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CERTIFICATION

Hewleti~Packard Company certifies that this product met its published specifica-
tions at the time of shipment from the factory. Hewlett-Packard further certifies
that its ecalibration measurements are tracesble to the United States National Bu-
reau of Standards, to the extent aliowed by the Bureau's calibration facility, and to
the calibration facilities of other Internationsl Standards Organization members.

WARRBANTY

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

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

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

LIMITATION OF WARRANTY

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

NO OTHER WARRANTY IS EXPRESSED OR IMPLIED. HP SPECIFICALLY DIs-
CLAIMS THE IMPLIED WARRANTIES OF MERCHANTABILTY AND FITNESS FOR
A PARTICULAR PURPOSE.

EXCLUSIVE REMEDIES

THE REMEDIES PROVIDED HEREIN ARE BUYER'S SOLE AND EXCLUSIVE
REMEDIES. HP SHALL NOT BE LIABLE FOR ANY DIRECT, INDIRECT, SPECIAL,
INCIDENTAL, OR CONSEQUENTIAL DAMAGES, WHETHER BASED ON CON-
TRACT, TORT, OR ANY OTHER LEGAL THEORY.

ASBISTANCE

Product -maintenance agreements and other customer assistance agreements are
available for 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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SAFETY SYMBOLS

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

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

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

Protective conductor terminal. For protection against electri-
eal shoek in case of a fault. Used with field wiring terminals
-4 om to indicate the terminal which must be connected to ground
= before operating equipment.

Low-noise or noiseless, clean ground {earth} terminal. Used for
. a signal common, as well as providing protection against elec-
@ trical shoek in ecase of fault. A terminal marked with this
- symbol must be connected to ground in the manner described
in the installation (operating) manual, and before operating the

equipment.

Frame or chassis terminal. A connection to the frame (chas-
/’717 OR mim sis} of the equipment which normally includes all exposed metal

structures.
~ Alternating eurrent (power line):
T Direct current (p_ower tine)

Alternating or direct current (power line).

<

WARNING A WARNING denotes a hazard. [t ecalls attention to a pro-
cedure, practice, condition or the like, which, if not correctly
performed or adhered to, could result in injury or death to
personnel

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

Note A Note denotes important information. It ealls attention to a
procedure, practice, condition or the like, whieh is essential to
highlight.
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MANUAL CHANGES

—— MANUAL IDENTIFICATION —

4328A | Model Kumber: 4328A

Date Printed: JAN. 1982

MILLIOHMMETER Part Number: 04328-90008

This supplement contais imporzant information for correcting manual errors and for adapting the manual to instruments containing
improvements made after the printing of the manual.

To use this supplement:
Make alf ERRATA corrections.
Make all appropriate serial number relsted changes indicatsed in the tables below.

SERIAL PREFIX OR NUMBER MAKE MANUAL CHANGES SERIAL PREFIX OR NUMBER MAKE MANUAL CHAMGES
1828007291 and above 1
1828307961 and above 2
1828408325 and above 3

B NEW ITEM

ERRATA

Page 2-1, Paragraph 2-7, ENVIRONMENT:
Change temperature timitation as follows:

b. Temperature, -40°F (-40°C) to 167°F (75°C).
¢. Temperature (with 0PT., 001), 32°F (G°C) to 113°F (45°C}.

Page 3-1, Paragraph 3-8:
Change the description for possible continuous battery
Operation to & hours.

Page 5-7, Figure 5-3, (900 + j1800) Impedance:
Change the Part Number for INDUCTOR to 91C0-1686.

NOTE

Manual change supplements are revised as often as necessary to keep manuals as current and accurate as possible, Hewlett-Packard
recommends that you periodically request the latest edition of this supplement. Free copies are avaiiable from all HP offices. When
requesting copies guote the manuai identification nformation from vour supplement, or the model number and print date from the title
page of the manual.

Date/Div: Nov. 18, 1986/33 é HEWLETT
Page 1 of 3 (F PACKARD

Printed in Japan
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Model 4328A

Section I
Paragraphs 1-1 to 1-10

SECTION |
GENERAL INFORMATION

1-1. DESCRIPTICN

1-2. The Model 4328A Milliohmmeter (Fig. 1-1) is
aportable instrument designedto measure low resist-
ance with speed and accuracy. Covering a resistance
range of. 6018 to 10082, the instrument uses a Kelvin
Bridge methed to obtain high sensitivity.,  Although
the 4 terminal method is used to insure accuracy,
only 2 probes placed on each end of the sample are
used in the actual measurement.

1-3. To avoid measurement errors due to thermal
emfs, contact potential differences and electrolytic
polarization, the measurement utilizes a 1kHz signal,
and is insensiiive to d, ¢. errors,

1-4. In the measurement of contact resistance of
components used inlowlevel signal circuits, switches,
retays and connectors, the measurement veltage ap-
plied should be less than 20mV peak so that thin insu-
lating films are protected from breakdown, With the
4328A, voltage across samples is less than 2000V
peak on any range (when proper range setting used),
and a maximum voltage of 20mV if incorrect range
settings are used,

1-5, The 4328A canbe usedto measure heat-sensitive

samples hecause the power dissipation in samples is
very low., Voltage applied fo samplesis automatically
limpited to permif safe measurement of fuses and ex-
piosives,

1-6. A unique phase discriminator in the meter cir-
cuit insures accurate measurement of samples with
series reactance up to twice full scale resistance,

1-7. 150V superimposed de biag may be present on
samples during measurement, Thus, direct measure-
ment of incremental resistance of back biased diodes
may be performed, permitting use of the 4328A in the
design of semiconductor circuitry.

1-8. Complete specificationg of the Model 43284 are
given in Table 1-1,

1-9. ACCESSORIES FURNISHED

1-10. Model 16005A Clip-type probe, 16006A Pin-
type probe and 16007A/B Test Leads are furnished;
these probes or test leads may be "mixed or matched"
in any configuration determined by the form of the
sample to be measured. Also detachable power cord
is supplied with the Model 4328A Millichmmeter.

Figure 1-1. Model 4328A Milliochmmeter

www.valuetronics.com
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Section 1
Paragraphs 1-11 to 1-14

1-11. INSTRUMENT IDENTIFICATION

1-12. Hewlett-Packard uses a iwo-section nine-
character {0000J00000) or eight-character {000-00000
or 000J00000) serial number. The first three or four
digits (serial prefix} identify a series of instrument;
the last five digits identifya particular instrument in
that series. A letter placed between the two sections
identifies the country where the instrument was manu-
factured. The serial number appears onaplate located
on the rear panel. All correspondence with Hewlett-
Packard Sales/Service Offices with regard to an in-
strument should refer to the complete serial number.

1-13. MANUAL CHANGES

1-14. This manual provides operaiing and service
information for the HP Model 4328A a portable instru-

Table 1-1.

Model 4328A

ment for measurement of low resigtances. Informa-
tion inthis manual applies directlyto instruments (as
manufactured) with serial numbers prefixed by the
three digits indicated on the title page. 1If the serial
prefix of the instrument is above thatonthe title page,
a "Manual Change” sheet supplied will describe
changes which will adapt this manual to provide
correct coverage. Technical correction (if any) due
{0 known errors in print are called Errata and are
shown on the change sheet. And if the serial prefix
or number of the instrument is below that on the title
page, see SECTION VII MANUAL CHANGES AND
OPTIONS. For information on manual coverage of
any HP instrument, contact the nearest HP Sales/
Service Office (addresses are listed at the rear of
this manual}.

Specifications

Resgistance Range: 0,001 to 100 ohms ina 1, 3, 10
sequence,

Resolution: max. resolution 0,02 on 0-1 scale.
0.05 on 0-3 scale.

Accuracy: +2% of full scale. Accuracy is un~
affected by series reactance of samples with
magnitude of up to 2 times full-scale resistance
value.

Meaguring Frequency: 1000Hz £ 100Hz
Voltage across sample: 200uV peak at full scale.

Maximum voltage across sample: 20mV peak in
any case.

Measuring current and power dissipationinsample.

Range * Applied  P*Maximum Dissipation
{ohms) { Current {mA in Samples (EW)
0.001 150 23
0.003 50 8
0.01 15 2.3
0.03 5 0.8
0.1 1.5 0.23
0.3 0.5 0. 08
1 0.15 0.023
3 0.05 0.008
10 0.015 0. 0023
30 0. 005 0. 0008
160 0. 0015 0. 00023

*  Constant for each range.
**  Proportional to meter deflection, full scale
values given.

Superimposed DC: 150V de maximum may be
superimposed on samples from an  external
gsource.

Recorder Qutput: 0.1V dec output at full scale
meter deflection, Qutput resistance approx. 1k
ohm,

Operating Temperature Range: 0 o 55°C,

Power: 115/230V £10%, 50 to 60Hz, 1,5W, Op-
tional rechargeable battery provides up to 8 hours

continuous operation. Autcomatic battery recharge.

Weight: 7 lbs (3. 2kg)

Accessories Furnished: 16005A Clip-type Probes
16006A Pin-type Probes
16007A Test Lead
160078 Test Lead
Detachabie Power Cord
16143A Probe Cable

Accessories Available:
5060-0797 Rack Adapter Frame (holds three
instruments the size of the 4328A.
16459A Carrying Case
11056A Handle Kit

Combining Cases:
1051A 11 - 1/4 in. (286mm) deep
1052A 16 - 3/8 in. (416mm) deep
The combining cases accept the 1/3 -module HP
instruments for benchuse or rack mounting, See
1051A data sheet for detail.

Options:

001: Rechargeable hatiery installed, provides
up to 8 hours continuous operating.
Dimensions:
ek
NOYE @ v
DIMENSIONS IN IRCHES AND [M31,LIMETERS). :
@ FOR TOTAL LENGTH NCLUMNG XNO&S, ADD 2032 (201
{8) FOR HEIGHT HGLUDING FEET. 40D 141 (1
Toe i
2%
L
J— 1
l REAR 2
SIRE ! |55[5:
DWG- 0029 - CBES :
j_ i
L HEAR apaCH 26 (20\—-| L P 5ok 11800

1-2
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Model 4328A

Section II
Paragraphs 2-1 to 2-16

SECTION 1
INSTALLATION

2-1, INTRODUCTION

2-2. This sectioncontains information for unpacking,
inspection, repackaging, storage, and installation of
the Model 4328 A.

2.3, UNPACKING AND INSPECTION

2-4, T the shipping carton is damaged, ask that the
carrier's agent be present when the instrument is
unpacked. Inspect the instrument for  damage
{scratches, dents, broken knobs, ete. ), If theinstru-
ment is damagedor fails to meet specifications, notify
the carrier and the nearest Hewlett-Packard Field
Office (see list at back of this manual). Retain the
shipping carton and the padding material for the
carrier's inspection, The field office will arrange
for the repair or replacement of your instrument
without waiting for the claim against the carrier {o be
gettled,

2-5. STORAGE AND SHIPMENT

2-6, PACKAGING. To protect valuable electronic
equipment during storage or shipment always use the
hest packaging methods available, Your Hewlett-
Packard fieldoffice can provide packing material such
as that used for original factory packaging. Contract
packaging companies in many cities can provide de-
pendable custom packaging on shortnotice, Here are
8 few recommended packaging methods:

a. RUBBERIZED HAIR. Cover painted surfaces
of instrument with protective wrapping paper.
Pack instrument securely in strong corrugated
container {350 1b/sq in. bursting test) with 2-
inch rubberized hair pads placed along all sur-
faces of the instrument. Insert fillers between
pads and container to ensure a snug fit,

b. EXCELSIOR. Cover painted surfaces of instru-
ment with protective wrapping paper. Pack
instrument in strong corrugaled contalner
{350 1b/sg in. bursting test) with a layer of ex-
celsior about 6 inches thick packedfirmly against
all surfaces of the ingtrument,

2-7. ENVIRONMENT. Conditions during storage and
shipment should normally be limited as foliows:

a. Maximum altitude, 20, 000 feet.

b, Minimum temperature, -40°F (-40°C).

c. Maximum temperature, 167°F (75°C).

