation.

a. The first amplifier stage (U301A)} 15 an inverting
amplifier with gains of X.001, X.1, or X1 (dependent on
the ac range and function selected). The gains are deter-
mined by resistors RAl, RA2, RA3, and RAI1I (all in
U102; RAI1 is shown on Schematic 1), as shown in
Figure 7-F-5. Capacitor C302 and resistor R305 are used
for high frequency compensation (for flat gains at high
frequency). The gain determining resistors are selected
by MOSFETS S1AC through S6AC, and S11AC (all in
U102) which operate as switches. The gains of the
amplifier and FETs selected for the ac functions are
listed in Table 7-F-2.

b. The second amplifier stage (U301B) is an inverting
amplifier with gains of X.4 or X4 (dependent on the ac
range and function selected). The gains are determined
by resistors RAS, RA6, RA7, and RAS (all in U102), as
shown in Figure 7-F-5. The gain determining resistors
are selected by FETs S7TAC to S10AC (all in U102)
which operate as switches (see Table 7-F-2). Resistor
RA9 (in U102) makes sure the amplifier has the same
high frequency response in X4 gain as in X.4 gain.
Resistors R306 and R307, and C310 and C313 are used
to filter the + 15V and -15V power supplies, respective-
ty.

¢. The third amplifier stage (U302) is a non-inverting
amplifier with a gain of X25 in all ac ranges and func-
tions. The output of the amplifier is applied to the RMS
Converter and is 3V RMS for all full scale ac inputs in
all ac functions and ranges. Capacitor C305 is used for
high frequency compensation (for flat gains at high fre-
quency).

Table 7-F-2. AC Amplifier Gains

Function Stage 1 |Stage 2 | Total Switches (FETs)
and Range Gain Gain | Gain Enahled
ACV 300mV .1 4 10 | S2AC,54AC.85AC,
SBAC,S10AC
ACY 3v A 4 1|S2AC,S4AC S5AC,
S7AC,59AC
ACV 30V .001 4 1 [S1AC,S3AC,S6AC,
SBAC,S10AC
ACYV  300V| .001 4 {01 |S1AC,53AC,S6AC,
S7AC,859AC
ACH 300mA 1 4 100 | S4AC,55AC,58AC,
S10AC,S11AC
ACH 3A 1 4 10| S4AC,S5AC,STAC,
S9AC,S11AC

7-F-29. True RMS Converter (U303). The True RMS
Converter’s output is a positive dc voltage with its value

7-F-7



Service 3468A
_3A RANGE 3A RANGE
RAZ
100K RAB RA7
RAL1 fjf HE
100K 3 "
A aK
U301A PYPVRS G
+ U3D1B
. - -
X1
Xes K23
X4 X. 4
R30Z R303 R302 R303
1K 24K 1K 74K
T W
3V RANGE 3V RANGE
RAZ RAZ
100K 100K RA7
RAL RA1 16K
M M e
1 e 40K
£301 £301
W
X.1
Xes
X.4
R302 R303
1K 24K
N
30V RANBE 300V RANGE
RAS RAZ
1K RAE 1K
RAL
M
— —AAA—
€301 U301A
X.001

I468-T-F3

Figure 7-F-5. AC Gain Configurations

equal to the true rms value of the input. For example, a
sine wave input of 1Y RMS ac generates a + 1V dc out-
put.

7-F-30. Refer to Schematic 2. The RMS Converter has
one major stage that does the actual conversion and a
buffer (used as an output stage). The converter stage
and the buffer are externally connected by R304. Pin 9
of U303 is the input to the buffer and pin 10 is the out-
put of the converter stage. The gain of the buffer is X1
which is internally set.

7-E-8

7-F-31. A/D Converter

7-F-32. General, The A/D Converter is used to change
dc voltages to digital information. The circuitry consists
of an Integrator (U401 and associated circuitry),
Voltage Reference (CR401 and associated circuitry),
and the A/D Hybrid (U403). The A/D Converter opera-
tion is controlled by the Main Controller (U501).

7-F-33. The A/D conversion method used by the 3468A
is called Multi-Slope II and has two operating states:
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Runup and Rundown. The 3488A’s most significant
digits are determined during runup (see paragraph
7-F-41) and the least significant digits are determined
during rundown. The integration time depends on the
selected Number Of Digits Displayed (3 1/2,4 1/2,0r 5
1/2). To help understand Multi-Slope II, first consider
the operation of the Dual-Slope Conversion method.
This method is explained in the following paragraph.

7-F-34. Duai-Slope Conversion. In dual-slope conver-
sion, an integrator capacitor charges for a fixed time
period (as shown in Figure 7-F-6), which is done during
runup. The charging rate and the resultant amplitude of
the charge is proportional to the voltage applied to the
integrator. The integrator capacitor is then discharged
at a fixed rate determined by a known reference voltage
and is done during rundown. Since the discharge rate is
constant, the discharge time is proportional to the
amplitude of the charge (input voltage). The amplitude
level can then be determined by the discharge time.
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7-F-35. Multi-Slope 11 Coaversion. Multi-Slope 11 is
similar to Dual-Slope in that a capacitor is charged and
discharged by the input voltage and by known reference
voltages. The following paragraphs explains the Multi-
Slop 1II operation (runup and rundown).

7-F-36. Simplified Explanation of Runup. The Runup
operation lasts for 317 A/D counts with one A/D count
equal to 20 (24 in the 50Hz option) cycles of the ALE
clock (Address Latch Enable at U501 pin 11). Each A/D
count results in one A/D ramp (or slope) at the output
of the A/D Integrator. The same time is used in both the
5 1/2 and 4 1/2 digit mode (317 ramps), with 10
readings taken in the 5 1/2 digit mode (making the in-
tegration time longer, see paragraph 7-F-40). Only 34
ramps are used in the 3 1/2 digit mode. The ALE clock
is generated by the Main Controller (U501, also known
as the Main CPU). Refer to Figure 7-F-7 and Figure
7-F-8 for the following simplified explanation of the
runup operation.
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Figure 7-F-6. Dual Slepe Conversion
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a. When runup starts, the input voltage (A/D Con-
verter input voltage, not instrument input voltage) is ap-
plied to integrator U401. The resultant input current
(Iin) then charges integrator capacitor C410 and a cer-
tain slope (output of the integrator) is then developed.
This happens at time period T1 (see Figure 7-F-8). (The
input voltage is always applied during runup.)

b. After time period T1, a negative going current is
applied to the integrator for a set time period. This cur-
rent, in addition to the input current, charges C410.
This generates a positive going output slope (the in-
tegrator output). The applied current makes sure that
the output slope that follows will cross zero, whether the
input current is positive or negative. The current is ap-
plied for time period T2.

c. After time period T2, the applied current (not the
input current) is removed and a current of opposite
polarity is then applied to U401 for new time period T3
(T3 is twice as long as T2). The newly applied current is
the same value as the first applied current (at time T2),
but at opposite polarity. The new current then charges
C410 in the opposite direction (C410 is discharged).
This is because the applied current is larger than the in-
put current.

d. When time T3 is completed, the A/D Controller
determines if the output slope crossed zero. If zero
crossing is detected, a current with the same value, but
at opposite polarity, as the previously applied current is
applied. This current is the same current as the first ap-
plied current and is applied to the integrator for a new
time period T4 (T4 is as long as T3). This current, in ad-
dition to the input current, then charges C410. Since
both currents charge C410, the output slope becomes
steeper and, as shown in Figure 7-F-8, crosses zero.

e. If no zero crossing (in step c) was detected (because
of a larger input voltage), the same current as the

3468A

previcusly applied current is applied for the new time
period T4. The current is reapplied until zero crossing is
detected. (This is shown as the dashed lines in Figure
7-F-8).

f. The operation in steps ¢ and d, or in steps ¢ and ¢
continues until the runup operation is completed. The
total runup operation lasts for 317 ALE ramps (or
counts).

g. During the runup operation, a counter in the Main
Controller increments during the positive going slope
periods and decrements during the negative going slope
periods. The counter, in effect, is used to determine the
amount of charge added and subtracted from the input
voltage. From that information, the most significant
digits of the 3468A°s reading is calculated.

7-F-37. Detailed Explanation of Runup. Figure 7-F-9
illustrates the 3468A runup operation in the 4 1/2 digit
mode. Refer to the figure (and Schematic 3) for the
runup explanation in the following steps. The solid lines
(in the figure) showing the runup sequence is for a
hypothetical input value. The dashed lines are for a
larger hypothetical input value.

a. When runup starts, the integrator capacitor (C410)
is charged by the input current (which is developed by
the input voltage). The input current is applied to the
negative terminal of integrator U401 (see Figure 7-F-7),
and since the integrator is in the inverting configuration,
the resultant output of U401 is positive (for positive in-
put currents the slope is negative). The capacitor is
charged for a short time period.

b. During the time period when only the input cur-
rent is applied, no other currents charge C410. Since no
other current is applied to U401 (except the input cur-
rent), it is called a no-current condition and the resul-
tant output slope is called slope S+0.
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Figure 7-F-3. Runup Slopes (4 1/2 Digit Mods)
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¢. After the tme period, a negative current {called
S-4) is then applied to U401. This current develops a
positive going output slope which is called slope S-4.
The 5-4 current is always the first current applied to the
integrator after the input current is applied. The current
is applied for 10 ALE cycles (12 ALE cycles in the 50 Hz
option) and is for time period T1. Since the input cur-
rent and the applied current in the example have the
same polarity, both charge C410. If the input current
was at opposite polarity, C410 will still be charged in the
same direction but the output slope will be less steep.
This is because the applied current (S-4) is normally
larger than the input current.

d. After time period T1, current S-4 is removed. A
no-current condition (slope S-0) will then exist for 1
ALE cycle (I ALE cycle or sometimes 2 ALE cycles for
the 50Hz option) during time period T2. The charge rate
of Capacitor C410 is again determined by only the input
current. Slope S-0 is also a no-current condition, as is
slope S+ 0. The major difference is that the slopes are
generated differently (see paragraph 7-F-39). Slope S-0
is selected since the previous no-current condition was
slope S+ 0. The slopes alternate with each other (S+0,
S-0, S+0, etc.) for each no-current condition.

e. When time T2 is completed, an S + 4 current is ap-
plied for 20 ALE cycles (24 ALE cycles for the 50Hz op-
tion) during time period T3. The S+4 current has the
same value as S-4, but at opposite polarity. This charges
C410 in the other direction (i.e. the capacitor is
discharged and then charged in the other direction).
Time periods T3, and the TS5, T7, and T9 periods that
follow, are twice as long as time period T1 (20 or 24
ALE cycles instead of 10 or 12 ALE cycles).

f. After time T3, the S + 4 current is removed and no
current (slope S + 0) is applied for time T4, Time T4 is as
long as time period T2 (1 or 2 ALE cycles). This is also
the same time for the S-0 or S+ 0 slopes that follow.
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g. When T4 is completed, the Main Controller then
determines if the output slope has crossed zero. Zero
crossing occurs when the A/D comparator’s output
(CMP output at U403 pin 11) changes state. In the ex-
ample, zero crossing is detected and current S-4 is ap-
plied for time T5 (20 or 24 ALE cycles).

h. After time TS5, current S-4 is removed and no cur-
rent (slope $-0) is applied for time T6. Since zero cross-
ing was detected (during time TS5), current S+4 is ap-
plied for time T7, after slope S-0 is completed.

i. When time T7 is completed, no curent (slope S+ 0)
is applied for time T8. Since no zero crossing was
detected, current S+ 4 is reapplied for time T9 (after
slope S+ 0).

j. Since zero crossing was detected during time T9,
current S-4 is applied (after slope S+ 0) for 20 (or 24}
ALE cycles. Then S+ 4 is applied (since zero crossing is
detected) and so on. This takes place until the runup
time is completed (either current S + 4 or S-4 is selected,
dependent upon if and when zero crossing occurs).

k. Once the runup operation is completed, U501 then
determines the 2 most significant digits of the reading.
For other than a zero reading, the number of S+4
slopes will always be different than the number of S-4
slopes. For a perfect zero reading, the number of S+4
slopes will be the same as the number of S-4 slopes. This
is represented in Figure 7-F-10.

7-F-38. Siope S+4 and S-4 Generation. The following
explains how the curents for slopes S+4 and S-4 are
generated.

a. Slope 8+4. Refer to Figure 7-F-11. Note that
both Y1 and Y2 paths are connected to ground. Since
the summing node of the paths is a virtual ground and
Y1 and Y2 are also connected to ground, no current
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Figure 7-F-10. Runup Slopes For Zero inputs (4 1/2 Digit Mode)
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flows between the paths and the summing node. Current
does flow from + Vref (Positive Reference Voltage)
through a 100K ohm resistor into the integrator
capacitor (connected to the negative terminal of U401).
This generates a negative going output slope.

™. i SLUPE

~y S+

365 F-F11

Figure 7-F-11. Slope S+4 Generation

b. Slope S-4. Refer to Figure 7-F-12. Note that both
Y1 and Y2 paths are are connected to -Vref (Negative
Reference Voltage). Since the summing node is a virtual
ground, current flows from + Vref through a 100K ohm
resistor and paths Y1 and Y2 to -Vref. Current also
flows from the integrator capacitor (C) to -Vref. This
current is generated because the total resistance of the
Y1 and Y2 paths is smaller than the 100K ohm resistor
from + Vref. The current from + Vref plus the current
from the capacitor equals the total current through
paths Y1 and Y2. Since the total resistance of paths Y1
and Y2 is S0K ohms, the current from + Vref (11) and
the current from the capacitor (12) is half as large as the
total Y1 and Y2 current (13). The resultant output slope
1s positive.

SLURE
T 5-4

5468 (-F1d

Figure 7-F-12. Slope S-4 Generation
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7-F-39. Slope S+0 and S0 Generation. Refer to
Figure 7-F-13. Note that one side of a 100K ohm resistor
(Y1 path) is connected to ground and the other side is
connected to the summing node. Since the 100K ohm
resistor from + Vref (Y3 path) and the 100K ohm
resistor from -Vref (Y2 path) are also connected to the
summing node, no current flows from the integrator
capacitor (C). This is because the resistance value of
path Y2 and Y3 is the same and makes the current value
of paths Y2 and Y3 the same (but opposite polarity).
This is true for both slopes S + 0 and S-0. The only dif-
ference is that paths Y1 and Y2 are switched when the
slopes are switched (Y1 to ground and Y2 to -Vref, or
Y2 to ground and Y1 to -Vref).
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Figure 7-F-13. Slope §+0 and S-0 Generation

7-F-40. Runup Time. The runup time changes with the
number of digits selected. For the 3 1/2 Digit mode, the
time is 1/600 second (for both the 60Hz and the 50Hz
options) and is called .1 PLC (Power Line Cycles). For
the 4 1/2 Digit mode, the time is 1/60 second (1/50 se-
cond for the 50 Hz option) and is called 1 PLC. The §
1/2 Digit mode is different. In this mode, 1 PLC is used
for the runup time with the A/D operation repeated ten
times. The resultant ten readings are then averaged and
the answer becomes a single reading.

7-F-41. Digit Generation. When the 3468A is in the 4
1/2 and 5 1/2 Digit mode, the first two significant digits
(of the reading) are determined during runup. In the 3
1/2 Digit mode, only the first digit is determined. In
rundown, the three least significant digits are deter-
mined in all modes. A total of 5 1/2 digits are developed
in both the 5 1/2 and 4 1/2 digit modes. Since only 4 1/2
digits are displayed in the 4 1/2 digit mode, the last digit
in the mode is rounded off to the next higher digit.

7-F-42. Rundown. When runup is completed, the
voltage at the A/D Converter’s input is removed and the
input is then connected to ground. The rundown opera-
tion then starts. Rundown is used to determine the three
least significant digits of the 3468A’s reading.
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7-F-43. Atfter runup, a voltage {or charge) remains on
the integrator with its amplitude and polarity dependent
on the last current applied (S +4 or S-4) and the input
voltage (applied during runup). By obtaining the value
of the remaining voltage, the least significant digits can
then be determined. The voltage value is obtained by ap-
plying various currents to the integrator, and counting
the number of times the currents have to be applied for
the resultant output slopes of the integrator to cross
ZEero.

7-F-44. The currents applied to the integrator are called
the S-4, S+4, 8-3, S+2, 8-1, and S + | currents and the
resultant output slopes are the 5-4, S+4, §8-3, S+ 2, §-1,
and S+ 1 slopes. Each one of the currents (S-4, S +4,
etc.) are applied (in the given order) to the integrator a
set number of times until zero crossing occurs. The only
exception is the first S-4 current (see paragraph 7-F-45
step ¢}. The first and second set of currents applied are
the S-4 and S+ 4 currents, respectively. These currents
have the same value as the S-4 and S + 4 currents used in
the runup operation, but are applied half as long. The
S-4 and S+4 slopes are each 10 ALE cycles long (20
ALE cycles in runup) and are called half-ramps. The
next currents applied (in order) are the S-3, S+2, and
S-1 currents, with S-0 slopes applied between them.

7-F-45. Rundown time is separated into five time
periods, as shown in Figure 7-F-14. Refer to the figure
for the following explanation on the rundown opera-
tion.

a. When rundown starts, the polarity of the remain-
ing voltage on the integrator is determined by the Main
Controller (U501). The polarity is determined by the
output state of the A/D comparator (CMP output at
U403 pin 11). A high output level shows a positive
voltage and a low level shows a negative voltage.
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b. If it has been determined that the remaining
voltage on the integrator is negative, S-4 currents are ap-
plied a number of times until zero crossing occurs (CMP
output changes state). Since the S-4 currents can be ap-
plied (during time T1 in Figure 7-F-14) to a maximum of
three ramps, the resultant output slope S-4 will normally
cross zero with three or less S-4 currents applied. After
Zero crossing occurs, the current is removed within 10
ALE cycles (i.e. one half-ramp) after the S-4 slope
crosses zero. If (after the current is removed) time T1 is
not completed, a no-current condition remains (i.e., an
S-0 slope) for the rest of time T1. No current is applied
to keep the rundown time constant.

¢. If the remaining voltage on the integrator is
positive, current S-4 is applied for a short time and then
removed. The current is applied for a short time because
the current develops a positive output slope and the in-
tegrator voltage is also positive. Both the slope and the
integrator voltage together could saturate the in-
tegrator. When Current 5-4 is removed, no current (an
S-0 slope) is then applied for the rest of time T1. Cur-
rent S-4 is applied whether the integrator voltage is
positive or negative. This is to make sure that the slopes
that follow (slope S +4) will always cross zero and that
the same transitions occurs for all readings.

d. The next current applied is positive S+ 4 current.
Its value is the same as S-4, but in the opposite direc-
tion. The current is applied until slope S+4 crosses
zero. The current can be applied (during time T2) a
maximum of three ramps. This makes time T2 the same
as time T1. The S+ 4 currents are also removed within
10 ALE cycles after the S+ 4 slope crosses zero. Here
again, no current is applied (slope S-0) for the re-
mainder of time T2.

e. After time T2, the next current applied is negative
§-3 current (its polarity is opposite of S + 4). Because the

T4 5
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Figure 7-F-14. Rundown Slopes
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value of an S-3 current is 1710 the value of an 5-4 cur-
rent, the resultant S-3 slope is not as steep and takes a
longer time to cross zero. This makes the maximum
number of times the currents can be applied (during
time T3) seven times instead of three. The S-3 current is
also removed within 10 ALE cycles after slope S-3
crosses zero. Then no current (S-0) is applied for the re-
mainder of time T3.

f. When time T3 is completed, positive current S+ 2
is applied. This current is 1/10 the value of §-3 (1/100 of
S-4) and in the opposite direction. The maximum
number of times the S + 2 current can be applied is seven
(as are S-3 currents). Time T4 has the same amount of
time as T3. The S+ 2 currents are also removed within
10 ALE cycles after slope S+ 2 crosses zero. Then no
current (S-0) is applied for the remainder of time T4.

