OPERATING AND

-~

SERVICE MANUAL

For Service Manuals Contact
MAURITRON TECHNICAL SERVICES
8 Cherry Tree Rd, Chinnor
Oxon OX9 4QY
Tel:- 01844-351694 Fax:- 01844-352554
Email:- enquiries@mauritron.co.uk

Py ( @ s
- ELA Y] '

MULTIMETER
34658 ||

&

= |
" PACKARD

HEWLETT

2
f5ops -dy- i



.M

HEWLETT (h

 PACKARD

SAFETY

This product has been designed and tested according to International Safety Re-
quirements. To ensure safe operation and to keep the product safe, the information, cau-
tions, and warnings in this manual must be heeded. Refer to Section I for general safety

considerations applicable to this product.

CERTIFICATION

Hewlett-Packard Company certifies that this product met its published specifications at
the time of shipment from the factory. Hewlett-Packard Surther certifies that its calibra-
tion measurements are traceable to the United States National Bureau of Standards, to the
extent allowed by the Bureau’s calibration facility, and to the calibration Sfacilities 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 I of this manual, the warranty
shall be for the specified period. During the warranty period, Hewlett-Packard Company will, at its option, either

repair or replace products which prove to be defective.

For warranty service or repair, this product must be returned to a service facility designated by -hp-. However, war-
ranty service for products installed by -hp- and certain other products designated by -hp- will be performed at Buyer’s
facility at no charge within the -hp- service travel area. Outside -hp- service travel areas, warranty service will be per-
formed at Buyer’s facility only upon -hp’s- prior agreement and Buyer shall pay -hp’s- round trip travel expenses.

For products returned to -hp- for warranty service, 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.

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
Jor Hewlett-Packard products.

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

GENERAL

1-1. INTRODUCTION.

1-2. This section contains general information concerning
the -hp- Model 3465B Multimeter. Included is an instru-
ment description, specifications, information about instru-
ment and manual identification, option and accessory in-
formation and safety considerations.

1-3. DESCRIPTION.

1-4. The -hp- Model 3465B Multimeter is a 4-1/2 digit, five
function digital multimeter. The five functions are dc volts,
ac volts, dc current, ac current and ohms. Measurements
can be made to four significant digits with a sample rate of
2-1/2 readings per second. Throughout this manual, the
3465B Multimeter will be referred to as Multimeter.

1-5. SPECIFICATIONS.

1-6. Instrument specifications are listed in Table 1-1. These
specifications are the performance standards or limits
against which the instrument is tested. Any change in the
specifications due to manufacturing, design or traceability
to the U.S. National Bureau of Standards will be covered by
a change sheet. Additional information describing the oper-
ating characteristics are not specifications but are ‘supple-
mental information for the user.

1-7. INSTRUMENT AND MANUAL IDENTIFICATION.

1-8. Hewlett-Packard uses a two-section serial number. The
first section (prefix) identifies a series of instruments. The
last section (suffix) identifies a particular instrument within
the series. If a letter is included with the serial number, it
identifies the country where the instrument was manufac-
tured. This manual is kept up-to-date with the instrument
at all times by revision. If the serial prefix of your
instrument differs from the one on the title page of this
manual, refer to Section VIII for backdating information
that will adapt this manual to your instrument. All corres-
pondence with Hewlett-Packard should include the
complete serial number.

1-9. OPTIONS. i

1-10. The following is a list of the options available for the
multimeter. Multimeter options are available to allow oper-
ation from various line voltages.

INFORMATION

Option Description

100 86 — 106 V ac 48 — 440 Hz

115 104 — 127 Vac 48 — 440 Hz
210 190 — 233 V ac 48 — 440 Hz
230 208 — 250 V ac 48 — 440 Hz
910 An additiona! Operating and

Service Manual

1-11. Warranty Exceptions.
1-12. Batteries are warranted for 90 days.
1-13. ACCESSORIES.

1-14. The following accessories are available to exte
usefulness of your Multimeter:

a. Model 11096B RF Probe, 100 kHz to 50(
(down 3 dB at 10 kHz and 700 MHz), for use on th
and 100 V ranges in the DCV function only.

b. Model 11002A Test leads, dual banana to dt
gator.

c. Model 11003A test leads, dual banana to pro
alligator.

d. Model 11000A dual banana to dual banana,
e. Model 34110A soft vinyl carrying case.

f. Model 34111 A HV Probe, 40 kV dc.

g. Model 34112A Touch — Hold Input Probe.

1-15. SAFETY CONSIDERATIONS.

1-16. This operating and service manual contains c:
and warnings alerting the user to hazardous operati
maintenance conditions. This information is flagge:
caution or warning heading and/or the symbol

YA symbol appears on the front panel and is ar
national symbol meaning “refer to the Operatir
Service Manual”. This symbol flags important op
instructions located in Section Il1. To ensure the sa
the operating and maintenance personnel and reti
operating condition of the instrument, these instr
must be adhered to.

ice Manuals Contact
M';?Jklsl'?gN TECHNICAL SER\'ICES
8 Cherry Tree R4, Chinnor
Oxon OX9 4QY
Tol- 01844-351694 Fax:- 0) 844-352554
Email:- enquiries@mauntronm‘uk
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Table 1-2. General

Information.

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

Specification
Range ' + (% of Reading)/°C
200 Q through 2 MQ I + 0.0015%
20 MQ + 0.004%

Maximum Input Voltages:
Between Input HIGH (V, Q) and COM:
Function Max Voltage

DC Volts 1000 V (dc + peak ac)
AC Volts 600 V dc; 500 V ac rms;

800 V peak ac .
Ohms 350 V (dc + peak ac)

Between COM terminal and ground: t 500 V (dc + peak ac)

Reading Rate: 2.5 samples per second

Overload Indication: Display Blanks except for overrange
and decimal point (also polarity sign on DCV or DCA FUNC-

TIONS).

e

Ohms Terminal Characteristics:
Configuration: 2 wire
Open-circuit voitage: < 5 V max.
Overload protection: 350 V {dc + peak ac)

Nominal current through unknown resistance:

Range [ Current
200 9 1 mA
2k 1 mA
20 kQ 10 pA
200 kQ 10 pA
2000 k2 1 uA
20 M 0.1 pA

Power Requirements:
Power: AC Line; 48 — 440 Hz

86 — 106 V Option 100

104 — 127 V Option 115

190 — 233 V Option 210

208 — 250 V Option 230

Battery (Rechargeable NiCad): 6 hours minimum conti
operation

Recharge Time: 8 hours {instrument off)

Total Instrument Power Dissipated:

Instrument on, Battery Operation: < 1 watt
Instrument on, Line Operation: < 10 VA

Battery Test: Depress DCV and 10 MQ2: Recharge NiCz
teries if the display reading is < 0.380.

Environmental Considerations:
Operating temperature: 0°C to 40°C (32°F to 104°F)
Humidity range: 95% at 40°C
Storage temperature: - 20°C to + 50°C (- 49F 1o 122°

i

Maximum Input Voltages:

Function

DC Volts
AC Volts

Ohms

Between Input HIGH (V §) and COM:

. 1000 V (dc + peak ac)

Max Voltage

600 Vdc; 500 V ac rms;
800 V peak ac
350 V(dc + peak ac)
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2-1. INTRODUCTION.

2-2. This section contains information and instructions for
the installation and shipping of the Multimeter. Included
are initial inspection procedures, power and grounding
requirements, environmental information and instructions
for repackaging for shipment.

2-3. INITIAL INSPECTION.

2-4. This instrument was carefully inspected both mechani-
cally and electrically before shipment. It should be free of
mars or scratches and in perfect electrical order upon
receipt. To confirm this, the instrument should be inspec-
ted for physical damage in transit, and the electrical
performance should be tested using the performance tests
outlined in Section V. If there is damage or deficiency, see
the warranty inside the front of this manual.

2.5. POWER REQUIREMENTS.

2-6. This Multimeter will operate on ac line voltage or from
internal rechargeable NiCad batteries. AC line voltage
options are described in Table 1-2.

A

Verify that the ac power source matches the
power requirement of the instrument as marked
on the option label affixed to the rear of the
instrument.

2-7. GROUNDING REQUIREMENTS.

2-8. To protect operating personnel, the National Electrical
Manufacturer’s Association (NEMA) recommends that the
instrument panel and cabinet be grounded. Multimeters are
equipped with a three-conductor power cable which, when
plugged into an appropriate receptacle, grounds the instru-
ment. The offset pin on the power cable is the ground wire.

2-9. To preserve the protection feature when operating
from a two-contact outlet, use a three-prong to two-prong

adapter and connect the green pigtail on the adapter to" -

power line ground.

2-10. ENVIRONMENTAL REQUIREMENTS.

2-11. The Multimeter should not be operated outside the
ambient temperature range of 0°C to 40°C (32°F to

Section 11

SECTION 1l
INSTALLATION

1049F) or stored outside the ambient temperature range of
- 200C to + 500C (- 4°F to 122CF).

| WARNING l

To prevent potential electrical or fire hazard,
do not expose equipment to rain or moisture.

2-12. REPACKAGING FOR SHIPMENT.

2-13. The following paragraphs contain a general guide for
repackaging the instrument for shipment. Refer to Para-
graph 2-14 if the original container is to be used; 2-15 if it
is not. If you have any questions, contact your nearest -hp-
Sales and Service Office (see back of Manual for office loca-
tions).

NOTE

If the instrument is to be shipped to Hewlett-
Packard for service or repair, attach a rag to
the instrument identifying the owner and indi-

" cating the service or repair to be accomplished.
Include the model number and full serial
number of the instrument. In any correspon-
dence, identify the instrument by model num-
ber and full serial number.

2-14. Place instrument in original container with appropri-
ate packing material and seal well with strong tape or metal

. bands. If original container is not available, one can be

purchased from your nearest -hp- Sales and Service Office.

- 2-15. If original container is not to be used, proceed as

follows:

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

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

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

2-16. POWER CORDS AND RECEPTACLES.

2-17. Figure 2-1 illustrates the plug cap configurations that

2-1




Section II

are available to provide ac power to the Multimeter. The
-hp- part number shown directly below each plug cap draw-
ing is the part number for the power cord set equipped with
the appropriate mating plug for that receptacle. The appro-
priate power cord should be provided with each instrument.
However, if a different power cord set is required, notify
the nearest -hp- Sales and Service Office and a replacement
cord will be provided. The instrument ac power input
receptacle and cord set appliance coupler meet the safety
specifications set by the International Commission on Rules
for the Approval of Electrical Equipment (CEE 22).

22

Model 3465B

8120-1351 8120-1369 8120-1689

STD-B-4195

*UL LISTED FOR USE IN THE UNITED STATES OF AMERICA

Figure 2-1. Power Receptacles.

J
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SECTION 1iI

OPERATING

3-1. INTRODUCTION.

3-2. This section contains instructions for using the Multi-
meter for making dc voltage, ac voltage, dc current, ac
current and ohms measurements. The section also contains
a description of the front and rear panel features. _

‘ WARNING I

To prevent potential electrical or fire hazard,
do not expose the Multimeter or its accessories
to rain or moisture.

3-3. Front Panel Features.

3-4. An illustration and description of the front panel is
provided in Figure 3-1. All controls and connectors are
identified and briefly described.

3-5. Turn-on and Warm-up.

3-6. For specified measurement accuracy, allow the instru-
ment to warm-up for at least 10 minutes.

Before connecting the instrument to ac power,
verify that the ac power source matches the
power requirement of the instrument as marked
on the option label affixed to the rear of the
instrument.

3-7. Internal Battery Voltage Measurement and Recharg-
ing.

3-8. The Multimeter contains a feature allowing the user to
check battery strength to determine the need for battery
recharging. The procedure is to place the Multimeter in the
DCV function and depress the 20 megohms range switch. If
the absolute value of the front panel display is .380 or less,
recharge the batteries. Recharging of the NiCad batteries is
performed by operating the Multimeter on an ac source.
Measurements can be made with the Multimeter operated
from the ac source during the recharging period.

NOTE

After 8 hours, a completely discharged battery
will be fully charged with ac line voltage con-
nected and the POWER switch off. Shorter
charge periods will allow reduced battery

INSTRUCTIONS

operating time. There is no danger of oy
charge. For convenience, overnight charging
recommended.

3-9. Low Battery Voltage Detection.

3-10. A battery source safety feature of the Mult
low battery voltage detection circuit which turns tt
ment off when battery voltage reaches a low le
protects against cell reversal of the NiCad bat
during operation the display disappears or imn
after turn-on the display appears and disappe.
several seconds, low battery voltage is indicated. °
low battery voltage, the procedure described in
ceding paragraph can be used or verify by placing t:
ON switch to OFF and to ON again. The display wi
and again disappear. Operation from an ac line so
recharging of the NiCad batteries is required w.
occurs.

NOTE

In protecting batteries and circuitry, the L
battery voltage detection circuit may sk

down the instrument if the power switch;
momentarily turned off then back on. :
restore normal operation, the instrume
should be turned off with the front pa.
power switch for a minimum of 3 seconds.

3-11. Overload Indication.

3-12. The Multimeter is capable of displaying 199
functions and ranges. There are maximum voltag.
tions in DCV and ACV, however (see ac and d¢
measurement paragraphs). In an overload conditi¢
the input exceeds 19999, the last four digits blan}
overrange “‘1” and decimal point will be displa:
polarity sign is also displayed in the dc volts and d:
functions in the overload condition.

3-13. ACVOLTAGE MEASUREMENTS.

& ECAUTION%

Maximum input voltage in the ACV FUM
TION is 500 V rms, 800 V peak and 600 V «

Do not exceed these voltages or damage t0 1
instrument will occur.

3-14. AC Voltage Ranges.

3-15. The ACV FUNCTION has five ranges from
to 500 V. Each range has a maximum display re:

SEvermee
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occur.

OFF/ON Switch — Pushbutton push on/push off switch.

1
FUNCTION Switch — Function markings are located
above each pushbutton switch.

===V = DC Volts

~V =AC Volts

==~A=DC Amps

~A=AC Amps
§1 = Ohms

®O

@ Display — Indicates the measured value and polarity of dc
volts or amps:
@ RANGE Switch. Range markings are located above each
pushbutton switch. Color bands identify the range
switches associated with each function switch.

A

Do not apply a voltage greater than + 500 V dc or 500 V peak between
COM terminal and chassis ground or damage to the instrument will

@ DCV/ACV/OHMS — High input terminal.

@ & Symbol — This symbol is an international symbol
meaning '‘refer to the Operating and Service Manual™.
This symbol will appear in this section of the manual flag-

ging operating instruction information.

@ COM Input Terminal — This terminal is connected to
circuit ground for all measurements except ohms, In the
ohms function, the COM terminal is disconnected from
circuit ground.

@ DC/AC AMPS — High input terminal. 2 amp fuse located
behind removable ‘A’ terminal cap.

Figure 3-1. Front Panel Features.

19999. However, the 500 V range is limited to a maximum
ac input voltage of 500 V.

3-16. DC VOLTAGE MEASUREMENTS.

AN feautiond

Do not exceed a maximum input voltage of
1000 V (dc + peak ac) on the 500 V range or
damage to the instrument will occur.

3-17. 20 mV Range Zero Adjust.

32

3-18. When using the Multimeter on the 20 mV range in
DC volts, short the input terminals and zero the Multimeter
display with the rear pane] ZERO ADIJ control. The display
should indicate 0.000 before proceeding with measure-
ments.

3-19. DC Voltage Ranges.

3-20. DC Voltage measurements can be made from 29 mV
to 1000 V full-range. Each range has a maximum display
reading of 19999. However, the 1000 V range is limited to
maximum input of 1000 V dc and peak ac (see DC Voltage
measurements caution in Paragraph 3-16).
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. 3-21. CURRENT MEASUREMENTS.

ch CAUTION

Do not exceed a maximum input voltage of
350 V dc + peak ac or a maximum dc or ac
rms input current of 2 A or the amps fuse,
located directly behind the “A” terminal, will
open. See the following paragraph for replace-
ment instructions.

3-22. The Multimeter is protected from the application of
excessive current by a 2 A fuse located directly behind the
front panel “A” terminal. If it is necessary to replace this
fuse, use the side slots on the “A” terminal to rotate the
terminal. The terminal and fuse will protrude from the
front panel. Remove the terminal and fuse, replace fuse
with a 2 A rated fuse as listed in Table 6-3 Miscellaneous
Parts General, and designated F1.

3-23. AC Current Hangés.

3-24. AC current measurements are specified over a fre-
quency range of 40 Hz to 20 kHz. There are five current
ranges from 200 pA to 2000 mA. See current measure-
ments Caution in Paragraph 3-21.

3-25. DC Current Ranges.

3.26. DC Current measurements can be made on five cur-
rent ranges from 200 uA to 2000 mA. See current measure-
ments caution in Paragraph 3-21.

For Service Manuals Contact
MAURITRON TECHNICAL SERVICES
8 Cherry Tree Rd, Chinnor
Oxon OX9 4QY
Tel:- 01844-351694 Fax:- 01 844-352554
Email:- enquinies@mauritron.co.uk

Se

3-27. OHMS MEASUREMENTS.

A ey

Do not apply voltage greater than £ 250 V.d
Peak AC between the ohms and common in
terminals in the ohms function or damage
the instrument will occur.

3-28. Ohmmeter Ranges.

3-29. Resistance measurements can be made on s
from 200 ohms to 20 megohms. Both input tern
and COM) are floating with respect to circuit grour

3-30. Ohmmeter Reference Current.

3-31. The ohmmeter reference current through
known resistance for each range is shown in Table !

Table 3-1. Ohmmeter Current Through Unkn

Current
Range Through Unknown
200 1 mA
2kQ 1 mA
20 k2 10 uA
200 k&2 10 A
2000 k&2 1 uA
20 MQ 0.1 kA

Maximum open-circuit voltage at the ohms input-
is less than 5 V.

-
t
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Section IV

SECTION IV
THEORY OF OPERATION

4-1. INTRODUCTION.

4-2. This section contains the theory of operation for the
Multimeter. The information is divided into two parts:

a. Simplified Theory
b. Detailed Theory

The simplified theory provides an overview of the operation
of each section in the Multimeter while the detailed theory
describes the circuit operation of each section.

4-3. Description,

4-4. The Multimeter is a five-function, 4-1 /2 digit multi-
meter. The five functions measured are dc volts, ac volts,

dc current, ac current and ohms. The dual-slope integration
technique is used for measurements. This technique charges
an integrator for a fixed length of time, to a voltage pro-
portional to the input signal, then discharges the integrator
at a fixed rate determined by a known reference voltage.
The measurement display is determined by the discharge
time of the integrator, which is proportional to the input
signal.

4-5. Figure 4-1, Basic Block Diagram and Measurement
Sequence, illustrates the major functional blocks of the
Multimeter. The illustration of the measurement sequence
shows the integrator output for each interval of a measure-
ment cycle. This diagram is to supplement the functional
block diagram for the simplified theory discussion.

REFERENCE
SUPPLY
OHMS REFERENCE
’l
ZERO RUN-DOWN
ADJ REFERENCE SELECT
r 4
INPUT —p . SIGNAL 49— NPUT A-T0-D Losic »  DisPLAY
CONDITIONING 1 B A4 CONVERTER
‘AUTO ZERO
INPUT/ ZERO
ADJ CONTROL CONTROL
3465-B-4i66
> HALF~ SCALE INPUT — A
/7 N\
/ \ NOTE
/ \\ NEGATIVE INPUTS ILLUSTRATED;
/ \ WAVEFORMS. ARE. INVERTES
INTEGRATOR / \ VEFORMS ARE IN :
HALF- SCALE INPUT \
OUTPUT ﬁ—7/\

VN

N //J

ZERQ-DETECT

\
N\
S

/7
_ _ - ll'll
l‘ AUTO—ZERO ‘—,o— RUN-UP 4'.— RUN~DOWN ——L—' OVERRANGE

MEASUREMENT SEQUENCE INTERVALS

AUTO—ZERO*’

Figure 4-1. Basic Block Diagram and Measurement Sequence.
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4-6. SIMPLIFIED THEORY.

4-7. A simplified theory of operation of the Multimeter is
presented in the following paragraphs. The simplified
theory describes each section of the functional block
diagram, Figure 7-1. These sections are the signal condi-
tjoning section, analog—to—digita] section, logic section and
the display section. Also presented is a simplified descrip-
tion of the power supply. Refer to Figure 7-1, Functional
Block Diagram, and Figure 4-1, Basic Block Diagram and
Measurement Sequence, for this discussion.

4-8. Signal Conditioning.

4-9. Signal conditioning consists of attenuating and/or
converting the input signal to a dc voltage within the
working limits of the input amplifier. For full-scale inputs,
this voltage can vary from 20 mV dc to 2 V dc depending
on the function and range.

4-10. The signal conditioning section consists of current
shunts, an input attenuator, ohms converter and an
ac—to—dc converter. The output from the signal condi-
tioning section is applied to the input amplifier during the
run—up interval of the measurement sequence. The Input
Amplifier Gain Table located on Figure 7-3 indicates the
full-scale input level applied to the input amplifier for each
function and range. This signal is the output of the signal
conditioning section.