2.8, INSTALLATION

2-8. The Model 4328A is a submodular unit, eguipped
with plastic feet and tilt stand for bench cperation as
shipped from the factory. However, when used in
combination with other submodular unifis it can be

www.valuetronics.com

pench and/or rack mounted. The HP combining case
and adapter frame are designed for this purpose and
are available through your Hewlett-Packard Sales and
Service office.

2-10. COMBINING CASFE ( HP Models 10514 or
1052A).

2-11. The combining case is afull-module unit which
accepts various combinations of submodular units.
Being a full-moedule unit, it can be bench or rack
mounted and is analogous to any full-module instru-
ment.

2-12. ADAPTER FRAME { HP PartNo. 5060-0787).

2-13. The adapter frameisa rack framethat accepis
any combination of submodular units. It can be rack
mounted only.

2-14. POWER CONNECTION

2-15, LINE VOLTAGE, The Model 4328A may be
operated from either 115- or 230-volt (+10%) 50 or
60Hz power lines, which can supply approximately
1.5 watis. A slide switch on the rear panel permiis
quick conversion for operation from either voliage.
Insert a2 narrow-blade screwdriver in the switch slot
and slide the switeh tothe right for 230-voit operation
("'230" marking exposed} or to the left for 115-voit
operation {"115" marking exposed}. The Model 4328A
is supplied with a0. 1 ampere fuse for either 115~ or
230-volt opéeration. :

CAUTION

To avoid damage to the instrument, before
connecting the power cable, set the 115/
230 switch for the line voltage to be used,

2-16. POWER CABLE., To protect operating per-
sonnel, the National Electrical Manufacturers' Asso-
ciation (NEMA) recommends that instrument panels
and cabinets be grounded. Accordingly,the Model
4328A is equipped with a detachable three-conductor
power cable which, when plugged into an appropriate
receptacle, grounds panel and cabinet. The offsef pin
of the three-prong connector is the ground pin. Pro-
ceed as follows for power cable installation.

a. Connect{flat plug (3-terminal connector) to LINE
jack at rear of instrument.

b. Connect plug (2-blade with round grounding pin)
to 3-wire {grounded) power outlet. Exposed
portions of instrument are grounded through the
round pin on the piug for safety; when only 2-
blade outlet is available, use connector adapter
{- HP Part No, 1251-0048) then connect short
wire from side of adapterto ground to preserve
the protection feature.

2-1
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Model 4328A

Section IIT
Paragraphs 3-1 to 3-19

SECTION 1
OPERATION

3-1. INTRODUCTION

3-2. The Model 4328A is effective in measuring con-
fact resistance such as in relays, switches, connec-
fors and incremental resistance of diodes, or lead
resistance of integrated circuits, Measurement is
made by the 4 terminal method, actually utilizing on
2 probes. One current lead and one voltage lead are
incorporated in each probe. The probesare branched
off through a connector in the probe cord that leads
from the front panel and the user can rearrange the
different kinds of probesor test leads at will, accord-
ing to the form of the sample. This section includes
acomplete descriptionof the Millichmmeter operating
controls, its accessories, characteristics and tech-
nigues of uses.

3-3. The range of 4328A extends from 1 milliochm to
100 ohms full scale in a 1, 8, 10 sequence, Maximum
sensitivity is 20p ohms.

3-4. CONTROLS, CONNECTORS AND INDICATIONS

3-5. The front and rear panel contrels, connectors
and indicators are explained in Figure 3-1 and 3-2.
The descriptions arekeyed to the corresponding items
whichare indicated on the figure.

3-6, BATTERY OPERATION

3-7. The Model 4328A Option 001 operates from bat-
tery and conventional 115- or 230- voli line power.
A rechargeable Nickel-Cadmium battery is factory-
installed in Option 001 instruments, The same battery
can be ordered and later installedin the basic instru-
ment, thereby modifying the millichmmeter to the
Option 001 configuration. The batteryinstallation kit
(including battery charging cireunit) may be ordered
from the nearest HP Sales Office.

3-8. It is recommended that the Model 4328A be
battery-operated for up to 8 hours, and'then allowed
to recharge 8 hours, or overnight. . Continucus bat-
tery operation is possible for up fo 15 hours, but the
battery must then be recharged for about 19 hours,

3-89, The 4328A automatically operates on internal
batteries whenever the ac line power is disconnected
andthe power switchis ON. Batteries are continually
charging when the power cord is connected toa 115 or
230 volt source, when the pilot lamp glows and indi-
cates LINE/CHARGE,

CAUTION

The four Nickel-Cadmium batieries in the
Option 00! are in hermetically-sealedcon-
tainers, Under high temperatures (above
50°C), hydrogen in the hermetically~
sealed battery container can build up to
high pressure causing damage to the bat-
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teries and/or the instrument.  The user
must be cognizant of temperature ex-
fremes while charging the batteries, Do
not charge batteries when temperature is
above 40°C,

3-10. Instrument Temperature Range

3-11. Model 4328 A Option 001 has certain temperature
Hmitations. Operating temperature upper limits for
battery operation are tower compared with convention-
al ac operation (0°C to 50°C). Internal temperatures
inexcess of 50°C are guite easy toobtainif the instru-
ment is left in the sun, even if the airtemperature is
quite moderate. A good practice is fo be certain that
the instrumentis notstored or operated in direct sun-
light to avoid the possibility of reducedperformance.
Keep this limitation in mind when operating in field
conditions to obtain safe and stable operation.

CAUTION

Nickel-Cadmium cells in this insirument
are hermetically-sealed. Damageto cells
may occur if exposed to extremely high
termperatures (above 50°C).

3-12. MEASUREMENT

3-13. Measurementis made bythe 4 terminal method
fo obtain accurate measurement of low resisiance,
actually two 2-terminal probes are used so that opera-
tion of the instrument is quite easy. The probesfur-
nishedin Model 4328 A are 160054 probe, 16006A probe
and 16007 A/B conventional 4 terminal test leads,

3-14. Under no conditions will voltage across the
sample exceed 20mV peak, even in the case of incor-
rect range settings. When the correct range setting
is used, voltage across the sample is less than 200uV
peak, For optimum use of the instrument, range
should be set on a higher range when making the ini-
tial connection followed by switching the selector to
the appropriate lower range.

3-13. OPERATING PROCEDURE

3-16. Figure 3-3 illustrates operating procedure.

3-17. MEASURING VOLTAGE ON SAMPLES

3-18, When the voliage applied between the contact
is high, the oxidized film formed between the contact
is destroyed thereby, and the resistance value meas-
ured may be smaller than under actual use. More-
over, once this happens, it will never recover the
former condition even if the veltage or the current is
cut off,

3-19. According to the recommended standardof IEC
(Internationa Electrotechnical Commission}, meas-
urement of contact resistance by ac should be conducted

3-1
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Figure 3-1
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1. LINE-ON/OFF/FAST CHARGE: Instrument 5. PROBE: Cord, for measurement, divides into

power ON/OFF/FAST CHARGE toggle switch
connects either ac line or internal bhattery
(option 001 only) to internal voltage regulator
circuit and provides fast charge to the battery.

LINE lamp: This pilot lamp glows when the
instrument is turned ON, In option 001, the
pilot lamp glows when power cord is connected
to ac 115/230V source when power switch is
in ON or FAST CHARGE positions. When the
pilot lamp glows (Option 001) batteries are
charging continuously.

BATT, TEST: Push on/off switch {non-lock) -
a battery test is made when the push button is
depressed irrespective of the position of the
ON/OFF/FAST CHARGE switeh.

. RANGE: Low resistance measuremeni range
selector; select ranges from Im@ full scale {o

10082 full scale,

2 probes at modular connector.
A cauTION

Superimposed DC voltage limits are
as follows:

(1) Between High and Low terminals
+150Vde maximum.

{2) Between Low terminal and GND
+b00Vde maximum,.

Do not superimpose DC voltage above
sample limits,

6. Mechanical Meter Zero: Sets meter suspension

s0 that meter indicates zero. 'To adjust the zero,
a. Remove power from the instrument.

b, Turn the adjustment screw clockwise until
the indicator falls below zero and comes
back up to zero again,

¢, Tura the adjustment very slightly counter-
clockwise to free up the mechanism from
the adjusting peg.

3-2

Figure 3-1.
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Front Panel Controls and Connectors
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Figure 3-2
[}
. @
L 1 H
1. Line Fuse: Select fuse to match line wvoliage 4. RECORDER QUTPUT: 0.1V dc output is ob~
in use, For 115V ac or for 230V ac use 0.1 tained at full scale meter deflection directly
amp slow blow fuse, proportional to meter deflection. Cuiput
impedance is approximately 10008,
2. Power Cord Input: Use power cord provided,
(HP 8120-1378) Line Power limits are 115/ 5, Cabinet Ground: The recorder output is nor-
230V ac, 50 - 60Hz. Check FUSE rating and mally floating and Cabinet Ground terminal is
position of line voltage siide switch before tied to earth ground. When recorder output is
connecting power. connected to the input of the recorder and when
the recorder cabinet is not tied to earthground,
3. Line Voltage Slide Switch: Set to line wvoltage the recorder cabinet should be connected to
available (115 or 230V ac, 50 - 60Hz}. this Cabinet Ground terminal,
Figure 3-2, Rear Panel Controls and Connectors
3-3
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1. Choose the appropriate probes or test leads and

put them info connector on the cord.

2. Meter Mechanical Zero.

a. With the instrument turned off, rotate the
meter adjustment screw clockwise until the
pointer approaches the zero mark from the
left,

b. Continue the clockwise rotation until the
pointer coincides with the zero mark. I the
pointer overshoots, continue rotating the
adjustment screw clockwise until the pointer
once again approaches the zero mark from
the left. R

c. Rotate the adjustment screw about three de-
grees counterclockwise to disengage screw

ik

. Turn4328A LINE switch toON, The LINE lamp

glows when the instrument power is ON,

In option 001, the 4328A operates on its internal
bafteries whenever the ac line switch i1s ON.
When the line switch is in ON or LINE charge
positions, the LINE lamp glows and the batteries
are charged when the instrument is connected
to ac power line. The instrument performs nor-
mally as a milliohmmeter while charging its
batteries.

Connect the probes to the sample to be measured,

Rotate the range selecior until the meter indi-
cator moves on scale,

adjustment from the meter suspension,

6. Read the meter indication.

3-4
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Figure 3-3.

Operating Procedure
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by means of measuring instruments with voltage peak
values of 20mV or less.

3-20. The instrument can not start oscillating if no
sample is connected between the probes. When sam-
ple is connected between the probes, a positive feed~
back loop is formed, and the oscillator begins oscil-
lation. Since constant current flowsin the sample (in
correct range seiting), voltages across the sample
are proportional to sample resistance and are less
than . 2mVpeak on any range, at full scale deflection.
When the resistance value of the sample is greater
than that of the set range, an "over-voltage' protec-
tion cireuit in the Model 4328A is called upon to pre-
vent any voltage higher than 20mV peak from being
applied to the sample. Thus, when an unknown sam-
ple is measured without special preparation, contact
resgigtance is still accurately measurable without dis-
tarbance to the contact points.

3-21. APPLIED CURRENT ON SAMPLES AND
MAXIMUM POWER DISSIPATION

3-22. With Model 4328A, the current and power ap-
plied to samples are extremely small, the maxima at
measurement (i, e. when the meter needle deflects
full scale} being as shown in the table below.