2. The next current applied is negative S-1. This cur-
rent is 1/10 the value of S+2 (1/1000 of S+4) and in
the opposite direction. The current is applied until it
crosses zero. The currents are also removed within 10
ALE cycles after slope S-1 crosses zero.

h. Once the S-1 currents are removed a positive S+ 1
current is applied for 5 ALE cycles and is called one
guarter ramp. This current is applied instead of no cur-
rent and only happens after the S-1 slope. The current
has the same value as S-1, but in the opposite direction.
The currents are applied until zero crossing occurs and
are removed within 5 ALE cycles after crossing zero.

i. After current S+1 is removed, within 5 ALE
cycles, current S-1 is reapplied. This new S-1 current is
also applied until zero crossing occurs. After S-1 slope
cross zero, current S+ 1 is reapplied. After current S+ 1
is removed, S5-1 is applied, and so on. This takes place
until time T5 (and rundown) is completed.

j. During the rundown time, a counter in the Main
Controller counts the number of 8-4, S+4, §-3, S+2,
and S-1 slopes it takes for each set of slopes to cross
zero. This is then used to calculate the 3 least significant
digits of the 3468A’s reading.

7-F-46. Integrator Offset Compensation. The A/D In-
tegrator can have offsets which can prevent the S+2
and S-1 slopes from crossing zero. To make sure the
slopes will cross zero, the A/D’s DAC (Digital to
Analog Converter, R401 through R406) is turned on
before the S+ 2 currents are applied. The DAC is used
to null out any offsets from the integrator.

7-F-47. The correct DAC setting is determined during
the time when the S+ 1 and S-1 currents are applied.
These currents are applied after the first set of S-1 slopes
have crossed zero (see paragraph 7-F-45, step g). Since
both S+1 and S-1 currents have the same amplitude,
the S+ 1 and S-1 slopes should have the same magnitude
(i.e. zero crossing should occur at a certain time). If a
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difference in magnitude is noted by the Main Con-
troller, the DAC is adjusted until the magnitude of the
S+1 and S-1 slopes are the same, This is illustrated in
Figure 7-F-15. Refer to paragraph 7-F-66 for more in-
formation on the DAC.
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Figure 7-F-15. Determining the DAC Setting _

7-F-48. Rundown Slope Generation. The S-4 and S+ 4
slopes are generated the same way it is done for the
runup operation (see paragraphs 7-F-38). The only dif-
ference is that they only depend on the applied S-4 and
S+4 currents, not the input current. The S-0 slope is
generated the same way as the S-0 slope in runup (see
paragraph 7-F-39). The 5-3 and S-1 currents use the
same circuitry configuration as the S-4 current (see
Figure 7-F-12), but use different resistor values. The
resistor values are such that the S-3 current is 1/10 the
S-4 current and the S-1 current is 1/1000 the S-4 current.
The S+ 2 and S+ 1 currents use the same circuitry con-
figuration as the S+4 current (see Figure 7-F-11). In
this case, the resistor values chosen are such that the
S+ 2 currents are 1/100 the value of S+ 4 current and
S+1 is 1/1000 the value of S+ 4.

7-F-49. A/D Converter and Reference Circuitry. The
A/D Converter Circuitry consists of the A/D Hybrid
(U403), A/D Integrator (U401 and associated circuitry),
and the Main Controller (U501). Since the Voltage
Reference Circuitry (CR401, U405, U404, U402, and
associated circuitry) uses part of the A/D Hybrid (for
stability purposes) and since it is also used by the A/D
Converter, it is considered part of the converter cir-
cuitry. Refer to Schematic 3 for the following explana-
tion on the A/D Converter Circuitry.

a. A/D Hybrid (U403). The A/D Hybrid, shown in
Figure 7-F-16, operates as follows:

1. The A/D Hybrid has, internal to it, various
latches, decoders, and a clock generator. The
decoders receive control information from the
Main Controller, then decode the information and
pass the new information to the latches. The lat-
ches then transfer the new information to the
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Figure 7-F-16. A/D

various switches in the hybrid during each clock
pulse. The clock pulses are generated by the clock
generator which is syncronized by the ALE clock
(from the Main Controller). The hybrid receives
all its control information from ports P15 through
P17, and P26 and P27 of the Main Controller
(U501 pins 32 to 34, and pins 37 and 38). The in-
formation is transferred over the A, B, C, D, and
E lines (U403 pins 5 through 9) of the hybrid.

2, TheS-4,5+4,8-3,8+2,8-1,5+1, 8-0, and
S+ 0 currents are developed using resistors RA2
through RA10 in conjunction with the slope swit-
ches.

3. The A/D comparator is also inside the A/D
Hybrid and its input is connected to the output of
the A/D Integrator. The comparator updates its
output during each clock pulse. Since the com-
parator’s output is connected to a latch, the out-
put is transferred to a TTL driver during each
clock pulse. The TTL driver is a buffer which con-
nects the output of the latch to the Main Con-
troller.

Hybrid (U403)

4. Dependent on the function selected, the
hybrid connects the DC/Ohms Input Amplifier’s
output or the AC to DC Converter’s output to the
A/D Integrator’s (U401) input resistor (RAl in
U403). This is done by the input switches inside
the hybrid,

b. A/D Integrator (U401 and associated
circuitry). The A/D Integrator consists of an amplifier
(U401) with capacitor feedback {(C410). Since the
amplifier is inverting, the output slopes of the integrator
will be positive for negative input currents (and vice ver-
sa).

¢. Main Controller (U501). The Main Controller
controls the operation of the A/D Converter and the in-
strument. This includes the control of the runup and
rundown operation, and selecting the correct currents
(S-4, S+4, etc.). Refer to paragraph 7-F-52 for more in-
formation on the Main Controller.

d. Yoltage Reference. The Voltage Reference provides
three stable reference voltages: -10V, + 10V, and a buf-
fered -10V. The circuitry, shown in Figure 7-F-17, is ex-
plained as follows:
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Figure 7-F-17. 3468A Simplified Reference Circuitry

1. The -10V reference voltage is used by the
A/D Hybrid (U403) to develop stable and ac-
curate S-4, S+ 4, S-3, etc. currents. The reference
voltage is developed by non-inverting amplifier
(U405) using feedback resistors in U403 and a
6.9V reference diode (zener diode CR401). The
reference diode is connected to the amplifier’s
positive terminal and determines the stabilty of the
reference voltage. The feedback resistors for U405
are in U403 for good stability.

2. The buffered -10V is used by the A/D
Hybrid as a stable -10V power supply. The voltage
is developed by X1 gain non-inverting amplifier
U404 and the -10V reference voltage.

3. The + 10V reference voltage is used by the
A/D Hybrid (in conjunction with the -10V
reference) to develop the S-4, S+4, S-3, etc. cur-
rents. The + 10V reference voltage is also used by
the Ohms Current Source to develop a stable ohms
current (see paragraph 7-F-21). The reference
voltage is developed using inverting amplifier
U402 and feedback resistors in U403,

7-F-50. 3468A Control Logic Circuitry

7-F-51. The 3468A Control Logic Circuitry controls the
operation of the whole instrument, including front
panel and remote operation. The major circuitry is the
Main Controller Circuitry, consisting of a CPU (U501)
and a Control ROM (U502). The operation of the Con-
trol Circuitry is descibed in the following paragraphs.
Unless otherwise specified, refer to Schematic 3 for the
explanation. The circuitry is described as follows:

7-F-16

. Main CPU {(U501) Circuitry - paragraph 7-F-52.
. Control ROM (U502) - paragraph 7-F-53.
. Power-On and Reset Circuitry - paragraph 7-F-54.
. CMOS RAM - paragraph 7-F-55.
RAM Addressing - paragraph 7-F-56.
. Reading the RAM - paragraph 7-F-57.
. Sending Data to RAM - paragraph 7-F-38.
. Keyboard Operation - paragraph 7-F-60.
Display Operation paragraph 7-F-61.
HP-IL Operation - paragraph 7-F-62.
. Rear Panel Switch - paragraph 7-F-63.

1. A/D Converter Control - paragraph 7-F-64.

m. Input Hybrid Control - paragraph 7-F-65.

n. Digital to Analog Converter Operation
paragraph 7-F-66.

TSR MO A TR

7-F-52. Main CPU (U501) Circaitry. The operation of
the CPU and associated circuitry is as follows:

a. The CPU has an internal 128 bytes of RAM
memory and a clock. The frequency and stability of the
clock is determined by 6.003 MHz crystal Y501.

b. The Data Lines (D0 to D7) from the CPU are used
as both Data Lines and the lower § bits of the Address
Lines (A0 to A7). This is done by multiplexing the lines.
The Address Lines are used to address the Control
ROM, CMOS RAM, and the HP-IL Chip. The Data
Lines send and receive data between the CPU and the
Control ROM, CMOS RAM, and HP-IL Chip. The
ALE (Address Latch Enable) line goes low to latch the
lower 8 Address bits on U508. The Address bits are then
sent to the Control ROM, CMOS RAM, and HP-IL
Chip.
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¢. Other lines from the CPU are bi-directional Ports.
The ports are used to control the A/D Converter Hybrid
{UJ403) and Input Hybrid (U102), send information to
the display, and send and receive data to the keyboard.
Some ports (P20 through P23) are used as the upper Ad-
dress bits, A8 through A11).

7-F-53. Control ROM (US502). The Control ROM is
addressed when its CE line (Chip Enable at U502 pin 20)
is low, The low comes from the CPU’s PSEN line (Pro-
gram Store Enable at U501 pin 9). Address AOQ to A7
comes from latch U508. Address bits A8 to A1l comes
from Ports P20 to P23 (U501 pins 21 to 24). Address bit
Al2 comes from Port P14 (U50! pin 31) of the CPU.
When the ROM is addressed and enabled, data from the
ROM is transfered to the Data Lines.

7-F-54. Power-On and Reset Circuitry. The Power-On
and Reset Circuitry is used to reset the CPU after the
3468A is turned on, when the front panel TEST/RESET
button is pressed, and if the CPU inadvertantly goes to
a non-operational state. The circuitry operates as
follows:

a. Power-On Circuitry. Refer to Figure 7-F-18 or
Schematic 3. The Power-On Circuitry resets the CPU
when the 3468A is turned on and when the > 7V power
supply (raw supply for the + 5V supply) is low. The step
by step operation is as follows:

U501 us0s
CPU li-Y
; 3 RAM
Hobl 5 e s
L7LAR 7 - =
3> L
A557 & L5504 > -
13:“? 2= +L (551
¢ | i
v BTS51

JJ,; 14BE T-FLE

Figure 7-F-18. Power-On circuitry

1. When the 3468A is turned on, the positive in-
put of comparator U550A goes high after the
>7V power supply comes up.

2. Since the negative terminal of U550A is con-
nected to BT551, the output of the comparator at-
tempts to go high and charges capacitor C551. The
output goes high since the comparator has an open
collector output and a pull-up resistor is connected
between the CPU's RESET line (output of
U550A) and + 5V (the resistor is internal to the
CPU).

3. During the charge time, the RESET line rises
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from a low level until the capacitor is charged 10 a
high level.

4. The RESET line goes high and the CPU
resets and turns on. The 3468A is now in its turn-
on state.

5. As long as the RESET line is low, the CPU’s
SS (Single Step) line is low (the line is connected to
the RESET line). Holding the SS line low, forces
the PSEN line high and prevents the CPU from
reading the Control ROM before the ROM is in-
itialized.

6. When the RESET line is low, the CE2 line of
the CMOS RAM (U509) is also low and disables
the RAM (see paragraph 7-F-59).

7. The CPU is also reset when the >7V power
supply goes low. A low power supply sets the
positive input of U550A low which makes the
U550A’s output low. This resets the CPU.

b. Reset Circuitry. Refer to Figure 7-F-19 or
Schematic 3. The Reset Circuitry is used to reset the
CPU when the TEST/RESET button is pressed or if the
CPU inadvertently goes to a non-operational state. The
step by step operation is as follows:

1. During normal operation, counter U504 is
continuously incremented by the ALE clock.

2. The counter is reset by the Q1 output of latch
U507. The latch receives its data from Port 20.
Since the Q1 output of the latch is also connected
to the keyboard, the counter is reset as long as the
keyboard is scanned (see paragraph 7-F-60). The
reset pulse is developed by C503, CR501, and
R502.

3. If the TEST/RESET button is pressed or the
CPU goes to a non-operational state, the
keyboard scanning is stopped.

4. Since the ALE clock is still operating, the
counter keeps incrementing for about 1.3 seconds.

5. After the 1.3 seconds, the Q20 output of
U504 goes high. This is because the counter is not
being reset.

6. The Q20 output is connected to the negative
terminal of comparator U550B. Since the positive
terminal of U550B is at + 3.3V (from the display),
US550B’s output goes low. This brings the RESET
line low.

7. The ALE clock continues to increment the
counter and after 1.3 seconds the Q20 output goes
low.
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Figure 7-F-19. Reset Circuitry

8. With the Q20 output low, the output of U550B at-
tempts to go high and charges C551 (see step a-2).

9. Once the capacitor is charged to the high level, the
CPU then resumes operation. The 3468A is now in its
furn-on state.

7-F-55. CMOS RAM. The CMOS RAM is used to store
the 3468A°S Calibration Constants. The following
paragraphs explain how the RAM is addressed, how
data (constants) is read from the RAM, and how new
data (new constants) is sent to the RAM. This is done
using the RAM’s Address, Input, and Output Lines.
The Address Lines are connected to the CPU’s lower 8
Address bits (AQ to A7). The RAM’s input and output
lines, (D1 to D4 and DO1 to DO4 respectively, are con-
nected to each other and to the DO to D3 Data Lines.

7-F-56. RAM Addressing. The RAM can only be ad-
dressed as long as line CE2 (Chip Enable 2 at U509 pin
17)is high. The line is high when the 3468A is turned on.

7-F-57. Reading the RAM. The RAM can be read
under the following conditions.

a. Line OD (Output Disable at U509 pin 18) must be
low. It is low when the RD Line (Read at U501 pin 8) is
low.

b. Line CEl must also be low. It receives the low
from one section of the CMOS latch U505 (pin 6). The
latch transfers data from Port P23 during each ALE cy-
cle.

¢. Once the previous conditions are met (the RAM is
addressed) and line CE2 is high, data from the RAM is
transferred to the Data Lines.
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7-F-58. Sending Data to RAM. The RAM can receive
new Data when its R/W line (Read/Write at U509 pin
20) is low. This can only happen if the 3468A’s Cal
Switch (located at the rear panel) is on (down) and the
WR line of the CPU (Write at U501 pin 10) is low.
When the CAL Switch is on (down), it connects the WR
line of the CPU to the R/W line of the CMOS RAM.
When the WR line is low, the RAM can then receive new
data.

7-F-59. Since the 3468A’s Calibration Constants are
stored in the CMOS RAM, the constants must remain in
the RAM when the 3468A is turned off (or power
removed). This is done by battery BT551. In addition,
the RAM should not see any possible write commands
(R/W low) during the time that power is removed. The
RAM must be disabled. This is because a write com-
mand may erase some calibration constants. The RAM
is disabled by comparator U550A (part of the CPU’s
power on). The operation is as follows:

a. Aslong as the 3468A is on, the RAM gets its supp-
ly voltage from the + 5V power supply through diode
CRS50.

b. When power is off, the RAM gets its supply
voltage from battery BT551 through diode CR551. The
battery voltage is used for data retention.

c. After turning power off, the RAM is disabled by
setting Line CE2 low. This is done by comparator
US550A. The comparator senses a low (or no >7V) from
voltage divider R551 and R552. Since US50A’s negative
terminal is at the battery voltage, the output of US50A
discharges C551 before the supply goes off. This makes
Line CE2 low and disables the RAM.

7-F-60. Keyboard Operation. The Keyboard’s
pushbuttons are connected in a 4X4 matrix and are con-
tinuously scanned by the CPU. The operation is as
follows:
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a. One side of the matrix is connected to Ports P10 (o
P13 of the CPU (U501 pins 27 to 30) and the other side
is connected to the Q1 to Q4 outputs of CMOS latch
U507 (U507 pins 3 to 6). The latch receives its input
from Ports P20 to P23 (U501 pins 21 to 24) and
transfers data each time the CPU’s PROG line goes low.

b. Before scanning starts, the Q1 to Q4 outputs of
U507 and Ports P10 to P13 of U501 are set high. When
scanning starts, starting with the Q1 output, each out-
put goes sequentially low.

¢. During the time that the keyboard is scanned, the
CPU determines which one and if any of Ports P10 to
P13 are low. A low on P10 to P13 is used to determine
the button pressed. For example, the SRQ button is
pressed and turns the corresponding keyboard SRQ
switch on. This connects Port P11 to output Q4 which
makes P11 low when Q4 is low. Since the CPU knows
when it sets Q4 low and also knows when P11 is low, the
pressed button is determined.

7-F-61, Display Operation. The 3468A Display is an
alphanumeric display with 12 annunciators. The CPU
sends serial data to the Display Circuitry which in turn
does all the necessary decoding of the data (to display
readings, etc.). The operation is as follows:

a. With line PWO high, the CPU can send new data
to the Display Circuitry. Data is in serial form and is
sent on the INA line (U505 pin 4). For the Display Cir-
cuitry to receive and decode the data, the other display
lines have to send certain information to the circuitry.
This is as follows:

1. The Display Circuitry requires two clock in-
puts to receive data, ¢1 and ¢2. The inputs come
from latch U505 (pin 3) and Port P25 for clock in-
puts ¢1 and ¢2, respectively.

2. The ISA line (U505 pin 5) is used to give in-
structions to the Display Circuitry.

3. The SYNC line (U505 pin 6) is used to tell the
Display Circuitry when to look for instructions.

b. With line PWO (from Port P24 of the CPU at
U501 pin 35) low, the Display Circuitry operates
without receiving any data from the CPU. The circuitry
can operate in this mode since it has an internal clock
{capacitor C501 is the frequency reference). With the
circuitry in the internal mode, no updating of the
display is done. Line PWO is controlled by the CPU.

7-F-62. HP-IL Operation. All interfacing between the
CPU and the Hewlett-Packard Interface Loop (HP-IL)
is done by the HP-IL Chip (U503), and isolation
transformers T501 and T502. The transformers transfer
and receive information between the HP-IL Chip and
the HP-IL. The circuitry operates as follows.
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a. The HP-IL Chip generates its own clock signal us-
ing internal circuitry in conjunction with inductor L501
and C504.

b. When U503 is addressed (by the CPU) and its WR
{Write) line is low, data from the CPU is sent over the
Data Lines to U503, Line WR gets its low from the
CPU’s WR line. With the CPU WR line low, its KD
(Read) line is high (which makes U503’s RD line high).
Depending on the Register selected (RS0 to RS2 at US03
pins 5 to 3, which are the A0 to A2 Address Lines of the
CPU), U503 interprets the data as the interface state
{Talker, Listener, etc.) or a frame of data to be sent.

¢. When U503 is addressed (by the CPU) and its RD
line is low, U503 is enabled to send data to the CPU
over the Data Lines. Line RD gets its low from the
CPU’s RD line. Depending on the Register selected
(RS0 to RS2, see previous step), the data may be a frame
which was received or status about the state of the inter-
face.

d. The CPU continuously checks (for HP-IL data)
and updates US503.

e. Capacitors C508 and C3509 in conjunction with
resistors R505 and RS06 are used as filters (for the
transmitter). Resistors R503 and R504 are used as pull-
down resistors (for the receiver). Diodes CR552 through
CRS555 are used as overvoltage protection for the HP-IL
Chip.