4-11. Ohms Converter. The ohms converter is a high gain
integrating amplifier. A simplified diagram of the ohms
converter is presented in Figure 4-2. The blocks of the
ohms converter are the integrating amplifier, protection
diodes, nver-voltage protection circuit and the overload
loop. An integrating amplifier is used because this type of

Model 34658

With the 2 terminal clamped, protection against excessive
voltages applied to the ohms terminals is provided by an
over-voltage protection circuit located between the ohmg
amplifier and the terminal. For excessive voltages, this
circuit isolates the COM terminal from the ohms amplifier.

4-12. Figure 4-2 shows two outputs of the ohms converter
being applied to the input amplifier. The ohms output is
the ohms converter measurement signal and the auto-zero
output is the ohms amplifier dc offset signal which is called
the auto-zero (AZ) signal. This AZ signal is applied to the
input amplifier during the auto-zero interval of the mea-
surement sequence and establishes the reference for the
analog—to—digital converter. An AZ signal greater than
+ 1 mV causes the instrument readings to be invalid. This
condition (AZ signal >% 1mV) is present when the
unknown resistance, R,, is removed and an open loop is
present on the ohms amplifier. To maintain the AZ signal at
< *1mV when an open loop is present, an overload
feedback circuit is used.

4-13. The ohms output, (LO terminal of the ohms con-
verter) is applied to the input amplifier. This output is a dc
voltage, the level of which is dependent on the ratio of the
unknown resistance, Ry, to the variable resistance, 10", and
the ohms reference supply. The variable resistance, 10", is a
resistor string located in the precision resistor pack R75.
The value of 10" is selected by the range switches shorting
those resistors in the string that are not required. The value
of 10" can range from 10 k2 to 10 M. A discussion of the
precision resistor pack R75 can be found in the detailed
theory. '

4-14. The formula for the ohms converter output voltage
is:

amplifier is less susceptible to oscillations. The protection Ohms R, :
diodes clamp the £ terminal to a voltage of about 1.2 V Output = | — Reference Supply Voltage + Vottset
in the positive direction or 0.7 V in the negative direction. Voltage 10
COMg¢
AUTO-ZERO Y
Rx OUTPUT
ca29 \/\
1L
Q " ov IS 70
PROPORTIONAL INPUT
n TO Rx AMP
*
riov W OVER- /\/
VOL TAGE %F.‘J"?EUT ) .
PROTECTION
*+1v FOR RO ;
IOM RANGE .
For Service Manuals Contact
MAURITRON TECHNICAL SERVICES
8 Cherry Tree Rd, Chinnor
Oxon OX9 4QY -
Tel:- 01844-351694 Fax:- 01844-352554
PROTECTION | | OVERLOAD Email:- enquiries@mauritron.co.uk
DIODES PROTECTION
$ 3465-8-4167

Figure 4-2. Simplified Diagram, Ohms Converter.
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The reference supply is +10 V for all ranges except the 20
M range. For this range the reference supply is +1 V. On
the 20 M range with a Ry of 20 MQ, an output of 2 V dc is
needed. From the formula for the ohms output, it can be
seen that 10" is 10 kQ to 10 MQ, a 10" of 10 MQ com-
bined with a reference supply of 1 V provides the desired
1 V dc full-scale ohms converter output.

4-15. AC—DC Converter. The ac—dc converter is an average
responding ac converter. It measures the average value of a
sine wave and multiplies this by a fixed scale factor to
convert it to an rms value. The output of the converter is a
dc voltage equal to the rms value of the sine wave.

4-16. Figure 4-3 is a block diagram of the ac -dc converter.
The blocks consist of an impedance converter, an ac
converter and a filter. The impedance converter has a high
input impedance to prevent loading of the input signal. It
also provides the gain necessary to drive the ac converter.
An impedance converter gain of unity, 9.964 or 10 is
selected by the function and range switching. The gain of
9.964 is used with the ac current function and the gain of
10 is used with the 200 mV, .2 mA, 200 Q and 20 V,
20 mA, 20 k€2 ranges.

4-17. The ac converter amplifies the signal from the
impedance converter by the scale factor. This converts the
average value of the sine wave to the rms value. Half-wave
rectification of the sine wave is also performed by the ac
converter. This rectified signal is filtered to provide the
proportional dc¢ output which is applied to the analog—to—
digital converter.

4-18. Analog—to—Digital (A—D) Converter.

4-19. The A—D converter block is comprised of an input
amplifier, reference supply, integrator, slope amplifier,
comparator and auto-zero circuit. It makes an analog—to—
digital conversion using the dual-slope integrating tech-
nique. Four control state signals from the logic section (10,
I1Z, 11 and 12) regulate the measurement sequence. IO and
1Z regulate the input amplifier and auto-zero switching
respectively while I1 and I2 select the reference supply
required during the run-down interval.

o

Sec ;

4-20. Input Amplifier. The first stage of the A-I
verter is the input amplifier. During the run-up inte;
the measurement sequence, control state signal 10 sw
the output of the signal conditioning block to the
amplifier. The output of the signal conditioning blo
dc voltage which varies between 10 mV and 1 V f(
scale inputs, depending on the function and range se
The gain of the input amplifier is adjusted by the fu
and range switching to provide an output of 2 Vdc {
full-scale input signal. See Input Amplifier Gain Ta

Figure 7-3.

4-21. Reference Supply. The A-D converter uses a1
polar reference supply of +10 V. A reference volt
applied to the integrator during the run-down inter
discharge the integrating capacitor. Since the discharg
is constant, the time required for the integrator to re
zero reference is proportional to the input signal. Thi
period is the run-down interval and is process
determine the display. A positive and negative refi
voltage is required since the input signal can be
polarity. A detailed discussion of the operation ¢
monopolar reference supply can be found in the de

theory.

4-22, Integrator. The integrator output is a result
current summation at the integrator summing jur
(inverting input). A positive current summation (ci
flowing into the integrator input) will cause the inte}
to ramp negative. A negative current summation (c§
flowing out of the integrator input) will cause the i

tor to ramp positive. The integrator sums currents fro
input amplifier, reference supply, -7V supply ani
auto-zero loop during designated times.

i

4-23. Slope Amplifier. Following the integrator is a )t
amplifier. This amplifier is divided into two stages; th;
with a gain of 40 and the second with a gain of 10C
slope amplifier amplifies the integrator output to pro
more vertical crossing of this output with the reft
level. This provides greater accuracy of the voltage

time conversion during the run-down interval.

4-24. Comparator. The comparator provides two
outputs; a high output of 0 V or a low output of - 7}
comparator output is high when the integrator out
greater than the reference level. The comparator i
when the integrator output is less than the reference:

IMPEDANCE
CONVERTER

AC
INPUT
SIGNAL

FILTER

OC VOLTAGE TO
F—» ANALOG-TO-
DIGITAL CONVERTER

3465-B-4168

Figure 4-3. Block Diagram, AC—to—DC Converter.
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This logic level is sensed by the logic section to determine
polarity and zero-detect.

4-25. Auto-Zero Circuit. During the measurement se-
quence, the auto-zero loop is closed except for the run-up
and run-down intervals. This loop includes the slope
amplifier and the integrator but does not physically include
the input amplifier although the loop does compensate for
the input amplifier offset. When the auto-zero loop is
closed, the input of the input amplifier is grounded. If the
summation of currents at the integrator summing junction
is not zero, the integrator begins to ramp up for a negative
summation or ramp down for a positive summation. The
integrator output is applied through the X4000 slope
amplifier to the auto-zero capacitor, C4. The voltage on the
auto-zero capacitor causes a current to flow at the summing
junction that returns the summation to zero. This auto-zero
configuration compensates for the analog offset of the
input amplifier and integrator by providing a current at the
summing junction that cancels the currents resulting from
the offset.

4-26. Logic Section.

4-27. The Logic Section is comprised of combinational and
state logic. This section processes the comparator output to
determine the polarity of the input signal and to make a
voltage—to—time conversion of the input signal. Time
accurmnulated during the conversion is proportional to the
input signal and is stored. The display is derived from this
accumulated time. A voltage—to—time conversion with the
accurnulated time being stored occurs once each measure-
ment §equence.

4-28. Seven blocks make up the logic section. These blocks
are:

Clock

State Clock

Polarity and Zero Detect
Data Transfer and Reset
Control State Counter
Control State Decode

g. Data Accumulator

The HIGH and LOW logic levels used in the logic section
are 0V and -7V respectively. The following discussion
describes the basic operation of the logic section.

"o Qo o

4-29. Clock and State Clock. The timing of the logic
section is derived from the clock circuit. The clock operates
at 100 kHz and is crystal-controlled. A state clock, driven
by the clock output and the count extend line from the
data "accumulator, drives the control state counter to
initiate each measurement interval.

4-30. Polarity and Zero Detect. The polarity and zero-
detect circuit monitors the comparator output. The state of
this output at the beginning of the run-down interval
determines the polarity of the input signal. Zero-detect is
determined at the point the comparator output changes
states during the run-down, overrange or overflow intervals.

44
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If the integrator ramps positive (negative input signal
during run-up, the comparator output goes HIGH an.
returns to LOW at the zero-detect point. If the integrato
ramps negative (positive input signal) during run-up, th
comparator output goes low and returns to high at th
zero-detect point. These comparator output logic states ar
stored in a D flip—flop. At the beginning of the run-dowr
interval, this state identifies the polarity of the input signal
The outputs of the D flip—flop provide the signals needec
to select the correct polarity display and the correc
reference supply signal (11, 12) during the run-dowr
interval. An EXCLUSIVE OR and latch processes the
comparator output to provide the zero-detect signal.

4-31. Data Transfer and Reset. The data transfer and rese:
circuits provide logic signals to the data accumulato:
required to load the storage latches and reset the decade
counters. A detailed description of the data accumulator i
provided in the detailed theory section. While the TXFE
input of the data accumulator is low, data in the decade
counters is transferred to the static storage latches. The
RESET input resets the decade counters to zero when low
This must occur after the transfer to the storage latches ha:
taken place. To ensure that reset occurs after terminatior
of transfer, an RC delay circuit precedes the reset gates.

4-32, Control State Counter. The control state counter
provides the timing for the measurement sequence intervals.
The output from the counter establishes the timing of the
analog control signals (IZ, IO, I1 and I2) which are applied
to the A—D converter. The state clock and reset inputs tc
the control state counter determine the outputs of the
counter.

4-33. Control State Decode. The control state decode
converts the polarity, zero-detect and control state counter
inputs to the correct analog control signals. These signals.
applied to the A—D converter, perform the measurement
sequence switching. This switching consists of the input
amplifier switch, the auto-zero switch and the reference
supply switches.

4-34. Data Accumulator. The data accumulator consists of
a counter, data latches, a multiplexer, digit select decoder
and output buffers. At the beginning of the Run-Down
interval of the measurement sequence, the data accumula-
tor begins to count clock pulses until zero-detect occurs.
This count is proportional to the input signal and is the
time conversion used to generate the display. The digit
select decoder scans the display digits from the most
significant digit to the least significant digit while the
multiplexer provides the corresponding BCD outputs fqr
each digit. A detailed discussion of the data accumulator is
presented in the detailed theory.

4.35. Display.

4.36. The multimeter display contains four full digits fvn_h
an overrange ‘1" and polarity sign. All segments and indi-
cators are light-emitting diodes. A BCD-to-seven segment
decoder receives BCD information from the data accumu-
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lator and applies the seven-segment code to the display
drivers. The display drivers apply the seven-segment code to
all digits simultaneously. Digit strobe lines activate the digit
corresponding to the seven-segment code at that point in
time. Scanning of the digits is from the most significant to
the least significant digit. To complete the display, the
proper decimal point is enabled by range switching.

4.37. Power Supply.

4.38. Figure 4-4 is a block diagram of the power supply.
The power supply develops three output voltages. from a
single dc output voltage (+ VB). This dc input voltage is
applied to a dc-to-dc converter which develops output
voltages of + 11 V dc and - 7 V'dc. A series regulated
+ 10 V output is developed from the + 11 V converter
output. This + 10 V is used as the reference voltage in the
A-D converter and to develop the reference current in the
ohms converter and as the reference voltage for the
converter regulator. The converter regulator controls the
converter and regulates the - 7 Vand + 11 V outputs of the
converter. A discussion of the operation and regulation
process of the dc-to-dc converter is presented in the

detailed theory.
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Figure 4-4. Block Diagram, Power Supply.

4-39. DETAILED THEORY.

4-40. This portion of the theory of operation provides a
detailed discussion of the circuits in the Multimeter. The
circuits described here are the ohms converter, ac—dc
converter, monopolar reference supply, data accumulator
of the logic section, display and the power supply. A
discussion of the precision resistor pack (R75) is also
provided. The detailed discussion makes use of the schema-
tics in Section VII.

4-41. Precision Resistor Pack (R75).

4-42. The precision resistor pack, R75, is a laser trimmed
substrate providing high precision resistances. A diagram of
R75 is shown on Figure 7-2. The input attenuator, power
supply, ohms reference supply, A—D reference supply and
the input amplifier require highly accurate resistances to

maintain the accuracy of the Multimeter. These res
are part of the resistor pack. The advantage to the .
pack is high precision resistors and good temg-
tracking. As resistance values of the resistor pack
due to temperature changes, the ratio of the i
remains the same. )|

4.43. Ohms Converter.

4-44. Refer to Figure 7-2 for this discussion. Both
the ohms converter are floating with respect

instrument ground. The unknown resistor, Ry, beco
feedback loop of the ohms amplifier. The ratio o
10" determines the gain of the ohms amplifier, (.
Ul5. 10" is a variable resistance between 10 kS2 and
selected by the range switching. The ohms convert
is the reference voltage provided by the ohms r¢
supply. This reference voltage times the amplifier ga
ohms converter output supplied to the input a
during the run-up interval. Full-scale ohms conver
and output values are provided in the ohms convert
located on Figure 7-2. .

4-45. The & HI LEAD of the ohms converter is co
to the reference supply through 10" of the resist’
R75. The © HI LEAD is clamped by protectior:
CRI15 and CR2S5 to prevent the destruction of Fl
and R75 by the application of large voltages. Thes
clamp the 2 HI LEAD to about 1.2 V positive G
negative.

4-46. With the Q HI LEAD clamped, over-voltage
tion must be previded to protect the ohms amplifj
excess voltage. The over-voltage protection circuit is
between the ohms amplifier and the LO terminal p
is shown in Figure 4-5. During normal operation <
current flows through Q30, R94 and Q32. If a large,
is applied to the ohms terminals, the current thro
circuit will try to exceed 2 mA. This current will
large enough voltage drop across R94 to turn on Q3
Q31 is on, it removes the base drive from Q30, whi-
off, disconnecting*the LO terminal point from tk
converter. Since Q30 is a high voltage transistc
voltages are not applied to the ohms converter. '

+10v
LO TERMINA
r82 .
RS
cz7
FROM OHMS
AMPLIFIER
3465 -8-4172

Figure 4-5. Over-Voltage Protection Circuit.
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447, In the event of open loop (R, =), the ohms
amplifier output begins to drive negative. The input
(negative port), which is the auto-zero output, could exceed
+ 1 mV under an open loop condition due to the lack of
negative feedback through an R,. This auto-zero output
must be maintained at < * 1 mV for accurate operation of
the A-D converter. To satisfy this requirement, an over-
load protection circuit consisting of CR23, CR24 and R86
is used. When the ohms amplifier output goes below
approximately +1.5V, the zener diode (CR23) turns off.
The overload loop, CR24 and R86, is introduced by the
turn-on of CR24 when CR23 is off. This loop provides the
negative feedback required to maintain an auto-zero output
<% 1mV. When an Ry is introduced, CR23 turns-on,
CR24 turns-off, and the overload loop is inoperative.

4-48. A maximum output by the ohms converter of <5V
is guaranteed by a voltage divider composed of R93 and
R95. Additional protection components of the ohms
converter are: A) CR29 which prevents Q32 junction
breakdown due to fast transients, B) CR28 which blocks
negative transients that could come in via the LO terminal
point and C) R91 and C27 which suppress high voltage,
high frequency transients.

449, Degradation of accuracy in the ohms function due to
changes in the ohms reference with respect to the A-D
reference is minimized since both reference voltages are
derived from the same + 10V reference supply. If the
reference supply voltage changes, both the ohms reference
and the A—D reference are affected alike and any change is
effectively cancelled.

4.50. AC—~to—DC Converter.

4-51. The AC—to—DC converter is an average responding
ac converter. It has a bandwidth of 40 Hz to 20 kHz. The
converter is composed of two stages (see Figure 7-2). The
first stage, Ul9, is an impedance converter. The purpose of
this amplifier is to provide a high impedance to the input so
loading of the input signal does not occur. It also provides
high drive capability for the ac converter stage, U18. The
input of the impedance converter is protected against large
voltage swings by diodes CR35 and CR37. Voltages in
excess of + 10 V or - 7 V peak ac will forward bias these
diodes, returning excess current to the power supply.

4-52. The impedance converter, U19, has a selection of
three gains; the 200 mV, .2 mA, 200 Q and 20 V, 20 mA,
20 k€2 ranges select a gain of 10. The ac current function
selects a gain of 9.964, while the remainder of the ranges
and functions select a gain of unity (see U19 Gain Table,
Figure 7-2).

4-53. The second stage of the AC—to—DC converter is the
ac converter, UI8. A basic diagram of this stage is shown in
Figure 4-6. The amplifier has three feedback loops. These
loops are the ac negative feedback loop, the dc negative
feedback loop, and the positive feedback loop. The ac
negative feedback loop is divided into two branches; one
branch for the positive half cycle and the second branch for
the negative half cycle. Diodes CR33 and CR34 switch

4-6
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Figure 4-6. Basic Diagram, AC Converter Amplifier.

between the positive and negative half-cycles to introduce
the correct loop for its respective half-cycle.

4-54. During switching of the diodes, little negative feed-
back is present. During the switching transition, the positive
feedback loop (C45, R120 and R123) boosts the amplifier
gain. This boost in gain speeds the switching transition of
the diodes which gives a good frequency response at low
signal levels. Once the switching transition has occurred,
negative feedback is again present. The negative feedback
overrides the effects of the positive feedback loop at all
times other than the diode switching transition period.

4-55. The output of the AC—to—DC converter is derived
from the positive half-cycle, negative feedback loop. The
positive half-cycle developed across the load resistor Rl.IS
is the half-wave rectified signal of the ac converter amplifier
output. This rectified signal is filtered to provide.the dc
output thaf is applied to the input amplifier during the
run-up interval of the measurement sequence. For full-scalg
inputs, the AC-to-DC Converter output is 1.6 V dc. This
output is kept relatively free of the dc offset present on 111(3

inverting input of U18 (pin 2) by the voltage divider R125 1
and R118. The portion of the offset appearing across the I
load resistor R118 is attenuated by a factor of 23. ]

4-56. A-D Conversion Using a Monopolar Reference.

4-57. Before preceeding with this discussion, review the
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A-D converter description of the integrator, slope ampli-
fier and auto-zero circuit in the simplified theory. Figure
4-7, Functional Diagram, A-D Converter, illustrates these

Sec;

input amplifier and the comparator. It also illustr.
integrator output and the four control state signals,:
Il and 12, with respect to the measurement s

circuits in relation to the monopolar reference supply, the intervals.
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- CLOSED CLOSED

Figure 4-7. Functional Diagram, A—D Converter.
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4.58. The A—D converter of Figure 4-7 is shown in the
auto-zero mode. The input amplifier is grounded at the
input, control state switch Il is closed, 12 is open and the
auto-zero loop is closed. Note that the auto-zero loop does
not include the input amplifier but is connected to the
integrator summing junction (integrator inverting input).
Also connected to the summing junction are the input
amplifier output, two current paths from the monopolar
reference supply and the -7 V supply through R59 and
R43.

4.59. The auto-zero loop uses a current balancing tech-
nique at the integrator summing junction to establish the
reference. The basic principle is that the algebraic sum of
currents at the integrator summing junction must be equal
to zero. When the sum is zero, the output of the integrator
will not change. If the sum is not zero, the integrator will
ramp up for a negative current or ramp down for a positive
current because of the inverting input.

4-60. When the auto-zero loop is closed, the currents
summed at the integrator summing junction come from
four sources; 1) the output of the input amplifier with its
input grounded, 2) one current path of the monopolar
reference supply (switch 11 closed), 3) the -7 V supply
through R43 and RS9 and 4) the auto-zero loop. The input
amplifier output is the analog offset of this amplifier. The
current due to the - 7 V supply is roughly the negative of
the current from the monopolar reference supply. The
auto-zero loop then stores a voltage on the auto-zero
capacitor that produces a current through R28 and R42 of
the correct magnitude to force the summation of currents
at the integrator summing junction to zero. Forcing the
summation of currents to zero compensates for the analog
offset of the input amplifier and integrator.