Table 3-1. Characteristics of Applied Current
onSamples and Maximum Power Dissipation

MEASURING 1 POWER *2

RANGE CURRENT DISSIPATION

{Ohm) (mA) {1.W)

0. 001 150 23

0. 003 50 8

0.01 15 2.3

0.03 5 0.8

0.1 1.5 0.23

0.3 0.5 0.08

1 0.15 0,023

3 0. 05 0. 008
10 0. 015 0. 0023
30 0. 005 0. 0008

100 0. 0015 0. 00023

*1 Constant to each range.

*2 Proportional to meter deflection,
against full scale deflection. -

3-23. As shown in the above table, the power dissi-
pation at sample is so small that fuses, detonators
and semi-conductors can be safely measured.,

3-24, EFFECT OF SERIES REACTANCE OF
SAMPLES

' 3.95. The meter circuit of Model 4328A -does not

(within limits} respond to the series reactance of a
sample, The meter indicates only the correct value
of the pure resistance of the sample as long as the
series reactance of the sample at 1kHz is less than
twice full scale resistance value.

3-26. DC BIAS SUPERIMPOSED

3-27. DC bias may be present on samples; due to
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some source. Model 4328A measures with ac (1kHz),
but its probe circuits incorporate de blocking capaci-
tors. The instrument will not burn out nor will any
meaguring error will occur even when the probes come
in direct contact with a de circuit. The maximum de
voltage applicable between two probes is 150GV,

3.28, Also, as the probes are floating from the in-
strument case (able to withstand voltage up to 500V
dc:insulation resistance 10MR2or over), it is possible
to measure the resistance value of a sample having
dc voltages reiative to ground by connecting directly
to it.

3-29. The dynamic resistance of elements whose V-I
characteristics show non-linearities, {(such as diodes)
may be measured af an arbitrary DC bias point. In
this type of measurement, note that the maximum
voltage (1 kHz) applied to the sample is 0. 2mV peak
or less,

3-30. RECORDER OUTPUT

3-31. A RECORDERterminal isprovided onthe rear
panel of the 4328A, providing a dc voltage proportional
to the resistance of the sample permitting recording
of consecutive tests, etc.

3-32. PROBE CONNECTIONS.
3-33, General

3-34, In Model 4328A, measurement is made by the
4-terminal method; special two-terminal probes that
can make 4-terminal measurements (160054 Clip-
type Probes and 18006A Pin-type Probes), and con-
ventional 4-terminal testleads (16007A/B Test Leads)
are furnished, and can be mixed or matched depend-
ing on sample type, For example, in the case of

measurement of the contact resistance of printed cir-
cutt board connectors, it is usually convenient to use
a combination of the clip-type probe and the pin-type
probe as shown in Figure 3-4,

Figure 3-4. Probe Combination
3-5
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3-35.

3-36. Plug in the probes to the connector at the end
of 16143A Probe Cable. Note that the probe plugs
must be oriented correctly before plugging in.

Probe Installation

1) Connector at the end of probecable has 4-
contacts, Each pairof closely-spaced contacts
comprise one set of probe contactis.

2) such

Refer io

Plug the probe pins in to the connector
that the off set side faces cutwards.
Figure 3-5.

16143A

Figure 3-5. Probe Instaliation

3-37. 16008A Clip-type Probe

3-38. General purpose, alligator-jaw contacts pro-
vide positive gripping of samples. Upper contact
(marked "V') is voltage terminal and lower contact
is current terminal, When using this probe in 1m&
range, itis notalways possibleto measurethe sample
because of extreme deflection of the meter. Figure
3-6 shows 16000A Clip-type Probes.

P
Figure 3-6. 16005A Clip-type Probestfﬁﬁ

3-89, 16008A Pin-type Probe

3-40. Probe tip is a voltage terminal and outer con-
ductor is a current termiral. Probe tip is spring-
ioaded, 50 that both terminals firmly contact the
sample under test. This probeis usefulfor press-on
contact measurement such as printed board conduc-
tivity measurements. When using this probe in Im
range, itis notalways possibleto measure the sample
because of exireme deflection of the meter, (See
Figure 3-7).

3-6
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Figure 3-7. 16006A Pin-type Probes
3-41. 16007A/B Test Leads
3-42. These are provided for standard 4-terminal
measurements. Eachpair of testlead hasa separate

alligator clip voltage and current terminal. 16007TAis
furnished with a red cover the 160078 witha  black
cover. The black test lead is the voltage terminal and
the grey test lead is the current terminal.

(See Tigure 3-8}

Figure 3-8. 16007A/B Test Leads

3-43.
3-44.

NOTES ON OPERATION

IN USING THE I AND 3m OHM RANGES,
CONNECTION OF CURRENT TERMINALS
TO THE SAMPLE MUST BE A FIRM,
POSITIVE CONTACT,

3-45. With Model 4328A, the internal resistance of
the constant current generator is approximately equal
to the set range x500. Therefore, at 1m ohm and
3m ohms ranges, the internal resistances are 500m
ohms and 1.5 ohms respectively. Excessive resist-
ance at the probe contact can therefore relatively
larger error than on other ranges. The quality of the
connection of the probes to the sample may be deter-
mined by applying pressure on the connection point
and noting if the meter needle deflects. Very poor
contact or no contact whatscever is indicated by a
deflection off-scale.

3-46, IN USING THE 1 AND 3m OHM RANGE
LARGE ELECTRICALLY CONDUCTIVE
MATERIALS SHOULD NOT BE PLACED
CLOSE TO THE PROBES OR THEIR

CABLES,
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3-4%. Onthe 1l and 3m ohm ranges, currents flow- Table 3-2, Maximum Values of Resistance
ing in the current teads are 150mA and 50mA respec- and Length of Lead Wire

tively large compared to other ranges. Moreover,

the voltmeter section has very high sensitivity, so : X
that, if a conductor surface isplaced near and parallel ﬁiﬁiz) II{‘::;; 2’: ;zz L%iafh“(féi{?)
to the current loop, large errors may result due to . (ohms) &
coupling between the current loop, the conductor and

the voltage terminals. Therefore, at 1 and 3m ohm

range, the probes and their cables (i.e. the part be- 0.001 0. 002-0. 02+ 40
tween the connector and the tip of probe) must be 0.003 0,08 60
placed 10cm or more away from the conduciing sur- 0.01 0.2 100
face or the probes must be placed perpendicularly fo ' :

the conductor face. 0.03 0.6 200
3-48, A 4 -terminal measurement is a method by 0.1 2 200
which resistance i accurately measured by removing 0.3 6 200
the effect of thermal emf and lead wire resistance, I 1 20 9200
a 4-terminal device is measured with the 4~terminal

method (Figure 3-9, a), the reading of the indicating 3 20 200
meter will be an Rxwhich is accurate. However, when 10 20 200
measuring resistance by using only two terminals of

a 4-terminal device (as shown in Figure 3-9, b) the 30 20 200
meter will show the resistance of Rx + 2Re. Thusan 100 20 200
error of 2Rg/Rx results in this instance. K Ry is

muchlarger than R (Rx/Re>> 1000), the error wiil be
within specifications (+2%) even if measuring resist-
ance with the method shown in Figure 3-89b,

* Minimum to maximum vaiue shown.

3-49, CHANGING TEST LEAD LENGTIH.

3-50, The values in Table 3-2 are given for wire
lengths from the tip of test lead plug to the other end
of lead wire, and are maximafor a single lead. Note
that BOTH the resistance of lead wire AND the wire
length must be kept within the values shown in Table
3-2 at the same time. Further it is recommended
that the 4 lead wires be used in a bundle as far as is
possible, The wire length and wire guality of the other
two kinds of probes should not be changed.

4- TERMINAL DEVICE 4-TERMINAL DEVICE

TERMINAL

(@ I [
N, v
| Re |
| § VOLTAGE
VOLTAGE _ CURRENT } | TERMINAL
TERMINAL > TERMINAL ! Re cumme
i i URRENT
! i
| i
| !

{Q) . (b)

Rx: MEASURED RESISTANCE,
Re: RESISTANCE OF LEAD OR TERMINAL.

Figure 3-9, 4-Terminal Device Measurement

3-7
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Section IV
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SECTION IV
THEORY OF OPERATION

4-1. INTRODUCTION

4-2. The measuring principle of Model 43284 is, as
shown in Figure 4-1, the so-called 4-terminal method,
where constant current i is applied to a sample Ry,
and the voltage drop VR is measured. If i is known,
and resistance value Rx maybe calibrated linearly on
a voltmeter scale. By changing i, range changing is
pcssible,

RO Rx

Figure 4-1. Basic Low Resgistance Measurement

4-3. This method requires a total of 4 terminals to
be connectedto the ends of sample Rx, 1. e., one volt-
age and one current terminal on each end. The set of

current terminals applies constant current ito sample
Ry, the voltage terminals detect the voltage drop
across Ry, Using this method, the resistance of the
tead wires, and the contact resistance between ter-
minals and sample will not constitute any error. The
effect of the resistance of voltage terminals rv isre-
moved by making the internal resistance of the wvolt-
meter (MV) sufficiently greater than ry. Resistance
ri of the current terminals can also be ignored, as it
is normally sufficiently less than the internal resist-
ance R of constant current source. In Model 4328A,
the internal impedance as seenfrom voltage terminals
is set at 5k$ or higher, and the internal resistance
of constant current source is set at RANGE x500.

4-4, SIMPLIFIED FUNCTIONAL DESCRIPTION

4-5. Functionally viewed, Model 4328A may be di-
vided intotwo major sections. One isthe 1kHz oscil-
lator section serving as constant current source; and
the other is a voltmeter section of the phase-dis-
ecriminator type amplifying the voltage drop across
the sample, synchronously rectifying it and deflecting
the ohm-calibrated meter.

4-6. Thefollowing isa detailed description of opera-
tionof the 4328A refering to Figure 4-2, Model 4328A
Block Diagram.

Vs
2x= Rx+ JXx
20my Uy " Vo URd vy 06
PEAK € MODULATOR S
LIMITTER Amp \
1
SARAS i
e 1
Ci i
KIGH INOUT POWER AC PHASE !
IMPEDANCE /g‘ Co AR R |
AMP AMP Lo L AMP CETECTOR |
I
1
ir I
K I
I
Voltage :
Tie CLIPPER E !
R e — e, LIP~FLOP !
Tip |
v, Rs 1
{
1
1
b
SCHMITT i
DETECTOR _——
TRIGGER

Figure 4-2. Simplified Block Diagram
4-1
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4-7. OSCILLATOR CIRCUIT

4-8, Assuming that a sample with a resistance value
Ry is connected between the current terminalsonty,
a closed current loop is formed by Reference Resist-

ance Rg of the instrument, Rx and secondary winding

of Qutput Transformer T1. A positive feedback loop
is formed as Rg is connected to the input terminal of
High Input Impedance Amplifier, and through it to the
Power Amplifier of the next stage and the Ouiput
Transformer T1. This loop will oscillate depending
on the range setting (Rg value), The oscillation fre-
guency, which is determined by capacity Co and in-
ductance Lo of T1, is 1kHz +100Hz.

4-9. The wvalue of Rg is selected by RANGE switch,
to be 500 times full scale RANGE value. This oscil-
lator acts as a constant current source, as viewed
from sample Rg. Also, the voltage vy atboth ends of
Reference Resistance Rg is always 100mV peak;thus,

when the value of Ry ig equal fo full-scale value, the

1kHz voltage applied to Bx will be 0. 2mV peak, In
other words, the voltage applied to the sample is of
a very low level, 0.2mV peak or lower, at normail
measarement. The input impedance of High Input
Impedance Amplifier is set sufficiently high so that
Rg is unaffected by it.