7-F-63. Rear Pamnel Switch. The Rear Panel Switch
(S501) is an eight section DIP switch used to select the
3468A’s Signature Analysis (SA) Routines, set the
Power SRQ Status Bit, set the 3468A to the talk-only
mode, set the multimeter to the selected power line fre-
quency, and to enable calibration. Except for the
calibration operation (it is explained in Section IV of
this manual), the purpose and operation of the switches
is as follows:

a. SA1 and SA2. The 3468A has two SA routines,
SA1 and SA2, which are selected by switch $501. Switch
SAT1 is used to hold address line A12 of the ROM low.
At power on reset, this places the CPU and ROM to the
SAl code location. Switch SA2 is used to hold the
CPU’s INT (interupt) line low. At power on reset, this
will signal the CPU to go to the SA2 routines.

b. Power-On SRQ. This switch holds the A6 line of
the HP-IL Chip low. This line determines the value of
bit 7 of the SRQ Mask (see this manual’s Section III for
information on the Power SRQ Bit).

¢. Talk-Only Mode. In this case, the switch holds the
HP-IL Chip’s A7 line low and the 3468A is placed into
the talk-only mode by the chip (refer to this manual’s
Section 1II for information on this mode).
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d. Power Line Frequency (SOHz/60Hz}. This switch
holds the TO input line (U301 pin 1) of the CPU low.
The CPU will then select the A/D Converter’s Integra-
tion Time for the selected power line frequency (1/60 se-
cond for 60Hz or 1/50 second for 50Hz, etc.).

7-F-64. A/D Converter Control. The A/D Converter
receives control data from the CPU’s Ports P15 to P17
(U501 pins 32 to 34), P26 (pin 37), and P27 (pin 38). The
data is used to select the various slopes (see paragraph
7-F-49 step a) in the converter. The output of the A/D
Converter (CMP, the Comparator Output) is applied to
the T'1 input of the CPU (at U501 pin 39). The ALE out-
put is used as the A/D converter’s clock. Refer to
paragraph 7-F-31 for more information on the A/D
operation.

7-F-65. Input Hybrid Control. The control lines to the
Input Hybrid (U102} are: Data, Mode, and Clock. The
Data line comes from the Q3 output of latch U505 (pin
5), the Mode line comes from Port P10 (U501 pin 27),
and the Clock comes from Port P26 (U501 pin 37). The
lines do the following.

a. When the Clock input (U102 pin 24) is low, no
data is transferred into the hybrid.

b. When the clock input makes a transition from low
to high, the following happens:

1. When the Mode input (U102 pin 25) is low,
data on the Data line (U102 pin 26) is transferred
into the hybrid (into an internal shift register).

2. When the Mode input is high, the data in the
hybrid (in its shift register) is used to set-up the
switches in the hybrid.

7-F-66. Digital to Analog Converter Operation. The
3468A’s A/D Converter requires a certain offset voltage
{see paragraph 7-F-46 for more information). This off-
set is applied to the negative input of the A/D Integrator
{U401) and comes from the Digital to Analog Converter
(DAC). The offset voltages are developed by resistors
R401 to R406, which are selected by CMOS latches
U505 and U507, Each time latch U505 is clocked by the
ALE and latch U507 is clocked by the CPU’s PROG
line, the output of the latches is either high or low. This
depends on the position (high or low) of Ports P20 to
P23. The outputs in conjunction with resistors R401 to
R406 then generate a certain offset voltage.

7-F-67. Power Supplies

7-F-68. General. The 3468A has three power supplies:
+15V, -15V, and +5V (plus an unregulated supply,
>7V). All power supplies use transformer T730 as the
main ac power source. If the 3468A has the battery op-
tion (Option 001), the Battery Charger Circuitry (see
Paragraph 7-F-72) supplies the raw voltages for the
power supplies when ac power is removed. Refer to
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Schematic 4 for the following explanation on the power
supply circuitry.

7-F-69. +5V and >7V Supplies. A full-wave rectifier,
consisting of CR703 and CR704, develop the raw
(unregulated) voltage for the + 5V power supply. The
voltage is the >7V supply and comes from the Battery
Charger when ac power is removed. The + 5V regulated
voltage is developed by voltage regulator U701.
Breakdown diode CR712 is used for overvoltage protec-
tion. Capacitor C705 and C731 are filter capacitors.
Diode CR707 normally does not conduct, but will con-
duct if the + 15V power supply goes below +5V. This is
used to protect the Input Hybrid, U102, if the + 15V
supply goes low. Temperature sensitive resistor RT705
is used to protect supplies from excessive output cur-
rents. The protection circuitry operates as follows:

a. If the output current of the +5V and >7V is ex-
cessive, RT705 heats up.

b. Since RT705 has a positive temperature coeffi-
cient, its resistance increases to a large value due to high
temperature.

¢. The high resistance causes most of the supply
voltage to drop across RT705, in effect shutting down
the supplies.

d. The large resistance value remains until RT7035
cools down (power supply draws normal current).

7-F-70. + 15V Supply. A voltage doubler circuit, con-
sisting of C741, C703, CR701, and CR702, is used to
develop the raw (unregulated) voltage for the + 15V
supply. The voltage comes from the Battery Charger
when ac power is removed. The voltage doubler circuit
develops the raw voltage by charging capacitor C741
during the negative cycle of the ac power source (T730).
The capacitor is charged through diode CR702 (CR701
does not conduct at this time). During the positive ac cy-
cle, CR701 conducts and rectifies the ac voltage to de.
The resultant de voltage is the positive voltage from the
secondary of the power transformer (between pins 11
and 13 of T730) plus the charge on capacitor C741. This
makes the resultant voltage approximately twice the
peak ac voltage (+20V). Diode CR752 prevents any
negative voltages from being applied to the positive side
of C741 (which may happen at turn on). The regulated
+ 15V comes from voltage regulator U703. Breakdown
diode CR750 and CR711 are used for overvoltage pro-
tection. Capacitor C704 is a filter capacitor.
Temperature sensitive resistor RT707 is to protect the
supply from excessive output currents (see Paragraph
7-F-69 step a).

7-F-71. -15V Supply. The -15V Supply is a mirror im-
age of the +15V Supply. Refer to the explanation on
the + 15V Supply (see previous paragraph) for the ex-
planation on the -15V Supply. Keep in mind that the
currents and voltages are opposite in polarity.
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1-F-72. Battery Charger Circuitry {Option 001)

7-F-73. The Battery Charger Circuitry is located on the
A3 assembly and does the following:

a. Battery Charging (Power Switch Off). The Bat-
tery is charged (if it needs charging) with a typical
charge current of 400mA.

b. Battery Charging (Power Switch On). The Battery
is charged (if it needs charging) with a typical current of
130mA.

c. Battery Only Operation. The battery supplies the
power for the DC to DC Converter which supplies the
raw (unregulated) voltages for the 3468A°s +3V,
+ 15V, and -15V power supplies.

7-F-74. The Battery Charger Circuitry consists of a Bat-
tery, Battery Charger, Voltage and Current Sensing Cir-
cuitry, and a DC to DC Converter. The following
paragraphs explain how the different circuitry operates.
Refer to Schematic 5 (and 4) for the explanation.

7-F-75. Battery Charging (Power Switch Off). With
the power switch off and ac power applied to the 3468A,
the Battery Charger operation is explained in the follow-
ing steps. Refer to Figure 7-F-20 (Simplified Schematic
Of The Battery Charger) for the explanation.
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a. The output from wansformer T730 {coming
through pins 8 and 16 of P701) is connected to full-wave
rectifier CR901 and CR902. The dc output of the diodes
is used as the battery charger power supply when ac
power is connected to the 3468A.

b. Comparator U%02A (in conjunction with Q901
and Q902) determines if battery BT901 needs charging.
Comparator U902A in conjunction with U902B also
determines the maximum allowable charge current. The
operation is as follows:

1. If the battery voltage is less than approx-
imately 7.1V (the voltage decreases as temperature
increases), the battery needs to be charged.

2. The battery voltage is divided down by
divider R924, RS04, R903, and RT922. The resul-
tant voltage drop across R903 is applied to the
negative terminal of US02A.

3. The positive terminal of U902A is at +2.5V,
which comes from voltage regulator U901. If the
negative terminal of U902A is below +2.5V, its
output goes high. This is because the comparator
operates as an amplifier. The high output turns
Q902 on harder which turns Q901 on harder, sup-
plying more current to the battery.

LRIOL PC BUARD TRACE, AND
1750  W501 CABLE RESISTANCE
-~
/
RIG0~— i
CREPE CHARGE RS04,RE24, ;L_B1301
Ll CURRENT AND RTS22
CONTROLLER $
+2 5V
. RE03
CHARGE |
CURRENT
i SELECT
AL a— 2 NUTE
WITH PUOWER SWITCH {5730} OUFF,
u TEREE:! DV AT R908 GENERATES 40DmA
sy R309 CHARGE CURRENT. WITH POWER
v2. 3 + SWITCH ON, -15v AT RS06 GENERATES
130mA CHARGE CURRENT.
) R308
Uy OR -15V
[SEE NOTE} 3468 T-Fi0

Figure 7-F-20. Simplified Schematic Of The Battery Charger
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4. If the positive terminal of U901 A goes above
+ 2.5V, its output goes lower and turns Q901 and
Q902 on less hard (the battery receives a smaller
charge current). When the battery is completely
charged, there is still a trickle charge current of
approximately SmA. The current prevents the bat-
tery from discharging itself and to maintain the
battery voltage at approximately 7.1V.

5. Diode CR904 is used to supply the power for
U902 when ac power is connected to the 3468A
and CR905 is used to supply the power (from the
DC to DC Converter) when ac power is discon-
nected. Diode CR905 has to supply power to U902
since U902 is also used when power is discon-
nected.

¢. Comparator U902B is used to determine the max-
imum battery charge current and operates in conjunc-
tion with U902A. The operation is as follows:

1. The negative terminal of U902B is connected
to ground.

2. The positive terminal of U%02B is connected
to summing resistors R908, R909, and R910.
Resistors R908, R909, and R910 are connected to
the -15V power supply, to + 2.5V, and to R740 (at
the center tap of T730), respectively. The voltage
drop across R740 is directly proportional to the
sum of the battery charge current and the +5V
supply current.

3. With the 3468A’s power switch off, the -15V
supply is at zero volts and the + 5V power supply
current is zero. At this time, the voltage drop
across R740 depends on only the current drawn by
the battery charge circuitry. Since the negative ter-
minal of U902B is at zero volts (ground potential),
the positive terminal must also be at zero volts (for
normal operation). This is true when the voltage
drop across R740 is at a certain value. The voltage
drop has the correct value when the battery charge
current is approximately 400mA. Comparator
U902B in effect forces its positive terminal to zero
volts by controlling the amount of battery charge
current (using Q%01 and Q%02).

4. With the 3468A’s power switch on, the -15V
and + 5V power supplies are now on. At this time,
the voltage drop across R740 depends on the cur-
rent drawn by the battery charge circuitry and the
+ 5V supply. In order for the positive terminal of
U902B to be at zero volts, the voltage drop across
R740 must now be different (because the -15V and
+5V power supplies are now on). The voltage
drop across R740 is now correct when the battery
charge current is at approximately 130mA.,
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7-F-76. Battery Only Operation. In this mode, the DC
to DC Converter generates the raw power supply
voltages for the 3468A°’s power supplies. Three condi-
tions must be met for the converter to operate: the ac
power source is disconnected from the multimeter, the
instrument is on (power switch on), and the battery
voltage must be high enough. The following steps ex-
plain the operation of the DC to DC Converter. Refer to
Figure 7-F-21 (simplified schematic of the DC to DC
Converter) for the explanation.

a. When power is disconnected from the 3468A, the
condition is sensed by comparator U902D and turns the
DC to DC Converter on.

1. Aslong as ac power is applied to the 3468A,
the positive terminal (pin 7) of U%02D is at a level
larger than +2.5V. The voltage at U%02D pin 7
comes from one of the ac lines of T730 (P701 pin
16), after the ac voltage is rectified by CR903 and
divided down by divider R901 and R%02. Under
normal conditions, the voltage must be above
+ 2.5V, since the negative terminal of U902D is at
+2.5V. This makes the output of U902D high and
prevents the DC to DC Converter from operating.

2. When ac power is disconnected, the positive
terminal of U902D goes to zero. The result is that
the output of comparator U%02D, which is con-
nected to one input of Nor gate U%03B, goes low.

3. The other input of U903B is also low because
the SR flip-flop (U903C and U%03D) is set (U903D
pin 11 is low). The flip-flop is used to make sure
the battery voltage is large enough for the DC to
DC Converter to operate. The flip-flop is set by
two different methods. The first method is a
positive pulse which is generated from the battery
voltage (which comes through the power switch
and P701 pin 9). The pulse is developed through
C904 and across R914 and is applied to one input
of nor gate U903A, and also to the S (set) input of
the flip-flop. In the second method, U%02D (when
the line voltage is high), will do the same as a
positive pulse. Since the other input of U903A is
also high, if the battery voltage is high enough, its
output is low and the flip-flop is set. The RC time
constant of C904 and R914 assures enough time
for the power supply (from the DC to DC Con-
verter) to stabilize the circuitry.

4. With both inputs to U903B low, its output is
high and resets (turns on) CMOS timer U9035.

5. The CMOS timer generates a rectangular
waveform (at approximately 28KHz) which is in-
verted by gate US04A (US04A is a Nor gate con-
nected as an inverter). The frequency of the timer
is determined by R915, R916, CR911, and C911.



6. When the output of UY04A is low, the out-
puts of Nor gates U904B, C, and D (which are also
connected as inverters) are high. The high turns on

b. When the batiery voltage is low {less than approx-
imately + 5.5V), the DC to DC Converter turns off. The
operation is as follows:

transistor Q905 which turns on transistor Q904.
Current then flows from the battery into
transformer T901.

7. When the output of U904A is high, the out-
puts of U904B, C, and D go low and turn Q%04
and Q905 off. This turns the current flow through
T901 off. A high output of U%04A also turns on
Q903. This is used to turn Q904 off quicker.

8. With Q%04 on and current flow t¢c T901 in-
creasing, the magnetic field of T901 expands and
voltage is induced into its secondary. With Q904
off and current flow to T901 disabled, the
magnetic field of T901 collapses and voltage of
opposite polarity is induced into its secondary.
These voltages are rectified by bridge rectifier
CR912, CR913, CR914, and CR915 and also by
bridge rectifier CR916, CR917, CR918, and
CR919. The resultant dc voltages are the raw
voltages for the 3468A's power supplies.

1. The battery voltage divided down by voltage
divider R911 and R912 and applied to the positive
terminal of comparator U902C. The terminal is
normally above +2.5V and makes the output of
U902C high.

2. The negative terminal of U902C is at +2.5V.
When the positive terminal goes below 2.5V (bat-
tery voltage low), the output of U902C goes low.
This in turn makes the output of Nor gate U903A
low.

3. The flip-flop then changes state (output
high) which generates a low output from Nor gate
US03B (with pin 5 of U903B high and pin 6 low,
the output is low).

4. The low output of U903B turns the CMOS
timer (U905) off. This in turn disables the DC to
DC Converter. The 3468A then becomes in-
operative (battery needs to be charged).
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SERVICE GROUP G
SCHEMATICS

Service Group G Contents

Title Figure
General Schematic Notes. . .......... .. ... ... .7-G-2
3468A Block Diagram........................ 7-G-2
Input Circuitry and Qhms
Current Source (Schematic1j. ... ............7-G-3
AC to DC Converter (Schematic2)............. 7-G-4
A/D Converter and Control Logic
(Schematic 3)............... . .. 7G-S
Power Supplies (Schematic 4).................7-G-6
Battery Charger (Schematic 5)................. 7-G-7
7-G-1. INTRODUCTION Diagram and Schematics. In  addition, general
schematics notes are also included to gain an under-
7-G-2. This Service Group has the 3468A’s Block standing on how to use the schematics.

GENERAL SCHEMATIC NOTES

1. RESISTANCE iN OHMS, CAPACITANCE IN MICROFARADS, INDUCTANCE IN MICROHENHRIES UNLESS OTHERWISE NOTED.

2. ASTERISK DENOTES A FACTORY-SELECTED VALUE. VALUE SHOWN ON SCHEMATIC IS TYPICAL.

3. S ENCLOSES FRONT PANEL MARKING.

prp——
4 ! 1 ENCLOSES REAR PANEL MARKING,
L
5 —— - - CIRCUIT ASSEMBLY BURDERLINE
B, — = — = — — —_——— = OTHER ASSEMBLY BORDERLINE. ALSO USED TG INDICATE MECHANICAL INTERCON

MECTIONS {GANGING).
7 918 DENOTES WIRE COLOR CODE. CODE USED IS SAME AS THE RESISTOR COLOR CODE. FIRST NUMBER IDEN-
TIFIES THE BASE COLOR, SECOND NUMBER IDENTIFIES THE WIDER STRIPE, THIRD NUMBER IDENTIFIES
THE NARROWER STRIPE
E.G.\ 918/ DENOTES WHITE BASE, BROWN WIDE STRIPE, GRAY NARROW STRIPE.

8 N7 DENODTES GROUND ON PC ASSEMBLIES.

Figure 7-G-1. General Schematic Notes

7-G-1



Service 3478A
OHMS
5o CURRENT AEEERENCE
AR SOURCE
1 9ENSE INPUT
40 2W 0
) . =
- O . » TNPUT _— INPUT » A/D

» 4] .