4-61. During the run-up interval, the auto-zero loop is
opened by control state switch IZ. The voltage stored on
the auto-zero capacitor is still applied to the integrator
summing junction and the summation of currents remains
zero. At the time the auto-zero loop is opened, the output
of the signal conditioning section is switched to the input
amplifier by control state signal 10. The output of the
input amplifier causes the algebraic summation of currents
at the integrator summing junction to deviate from zero.
This causes the integrator to run-up.

4-62. At the end of the run-up interval, the input amplifier
is switched back to ground by control state signal 10. The
summation of currents at the integrator summing junction
is again zero and if no other action were taken, the
integrator output would not change. The integrator output
Is positive at the end of run-up for negative inputs and
negative for positive inputs. At the end of the run-up
interval, the polarity of the integrator output is determined
by the logic section. This also identifies the polarity of the
input signal.

4-63. At the beginning of the run-down interval, the logic
section selects the appropriate reference to return the

4-8
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integrator output to zero. Run-down uses the summation of
currents principle at the summing junction of the integra-
tor. The two current paths (I1 and 12) of the monopolar
reference supply provide the means of changing the
summation of the currents. The summation of currents ar
the summing junction can be made negative by opening
switch I1 and removing this current flow to the junction,
The summation can be made positive by closing switch 12
in addition to 11, and providing twice the current from the
monopolar reference supply. Opening switch 11 with 12
open, runs the integrator up which is required for positive
inputs (see Figure 4-7). Closing 11 and I2 runs the
integrator down which is required for negative inputs. The
time required for the integrator to reach zero-detect during
the run-down interval is proportional to the input voltage
which caused run-up and determines the display.

4.64. Data Accumulator,

4-65. Refer to Figure 4-8, Data Accumulator Diagram, for
this discussion. The data accumulator processes the logic
signals from the logic section and provides the BCD output
and the scan signals that determine the dsiplay. The data
accumulator consists of a counter, data latches, a multi-
plexer, digit select decoder and output buffers. At the
beginning of the measurement, the reset signal (RESET)
goes to a logic O to initialize the counter and digit select
decoder. At the beginning of the run-down interval of the
measurement sequence, the counter begins to accumulate a
count proportional to the run-down time.

4-66. The counter consists of four divide by 10 circuits.
The output of each circuit is a BCD number representing
one digit of the input signal. At the end of the run-down
interval, the transfer signal (TXFR) is set to a logic 0. This
stores the counter outputs in the data latches.

4-67. The scan signal will gate each BCD signal from the
latches, beginning with the most significant digit first,
through the multiplexer to the output. At the same time
that the scan gates the digits through the multiplexer, the
gating signal is output to the display as a digit activation
pulse.

4-68. The BCD output of the multiplexer is applied to the
display section (see Figure 7-4). The BCD is applied 1o quad
NAND gates in the display section where the BCD logic is
converted to BCD logic. The BCD is applied to the seven
segment decoder where it is transformed to a seven bit
binary number and applied to each numeral in the display.
As the digit activation pulse from the data accumulator
sequentially activates each numeral from most significant t0
least significant, the seven bit binary data will be displayed.

4.69. Display.

4-70. Refer to Figure 74 for this discussion. .The displa}'
segments are powered by a +3 V supply. This voltage 1s
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Figure 4-8. Data Accumulator.
derived from Vg and the + 11 V output of the power . for a high Vg (new or recharged batteries).
supply. A series voltage regulator, Q21, Q22 and Q23 .
maintains the + 3 V output constant. This provides con- 4-71. Twenty-five connections interface the dis
stant display intensity for changes in the magnitude of Vg the main assembly. Table 4-1 indicates each term

the source of the signal from the main assembly.

Table 4-1, Display Interface Connections.

CONNECTION DESIGNATION SOURCE OF SIGNAL

DIGIT STROBES: MSD, 2MSD, 3MSD, LSD

BCD: 1,2,4,8

DATA ACCUMULATOR
{ATU11)

DECIMAL POINT: A,B,C,D

RANGE SWITCHES

POLARITY ENABLE: PE

FUNCTION SWITCHES

POLARITY: PL

OVERRANGE: OR
OVERLOAD: OL

TRANSFER: TR

- A1U4
LOGIC
A1US
SECTION
A1UB

+Vg, +11V,GND,-7V

POWER SUPPLY

PIN 25

NO CONNECTION
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R fon= TIME SWITCH S CLOSED
fott=TIME SWITCH S OPEN

3465-8-4I7%

Figure 4-9. Basic Diagram, DC—to—DC Converter.

4.72. Power Supply.

4.73. The method by which a dc-to-dc converter produces
a negative output voltage from a positive source voltage can
be explained with the aid of Figure 4-9. The switch S opens
and closes with a given duty cycle. For steady-state condi-
tions, the output voltage will be related to the duty cycle of
the switch by:

Vo = _.:_0_11. Vg ton = time switch S is closed
off toff = time switch S is open
t
Duty cycle = —0n___
yey ton t toff

Changes in input voltage VB can be compensated for by
varying the duty cycle of the switch. This is what is done in
a dc-to-dc converter. When the switch is closed during top,
diode CR is reverse biased by the negative voltage on its
anode and the positive voltage on its cathode; this isolates
the inductor from the capacitor C and the load. The capaci-
tor keeps the output voltage from dropping to zero during

ton. Closing the switch applies the battery voltage Vg

across the inductor. Since the voltage across an inductor is
given by V = L Ai/At, the expression for the change in in-

ductor current is given by:

Both V and L are fixed, so the inductor current increases
linearly with time. This results in an energy transfer from
the battery to the inductor. When switch S is opened during
toff, current flow to the inductor is shut off. Because the
fundamental characteristic of an inductor is to oppose any
change in current flow, the inductor generates a back emf
of approximately —8 volts. This voltage forward-biases
diode CR and allows the energy stored in the inductor to be
transferred to the capacitor and the load.

4.74. The following paragraphs describe the operation of
the actual dc-to-dc converter circuit in the 3465A, and the
converter regulator. Figure 4-10 shows a simplified sche-
matic of the —7 volt converter and regulator Ul7. The
discussion assumes steady-state conditions, and begins with
Q33 in the off state (I¢ = 0). When Q33 first tums on, it
will be in saturation (see Figure 4-11), causing the entire
voltage + VB to be dropped across the primary of the auto-
transformer T1. As explained in paragraph 4-73, the col-
lector current through the inductor begins to rise linearly
with time. The constant voltage at the base of Q34 causes
Q34 and R98 to provide a constant current sink for the
base current of Q33. Consequently, the rising collector
current of Q33 follows one of the Iy curves in Figure 4-11.
Q33 will eventually come out of saturation as the collector
current approaches SIp. When Q33 comes out of saturation,

A= At
L
Ns cris [ ;_f'_ 1ous —1
(’rT,;‘)”"*"V J_ ¢ ® 0.7v r l\
+ Vp-0.8V

J;C24

-7V CONSTANT
CURRENT

3-6 VOLTS

+8V

© - -4-- o

L _5V

- +1V

4

@ 3Q“VW -7V

—

Figure 4-10. Simplified Diagram, DC-to-DC Converter.
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Figure 4-11. Common-Emmitter Output Characteristics.

Ve begins to increase, which in turn causes less voltage to
be dropped across the primary of T1. The autotransform-
er’s windings are such that the primary and induced second-
ary voltages are 180° out of phase. Therefore, the falling
voltage across the primary causes a rising voltage across the
secondary, which is coupled back to the base of Q33 by
R8! and C25. When the base of Q33 goes sufficiently
positive to reverse-bias the base-emitter junction, Q33 shuts
off and stops delivering current to T1. The primary of T1
then generates a back emf of approximately — 8 volts in an
attempt to keep the inductor current from changing. This
action forward biases CR32 and the energy stored in the
magnetic field of the inductor is transferred to C34 and the
load. The —8 volts on the primary of T1 induces +8 volts
on the secondary winding which, when applied to the RC
feedback network, causes the voltage at the base of Q33 to
ramp down. When the base voltage of Q33 drops to (VB-.6)
volts, the base-emitter junction becomes forward biased,
Q33 turns on, and the cycle begins again.

4-75. The secondary winding of T1 is also used to provide
a +11 volt output, which is then further regulated by the
+10 volt series regulator (paragraph 4-77). A positive out-
put is developed by transformer-coupling a portion of the
energy stored in the primary winding inductance through
the secondary winding of T1. This output is equal to the
turns-ratio times the voltage across the primary of T1 when
Q33 is off.

4-76. Changes in the output voltage and in the battery volt-
age Vg can be regulated by varying the duty cycle of tran-
sistor switch Q33 (see paragraph 4-73). The duty cycle can
be varied by controlling the voltage at the base of Q34,

Sec

which determines the base current of Q33. A larg
current will cause Q33 to take a longer time to come
saturation (see Figure 4-11), which varies the transi:-
time. The voltage at the base of Q34 is supplied b -
The inverting input of U17 is grounded through

while a 10-to-7 voltage divider (R117 & R114) is cor.
to the non-inverting input. One end of the divider
senses the voltage output of the +10 volt series reg
while the other end (R114) senses the —7 volt ous
the dc-to-dc converter. A change in voltage at the -
output is sensed by the non-inverting input and is an
by Ul7. The output voltage of Ul7, driving the |
Q34, controls the base current of Q33, and regula

the —7 volt output is achieved. Since the +11 volt ot
the transformer turns-ratio times the —7 volt outp
+11 volt supply is also regulated.

4-77. +10 V series Voltage Regulation.

4-78. The temperature compensated zener diode C
the voltage reference from which the +10 V refer
derived. The zener voltage is applied to the non-in:
input of Ul6. A resistor divider in the precision
pack (R75) senses the voltage at the output. A por
the voltage is fed to the inverting input of Ul6. Th
voltage is amplified by Ul6 to drive Q26. The cc
current of Q26 then provides base drive for the seri:
transistor Q26. To ensure turn-on of the dc-to-dc cor:
the collector, as opposed to the emitter of the seriiz
transistor Q27, is connected to the output. The ld
lector-to-emitter satuation voltage aids in the n
process of the converter. This ensures start-up for
voltages as low as 2 to 3 volts. One advantage to th:
figuration is that the +11 V supply can decrease to:
the collector-to-emitter saturation voltage of the !
regulated output and regulation is still maintained. ;

4.79. Battery Low-Voltage Detection.

4.80. Refer to the power supply schematic, Figure 7-
battery low-voltage detection circuit is comprised o7
ferential amplifier, Q36 and Q37. The voltage at the *
Q36 is set at about +2.9 V by the voltage divider Rl
R141. If the battery voltage (+ VB) is greater than+
Q36 conducts and Q37 is off. When the battery °
drops below +2.9 V, Q37 turns on providing base d1
Q38. When Q38 is on, the base of Q34 is pulled to =~
Q34 turns off. This action turns the dc-to-dc conve.
the power supply off removing all power supply o
This removes the front panel display indication. T.
state the display, the OFF/ON switch must be turne:
and again ON. The display indication will reappea!
capacitor C51 charges to +2.9 V. When the voltage ¢
(which is the base voltage of Q36) exceeds the batte:
age (+ VB), the circuit deactivates the power supply
viously described and the display indication disz
again.
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'WARNING )

These servicing instructions are for use by qualified personnel
only. To avoid electrical shock, do not perform any servicing
other than that contained in the operating instructions unless you

are qualified to do so.
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Table 5-1. Test Equipment Required.

INSTRUMENT TYPE

REQUIRED CHARACTERISTICS

RECOMMENDED MODEL

Digital Volt/Ohmmeter

DC Volts: 1 V, 10 V and 100 V range
Accuracy: t 0.04%

Input Resistance: 10 MQ

Ohms: 200 kQ

Accuracy: + 0.07%

-hp- 3470 System; ‘
-hp- 34702A Multimeter

Digital Voltmeter

DC Volts: 5 digit resolution to 1 UV on
100 mV dc range.
Accuracy: + 0.007%

AC Volts: 1 V and 10 V range
Frequency: 40 Hz to 20 kHz
Accuracy: 0.25%

hp 3455A

AC Calibrator/ High
Volitage Amplifier

Frequency: 20 Hz to 100 kHz
Output: 1 mV to 1000 V
Accuracy {mid band): + 0.1%

-hp- 745A/746A

DC Standard Output: 1 mV to 1000 V -hp- 7408
Accuracy: + 0.02%
Meter Calibrator Output: 1 A~

Accuracy: £ 0.1%

-hp- 69208

Electronic Counter

Frequency: 50 and 60 Hz
Accuracy: + 0.01%

-hp- 5300A/5302A

Power Supply

Output: 20V, 1 A

Hp- 6294A

Resistor Decade Box

10 £, 100 £, 1 kS, 10 kS, 100 kQ

General Radio

and 1 MQ steps Mdit GR 1433-2
Accuracy: + 0.005%
Capacitor 1uF £ 10% 0160-3407
Resistors 10 10.02% G.R. 1440-9601
1002 £0.01% G.R. 1440-9611
1k +001% G.R. 1440-9631

10k2 £ 0.01%
100 k2 £ 0.01%
1MQ £001%
10MQ £0.1%
22k £ 1%

G.R. 1440-9641
G.R. 1440-9651
G.R. 1440-9661
0698-8194
0757-1087

Model 3465B
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MAINTENANCE

5-1. INTRODUCTION.

5-2. This section of the manual contains Performance Tests

and Adjustment Procedures. The Performance Tests are Do not apply more than 1000V, otherwi
designed to verify the critical specifications listed in Table damage to the instrument may result.
1-1. A Performance Test Card is at the end of this section
for recording the results of the performance tests. Table 5-2. DC Voltmeter Accuracy Test.
¢ . . DC Standard Multimeter
5-3. Test Equipment Required. DC Range Output Display Limits
) ) 20 mv +0.00100 V 998 - 1.002 ¢
5-4. Equipment required for the performance tests and + 0.00500 V 4996 — 5.004 r
adjustment procedures is listed in Table 5-1, Recommended *0.01000 v 9.995 —10.005 r
Test Equipment. Equipme i itica _
st'fcqt'u; e % 11}1: tntt;I that sgt”ﬁe; the (;;nfncl 200 mV +0.01000 V 9.99 — 1001 r
specifications given in the table may be substituted for a + 0.05000 V 4998 — 5002 r.
recommended model. + 0.10000 V 99.97 —100.03 r
NOTE 2 Vv % 0.10000 V .0999 - .1001
+ 0.50000 V 4998 — 5002
) + 1.00000 V 9997 — 1.0003
Throughout the Performance Tests and Adjust-
ment Procedures, the -hp- Model 34658 is 20 v + 1.00000 V 999 — 1.001
referred to as Multimeter, + 5.00000 V 4.998 — 5,002
. + 10.0000 V 9.997 — 10.003;
‘ . 5-5. PERFORMANCE TESTS. 200 v + 10.0000 V 999 — 1001 .
- . . + 50.0000 V 49.98 — 50.02
5-6. DC Voltmeter Accuracy Test. + 100.000 V 99.97 — 100.03:
3 tandard is required f . . 1000 V + 100.000 V 99.8 — 1002
5-7. A DC Standard is required for this test + 500,000 V 4997 — 500.3
+ 1000.00 V 999.6 — 1000.4

a. Set the Multimeter function to DCV (=== V) and
range to 20 M. Short the VQ2 and COM terminals together
and adjust the display for 0.000, using the ZERO ADJ on  5-8. DC Ammeter Accuracy Test.

th L.
¢ rear pane 5-9. This test requires the use of a power supply,’

b. Disconnect the short and connect the DC Standard Differential Voltmeter and a precision resistor lisk

between the V2 and COM terminals. Table 5-3 (part numbers are given in Table 5-1) or a 1t
s decade box.
c. Check all the dc ranges listed in Table 5-2 for the a. Connect the Multimeter and test equipment as ¢
tolerances indicated. in Figure 5-1.
POWER SUPPLY DIGITAL MULTIMETER DIGITAL VOLTMETER
hp 6294A* hp 34654 hp 34554
400004 Ja00s040_0
(@] -/\ o) :] O O—
“C]| .JJJJJ_JJjj:j:::i ce -ﬂ‘
0 Bpeed © il A i
i vy
*oR EQUIVALENT 3435-8-4265 J
N
_ _J

P (’ Figure 5-1. DC Ammeter Accuracy Test.
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Table 5-3. DC Ammeter Accuracy Test.

Multimeter Current 3455A Multimeter
Range Level Ra VM Reading Display Limits
200 pA 10 pA 100 k2 + 0.01% 1.0000 V 9.98 —10.02 pA

50 uA 5.0000 V 49.95 —50.05 puA
100 A 10.000 V 99.92 - 100.08 uA

2 mA 1 mA 1kQ £0.01% 10000V | .0998 - .1002 mA ]
5mA 50000 V 4995 — 5005 mA
1 mA 1.0000 V 9992 — 1.0008 mA
20 mA 1 mA 1kQ +0.01% 1.0000 V 998 —1.002 mA
5 mA 5.0000 vV 4993 -5.007 mA
10 mA 10.000 V 9.988 —10.012 mA
200 mA 10 mA 10Q¢t 0.01% .10000 V 9.93-10.07 mA
50 mA 5000 V 49.69 —- 50.31 mA
100 mA ‘ 1.0000 V 99.39 - 100.61 mA
2000 mA 100 mA 1Qzx 0.02% .10000 V 99.3 - 100.7 mA
500 mA .50000 V 4969 — 503.1 mA
1000 mA 1.0000 V 9939 — 1006.1 mA

b. Connect the 100 kilohm % 0.01% resistor in the R, Table 5-4. Ohms Accuracy Test.
position as shown. Multimeter Resistive Decade Multimeter

Range Setting Display Limits

c. Set the Multimgter function to DCA (T==A) and 200 0 10 998 — 1002 &
range to 200 pA. Adjust the power supply output for a 50 Q 4997 -5003 @
3455A Voltmeter reading of 1.000 V. The Multimeter . 100 . 99.96 — 10004 Q
should indicate 9.98 t0 10.02 uA. -

2 kQ 100 Q 0999 — 1001 kQ
. . 500. 4998 — 5002 kQ
d. Check all the Multimeter ranges, using the values of 1 kO 9997 — 1.0003 k2
Rpa and 3455A Voltmeter readings shown in Table 5-3.
The Multimeter display should indicate within the limits 20 k2 1 k@ 999 —1.001  kQ
provided. 5 k2 4998 —5.002 kQ
10 kQ '9.997 - 10.003 k&
510. Ohms Accuracy Test. 200 k2 10 kQ 9.99 — 1001 kO
50 kQ 49.98 —50.02 k2
5-11. A precision resistive decade box will be required for 100 k& 99.97 —100.03 ka
this test. It should be calibrated and have a known accuracy 2000 k&2 100 k@ | 99.9-100.1 k&
of .005%. 500 k2 499.8 —500.2 kQ L
1000 kQ 999.7 — 1000.3 k&
a. Connect the equipment as shown in Figure 5-2. ||
20 M 1 MQ 998 — 1.002 MQ .
5 MQ 4994 - 5006 MQ ;
DIGITAL MULTIMETER
hp 3465 10 MQ 9.989 — 10.011 MQ2
O_f——c *RESISTANCE '
L ! DECADE a. Set the Multimeter function to ACV (~V). Connect
240400 1332004 OJ the AC Calibrator between the VS terminal and COM
terminal. Be sure to connect the Calibrator sense leads.
*FIXED RESISTORS . .
MAY BE SUBSTITUTED. 3065-p-0266 b. Check the voltage ranges listed in Table 5-5 at each
frequency listed. The Multimeter should indicate within the
Figure 5-2. Ohms Accuracy Test. limits provided. -
5-14. AC Ammeter Accuracy Test,

b. Set the Multimeter function to OHMS () and check . ital Voltmeter and
all the ranges in Table 54 using the decade box to supply 5-15. An AC Calibrator, a 3455A Digital Voltmeter : p
the indicated resistances. The Multimeter display should discrete resistors (RA) indicated in Table 5-6 are rqujres
o oy . ) i istance value
indicate within the limits provided. for thls'test. Even‘ throug‘hiless accurate resistance v :

are required for this test, it is expedient to use the resistor
5-12. AC Voltage Accuracy Test. specified in Table 5-1.
a. Set the Multimeter function to ACA (~ A) and range
5-13. An AC Calibrator and High Voltage Amplifier will to 200 uA. Connect the equipment as shown in Figure 5-3
be required for the following tests. using a discrete resistor for R4. (To select Ry, note the
5-2
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PERFORMANCE TESTS

Table 5-5. AC Voltage Accuracy Test,

Multimeter AC Standard Test Multimeter
Range Output Frequency Display Limits
200 mvV 10 mV 40 Hz, 400 Hz, 10 kHz 9.93 ~10.07 mV

50 mVv 40 Hz, 1 kHz, 10 kHz 49.87 —50.13 mV

100 mVv 40 Hz, 5 kHz, 10 kHz 99.80 — 100.20 mV

10 mv 11 kHz, 15 kHz, 20 kHz 9.80 - 10.20 mV

50 mv 11 kHz, 15 kHz, 20 kHz 49.60 — 50.40 mV

100 mV 11 kHz, 15 kHz, 20 kHz 99.35 — 100.65 mV

2 Vv 100 mv 40 Hz, 400 Hz, 10 kHz 0993 — 1007 V
500 mV 40 Hz, 1 kHz, 10 kHz 4987 — 5013 V

1V 40 Hz, 5 kHz, 10 kHz 9980 - 1.0020 V

100 mV 11 kHz, 15 kHz, 20 kHz .0880 - .1020 V

500 mV 11 kHz, 15 kHz, 20 kHz 4960 — 5040 V

1V 11 kHz, 15 kHz, 20 kHz 9960 - 1.0065 V

2 v 1 Vv 40 Hz, 400 Hz, 10 kHz 993 -1.007 V
5 V 40 Hz, 1 kHz, 10 kHz 4987 -5.013 V

10 V 40 Hz, 5 kHz, 10 kHz 9.980 - 10.020 V

1V 11 kHz, 15 kHz, 20 kHz .880-1.020 V

5 V 11 kHz, 15 kHz, 20 kHz 4960 —-5.040 V

10 Vv 11 kHz, 15 kHz, 20 kHz 9.935 - 10.065 V

200 v 0 V 40 Hz, 400 Hz, 10 kHz2 999 -1007 V
50 V 40 Hz, 1 kHz, 10 kHz 49.87 -50.13 Vv

100 V 40 Hz, 5 kHz, 10 kHz 99.80 - 100.20 V

10 Vv 11 kHz, 15 kHz, 20 kHz 9.80 - 10.20 \

50 Vv 11 kHz, 15 kHz, 20 kHz 49.60-5040 Vv

100 V 11 kHz, 15 kHz, 20 kHz 99.35 - 100.65 V

500 v 100 V 40 Hz, 400 Hz, 1 kHz 99.3 - 100.7 \Y
500 Vv 40 Hz, 400 Hz, 1 kHz 498.7 -501.3 vV

100 Vv 1.5 kHz, 2 kHz 980-1010 V

500 V 1.5 kHz, 2 kHz 497.0 - 503.0 V

For i

AC CALIBRAIOR

r Service Manuals Contact
MAURITRON TECHNICAL SERVICES
8 Cherry Tree Rd, Chinnor

Oxon OX9 4QY

hp 7454 Tol:- 01844-351694 Fax- 01844-352554
Email:- enquiries@mauritron.co.uk
00 OB 0 O o
8 008 0 8 8 DIGITAL MULTIMETER
O » hp 34654
It
. 3 o]
o oI L
© 23332 J3)i332 l

3465-8-4267

DIGITAL VOLTMETER
hp 3455A

R R I ) o
o

4 430050
SJAdd s 000033000 ]

“OR EQUIVALENT

20000 4

Figure 5-3. AC Ammeter Accuracy Test 200 uA Through 20 mA Range.
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value of Rp as directed in Table 5-6 and install the part
number indicated in Table 5-1. A resistor decade box WILL
NOT provide the accuracy required of Ry because of the
introduction of wire-wound resistor inductance by the de-
cade box).

b. Set the AC Calibrator frequency to the desired test
frequency indicated in Table 5-6.