4-10. Schmiti Trigger Circuil

4-11, When the value of sample Ry is greater than
set range, or specifically, Rg/2 Ry, the loop gain
of this positive feedback loop becomes 1 or smaller,
so that oscillation sfops. 1If the voltage terminals are
connected to both ends of sample Ry at this time, the
voitage drop at both ends of Ry is zero. A trigger
circuit is added to cause the meter needle o read
above full-scale whenever the value of Rx is greater
than the set range. In other words, when the oscil-
lator's power decreases to below a certain level, the
Schmitt Trigger circuit provides a DC voltage to the
DC Amplifier in the input stage of the Meter, causing
it to deflect off-gcale.

4-12, 20mV Peak Limiter

4-13. The 20mV peak Limiter connected to the cur-
rent terminals limits the a. c. voltage applied to the
sample to 20mV peak. It does this by comparing the
1kHz cutput level toa reference diode. When a given
ievel is exceeded, the 1kHz signal is amplified and
rectified and the resultant de level is used to reduce
the osciliator gain.

4-14. PHASE SENSITIVE VOLTMETER

4-15. When the current terminals and the wvoltage
terminals are connected to the sample Ry (It is as-
sumed that the range-sefting of 4328A atf this time is
correct), the voltage drop atboth ends of Ry is applied
to AC Amplifier via Input Transformer T2, where it
is amplified, TIts output is connected to the input of
the Phase Detector. The other input of the Phase
Detector is driven by a Flip-Flop driven by 1kHz from
the oscillator section. That is, the ouiput signal of
the AC Amplifier is synchronously rectified by a volt-
age which is in-phase with the current flowing in the
Reference Resistance Rg (i. e, current flowing in sam-
ple Rx). Thus, a sample Zy = Ry + jXy, the voltage

4-2
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drop across the sample will be v = vg + jvx. The in-
put of the AC Amplifier will also be {he voltage drop
vy whose phase differs from vg by 90°. The Phase
Detector detects only the veltage drop Vg which is in
phase with the current in Rg and provides DC voltage
cutput proportional to Vg only. Therefore, no error
is present in the meter reading due to Vx, or effec-
tively, the reactance Xy gives rise to no error,

i VX

ON ON
OFF

Flip~Flop

7 \jif\ YR

VR

|
ALMNIA .,

N DD e
\

Figure 4-3. Operation of Phase Detector

4-16. The dynamic ranges of the AC Amplifier and
Phase Detector of the next stage are sufficiently great
that errors due to Xx will be less than 1% as long as
the value of reactance Xx at 1kHz does not exceed
twice the range seiting. Thisis an important feature,
especially with reference to AC measurement of low
registance wherein the series inductance component
in the sample is a significant part of the total ac im-
pedance,

4-17. DC signal Vg which was synchronously recti-
fied by Phase Detector is amplified and applied tothe
Modulator of the next stage. This Modulator has two
inputs andone output - an AC signal vp corresponding
to the product of Vi {proportional to the resistance
value Ry) and the 1kHz AC signal vg (which isin phase
with the current in Rg). The AC output signal vy is



Model 4328A

negatively fed back to the input of the AC Amplifier.
Therefore, even if the oscillator’s ocutput  should
change, the meter indication will not budge. The
voltage drop VR across the sample changes, but Vg
also changes at the same rate, The relation Vi = V'R
remains constant, Stable operation is obtained,as the
entire circuitof this voltmeter sectionis incorporated
within the negative feedback loop. :

4-18. The oulput Vi of the DC amplifier is also ap-
plied to the Meter and Recorder terminals. VR and
Vv'Rr are related linearly. The response of the Record-
er output requires 0. 6 second to reach 30% of the final
reading. Recorder outpuf is 0. 1V at full scale.

www.valuetronics.com

Section IV
Paragraph 4-18

4-3



www.valuetronics.com



SoNEHE TN

PEpL=n
-

Y

ik LATBHAD

TN - LI URHRE I AR 2

NG BOE SMETIN 03k
QHLUOHS HOA GKKIVTY HOWIE

[ ]
SMBLGNOT EIOAG GIRTLES SRR
3o

LY Hfuy, ey Franp
Suppdnen pif seplavad 1IgN)  UoTpRIdo petEIon
1160 30 asUR |00 I8 Ly} andyne FoRHay FHURON
UOWTIGD REEY YBnskty [0 IED sdawy GOEG) CAsEG §I e
Surag 91 ndine xopyposa of peuoinedoad ndul was] op dadoad wayn
HO e0e sdaoy Jemopo] J01ES gOg®  QIED SBOLIE SNIDIIANEM o
oatyisod oy ATUO 399788 GTEWD “6OSMD TTED ‘0ISAD 'BOLMD JeunMNY
o1 souppatinl jndine Mo S3p1A0Ld LomoTio] J2NLe patdned 98 Loal

e -
ap 3 AP FATHD CLISHD U
CORUD BN ] E neljnn 330 puw padngs ap 11
‘Asanbadsad Gig pue FIED 40y adeyes suy puE J01RAL00
pIgH0 IO DIROOT G4) SR LID BARM BuUTS &) JU 3|
~pfiou ety 8ERT PICHD CSISMD. ‘9180 vls ewldue op plzd o) pajduos
s1greh Cgied suniduy Oy 3o snuzpsdmil Indui 943 SSEIIIL GREW W

o 2
OB DY TapIALE wIsly pue gigdy Ju
-3m0 jenba aIngut gERED U 610D LISHD  TeneR dogg~duig epraocad
gigl pie BISH ‘GIEUD '9TguD dul gIEY o juadesd yim aseud jo
1m0 08l B9R S1ED $BALIP LIEE N0 W 01 gge0 Yiuoay) glgh soalp

BOTIEY YR

oy
3 o £1g0  ¥eod AWy Speadws mdu ZTed W Ui G 207 Aaes puE $165 vlA padnes o8 1 9Tgh  HRAe dedduo v H.ZE LIgH ¥ 91gd e
a0 i2f woerioea ~saoeu uied affeiios paainber ol ap1acad ¢Igd pus glEd rendue OV IEEHE,
JUT i T

SHOLLYROIG30 JONTE3 23

T

N ST aBde) j0 oudwaid aY) Wi opEW duisg Sped ay
arE SIUsRIREEALE Woys Inoso few ST AMQE SpaaoNs ajdwiEs ] $80L aanEUE 01 [gEL 880408 uawzsnlpe
“efeee SupIon aoioeden 2P AQGT payes afhnon 941 udYM FINIID JOPTLL saam om0 1adoad epranad 900 ¥
syp wey) aBejjor T2 ¥ jo vopmedde o § 4 a1y B1a Ured pagly BUIeLyION 10 oopyl "e5eq 2ol PUE 3058 108D
P BAS DY) LI NMOP ¥ESAT 219]0w00 jvucede §| AUl JO enfen Bi) L} Jejeadd yomy ¥ zojetsen sgerten ® £ 1% L0SUD Bl rop eSepcs svig sopra0id TOEHD
w Wsmtnegsy s 30210ad £REUD PUR 228HD plls SoUEBISISDL PAIVTIT BUYF PAPIA B S0LHD ‘CHSED POSHD ‘SORHD R e
N e — §} +02d 'SUOTYRI]IIS0 CIBIANG OF [0£D TA T 5
i} 5RO BATISIN ] yopgpes; Adesseadu a3 sepiacid oSy EIoRTIEHY 30010
e - - W oC{EEla-aTiM IITU-1003) SHojsle e
‘HavE A1 -8y (L1,8 pUe 352y zopun apdwmes 4y O3 T
- Sp Bupieso Agelsy) iR pauny aring Adessaosu ayi-seiddes 1o0. E e i
v epraodd gogo pUR EOST 08 'S w R To8L ~padary mey geplacad .ﬁmac:o\% R
E58u0] U §1 0N T8 §OED O SUURIIEST 3] b~ pgope aotnyduiy o,ucm_u.wuﬁm
3 ™ 'pash Bwiaq 51 aBuEd WHOLPEE | Ayl UM SRl mdut yBiy e waod 2opd pue 10gl
R ’ ] IHEL tamod ggel 0} ALap ssEq AR conitduay avwpedul 1 4B
HE ﬂ““ﬂz Sﬁa»m‘m oy Apddng sxerridme Y coed W pOLD " HE
dEBGRanY 3

- oandrd IPOW
Al UDTIOBg VQTET 19O

www.valuetronics.com



www.valuetronics.com




L It
P ZW
N

WG 404 SMTVIZ 02

ATLEGHS B0 DHILTH A3V

ol 4y

LI ZONYE CUG/INTHNDS OF K234SIY
I ST MRAD GN¥ OULAGAS 0

SNEUMNOY UITKR GINMLAT S35 LA
ERCY

ADTORY 'SOZMDZN g s 3 TIC

I R F 1

e BOLWINGON B MBI 00 -

BT
25 0
I

4,53y TG 3H0Y
220z RZELG) A

=,

L FOVEICA

PERT-ETLE

s op~E i+

—oad ggyn  Chiddus 1
~a3j81 g#aplacsd gngyD
-11986 8t 31 168) Fulbp Fuidueed WoT) Sutpr

L Ut

Jopaajep ewEd |

N3oO MO DHIZHZE O

GILECHS W04 SHINVEM MIu
WAy

Al H

sangpaadias; sapiavid 9OV B0ZE 05
razdn  snlpe Adviioa ndine gapledal sl s
RETH  CHRAAT) J@T PET Lojmmpow oS3
QEZHD  ISNIPE S1R0Y 1|0 I B 51 6ATH

an aptaotd goTn CLOED
02D e e

205 207 UHLLE

UG BET IS B 81 TOEHD USRI PO UOTHI0S J8y:
3% Py gal i ~upe i 10) 80EN0E Juasand satepaduy yEn T eigoeld 204

B SEEERE 2AI aBBag pruyog uw e i ) ® )

@ AP0y 1ndno gozth saidncd pozyn  senmgedes aatap P Bl AOTERPOW gogly Jo IAIne v oH pur TOEL ¥iA E&:.N eyl
spuvpaduny wol sopiacad Iemol]e] F9RTWS g0zl 902D 0 paidnos ap sL IR0 ow || ~11980 DU} USSMIHG SIIUSLIIIY afEyen Appdare 2ozt puw T0RD
Huhzt Ee0gl voapebiog no preepsuos gan)ddong J0M8 04 1231S BOTII0Y 28T T S :
fwe ggogthoue vagIl

JE T

ShiGica AR

Ly pong
AL+ -

¢-§ oandig 3P0
Al U01309¢ V8gET 19RO

www.valuetronics.com



www.valuetronics.com



o

P
3454 BIY NMOUS S3mmann
Fren

L e
Tenst
2ol e
saausLin )
{sE0L - BZEwD: =
%587 i T
: ] ol
: 9 55 018
i CVOH W3AlON] e ol e

TR oz/o

T Vs i

e
i

DD N5 E5G ZoNINAISH

A3t 4w

.nmmﬁ.\..mﬁqo..u.ﬁ : |m
sl

G TR - LTI NN S A OB Ll

ey
RIS
I 7 A ap—_—
v
TEA LR
R
<
LR LR A H B
S e L AR
s
0LsED &1 T SRAG S GEY A
Joaod (AGT-) Y5 207 aFe]|0a sousaaied ¥ gapiansd IR
SoilGanjen SIEFOA ]
SOED 0 IUBIIDD BSBG MUY TOLUOD ) ;U‘Sw‘. /M\
Uoiiaung gEE PR LOEY Wod [sudis Josas ay; sapdute a0l P
g
H
H
i “aop adder wdoay
g Addns (api-) B0 ] SOED PRl uanjar e w3 Huped depn sy) puny mp
. QY PIOY OF 5Ed 46 Weatip 51 gagh § oF pesy ag3 W duteq asyInas aud 3ads eyl jo 3y
Sy . YRR U0 S8 UL BYeLadD 518110 oAl ‘udmiaduey
: ROIWNEIY 2I0A F K -IR SUY . asynoas GfipLIg aavM TR B Wa0] 2pgD st b £ Le4M
9] “BOSHD ©1 UsIang swi soyddns gogy Apidng [ | PYT BOSHD THOEND LORMD "908uD siwans sdplig I AOE2,5]
oz A oot (ALTE) 245 2oy aFeijon 9 S3Ed B SsplAad MO . Taymoey d5piag R
(£G4 FINDIRIFE BFITOA : S PR E
| a0 | O
e “TOET 10 JUREINT INBG 541 [OFFLOI 61 ; o 1
UORIDTE pOSH PUE SOEY WA [ENES 10130 ot #ouiidmE ¢oul ! ﬁ.
f_x o S
T . ;
0 H “moy apddir sdeoy
3 FOED PER WRUAD o ¢t iisg asyjo aqy ‘pwo) &) .
St BTSSR ST OF RS oy} uT Bag 1e10H0as uo ‘sjada e 10 J1By R
— S T ey - Yoga un §HI95 1 21naado §XayTioss omy juswaiueg Iy
; .éww H -am Bg) W] CARRYe 2RUIRY GABM (] B WaST T0ED i
: srxor PUE FOEED 'C0EUD 'BOEMD 'IGEED SN a8pag 1
w ﬁ EETHTEETHEY: At v m_m