SWITCHING AMPLIFIER CONVERTER
x x L
LD ;L :
1 AC TO DC : y
CONVERTER g oo
SWITCH CONTAROL CONTROL -
O— LOGIC
A
L
POWER SUPPLY FRONT PANEL
AND BATTERY HP-TL CONTROL DISPLAY
CHARGER INPUTAOUTRUT [PUSHBUTTONS)
dqad-T-r oL

Figure 7-G-2. 3468A Block Diagram




& % £ F
|“ B - - o - N : o - o  —R741-
| 24 13| Sggg Y501 :i tg?ca_
' usoz J - | §730 — 553
[ L . ) g —CROSS— oSS
: —R507~
- JMBOB~_ REET- _pega- [EJ 1
: CRB56 ' i 1 ® I
CRBO1 - 1 _ 5 | Uso | usog 5%
gRRel 3| |8 2 [
R0z ~c507- 5 20 |18 L ,A
. ~C552- ' O UMBO2 . RTe -
Mg oSt “RBG4- ,ammsE“Mﬁ°‘-°“°* “ce0s- ‘EE%?' GRroq
e RS- L EEEERN SR PRI -Cré2-
T R552- gﬁg‘gﬁ) ~ChE0~ ££—§g— RAQT- —o410-— c73 )
] - - u T S
U | -rBSTS CRADI- lyma 14 1 UMA05., 1. JMSOB 1 18
'3 : R0z 403 Teans 1 0 00 O
&
N i D G- J 481 i 5 i
1 JM?OI' ' — 1
|+  BTB5I - cn401 = ZUMB02 ¢
PRI £ al!
! RECT- ﬂ‘ Zta3 < :40?2_ : : 1180
: ;ﬂ_.___ —C310— ~C305- -R438- i i
_. I . o !'
I s ELKl ; . 301] W08 . —C306— L i R o0ug
—RISEI- 1 38 s, “C312- caos_\ 303 )1 CRIO7 Lo L
P
o c30| -C302-  -R306- g3 - —-C309— ;
g “R304- '
— I 42 2z — :
g 1| | K10l C307 ]
! uioz - i T
- ! —RI03— —Rivs— O loov O
—RI10S- ! M?O!
—RIOB— K102 2 o T O Yzov ©
i 202) 2208~ | O 220v O P02
! —CIGi— -R2GI CR | o]
£l10l : ~RI1O- i O zsov C
] il = 0 G €203~ K:‘O
i Klos 120! o °2§> %‘: 1203] | o3 C
i 1 Il
-C104- . - -c20! - Q203 { I =~ —rr08—
—RO7 -R204- —L201— CR? @_2/ ° : 8 i
G103 — —RIOB— —RIOe— ()7 SENSE AT —cr06— 7 N
E —Clo2— —Ri01— —Rio2— (P OENSE LRonn  or7ia-
3468-1C
Al
-hp- Part Number O3468-66501
Component Goi. Component Col. Component Coi. LComponent Coi.
C101 B JM101 (S Q204 C R201 C
C102 B.C JM102 C Q205 D R202 C
c103 B.C R203 &
c104 A K101 AB R101 C R204 B
C201 B K102 AB R102 C R205 D
c202 D K103 AB R103 AB
Cc203 D K104 AB R104 B U101 B,C
C301 A.B R105 C U102 B,C
L201 B.C R106 © U201 B
CR201 © R107 A U202 D
CR202 D Q201 S R108 A U203 cC.b
Q202 C R109 A
E101 A Q203 c R110 AB




fF/G'f{I INPUT CIRCUITRY AND OHMS CURRENT SOURCE
l Ius4sa-555o1

|

|

K103
I o R
[
45y
[ I
i
R106
Y 51K
s o
I
! AL1D R103
S 1K 51K
L e R - S
E101
g30v
RiO1
2, .1 R108
;E”m_ B 51K £104
I 108 0.01
51K
[anes] Oreno—————
A1o2  aioy
: L0, .8, 51K 51K
1e
bt
]
I X104
"---——-0‘\0——-
| R
+5V

COPYRIGHT 1981 BY HEWLETT-PACKARD COMPANY



10¥ REF
FH w403 (2G,24)

JU— L) ]

" pRO’

10 Ca0L
¥AC INPUT

5

R202
= — — INPUT SWITCHING - - ol
HZD3 3
K103 204 L201 Sl
470 750uH CR201
E— o - - AAA T - —
0204 0z
GUARD
+5Y
S | 5 S
S - .__._ﬂ¢_ :
sl e PRE;:;RGE ! 0203
72 1o uzoi@ -—?— +15V Uig2 !
! . PRE :
22
R10B  R10% “18Y o 15y :
VA S 2! 5 SRS e S SRS i O !
1 cios i S4ADC | s4BOC HC i
i
470pF i S4toc |, DG/OMNS
3 -3.5 I ST INPUT AMP. T
1 N I
VE [ Ll i +15¥
R103 K10t /104 ! \
51K S1K
- A S 7 W B ) Js—w*% . '
I c101 | .
! 470pF |
+5Y 0 -3.5¥
,,,,, - .qu,_._ 3.5
K102 | sose *
9.9M , N
14 . H
o - ¥ RD9Y 5200 Az
' : 233K
Nuull ; e
SY ' St | ADgo
: 3.5V i S0K
j RALL * an sio0C T
i
. . 40, LOOK B S i
' | st 51106 T
1 -
I * “Troot
| 3.8y 3. F1K
R102 i
51K ﬁsill? | p
. o - BEEIY . B ) [ S S
l ; $SBAD SeB0C
c1o02 |
$4TUPF iy . S6COC E!lﬂt
' ’ Rggg ___L OF 4 RELAY DRIVERS
(E : %’ L £ K101, K102,K10%,K104
! -
! L e ooy 2 v VALY S
w5 —le—— 5y J
K104

4 5
«D%ALI;J’F L




— W Mt . — _——

OHMS CURRENT SOURCE

PHOS FET 15V 41

yioz

$3R

3 10v¥ REF Jneos P o — VOLTAGE —
M UAD3 (20,240 o 4 P/0 1 REFERENCE '
: EEE uLoz I' +15V
i SeRT T |
1 QB—
: RRL 3 ¢ . -
i
1 0K 51R‘[_r e O e T S
i i |
i pAZ } ! i
! 140K T ! !
] I I
‘———% —————————— : - &
o
1
p UVERVUL TAGE i RR4 RR3
A PROTECTION ————\ - B . 7 17, 14K 2.857K
1
. RZ01 ¢ i
! 0205 40K { S2R
¥ : [
i
& CR202 : 3R
16.2v . :]
|
I
'
i ———
0202 -
_ GATE BIAS ___ | $4R
A~ AMPLIFIER — | :]
|
- I _ +15Y 1
.3 R ¥4 Y% 21
Q203 gt rTmEmmmemees : 134)_
ouT T |
&
1
i
i
1
1

0L/ OHMS
A INPUT AMP.

+15¢

ssoc T ]
RDSO
90K
s100C T
RDOS
9K
s110c T
RDO}
1K
v

1 OF 4 RELAY DRIVERS._
i Ki0i,K102,K103,K104

*‘15\1" + *15'{

Ll [2? 28 29,30i

DATA —-05-!--FH U505 (51

HOOE —6——FH ysoiizi 3

ciLK w—4£‘—|=n usot (373 3

3

I
I
P/D |
i
[}




BUFFER AND
7 RANGE RESISTORS N

I
OHHS CURRENT SOURCE S ‘
i
i

[}
I
! P/0 |
! yioz !
i i
i !
Y | S ,
! | AR4 A3 513 S11R| S3IR SR !
i 7. _17.14K2.857K l: |
i i
E I T {ssn | !
| |
| I l: SeR_, I
| t
[ I T Tston | ¢ |
‘*l CR202 : S5R — :
t 16.2v X j - T Tstem !
! { 1
i 1
| RR8 $RR7 2RR& 1RRS :
! 4 Taook Taok T ax :
__ GATE BIAS ._ | i
] £ AMPLIFIER oy '
+15Y X '
1 i 1
1
! 1
i
i
|
i
i
i
|
i
i
|
i
i
_____________________________________________________________________ i |
1
Jn101 o A
b
— <% U403 125,261

3468-1A/2 1

Figure 7-G-3. Input Circuitry and Ohms Current Source
7-G-3/7-G-4



& F
o o T S o S o —RPd | —
24 ) ] 638 Y501 Ml it
usge | ] 5730 = GRss3
770 . B B | —cmees— 508
' -REOT-
2 - [] 4 1
= ~R&Q4 -
] § - Us0 1 U503 _;%g:
q -C507- § . 28| ~CBO08-
Lo T o ——R740—
\ "1’148'“‘ 55— -CB01 - ~RBG4~ 7 imsas M0G0 groq. R sallaks
/mmk‘“"--- Do oo ey P it -Cr42-
e } R352- cngg%l -C550- _—Eggg: -R407T- —gaio— |
| . : B '_'g: ) - L JNA0B.. .- INA0B R s
3 :550 “Rat3- -calt- | 4 O 0 0 0 O
i) g™ B
: BTE5I -] 3 -~ JM20T-. L
Dol i o I405 CR401 P ,JMEGAMQPZ L 50
1] - -
! ——[ —C310— -C305- -R433— o
S/ X -R302- -R303- 504 :
I~ _msgz- K104 m ——C304— i
J : e —@ElE= - JMBO3- — 305 : O 0 O q
—RTS563— | ~g3iz- . —
, -R308- —¢308— .
] €301 -c302-  ~R306- gz - —C309— i
g “R304- ;
0 42 22 :
Y ko | c307 :
1 uioz : —
I —RIDE— —RiGE ! D 1o O
] SMTQH
: Kioz - | 1 oy T izov ©
: 202 2308 _O z20v O P702
‘ " —C101— -R20i 0 o]
L _-RilG- 8 e b O 2a0v O
' ko3 u @ ' CR743 =P°
! 201 0 4204) (azbe 203 | CR75! - ° o
| 201 0208) {qQ2b : 3] cRIos Be R706
Rio7— -C20i- { x| —R706—
=Gl -R204- —L20i— GR2 (e ! 5 8 b
. —€103— —R105— —RI06— () SENSE Hi ~E706—— I_ ,]
ma —€102-— —RI0I— —Rige— (OFSENSE LR 00 s
- 3468-1C
A1l
-hp- Part Number 03468-66501
Component Cai. Component Col, Component Coi. Gomgonent Coi.
c3ao AB C309 [v] JM303 C R307 B,.C
C302 B C310 B.C
C304 D c311 (& R302 C U102 B,C
C305 (& C312 (& R303 C U301 B.C
C306 D C313 B R304 D U302 C
C307 D R305 C U303 D
C308 D JM302 D R306 C




AC 10 DC CONVERTER

]
! Al 03468-66501

AWPLIFIER .
STAGE 1 T~

38 08 41
om0 s O 5155 5 D10 10 e D 0 o Y 5 £ e 5 1 e e Y S e 0 e 0 o e
{ P/O U102
"
:
: 2 RAG
: 1 FROK §3 J 100K ax
: TAAC] )
1
! S11AC
;
)
1}
: Ezac S5AC
605 wm

EROM Qe iH .

k14 Lt -

(VAC) ; t
I
! S3AL SBAC
1
H
:
1
i
1
]
] AAL
: Rﬂ(s A0K
. _
i
l S4AC RAS .
I 4., 4K !
b
1
oo 5 50 B ) o I . o 0D e e 525 e 1 S 5 o o e 5 e e e £ s s j

38 OR 41 353

COPYRIGHT 1381 BY HEWLETT-PACKARD COMPANY




Ry P

COMHON

w5 (3)
VIN‘H’

e — e — = = e = AU 10 DC COMVERTER —— = S — —

___ AMPLIFIER
T STAGE 1

i
i
] -
| ) ___ AMPLIFIER . S
! S §TAGE 3 = —
[
I
t
]
|
]
: +15¥
1 S
i Lesn
4 M3 1 304
- b {7 22
35
o5 u302>5¥- e —
! A C306
: 22
1)
) c3tez
1 1
¥
RAZ RAS RAT t -15Y %[:’
1K 40K 16K i
. — b : 0 ; e
s i E00r L lrioe Y
I 1K
ASE S10AC : $
I
1

36 36




LOMnGN o BUF OUT
CURRENT
MIRROR

Vs o dB

Vn
_\‘fs
- — - I - = - :
]
I
I
]
I
CAMPULFIER . ans i !
STAGE 3 3 ’ CONYERTER v

s %'1 C304

. 22
1302} St —
306

T 22

0 ASD z
uan3 2y, z2es

3460-103

2

Figure 7-G-4. AC to DC Converter
7-G-5/7-G-6



Y&01[

g 565~ e el
= £ T
| i20_ij g 5 C:pgg-: 1502 |
Ll —cso7- | @ a-
.. -CBB2- - - —RT4G—
™, _ o : - IMBO0Z 601 ~C404  _csoa (T
/§g§§|: T551— -€501 -R564- - dMB03L = JM’FCOSTO . L
[~ T T T T T T T T T T T T T T e e e T T T e e e e s e~ —m——— =G4z -
P RO mss2- RBRE -coso- Z“%‘; TRACE- SCRET pe07- —caro— |
o : —RggP?l _—R:.‘i-OI‘: [E] T UMA0B~, - JMA0BLY 1" - I8
I | B :’ _;%4%%t U403 call : O O 0 O
-2 cazo- | wes e
1 ! u *84%?‘ 1B 28] i g !
'+ BT8SI - 402 @ cRAO! /j:,';%?'\;umaoz\, naog- | T 5|1 1730
i -R307- -C438- gl | 5|
i —C310— -C305- -R438- g ;
| “R305. “R303- 04 i l
{ J ~R56Z- | K104 ) 3%| ~uMz03 [ ] oo : CT05— Q000 g
I o £33~ 302 C308 u y: -CRTII- o
o | —RTHB3 ! —R305- ~C3I12- —g308—\ 308 /& -CRTO7
| csol | 302 -R306- c31|-  —g309— v (B
£ ~R304- ! £
T — L a2 1 £
8 i ’7,“(” c307 P I,
: 1 =g -
; uioz ! -CRT50 O ooy O
H
SRiQg- | 08T —RiOw J: O/amm\o(
. —RI08— 1 R . " o] T¢e2- | crioe- 120¥
'i ! 202| ;R208- | CR706: O z20v O [FEe
E10 :' -Rijo- T~ Clet— -Reoi- Fags L caos. .: O zaov O
) ; ~ R0z L] 0
[b J E‘ K103 . | @ o@ ooz (203 | cR748 R 5
I ! _ 1 {m
) -C104- o7 -az_gf? r-_LmI B cﬂgzoa Q201 {gads : Cx| —R08--
. RN e T il
—C103— —RI105— —Rigg— ()P SENSE HI ~C706—— T L
E —c1o2— —riol— —rioz— O SENSE LQ0r  mois-
) 3468~ IC
Al
-hp- Part Number 03468-66501
Component Coi. Component Col. Component Cai. Component Col.
BTS551 AB CR501 A R403 B RT563 A
CR550 A,B R404 B
C401 D CR551 A,B R405 B 5501 F
C402 ] CR552 F R406 B
ca04 D CRb553 F R407 c.D T601 F
c405 (5 CR554 F R408 (5 T502 F
C410 D CRB55 F R409 D
c411 D CR556 A R438 D u401 o}
| C412 D R438 (& U402 B
C430 © JM401 A R501 c U403 c.D
| C431 C JM402 A RB02 A U404 (&
| C501 B JM403 A R503 E U405 &
E €503 A JM404 A R504 E us01 c,b
. C504 D.E JM405 D R50O7 D.E us02 B,C
C505 © JMEO1 D R551 A.B us03 D.E
Ch0B C JMB02 (o} R552 A U504 A
C507 A JMB03 c.D R5563 B Us05s B
Cc508 E JMBOB R561 A uso?7? B
C509 E R562 A us08 A
“ C551 A L501 E R564 (= us09 A
| €552 A RbGGE D Us50 A
R401 B RB67 G
CR401 Cc R402 B R568 D.E Y501 D

m

 —R741-

—CR565—

4101

R =

-G .

]