¢. Adjust the AC Calibrator amplitude for a 3455A
Digital Voltmeter display as indicated in Table 5-6 for the
range and current level being tested.

d. REMOVE the 3455A Digital Voltmeter from the test
setup.

e. Verify the Multimeter Display Limits as indicated in
the last column of Table 5-6.

f. Reconnect the 3455A Digital Voltmeter as shown in
Figure 5-3.

g. Repeat Steps b through f for each frequency, range
and current level listed in Table 5-6. Change Rp as indi-
cated for each current Jevel.

NOTE

The procedures up to this point have verified
the accuracy of all circuitry associated with the
ac current ranges, except the 200 mA and 2 A
shunts and their associated wiring. Even though
the following steps do not check these shunts
over the 40 Hz to 1 kHz frequency range, it is
considered adequate. An alternate procedure is
offered 1o cover the full current-frequency
combination.

PERFORMANCE TESTS

Model 3465B

h. To check the 200 mA and 2 A ranges, it is necessary
to use an ac current source capable of these current outputs
such as the 6920B Meter Calibrator. Set the 6920B QUT-
PUT switch to OFF and replace the AC Calibrator with the
6920B.

i. Set the 6920B FUNCTION switch to AC and RANGE
switch to 100 milliamperes. Adjust the digital potentio-
meter readout control to provide a 10 mA output,

j. Set the OUTPUT SWITCH to ON HOLD. Verify Mul-
timeter Display Limits shown in Table 5-7.

k. Return the 6920B OUTPUT SWITCH to OFF before
changing ranges. Adjust the 6920B for the 100 mA range
outputs listed in Table 5-7 and verify the Multimeter Dis-
‘play Limits.

1. Change Multimeter range to 2000 mA and verify Mul-
timeter Display Limit for the 100 mA input.

m. With the 6920B OUTPUT switch at OFF, change the
6920B range to 1A. Check the Multimeter Display Limits
for the 500 mA and 1000 mA inputs indicated in Table 5-7.

5-16. Alternate AC Ammeter Accuracy Test (200 mA/
2000 mA, 40 Hz to 1 kHz).

5-17. Hewlett-Packard Models 201C, 6825A, 3455A and
precision discreet resistors are required for this test.

-

' : NOTE

A 0.1 Q (100 m&Q0 resistor is used as the cur-
rent sensor. Inaccuracies may be introduced
due to contact resistances. Due precautions
must be exercised to attain required accuracies.

Table 5-6. AC Ammeter Accuracy Test (200 uA Through 20 mA).

Current 3455A ACA (~A)
Frequency Range Level Ra Reading Display Limits
10 wA 100kQ | 1.0000V 9.91- 10.09 wA
100 Hz 200pA | 199 4p 100k | 19.900V | 198.25 - 199.85 uA
1mA 1kQ 10000V | .0991- .1009 mA
1 kHz 2mA 1.99 mA 1kQ 1.9900 V | 1.9825-1.9985 mA
1 mA 1kQ 2.0000 V 992 1.008 mA
1 kHz 20mA | 199'mA 1kQ 19.900V | 19.825-13.985 mA
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Table 5-7. AC Ammeter Accuracy Test, 200 mA Table 5-8. Alternate AC Ammeter Accuracy Test 2(
and 2000 mA Ranges. and 2000 mA Ranges.
Multimeter . | Output Meter Muttimeter Test Muitimeter | -hp- 3455A Multimer
Range Calibration Display Limits Frequencies Range Reading Display Lir
200 mA 10 mA 9.87-10.13 mA {Hz) (mA) (V)
200 0.00100 9.87 - 10.1
50 mA 49.55 — 5045 mA 40 0.00500 49.55 — 50
400 0.01000 99.15 - 101
1000
100 mA 99.15 — 100.85 mA 2000 0.01000 98.7 —101.
0.05000 495.5 — 50«
2000 mA 100 mA 98.7 - 101.3 mA’ 0.10000 991.5 — 10!
500 mA 4955 —-504.5 ; i
mA normal-mode voltage to the resultant error in reading
1000 mA - ; .
m 991.5 — 1008.5 mA NMR(db) =201og,, Peak ac superimposed vol
Effect on reading (peak -
a. Connect the equipment as shown in Figure 5-4. An AC Calibrator, an Electronic Counter, a 1 uF ca
(-hp- Part No. 0160-3407) and a 22 k< resistor (h:
b. Set -hp- Model 6825A to amplifier mode and gain to No. 0757-1087) are required for this test.
X4.

a. Connect the test equipment as shown in Figu
c. Set the Multimeter FUNCTION to ac amps (~A) and Do not connect the Multimeter at this time.
range to 200 mA.
b. Using the Electronic Counter as a monitor, adjt

5-18. Refer to Table 5-8 for the following steps. AC Calibrator frequency to 60 Hz * 0.1%.

a. Set -hp- Model 201C to the desired test frequency . Set the Multimeter function to DCV (===

indicated range to 20 V. Short the Multimeter input and no.

indication.

b. Adjust -hp- Model 201C amplitude for the 3455A

i d. Disconnect the short and connect the AC Cali
reading indicated.

to the Multimeter input. Adjust the Calibrator out]

c. Verify that the Multimeter display is within limits 7.07'V rms (10 V peak).

indicated e. The Multimeter indication should not vary mor

indicati i This ver
d. Repeat Step c (Paragraph 5-17) and Steps a through ¢ 007 V from th? mfixcatxon noted in Step C.
(Paragraph 5-18) for each frequency and range indicated. normal-mode rejection of greater than 60 dB.

5-19. AC Normal Mode Rejection Test. f. Change the AC Calibrator frequency to 1592 Hz

Multimeter display should indicate .7071 to 1.0000

5-20. AC normal-mode rejection is the ratio of the peak ing a shunt capacitance less than 100 pF.

AUDIQ
OSCILLATOR
hp 20IC POWER
AMPLIFIER, M en
(—ﬁ . DIGITAL VOLTMETER hp 3465A
hp 3455A C l
JO 00O J JIoaaaag9_0 j °
o} o

Q i-""“‘o JIddaa Jdaasdl J

Q
[ R R R Y A R R T R

*OR EQUIVALENT

o o o 0
P90 oeo
I Ll LOW INDUCTANCE AAA
VWA

o) .

(o
e

> d.tﬂxo Oé‘/
PD-‘I!OI(}Q GeRe 14‘;0'9681‘

(

3465-8-4672

Figure 5-4. AC Ammeter Accuracy Test 200 mA and 2000 mA.
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. 00 0 O Y |
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OR EQUIVALENT %zzx J
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Figure 5-5, AC Normal-Mode Rejection Test.

5-21. AC Effective Common-Mode Rejection Test.

5-22. An AC Calibrator, an Electronic Counter and a ] kQ
* 1% resistor are required for this test.

a. Connect a 1 kS resistor between the V2 and COM
terminals,

b. Set the Multimeter function to DCV (=== V)and
range to 20 mV. Note the Multimeter indication.

c. Connect the AC Calibrator to the Multimeter as
shown in Figure 5-6.

d. Using the Electronic Counter as a monitor, set the
AC Calibrator frequency to 60 Hz +0.1% (50 Hz * 0.1% if
operating Multimeter from a 50 Hz source).

e. Adjust the Calibrator output to 7.07 V rms (Iov
peak).

f. Note the Multimeter indication. The reading should
not vary more than 10 microvolts from the reading noted in
Step b verifying an ac common-mode rejection of greater
than 120 dB.

5-23. DC Voltmeter Input Resistance Test.

5-24. A DC Standard and a 10 MQ * 0.1% resistor (or
equivalent) are required for this test.

a. Connect the Multimeter, DC Standard and resistor as
shown in Figure 5-7.

b. Set the Multimeter function to DCV (===V)and
range to 20 V.

c. Connect a jumper across the 10 MQ resistor and
adjust the DC Standard to provide a Multimeter display of
+10.000.

d. Remove the jumper from the 10 M resistor. The
Multimeter display should indicate 4.975 to 5.025 veri.
fying an input resistance of 10 M + 1% on the 20 V

- through 1000 V ranges.

e. Change the DC Standard output to 0 V and change
the Multimeter range to 2 V.

f. Connect a jumper across the 10 M2 resistor and
adjust the DC Standard to provide a Multimeter display of
+1.0000.

g. Remove the jumper from the 10 M resistor. The
Multimeter display should indicate .9990 or greater veri-
fying an input resistance of > 10'° on the 20 mV through
2 V ranges.

5-25. AC Voltmeter Input Impedance Test.

5-26. An AC Calibrator and a 1 MQ * 0.1% resistor (or
equivalent) are required for this test.

a. Connect the AC Calibrator and a 1 MQ resistor as
shown in Figure 5-8. Connect a jumper across the resistor.

AC CALIBRATOR
hp 745A*%

0 0 0 O 0 0 oo
8 B8

QOCD:I:D:DC}:O
OO oo

- j ‘
*OR EQUIVALENT

ELECTRONIC COUNTER
hp 5300A*

Cl==])

DIGITAL MULTIMETER
hp 3465

! 1K
o
JJJiad 333300 OJ +1%

®'J
lL S

3465-B-4269

Figure 5-6. AC Effective Common-Mode Rejection Test.
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DC STANDARD

hp 7408* DIGITAL MULTIMETER
@ hp 3465
N O )
E:]..I [ Jo—
® o . SJ
. Sdoauls sau3012
eR22a8a@g . 2 =

*OR EQUIVALENT

OUTPUT CABLE [® ©
hp 110558 o

A
°9)
IOMz Oel %
? : ™ i 3465-8-a271

Figure 5-7. DC Voltmeter Input Resistance Test.

L s

b. Set the Multimeter function to ACV (~ V) and range an input impedance resistive component of 1 MQ +

o2 V. e. Maintain the AC Calibrator at 40 Hz and ad:
c. Set the AC Calibrator frequency to 40 Hz and adjust output amplitude for a Multimeter display of 1.000¢.
the output amplitude for a Multimeter display of 1.0000.
f. Change the AC Calibrator frequency to 1592 ;.
d. Remove the jumper from the ] MQ resistor. The Multimeter display should indicate 7071 to 1.000(.
Multimeter display should indicate .4975 to .5025 verifying ing a shunt capacitance less than 100 pF.

AC CALIBRATOR :
RN hp 745A= :
2 ) DIGITAL MULTIMETER
p 3 00 o o 0 O o 0o . hp 3465
8 8 8 8 g @ *OR EQUIVALENT [ T
@ PPN IFPFFEN]
]
f OD oo 4o . L
: © 000 T_ _‘J
; . “t IM20el %
| . W 3465-9-4272
|
Figure 5-8. AC Voltmeter Input Impedance Test.
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Section V

ADJUSTMENT

5.27. ADJUSTMENT PROCED URES.

l WARNING l

Adjustment Procedures of Section V are in-
tended for qualified service personnel only. To
reduce the possibility of electrical shock, only
qualified personnel are to perform maintenance
duties,

5-28. The following procedures should be performed only
after it has been determined from Performance Tests that
the Multimeter does not meet specifications. If any
adjustment in these procedures cannot be made, refer to

Model 3465B

PROCEDURES

the troubleshooting procedures of Section VII. Location of

the Multimeter adjustments is shown in Figure 5-9. Test
equipment to be used for adjustments are as specified in
Table 5-1.

5-29. Disassembly Procedure.

a. Turn the Multimeter off and disconnect the ac
power.

b. Remove four screws from the bottom shell.

c. Place the Multimeter right-side up with the front
panel facing to your left.

B,

INPUT AMPLIFIER
BALANCE ADJ

( " coMP PL CP ey — "~ O3" —rse—
ZERO ADJ —on g
(P/O INPUT S _msa— LOLRsTC -F00- o @
AMP GAIN ADJ) “"“““" i — D59 e Some _.,,S:i)
@ -_:2285: —~RM3—  —CRIg— ~CR32 -
U i R0 TCS2—— (25— — (34—
8 =Clil- o QT PR @@ —m_E_“_'c:
—re—, —_—— s el - AC CONVERTER
= 8 e L] e TRET ome- ——ow—— RS HIGH FREQ. ADJ
s —RS4~-C9- & —RIT—
— 3! 4o
(I] ™ iy
—RSI—_-C“—; plilad”
- - -RI03-x
20 M st
2 ADJ N
o T -
3t /“\2! Rizy
@? ;23 __ g -:723;\- AC CONVERTER
2 chea- \&‘\L"‘V |~ 200 mV and 20 V
2 kg i e e HIGH FREQ. ADJ
ADJ —RN— @f\ 'C“’:E_g;,;
OF = T AC CONVERTER
PR — ROy — L—" X10 GAIN ADJ
59 - e, oy, [T
J — ~CR37-
@ i7 —RI3S— :213:2:
“Rros —Ri31~
- POWER SUPPLY
INPUT JUMPERS
AMPLIFIER —
GAIN ADJ ; —c.‘.s—/\
J T: AC CONVERTER

OVERALL GAIN ADJ

\ HIGH FREQ.

ATTEN ADJ

[«

A1l

-hp- Part No. 03465-66531

Figure 5-9. Multimeter Adjustment Location.
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d. Remove top shell and disconnect power supply cable
(red/black).

e. Disconnect the A2 pc assembly from the Al pc
assembly and fold over the front panel. Do not disconnect
the ribbon cable.

f. Remove four spacers.

g- Remove one screw in the center of the Al pc assem-
bly.

h. Reconnect the A2 pc assembly to the Al pc-assem-
bly.

i. Invert the Multimeter so that it rests on the front

ADJUSTMENT PROCEDURES Sec

¢. Note and record the Multimeter display.

d. Refer to Table 5-9, Power Supply Jumpers. ]
the line with LO and HI reading limits that bour
Multimeter display recorded and note the jumper cor
tion. (If reading is out of range of table, check A1CR
6.95V +0.25 V, AIR75 and A1U16).

e. A “0” means to remove jumper; a “‘1” means
jumper in place. Introduce the jumper combination
in Step 3.

f. Adjust AIR89 (+ 10 V ADJ) for a Multimeter d
of + 1.0000 # 2 counts. If the adjustment range of A
is msufﬁaent remove jumper JR.
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panel and the A2 pc assembly.
j. Remove the bottom shell.

k. Reconnect the Power Supply cable and the ac power.

NOTE

After use of a soldering iron, flux remover or
freon on the A1 Assembly, allow 10 to 15 min-
utes for the instrument to thermally stabalize
before an adjustment is performed. If cleaning
solvents or flux removers are used, they must
be residue-free or be rinsed away. Residues on
the instrument surfaces may cause instabilities
or inaccuracies.

5-30. Power Supply Adjustment.

5-31. Power Supply + 10 V Reference Voltage Adjustment.
Coarse adjustment of the + 10 V reference voltage is made
by selecting the proper combination of power supply jump-
ers designated 1, 2, 4, 8 and 16. Coarse adjustment is neces-
sary whenever the + 10 V reference cannot be adjusted with
A1R89 and Jumper JR(+ 10 V ADJ - fine adjustment) to
obtain a display of 1.0000 for a 1 V dc input. This can
occur after replacement of A1CR17, AIR75 or A1U16 or
because of the long-term drift of the AICRI17 zener
voltage. '

5-32. Power supply jumpers 1, 2, 4, 8 and 16 parallel
resistors in A1R75 which are used as a regulator feedback
network. Removing a jumper decreases the + 10 V refer-
ence voltage and results in an increase in the Multimeter
display for a given input.

5-33. A DC Standard is required for this adjustment.

a. Set Multimeter function to DCV (=== V) and range
to2 V.

b. Apply + 1 V dc from the DC Standard between the
VQ and COM terminals.

NOTE

If a display of + 1.0000 cannot be attained with
AR89 after installing the proper jumper com-
bination, a new jumper combination must be:
selected. If the + 1.0000 display is low, install’
the jumper combination from the line in Table:
53-8 preceeding the jumper combination’
installed. If the + 1.0000 display is high, install
the jumper combination from the line in Table :

© 53-8 succeeding the jumper combination:
installed.

5-34. Input Amplifier Adjustments.

5-35. Input Amplifier Gain Adjustment (R76). 2
Standard is required for this adjustment.

a. Set the Multimeter function to DCV (=== v
range to 20 m.

b. Connect a short across the input terminals (VS
COM) and adjust the Multimeter display for 0.000
R25 (rear panel ZERO ADI).

c. Remove the short from the input terminals and :
+10 mV to the input terminals from the DC Standard..

d. Adjust R76 (INPUT AMP GAIN ADJ) for al
meter display of + 10.000 * 3 counts.

5-36. Input Amplifier Balance Adjustment (R50/R5°
tentiometer). The input amplifier balance adjustment
be performed if A1Q16, A1UI or AIR75 are replact
voltmeter 1s required for this adjustment.

a. Set Multimeter function to DCV (=== V) and ;
to2 V. f
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Table 5-9. Power Supply Jumpers.

READING POWER SUPPLY JUMPER

LO Hl 16 8 4 2 1
NOTE 1 .8961 0 0 0 0 0
.8962 .8984 0 0 0 0 1
.8985 .9008 0 0 0 1 0
.8009 .9032 ] 0 0 1 1
.9033 .9057 0 0 1 0 0
.9058 9082 0 0 1 0 1
9083 .9108 o] 0 1 1 0
8109 9134 0 0 1 1 1
8135 9161 0 1 0 0 0
8162 8189 0 1 0 0 1
9190 9217 4] 1 0 1 0
9218 9245 0 1 0 1 1
9246 .9274 0 1 1 0 0
9275 .9304 0 1 1 0 1
.9305 .9335 0 1 1 1 0
9336 .9366 0 1 1 1 1
9367 9397 1 o {o o] o
9398 9430 1 o | o] o 1
9431 9463 1 0 0 1 0
9464 .9497 1 0 0 1 1
.9498 9532 1 0 1 0 0
.8533 .9568 1 o} 1 0 1
.9569 .9604 - 1 0 1 1 0
9605 9641 1 0 1 1 »
9642 9680 11110 lo0o] o
9681 89719 1 1 0 0 1
9720 9759 7 1 0 1 0
9760 .9800 1 11 lo 1|
.9801 9843 1 [1 1|0 ]o
.9844 .9886 1 1 1 0 1
9887 9930 1 [1 1|1 ] o
9931 NOTE2| 1 |1 | 1 | 1 |1

“0" = Remove Jumper
1" = [eave Jumper In Place

NOTE 1. For Readings less than .8922, adjustment can-
not be made. Check A1CR17 zener voltage
for 695V +0.25V,

NOTE 2. Adjustment cannot be made for readings
greater than 1.0000. Check A1CR17 zener
voltage for 6.95V £ 0.25 V.

b. Connect ground to the gate of Al1Ql6 at the
junction of A1C7.

c. Connect the Digital Voltmeter to DCTP.

d. Adjust R50/R51 for a Digital Voltmeter reading at
DCTP of less than 1 mV.