RNLENIISIC SIAEEIR

VEeEY 19POIN

www.valuetronics.com



www.valuetronics.com




i)
azu i,

w R534- BERF DY
H A SEY

Covdd daHldw | @

v o

Wiz

B FEELLE - G2 b
AU ORISR LW

ALY GUHIN L33 VRS - IAVOCEOA NS DLB! IWAI0D

EETEE A
|

173 s

T

5 A
b |

(L HEOHHOD
Qn GRS S MO SEORLTA

TEYCHD DI AHALLYE

FIFEE
o

R

R e
S5 QHIOE HILON

- aandig
A U009

23
wxass

i £

TSI TT
|
i/ L
=
!
H
apraacd gIegn .
: sapiaoxd go3 . ) M\AM_“_._QH
“uRmtal Mo sepaced 1IPED OL GEHTATY 3 URSHE REHVLT
2 GagyD oNse Awiiies
NOLLEEA TNT N HAGHT LN
szLoN
ZOPD  CPES] WaANIAZ BY) ul Bulaq Jaupn aul ‘prEof A o
H 0T v O} PEST S up Auted IJIIeAL HU0 (SR8 a1 JO iy
b UOHB H0 $DLIBT U] 9)BIIE0 FIBYTII Gm} BT J— g 3
ﬁ ~3E HUE UL C3en s oBpIq aneM HNT B ULIST 209D ,a_..m B L AQsEraI
a0, : s -
i
R0~ BERFOT :
CHBOR mmm.»_m%x e |
i I, il Wit ! H
| ﬁ — L
W ;
; g £ IPIADIC
; wEndel aues Fapaoat o 3 -
; el N " o < moy eqddie sdaay
° I0FD  CPEAl uangar ey ur Huraq Jayio ayy peol eyl
©) pra| B ul Hueq IsTjined euo 'apdks iy Jo iwy '9313730
RN ¥IES U 531435 W 3yedado BISTI)Red oal ‘jusmaBued
[Ty ¢ -I FU0 U] 298I 2ED1IEG AATM IN] B TEIOT I0FD
| PUR BOPED 'SOFUD F0RED I0FHD SunaD aliprag
s e i | cowu-ioen
KEI FTEETVIEE TRV S— BE

mrﬂq go | wom gv | gE

520 JONAEIEIN

Vetey 19PO

www.valuetronics.com



www.valuetronics.com




Model 4328A

Section V
Paragraphs 5-1 to 5-10

SECTION V
MAINTENANCE

5-1. INTRODUCTION

5-2, This section outlines routine maintenance,
performance checks, adjustments, caiibration and
troubleshooting for the 4328A Millichmmeter., Per-
formance checks may be used on incoming inspection
to verify instrument specifications. The performance
checks shouldalso be used after anyadjustments have
been made.

5-3. CONTENT
5-4. PERFORMANCE CHECKS

5-5. The performance check procedures will verify
Milliochmmeter performance during incoming inspec-
tion, periodic evaluation, calibration and trouble-
shooting, The tests canbe performed without requir-
ing removal of the access instrument case. Specifica-
tions in Table 1-1 are the performance standards,
Should the Millichmmeter fails to meet any of the
performance test specifications, refer tothe trouble-
shooting diagrams.

5-6, ADJUSTMENTS

5-7. The adjustmentprocedures describe the adjust-
ments necessary to calibrate the Millichmmeter,
Adjust the Model 4328A only when it is determined
that the instrument is actually out of adiustment, and
not malfunctioning due fo a circuit failure.

5-8. Several circuit components are factory-selected
{o meet specific circuit requirements, The factory
selected parts are indicated on the schematic dia-

grams.

5-9. TEST EQUIPMENT

5-10. Instruments and accessories required for
adjusting and testing the 4328A are listed and briefly

described in Table 5-1.

Instruments used to check

4328 A performance must meet or exceed the specifi-

cations given.

Table 5-1, Recommended Test Equipment.

Instrument Type Required Characteristics

Use

Recommended Model

0. 001 to 160 ohms

Standard Resistor Accuracy : 0. 1%

Full scale checks
and calibration

YEW Type 27382 or YEW
Type 2792 and GR-1433-U
Decade resistor

Range: 10 to 100 ohms
Accuracy: £0.1%

Decade
Resistance Box

Tracking checks &
calibration at 1009
range

YEW Type 2786 or
GR Model 14327T
Decade Resistance Box

Range: 1Q . 194
Ohm Meter Accuracy: +5% Troubleshooting HP Model 4
Digital Range: 0,1V . HP Model 3440A
Voltmeter Accuracy: +0.2% Troubleshooting P Mode

Range: 1 - 30V 1 412A
DC Voltmeter Accuracy: =1% Checks HP Mode

Vert. Sens. 100.V/ Checks and HP Model 1804

s ert, aons, Ly /cm ec ol Vert. Plug-in

Oscilloscope Sweep time 0,5 ms/cm Troubleshooting Model 1806A

www.valuetronics.com

5-1



Section V
Paragraphs 5-11 to 5-22

5-11. MAINTENANCE

5-12. Service information in the form of irouble-
shooting, waveforms, schematics and component loca-
tions are given in Section VIII. Also, an overall sys-
tem block diagram is inciuded which contains keyed
numbers corresponding to the test points.

5-13, 4328A PERFORMANCE CHECKS

5-14. The performance checks presented here are
fronf panel operations designed fo compare the Model
4328 A with its published specifications. These opera-
tions should be conducted before any attempt is made
at instrument calibration or adjusiment, During per-
formance tests, periodically vary the line voltage sup-
piied tothe Mode14328A, +10%on either 115 or 230 V
operation. A 1/4 hour warm-up period should be al-
lowed before these tests are conducted,

5-15, MECHANICAL METER ZEROQO,

5-16. If necessary, mechanically zero the meter
mavement as lollows:

a. Withinstrument turnedoff, rotate meter adjust-
ment screw clockwise until pointer approaches
zero mark from the left,

“b. Continue rotating clockwise until pointer coin~
cides with zero mark. If pointer overshoots,
continue rotating adjustment serew clockwise
until pointer once again approaches zero mark
from the left,

¢. Rotate adjustment screw about three degrees
counterclockwise to disengage itfromthe meter
suspension,

5-17. LINEARITY CHECK

a. Attach the Model 16005A probe to the 4328A and
set the range switch to 1008

Table 5-2. Linearity Test

Model 4328A

b, Connect the Model 4328A probe to the Decade
Resistance Box { YEW Type 2792 or GR Model
14321y,

c. Switch the Decade Resistor, providing 0 to 1002,
in 100 steps.

d, The Model 4328A should read as shown in Table
5-2.

5-18, FULL SCALE CHECK

a. Atfach the Model 18007TA/B Test Lead to the
Model 4328A.

b, Connect the Test Leads fo Standard Resistor of
0. 601 to 1008 and check the full scale readings
of the Model 4328A. 'The Meter should read as
shown in Table 5-3.

5-19. COVER REMOVAL AND REPLACEMENT

5-20. The side covers can be removed and replaced
independentlyof the fop and bottom covers., Each side
cover is held in place by four screws retained by nuts
which are fastened to the side frames.

5-21. TOP COVER REMOVAL

2, Atthe rear of the instrument, remove the screw
that retains the cover.

b, Grasp the cover fromthe rear, and slide it hack
1/2 inch.  Then tilt forward edge of the cover
upward and lift the cover from the instrument,

5-22, TGP COVER REPLACEMENT

a, Rest the cover flaton the cast guides projecting
inward near the top of each side frame.

Tahle 5-3. Full Scale Test

Standard HP Model HP Model Standard HP Model 0P Model
Decade 4328A 4328A Resistor 4328A 4328A
Resistor Meter Range Meter Range
Settings Readings Settings Readings Settings
(U 0 0.0061Q | 0.00098 - 0.00102Q 0.0018
10 - 12 *{0, 003 G. 00294 - 0. 00308 0,003}
20 18 - 22 G. 01 6.0088 - ¢.0102 0.01
30 28 - 32 0.03 0.0284 - 0.0306 0.03
40 38 ~ 42 0.1 6.088 - 6.102 0.1
50 48 - 52 100 & 6.3 0.204 - 0.306 0.3
60 58 - 82 1 0. 98 - 1,02 1
70 68 - 72 3 2, 94 -~ 3.08 3
80 78 - 82 10 9.80 . - 10.2 10
90 88 - 92 30 2.4 . -~ 30.8 30
160 98 - 102 100 98.0 ~ 102, 0 100

5-2
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Model 4328A
b. Stide the cover forward, allowing its forward
edge to enter the groove in the front panel.
¢. Replace the cover retaining screw.

5-23. BOTTOM COVER REMOVAL

a. Remove the retaining screw at the rear of the
cover, :

b. Swing the tilt stand out to free the cover.

¢. Slide the cover rearward far enough to free the
forward edge.

d. Tilt the forward edge of the cover upward and
1ift the cover from the instrument.

5-24. BOTTOM COVER REPLACEMENT

a. Set the tilt stand out of the way of the cover.

b. Rest the bottom cover flat on the cast guides
projecting inward near the bottom of each side
frame.

c. Slide the cover forwardon the guides so that the
formed portion at the rear of the cover slides
over the two short projections atthe rear corner
of each side frame.

d. Repiace the retaining screw.

5-25, ADJUSTMENT PROCEDURES

5-26. The following is a complete adjustment and cal-
ibrationprocedure for the Model 4328A. These opera-
tions should be conducted onlyif it has previously been
established by PERFORMANCE TESTS, that the Model
4328A is out of adjustment. If the procedure ouilined
do not rectify any discrepancy that may exist, and all
connections and setting have been rechecked, referto
TROUBLESHOOTING in Section VIII, for possible
cause and recommended corrective action.

5-27. MECHANICATI METER ADJUSTMENT

4. Whenthe meter isproperly zero-set, the pointer
rests over the zero mark on the meter scale
when the instrument is:

(1) at normal operating temperature,
{2) in its normal operating position.
(3) turned off.

b. Setthepointer as follows to obtainbest accuracy
and mechanical stability:

(1) Turn instrument off,

{2) Rotate the meter mechanical adjustment
screw clockwise until the meter pointer is
to the left of zero and moving up the scale
toward zero. Stop when the pointer is ex-
actly over the zero mark., If the pointer

www.valuetronics.com

Section V
Paragraphs 5-23 to 5-35

overshoots, repeat step 2.

(3} When the pointer is exactlyon zero, rotate
the adjustment screw approximately 3 de-
grees counter-clockwise. This frees the
adjustment screw from the meter suspen-
sion. If the pointer moves during this step,
repeat steps 2 and 3.