F"n_;‘\l A/D CONVERTER AND
i 0346B-66501

CONTROL LOGIC

+&Y +5¥ -
503 SRA0L
1000pF 71.6M4
i —==
> R602
JC.ZH CR501
H
i
PO i
w301
¢ viv s 5,
it TG
d & iR581
L 15.8K RADTZ
(] a.zn'
vy —-
5
% T1iRco
I : # (R561
o 1] 15.8K
'] =0
N
Y3V T 3] 2] 11] 10
: : il e il gt V1
Pl i |R561
[ I 15, 6K
L P SR
It
44 C410
i
TODISPLAT | 1) pser g A 1500pF
RN S 3 ——————
r 4 +15Y f;uur
] ¥ ° -
I K405 . Li
Pl e Ll * 1 caos
Yee —i:—'o---—-m-—v»—-]-—*sv e $ ot
11
1L L K409 4 -1 Iy =
mwp ——to—— xc 4753 .
180 -15y ; uap3 8
1
' cnF In AD [
t 1 ' & == C412
0§52 ———o0—— NC = DC IN CONYERTER
h vZZBOpF L enamson 28.28 1oe 1us eft
Pt | A 2 AC IN LILLE PR o 8
./ NC FN JH302
DPWO — ¢ —— 0.4 oF pur i
[ 1 ymer
S0 415V e e
e NC 185,18,23
“ i -YREF 18,
b4 10Y REF
1 10 JM201 —J Vs nery |2 C‘!giﬂ
I GNDD  GWDA  REF NODE  -15 : 4
qu 148, 1 o
i tl ’-}I'\ I
(3 T -15v 3
~~~"cuarp 31 cRaot
A RINE ¥l ey v
R433
R438 5 1M
W, 3.01K
|
i
F/O o —
ws01
PWD o
111
*2— ©
10 SND——1—4o
I
DISPLAY : i 47 1l2/sj4] P/D
rro T"T’"wsm
081 —> © } l4.7:isv
J_ | S Y]
C501
$47on
COPYRIGHT 1981 BY HEWLETT-~PACKARD COHP.&N"I"_ - o



4By
E:R-ﬂ)l >R402 sR403 is +5Y SHA05
1.6M T 808K §402K Vb "1 00K ——— 10 uUiDZ (263
LAY 1%
oz ot P2 —_ 14m a
- 5o o2 113 1810, 4
HLI g
(1 oos 5 7 12 |0y usos =2 1
T LATCH 11 1 ﬂ'ﬁ:’u 5
1 vozreey — L By
N Y ® lvss LK 7 L VYar CLK T
F—f 4; Bi &2 W R M ‘E Bl 62 N K M
Y —11 A 8/ 10] Z]35] 1 A 9] 10] 2] 18] 1
N
N |
TRIF\ 2
N
N sr?n“\. ]
N 36 —
N l.l:lg;t?.\ l s 2| ozl 29 24
. S PRUG. P20 P21 P22 P23
1< R L LLL LM 13 9T o7 |12 —
N ' FpMA02_ el os 18
ﬁJIMﬂ:i 1] os 127 _
1 P CLLLLIE ] 04 |18
1 o3 {14
10 oz 14
+5Y U102 1251
oe 12
1:4104 oo 22 H
: ataLy 2 Y501 18 BL 7L Al 3 +5Y
80 70 &0 50 40 30 20 10
b pdN50L a2 6.003MHz +5Y h
20
£ UH502 33 us jes ﬁi ;
P18 — vane 507
o nJM503 w4 P17 1o i
b L2} 330F ND
k1) P2y $ o 1t i
P14 Be 70 60 50 40 30 i 10 g
res 3501'“ i8] 16] 18] 12] §] &] 5] 2
3 NIGROPROCESSON
T |. |
M 11 vee [Ba 5V
118,28 2
] '
c431 L R565
.01 1K
e 2
CR401
r![‘ 6.3V -15Y REET
azp 4 R139 , i
S0k = o
v, 3 1
i _j pra [P
C430 L
820pF ;‘; 1o bt
&3 R507 <
15K 7
s — +5¥
o W[
L) P4 Eﬂ_ =
L] e
e die,
[ s R
tl2]sl4] P/D =k I e
Sl 1R501 Yan b e = J14
4. T 20
Y v

— —— e — — a— —




10 UI0Z128) 1

> b—' d- 0-40~ 9~

Yee

SND
ac
2010

30

18} 18] 22| 2%

i7] 16} 1§

1] 10

A1l AID A3 AE 0B O

Voo

N

usoz
CONTROL ROM

AT

14] 13
7 06 03 04 03 0z 01

a] 11[1z] e[ 10}

04 DO4 D3 DOF D2 DDZ D1 D01

U509
CHOS RAM

Al AD AR AR A7 O

® ¥eo AW

14313 /12 /11| 3] @8

[x]
mi
-l

oo

1 2 3 4 5
BUS LINES

Bl

RSO AS1 RS2 WR TAG Lot Li

20

I O4) 3 B Tl 17

2

20

!|4 HEEED

BTS51 —

3.0V
v

l/l\l

YRR & crsss
P/0 RSO3 L.
47K 1 .

1 css2
T 2200pf

+5V




PO
o | W501
S S - - L B
12 ' T
o —-INA 1
ols ' ISJ\M"L’“
14 [
© - SYNC
I
T~ - . - - - = 11 t
- SR B B B e
i F 48§ Tosee
0§ b b @ O - S-d 10K
MY AN A )
]
!
_— +5Y
4113 32 1) 8| 8] 7} 6] 1 mn R506
(TR w7 3 s 7 Ve RESET THCLK SCPL 383 1502 ws02 >
S LT toxs 25 03 TDX
508 il S ile ol it '
oy U503 330pF 33V I iy’
HP-IL R505 4 i
I
L Toxe 2 83 ' L > ToX0
\S_AE AT CEZ Vee AW Rso Rs1 Rsz WA TRE LC1 LCZ AE AT POKE  ROXL J_CSﬂS CR553 il
D :] T 3] 2] B z4] 18] 18] 18] 17 330gF 33v i 10
L501 $ i HP-IL
56 : : INTERFACE
[}
C504 CR555 R504 I
120pF 15K 501 RDXD
It M . 11
+15Y 'R
UNREEULATED ) q d L
250 . 1
503 RDX1
s CR554 ?_ I )
TALK ONLY 1BV
$501 e TED
T i—-o/a:’
POWER SRQ 18] 5 Vo2
14 9/'6 3
3L Y |
SOHz/80Hz | 12| ¥ s %} |
sat fal v o ls
I . sA2 || ¥ b
e | s] vl
v
141 ™
+5y
> R553 I A CR556
] S 1M P/0 R501 L |
Lcsst 4.76 ¢ - |
2R — A C552
CR550 2200pF
t——H—=5v 5V
L C550
.1
v

Figure 7-G-5. A/D Converter and Control Logic
7-G-1/7-G-8



Rl

B c £
[ - - o o 5 —— - B T —R741- |
2 1 24 i3 gggg Y501 — ._c 4_
= | | 3 L]
. - | | | £ —CRESE— Nl 5
R80T -
~REET- 8
: - MB0S-. ROST- _mees-  [—ef
I — 0 1] & T
‘CRE56- T i ~RAD4- e
“CREQ!- 2 = i uso| us03 = é}%?
R R 20 o s | i J . R
L €552~ - - JNB02 —GIRI=
—, ) ~ o .
jggom—cam ~ -c501- ~RBE4- ~asoas MEOISCIO ~coos-  RTI0S cRT0n:
L NAQET e Sooo0 Rt ittt b e L LS MR 57 742~
L 1502 - MAOH Resa- CRR%%?‘) - 550~ _541 63- RI0BT O30S p407- ——caio— |
| I vy S S
ks . - -rEEP2 -Rial- [ T . aMa0B. 1. JM408 T i
H 8 : 560 -R403- u4o3 -gai : i o 0 o O O
-4 = s ““““““
Sl g AR L . L g |
. s Ul craor <201~ m00 LT 5l
I 405| “pazg” JMIQ! 3?&&49&—__ } g ! 1780
—C310— -C3OH- -RA36- -Canr-
T e R 0304-“02- E i
u 0304 — ettt
JM303 — -C705—
R L T OB R°°°R
~RE0E- - —C308— g o .
-c302-  ~R306- _c3 - —€309— ! 8
- . ~R304- t g
uroz | GAteo v ol
—Ri0%— : O oy O
: O/JM'?OI\O
; . o7 ~¢e0e- | .crioe- 120V
o 202 pRgy | CRIOB O 220v O P702
*203- i O zaov O
"y -RA0E- . m ~-C203- I —
E2g| 1ol 0@ ozoz 208 ; CR749- o o
1 [
-£20! - 0203) (Qzb! i S Sl —mvoe—
-R204- —L20i— CR2 @5 i 5 =
—ci03— —RI05— —RI06— () SENSE HI ~6706— -
0 SENSE L
b —c102— —RICI— —R102— () Brros. —cr713-
) 3468-1C
] Al
3 -hp- Part Number 03468-66501
COMPONENT LOCATOR TABLE FOR SCHEMATIC 4 (POWER SUPPLY)
i
f! Component Col. Component Gol. Comgonent Col. Componant Col.
L
c702 E CR703 | EF F730 | EF RT705 | E
Cc703 E,F CR704 E,F RT706 E
| C705 E CR705 5 J701 E,F RT707 E
Cc706 E CR706 D.E
Cc707 D.E CR707 D.,E JM701 F §730 b.E
c731 E CR711 D.E JM705 D
C740Q E CR712 D JM706 D.E T730 EF
C741 E CR713 D.E JM707 DE
: C742 E.F CR749 £ JM708 DE U701 E
‘ C750 D.E CR750 D.E U702 D,E
N CR751 E R708 F U703 D.E
CR701 E CR752 E R740 E
CR702 D.E R741 F




AC ONLY POWER SUPPLY

70 BATTERY CHARGER B0 4 1
ﬂuadss—sssns AT [03468-86501
F/0
JT0L — S—
i “e0t I ?
5 +15V UNREGULATED 1l o e LI
Fr CR91Z,CR313 [ i
Pl i BATTERY
i : TEST
[ i
[ I | :
il
i 1
i : R741
" (] 1 15K
BAT. [} & I
FK CR30E “ = > H
1 ! 3.8, ,o8.7
i 4.8
I
1
i
F730 :
100mA (SLOW BLOW: . 1780 R
! - v “o — 4+ ol
! ~LINE FUSE g ‘
4 A740 i
13 08.27 lcraz |
PTOZ 12 —Or Wiy I'\.nl :
f—" 2Z0V q !
SPARK GAP T0 ¢ ;
H ¢
BOTTON SHIELD 240y 2. e
o o-beo
) ey JN701 :
1 5730
P/0O
/0
. . | wios . .miu
T0 RILD G
Al ”,_, i I
5 torete Hio : i S ':
1
T I
5 +5Y UNREGULATED 4 L w3 I
1 FH CR916,CR919 o = D=t ]
[ 14
! 5 *5V UNREGULATED 14 o = :
FM CR916,CAS19 ' ;
i i
[ | 1
[ ] 1
[ | ]
] |
[ 1
[ i
R :
| 1 i 1 ‘
i i i 1 i
i 1]
[ i
Pt 1
19 ]
L] §
i i
11 1
[ i
[ 1
5 -15V UNREGULATED % 50 & !
FM CR913,CR914 i B
i . 1 w15 !
i ~15Y UNREGULATED o — —— 2 S I
5 FH CRS13,CR914 .

COPYRIGHT 1981 BY HEWLETT-PACKARD COMPANY



+15¥ UNREGULATED

i
]
1
. T0 CR554,CR5S5 3 !
BATTERY i
TEST CR752 i
| i
L CR701 RTITGD? - i
. iv1l4 35y TO
R741 — — J_ L u703 2 o T 1 —d o 15V .15 48 i
15K it cR70z  CRYSD +4.£703 s $I:_ 07 ;
T 741 33.2v $ :47 |‘
3,8 6,7 330 CR?D?]F :
1 l
i
; ofed = - T
( t
i ()
H ' <
i STV '
i
d CR703 J b >7VIUNREG) '
it o
4 ——otro L l
1 f
R740 i RT705 . )
0.27 lcraz | 2.5 1 sr01 3 . ) (+4,85Y 10 {
.0 1 J_ +5.15V] '
1 - C731 C705 + CR712 ',
d 1000 q? 2.7 $ &Y :
3 a : ) :Z ;IJ :
g CR704 :
5730 !
)
i
i
- . ]
1
t
1
]
¥
i
]
H
i
i
]
1)
i
;
|
LR751 i
i
RT708 i
i ! pL> -14%.25V To g
B r‘— U702 o —— 1sv fhEN
croe l C706
CR706 CR749 CR713
x 33.2v UL 1 +2.7 T {7y
C740
330

3466-1A1



P70 A3 BATTERY CHARGER
03468-66503
LINE

(24

P/
4701

]

i 18

N
w
)
S
< n 0 el
5]
21
@
8 DN - = M
& F - o 2.2
d ] = = i
o i 0 i z
<o 1110 L]
o SR o | [ ot
- =
]
“| o o| N N g a
i 1
5 8 < -} e @ -]
i
|
|
g\ B w /\ s v
- - s o~ P~ o -
o =
@
=
o> SR S
“in o
i -
oo =
0 = -
- =
- . e NiD
s 3 2z &5
0 w et -
- = - I
- = “‘iﬂ - _
= = |
= 0 |
& ]
- EaY
M-
ml.
. >
it 2
> -
1 8 o
| ﬁ £z
" e ] o
= -L W
Ll o
= ~
_ > 0
| R 2 I =
L3 -t (=D
i e
i et )
od
I -
| e
_ | (3 _Ll_

7-G-9/7-G-10

Figure 7-G-6. Power Supplies

T0 CR3O1

2468-1A/1




- i | : | : |

o O

usas
e%@@ Fcree 70
Glraze o

G{ceeste
CS"S O F-cre16© [FCR9ISO
57 3-Cr917©  [F-Cre140
O | F-cre18© [FcR913©
O| Ecre19© [F-cr9120
o| clcstgo  oftaarto

Gcreps® 1 g%
[G-crees® GHReezFOG{RI13MO &{Rregoto

={ 50 Jo

o991 [(3-CR9%1E
0 € 3-cre020

(3-CRS035)

L L

To6M

A3
-hp- Part Number 03468-66503

Compunent Coi Component Coi. Component Col. Component Col.
Ca01 B,C CR910 A Qam A RO16 A
ca0z B CR9M A Q902 A R918 ©
C903 B CR912 C Q803 S H919 ©
C904 © CR3913 (& Q904 B R320 (&
Ca08 B.C CR914 C Qgos < R921 &
Ca07 Cc CR915 Cc R&23 B
cs08 & CR916 (& R901 C R924 B
C908 C CR917 S R902 C R925 A
C910 © CR918 G R903 B
C911 A CR913 (& R904 B RT922 B
co12 B CR920 A R805 A

CR921 A RS08 A T901 B.C

CRIO1 G RO07 B

CR902Z S FS01 B R908 B Uao1 B

CRO03 (S R909 B usoz B

CRS04 B Joo1 A Rg10 B ug03 A

CR905 B J902 ALB R911 A ugo4 A

CRO06 A R912 B ug90s A

CRS07 o JMB01 A R913 (&

CRI08 A JMS802 A R914 A w301 G

CR90S A R315 A




AC ONLY POMER SUPPLY
03458-66501

it | D—————iem— d S

4

BATTERY CHARGER

0346866503

NOTE

PO
Jras
1
i 70
T 1 w301 - CR301
4 o erkllf 0 = ——
¥
4 LINE | 18 ¢ g o 18 »
10 8730111} | i .
; i
i L1
H 11
1 11
i 11
1 [
1 1 it
1 [
1 [
1 (] l
i il
i - |
1 [
i i
I [
1 Pl
i [
4 s 730U : ! ¥ L o4
i 11 _ Bl —
4 rmoroan — LI L o3
| i |
1 | I} .
4 EM uT02(®) & — o—1
1 [
1 108 i
4w uro2n e = o1
1 Pt l
| 11
¥ At ) L1 o 8
4 FH §73019,8) K o & Voot
1
CAP. DISCHARGE Lt ¢ Ll o1
EN ST3014,9) : b ASZE
s b g . 270
P I -
i | P |
- 1
v
—— ¥ CRS03
—
1 2 R801
¥ 20K
I R
$Ra02
F10K
W
I
I

THE SHIELD OF THE BATTERY CHARGER IS
CONNECTED TO GROUND.

COPYRIGHT 1981 BY HEWLETT-PACKARD COMPANY



CR30L

Q301

CRYDE
I _ . i _ 5; ;;’. . .
CRe
¥ CR304
4,68 ]
4l . CRY05
usor | . i
2 HFLUL,I\'TQR
3 R904
?L ¥ 125K
fsngn Rggg $ R924 2 2 Rt
P s 29, 8K 3 3 RTg22
S . @302
]
-t ceoz L
v RI0E
270
16>
Re03 4? 3 R903
i . |ve028 ¥ 71.05K
b &

.__Q*F_
l
Lt
CRI02
41 C9G1
T 2200
RS10
186
—t— o MA
R908
100K
¥ CR903
—
$ R901
T 20K
$RO02
10K
W

ACKARD COMPANY

+
313
68K
— A
€910
1.5

" v
;1.8312
;E 1.5

¥ aar

< RS07

CR92:
»
L |
R3Z5
iM
Y osar
¥ sar
£ ?%?4 A& CRS10
= Uso3s
CRY09 CRI08 R914
3M 6




TRACE ON P.C. Bl
IS USED AS A FU!

REFER TO 7-E-
OF THE 3488A SE!
MANUAL IF FUSE !

— Q.fb_o_
BATTERY
FUSE
+I £306
CRS07 Q; 10 .
T901 cao7 _{
1] Q. 1%
CR3913 CRY12
s RS04
T 125K
g
1% AT922
o —
»
s R903
¢ 71.05K
v 5 USG4A
4
. 7
7
¥ ogar
JMs0z <
13T & CRS10 ¥ st
v
>D 10 T
Ag15
Usis [} 3
//’J & JHI0L b 93. 1K
— B ) 905 r .
U &
11 . T?:?Esn ; ¥.CRI911 3 ?3%&
e NC ——
1$ a[

L oca1a
180pF




-7 - - }\I: ONLY PGWER SUPPLY
A1 0346888501 I

TRACE ON P.C, BOARD
IS USED AS A FUSE. | |
|

REFER TO 7-E-12
OF THE 3488A SERVICE
HANUAL IF FUSE IS OPEN. 4 3ol

F801 Jsoz [
BATTERY
FUSE 2A i P/ 1
Wa01

I R I —~ N 3 BAT
= ° i » 10 sraoe,n 4 |
. ot 52 -15V UNREG.
- J_ @ 7 10 R706 4
7901 ’ 15 15 -15Y UNREG. 4

& 10 R706

1t +15Y UNREG.
4 T0 R70T 4

— | ———— o | —— — —

IS SRR EVUOUSUNN (OO NS A+
3

}‘i ;gvnr“;' 4
L +5V UNREG. 4
- i 10 R70S
| I
I i
= L - J

5

- = - = T e Figure 7-G-7. Battery Charger (Option 001)
7-G-11/7-G-12




Appendix A

A-1. introduction

A-2. Hewlett-Packard Interface Loop (HP-1Lj is a two
wire interface that permits communication from one
device or instrument to another. As the name implies,
devices are connected in a serial loop structure. Data or
information, in the form of digital messages, travels
from one device to the next around the loop. The
following discussion is controller independent but,
where appropriate, is dependent on the 3468A.

A-3. General HP-IL Description

A-4, The interface loop consists of a calculator/con-
troller and up to 30 peripheral devices such as the
3468A, printer/plotters, etc. Maximum cable length
from one device to the next should not exceed 10 meters
to maintain noise immunity. Information is transferred
from one device to the next around the loop. If the in-
formation is not intended for a particular device (see
paragraph on addressing), the device merely passes the
information on to the next device in the loop. When the
information reaches the intended device, the device
responds as directed by the information. In this way, the
calculator/controller can send information to and
receive information from selected devices in the loop ac-
cording to the devices capabilities.

A-5. Functional Overview

A-6. Each device in the loop may possess one or more
of the three basic device capabilities: Controller, Talker,
or Listener. The controller, as the name implies, has the
responsibility to control loop activity. The -hp- Model
41C/41CV handheld calculator and the -hp- Model 85
desktop computer are examples of devices which can be
used as controllers. They must, of course, be equipped
with the proper interface module. Controllers transmit
all commands to other devices in the loop and have
Talker and Listener capabilities. The 3468A cannot
serve as a controller. Only one device in the loop may
serve as a controller.

A-7. Talkers are devices that have the ability to send
data or information (but not commands) through the
loop. Note that a talker will not actually send its data or
information until told to do so by the controller. The
3468A has Talker capabilities. When the 3468A is talk-
ing on the loop its TLK annunciator will turn on. In
special situations, one device may be classified as a
Talk-only device and sends information to Listen-only
devices. Such a system would not have a controller. For

example, the 3468A can be configured for Talk-only
mode and send measurement results to a printer.

A-8. Listeners are devices with the capability to receive
information over the loop. When the 3468A is “‘listen-
ing”’, its LSTN annunciator turns on, Listeners must re-
main inactive until instructed by the controller to receive
the information.

A-8. Addressing

A-10. Each device in the loop is assigned an address by
the controller. The assigned address will probably be
different than the factory preset address. The 3468A,
for example, has a preset address of 22. If the 3468A is
the only device in the loop with the controller, the con-
troller will assign it an address of ““1'*, The address per-
mits the controller to specify or select a particular device
in the loop when sending commands. Addresses are
assigned to devices sequentially around the loop in the
direction of information flow. The first device after the
controller is assigned an address of ““1”’. The second
device is assigned the address **2”’, and so on around the
loop.