5-37. Ohms Converter Adjustments (R58 and R69).

5-38. A Digital Voltmeter a 1 k2 * 0.01% resistor and a
10 MQ £ 0.01% resistor are required for this adjustment.

a. Set Multimeter function to OHMS (§2) and range to
2 K.

b. Short the Multimeter input terminals (V§2 and COM).

c. Connect Digital Voltmeter to junction of A1R78 and
A1Q25 gate.

d. Adjust A1R69 (20 MQ ADJ) for a Digital Voltmeter
reading of < 0.5 mV.

5-10
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e. Remove the input short and the Digital Voltmeter.

f. Put the 1 k§ resistor across the input terminals and
adjust AIR58 (2 kQ ADJ) for Multimeter display of
1.0000 * 1 count. If R58 does not have enough range to
achieve this display, cut jumper B to introduce A1R57 and
readjust AIR58 for the 1.0000 * 1 count display.

g. Change Multimeter range to 20 M.

h. Remove the 1 k2 resistor at the input terminals and
apply a 10 MQ resistor across the input terminals. Adjust
A1R69 for a display of 10.000 £ 3 counts.

- 1. Remove the 10 MQ resistor at the input and change
range to 2 K.

j. Repeat Steps f, g, h, and i (2 kQ ADJ and 20 MQ
ADJ) until both adjustment specifications of Steps fand h
are met g

5-39. AC — DC Converter Adjustments.

5-40. AC Overall Gain Adjustment (R204, J11, J12, R206,
R208). An AC Standard is required for this adjustment.
Set the AC Standard for an output of 1 V ac at 200 Hz.
Set the Multimeter FUNCTION to ACV (~ V) and RANGE
to 2 V. Connect the AC Standard output to the Multimeter
V2 and COM terminals.

5-41. Procedure.

a. Adjust R204 for a Multimeter display of 1.0000 V
ac.

b. If R204 has insufficient adjustment range‘, clip open
J11.

c. If there is .still insufficient adjustment range, clip
open J12.

d. If there is still insufficient adjustment range, clip out
R206.

e. If there is still insufficient adjustment range, clip out
R208.

5-42. AC Converter High Frequency Adjustment (C45).
An AC Standard is required for this adjustment.

a. Set Multimeter function to ACV (~ V) and range to
2V. o

b. Apply a 0.1V, 20 kHz signal with the AC Standard
to the input terminals.

c. Adjust A1C45 (CONVERTER HIGH FREQ ADJ) for
a Multimeter display of .1000 % 1 count.

d. Maintain the AC Standard for the following adjust-
ment.

e e R e Mo e
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543. AC Converter 200 mV and 20 V High Frequency
Adjustment (C42). An AC Standard is required for this

adjustment.

a. Set Multimeter function to ACV (~ V) and range to
200 m.

b. Apply a 0.1V, 20 kHz signal with the AC Standard
to the input terminals.

c. Adjust A1C42 (200 mV and 20 V High Freq. Adj.)
for a Multimeter display of 100.04 £ ] count.

d. If adjusting A1C42 does not bring the Multimeter
display within limits, clip out A1C48* and adjust A1C42
for a display of 100.04 £ 1 count.

e. Maintain the AC Standard for the following adjust-
ment.

5-44. High Frequency Attenuator Adjustment (C22]
AC Standard is required for this adjustment.

a. Set Multimeter function to ACV (~ V) and rar
20V.

b. Apply a 10 V, 20 kHz signal with the AC Stand:
the input terminals.

c. Adjust A1C22 (High Freq. Atten. Adj.) for a
meter display of 10.016 % 2 counts.

d. Remove AC Standard from input terminals.
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PERFORMANCE TEST CARD

Tests Performed By

Multimeter
Serial No.
PARAGRAPH : TEST
NUMBER TEST TEST LIMIT RESULT
5-6 DC Voltmeter Accuracy
20 mV Range
1mVv 998 —-1.002 mVv
5mV 4996 —5.004 mV
10 mv 9.995 — 10.005 mV
200 mV Range
10 mvV 999 - 1001 mV
50 mV 49.98 — 50.02 mV
100 mV 99.97 - 100.03 mV
2 V Range
0.1V .0999 — .1001 Vv
o5V 4998 — 5002 V
1oV 9997 —1.0003 V
20 V Range
1V 299 - 1.001 \"
5V 4998 —5.002 V
t[*AY 9997 —10.003 V
' 200 V Range
0V 999 -10.01 \"
50 Vv 4998 - 5002 V
100V 99.97 - 100.03 V
1000 V Range
100V 998 - 100.2 \"
500 V 4997 -500.3 V
1000 V 999.6 — 10004 V
5-8 DC Ammeter Accuracy
200 pA Range
10 uA 998 —10.02 uA
50 uA 4995 — 50.05 uA
100 pA 99.92 — 100.08 uA
2 mA Range
' 0.1 mA 0998 —.1002 kA
0.5 mA 4995 — 5005 uA
1.0 mA 9992 — 1.0008 kA
20 mA Range
1 mA 0.998 — 1.002 mA
5 mA 4993 ~5.007 mA
10 mA 9.988 — 10.012 mA




PERFORMANCE TEST CARD (cont'd)

PARAGRAPH TEST
TEST TEST LIMIT
NUMBER RESULT
5.8 200 mA Range
(cont'd) 10 mA 09.93 - 10.07 mA
50 mA 49.68 — 50.31 mA
100 mA 99.38 — 100.61 mA
2000 mA Range
100 mA 099.3 - 100.7 mA
500 mA 4969 — 503.1 mA
1000 mA 9938 — 1006.1 mA
5-10 Ohms Accuracy

200 © Range
108
50 Q
100 o

2 kQ Range
0.1 kQ
05 k&
1 kQ

20 kQ Range
1k
5k

10 kQ

200 k£ Range
10k
50 k2
100 k2

2000 k2 Range
100 k2
500 k2

1000 k2

20 MQ Range
1 MQ
5 MQ
10 MQ

0398 - 010.02 Q
4997 -5003 Q
99.96 - 100.04 Q

0998 — .1001 k&2
4998 —~ 5002 kQ
9997 — 1.0003 k2

999 —-1.001 kQ
4998 - 5.002 kQ
9.997 - 10.003 k&

999 -10.01 kQ
49.98 - 50.02 kQ
99.97 — 100.03 k2

989 -100.1 k&
4998 - 500.2 k&
999.7 — 1000.3 k&

0.998 — 1.002 MQ
4.994 —-5006 MQ
9.989 — 10.011 M
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200 mV Range
40 Hz 10 10 kHz
10 mVv
50 mv
100 mv

10 kHz — 20 kHz

993 —-10.07 mv
49.87 —50.13 mV
99.80 — 100.20 mV

PARAGRAPH TEST
NUMBER TEST TEST LIMIT RESULT
5.12 AC Voltage Accuracy

10 mv 980 -10.20 mV
50 mv 4960 - 5040 mV
100 mv 99.35 — 100.65 mV
e Manuals Contact 2 V Range
TECHNICAL SERVICES _
Tree Rd, Chinnor 40 Hz — 10 kHz
bn OX9 4QY 0.1V .0983 - .1007 v
1694 Fax:- 01844-352554 _
iries@mauritron.co.uk 05V 4987 - 5013V A E—
10V 9980 — 1.0020 V
10 kHz — 20 kHz
oav .0980 —-.1020 V
05V 4960 — 5040 V
10V 9935 - 1.0065 V
20 V Range
40 Hz - 10 kHz
1V 9893 -1.007 V
5V 4987 -5.013 V z
iov 9980 -10.020 V
10 kHz — 20 kHz
1V 980 —1.020 V
5V 4960 -5.040 V
0oV 8.935-10.065 V
200 V Range
40 Hz — 10 kHz
1 *AY} 993 —-1007 V
50V 4987 -50.13 V
100V 99.80 - 100.20 V
10 kHz — 20 kHz
0oV 980 -10.20 V
50V 49.60 — 5040 V
100V 99.35 - 100.65 V
500 V Range
40 Hz — 1 kHz
100V 99.3 -100.7 V
500 vV 498.7 -501.3 V —_—
1 kHz - 2 kHz
100 V 98.0 —-101.0 V _—
500 vV 4370-5030 V _—




ﬁ % PERFORMANCE TEST CARD (cont'd)
PARAGRAPH TEST
NUMBER TEST TEST LIMIT RESULT
5-15 Normal Mode Rejection < .007 V (60 dB)¢
5-17 Common Mode Rejection <10 uV (120 dB)
5-20 DC Input Resistance
20 V — 1000 V Range 4975 - 5025 (10 M)
\ 2mV —2V Range = 9990 (10" ° ohms)
'
5-22 Input Impedance .
[ Resistive component 4975 — 5025
Shunt capacitance .7071 - 1.0000
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PERFORMANCE TEST CARD (cont’d)

PARAGRAPH
NUMBER

TEST

TEST LIMIT

TEST
RESULT

5-14

AC Ammeter Accuracy

200 A Range

10 A
100 Hz

199 uA
100 Hz

2 mA Range

0.1 mA
1 kHz

1.99 mA
1 kHz

20 mA Range

1 mA
1kHz

19.9 mA
1 kHz

200 mA Range
10mA
50 mA
100 mA

2000 mA Range
100 mA
500 mA
1000 mA

9.91 — 10.09 pA

198.25 — 199.85 mA

.0991 — .1009 mA

1.9825 —- 1.9985 mA

.992 — 1.008 mA

19.825 — 19.985 mA

9.87 — 10.13 mA
49.55 — 50.45 mA
99.15 — 100.85 mA

98.7 —101.3 mA
495.5 — 504.5 mA
991.5 - 1008.5 mA




)
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Section VI

SECTION VI
REPLACEABLE PARTS

6-1. INTRODUCTION.

6-2. This section contains information for ordering replace-
ment parts. Table 6-3 lists parts in alphameric order of their
reference designators and indicates the description, -hp-
Part Number of each part, together with any applicable
notes, and provides the following:

a. Total quantity used in the instrument (Qty column).
The total quantity of a part is given the first time the part
number appears.

b. Description of the part. (See list of abbreviations in
Table 6-1.)

c. Typical manufacturer of the part is a five-digit code.

(See Table 6-2 for list of manufacturers.)
d. Manufacturer’s part number.

6-3. Miscellaneous parts are listed in Table 6-3 following
their respective assemblies. General miscellaneous parts are
listed at the conclusion of Table 6-3.

6-4. ORDERING INFORMATION.

6-5. To obtain replacement parts, address order or inquiry
to your local Hewlett-Packard Field Office. (See Appendix
A for list of office locations.) Identify parts by their
Hewlett-Packard part numbers. Include instrument model
and serial numbers.

6-6. NON-LISTED PARTS.

6-7. To obtain a part that is not listed, include:
Instrument model number.

Instrument serial number.

Description of the part.
Function and location of the part.

e o

6-8. PARTS CHANGES.

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

6-10. PROPRIETARY PARTS.

6-11. Items marked by a dagger (f) in the reference
designator column are available only for repair and service
of Hewlett-Packard instruments.

Table 6-1. List of Abbreviations.

ABBREVIATIONS
.............................. silver Hz................herz{cycleis) per second) NPO..................+negative positive zer0 slide
...... sluminum (zer0 tempersture coetficient) single-poie doubie-throw
...... smpere(s} inside dismeter nS...........nanosecondis) = 109 seconds singie-pole single-throw
.......... goid . .. impregnated ner................notseparately repiaceadle
AP . . incandescent T8 e tentalum
.. COPECITOr N ... ... s insulationied) P ohmi(s} TC. e temperature coefficient
..... ceramic obd...................order by description Ti02. . .....titanium dioxide
. coetficient kilchmis) = 10+ 3 ohms oD..... ... .outside dismeter. . ... ...... 109 . - ... . 1000l
..... common Cerieiiineene.. .kilohertz = 10+ 3 nerz tol..... .. .. tolerance
. . composition P pesk trim . e trimmer
. . connection b e i e inductor PA . picoamperels| TSTR . . transistor
BN e linear taper PC. i printed  circuit
- deposited - logerithmic 1aper pF. . picotaradis} 10~ 12 faracs Vo e e vohtis)
OPOT. ...t doubdle-pole doubie-throw PV. L ... .pesk inverse voltzge veEW . . ... ahernating current working voltage
DPST ... double-pole singie-throw mMA. ... il = 10~ 3 amp IO e e pan of VBE e variabie
MHZ.............. megahertz = 10+ 6 hertz POB . ...t positionis) view. .. ... direct current working voltage
L~ T electrolytic MO . .megohmis) = 10+ 6 ohms POIY. oot ... .polystyrens
ONCBP . . .. encapaulated metfim. ... ... ... metal film POL. .. .t iii i . . . potentiometer W e e watt(s)
mfr . ... .. . . manufacturer p-p . . . . pesk-to-pesk .. .with
............................ faradis) ms. ... . . . millisecond ppm. . “eeseei-... .. .Darts per million orking inverse voltage
FET. ... i tieid stfect transistor mg ... i prec......... precision (temperature coetficient, without
£ fixed mVv.... long term stability and/or tolerance) wirewound
»F.
pallium arsenide B8 .. ieieisteiaasanananaa microsecond(s} R iiiiiiitiiiiieironarennn resistor
GHz. gigahertz = 10+ 9 hertz V.o ... microvoltis) = 10-6volts  Rh... ... ...l rhodium -
- guardiedi Mylar ® .. 700t-Mean-square N optimum vaiue selected st factory,
GO . ... germanium Ol e rotary average value shown (part may be omitted)
[ L4 groundied) P no standard type number assigned
............................ selenium selected of special type
Mo henrylies)  Ne ..............................NBON  SOCT............c0onieinnnnns sectionls)
LT T mercury P silicon @ Dupont de Nemours
............................ sssembly P < L 10T TS . it e terminal StTiD
. ... motor . transistor-diode [ X L L T T microcircuit
... .battery . . . resistor(pack) Voo vecuum tube, neon bulb, photocel, etc.
. ... capacitor - . . thermistor LR PR . ... cable
.diode of thyristor K . ... ... ... i oLo oY S switch . .. ..socket
...... delay line . . transformer XDS . lamphoider
.......... lamp termina! bosrd XF .. tusehoider
. misc slectronic pert . . . thermocouple Yoo e crystat
................................ tuse et . 1081 pOINt 2 e NRTWOTK
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Model 3465B

Section VI
Table 6-2. Code List of Manufacturers.

MFR NO. MANUFACTURER'S CODE LIST ADDRESS

00000 US.A. COMMON ANY SUPPLIER OF USA

00160 OHARA METAL PRODUCTS SAN FRANCISCO CAL 94107
01121 ALLEN BRADLEY CO. MILWAUKEE Wi 53212
01295 TEXAS INSTRUMENT INC. SEMICONDUCTOR CMPNT DIV. DALLAS TX 75231
01686 RCL ELECTRONICS INC. MANCHESTER NH 03102
02735 RCA CORP.SOLID STATE DIV. SOMMERVILLE NJ . 08876
03888 PYROF!ILM CORP, WHIPPANY NJ 07981
04713 MOTOROLA SEMICONDUCTOR PRODUCTS PHOENIX AZ 85008
12954 DICKSON ELECTRONICS CORP. SCOTTSDALE AZ 85252
14140 EDISON ELEK DIV MCGRAW—EDISON MANCHESTER NH 03130
16299 CORNING GLASS WORKS ELEC CMPNT DIV. . RALEIGH NC 27604
17856 SILICONIX INC. SANTA CLARA CA 95050
19701 MEPCO/ELECTRA CORP. MINERAL WELLS TX 76067
24546 CORNING GLASS WORKS (BRADFORD) BRADFORD PA 16701
27014 NATIONAL SEMICONDUCTOR CORP. SANTA CLARA CA 95051
28480 HEWLETT—-PACKARD CO. CORPORATE HQ PALO ALTO CA 94304
32997 BOURNS INC TRIMPOT PROD DiV. RIVERSIDE CA 92707
56289 SPRAGUE ELECTRIC CO. NORTH ADAMS NA 01247
71400 BUSSMAN MFG DIV OF MCGRAW—-EDISON CO. ST LOUIS MO 63017
72136 ELECTRO MOTIVE MFG CO., INC. WILLIMANTIC CT 06226
73138 BECKMAN INSTRUMENTS INC HELIPOT DiV. FULLERTON CA 92634
74970 JOHNSON E. F. CO. WASECA MN 56083
84411 TRW CAPACITOR DIV ) i OGALLALA NE 69153
91506 AUGAT INC ATTLEBORO MA 02703
95121 QUALITY COMPONENTS INC ST MARYS PA 15857
98291 SEALECTRO CORP, MAMARONECK NY 10544
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Table 6-3. Replaceable Parts