5-28. DC POWER SUPPLY CHECEK

5-29, Refer to Table 5-4 for Power Supply Check
points and typical voltage values. Measure dc voltage
between common and designated location on Mother-
Board. Measure dc +13V ac ripple with Oscilloscope
{HP Model 140A). The peakvalue of ripple shouldnot
exceed 2mV,

Table 5-4. Power Supply Test

. Location on . Line
Veltage Mother-Board Tolerance Variation
+13V WHT/RED |+12V-+14V
108V-127V
~13V WHT -12V--14V

5-30. BIAS ADJUSTMENT

5-~31. With the probe leads shorted adjust R360 so
that Q302 collector veltage reads 3.7V to COMMON,
This sets the bias on Q303 base Oscillator output
transistor.

5-32. T302 ADJUSTMENT

a. Set the Mode! 4328A to Im{ Range with the
probes shorted or 1m& across them,

b. Adjust T302 by turning top core ¢w or ccw for
maximum peak reading. Cutput is taken at
T301 terminals marked BLU and BLK,

5-33. OSCILLATOR QUTPUT ADJUSTMENT

a. Set the ‘Model 4328A to 1009 Range with the
probes shorted.

b. Adjust R306 and R360, alternately, for a voli-
age of 200mVp-p at T30l terminals marked
BLU and BLK (use HP Model 1404),

5-34, ELECTRICAL ZEROQ ADJUSTMENT

a. Set Model 4328A Range Swiich to 1008,

b. Short the current probes and voltage probes to
each other, for zero input.

c. Rotate R228 clockwise slowly and ascertain that
the Meter pointer movesup scale, and then ro-

tate counterclockwise until pointer reaches
"iust” zero,
5-35., LINEARITY ADJUSTMENT
a. Set Model 4328A Range Switch to 1000,
5-3



Section V
Paragraphs 5-36 to 5-38

Model 4328A

b. Put the Model 16005A Probes or 16007A/B Test d. 1If the readings are off, values of R101 to R111
Leads to the Model 4328A, should slightly be changed for adjusting the full
scale,
¢. Connect the probes to Standard Decade Resis-
tance Box YEW Type 2786 or GR Model 1432T. 5-37. RECORDER QUTPUT ADJUSTMENT
d. Adjust the Decade Resistor to provide 308, and a. BSet the Model 4328A Range Switch to 1002 and
adjust R232 so that the pointer indicates 308, connect the probes to 10092 Standard Resistor.
_ Check the full scale reading of the Model 4328A.
e, Adjust the Decade Resistor to provide 1008,
and adjust R229 so that the Meter indication is h. Adjust A2R233 for the recorder outputto be
1008, 100mV dc between terminals marked RECOR~-
DER on the rear panel.
{. Set Decade Resistor to provide 10 to 10022 in
order and checkthe frackingtolerance of Model ¢. Repeat Paragraphs 5-35, 36 and 37,
4328A. 1t should be =0.5%.
5-38. REACTANCE COMPONENT QFFSET
g. If the trackingis out of tolerance, repeatd, e, ADJUSTMENT
and f, '
a. Set the Model 4328A range to 1mf and measure
5-36, FULL SCALE ADJUSTMENT an impedance of (R + jol.) as shown in Figure
§5-2, where R should be calibratedby DC bridge
a. Attach the Model 16007A/B Test Leads to the and the reactance value twice that of R.
Model 4328A. b. Adjust A2C208 as the error should come within
: +1% relative to the calibrated value. A20207
b. Connect the Test Leadsto Standard’Resmto'r of is changed to different values when A2C208 is
0. 001 to 10082 and check the full scale readings out of ranse
of the Model 4328A. ge-
¢. Set the 4328A range to 3mf and check with
¢. The Meter Readings should be within 0.5% of Standard Resistor. If necessary adjust A4R102%,
full scale. error should be within 1%.
PLATE +200V +200V
VACUUM TUBE GRID "y ~3v )
GCATHODE - =
COLLECTOR +20V +20V
JHRENT
NPN TRANSISTOR BASE Sy +3v )/C
comaon
EMITTER = CURRENT =
COLLEGTOR =20V -20V
G%.?R.??'QNT
PNP TRANSISTOR BASE o -3y ) S
n
CONTROL
EMITTER - GURRENT =
Figure 5-1. Transistor Biasing Characteristics
5-4
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Model 4328A

d., All ranges should be checked with Standard
Resistors and adjusted if necessary, A4RI0I*,
102%, 109%, 110* 113*%, and 117* through 122*
are ali factory selected.

e, Settherangeto 10082 and measure an impedance
of (R + jwL) as shown in Figure 5-3, where R
ghould be calibrated by DC bridge and the re-
actance value twice that of R,

f. Adjust C202 as the error should come within
+1% relative to the catibrated value (Note: €202
takes value from 0, 015 ~ 0. 025 uF).

g. Check again at 1m{ range whether the error is
in the above specification.

5-39. ISOLATING TROUBLE IN TRANSISTOR
CIRCUITS

5-40. General, The following information should
help determineis atransistor works. There are tests
for both in-circuit and out-of-circuit transistors,
which help to determine if a particular trouble is due
to a faulty transistor or some other component. See
Figure 5-1.

5-41, In-Circuit Testing. Intransistor circuit test-
ing the most important considerationis the transistor
base-emitter junction. Like the control gridof a vac-
uum tube, this is the conirol point in the transistor.

5-42, "o check atransistor, first see if the emitter-
base diode is forward-biased by measuring the voltage
difference between emitter and base, When using an
electronic voltmeter, donot measure directly between
emitter and base; there may be sufficient loop current
between the voltmeter lead to damage the transistor,
Instead, measure each voliage separately with respect
to a voltage common point (e, g., chassis).

5-43. If the transistor base-emitier junction is
forward-biased, the transistor conducts. If the diode
is heavily forward-biased, the transistor saturates.
However, if the base~emitter diode is reverse-~biased,
the transistor is cut off {open). The voltage dropac-
ross a forward-biased emitter-base junction varies
with transistor collector current. A germanium tran-
sistor has a typical base-emitter voltage 0f0.2 - 0.3
volt with 1 - 10mA collector current, and 0.4 - 0.5
volt with 10 - 100mA collector current. In contrast,
bage-emitter voltage for silicon transistors is about
twice that for germanium types; about 0.3 ~ 0,6 volt
for low collector current, andabout0, 8 - 0. 3for high
collector current.

5-44. Tf the emitter~base junctions forward-biased,
check for amplifier action by short-circuiting base
to emitter while observing collector volfage. The
transistor should stop conduction (cut off, which
should shift the collector voliage close to the supply
voltage. Any difference is due fo current leakage
through the transistor. In general, the smaller the
current, the better the trangistor. If collector volt-
age does not change, the transistor has either an
emitter-collector short eircuit or emitter-base open
circuit.

www.valuetronics.com
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Paragraphs 5-3% to 5-52

5-45. OUT-OF-CIRCUIT TESTING

5-46, The two common causes of transistor failure
are internal short~ and open-circuits. Remove the
transistor from the circuit and use an chmmeter to
measure internal resistance, See Table 5-5 for meas-
urement data,

5-47. COMPONENT REPLACEMENT IN ETCHED
CIRCUITS

5-48, General., Etched circuit boards are sensitive
to heat and to scraiches with sharp objects. This is
because the conduciors are plated on to the circuit
boards and the plating extends through the component
mounting holes. Whenever possible, avoid unneces-
sary component substitution; itcan damage the circuit
board and adjacent components, See Table 5-7 for
recommended tools and materials.

5-49, AXIAL-LEAD COMPONENTS

5-50. Resistors, tubular capacifors and other axial
lead components can be replaced without unscldering.
Cut the eomponent leads near the body of the defective
component, remove the component and straighien the
leads left in the board, Wrap leads of the repiacement
component one turn around the original leads, solder
the connection, and clip off the excess lead.

5-51. OTHER COMPONENTS

5-52. Replace other components as follows:

4. Remove defective component from circuitboard,
Use a low-power soldering ironbecause exces-
sive heat may lift a conductor or damage the
board.

b. Remove solder from mouniing holes with a suec~
tion device or a woodentoothpick. DO NOT USE
A SHARP METAL OBJECT SUCH AS AN
AWLORTWIST DRILL., SHARP OBJECTS MAY
DAMAGE THE PLATED-THROUGH CONDUC-
TOR. :

¢. Shape the leads of the replacement component to
match the mounting~hole spacing,

d. Insert the componentleads inthe mounting holes
and position it as the original was., DO NOT
FORCE LEADS OF REPLACEMENT COMPQ-
NENT INTO MOUNTING HOLES, A sharp edge
on the lead may damage the plated-through con-
ductor.

e. BSclder the componentinplace and remove excess
flux from the soldered areas. Applyaprotective
coating to prevent contamination and corrosion.
See Table 5-7 for recommendations,

5-5



Section V
Table 5-6 and 5-7

Model 4328A

Table 5-3. Out-of-Circuit Transistor
Resistance Measurements
Connect Ohmmeter M
. easure
Transistor .
Registance
Type Pos. Neg. (ohms)
lead to lead to
emitter | base* 200-250
Small
Signal emitter | collector | 10K-100K
PNP
Germa-
i * -
nium emitter base 30-50
Power
. several
emitter collector hundred
emitter | base* 10K-100K
PNP Small
Silicon | Signal very high
emitter | collector| (might
read open)
base emitier 1K-3K
2;2221 very high
collector | emitter | (might
NPN read open)
Siticon
base emitter | 200-1000
Power high, often
collector | emitter | greafer
than IM
* To fest for transistor action, add collector-
base short. Measured resistance should
decrease.

CAUTION

Table 5-6. Safe Ohmmeter Range for
Transistor Resistance
Measurementsg
Open Open
Chm~ Safe Ckt Ckt
meter | Range(s)] Voltage |Current{Color|Polarity
Rx1K 1.0V ImA
HPA12A Rx 10K 1.0V 100uA
1
o Rx100K| 1,0V 100a| o4 *
HP427A -
Rx1M | 1.0V 1 pa | Black
Rx1i0M | 1.0V 0, 1uA
Rx 1K 1.3V [0.5TmA
Rx 10K 1.3V 57 A -
Red
HP410C |Rx 100K} 1.3V 5. TuA Black .
RxiM 1.3V 0. 5uA
Rx10M | 1.3V | 0.05uA
Rx 100 1.1V 1.1mA
RxiK 1.1V 110uA
HP410B |Rx10K | 1,1V 11p4|Blackl +
Rx100K| 1.1V | 1. 1pa| 24 -
Rx1M 1.1V | 0, 11pA
Simpson| Rx 100 1.5V 1mA| Red +
260 Black -
Simpson| Rx 1K 1.5V | 0.82mAjBlack +
269 Red -
Triplett | Rx100 1.5V | 3.26mA
630 |Rx1K 1.5V 32504 Varies with
Serial
Triplett | Rx 10 1.5V T50uLA Number
310 |Rx100 1.5V TH A

5-6

Most ohmmeters can supply enough current
or voltage fo damage a transistor. DBefore
using an chmmeter to measure transistor
forward or reverse resistance, check its
open-circuit voltage and short-cireuit cur-
rent output ON THE RANGE TO BE USED.
Open-cirevit voliage must not exceed 1.5
voits and short-circuit curreni must be
less than 3ma. See Table 5-6 for safe
resgistance ranges for some common ghm-
meters.
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PECTION v
Table 5-7

Table 5-7, Etched Circuit Soldering Equipment
Ttem Use Specification Item Recommended
Soldering Tool Soldering Wattage rating: 37.5 Ungar #776 Handle with
Unsoldering Tip Temp: 750 - 800°F Ungar #1237 Heating Unit
Tip Size: 1/8" OD
Soldering Tip, Soldering Shape: chisel Ungar #PL113
general purpose | Unsoldering Size: 1/8"

De-soldering aid

Unsoldering multi-
connection compenents

Suction device to remove
moelten selder from

Soldapult by the Edsyn
Company, Arleta,

(e.g., tube sockets) connection California
Resin (flux} Remove excess flux Must not dissolve eiched Freon
solvent from soldered area circuit base board ma- Acetone
before appiication of terial or conductor Lacquer Thinner
protective coating bonding agent Isopropy Alcohol {100% dry)
Solder Component replacement Resin {flux) core, high
Circuit board repair tin content {60/40 tin/
Wiring iead), 18 gauge (SWG)
preferyred
Protective Contamination, corresion | Good elecirical insula- Krylon* #1302
Coating protection after soldering fion, corrosion-

prevention properties

Humigeal Protective Coating,
Type 1B12 by Columbia
Technical Corp. Woeodside
77, New York

*Krylon Inc, , Norristown, Pennsylvania

029uH 0.9mO 29mH 9080
1. CORE  9170-0271 1. RESISTOR  0757-0399
(b n
2, COIL (1.5mm% copper wire 9 INDUCTOR 9100-0761
one turn)
Figure 5-2. (0.9m + j1.8m&) Impedance Figure 5-3. (908 + j1808) Impedance

www.valuetronics.com
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6-1.