A-11. HP-IL System Terms

A-12. The following paragraphs define the terms and
concepts used to describe HP-IL system operations.

a. Address: Each device in the loop is assigned an
address by the controller. The address is used to specify
which device in the loop will receive information or send
information.

b. Byte: A byteisa unit of information consisting of
8 binary digits called bits.

c. Device: Any instrument or unit that is HP-IL
compatible is called a device.

d. Device Dependent: An action a device performs
in response to information sent through the loop. The
action is characteristic of a particular instrument and
will probably vary from device to device.

e. Frame: Messages are sent through the loop as a se-
quence of eleven bits called a message **frame’’.

f. Polling: Polling is a process typically used by a
controller to locate a device that has requested service

A-1



Appendix

from the controller. There are two types of polling,
Serial Poll and Parallel Poll:

1. Serial Poll. When the controller executes a
serial poll, the addressed device sends one byte of
operational information called a status byte. If
more than one device in the loop is capable of re-
questing service, each device in the loop must be
serial polled until the device that requested service
is located.

2. Parallel Poll. This method obtains a status
bit from eight devices in the loop. The 3468A does
not respond to a parallel poll.

A-13. Messages

A-14, Every message sent through the loop is sent as a
sequence of eleven bits called a message frame. Com-
mands, such as Listen, are made up of one or more
message frames. The first bit in each message frame is a
sync bit and is specially coded so that each device can
recognize the beginning of a frame. The sync bit and the
two following bits are called control bits and are used to
determine the classification of the message frame, There
are three major classifications of frames: Command,
Ready, and Data. The remaining eight bits are the data
bits and specify the particular message within the
classification.

A-15. Normally only one message is in transit around
the loop at any given time. In general, when a device
sources a message it waits until the message goes com-
pletely around the loop and returns before transmitting
the next message. This is part of a process called loop
handshaking and guarantees that talkers and controllers
do not send messages faster than other devices can ac-
cept them. It also provides an excellent error-checking
capability. Each message must pass through each

A2

3468A

device. When a device receives a message, 11 does not
pass it on to the next device until it is ready to receive the
next message. Consequently, when the message returns
to the sourcing device, it knows for certain that all
devices in the loop have received the message and are
ready for the next.

A-16. 346BA Loop Capabilities

A-17. The following table lists the HP-IL functional
subsets that the 3468A responds to and uses.

R The 3468A handshakes as 8 receiver

o} Handshakes as a driver to the next device

AH Handshakes as an acceptor

SH1 Handshakes as a source

T1,2,

3.5,6 Basic Talker, Send Status, Send Device 1D, Taik

Only, and unaddressed as a Talker when ad-
dressed to Listen

TEO No extended Talker capability

L1,3 Basic Listener and unaddressed to Listen when
addressed to Talk

LEO No extended Listener capability

co The 3468A cannot serve as a controiler

AA Can be autoaddressed by the controller

AEO No extended addressing capability

AMG No multiple addressing capability

DCz2 The 3468A responds to a Device Clear and
Selected Device Clear

DT1 The 3468A responds to a Device Trigger

RL2 Basic Remote, Local, and Local Lockout
capability

SR2 Basic Service Request and Asynghronous Ser-
vice Request capability

PPQ The 34B68A does not respond to a parallel Polf

MS1 The 3468A does have a manual Service Re-
quest

PDO The 3468A does not have a power-down
capability

DDO The 3468A does not implement device depen-

dent Talker or Listener commands
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22471 RIO DE JANEIRO-RJ

Tel: 286-0237

Telex: 021-21905 HPBR-BR
Cable: HEWPACK Rio de Janeiro
ACHCMEMS PB*

CANADA

Alberta

Hewietl-Packard (Canadaj Lid.
210, 7220 Fisher Sireet S.E.
CALGARY, Alberia T2H 2HB
Tel: (403) 253-2713
ACHCME" MSP"
Hewlett-Packard (Canadaj Lid.
116204- 168t Street
EDMONTON, Alberta T5M 379
Tek: (403) 452-3670
ACH.CM.CSEMS P

British Columbia
Hewletl-Packard (Canada) Lid.
10691 Shellbridge Way
RICHMOND, British Columbia V6X
2W7

Tel: (604) 270-2277

Telex: 610-922-5059
A,GH,CM,CS,E* MS,P*

Manitoba

Hewlett-Packard {Canadaj Lid.
380-550 Century Street
WINNIPEG, Maniloba R3H 0Y1
Tel: (204} 786-670
A,CHCME NS P

New Brunswick
Hewieti-Packard (Canada) Lig.

190 Wilbur Sireet

MONCTON, New Brunswick E28 2v(Q
Tel: (506) 386-1677

Telex: 01931470

CH*

Nova Scotia

Hewleit-Packard {Canada) Lid.
P.0. Box 931

900 Windmill Road

DARTMOUTH, Nova Scotia 82Y 326
Tel: (302) 469-7820

Telex: (1831470

CH,CM,CS.E* MSP*

Ontario

Hewlelt-Packard (Canada) Lid.
552 Newboid Streei

LONDON, Ontaric NBE 255
Tel: (519) 686-9181

Telex; §10-352-1201
ACH.CME" M5 P

Hewleti-Packard (Canada) Lid.
6877 Goreway Drive
MISSISSAUGA, Ontario L4V 1ME
Tel: (416) 678-9430

Telex: 610-402-4246
A,CH,CM,CS,E.MP P
Hewlett-Packard (Canadaj Lid.
2670 Queensview Dr.
OTTAWA, Ontaric K2B 8K1

Tek: (613) 820-6483

Telex: 610-563- 1636
ACHCM.CSE" MSP-

Quebec

Hewietl-Packard (Canada) Lia.
17500 South Seivice Road
Trans-Canada Highway
KIRKLAND, Quebec HAJ 2M5
Tei: (514) 697-4232

Teiex: 05821521
ACH.CM,CS,EMP P"
Hewlett-Packard {Canada} Lid.
Les Galeries du Vailon

2323 Boulevard du Versani Noig
STE, FOY, Quebec G1N 4C2
Tel {418) 687-4570

CH

CHILE

Jorge Calcagni y Cia. Lida.
Arturo Burhle 065

Casila 16475

SANTIAGO @

Tel: 222.0222

Telex: Public Bootl G001
A CMEM

Olympia {Chile) L td.
Rodrico de Araya 1045
Casilla 256-V

SANTIAGO 21

Tel: 225-5044

Tetex: 40565 OL YMP CL
oP

CHINA, Poople’s Repubiic
of

CEIEC inc.

44 Beiwei Ad.

BELING, Ching

Telex: 22475 CEIEC ON

A CHOMCS.EP

COLOMBIA
Instrumentacidn

H. A Langebaek & Kier 5.4,
Apartado Aéreo 6287
BOGOTA 1, D.E.
Carrera 7 No. 48-75
BOGOTA, 2 D.E.

Tel: 287-8877

Telex: 44400

Cable: AARIS Bogota
ACMEMP

COSTA RICA

Cientifica Coslarficense 5.4,
Averida 2, Cale 5

San Pedro de Monles de Oca
Apartado 10159

SAN JOSE

Tal- 24-38-20, 24-08-19
Telgx: 2367 GALGUR
CMEM

CYPRUS

Telerexa Lid.

P.0. Box 4809

140 Stassinos Avenue
MICOSIA

Tef. 62698

Telex: 2894 L evidocy
EMP

CZECHOSLOVAKIA
Hewlelt-Packard

Obechodn' Zastupiielsivi v CSSH
Fosl. schranka 27

C8-118 07 PRAHA 011

Tel: 66-206

Telex: 121353 HC

DENMARK
Hewletl-Packard A/S
Datavej 52

DK-3460 BIRKEROD
Tel: {02) 81-66-40
Telex: 37409 hpas dr
ACHCMCS.EMSP
Hewietl-Packard A/S
Navervej 1

DK-8600 SILKEBORG
Tel: {06) B2-71-66
Telex: 37408 hpas dk
CH,CM.E

ECUADOR

CYEDE Cia. Lida.
Avenida Eloy Alfaro 1745
Casilla 6423 CCI

auro

Tel: 450-975, 243-052
Telex: 2548 CYEDF ED
ACMEFP

Hospitatar 8.A.

Aobles 625

Casill 3590

aurro

Tel: 545-250, 545-122
Telex: 2485 HOSPTL EC
Cable: HOSPITALAR-Quito
M

EGYPT

Inlernational Engineering Associales
24 Hussain Hegazi Sireet
Kasr-gl-Aini

CAIRO

Tel: 23-829

Telex: 93830

CHOSEM

informatic For Systems
22 Talaal Harb Stresl
CAIRD

Tel: 758006

Telex: 33938 FRANK LN
CHCS.P

Egyphian Infernational Office
for Fareign Trade

P.0.Box 2558

CAIRO

Tel: 984935

Telex: 93337 £EGPOR

P

EL SALVADOR

WPESA de Ef Salvador 5.4
Boulevard de los Heroes 7148
SAN SALVADOR

Tel: 252787, 259621

Telex: Public Booth 20107
ACHCMCSEFP

FINLAND
Hewletl-Packard Oy
Revontulentie 7
SF-02100 ESPOO 10

Tel: (90) 455-0211
Telex: 121563 hewpa st
A,CH.CM,GS,EMSF

B
¢
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SALES & SUPPORT OFFICES

Arranged alphabetically by country

FRANCE
Hewieli-Packard France
Le Ligoures

Bureau de Vente de Aix-en-
Provence

Place Romée de Villeneuve
F- 13080 AIX-EN-PROVENCE
Tel: (42) 59-41-02

Telex: 410770F

4 GH,CME M3 P
Hewlet-Packard France
Boite Postale No. 503
F-25026 BESANCON

28 Rue de ia Republique
F-25000 BESANCON

Tel: (81) 83-16-22

GHM

Hewlett-Packard France
Bureau de Vente de Lyon
Chemin des Mouiles

Boile Postale No. 162
F-68 130 ECULLY Cédex
Ted: (78) 33-81-25

Telex: 310617F
A.CH,CM,CS EMP
Hewlet!-Packard France
immeuble France Evry
Tour Lorraine

Boulevard de France
F-81035 EVRY Cédex

Tel: {6C) 77-96-60

Telex: 6323 15F

CME

Hewlet-Packard France
5th Avenue Raymond Chanas
F-38320 EYBENS

Tel: (76) 25-81-41

Telex: 980124 HP GRENOB EYBE
CH.CM

Hewlett-Packard France
Bétiment Ampére

Fue de la Commune de Paris
Boite Postale 300
F-83153 LE BLANC MESNIL
Tet: {01) B65-44-52
Telex: 211032F
CH.CM.CS.EMS
Hewletl-Packard France
Le Montesquieu

Avenue du President JF Kennedy
F-33700 MERIGNAC

Tel: {56) 34-00-B4

Telex: 550105F

GH OME MS
Hewletl-Packard France
32 Rue Lothaire

F-57000 METZ

Tel: (87} 65-53-50

CH,CM

Hewileti-Packard France

3 Rue Julien Videment
F-44200 NANTES

Tel {40) 48-09-44

CH" -

Hewieti-Packard France
2one Industrigile de Courtaboeut

Avenue des Tropiques F-31947 Les

Ulis Cédax ORSAY
Tek {1) 907.78-25
Telex: B00048F
ACH.CM.CS EMP.P

ITRTERTY VT Ay

Hewlaet-Packard France
2 Allee de la Bourgonetie
F-35100 RENNES

Tel: (99} 51-42-44

Telex: T40912F
CH,CMEMS P~
Hewlelt-Packard France
98 Avenue de Bretagne
F-T6100 ROUEN

Tek: {35} 63-57-66 CH™ " 05
Hewlel-Packard France
4 Rue Thomas Mann
Boite Postale 56
F-67200 STRASBOURG
Tel: (88) 28-56-46
Telex: B90141F
CH,OMEMSP*
Hewiletl-Packard France
20 Chemin de la Cépiére
F-31081 TOULOUSE Cédex
Tel: {61} 40-11-12

Telex: 531639F
ACH,CMCSEP*
Hewlelt-Packard France
Bureau de Vente de Lille
Immeubie Péricenire

Rue Van Gogh

F-59650 VILLENEUYE D°ASQ
Tel: (20) 91-41-25
Telex: 160124F
CH.CME MS P

GERMAN FEDERAL
REPUBLIC
Hewlett-Packard GmbH
Technisches Buro Berlin
Keithstrasse 2-4

0- 1000 BERLIN 30

Tel: (030) 24-90-86

Telex: 018 3405 hpbin ¢
A,CH,CM.EMP X
Hewleti-Packard GmbH
Technisches Blro Bblingen
Herrenberger Strasse 110
D-7030 BOBLINGEN

Tel: (07031) 667-1

Telex: 07265739 bbn or 07265743
8,CH,CM.CS.EMPP
Hewlett-Packard GmbH
Technisches Blro Dusseldort
Emanuei-Leulze-Strasse 1
D-4000 DUSSELDORF

Tel: (0211) 5971-1

Telex: 085/86 533 hpdd d
#4,CH,CM,CS.E M3.P
Hewletl-Packard GmbH
Vertriebszentrale Frankfun
Beiner Strasse 117
Postfach 560 140

0-6000 FRANKFURT 56

Tek: (0611) 50-04-1

Telex: 04 13249 hpftm d
A,CH,CM,CS EMP.P
Hewletl-Packard GmbH
Technisches Buro Hamburg
Kapsladiring 5

D-2000 HAMBURG 60

Tel: {040} 63804-1

Telex: 2163 032 hphh d
A.CH.CM,CS.EMS.P
Hewlelt-Packard GmbH

Torboate liun Milden | lnmmes.o.

Hewieil-Fackard GmbH
Technisches Blro Mannheim
Rosslaver Weg 2-4
0-6800 MANNHEIM

Tel: (621) 70050

Telex: 0462105

ACE

Hewletl-Packard GmbH
Technisches Bliro Neu Lim
Messerschmiltstrasse 7
0-7910 NEU ULMW

Tel: 0731-70241

Telex: 712816 HP ULM-D
ACE"

Hewletl-Packard GmbH
Technisches Bliro NUrmberg
Neumeyerstrasse 90
0-8500 NURNBERG

Tel {0911) 56-30-83
Telex: 3623 860
CH,CM.EMS.P
Hewlelt-Packard GmbH
Technisches Blro MUncher:
Eschensirasse 5

D-8021 TAUFKIRCHEN

Tek: (089) 6117-1

Telex: 0524985
ACH,CM.EMS.P

GREAT BRITAIN
Hewletl-Packard Lid.
Trafalgar House
Navigation Road
ALTRINCHAM

Chesire WA 14 INU
Tel: (061) 928-6422
Telex. 668068
ACHCSEM
Hewleft-Packard Lid.
Qakfield House, Oakheid Grove
Ciifton

BRISTOL BS8 28N
Tei: 36806

Telex: 444302
CH.CM,M.P
Hewletl-Packard Lid.
14 Wesley Street
CASTLEFORD
Yorkshire WF 10 1AE
Tef: (0977) 550016
Telex: 5557355

CH

Hewlel-Packard Lid.
Fourier House
257-263 High Street
LONDON COLNEY
Herts., AL2 1HA
Tel: (0727) 24400
Telex: 1-8952716
CHCSE
Hewlett-Packard Ltd
Tradax House, S!. Mary's Walk
MAIDENHEAD
Berkshire, SL& 15T
Tel: {0628) 39151
CHCSEP
Hewletl-Packard Lid.
308/314 Kings Road
READING, Berkshire
Tel: 61022

Telex: 84-80-68
CMP

Hewietl-Packard Lid.
Wesiminsler House
190 Stratford Road
SHIRLEY, Solihull

West Midlands BO0 384
Tel: {021) 7458800
Telex: 338105

CH

Hewlett-Packard L1d.
King Stree! Lane
WINNERSH, Wokingham
Berkshire RG11 5AR
Tek: (0734) 784774
Telex: 847178
ACSEM

GREECE

Kostas Karaynms 5.4,

8 Omirou Sireet

ATHENS 133

Tef: 32-30-303, 32-37-377
Telex: 21 59 62 RKAR GR
ACH,CM.CS.EMP
PLAISIO S.A.

G. Gerardos

24 Stournara Stieel
ATHENS

Tel: 36-11-160

Telex: 21 9492

P

GUATEMALA

IPESA

Avenida Relorma 3-48
GUATEMWALA 9

Tel: 316627, 314786
Telex: 4192 TELETRO GU
A,CH,CM,CS.E.M,P

HONG KONG

Hewlell-Packard Hong Kong, Lid.

G.P.0. Box 785

5th Floor, Sun Hung Kai Centre
30 Harbour Road

HONG KONG

Tel: 5-8323211

Telex: 66678 HEWPA HX

Gable: HP ASIA LTD Hong Kong
E.CHCS.P

Schmidh & Co. (Hong Kong) Lid.
Wing On Cenire, 28th Floor
Connaught Road, C.

HONG KONG

Tel 5-455644

Telex: 74766 SCHMX HX

AM

ICELAND

Etding Trading Company inc.
Hafmamvoli- Tryggvagotu
P.0. Box 895

1S-REYKJAVIX

Tel: 1-58-20, 1-63-03

M .

INDIA

Blue Star Lid.

11 Magaralh Road
BANGALORE 560 025
Tel: 556668

Telex: 0845-430
Cable: BLUESTAR
ACHCMCSE

F TR PR )

Slue Star Lid.

Sahas

$14/2 Vir Savarkar Marg
Prabhadevi

BOMBAY 400 025

Tel 422-6155

Telex: 011-4033

Cable: FROSTBLUE
ACHOM,CS.EM

Biue Star Lig.

Kalyan, 18 Vishwas Coigny
Alkapuri, BORODA, 390 005
Tel: 65235

Cable: BLUE STAR

A

Biue Star Lid.

7 Hare Street
CALCUTTA 700 007
Tel: 12-01-31

Telex: 021-7655
Cable: BLUESTAR
AM

Bive Star Lid.

133 Kodambakkam High Road
MADRAS 600 034

Tel: 82057

Telex: 0471-378
Cable: BLUESTAR
AM

Blug Star Ltd.
Bhandari House, 7th8th Floors
81 Nehru Place

NEW DELMI 110 024
Tel 682547

Telex: 031-2463
Cable: BLUESTAR
ACHCMCSEM

Blue Star Lid.

15/16:C Wellesley Ad.
PUNE 411011

Tel 22775

Cabie: BLUE STAR

A

Blue Star Lid

1-1- 11741 Sargjini Devi Road
SECUNDERABAD 500 033
Tel: 70126

Telex: 0155-459

Cable: BLUEFROST

AE

Blue Star Lid.

T.C. 7/603 Poormima
Maruthankuzhi