Refgrenqe HP Part Number | Qty Description Mr Mfr Part Numbe
Designation Code
A 0346566531 1 PC ASSEMBLY, MAIN 28480 03465-66531
21 C1 0140-0207 3 CAPACITOR—FXD 330PF +—5% 300WVDC MICA 72136 DM15F471J0300WVICR
) 0180-0374 1 CAPACITOR-FXD 10UF +~10% 20VDC TA=SOLID 56289 150D106X3902082
a1 C3 0150-0071 7 CAPACITOR-FXD 400PF +-5% 1000WVDC CER 28480 0150-0071 |
a1 Ca 0160-0859 1 CAPACITOR—FXD 1UF +—10% 50VDC POLYE 28480 0160--0859 i
- £1 C5 0180-1743 1 CAPACITOR—-FXD .1UF+-10% 35VDC TA=SOLID 56289 1500104X9035A2 :
A1 C6 0160-0165 1 CAPACITOR-FXD .056UF +-10% 200WVDC POLYE 56289 292P56392
21 C7 0160-2207 1 CAPACITOR—FXD 300PF +-5% 300WVDC MICA 28480 01602207
A1 CB. C9 0150-0071 CAPACITOR—-FXD 400PF +-5% 1000WVDC CER 28480 0150-0071
Al C10 01700055 1 CAPACITOR-FXD .1UF +-20% 200WVDC POLYE 56289 292P10402
>
A1 C12 0160-2204 1 CAPACITOR-FXD 100PF +-5% 300WVDC MICA 28480 0160-2204
‘ £1 C13 0160-2046 2 CAPACITOR—FXD 2PF +— .5% 500VDC MICA 28480 01602046
a1 C16 0160-0161 1 CAPACITOR-FXD .01UF +-5% 200 VDC POLYE 28480 01600161
A) Ci8 0180~0210 1 CAPACITOR-FXD 3.3UF +-20% 15VDC TA 56289 150D335X0015A2
A1 C19 0160-4347 1 CAPACITOR-FXD 0.44 UF 0.10% 28480 0160~4347
A1 C20 0160-2205 2 CAPACITOR-FXD 120PF +-5% 300WVDC MICA 28480 0160-2205 g
A1 C21 01600362 1 CAPACITOR-FXD 510PF +-5% 300WVDC MICA 28480 0160-0362 i
Al C22 0121-0128 1 CAPACITOR-VAR TRMR; AIR; 1.4/9.2PF 74970 189-0503-005 :
Al C23 0150-0073 1 CAPACITOR-FXD 100PF +-10% 1000VDC 56256 C028D102E101K$27--COH
Al C24 0180-0228 4 CAPACITOR~FXD 22UF +~10% 15VDC TA-SOLID 56289 1500226X901582
Al €25 0140-0207 CAPACITOR-FXD 330PF +-5% 500WVDC MICA 72136 DM15F331J0500WVICR .
Al C26 0180-0228 CAPACITOR-FXD 22UF +-10% 15VDC TA-SOLID 56289 1500226X901582 ’
i A1 C27 . 0150-0052 1 CAPACITOR—FXD .05UF +-20% 400WVDC CER 28480 0150-0052 :
j Al C28 01602605 1 CAPACITOR-FXD .02UF +80-20% 25WVDC CER 28480 0160~2605 ;
i A1 C29 0160-0157 1 CAPACITOR—FXD 4700PF +-10% 200WVDC POLYE 56289 29247292 !
1 Al C30 01602055 1 CAPACITOR-FXD .01UF +80-20% 100WVDC 28480 0160-2055 §
H Al C31 0160-0207 1 CAPACITOR—FXD .01UF +- 5% 200 VvDC 28480 0160—-0207
{ A1 C32 01800566 5 CAPACITOR~FXD 33UF +-10% 10VDC TA-SOLID 28480 0180-0566
; Al €33 0160—0153 1 CAPACITOR—FXD 1000PF +—10% 200WVDC POLYE 56289 292P10292
3 A1 C34,C35 01800566 CAPACITOR-FXD 33UF +-10% 10VDC TA-SOLID 28480 0180-0566
; Al C36-C38 01600168 3 CAPACITOR—FXD .1UF +-10% 200WVDC POLYE 56289 292P10492
’ ] Al C39° 0160-0209 CAPACITOR 5PF +—10% 500VDC MICA 04522 DM15C050K0500WV1CR
3 Al C41 0180~0291 2 CAPACITOR—FXD 1UF +-10% 35VDC TA-SOLID 56289 1500105X9035A2
% Al Ca2 0121-0426 1 CAPACITOR, VAR, TRMR, MICA, 50/380PF 72136 T52517-7
i A1 C43 0160-2208 CAPACITOR—FXD 120PF +-5% 300WVDC MICA 28480 0160-2205
4 Al C44 0180-0291 CAPACITOR—FXD 1UF +-10% 35VDC TA-SOLID 56289 150D 105X9035A2
A) C45 0121-0147 CAPACITOR; VAR; TRMR; AIR; 2/19.3PF 74970 189-507--5
i Al Ca6, C47 0150~ 0029 2 CAPACITOR—FXD 1PF +—10% 500WVDC T! 95121 TYPE QC
N Al Ca8 0140-0207 CAPACITOR-FXD 330PF +-5% 500WVDC MICA 72136 DM15F331J0500WV1CR
- Al Ca9 0160-2115 1 CAPACITOR~FXD 1.3UF +=10% SOWVODC POLYE 56289 148P345
- A1 C51, C52 0180~0228 CAPACITOR-FXD 22UF +-10% 15vVDC TA-SOLID 56289 1500226 X901582
: A1 C53, €54 0180-0566 CAPACITOR-FXD 33UF +-10% 10vDC TA-SOLID 28480 0180-0566
H A) C55° SEE PADDING LIST UNDER A1 ASSY MISC PARTS T i
Al C56 0150-0071 CAPACITOR-FXD 400PF +-5% 1000WVDC CER 28430 0150-0071 1
A1 C100 0150-0121 1 CAPACITOR-FXD .1UF +80 -20% 50WVDC 28480 0150-0121 H
A1 C101-C104 0160-2055 CAPACITOR~FXD .01UF +80 —20% 100WVDC 28480 01602055 ;
A1 C105 0160~2201 1 CAPACITOR-FXD 51PF +-5% 300WVDC 28480 0160-2201 :
AY €110-C112 01500071 CAPACITOR—F XD 400PF 1000V 28480 0150~-0071
A1C114 0180-0393 CAPACITOR-FXD 39UF +-10% 10WVDC 56289 150D396X901082
AL C1IS 0180-0339 CAPACITOR-F XD 50UF 16V 56289 300506G016C82
AICR1, CR2 1801-0040 n DIODE-SWITCHING 28480 1901-0040
AI1CR3, CR4 1901-0050 4 DIODE~SWITCHING 28480 1901-0050
AI1CRS5, CR6 1901-0040 DICDE-SWITCHING 28480 19010040
AICR7 1806~0096 1 DIODE-FW 8RDG 200V 2A 02037 MDA202
AICRE, CRS 1801-0586 2 DIODE-GEN PRP 30V 25MA 28480 1901-0586
. AICR10, CH11 1902-3062 2 DIODE-2ZNR 3.92V 5% DO-7 PD= 4W TC= -.049% 04713 SZ 1093965
A1CR15, CR16 1901-0376 5 DIODE~-GEN PRP 35V 50MA 28480 1901-0376 :
AICR1? 1902-1318 DIODE~ZNR 28480 1902-1318 3
AI1CR18 1910-0034 2 DIODE-~SWITCHING 8NS 30V 80MA 28480 19100034 :
AICR19 1802-3136 1 DIODE-2NR 8.06V 5% D07 PD= 4W TC= +.052% 04713 S2 10939-155 !
. AICR20 1902-3182 .3 DIODE-ZNR 12.1V 5% DO—7 PD= .4W TC= +.064% 04713 SZ 10939-206 ;
A1CR23 1802-1331 1 DIODE—2ZNR 6.9V 4% TO—92 TC=+.0015% 28490 1902-1331 : -
At CR24,CR2S§ 1901-0040 DIODE-SWITCHING 2NS 30V 50MA 28480 1901-0040 ‘ b
2: gg;g 1901-0376 DIODE—GEN PRP 35V 50MA 28480 1901-0376 . !
. NOT ASSIGNED
A1 CR28 1901-0029 1 DIODE—PWR RECT 600V 750MA 28480 1901-0029
:11 CCR%%S 1901-0040 DIODE-SWITCHING 2NS 30V 50MA 28480 1901--0040
1810-0034 DIODE~SWITCHING 8NS 30V 80MA 28480 1910-0034
A1 CR33, CR34 19010050 DIODE SWITCHING 28480 19010050
Al cnzs-cria? 19010040 DIODE-SWITCHING 2NS 30V 50MA 28480 1901~0040
A1 CR38, CR39 1901-0376 DIODE—-GEN PRP 35V 50MA 28480 1901-0376
A1 CRS0O 1901-0040 DIODE—SWITCHING 2NS 30V 50MA 28480 1901-0040
A1 F100 2110-0099 1 FUSE~1A 125V 28480 2110-0099 5
AY 01 1251-4109 1 CONNECTOR STRIP-25-PIN 28480 1251-4109 X
ALY, L3, L4 91700894 4 CORE-SHIELDING BEAD 02114 56-530-65/4A6 )
A1 Ot 1855--0208 3 TRANSISTOR J~FET 2N4117 N—CHAN D-MODE 17856 2N4117
A1 Q2 18550308 2 TRANSISTOR-JFET DUAL N~CHAN D-MODE SI 28480 1855-0308 :
Al Q3 1854-0071 n TRANSISTOR NPN SI 28480 1854-0071
AV 04, Q5 18530086 8 TRANSISTOR PNP SI 28480 1853-0086 i
i




Table 6-3. Replaceable Parts

Reference . Mfr
. . HP Part Number | Q Description Mfr P

Designation ty P Code art Number
A1 Q6 1854—-0071 TRANSISTOR NPN S| 28480 18540071

Al Q7 1853-0086 TRANSISTOR PNP S| 28480 18530086

A1 Q8 Q9 18540071 TRANSISTOR NPN Si 28480 1854-0071

A1 Q10, Q11 1853-0086 TRANSISTOR PNP §) 28480 1853-0086

A1 Q12 1854-0071 TRANSISTOR NPN Si 28480 1854-0071 e
Al Q13 18530086 TRANSISTOR PNP SI 28480 1853-0086

A1 Q16 18650222 1 TRANSISTOR—JFET DUAL D~MODE Si 28480 18550222

A1 Q17 1854-0071 TRANSISTOR NPN SI 28480 1854-0071
Al Q18 1853-0086 TRANSISTOR PNP §i 28480 1853-0086

A1 Q19, Q20 1855-0208 TRANSISTOR J-FET 2N4117 N—CHAN D-MODE 17856 2Na117
Al Q23,Q24 18550093 2 TRANSISTOR J-FET N—-CHAN D~MODE TO-18 Si 28480 1855-0093

A1 Q25 1855—0308 TRANSISTOR J-FET DUAL N—CHAN D-MODE §I 28480 1855-.0308
A1 Q26 1854-0071 TRANSISTOR NPN S| 28480 1854-0071
A1 Q27 1853-0020 5 TRANSISTOR PNP SI 28480 1853-0020
A1 Q30 18540079 1 TRANSISTOR NPN 2N3439 SI TO-5 PD=1W 02735 2N3439
A1 Q31 1854-0071 TRANSISTOR NPN SI 28480 1854-0071
A1 Q32 18530086 TRANSISTOR PNP S| 28480 18530086
A1 Q33 1853-0318 1 TRANSISTOR PNP Si 04713 MPS6562
A1 Q34,Q35 1854-0071 TRANSISTOR NPN SI 28480 1854~0071

A1 Q36, Q37 1853-0020 TRANSISTOR PNP S! 28480 1853-0020

A1 Q38 1854--0071 TRANSISTOR NPN S| 28480 1854-0071
A1Q50, Q51 1853-0020 5 TRANSISTOR PNP SI 28480 1853-0020
Al R1 06983572 5 RESISTOR 60.4K 1% .125W 16299 C4-1/8-T0~6042--F
Al R2 0683-3335 3 RESISTOR 33K 5% .25W 01121 €B3335

Al A3 0757-0442 1 RESISTOR 10K 1% .125W 24546 C4-—1/8--TG—1002—F
Al R4 06832225 2 RESISTOR 2.2K 5% .25W 01121 €B2225

Al RS 0683-5635 2 RESISTOR 56K 5% .25W 01121 CB5635

Al R6 0757-0344 1 RESISTOR 1M 1% .25W 24546 C5-1/4-T0--1004- F
Al A7 0757-0288 RESISTOR 9.09K 1% .125W 19701 MF4C1/8- TO- 9091 F
Al R8 0683-1045 7 RESISTOR 100K 5% .25W o CB1045

At R9 0689-3025 1 RESISTOR FXD 3K OHM 5% 1w 28480 0689-3025

Al R11 0683-2235 1 RESISTOR 22K 5% .25W on21 €B2235

Al R12 0683-4725 3 RESISTOR 4.7K 5% .25W 0121 CB4725

A1 RI3 07570448 2 RESISTOR 20K 1% .125W 24546 C4-1/8-TO- 2002--F
Al R14 0698-4123 RESISTOR 499 1% .125W 16299 C4-1/8- T0-499R~F
A1-R15 0683-4735 ‘5 RESISTOR 47K 5% .25W onz CB4735
A1 R16 0683-4725 RESISTOR 4.7K 5% .25W 021 CB4725

Al R17 0683-3025 1 RESISTOR 3K 5% .25W 01121 CB3025

A1 R18,R19 0698~3572 RESISTOR 60.4K 1% .125W 16299 C4-1/8-T0-6042- F
A1 R20 07570472 3 RESISTOR 200K 1% .125W 24546 C4-1/8~T0-2003-F
Al R21 0698-3215 1 RESISTOR 499K 1% .125W 03888 PMES5S

A1 R22 07570472 RESISTOR 200K 1% .125W 24546 C4-1/8-T0--2003—F
Al R23 0698—4496 1 RESISTOR 45.3K 1% .125W 24546 C4..1/8--T0-4532-F
A1 R24 0683-6845" 3 RESISTOR 680K 5% .25W o121 CB6845

Al R25 2100-3355 1 RESISTOR-VAR TRMR 100K  20% C SIDE ADJ 73138 72XR1IM

Al R26 06831055 6 RESISTOR 1M 5% .25W FC TC=—800/+900 01121 CB1055

A1 R27 0698-3228 4 RESISTOR 49.9K 1% .125W F TC=+-100 28480 0698-3228

Al R28, R29 0757-0465 2 RESISTOR 100K 1% .125W 24546 C4- 1/8-T0-1003--F
Al AR30 0811-3428 1 RESISTOR .1 5% 4w PW 28480 0811-3428

Al R31 0811-3427 1 RESISTOR .9 .5% 4W PW 28480 08113427

Al R32 0811-3391 1 RESISTOR 9 .1% .062W PWW 14140 1274

A1 R33 0811-3390 1 RESISTOR 90 .05% .031W PWW 14140 1274

Al R34 0811-3392 1 RESISTOR 900 .05% .031W Pww 14140 1274

A1 R35-R37 0683-7535 3 RESISTOR 75K 5% .25W F TC=-400/+800 01607 CB7535

A1 R38 0683-1035 8 RESISTOR 10K 5% .25W 01121 €B1035

Al R39 0698-7332 i RESISTOR 1M 1% .125W 18701 MF5C1/8-T0-1004—F
At R40 07570449 RESISTOR FXD 20K 1% 24546 C4-1/8-T0-2002--F
Al R4) 0683~ 1045 RESISTOR 100K 5% .25W 0121 CB1045

Al R42 0698-4539 1 RESISTOR 402K 1% .125W 03888 PMES5S

Al R43 0698-4541 2 RESISTOR 442K 1% .125W 03888 PMES5S

Al R44 0683-2745 . 2 RESISTOR 270K 5% .25W 021 CB2745

A1l R45 0683-1045 RESISTOR 100K 5% .25W onz CB1045

A1 R46, R47 0683-1035 . RESISTOR 10K 5% .25W 01121 CB1035

At R48 0683-1055 RESISTOR 1M 5% .25W on2 CB1055

A1 Rag9 0683-2435 . - 1 RESISTOR 24K 5% .25W 01121 CB2435

A1 R50 2100-0554 3 RESISTOR~VAR TRMR 500 OHM10% C TOP ADJ 73138 72PR500

Al RS2 0683-5635 RESISTOR 56K 5% .25W on21 CBS635

A1 RS3 06831245 3 RESISTOR 120K 5% .25W on21 cB1245

Al RS54 0683-1035 RESISTOR 10K 5% .25W 01121 CB1035

A1 R56 0811-2764 1 RESISTOR 99.5K .1% .125W 14140 1250-1/8-D-9952~B
Al R57 0698-3446 1 RESISTOR 383 1% .125W 16299 C4-1/8-70-383R-F
Al R58 2100~0554 RESISTOR~VAR TRMR 500 OHM 10% C TOP ADJ 73138 72PRS00

Al R58 0698~-4541 RESISTOR 442K 1% .125W 03888 PME55S
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Table 6-3. Replaceable Parts
Reference HP Part Number | Qty Description Mfr Mfr Part Numb
Designation Code
Al R60 0683-1045 RESISTOR 100K 5% .25W 01121 CB1045
‘A1 RE1 0683-2405 1 RESISTOR 24 5% .25W 01121 €B2405
Al R62 06831065 1 RESISTOR 10M 5% .25W 01121 €B1065
A1 R63 0683-1215 9 RESISTOR 120 5% .25W : 01121 cB1215
A1 R64 0693-1041 2 RESISTOR 100K 10% 2W 01121 HB1041
- Al RE5 0683-1545 RESISTOR 150K 5% .25W 01121 CB1545
A1 R66 0683-9135 1 RESISTOR 91K 5% .25W 01121 €B9135
Al RE7 0683~6845 RESISTOR BBOK 5% .25W 01121 CB6845
Al RE8 0757-0462 1 RESISTOR 75K 1% .125W 24546 C4-1/8-T0-~7502-F
Al RE9 2100-0554 RESISTOR—VAR TRMR 500 OHM 10% C TOP ADJ 73138 72PRS00
A1 R70° SEE PADDING LIST UNDER A1 ASSY MISC PARTS
L3
a1l AT 06988345 1 RESISTOR 634K 1% .125W 19701 MF5C1/8-T0-6343- F
A1 R72 0757-0472 1 RESISTOR 200K 1% .125W 24546 C4-1/8-T0-2003-F
A1 R73 0698-4470 1 RESISTOR 6.98K 1% .125W 24546 C4-1/8-T0-6981—F
Al R74 06983279 1 RESISTOR 4.99K 1% .125W 16299 C4-1/8~T0-4991- F
Al R75 1810-0253 1 FINE LINE ASSEMBLY 28480 1810~-0253
Al R76 2100-0558 1 RESISTOR-VAR TRMR 20 KOHM 10% C TOP ADJ 73138 72PR20K
Al R78 06834735 RESISTOR 47K 5% .25W 01121 CB4735
. AV R79 0683-2005 1 RESISTOR 20 5% .25W 01121 £82005
: Al RBO 0683-2225 RESISTOR 2.2K 5% .25W 01121 €82225
A1 R81 0683-3015 2 RESISTOR 300 5% .25W 01121 ¢B3015
. A1 R82 0693-1041 RESISTOR 100K 10% 2W 01121 HB1041
Al R83 0683-1025 1 RESISTOR 1K 5% .25W 01121 CB1025
- Al RB4, RBS 0698-3572 RESISTOR 60.4K 1% .125W 16299 C4-1/8-T0-6042--F
: A1 R86 0683-4725 RESISTOR 4.7K 5% .25W 01121 CB4725
: Al RE7 06831035 RESISTOR 10K 5% .25W 01121 €B1035
; Al R88 0683-5125 3 RESISTOR 5.1K 5% .25W 01121 CB5125
< A1 R83 2100-3212 1 RESISTOR—VAR TRMR 200 OHM 10% C SIDE ADJ 32997 3386P-Y46-201
Al RO 0683-1015 2 RESISTOR 100 OHM 5% .25W o121 cB1015
. At R91 0683-4705 1 RESISTOR 47 5% .25W 01121 CB4705
i Al RS2 0683-1545 RESISTOR 150K 5% .25W 01121 CB1545
1 A1 RS3 0683-2745 RESISTOR 270K 5% .25W 01121 CB2745
] A1 R84 0757-0410 RESISTOR 301 1% .125W 24546 C4-1/8~T0- 301R- F
] Al RO5 0683-1045 RESISTOR 100K 5% .25W 01121 CB1045 ‘
) Al R98 0683-3015 RESISTOR 300 5% .25W o1 CB3015 i
; 1
3 A1 R99 0683—1505 1 RESISTOR 15 5% .25W o1 €81505” :
3 A1 R100~R102 06983456 3 RESISTOR 287K 1% .125W 16299 C4-1/8-T0-2873—F i
A1 R103 0683—1245 RESISTOR 120K 5% .25W 01121 CB1245
: A1 R104 0683-2245 1 RESISTOR 220K 5% .25W 01121 CB2245
. A1 R106 0698-8203 1 RESISTOR 120K 1% .125W 19701 MF4C1/8-T10-1203 F
A1 R109 0692—4735 1 RESISTOR 47K 5% 2W 01121 HB4735
1 A1 R110 0683-2425 1 RESISTOR 2.4K 5% .25W 01121 CB2425
) A1 R112 0683-5125 RESISTOR 5.1K 5% .25W 01121 CB5125
- A1 R113 0683-4755 1 RESISTOR 4.7M §% .25W 01121 cs47s5
L A1 R114 0698-3149 1 RESISTOR 255K 1% .125W 16299 C4~1/8-T0-2553--F
: A1 R118 06836845 RESISTOR 680K 5% .25W 01121 CB6845
i A1 R116 06831545 RESISTOR 150K 5% .25W 01121 CB1545
: A1 RI17 0757-0478 1 RESISTOR 365K 1% .125W 19701 MF4C1/8-T0-3653~F
+ A1 R118 06986871 2 RESISTOR 10K .5% .125W 03888 PMESSS -
A R119 0683-1058 RESISTOR 1M 5% .25W 01121 €B1055
- A} R120 0683~4735 RESISTOR 47K 5% .25W 01121 €B4735
Al R123 0683-1035 RESISTOR 10K 5% .25W 01121 CB1035
Al R124 0683-1055 RESISTOR 1M 5% .25W 01121 CB1055
A} R125 0698-6385 2 RESISTOR 220K 1% .125W 03888 PMES5S
A1 R126 0698-6871 RESISTOR 10K .5% .125W 03888 PMES5S
Al R127 0698-6385 RESISTOR 220K 1% .125W F TC=0+-25 28480 0698-6385
T Al R131 0698—6362 1 RESISTOR 1K .1% .125W 24546 NES5
:11 ;11332 06988613 1 RESISTOR FXD 8.97K OHM 0.1% .125W F 28480 0698-8613
3 2100-3383 1 RESISTOR-VAR TRMR 50 OHM 10% C TOP ADJ 73138 72PR50
. ™ Ra?;g 0683-1245 1 RESISTOR 120K 5% .25W 01121 cB1245 .
. 06984504~ RESISTOR 69.8K 1% .125W 24546 C4-1/8-T0-6982-F
Al R14y 0757-0978 RESISTOR 95.3K 1% .125W 24546 €4-1/8-T0-9532—F
:: ::3, R143 0683-3335 RESISTOR 33K 5% .25W 01121 €B3335
A1 R145, 146 06831035 RESISTOR 10K 5% .25W 01121 CE1035
A1 R147 0683-4735 RESISTOR 47K 5% .25W 01121 CB4735
A R148 0683--1035 RESISTOR 10K 5% .25W [JRF3 CB1035
0683~1055 RESISTOR 1M 5% .25W o2 CB1055
:: ::49 06831045 RESISTOR 100K 5% .25W 01121 CB1045 X
N azosg R201 gég;-ooax 4 AESISTOR 475K 1%.25W 28480 0757-0081
A R202 o 3-2045 2 RESISTOR 200K 5% .25W 01121 CB2045 3
A1 a2, 831045 7 RESISTOR 100K 5% .25W 01121 CB1045
07570407 1 RESISTOR 200 1% .125W 24546 C4—1/8-T0-201—F 1
A1 R0e 07570401 RESISTOR 100 1% .125W 03292 C4—1/8-TO-101-F
A nave 2100-0567 1 RESISTOR TRMR 2K 10% C TOP ADJ 32997 3386P—Y46-202 i
Al R206-209 0757--0283 1 RESISTOR 2K 1% .125W 24546 C4~TO-2001~F 2
06983152 RESISTOR 3480 OHM 1% .125W 16922 C4-TO-3481—-F