INTRODUCTION

SECTION VI

REPLACEABLE PARTS

6-2. This section contains information for ordering

replacement paris.

Table 8-2 lists parts in alpha-

numerical order of their reference designators and
indicates the description (see Table 6-1 for abbrevi-
ations used) and -hp- stock number of each parts,
together with any applicable notes.

6-3.

Miscellaneous parts associated with each as-

sembly are listed at the end of each assemblylisting.
Others are listed at the end of Table 6-2.

6-4.
6-5,

6-6.
a.
b.

Section VI

Paragraphs 6-1 to 6-6

ORDERING INFORMATION

To obtain replacement parts, address order or
inquiry to your local Hewleit-Packard Field Office
{see lists at rear of this manual for addresses).
Identify parts by their Hewlett-Packard stocknumbers.

Fo obtain a part that is not listed, include:

Instrument model number.

Instrument serial number.

Description of the part.

Function and location of the part.

Table 6-1. List of Reference Designators and Abbreviations
HEFERENCE DESIGNATORS
A = assembly B = mise electronic part P = phag v = vacuul, tube, neon
B = mgtor F = fuse Q = {ransistor bulb, photocell, ate,
BT = battery FL = filter R = rgsistor YR = vyoltage regulator
C = capacitor J = jack nT = thermistor W = eable
cP = coupler X = relay 8 = switch X = gocket
CR = diode L = inductor T = transformer h'd = erystal
DL = delay line M = metar TB = terminal board
8 = device signaling (lamp) MP = mechanical part F = test point
ABBREVIATIONS

A = amperes H = henries NPN = negative-positive- RMS = rooi-mean square
A.F.C. = automatic {reguency confrol HEX = hexagonal negative RWV = reverse working
AMPL = amplifier HG mercury NRFR = not recommended for voilage
B.F.0. = bheat frequency oscillator HR = hourls) NSR " iiuetlc;ere;)izz::}ment s5-B = slow-hlow
BE CU = bheryllium copper IF = intermediate freg - repl P bl v SCR = gerew
BH = binder head IMPG = impreguated eplaceable SE = gelenium
BP = bandpass INCD = incandescent BSECT = section{s)
BRS = brass INCL = includels) OBD = order by description SEMICON = semiconductor
BWO = backward wave oscillator NG = insulation{ed) OH = gvai head B = gilieon

INT = internal ox = oxide SIL = sgilver
{oCcw = counter-clockwise o 1ile — &L = slide
CER = ceramic B = kilo= 1000 SPG = gpring
CMO = ecabinet mount only LH = left hand P = peak SPL = gpecial
COEF = coefficient LIN = linear taper PC = printed circait 38T = stainless steel
COM = common LK WASH = lock washer PF = picofarads = 10 SR = split ring
COMP = composition LOG = logarlthmic taper {arads STL = steel
COMPL = complete LPF = low pass filter PH BRZ = phosphor bronze TA - tantalum
CONN = connector M = milli = 10-3 PHL = Phillips ™ - time dela

_ = : = > Y

cp = cadmium plate - Ty PIV = peak inverse voltage _
CRT = cathode-ray tabe MEG meg = 10 PNP = posliive-negative- TGL = toggle
oW T remuise MET FLM = metal film Posmw & THD = thread
MET OX = metaliic oxide B/O . Pm of TI = titanium
DEPC = deposited carbon MFR = manufacturer POLY _ P Ivstyren TOL = tolerance
DR = drive MINAT = miniature PoRC o peiys iy}e € TRIM = trimmer
. MOM = momentary = porceimn TWT = traveling wave tube
ELECT = electrolytic MTG » mountin FOS = pogition(s)
ENCAP = encapsuiated & POT = potenifometer
2 MY = 'mylar” ba U = micro= 10-8
BEXT = egternal PP = pegk-to-peak !

- - -G BT = point VAR = varjable
oo e Yo : ngr‘;él}%, ) osed PWV = peak working voltage vDew dc working volts
FILH = f{illister head NE = neon W/ = with
XD = fixed NI PL. = plekel plate RECT = rectifier W = watts

N/C = pormally open RF = radic frequency WV = working inverse
GE = germanium NPO = negative positive zero  RH = round head or voltage
GL = glass {zero temaperature right hand WW = wirewound
GRD = ground{ed} coafficient) RMO = rack mount oniy W/ = without

www.valuetronics.com
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Section VI Model 4328A

Table 6-2
Table 6-2, Reference Designation Index
§ ef‘eren‘ce Stock No. Description Note
esignation
®
1. 5060-0703 FRAME ASSEMBLY
2. 1490-0031 STAND: TILT
3, 5040-0700 HINGE
4, 50800727 FOOT ASSEMBLY
5. 5020-6852 METER TRIM
8. 5000-8565 SIDE COVER
7. 5060-8549 COVER: TOP
8. 5000-8571 COVER: BOTTOM
8. 04328-1042 PANEL: REAR
10. 04328-10021 PANEL: FRONT

6-2
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Model 4328A Section VI
Table 6-2
Table 6-2, Reference Designation Index
Reference Stock No Description Note
Designation T
Al 043047043 POWER SUPPLY ASS'Y AC POWER OPERATION ONLY
043048704 BOARD: BLANK P.C.
AlC1-
A1C300 NOT ASSIGNED
A1C301 0180-0967 C: FXD ALUM 470uF 25VDCW
AL1C302 0180-0756 C: FXD ALUM 22uF 16VDCW
A1C303 0180-0967 C: FXD ALUM 470pF 25VDCW
A1C 304 0180-0756 C: FXD ALUM 22uF 16VDCW
AICRI-
AICR300 NOT ASSIGNED
AICRS301 1601-0230 SEMICON DEVICE: DIODE SILICON 151625 600V 350mA
A1CR302 1901-0230 SEMICON DEVICE: DIODE SILICON 181625 600V 350mA
AICR303 1901-0280 SEMICON DEVICE: DIODE SILICON 181625 600V 350mA
AICR304 1901-0230 SEMICON DEVICE: DIODE SILICON 151625 800V 350mA
A1CR305 1902-0049 SEMICON DEVICE: DIODE BREAKDOWN 6. 19V 400mW
AICR306 1901-0230 SEMICON DEVICE: DIODE SILICON 181625 600V 350mA
AICR307 1901-0230 SEMICON DEVICE: DICDE SILICON 181625 600V 350mA
AICR308 1901-0230 SEMICON DEVICE: DIODE SILICON 181625 600V 350mA
AICR309 1901-0230 SEMICON DEVICE: DIODE SILICON 181625 600V 350mA
AICR310 1902-0049 SEMICON DEVICE: DIODE BREAKDOWN 6. 19V 400mwW
AlQl-
A1Q300 NOT ASSIGNED
A1Q301 1854-0854 TRANSISTOR: NPN SILICON
A1Q302 1854-0003 TRANSISTOR: NPN SILICON SIMILAR TO 2N1711
Al1Q303 1854-0854 TRANSISTOR: NPXN SILICON
A1Q304 1854-0854 TRANSISTOR: NPN SILICON
A1G305 1854-0003 TRANSISTOR: NPN SILICON SIMILAR TO 2N1711
A1GQ308 1854 -0854 TRANSISTOR: NPN SILICON
AIRI-
AIR300 NOT ASSIGNED
AIR301 683-1245 R: FXD COMP 120k 5% 1/4W
AIR302 (683-3925 R: FXD COMP 3. 9k 5% 1/4W
AIR303 0683-5635 R: FXD COMP 56ki: 5% 1/4wW
AIR304 0683-5635 R: FXD COMP 56kQ 5% 1/4W
A1R305 0683-1245 R: FXD COMP 120x0 5% 1/4W
AlR306 0683-3925 R: FXD COMP 3, 9k0 5% 1/4w
AIR307 0683-5635 R: FXD COMP 56k$: 5% 1/4W
A1R308 0683-5635 R: FXD COMP 56k 5% 1/4W
A1R309 0683-3335 R: FXD COMP 33k 5% 1/4wW
MISCELLANEOUS
5040-3304 HOLDER: CAPACITOR 2 REQ'D
See list of abbreviations in introduction o this section
6-3
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Section VI Model 4328A

Table 6-2
Table 6-2, Reference Designation Index (Cont'd)
Relerence Stock No Desecription Note
Designation i
A2 04328-7022 PHASE SENSITIVE VOLTMETER ASS'Y
04328-8702 BOARD: BLANK P.C.

A2C1-

A2C200 NOT ASSIGNED
A2C201 NOT ASSIGNED
A2C 202 NOT ASSIGNED
A2C203 0180-1031 C: FXD TANT 4, TuF 20% 15VDCW
A2C204 0160-1548 C: FXD MY 0. 22uF 10% 200VDCW
A2C205 0180-1081 C: FXD TANT 4. 'TuF 20% 15VDCW
A2C206 0180-1029 C: FXD TANT 1u¥F 20% 15VDCW
A2C207* 0160-2204 C: FXD MICA 100pF 5% 300VDCW
A2C208 0121-0215 C: VAR CER 7-45pF 350VDCW
A2C209 0180-1031 C: FXD TANT 4, TuF 20% 15VDCW
A2C210 01801029 C: FXD TANT 1uF 20% 15VDCW
A20211 (180-1031 C: FXD TANT 4. 7TuF 20% 15VDCW
A2C212 0160-1554 ¢ FXD MY 0.474F 10% 200VDCW
A2C213 0180-0210 C: FXD TANT 3. 3uF 20% 15VDCW
A2C214 0180-1029 C: FXD TANT 1uF 20% 15VDCW
A2C215 0180-1029 C: FXD TANT 1uF 20% 15VDCW
A2C216 0180-1029 C: FXD TANT 1uF 20% 15VDCW
A2C217 0180-1029 C: FXD TANT 14F 20% I5VDCW
A2C218 0160-0127 C; FXD CER 1 uF 20% 25VDCW
A2CR1-

A2CR200 NOT ASSIGNED
A2CR201 1901-0040 SEMICON DEVICE: DIODE SILICON
A2CR202 1801-0040 SEMICON DRVICE: DIODE SILICON
A2CR203 1901 -0040 SEMICON DEVICE: DIODE SILICON
A2CR204 1601-0040 SEMICON DEVICE: DIODE SILICON
A2CR205 NOT ASSIGNED
A2CR206 1901-0040 SEMICON DEVICE: DIODE SILICON
A20R207 1902-3150 SEMICON DEVICE: DIODE BREAKDOWN 9. 09V 2% 400mwW
A2CR208 1801-0040 SEMICON DEVICE: DIODE SILICON
A2CR209 1802-3150 SEMICON DEVICE: DIODE BREAKDOWN 2, 09V 2% 400mW
A2CR210 1602-3172 SEMICON DEVICE: DIODE BREAKDOWN 11V 2% 400mW
A2Q1-