TRIVANDRUM 6595 (13
Tel: 65799

Telex: 0884-259

Cabile; BLUESTAR

£

INDONESIA

BERCA Indonesia F.T.
P.0.Box 496/KT.

M. Abdidl Muis 62
JAKARTA

Tel: 373009

Telex: 46748 BERSAL i4
Cable: BERSAL JAKARTA
P

BERCA Indonesia F.T.

Wisma Antara Bidg., 171h floor
JAKARTA
ACSEM



i

IRATQ

Hewlell-Fackard Trading S.A,
Mansoor City 9B/3/7
BAGHDAD

Tel. 551-49-73

Telex: 2455 HEPAIRAG IK
CH,CS

IRELAND
Hewlett-Packard ireland Lid.
Kestrel House
Clanwilliam Court
Lower Mount Streel
DUBLIN 2, Eire

Tek: 680424, 680425
Telex: 30439
ACH,CM,CS.EM P
Cardiac Services Lig.
Kilmore Road

Ariane

DUBLIN 5, Eire

Tel (01} 351820
Terex: 30439

M

ISRAEL

Electronics Engineering Division
Motoroia Israel Lid.

18 Kremenelski Skeet

P.0. Box 25018

TEL-AVIV 67899

Tel: 3-338873

Telex: 33569 Mol it

Cable: BASTEL Tel-Aviv
ACHCMCS.EMP

ITALY

Hewletl-Packard aliana S.p.4.
Traversa 99C

Giulic Pefrone, 19

[-7T0124 BAR

Tek: (080) 41-07-44

M

Hewiell-Packard itaiiana S.p.A.
Via Martin Luther King, 38/111
-40132 BOLOGNA

Tai: {051} 402394

Telex: 511630

CH,CM.E,MS

Hewilelt-Packard ltaliana S.p.A.
Via Principe Nicola 43G/C

|-85 126 CATANIA

Tek: {095) 37-10-87

Telex: 970281 C P
Hewlel!-Packard Maliana S.p.A
Via G, Di Wittorio 9

{-20063 CERNUSCO SUL NAVLIGLIG
Tel: (2} 903891

Telex: 334632
A,CH.CM CS EMP P
Hewilelt-Packard Itaiiana S.p.A.
Via Nuova san Rocco A
Capodimonte, B2/A

1-B0131 NAPOLI

Tel: {081) 7413544
ACHCME

Hewlelt-Packard Haliana S.p A
Viale G. Modugno 33

-16156 GENOVA PEGU

Tei: (010) 68-37-07 E.C
Hewletl-Packard ltaliana S.p.A.
Via Turazza 14

35100 PADOVA

Tel: {43) 664888

Telex: 430315

ACH.CME NS
Hewlelt-Packard Haliana S.p.4
Viale C. Pavese 340

00144 ROMA

Tel: (06) 54831

Teiex: 510514
A,CH.CM.CSE M5 P*

Hewlell-Packard Hakans 504
Corso Giovanni Lanza 94
10133 TORINO

Tel: {011) 682245, 659308
Telex: 221079

CH.CM.E

JAPAN
Yokogawa-Hewlett-Fackard Lid.
Inoue Building

1-1348-3, Asahi-cho

ATSUGI, Kanagawa 243

Tel: (0462) 24-0451

OM,C* E
Yokogawa-Hewlett-Packard Lig.
Sannomiya-Dalichi Seimei-Bldg. 5F
69 Kyo-machi Chuo-ku

KOBE 650

Tel: (078) 392-4791

CE

Yokogawa-Hewletl-Packard Lid.
Kumagaya Asahi Yasoji Bldg 4F
3-4 Chome Tsukuba
KUMAGAYA, Saitama 360

Tel: (0485) 24-6563

CH,CM.E
Yokogawa-Hewlell-Packard Lid.
Mite Mitsui Building

1-4-T3, San-no-maru

WITO, ibaragi 310

Tel: (02082) 25-7470

CH,OME
Yokogawa-Hewlelt-Packard Lic.
Sumitomo Seimei Nagoya Bldg.
11-2 Shimo-sasajima-cho
Nakamura-ku

NAGOYA, Aichi 450

Tek (052) 571-5171
CH,CM.C5 E M5
Yokogawa-Hewleti-Packard Lid
Chuo Bidg., 4th Floor

5-4-20 Nighinakajima, 5-chome
Yodogawa-ku

OSAKA, 532

Tel: {06) 304-6021

Telex: YHPOSA 523-3624
ACHCM,GCSEMP P
Yokogawa-Hewlel-Packard Lig.
3-28-21 Takaido-Higashi 3-chome
Suginami-ku

TOKYQ 168

Tel: {03) 331-6111

Telex: 232-2024 YHPTOK
A,CHCM,CS.E.MP P
Yokogawa-Hewlett-Packard Lid.
3-30-4 Tsuruya-cho
Kanagawa-ku,

YOKOHAMA Kanagawa, 221

Tel: (045) 312-1252

CHCME

JORDAN

Mouasher Cousins G
P.0. Box 1387

AMMAN

Tel: 24907, 39907
Telex: 21456 SABGC JO
CHEMP

KENYA

ADCOM Lt inc.

City House, Wabera Street
P.0.Box 30635

NAIROBY

Tel: 331955

Telex: 22639

EM

KQOREA

Samsung Electronics
Industrial Producls Div.
76-561 Yeoksam-Dong
Kangnam-Ku

C.P.0. Box 2775

SEOUL

Tel: 555-7555, 555-5447
Telex: K27364 SAMSAN
ACHCM.CS.EMP

KUuwaIir

Al-Khafidya Trading & Coniracting
P.0. Box B30 Safat
KUWAIT

Tel: 42-4910, 41-1726
Telex: 2481 Areeg kt
CHEM

Pholo & Cine Equipment
P.0. Box 270 Salaf
Kuwarr

Tel: 42-2846, 42-3801
Telex: 2247 Malin

P

LEBANON
G.M. Dolmacjian
Achrafiet

PO Box 165.167
BEIRUT

Tel: 290293

MP

LUXEMBOURG

Hewlett-Packard Beigium S.A/MN.V.

Bivd de la Woluwe, 100
Woluwedal

B-1200 BRUSSELS

Tel: (02) 762-32-00
Telex: 23-494 paloben bru
ACHCM.CSEMPP

MALAYSIA
Hewlett-Packard Sales {Maiaysia)
Sdn. Bhd.

Suite 2.21/2.2¢2

Bangunan Angkasa Raya
Jalan Ampang

KUALA LUMPUR

Tei: 483544

Teiex: MA31011
ACHEMP"

Protel Engineering

Lot 319, Satok Road
P.0.Box 1917

Kuching, SARAWAK

Tel: 53544

Telex: MA 70904 PROMAL
Cable: PROTELENG

AEM

MALTA

Fhiip Toledo Lia.
Nalabile Rd.

MRIEHEL

Tel: 447 47, 455 66
Telex: M¥.649

P

MEXICO

Hewletl-Packard Mexicana, 5.4 oe
GV

Avenida Periferico Sur No. 6501
Tepepan, Xochimilco

MEXICO CITY 23, D.F.

Tei: (905) 676-4600

Telex: 017-74-507
ACHCS.EMSP

Hewietl-Packard Mexicana, 3.4, de
c.v.

Ric Vioiga 600

Colonia del Valie

MONTERREY, N.L.

Tel: 78-42-93, 78-42-40, 78-42-41
Teiex: 038-410

CH

MOROCCO
Dotheay

81 rue Karatchi
CASABLANCA

Tel: 304 1-82, 3068-38
Telex: 23051, 22822
£

Gerep

2 rue d'Agadic

Boite Fostale 156
CASABLANCA

Tel: 2720093, 272095
Telex: 23 738

P

NETHERLANDS
Hewlett-Packard Nederiand B.v.
Van Heuven Goedhartlaan 121
NL 1181KK AMSTELVEEN

P.0. Box 667

NL10BO AR AMSTELVEEN

Tel: (20} 47-20-21

Telex: 13 216
ACHCM,CS.EMPP
Hewlett-Packard Nederiand B.v.
Bongerd 2

NL 2906VK CAPPELLE, A/D ljessel
P.0. Box 41

NL2900 AA CAPELLE, lissel

Tel: (10) 51-64-44

Telex: 21261 HEPAC NL
ACHGM,CS

Koning en Hariman Elecirotechnick
av.

Koperwerf 30
2544 En den Haag
The NETHERLANDS
Tel: 070-210101
Telex: 31528

™

NEW ZEALAND
Hewlelt-Packard (N.Z.j Lid.
169 Manukau Road

P.0. Box 26-189

Epsom, AUCKLAND

Tel: 687-159

Cabie: HEWPACK Auckland
CHCMEP
Hewietl-Packard (N.Z.) Lid.
4-12 Cruickshank Stieet
Kilbirnie, WELLINGTON 3

PO Box 9443

Courtenay Place, WELLINGTON
Tel 877-189

Cable: HEWPACK Wellington
CHCMEP

Northrop Instruments & Sysiems
L.

369 Khyber Pass Road
P.0. Box 8602

AUCKLAND

Tel: 794-091

Telex: 60605

AM

Northiog instrumienis & Sysiems
iid.

110 Mandevite S,

P.0. Box 8388

CHRISTCHURCH

Tel: 486-928

Tefex: 4203
AM
Northrop Instrumients & Sysiems
L
Sturdee House
85-87 Ghuznee Sireet
P.0. Box 2406

WELLINGTON

Tel: 850-091

Telex: NZ 3380
AM

NORTHERN IRELAND
Cardiac Services Company
954 Finaghy Road South
BELFAST BT 10 0BY

Tel: (0232) 625-566

Telex: 747626

M

NORWAY
Hewlett-Packard Norge /S
Folke Bernadoltesvei 50
P.Q. Box 3558

N-5033 FYLLINGSDALEN {BERGEN)
Tei: (05) 16-55-40

Teiex: 16621 hpnas n
CH,CM.E

Hewlelt-Packard Norge A/S
Oesterndalen 18

P.0. Box 34

N-1345 OESTERAAS

Tel: {02) 17-11-80

Telex: 16621 hpnas n

A* CH.CM.E MS.P

OMAN

Khimjl Ramdas

PO Box 19

HUSCAT

Tel: 72-22-17, 72-22-25

Telex: 3289 BROKER M8 MUSGAT
P

PAKISTAN

Mushko & Company Lid.
10, Bazar Road

Seclor G-6/4

ISLAMABAD

Tel: 26875

Cabie: FEMUS Rawaipind
AEM

Mushio & Company Lid.
Oosman Chambers
Abduliah Haroon Road
KARACH! 0302

Tel: 511027, 512927
Telex: 2894 MUSKOD PK
Cabie: COOPERATOR Karachi
AEMP*

PANAMA

Electrénico Balbos, 5.A.
Cafle Samuel Lewis
Apartado 4929

Panama 5

Edificio “Alfa™ No. 2
CIUDAD DE PANAMA

Tel: 64-2700

Telex: 0383 ELECTRON PG
A.CMEMP

(O
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Arranged alphabetically by country

PANAMA (Con’t.)
Folo Intemacional, 5.A.

Free Zone Cofon

Apartado 2068

COLON 3

Tel: 45-2333

Telex: 379 8626, 386 8722
P

PERU

Ofa Eiectro Médica 5.A.

Los Flamencos 745, San siiro
Casifia 1030

LiMA 1

Tel- 41-4325, 47-3703

Telex: Pub. Booth 25306
ACMEMP

PHILIPPINES

The Online Advanced Systems
Corporation

Rico House, Amorsolo Cor. Herrera
Shree!

Legaspi Vilage, Makati

P.0. Box 1510

Metro MANILA

Tel: 85-35-81, 85-34-91, 85-32-21
Telgx: 3274 ONLINE

ACHCS,EM

Efectronic Specialisis and
Proponents inc

690-8 Epitanio de fos Santos
Avenue

Cubao, QUEZON CITY

P.0. Box 2649 Marila

Tef: 98-96-81, 98-06-82, 98-96-83
Telex: 40018, 42000 ITT GLOBE
MACKAY BOOTH

P .

POLAND

Buro Informasji Techniczne)
Hewlell-Packard

Ul Stawki 2, 6P

PLOO-350 WARSZAWA

Tel: 39-59-62, 39-67-43
Telex: 812453 hepa pl

PORTUGAL

SOQUIMICA

Av. da Libedade 220-7

P- 1298 LISBOA Codex

Tel: 56 21 81, 56 21 82
Telex: 13318
Telectra-Empresa Técnica de
Equipmentos Elctricos S.a.r.4
Rua Rodriga da Fonseca 103
P.0. Box 2531

P-LISBON 1

Tel: (18) 68-60-72

Telex: 12598

CHCSEP

Mundinter

intercambio Mundisi de Coméroio
Sar!

P.O. Box 2761

Avenida Antonio Augusto de Aguiar
138

P-LISBON

Tel: (19) 53-21-31, 53-21-37
Telex: 16691 munter p

M

PUERTO RICO
Hewleti-Packard Puerio Rico
P.0. Box 4407

CAROLINA, Puerto Rico 00630
Calie 272 Edificio 203

Urt. Country Club

RIQ PIEDRAS, Puerio Rico (10824
Tel: (809) 762-7255

Telex: 345 0514

ACHCS

QATAR

Nasser Trading & Gonfracting
P.O. Box 1563
DOHA

Tel: 22170

Telex: 4439 NASSER
M

Compulearabia

PO Box 2570

DOHA

Tel: 329515

Tefex: 4806 CHPAHE
P

ROMANIA

Hewiett-Packard Reprezentania
Boulevard Micolae Balceseu 16
BUCUREST!

Tel: 130725

Telex: 10440

SAUDI ARABIA

Modem Electronic Estabishment
P.O. Box 193

AL-KHOBAR

Tel: 44-678, 44-813

Telex: 670136

Cabie: ELECTA AL-KHOBAR
CH,CS,E.MP

Modem Electronic Establishment
P.0. Box 1228, Baghdadiah Street
JEDDAH

Tel: 27-798

Telex: 401035

Cabie: ELECTA JEDDAH
CHOSEMP

Modern Electronic Eslabishment
P.0. Box 2728

RIVADH

Tel. 62-596, 66-232

Telex: 202049

CHCSEMP

SCOTLAND
Hewiett-Packard Lid.
Royal Bank Buildings
Swan Streel

BRECHIN, Angus, Scoliand
Tel: 3101, 3102

CH,CM

Hewietl-Packard Ltd.
SOUTH QUEENSFERRY
Wes! Lothian, EH30 9GT
GB-Scoitand

Tel: (031) 3311000
Telex: 72682
A,CHCOMCS.EM

SINGAPORE
Hewlett-Packard Singapore {Pty.;
Lid.

P.0. Box 58 Alexandra Post Office
SINGAPORE, 9115

6th Fioor, Inchcape House
450-452 Alexandra Road
SINGAPORE 0511

Tel: 631788

Telex: HPSGSO RS 34209
Cable: HEWPACK, Singapore
ACHCSEMSP

SOUTH AFRICA
Hewleit-Packard South Africa (Ply.j
Lid.

P.C. Box 120

Howard Place

Pine Park Genter, Foresi Drive,
Pinelands

CAPE PROVINCE 7450

Tel: 53-7955, 53-7956, 53-7957
Telex: 57-0006

ACHCMEMS P

Hewieti-Packard Soulh Africa {Pty.)
Lid.

P.0O. Box 37099

Overport

DURBAN 4067

Tel: 28-4178, 28-4179, 28-4110
CH,CM

Hewlett-Packard South Africa {Pty
Ltd.

P.0. Box 33345

Glenstantia 0010 TRANSYAAL

1st Floor East

Constantia Park Ridge Shopping
Centre

Constantia Park

PRETORIA

Tel: 01298-1126

Telex: 32163

CHE

Hewieti-Packard Soulh Africa (Ply.]
Lid.

Privale Bag Wendywood

SANDTON 2144

Tel: 802-5111, 802-5125

Telex: 89-84782

Cable: HEWPACK Johannesbueg
ACHCMCSEMSP

SPAIN

Hewletl-Packard Espahoia 5.4
c/Entenza, 321

E-BARCELONA 29

Tel. (3) 322-24-51, 321.73-54
Telex: 52603 hpbee
ACHCMCSEMSP
Hewleti-Packard Espafiola 5.4
cfSan Vicente S/N

Edificio Albia IL7 B

E-BILBAD 1

Tel: (944} 423-8306, 423-8206
A,CH,CM,E MS
Hewietl-Packard Espafiola 5.A.
Calle Jerez 3

E-MADRID 16

Tel: 458-2600

Telex: 23515 hpe

ACME

Hewleti-Packard Espanola 5.4,
cfo Costa Brava 13

Colonia Mirasierra

E-MADRID 34

Tel: 734-B061, 734-1162
CHCS M

Hewletl-Packard Espanola 5.4.
Av Ramén y Cajal 1-9

Edificio Sevilla 1,

E-SEVILLA 5

Tel: 64-44-54, 64-44-58
Telex: 72033

ACM,CS MS.P
Hewlett-Packard Espafiola S.A.
C/Ramaon Gordillo, 1 (Entlo.3)
E-VALENCIA 10

Tel: 361-1354, 361-1358
CH.CM,P

SWEDEN

Hewleit-Packaid Svenge AB

Enighetsviigen 3, Fack

P.0. Box 20502

S-16120 BROMMA

Tek: {08) 730-0550

Telex: (854) 10721 MESSAGES

Cable: MEASUREMENTS
STOCKHOLM

A,CH,CM,CS EMS P

Hewlell-Packard Svenge AB
Sunnanvagen 14K

5-22226 LUND

Tel: {46) 13-69-79

Telex: (854) 10721 (via BROMMA
office)

CH,CM

Hewlett-Packard Sverige AB
Vaslra Vintergatan 9

5-70344 OREBRO

Tel: {19) 10-48-80

Telex: {854} 10721 (via BROMMA
office)

GH,CM

Hewlett-Packard Sverige AB
Frotalisgatan 30

§-42132 VASTRA-FROLUNDA

Tel: (031) 49-09-50

Telex: {854) 10721 (via BROMM
office}

CH,CMEP

SWITZERLAND
Hewlelt-Packard {Schweiz) AG
Clarastrasse 1

CH-4058 BASLE

Tel: (61) 33-58-20

ACM

Hewlell-Packard {Schweizj AG
Bahnhoherweg 44

3018 BERN

Tel: (031) 56-24-22

CH.CM

Hewlett-Packard (Schweizj AG
47 Avenue Blanc

CH-1202 GENEVA

Tel: {022) 32-30-05, 32-48-00
CHCM.CS

Hewlett-Packard (Schweiz) AG
29 Chemin Chiteau Bloc
CH-1219 LE LIGNON-Geneva
Tel: {022) 96-03-22

Telex: 27333 hpag ch

Cable: HEWPACKAG Geneva
ACMEMSP

Hewletl-Packard (Schweiz) AG
Zlrchetstrasse 20

Allmend 2

CH-BOET WIDEN

Tel: (57) 50-111

Telex: 598933 hpag ch

Cable: HPAG CH
ACHCM,CS.EMS,P

SYRIA

General Elecironic inc.

Nuri Basha-Ahnat Ebn Kays Stieel
P.0. Box 5781

DAMASCUS

Tef: 33-24-87

Tefex: 11215 [TIKAL

Cable: ELECTROBOR DAMASCUS
E

Migdle Easi Electronics
Place Azmé

Boite Poslale 2308
DAMASCUS

Tef: 334592

Telex: 11304 SATACO SY
MF

TAIWAN

Hewiett-Packard Far East Lig.
Kaochsiung Office

2/F 68-2, Chung Cheng 3rd Roaa
KAOHSIUNG

Tel: 241-2318, 261-3253
EMS.P

Hewiell-Packard Far East Lig.
Taichung Office

#33, Cheng Tr Rd.

10th Fioor, Room §
TAICHUNG

Tel: (042) 289274
Hewietl-Packard Far East Lic
Taiwan Office

5th Floor

205 Tun Hwa North Road
TAIPEI

Tel:{02) 751-0404
Cabie:HEWPACK Taipei
ALCHCSEMSP

ing Lih Trading Co.

3rd Floor 18, Po-Al Road
TAIPE! {100}

Tel: (02) 311-1974

Cable: INGLIH TAIPE!

A

THAILAND

Unimesa

30 Palpong Ave., Surtwong
BANGKOK 5

Tel: {234-09 1) {234-092}
Telex: TH 81160, TH 81038
Cabile: UNIMESA Bangkok
ACEM

Bangkok Business Equipment Lid,
5/5-6 Dejo Road

BANGKOK

Tel: 234-8670, 234-8671
Telex: 87669-BEQUUPT TH
Cabile: BUSIQUIPT Bangkok
P

TRINIDAD & TOBAGO
Caribbean Telecoms Lid.

50/A Jerningham Avenue

PO. Box 732

PORT-OF-SPAIN

Tel- 624-4213, 624-3214
Telex: 3235, 3272 HUGCO WG
ACMEMP

TUNISIA

Tunisie Electronique

31 Avenue de fa Liberte
TuNiS

Tel: 280- 144

EP

Corema

1 ter. Av. de Carthage
TUNIS

Tel: 253-821

Telex: 12319 CABAM TN
M

TURKEY

Teknim Company Ltd.
iran Caddesi No. 7
Kavakiiders, ANKARA
Tel: 275800

Tefex: 42 155

I3

EMA

Medina Eidem Sokak No.4 178
Yuksel Caddesi
ANKARA

Tef: 175 622

P

UNITED ARAB EMIRATES
Emitac Lid,

P.0. Box 1641

SHARJAH

Tel: 354121, 354123

Telex: 68136 Emitac SL
CHCS.EMP
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UNITED KINGDOM
sea: GREAT BRITAIN
NORTHERN IRELAND
SCOTLAND

UNITED STATES

Alabama
Hewiett-Packard Co,
700 Century Park South
Suite 128

BIRMINGHAM, AL 35226
Telk (205) 822-6802
GH,CM,MP
Hewletl-Packard Co.
P.0. Box 4207

8290 Whitesburg Drive, S.E.
HUNTSVILLE, AL 35802
Tek: (205} B81-4591