Table 6-3. Replaceable Parts

Reference . Mfr
- . HP Part Number | Qt Description Mfr Part N
Designation Y P Code t Number
A1R210 0683-5125 RESISTOR 5.1K 5% .25W 01607 CB§125
A1R211 0683-2015 RESISTOR 200 5% .25W 01607 CB2015
A1R212 0683-1015 RESISTOR 100 5% .25W 01607 CB1015
A1 R213, R214 0683-1135 2 RESISTOR 11K +-5% 01121 CB1135
AITY 91000657 1 TRANSFORMER POWER CONVERTER 28480 91000657
AUt 1826-0310 3 IC LIN SC61971G 94713 MC3476G
A1U2 1820-0946 2 IC CDA4001AE 02735 CD4001AE
ATU3 1820-0223 1 IC LM301AH 27014 LM301AH
A1U4, US 1820-0939 3 IC CD4013AE 02735 CD4013AE
A1UB 1820-0949 1 IC CDA011AE 02735 CD4011AE
AtU7 1820-1601 IC CD4070BY 02735 CD4070BY
AU8 1820~0944 1 IC CDA4025AE 02735 CD4025AY
ATU9 1820-0946 IC CD4001AE 02735 CD4001AE
AU 1820-1239 1 IC MK5007N 50088 MKS007N
ATU15-U18 18260310 IC LIN MC3476G AMPL 04713 MC3476G
AlYY 0410-0595 1 CRYSTAL, QUARTZ 100KHZ 0.1% 28480 04100595
A1A1 03465-61901 1 SWITCH ASSEMBLY 28480 03465-61901
A1A1C50 0160-4475 1 CAPACITOR-FXD .1UF 10% 630VDC 28480 0160~4475
A1AIR10 0757--0273 RESISTOR 3.01K 1% .125W 24546 C4~1/8-T0--3011-F
ATAIWY 0346561601 1 CABLE, SWITCH 28480 03465~61601
A1 ASSEMBLY MISCELLANEOUS PARTS
1200-0770 1 SOCKET~XTAL 2-CONT HC-6/U-PKG 28480 1200-0770
14601485 1 SPRING, FUSE 28480 1460-1425
cs5° PADDING LIST FOR 'C55°
0140-0209 1 CAPACITOR:FXD 5PF +—10% 500WVDC MICA 72136 DM15C050K0500WV 1CR
0160-0205 CAPACITOR:FXD 10PF +~5% 500WVDC MICA 28480 01600205
R70°* PADDING LIST FOR R70°
0757-0453 1 RESISTOR:FXD 30.1K .125W 24546 C4—1/8-T0-3012~F
06984504 RESISTOR:FXD 69.8K .125W 24546 C4-1/8-T0--6982~F
0698—3582 RESISTOR 41.2K 1% .125W F TC=0+-100 03292 C4-1/8-T0-4122—F
0698—4489 RESISTOR 28K 1% .125W F TC=0+-100 03282 C4—1/8-T0-2802~F
A2 0346566523 1 PC ASSEMBLY DISPLAY INTERFACE 28480 03465-66523
A 2C1 0180—-0106 1 CAPACITOR-FXD 60UF +-20% 6VDC TA-SOLID 56289 1500606 X000682
A 2C2
A 232 1251--4494 1 CONNECTOR STRIP, 21-PIN 28480 1251-
A 2011 9170-0894 1 CORE-SHIELDING BEAD 02114 56- 590-65/4A6
A 2P1 1251-4166 1 PC BD CONNECTOR, RECTANGULAR 28480 1251-4166
A 201,02 1854-0071 15 TRANSISTOR NPN St 28480 1854--0071
A 204 1853~0016 4 TRANSISTOR PNP Si 28480 1853-0016
A’205 18540071 TRANSISTOR NPN Si 28480 ,1854-0071
A 206 1853-0016 TRANSISTOR PNP SI 28480 1853--0016 -
A 2Q7 1854-0071 TRANSISTOR NPN S| 28480 1854-0071
A 208 1853-0016 TRANSISTOR PNP §I TO-92 28480 1853-0016
A 209 1854-0071 TRANSISTOR NPN §| 28480 1854-0071
A 2010 18530016 TRANSISTOR PNP S| TO-92 28480 1853-0016
A 20N 18540071 TRANSISTOR NPN §| 28480 1854-0071
A 2014-021 1854-0071 TRANSISTOR NPN St 28480 1854-0071
A 2022 1854-0547 1 TRANSISTOR NPN 2N3725 St 01295 T 2N3725
A 2023 1854-0071 TRANSISTOR NPN Si 28480 1854-0071
A 2R1 0683-1025 2 RESISTOR 1K 5% .25W on21 CB1025
A 2R2 0683-5635 RESISTOR 56K 5% .25W 01121 €B85635
A 2R4 0683-1025 RESISTOR 1K 5% .25W 01121 CB1025
A 3n; 0683-5635 RESISTOR 56K 5% .25W 1121 CBS5635
A R 0683-1625 1607 CB1625
A 2R9 06831625 2 EEE.'§¥8§ 1‘165%3%56/35.?5\»/ 01121 C81625
A 2R10-R14 0683-7515 RESISTOR 750 5% .25W onz1 CcB7515
A 2R15-R18 0683-2025 RESISTOR 2K 5% .25W 01121 €B2025
A 2R22-R25 0683-1215 1 RESISTOR 120 5% .25W 01121 CB1215
A 2R26 06833035 RESISTOR 30K 5% .25W 01123 CB3035
A 2R27 0683-2035 RESISTOR 20K 5% .25W 0121 €B2035
A 2R28 0683~1215 RESISTOR 120 5% .25W 01121 CB1215
A 2R29 0683-3035 RESISTOR 30K 5% .25W 01121 €83035,
A 2R30 06832035 RESISTOR 20K 5% .25W 01121 ' C82035
A 2R3) 0683-1215 RESISTOR 120 5% .25W 01121 CB1215
A 2R32 0683-3035 RESISTOR 30K 5% .25W 01121 CB3035
A 2R33 06832035 RESISTOR 20K 5% .25W 01121 CB2035
A 2R34 0683-1215 RESISTOR 120 5% .25W 01121 CB1215
A 2R35 0683-3035 RESISTOR 30K 5% .25W 01121 €B3035
A 2R36 0683-2035 RESISTOR 20K 5% .25W 0121 CB2035
A 2R37 06831215 RESISTOR 120 5% .25W on2 CB1215
A 2R38 06833035 RESISTOR 30K 5% .25W on21 CB83035
A 2R39 06832035 RESISTOR 20K 5% .25W 021 CB2035
A 2Ra0 0683-1215 RESISTOR 120 5% .25W 01121 CBI215
A 2R41 0683- 3035 RESISTOR 30K 5% .25W 01121 CB3035
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Referenc HP Part Number | Qty Description Mfr Part Nun
Designation Code

A 2R42 0683-2035 RESISTOR 20K 5% .25W [AR¥A CB2035

A 2R43 0683-1215 RESISTOR 120 5% .25W o2 CB1215

A 2Ra4 0683-3035 RESISTOR 30K 5% .25W 01121 CB3035

A 2R45 0683-2035 RESISTOR 20K 5% .25wW 01121 CB2035

A 2R46 0683-2035 RESISTOR 20K 5% .25W 01121 €B2035

A 2R47 0688-4475 RESISTOR 9.76K 1% .125W 03888 PMES5-1/8-T0 9761
A 2R48 07570273 RESISTOR 3.01K 1% .125W 24546 C4-1/8-T0-3011-F
A 2R49 0683-0335 RESISTOR 3.3 5% .25W 01121 CB0335

A 2R50-RS55 0683-2035 RESISTOR 20K 5% .25W 01121 CB2035

A 2R56-R59 0683-3035 RESISTOR 30K 5% .25W o121 CB83035

A 2RB0 0683-1215 RESISTOR 120 5% .25W 01121 CB1215

A 2R70-R73 07570081 RESISTOR 475K 5% .25W 28480 05750081

A 204 18200839 1 IC CD4Q13AE 02735 CD4013AE

A 2US 1820-1413 IC MCi14511CP 04713 MC14511CP

A 2U6 1820-0949 IC CD4011AE 02735 CD40MAE

A3 03465--66516 1 BATTERY AND CHARGER ASSEMBLY 28480 03465—-66516 ‘
A3B1 00081-60013 1 BATTERY PACK NICAD CUSTOMER ACCESSORY 28480 0009160013 i i

NO. 82033A L

A3C1 0160—2605 1 CAPACITOR—-FXD .02UF 25V 28480 0160-2605

A3C2 0180-0210 1 CAPACITOR—FXD 3.3UF 15V 56289 1500335X10015A2
A3CR1 1906—-0069 1 DIODE BRIDGE 28480 1906—-0069

A3F1 21100311 1 FUSE .062A SB 28480 2110~0311

A3Q1 1854—-0701 1 TRANSISTOR NPN 28480 1854-0701

A3Q2 1854—0071 1 TRANSISTOR NPN 28480 18540071

A3R1 0757-0389 1 RESISTOR 33.2 OHM 1% 24546 C4-1/8~TO-33R2-F
A3R2 0683-5105 1 RESISTOR 51 OHM .25W o2 CB5105

A3R3 0683-0275 1 RESISTOR 2.7 OHM .25W 5% o221 CB27G5

A3R4 0683-1015 1 RESISTOR 100 OHM .25W 5% on21 CB1015

A3RS 07570410 1 RESISTOR 301 OHM 1% 24546 C4-1/8~TO-301R~F
A3T1 8100-3487 1 POWER TRANSFORMER 28480 9100-3497

0346501201 PC BOARD BRACKET (A3) 28480 03465-01201
03465-24102 INSULATOR, TRANSFORMER 28480 03465-24102
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SECTION VII
TROUBLESHOOTING AND
CIRCUIT DIAGRAMS

7-1. INTRODUCTION.

7-2. This section of the manual contains troubleshooting
information, the functional block diagram and eircuit
diagrams for the Multimeter. The troubleshooting para-
graphs are divided into three parts:

a. Preliminary troubleshooting
b. Analog troubleshooting
c. Digital troubleshooting

Additional troubleshooting information is located on the
block diagram and individual circuit diagrams in the form
of dc voltage levels and notes.

7-3. SCHEMATIC DIAGRAMS.

7-4. The schematic diagrams (Figure 7-2 through Figure
7-5) contained in this section illustrate the circuits of the
Multimeter. Components marked with an asterisk are those
that are critical in value. Some of these “starred” compo-
nents are part of an adjustment procedure. A method for
selecting the correct value is outlined in the adjustment
procedures of Section V, if service in these circuit areas is

required.
, WARNING I

Maintenance procedures of Sections V and VII
are intended for qualified service personnel
only. To reduce the possibility of electrical
shock, only qualified personnel are to perform
maintenance duties.

1-5. PRELIMINARY CHECK.

7-6. Visual Inspection.

7-7. Record all observances of all function and range mal-
funcu'ons. Verify that the leads interconnecting the input
Jjacks with the A1 board are securely fastened at both ends.
Look for obvious cracked. broken. or burned components.

1-8. PRELIMINARY TROUBLESHOOTING.

7.-9. Providing the functional check mentioned in the pre-
Vious section has been performed, the tests of this section
may be unnecessary. This would be the case if the fault is
unique to any function, range or combination thereof
lreated in the Signal Conditioning Section. It should be

obvious that if the fault is uncommon to all functior
Signal Conditioning block is probably the culpri
exception would be a problem in the switch co
located in the A/D converter.

710. If the malfunction is common to all functior
first check is to verify the operation of all Power S,
voltages. The only critical supply in terms of tolera
the + 10 V. If the multimeter’s accuracy is out of spe:
tion across all functions, check the + 10 V and adj
necessary. See the Power Supply Adjustment section «
manual. If any of the supplies are inoperative, go t:
Power Supply section of this guide. :

7-11. Analog/Digital Isolation,

7-12. If the supplies are proper, place the meter in th
dc range. Connect a jumper from pin 7 of J1 (the nu
1 end is identified with a dot on the PC board) to tt
test point (next to the crystal). The display should
+ 1.0000. If it does not, the fault is in the Conrtrol L
Display Interface or Display. Go to the Digital Tro
shooting section. If the display is proper, remove
Jumper and go to the Analog Troubleshooting section.

7-13. ANALOG TROUBLESHOOTING.
7-14. Analog Isolation.

7-15. It should be mentioned here that if the proble
unique to any function, that particular portion of the s
conditioner should already have been cleared. If the .
function is common to ac and dc volts or common 1
ac volts and ac current, refer to. the Signal Conditic
Section.

7-16. With the instrument still in the 2 V dc¢ range, ¢
the input and monitor the voltage at the DCTP term
The voltage should be less than 1 mV. Now apply + 1
to the input and monitor the same point with an os:
scope. The waveform should look like the following:

v

oV — ——

—1 QOels }t Oe3s ﬂ

If either of these stipulated conditions are not met,
fault is probably in the input amplifier. A further checi
the input amplifier is to vary the input voltage level.
peak value of the rectangular wave should follow the in’
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Reference . Mfr
. - HP Part Number | Q Description Mfr Part Numb
Designation ty P Code er
A3W2 8120-2609 1 POWER SUPPLY CABLE W!TH CONNECTOR 28480 81202609
0363-0112 2 CONTACT, BATTERY SPRING 28480 0363--0112
21100269 2 CLIP, FUSE 28480 2110-0268
A1 5040-8013 1 RECEPTACLE, AC POWER 28480 5040-8013
A5 03465-66515 1 LED Display Assembly 28480 03565-66515
A5DS1 1990—-0532 1 LED DISPLAY 0.3” (POLARITY/OVERRANGE) 28480 1990-0532
A5DS2-DS5 1990~-0531 4 SEG DISPLAY, 0.3 X 7 (7 SEGMENT) 28480 19900531
03465—-00201 1 FRONT PANEL 28480 03465-00201
MISCELLANEOUS PARTS GENERAL
5040—8068 HOLD SPRING 28480 5040-8068
ABJ4, J5 5060-7456 2 JACK, BANANA INPUT (VOHM, COM) 28480 50607456
AS5J6 5060—-7455 1 FUSE HOLDER {AMPS INPUT JACK) 28480 5060—7455
Fi 2110-0002 1 FUSE, 2 AMPS N8 (AMPS INPUT) 28480 21100002
03702625 1 PUSHBUTTON (WHITE) 28480 0370-2625
03702486 1 PUSHBUTTON({GREY) 28480 03702486
4040—1133 1 SHELL, TOP (towit) 28480 4040-1133
5040-8136 4 SPACER 28480 5040-8136
03465-00616 1 SHIELD, TOP 28480 03465-00616
0346500611 1 SHIELD, BOTTOM 28480 03465-00611
4040-1134 1 SHELL, BOTTOM (Zovee) 28480 4040-1134
5040-7223 2 PAD, NON SKID 28480 50407223
7120-5402 1 LABEL, BOTTOM 28480 7120-5402
5040—-8058 1 HANDLE, BAIL 28480 5040—-8058
7120-5370 2 LABEL (PUSH TO ROTATE) 28480 7120-5370
71205401 1 LABEL, REAR 28480 7120-5401
7120-6188 LOGO, FRONT PANEL 28480 7120-6188
8120-2339 1 CABLE, 21 PIN RIBBON (DISPLAY) 28480 8120-2339
8120-2591 1 TEST LEAD SET 28480 8120-2591
03465--80012 1 OPERATING AND SERVICE MANUAL 28480 03465-90012
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7-20. Signal Conditioning Faults.

7.21. AC/DC Volts — Common Fault. If the fault is com-
mon only to the ac and dc volt function, check the input
attenuator and associated switches.

7.22. AC Volts/AC Current Common Fault. The most ex-
pedient way to check out the impedance and ac/dc con-
verters is to trace the input signal through with an oscillo-
scope. With 1 V ac applied to the input in the 2 V ac range,
the following are normal.

a. The waveform on U19, pin 3, and C49 should be the
same as the input or about 3 volts peak-to-peak.

b. At the ACTP test point, the amplitude should be
about twice the input or about 6 volts peak-to-peak with a
dc offset of + 1.6 volts.

¢. The signal at the junction of R100 and R118 should
be a half wave rectification of the signal seen in (B).

d. The voltage across C38 should be about 0.75 volts
dc.

e. If one-half full scale readings are alright but full scale
is in error, check C41 for leakage.

f. OQut-of-spec readings could be caused by leakage in
the filter capacitors C36, C37 and C38. This condition can
be readily checked by applying an external 1 V dc at the
junction of R100 and R118 and verifying 1 V dc across
C38.

g. If an inaccuracy is unique to the 500 V range, check
R7S.

7-23. AC/DC Current Common Fault. Check AMPS fuse,
and check that contact is being made through the terminal
fuse spring to the PC board.

7-24. AC Current. If the fault is unique to ac current,
check R20 and R39.

7-25. Ohms. Short the junction of C29 and R78 (Q25A
gate) to ground. Rotating R69 (20 MQ2 adj.) through its
extremes should result in the output (pin 6) of U15 to span
the voltage range of about - 2.5 V dc to + 10 V dc. This
establishes that Q25 and UlS are functional. Reset R69 in
accordance with the prescribed adjustment procedure of
‘the manual.

a. Depress the Q and 20 m buttons, and short the input
2 and COM terminals. If the instrument stops sampling or
the front panel count is greater than * 15 counts, check the
ohms calibration.

b. If the 200  range zero is out of tolerance (* 3
counts) check C31 for leakage.

Sectic

c¢. If all readings are progressively increasing out o
as the measured resistance is increased, check diodes:
ticularly CR15, CR24, CR25 and CR26) and capa
(29 and C31 for leakage.

7-26. Analog-to-Digital Converter Faults.

7-27. The Input Amplifier was basically treated i
general isolation section. If the problem is attributed 1
input amplifier, the fault can be further localized a
lows:

a. Short the 10 signal at the input of U2 to gro
(The instrument is now locked in the run-up phase.) |
tor the voltage at the DCTP point. The dc level shou
essentially zero with the input shorted and should van
portionally to 2 V as the instrument’s input is varied t
scale of any particular range. If it does not, the fault i
ward of the DCTP point and then proceed to St
otherwise, go to Paragraph 7-29.

b. Short the input gate of Q16 (coming from Q2.
ground. With the instrument on the 2 V range, check tl’
voltage at the DCTP point. It should be less than 1 v
it is not, short Ul pins 2 and 3 together. If the voltag
not essentially zeroed, check Ul. If the latter did zer
DCTP voltage, check Q16 and/or adjust R50 to yiel®
desired less than 1 mV offset. ,

7-28. The outputs of U2 should also be verified in the.
mal running mode. The waveforms should appea

QV = =

Ools [@———— O35 ——

at U2 pin 4, and

ov S

7y —]

at U2 pin 3. If the 10 control signal is present and eith
these are incorrect, check U2, Q19 and Q20.

7-29. Integrator/Slope Amplifier/Comparator/Auto-Ze

7-30. Proceed as follows to ascertain the condition o
integrator, slope amplifier, comparator, and auto-zer
cuits.
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7-17. If the 300 ms segment is extended a permanent
“overrange” condition exists. Check the Auto Zero and
Reference Supply circuits. With 1 V dc still applied to the
input, check the waveform at the COMP/CP terminal. The
waveform should look like the following:

oV —

- 2VY——

-7V —

jo—— Og28 — 98— Qo235 —

The width of the A segment will vary proportionally as the
input amplitude is varied. If this signal and stipulations are
not met, the fault is in the Analog-to-Digital Converter.
(Remember, the logic section has already been cleared or
the Control State Counter could also cause problems here.)
The noise that appears in the comparator off state is just
that and can be ignored.

7-18. Power Supply Faults.

NOTE

In protecting batteries and circuitry, the low
battery voltage detection circuit may shut
down the instrument if the power switch is
momentarily turned off then back on. To
restore normal operation, the instrument must
be turned off by the front panel switch for a
minimum of 3 seconds.

7-19. Verify the supply voltages in the following sequence:
+Vg,*+10Vand-7V.

a. The + Vg supply should indicate between + 3 V dc
and + 6 V dc. The voltage should be present in both the ON
and OFF positions of the front panel power switch. The
“on” reading may be slightly lower than the “off” reading.

b. If at least + 3 V is not indicated in the “on” posi-
tion, the problem is in the primary power source. Check the
A3 board, batteries and power line.

c. If both the + 10 Vand - 7 V supplies are also inoper-
ative, proceed as follows.