CH,CM,CS,E M*

Alaska

Hewletl-Packard Go.

1877 “C" Streel, Suite 252
ANCHORAGE, AK 995 10

Tel: (206) 454-3971
CH*.CM

Arlzona
Hewietl-Packard Co.
2336 Easl Magnolia Street
PHOENIX, AZ 85034

Tel: (602) 273-8000
A,CH.CM.CS.EMS
Hewlet-Packard Co.
2424 East Aragon Roag
TUCSON, AZ 85702

Tel: (602) BBA-4631
CH,CMEMS"*

Arkansas
Hewlett-Packard Co
B0 Box 5646

Brady Station

LITTLE ROCK, AR 72215

Tel: (501) 376-1844, (501} 664

B773
CW M5

California
Hewlett-Packard Co.

39 Soulh Hill Dr,
BRISBANE, CA 94005
Tel: (415) 330-2500
CHCM.CS
Hewlett-Packard Co.
7621 Canoga Avenue
CANOGA PARK, CA 91304
Tel: (213) 702-8300
A,CH,CM,CSE P
Hewlelt-Packard Co.
1579 W. Shaw Avenue
FRESNO, CA 93771

Tel: {208) 224-0582
CM.MS

Hewleit-Packard Co.
1430 East Orangethorpe
FULLERTON, CA 92631
Tel: (714} 870- 1000
CH,CM,CS.E MP
Hewletl-Packard Co.
5400 W. Rosecrans Boulevard
LAWNDALE, CA 90260
P.0. Box 92105

LOS ANGELES, CA 90009
Tel: (213} 970-7500
CH,CM,C3,MP
Hewleti-Packard Co.
3939 Lankershim Blvd.
HORTH HOLLYWOOD, CA 91604
Tei: (213) B77-1282
Regional Headquarlers

HewlEl-Packard Go.

3200 Hillview Avenue
PALO ALTO, GA 84304

Tel: (415) 857-8000
CH,CM.CS.E
Hewlett-Packard Co.

546 W. North Marke! Bouievarg
SACRAMENTO, CA 95834
Tel: {916) 929-7222
A*CH,.CM,CS.EMS
Hewietl-Packard Go.

9606 Aero Drive

P.0. Box 23333 SAN DIEGO, CA
92123

Tel: (714) 279-3200

CH CM,CS.E MP
Hewletl-Packard Co.

Suite A

5553 Hollister

SANTA BARBARA, CA 93111
Tel: (805) 964-3300
Hewletl-Packard Co.

3003 Scolt Boulevard
SANTA CLARA, CA 95050
Tel: (AD8) 988-7000
A,CH,CM CS.E,MP

Colorado
Hewletl-Packard Co.

24 Inverness Place, East
ENGLEWOOD, CO 80112
Tek: (303) 771-3455
ACHCM.CSEMS

Connecticut
Hewietl-Packard Co.

47 Barnes Indusirial Hoad South
P.0. Box 5007

WALLINGFORD, CT 06492

Tek (203) 265-7801
A,CH,CM,CS E MS

Florida
Hewletl-Packard Co.

P.0. Box 24210

2727 N.W. 62nd Street
FORT LAUDERDALE, FL 33304
Tek: {305) 973-2600
CH,CM.CS.E NP
Hewietl-Packard Co,
4080 Woodcock Drive, #1372
Brownett Bullding
JACKSONYILLE, FL 32207
Tel: {904) 398-0663
CM,G* E* M5**
Hewletl-Packard Co.

P.0. Box 13910

6177 Lake Eillenor Drive
OALAMDO, FL 32809

Tek: (305) 859-2900
ACH,CM.CS,EMS
Hewlelt-Packard Ca,
6425 N. Pensacola Blvd.
Suite 4, Building 1
PENSACOLA, FL 32575
Tel: (304) 476-8422
ACM,MS
Hewlelt-Packard Co.

110 South Hoover, Suite 120
Vanguard Bldg,

TAMPA, FL 33600

Tel: (813) 872-0800

A* CH.CM.CS.E* "

Georgia
Hewlelt-Packard Co.
P.0. Box 105005
2000 South Park Place
ATLANTA, GA 30330
Tel: (404) 955- 1500
Telex: 810-766-4890
ACHCM,CS.EMP

Hewieli-Fackard o
Executive Park Suite 306
P.0. Box 816

AUGUSTA, GA 30907

Tel: (404) 736-0502

CM M5

Hewietl-Packard Co.

P.0. Box 2103

1172 N. Davis Drive
WARNER ROBINS, GA 31048
Tel: {912} 823-8831
CM,E

Hawali

Hewlelt-Packard Co.
Kawaiahao Plaza, Suite 190
567 Soulh King Street
HONOLULY, H 96813

Tel: (808} 526-1555
A,CH,CM EMS

Idaho

Hewlelt-Packard Co.
11311 Chinden Boulevarg
BOISE, ID 83707

Tel: (208) 376-6000
CH,CM,M*

IHinois

Hewlett-Packard Co.

211 Prospect Aoad
BLOOMINGTON, iL 61701
Tel: {309) 663-0383
CHCMMS"*
Hewlell-Packard Co.

1100 315t Streel
DOWNERS GROVE, IL 60515
Tel: {312) 960-5760
CHECMCS
Hewletl-Packard Co.

5201 Tollview Drive
ROLLING MEADOWS, I 0008
Tel: {312} 255-9800
A,CH,CM.CS,E,MP

Indiana

Hewletl-Packard Co.

P.0. Box 50807

7301 No. Shadeland Avenue
INDIANAPQUIS, IN 46250

Tel: (317) B42-1000
A,CH,CM,CS.E MS

lowa
Hewletl-Packard Co.
5815 S.W. 5ih Street
DES MOINES, |A 50315
Tel: (515) 243-5876
CH,CMMS**
Hewigtt-Packard Co
2415 Heinz Road
IOWA CITY, |A 52240
Tel: (318) 351-1020
CH.CME* MS

Kansas
Hewlett-Packard Ce.
1644 5. Rock
WICHITA, KA 67207
Tel: (316) 265-5200
CH.CM

Kentucky
Hewlelt-Packard Co.
10170 Linn Station Auvag
Suite 525

LOUISYILLE, XY 40223
Tel: (502} 426-0100
#,CH,CM,CE MS

Loulslana
Hewlelt-Packard Co.
P.0. Box 1449

3229 Wiliams Boulevarg
KENHER, LA 70062

Tel: (504) 443-6201
A.CH.CM,CS,EMS

Maryiand
Hewletl-Packara Ue.
7121 Standard Drive
HANOVER, MD 21076
Tel: {301) 796-7700
&,CH.CMCS EMS
Hewlelt-Packard Co.
2 Choke Cherry Road
ROCKVILLE, MD 20850
Tel: (301) 948-6370
Telex: 710-828-9685
A,CH.CM CS EmP

Massachusetts
Hewlett-Packard Co.
32 Hartwell Avenue
LEXINGTON, MA 02173
Tel: (617) BE1-8960
A.CH,CM,CS EMP

Michigan
Hewlett-Packard Co,
23855 Research Drive
FARMINGTON HILLS, MI 48024
Tel: (313} 476-6400
A,CH,CM,CS E.MP
Hewlelt-Packard Co.
4326 Cascade Road S.E.
GRAND RAPIDS, MI 43506
Tel: (616} 957-1970
CH.CM,CS M5

Minnesota
Hewlett-Packard Co.
2025 W. Larpenteur Ave
ST. PAUL, MN 55113

Tel: {612} 644-1100
A,CH,CM,CS.E MP

Mississippi
Hewleli-Packard Ca.
P.0. Box 5028

322 M. Mart Plaza
JACKSON, MS 39216
Tel: (601) 982-9363
CMMS

Missourl
Hewlelt-Packard Co.
11131 Colorado Avenue
KANSAS CITY, MO 84137
Tel: (816} 763-8000
Telex: 810-771-2087
A,CH,CM,CS.E.MS
Hewlett-Packard Co.
1024 Execulive Parkway
§T. LOUIS, MO 63141
Tet: (314) B78-0200
A,CH,CM,CS.E MP

Nebraska
Hewtetl-Packard

71071 Mercy Road
Suite 101, 1BX Building
OMAHA, NE 68106

Tek (402} 392-0948
CM M5

Nevada
Hewletl-Packard Co.
Suite D-130

5030 Paradise Bivd.
LAS VEGAS, NV B3119
Tel: (702) 736-6610
CM M5

New Jarsey
Hewlell-Packard Co.
Crystal Brook Professional Buliding
Route 35

EATONTOWN, NJ 07724
Tel: (201) 542-1384
AT CMC* E" P
Hewlett-Packard Co.
W120 Century Road
PARAMUS, NJ 07652
Tel: (201} 265-5000
ACH.CM.CS EMP

()

Hewleli-Fackaid Go

60 New England Av. west
PISCATAWAY, NJ 08854
Tel: (201) 981-1199
ACHOMCSE

New Mexico
Hewletl-Packard Co.

P.0. Box 11634

11300 Lomas Bivd .N.E
ALBUQUERQUE, NM 87125
Tel: (505) 262-1330
Telex: 910-989-1185
CH,CM.CS.EMS

New York
Hewleti-Packard Co.

5 Computer Drive Soulf
ALBANY, NY 12205

Tel: (518) 458-1550
Telex: 710-444-4691
ACHCMEMS
Hewlelt-Packard Co.
9600 Main Street
CLARENCE, NY 14031
Tel: (716} 759-8621
Telex: 710-523- 1893
CH

Hewlett-Packard Co.
200 Cross Keys Office
FAIRPORT, NY 14450
Tel: (716) 223-0950
Telex: 510-253-0092
CH.CM,CS E M5
Hewlelt-Packard Co.
Mo. 1 Pennsylvania Plaza
55th Floor

341 Street & 8th Avenue
NEW YORK, NY 10119
Tek: (212) 97 1-0800
CHOMCSE" M
Hewietl-Packard Co.
5858 Eas! Molloy Road
SYRACUSE NY 13211
Tel: (315) 455-2486
ACH,CM,E M5
Hewlel-Packard Co,

3 Crossways Park West
WOODBURY, NY 11797
Tel: {516) 921-0300
Telex: 510-221-2183
A,CH,CM.CS E MS

North Caroiina
Hewletl-Packard Co.
P.O. Box 15579

2905 Guess Road (27705}
DURHAM, NG 27704

Tel: (919} 471-8466
CM

Hewieli-Packard Co.
5605 Roanne Way
GREENSBORO, NC 27409
Tel: (919) B52-1800
ACH,CM.CS.E M3

Ohlo
Hewleti-Packard Co.
9920 Carver Road
CINCINNATI, OH 45242
Tel: (513) 891-9870
CH.CM.CS M5
Hewlelt-Packard Co.
16500 Sprague Road
CLEVELAND, OH 44130
Tel: {216) 243-7300
Telex: 810-423-9430
4,CH,CM,CS,EMS
Hewlelt-Packard Co.
962 Crupper Ave,
COLUMBUS, OH 43224
Tel: {614) 436-1041
CH,CM,CS.E*
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Arranged alphabetically by country

Ohio (Con't)
Hewlelt-Packard Co.
330 Progress Rd.
DAYTON, OH 45449
Tel: (513) 859-8202
ACHOME* MS

Oklahoma
Hewielt-Packard Co.

P.0. Box 366

1503 W. Gore Bivd., Suite #2
LAWTON, OK 73502

Tel: {405) 248-4248

[

Hewletl-Packard Co.

P.0. Box 32008

304 N. Meridan Avenue, Suite &
QKLAHOMA CITY, OK 73107
Tei: (405) D46-9499

4° GHCM.E* MS
Hewiet!-Packard Co.

Suite 121

4920 E. 42nd Street
TULSA, OK 74145

Tel: {918} 665-3300

AT CH,CM.CSM”

Oregon
Hewleit-Packard Co.
1500 Vailey River Drive, Sulte 330
EUGENE, OR 97401

Tel {503) 683-8075

c

Hewiett-Packard Co.
9255 S. W. Pioneer Court
WILSONVILLE, OR 87070
Tei: (503) 682-8000
ACHCMCSE" MS

Pennsyivania
Hewlell-Packard Go.

1021 8th Avenue

King of Prussia Indusiriai Park
KING OF PRUSSIA, PA 19406
Tel: (215} 265-7000

Telex: 510-B60-2670
ACHCM,CSEMP
Hewlelt-Packard Co.

111 Zeia Drive
PITTSBURGH, PA 15238

Tel: {412) 782-0400
ACHCM.CSEMP

South Carolina
Hewieti-Packard Co.

P.0. Box 6442

624 1-0 N. Trenhoim Road
COLUMBIA, SC 29260
Tel: (803} 782-6403
CH,CM,E M5
Hewlett-Packard Co.

814 Wade Hampton Blvd.
Suile 10

GREENVILLE, SC 29609
Tei: {803) 232-0917

c

Tennessee
Hewlett-Packard Co.
P.C. Box 22490

224 Pelers Road
Suite 102
KNDXVILLE, TN 37922
Tel: {615) 691-2371
A* CH,CM.MS
Hewlett-Packard Co.
3070 Directors Row
MEMPHIS, TN 38131
Tel: {901) 346-8370
A,CH,CMMS
Hewlett-Packard Co.
Suite 103

478 Craighead Street
MASHVILLE, TN 37204
Tel: (615) 383-9136
CMMS™"

Texas
Hewleft-Packard Co.
Suite 310W

7800 Shoalcreek Bivd.
AUSTIN, TX 78757

Tel: {512) 458-3143
CM.E

Hewletl-Packard Co.
Suite G-110

4171 North Mesa

EL PASO, TX 79902
Tel: (915} 533-3555
CH,CM,E* MS**
Hewlelt-Packard Co.
5020 Mark IV Parkway
FORT WORTH, TX 76106
Tek: (B17) 625-6361
CM.C*
Hewlell-Packard Go.
P.C. Box 42816
10535 Harwin Streel
HOUSTON, TX 77036
Tel: (713} 776-6400
A,CH,CM,CS E,MP
Hewlell-Packard Co.
3309 67th Street

Sulte 24

LUBBOCK, TX 79413
Tel: (806) 799-4472
M

Hewletl-Packard Co.
P.0. Box 1270

930 £ Campbell Rg.
RICHARDSON, TX 75081
Tel: (214) 231-6101
AGH,CM.CS.EMP
Hewlett-Packard Co.
205 Billy Mitchell Road
SAN ANTONIO, TX 78226
Tel: (512) 434-8241
CH,CGM,CS,E M5

Utah

Hewlett-Packard Co.

3530 W. 2100 Soulh Strest
SALT LAKE CITY, UT B4119
Tel: (B0O1) 974-1700
ACH.CM,CSEMS

Virginia

Hewlett-Packard Co.

P.0. Box 9669

2914 Hungary Spring Road
RICHMOND, VA 23228

Tel: (804} 285-3431
ACHCMCSEMS
Hewlet!-Packard Co.

P.0. Box 4786

3110 Pelers Creek Road, N.W.
ROANOKE, VA 24015

Tel: (T03) 5683-2205
CHCME"*
Hewlett-Packard Co.

P.0. Box 12778

5700 Thurston Avenue
Suite 111

VIRGINIA BEACH, VA 23455
Tel: {B04) 460-2471
CH,CM M3

Washington
Hewlett-Packard Co.
15815 S.E. 37th Street
BELLEVUE, WA 98006
Tel: {206} 643-4000
A.CH.CM,CS,E.MP
Hewleti-Packard Co.
Suite A

TO8B Morth Argonne Road
SPOKANE, WA 99206
Tel: (509) 922-7000
CH.CM.CS

West Virginia
Hewlett-Packard Co.

4604 MacCorkle Ave., S.E.
CHARLESTON, WV 25304
Tel: (304) 925-0492
ACMMS

Wisconsin
Hewletl-Packard Co.

150 8. Sunny Slope Foad
BROOKFIELD, W 53005
Tel: (414) 784-8B0C

A CHCMGSE" MP

URUGUAY

Pabio Ferrando S.A.C. e
Avenida llalia 2877

Casille de Correo 370
MONTEVIDED

Tel: 80-2586

Telex: Public Booth 901
ACMEM

Guillermo Kraft def Uruguay 5.4,
Av. Lib. Brig. Gral. Lavaligja 2085
MONTEVIDED

Tel: 234588, 234808, 208830
Telex: 6245 ACTOUR UY

P

U.S.5.R.

Hewlett-Packard Co.
Represenlative Office
Pokrovsky Blvd. 4417 Ky12
MOSCOW 101000 Tel: 284-2024
Telex: 7825 HEWPACK SU

VENEZUELA

Hewlett-Packard de Venezuela C.A.
Apartado 50933

3A Transversal Los Ruices Norte
Edificio Segre

CARACAS 1071

Tel 239-4133

Telex: 25146 HEWPACK
A,CHCSEMSP

YUGOSLAVIA
Iskra-Commerce-Represeniation ai
Hewfell-Packard

Sava Centar Delegacja 30
Mientia Popovica 8

11170 BEDGRAD

Tel: 638-762

Telex: 12042, 12322 YU SAV CEN
Iskra-Commerce-Aepresentation of
Hewlelt-Packard

Koprska 46

E1000 LABLIAKA

Tel: 321674, 315879

Telex:

ZAIRE

Computer & indusinal Engineenng
25 Avenue de la Justice

B.P. 10-976

Kinshasha VZaire

GOMBE

Tel: 32063

Telex: 21-457 SGEKIN ZR

CHCS

ZIMBABWE

Figid Technical Sales
45 Kelvin Aoad, North
P.B. 3458
SALISBURY

Tel: 705 231

Teiex: 4-122 K
CEMP

FOR COUNTRIES AND
AREAS NOT LISTED:

CANADA

Ontario

Hewlett-Packard {Canada) Lid.
B87T Goreway Drive
MISSISAUGA, Ontario L4V 1M8
Tel: (416) 678-9430

Telex: 610-492.4246

EASTERN USA
Maryland
Hewlett-Packard Co,
4 Ghoke Cherry Road
Rockville, MD 20850
Tel: {301) 258-2000

MIDWESTERN USA
Minois

Hewlell-Packard Co.

5201 Toliview Drive
ROLLING MEADOWS, IL 60008
Tel: (312) 255-9800

SOUTHERN USA
Georgia
Hewlett-Packard Co.

P.0. Box 105005

450 Interstate N. Parkway
ATLANTA, GA 30339

Tel: (404) 955-1500

WESTERN USA
Calitornia
Hewlet!-Packard Co.
3939 Lankersim Blvd,
LOS ANGELES, CA 91604
Tel: (213) 877-1282

EUROPEAN AREAS NOT
LISTED, CONTACT
SWITZERLAND
Hewlelt-Packard 5.4,

7 Rue du Bois-du-Lan

CH-1217 MEYRIN 2, Switzeriand
Tel: (022) B3-B1-11

Telex: 27835 hpse

Cable: HEWPACKSA Geneve

EAST EUROPEAN AREAS
NOT LISTED, CONTACT
AUSTRIA

Hewlett-Packard Ges.m.b.h.
Wehlistrasse 29

P.O.Box 7

A-1205 VIENNA

Tel: (222) 35-16-210

Telex: 135823/135066

MEDITERRANEAN AND
MIDDLE EAST AREAS
NOT LISTED, CONTACT
GREECE

Hewiett-Packard S.A.
Mediterranean & Middle East
{perations

32 Kifisias Ave.

Atrina Center

PARADISOS, Amaroussion

Tel: 808-1741-4

Telex: 21-8588 HPAT GH
Cable: HEWPACKSA Athens

INTERNATIONAL AREAS
NOT LISTED, CONTACT
OTHER AREAS
Hewletl-Packard Co.
Intercontinentat Headquarters
3495 Deer Creek Road

PALO ALTO, CA 94304

Tel: (415) B57-1501

Telex: 034-8300

Cabie: HEWPACK

FOR COUNTRIES AND
AREAS NOT LISTED,
CONTACT:

AFRICA

NORTHERN AND CENTRAL
AFRICA

SWITZERLAND
Hewlelt-Packard §.4.

7 Rue du Bois-du-Lan
CH-1217 MEYRIN 2, Switzerand
Tel: (022} 98-96-51

Telex: 27835 hpse

Cable; HEWPACKSA Geneve

ASIA

HONG KONG
Hewleli-Packard Asia Lid.

6th Fipor, Sun Hung Kai Cener
30 Harbor Rd.

G.P.0. Box 795

HONG KONG

Tel: 5-832 3211

Telex: 66678 HEWPA HXY.
Cable: HP ASIA LTD Hong Kong

EUROPE
EASTERN EUROPE

AUSTRIA
Hewlett-Packard Ges.m.b.h,
Wehlislrasse 29

POBox 7

A-1205 VIENNA

Tel: (222} 35-16-210
Telex: 135823/135066

NORTHERN EUROPE

THE NETHERLANDS
Hewlett-Packard S.A.
Uilenslede 475

NL- 1183 AG AMSTELVEEN, The
Netherlands

P.0.Box 999

NL-1180 AZ AMSTELYEEN, The
Netherlands

Tel: 20 437771

SOUTH EASTERN EUROPE

SWITZERLAND
Hewlett-Packard 5.4

7 Rue du Bois-du-Lan

CH-1217 MEYRIN 2, Swilzerand
Tel: {022) 98-96-51

Telex: 27835 hpse

Cable: HEWPACKSA Geneve
{Otfices in the World Trade Centerj

MEDITERRANEAN AND
MIDDLE EAST

GREECE

Hewlett-Packard 5.4,
Mediterranean and Middle East
Operations

Atrina Centre

32 Kifissias Ave.
Amaroussion, ATHENS, Greece
Tel: 808-0359 808-0429
Telex: 21-6588

Cabie: HEWPACKSA Athens

OTHER INTERNATIONAL
AREAS

Hewietl-Packard Co.
intercondinental Headquarters
3485 Deer Greek Road

PALO ALTO. CA 94304

Tel: {415) 857-1501

Telex: 034-8300

Cable: HEWPACK

August 1981 5852-6000
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