1. Check C18, CR19 and CR20 for shorts.

2. Check the voltage across R99 (with a floating
meter). 300 mV is typical. 500 mV or more indi-

4.

cates that the —7 V supply is excessively loaded.
If this is the case, lift the various —7 V jumpers.
Lift the jumpers one at a time, while monitoring
the supply, until all jumpers are up. This will
isolate the fault if it is in the loading.

Check the waveform at the base of Q33. The
Waveform should be similar to the ilustration
below.

Reference level should be approximately Vg — .7
volts. The collector of Q33 should be a non-
symmetrical square wave of at least 13 volts peak-
to-peak with the approximate 10 us period.

]n————— =10us —-——P{

S NN

REF

If the waveforms are not present, continue to
monitor and proceed through the following. If
at any step a fault is detected and corrected and
the waveforms appear, go to Step 5.

(a)Lift R112 at the junction of Ul7, pin 6, and
connect it to + VB. If waveforms appear, the
fault is with U17 or CR36.

(b)Lift Q38. If waveforms appear, the fault is in
the low battery voltage detection circuit.

(c)Lift Q35. Waveforms? Yes? Q35 is at fault.

If the above procedures do not restore the
required waveforms, the fault is with Q33, Q34
or T1.

Lift R112 at the junction of U17, pin 6, and con-
nect it to an external supply. Adjust the supply
(not to exceed + 6 V dc) until + 11 volts is mea-
sured across C26.

(a)Momentarily short emitter to collector of
Q27. If the voltage at the + 10 V test point
comes up, the fault is in the + 10 V regulator.
Check R75, Ul6, Q27, Q26 and CR17 in that
order. If the voltage does not come up, isolate
the troubled area by lifting the + 10 V
jumpers, one at a time, and proceed to the
relevant circuit if the + 10 V is restored.
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7-20. Signal Conditioning Faults.

7.21. AC/DC Voits — Common Fault. If the fault is com-
mon only to the ac and dc volt function, check the input
attenuator and associated switches.

7-22. AC Volts/AC Current Common Fault. The most ex-
pedient way to check out the impedance and ac/dc con-
verters is to trace the input signal through with an oscillo-
scope. With 1 V ac applied to the input in the 2 V ac range,
the following are normal.

a. The waveform on Ul9, pin 3, and C49 should be the
same as the input or about 3 volts peak-to-peak.

b. At the ACTP test point, the amplitude should be
about twice the input or about 6 volts peak-to-peak with a
dc offset of + 1.6 volts.

c. The signal at the junction of R100 and R118 should
be a half wave rectification of the signal seen in (B).

d. The voltage across C38 should be about 0.75 volts
de.

e. If one-half full scale readings are alright but full scale
is in error, check C41 for leakage.

f. Out-of-spec readings could be caused by leakage in
the filter capacitors C36, C37 and C38. This condition can

_ be readily checked by applying an external 1 V dc at the

+junction of R100 and R118 and verifying 1 V dc across
C38.

g- If an inaccuracy is unique to the 500 V range, check
R7S.

7-23. AC/DC Current Common Fault. Check AMPS fuse,
and check that contact is being made through the terminal
fuse spring to the PC board.

7-24. AC Current. If the fault is unique to ac current,
check R20 and R39.

7-25. Ohms. Short the junction of C29 and R78 (Q25A
gate) to ground. Rotating R69 (20 MQ adj.) through its
extremes should result in the output (pin 6) of U15 to span
the voltage range of about - 2.5 V dc to + 10 V dc. This
establishes that Q25 and U15 are functional. Reset R69 in
accordance with the prescribed adjustment procedure of

’the'manual.

a. Depress the § and 20 m buttons, and short the input
€2 and COM terminals. If the instrument stops sampling or
the front panel count is greater than * 15 counts, check the
ohms calibration.

b. 1f the 200 Q range zero is out of tolerance (+ 3
counts) check C31 for leakage.

Se«

¢. If all readings are progressively increasing out
as the measured resistance is increased, check dioc
ticularly CR15, CR24, CR25 and CR26) and ca
C29 and C31 for leakage.

7-26. Analog-to-Digital Converter Faults.

7-27. The Input Amplifier was basically treated
general isolation section. If the problem is attribute
input amplifier, the fault can be further localizec
lows:

a. Short the 10 signal at the input of U2 to g
(The instrument is now locked in the run-up phase
tor the voltage at the DCTP point. The dc level sh
essentially zero with the input shorted and should v:
portionally to 2 V as the instrument’s input is variec
scale of any particular range. If it does not, the faul
ward of the DCTP point and then proceed to .
otherwise, go to Paragraph 7-29.

b. Short the input gate of Q16 (coming from (
ground. With the instrument on the 2 V range, check
voltage at the DCTP point. It should be less than 1
it is not, short Ul pins 2 and 3 together. If the volt
not essentially zeroed, check Ul. If the latter did z
DCTP voltage, check Q16 and/or adjust R50 to y:
desired less than 1 mV offset.

7-28. The outputs of U2 should also be verified in t
mal running mode. The waveforms should app

ov—

-7V ——

—-‘ Osls

at U2 pin 4, and

j0—————— O3 ———»

oV —— —

B LV

at U2 pin 3. If the IO control signal is present and ei
these are incorrect, check U2, Q19 and Q20.

7-29. Integrator/Siope Amplifier/Comparator/Auto-:

7-30. Proceed as follows to ascertain the condition
integrator, slope amplifier, comparator, and auto-z¢
cuits.
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a. Apply + 1 V dc to the input on the 2 V dc range.
Check the waveform at jumper A. An easy access point is
the proper end of C19. The signal should appear as shown
below.

ov

|
' | 2V TO 245V
[ I
| | ‘
| r

—{ 04 Ools |o—

b. The signal at the base of Q9 should appear as
follows.

ov—
leSV~-

pS—— Q948 ——

c. The signal at the COMPTP test point should appear

follows.
For Service Manuals Contact
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d. The signal at AZTP should be the following.

oV — .

e o0.2s ]

e. The switching of the Auto Zero circuit controls the
pulsing of the A/D loop. If it is malfunctioning, check the
IZ signal from the Control State Decode, Q1 and Q2.

NOTE

If the IZ signal and Auto Zero circuit are
proper, troubleshoot the circuit immediately
before an improper waveform is detected.

f. Short point RS to ground.
8. Measure the voltage at AZTP. If the voltage is about

- 1V, the fault is probably in the Reference Supply; if not,
the fault is within the loop.
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h. Place the instrument in any ohms range and apply
- 7 volts at the junction of R56 and RS57. (The internal
supply may be used.) The voltage at jumper A should now
be about + 9.5 volts, the voltage at COMPTP should be near
zero, and the voltage at the COMP terminal should be about
- 1 volt.

i. Now apply + 10 volts at the R56/R57 junction and
the respective measured voltages should be about - 6.5,
-2,and - 6.

NOTE
If any of the test voltages are incorrect, trouble-
shoot the circuit immediately forward of the
first bad reading. If all voltages test good, the
fault is probably in the Auto Zero Circuit.

7-31. Digital Troubleshooting.

This instrument contains CMOS digital IC’s
and, therefore, is highly susceptible to failure
due to static discharge. Extra handling precau-
tions should be used when servicing circuit
areas containing these devices.

7-32. Place the ANALOG/DIGITAL isolation jumper con-
nection between test points CP and PL with FUNCTION
and RANGE settings of DCV and 200 m, respectively. The
first indication that the display section is operating proper-
ly will be a display of

RN

Tl

with the plus/minus indicator flashing at the 1.25 Hz rate.
If the display is dim or blank, check A2CI, and A2Q21
through Q23. If the display indicated above is not obtained,
the logic or display circuitry is at fault.

NOTE

Throughout the digital troubleshooting section,
maintain the ANALOG/DIGITAL ISOLATION
JUMPER in the CP - PL position unless in-
structed otherwise.

7-33. Display and Display Driver Verification.  This test
checks the display, display drivers, and BCD decoders on
the A2 display interface board. It does not check any
mother board circuitry. Implement the test as follows:

a. Connect test points —7 and test point LT located on
the A2 display board.

b. Verify display. If all drivers and LED segments are
operating properly, the display will show
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NOTE

Position of the decimal point will be dependent
on the range selected.

¢. To check the overrange digit, disconnect one end of
the ANALOG/DIGITAL ISOLATION JUMPER and short
pin 7 of the display connector J1 to test point CP with the
instrument in the 2 V dc range. The display should indicate

If the display reads properly in steps b and c, replace the
ANALOG/DIGITAL ISOLATION JUMPER connection
between test points CP and PL. Otherwise, the failure can
be determined by symptoms and the use of that portion of
schematic 3 which shows the A2 display interface board. If
correct displays were obtained in steps b and ¢ above, but
an incorrect display was indicated in paragraph 7-32, some
portions of the mother board logic are faulty.

7-34. Mother Board Digital Circuitry Troubleshooting. The
following paragraphs provide a systematic method for trou-
bleshooting the mother board digital circuitry. (For best re-
sults, the step should be followed in order. )

7-35. Maintain the ANALOG/DIGITAL ISOLATION
JUMPER between test points CP and PL. Begin by checking
the clock frequency at test point CL:

L
—] 10w |

It is essential the clock frequency be verified. An incorrect
clock frequency can make Ul1 appear defective.

7-36. Verifv_that U1l is receiving a clock at pin 7. Then,
check for TXFR and RESET signals at Ul1:

TXFR

(U1 PIN 5)

I
| P

RESET 15 wus PULSE
{U11 PIN 6) 400 ms ,,

wn

If the above signals are present, but the displa;
graph 7-32 is not indicated, Ull is probably

7-37. If TXFR or RESET is not correct, check fc
EXTEND at Ul1 pin 8 and the STATE CLOCK
10: .

0
COUNT EXTEND
(U11 PIN 8) ~— 100 ms—=
-7
0
STATE CLOCK ~—100 ms —~
(U6 PIN 10) -7

a. If there is no COUNT EXTEND, ground U
and 6. If COUNT EXTEND does not appear, Ul
tive. If COUNT EXTEND is present, but th
CLOCK is not, replace U6.

b. If the STATE CLOCK is present, lift Al
observe the display for the one indicated in parag
If it appears, the control state counter is operatii
ly.

c. If the display of paragraph 7-32 is not
check AICRS, and retum it to its original positi
not defective. (The display can also be affected
capacitors C3, C8, C9 and CI110 through Cl11:
each flip-flop in the Control State Counter to v
D = Q, and the Q and Q are in opposite states. G
RESET line and verify that all Q = —7 volts and Q
At the same time, observe if the outputs are in :
state:” high outputs should be within 50 mil
ground and low outputs should be within 50 mi
the —7 volt bus.

7-38. Check test point PL for the following w

—|4oo (
S EnEpEpi

400 l._
ms

Make certain that high and low states are within
volts of ground and —7 volts, respectively. If ti
waveform is not present, check for an illegal sta
pins 1 or 2. An illegal state indicates a faulty U7.
ing U7 does not correct the problem replace U4.

7-39. The following test checks gates in the Data
and Reset section by manually setting a value at:
TC.

a. Connect pin 3 of display connector J1 to t
TC.

b. Alternate the function between DCV and A
switches the voltage at test point TC between g1
—7 volts.



Model 34658

Section V1I
¢. While changing functions between DCV and ACV, SIGNAL 0
transitions should be observed at the following points: 10 jm - 300 ﬂ
(U9 PIN 3) ms l -7
o . :
IC  Pin (U8 PIN 10) 0
+ p@————— 800 ms ———-l
U6 3 H | 7
U7 | I
U7 11 12 | I * ]
us 4 {US PIN 9) : l 7
If any of these transitions is not observed, or if the output :
falls into an illegal state, the associated chip should be re- '
placed. Note that none of the above tests have checked the . ' 0
control state decoding section. Outputs should be com- (U6 ;]N 1) l I
-7
pared to those shown below. All of the above tests may
pass even if these gates are bad. *1 TO 6 ps PULSE

REFERENCE DESIGNATIONS

ASSEMBLY REFERENCE ASSEMBLY ASSEMBLY PART NUMBER

DESIGNATION NAME  (INCLUDES A2Al SUBASSEMBLY)
N b N —_\ \
JACK XA2 1S MOUNTED ON A2 POWER SUPPLY (OOXXX-66501)

CHASSIS OR ANOTHER ASSEMBLY.
\t\ PLUG PI IS MOUNTED ON ASSEMBLY OR IS PART
»VOF THE ASSEMBLY BOARD (COMPLETE DESIGNATOR IS A2PI)

I
XA PI
e !
R3 TEST VOLTAGE
PI IS NOT MOUNTED ! < NN Q! l
3

'
ON A2 ASSEMBLY ' +3.92v ) XA2
(COMPLETE DESIGNATOR IS PI) f N PN 2
. - 2 COMPLETE DESIGNATOR IS A2R4
i <
: I $ c{
P L SUBASSEMBLY OF A2 DENOTES SCHEMATIC
JLJ/ < H 4 (COMPLETE DESIGNATOR IS A2Al) IOSNMwAlﬂHDIECH CONNE.CTION
H H ] )
<< P! \NUMBER INDICATES Al e )
PIN OF X42 AND Pl [PHOTO-CHOPPER 0SC |
l l
924 18 | ‘ [ N a2,

P
WIRE COLOR: COLOR CODE IS THE SAME
AS THE RESISTOR COLOR CODE. FIR: EYELET OR STAND- I

< -O ' —0 %
l § ! %RI\i %RZ ( MALE srANoog:/ ‘|\FEMALE, PIN

i PIN CONNECTOR CONNECTOR ON
MAY OR MAY A WHT/RED WIRE

ST
NUMBER INDICATES BASE COLOR, SECOND | OFF TERMINAL, MAY OR NOT BE NUMBERED 0,
NUMBER INDENTIFIES WIDER STRIP, AND | MAY NOT BE NUMBERED | %ﬂfgl.frg% . U/
THE THIRD INDICATES THE NARROWER P DESIONATO NN
STRIP, (924, DENOTES WHT/RED/YEL WIRE) l -] | | il

PARTIAL REFERENCE DESIGNATIONS ARE SHOWN: PREFIX WITH ASSEMBLY OR SUBASSEMBL

DESIGNATION(S) OR BOTH FOR COMPLETE DESIGNATION

For Service Manuals C
MAURITRON TECHNICAL SE%VE:%'S
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GENERAL SCHEMATIC NOTES

1. PARTIAL REFERENCE DESIGNATIONS ARE SHOWN.
PREFIX WITH ASSEMBLY OR SUBASSEMBLY DESIG-
NATION(S) OR BOTH FOR COMPLETE DESIGNATION. i
L
2 COMPONENT VALUES ARE SHOWN AS FOLLOWS b

UNLESS OTHERWISE NOTED.
RESISTANCE IN OHMS DENOTES BUFFER
CAPACITANCE IN MICROFARADS

INDUCTANCE !N MILLIHENRYS

3. DENOTES FRAME OR SHIELD GROUND.
USED FOR TERMINALS WHICH ARE PERMA-
NENTLY CONNECTED WITHIN APPROXIMATELY

0.1 OHM OF EARTH GROUND.
DENOTES INVERTER

>
w

-(17 DENOTES GROUND ON PRINTED CIRCUIT

ASSEMBLY. A
B Q
¢ —

5. - = DENOTES ASSEMBLY.

DENOTES AND GATE

- w00 = = 0O

6. DENOTES FRONT PANEL MARKING.

r— i
7. DENOTES REAR PANEL MARKING.
L__.J A
. B — ol
. DEN '
8 ' ENOTES SCREWDRIVER ADJUST. c ‘

9. % AVERAGE VALUE SHOWN, OPTIMUM VALUE
SELECTED AT FACTORY. THE VALUE OF THESE DENOTES NAND GATE
COMPONENTS MAY VARY FROM ONE INSTRU-
MENT TO ANOTHER.

>
w
~

- 2 00 = - 0 O
N e T N o T T o T Y o ]

>
w

10.  + .~ DENOTES SECOND APPEARANCE OF A CON-
-« €- NECTORPIN.

\ AN A
B Q
11. 904 DENOTES WIRE COLOR: COLOR CODE SAME AS
“—/RESISTOR COLOR CODE. FIRST NUMBER IDEN- c

TIFIES BASE COLOR, SECOND NUMBER IDEN-

TIFIES WIDER .STRIP, THIRD NUMBER IDEN-

TIFIES NARROWER STRIP, (e.g., 924, = WHITE, DENOTES NOR GATE
RED, YELLOW.)

- - s a2 00 0 O

- -, OO0 = =2 0 0
PO o T o T Y o RS}

12. DC VOLTAGE LEVELS WERE MEASURED WITH
RESPECT .TO CIRCUIT GROUND USING A DVM WITH
10 MEGOHM, INPUT IMPEDANCE. THE VOLTAGE Q
LEVELS SHOWN ARE NOMINAL AND MAY VARY
FROM ONE INSTRUMENT TO ANOTHER DUE TO B
CHANGE IN TRANSISTOR CHARACTERISTICS. A
VARIATION OF + 10% SHOULD BE ALLOWED. DENOTES EXCLUSIVE OR GATE

- 0O = O |lw
- O

o =
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3465B Jumper Locator.

- . Board .
Designator Schematic Coordinates Description

1 4 Cb + 10 V Supply Coarse
2 4 C5 Adjustment
4 4 C5 Adjustment
8 4 C5 Adjustment

16 4 C5 Adjustment

J1 4 D11 Supplies A1 Board Isolation

J2 4 A9 -7 V to AC Converter

J3 4 E7 + 10 VoIt to Low Battery Voltage Detection Circuit

J4 4 E7 + 10 V to Q and AC Converter

J5 4 E7 + 10 V to DC Input Amp and Integrator

J6 4 D7 -7 V to Q Converter

J7 4 B10 -7 V to Logic, Low Battery Voltage Detection Circuit

J8 4 E10 -7 V to Logic

J9 4 E7 -7V

J10 4 H7 -7 V to Slope Amp

J11 1 A6 AC Converter Gain Adj

J12 1 A6 AC Converter Gain Adj

JA 2 7G Integrator Output

JB 2 Ch 2 kQ Coarse Adjustment

JC 2 F7 R75, Pin 26 Access

JH 2 ES Input Amp Coarse Gain Adj

JR 4 B5 10 V Reference Coarse Gain Adj

-7V
+11V
+10V
VB
+3
ACTP

AZTP
CL
CcpP

COmMP

COMP TP
DCTP
GND
Lt
PL
RS
TC

—~WhHbhbhp

>
WWWW=a2PNONRWWN

Test Points and Pads.

C9
C9
E7

A2 Board
H7

H7
F11
G11
G111

H7

H5

D7

A2 Board
G11
F11
EL

Power Supply Verification
Power Supply Verification
Power Supply Verificaton
Power Supply Verificaton
Power Supply Verification
Output of AC Converter Gain Stages, !nput to AC

Converter Rectifier
Auto Zero Voltage

Clock

Comparator and Test input to Logic

Comparator Output
Comparator Input

Input Amplifier Output

Ground
LAMP TEST

Polarity Logic

Reset Pulse

Transfer Completed.
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P/o A ] SIGNAL CONDITIONING |

A AIIANALOG-TO- DIGTAL CONVERTER 2

=

BE ABSORBED INTO THE CERAMIC PACKAGE RESULTING
N A DEGRADATION OF THE MULTIMETER'S ENVIRON-
MENTAL SPECIFICATION. USE CLEAN HANDUNG
PROCEDURES IF THIS COMPONENT REQUIRES SERVICING
(DO NOT TOUCH CERAMIC CASE WITH BARE HANDS).
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INPUT_ATTENUATOR, 28 PIN CERAMIC PRECISION

RESISTOR PACK (R73), MUST_BE KEPT FREE OF DIRT,

GREASE OR SOLDER FLUX. THESE CONTAMINANTS CAN
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P70
R7S
cH
¢
1t
INTEG- SLOPE.
AMP
RATOR 4000
AZTP
——————1 AUTO-ZERO
Ca
.14

DIGITAL
ISOLATION
JUMPER
COMPTP

! STATE
Q.00 B
COUNT
4 EXTEND

F}o Ajjwsic 3 (SEE CAUTION BELOW)
- POCARITY. .
ENABLE
POLARITY
| oea
oee
I bR
bPD
¢
P * m :
POLARITY ps3 paTA "
AND A TRANSFER
2ERO DETECT wl | A RSET REZT g ”
¥ o

CL OCK
(100KHz)

|

TXFR
e | camo
COUNTER E
< .
' !
TRANSFER -
260 ocrect “upe oo [pam e
POLARITY DECODER 1! { A/TO"ZER0 CRGUIT
—12
i

3465 -E-4258

THIS INSTRUMENT CONTAINS CMOS DIGITAL IC'S AND
THEREFORE IS HIGHLY SUSCEPTABLE TO FAILURE DUE
TO STATIC DISCHARGE. EXTRA HANDLING PRECAU
SHOULD BE USED WHEN HANOLING OR" SERVICING
CIRCUIT AREAS CONTAINING THESE DEVICES.
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Figure 7-1. Functional Block Diagram.
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Figure 7-2. Signal Conditioning.
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