A2Q200 NOT ASSIGNED
A2Q201 1854-0854 TRANSISTOR: NPN SILICON
A20)202 1854-0854 TRANSISTOR: NPN SILICON
A2Q203 1854-0854 TRANSISTOR: NPN .SILICON
A20204 1854-0854 TRANSISTOR: NPN SILICON
A2Q205 1854-0854 TRANSISTOR: NPN SILICON
A2Q206 1854-0221 TRANSISTOR: NPN SILICON PAIR
A2Q207 NOT ASSIGNED
A2(Q208 1854-0854 TRANSISTOR: NPN SILICON
A2Q209 1854-0854 TRANSISTOR: NPN SILICON

See list of abbreviations in introduction to this section
6-4
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Model 4328A Section VI
Table 6-2
Table 6-2, Reference Designation Index (Cont'd)
Ref?renge Stock No, Description Note
Desgienation
A2ZRI1-
A2R200 NOT ASSIGNED
A2R201 0757-0460 R: FXD MET FLM 61.9kQ 1% 1/8W
A2R202 0757-0465 R: FXD MET FLM 100k 1% 1/8W
A2R203 0683-1045 R: FXD COMP 100k 5% 1/4W
AZR204 0683-1335 R: FXD COMP 13kQ 5% 1/4W
A2R205 0683-2035 R: FXD COMP 20k 5% 1/4W
A2R 208 0683-7525 R: FXD COMP 75000 5% 1/4wW
AZR207 0757-0460 R: FXD MET FLM 61. 9kQ 1% 1/8W
ASR208 8757-0465 R: FXD MET FLM 100k 1% 1/8W
A2R209 0683-4735 R: FXD COMP 47kQ 5% 1/4W
A2R210 0683-5115 R: FXD COMP 5108 5% 1/4W
A2R211 0683-5635 R: FXD COMP 56k 5% 1/4W
A2R212 0683-6845 R: FXD COMP 680k 5% 1/4W
AZR213 0683-7525 R: FXD COMP 75000 5% 1/4W
AZR214 0683-1825 R: FXD COMP 18008 5% 1/4W
A2R215 0757-09860 R: FXD MET FLM 33k 2% 1/8wW
A2R216 0757-0461 R: FXD MET FLM 68, 1k 1% 1/8W
A2R217 0757-0461 R: FXD MET FLM 68, 1k 1% 1/8W
AZR218 0757-0960 R: FXD MET FLM 33k 2% 1/8W
AZR219 0683-1035 R: FXD COMP 10k$ 5% 1/4W
AZR220 07570465 R: FXD MET FLM 100k 1% 1/8W
AZR221 0757-0465 R: FXD MET FLM 100k 1% 1/8W
AIR222 0683-8285 R: FXD COMP 82k 5% 1/4W
A2R223 0683-1045 R: FXD COMP 100kf 5% 1/4W
AZR224 0683-2035 R: FXD COMP 20k 5% 1/4W
A2R225* 0698-31860 R: FXD 31.6k 1% 1/8W
AZR226 04328-8619 R: FXD W.W. 430 5%
A2R227 0683-2005 R: FXD COMP 205 5% 1/4W
AZR228 2100-0558 R: VAR 20k 10% 1 /2W
AJR299 2100-0558 R: VAR 20k 10% 1/2W
A2R230* 0698-3161 R: FXD 38.3k9 1% 1 /8W
A2R231 0683-4325 R; FXD COMP 43008 5% 1/4W
A2R232 2100-3252 R: VAR 5k 10% 1/2W
A2R233 2100-0567 R: VAR 2% 10% 1/2wW
A2R234* 0757-0439 R: FXD 6. 81k 1% 1/8W
APR235 0757-0288 R: FXD MET FLM 9. 09k 1% 1/8W
A2R236 0683-3025 R: FXD COMP 3k 5% 1/4W
ASR287 0683-2725 R: FXD COMP 27006 5% 1/4W
AZR238 0683-6815 R: FXD COMP 6800 5% 1/4W
See list of abbreviations in introduction to this section
6-5
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Table 6-2
Table 6-2, Reference Designation Index (Cont'd)
Reference Stock No Description Note
Desgignation : i
A3 04328-7034 OSCILLATOR ASS'Y
04328-81707 BOARD BLANK P, C,

A3CL-

A3C300 NOT ASSIGNED
A3C301 (180-0978 C: FXD TANT 1uF 50VDCW
A3C302 0180-1029 C: FXD TANT IyF 20% 18VDCW
A3C303 0160-1548 C: FXD MY 0. 22uF 10% 200VDCW
A3C304 0160-1548 C: FXD MY 0. 22,F 10% 200VDCW
A3C305 0170-0084 C: FXD MY 0. 068,F 20% 50VDCW
A3C306 0180-1029 C: FXD TANT 1uF 20% I5VDCW
A3C307 0160-1554 C: FXD MY 0. 47.F 10% 200VDCW
A3C308 NOT ASSIGNED
A3C309 (180-1029 C: FXD TANT 1uF 20% 15VDCW
A3C310 0180-1029 C: FXD TANT 1uF 20% 15VDCW
A3C311 0180-1029 C: FXD TANT 1uF 20% 15VDCW
A3C312 0160-0134 C: FXD MICA 220pF 5% 300VDCW
A3C313 0180-1029 C: FXD TANT 1uF 20% 15VDCW
A3C314 0160-1563 C: FXD MY 0.47F 5% 200VDCW
A3C315 01801029 C: FXD TANT 1uF 20% 15VDCW
A3C316 0150-0121 C: FXD CER 0, 1u¥ -20+80% 50VDCW
A3C31Y 0150-0121 C: FXD CER 0. 1pF -20+80% 50VDCW
A3C318 0160-0127 C: FXD CER 1uF 20% 25VDCW
A3C318 0180-1029 C: FXD TANT 1uF 20% 15VDCW
A3C320 0160-1542 C: FXD MY 16500pF 10% 100VDCW
A3C321 0160-1542 C: FXD MY 1500pF 10% 100VDCW
A3C322 0160-1544 C: FXD MY 4700pF 5% 100VDCW
A3CR1-

A3CR300 NOT ASSIGNED
A3CR301 1902-3125 SEMICON DEVICE: DIODE BREAKDOWN 8. 98V 2% 400mW
A3CR302 1901-0040 SEMICON DEVICE: DIODE SILICON
A3CR303 1901-0040 SEMICON DEVICE: DIODE SILICON
A3CR304 1901-0040 SEMICON DEVICE: DIODE SILICON
A3CR305 1901-0040 SEMICON DEVICE: DIODE SILICON
A3CR306 19801-0040 SEMICON DEVICE: DIODE SILICON
A3CR307 . 1901-0040 SEMICON DEVICE: DIODE SILICON
A3CR308 1901-0040 SEMICON DEVICE: DIODE SILICON
A3CR309 1910-0016 SEMICON DEVICE: DIODE GERMANIUM
A3CR310 1910-0016 SEMICON DEVICE: DIODE GERMANIUM
A3CR31: 1801-0040 SEMICON DEVICE: DIODE SILICON
A3CR312 1901-0040 SEMICON DEVICE: DIODE SILICON
A3CR313 1902-3150 SEMICON DEVICE: DIODE BREAKDOWN 9. 09V 2% 400mW
A3CR314 1810-0016 SEMICON DEVICE: DIODE GERMANIUM

See list of abbreviations in introduction to this section
6-6
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Model 4328A Section VI
Table 6-2
Table 6-2, Reference Designation Index (Cont'd)
Reference foons
Designation Stock No. Description
A3CR313 1910-0016 SEMICON DEVICE: DIODE GERMANIUM
A3CR3186 1910-0016 SEMICON DEVICE: DIODE GERMANIUM
A3CR317 1610-0016 SEMICON DEVICE: DIODE GERMANIUM
A3CR3138 1910-0016 SEMICON DEVICE: DIODE GERMANIUM
A3CR319 1910-0016 SEMICON DEVICE: DIODE GERMANIUM
ASCR320 1902-3129 SEMICON DEVICE: DIODE BREAKDOWN 7.5V 2% 400mWw
A3CR321 1902-~3150 SEMICON DEVICE: DIODE BREAKDOWN 9. 09V 2% 400mW
A3SCR322 1902-0559 SEMICON DEVICE: DIODE BREAKDOWN 6,19V 2% 1w
A3CR323 1902-0559 SEMICON DEVICE: DIODE BREAKDOWN 6.18V 2% 1w
A3Q1-
A3Q300 NOT ASSIGNED
A3Q301 1854-0854 TRANSISTOR: SILICON
A30302 18530010 TRANSISTOR: PNP SILICON
A3Q303 1854-0854 TRANSISTOR: SILICON
ABQ304 18540854 TRANSISTOR: SILICON
A3Q305 1854-0854 TRANSISTOR: SILICON
A3Q306 1853-0010 TRANSISTOR: PNP SILICON
A3SQ30T 1854-0854 TRANSISTOR: SILICON
A30Q308 1854-0854 TRANSISTOR; SILICON
A30Q309 1854-0854 TRANSISTOR: SILICON
A3Q310 1854-0854 TRANSISTOR: SILICON
A3Q311 1854-0854 TRANSISTOR: SILICON
A3Q312 1853-0071 TRANSISTOR: SILICON
A3Q313 1853-0071 TRANSISTOR: SILICON
A3Q314 1854-0854 TRANSISTOR: SILICON
A3Q315 1854-0854 TRANSISTOR: SILICON
A3Q316 1854-0854 TRANSISTOR: SILICON
A3Q317 1854-0854 TRANSISTOR: SILICON
A3Q318 1854-0854 TRANSISTOR: SILICON
A3Q319 18540854 TRANSISTOR: SILICON
A3R1-
A3R300 NOT ASSIGNED
A3R301 06853-2735 R: FXD COMP 27kQ 5% 1/4w
A3R302 0683-3045 R: FXD COMP 300k 5% 1/4W
A3R303 0683-1045 R: FXD COMP 100kQ 5% 1/4W
A3R304 0683-1035 R: FXD COMP 10k 5% 1/4W
ASRS305 0683-6225 R: FXD COMP 6, 2k 5% 1/4W
A3R306 2100-3212 R: VAR 2009 10% 1/2W
A3R307 0698-3441 R: FXD MET FLM 2150 1% 1/8W
A3R308 04328-8613 R: FXD W, W, T50mf 2%
A3R309 0B83~5625 R: XD COMP 56008 5% 1/4W
A3R310 0683-6225 R: FXD COMP 6. 2k2 5% 1/4W
A3R311 0683-6225 R: FXD COMP 6, 2k 5% 1/4W
A3R312 0683-21735 R: FXD COMP 27k 5% 1/4W
A3RS313 0685-1235 R: ¥XD COMP 12k 5%1/4W
A3R314 0683-5125 R: ¥XD COMP 5.1k 5% 1/4W
See list of abbreviations in introduction to this section
87
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Section VI

Table -2 Model 4328A
Table 6-2, Reference Desgignation Index (Cont'd)
Reference Stock No Description Note
Designation 3 P
ASR315 0683-6835 R: FXD COMP 68k 5% 1/4W
A3R316 0683-2745 R: FXD COMP 270ks2 5% 1/4wW
A3R31T 0683-6835 R: FXD COMP 68k 5% 1/4W
A3R318 0683-2735 R: FXD COMP 27k8) 5% 1/4W
A3R319 0683-1235 R: FXD COMP 12kQ 5% 1/4W
AB8R320 0683-1315 R: FXD COMP 1308 5% 1/4wW
ASR321 0683-1845 R: FXD COMP 180k& 5% 1/4W
A38R322 0683-1845 R: FXD COMP 180kx% 5% 1/4W
AB8R323 0683-1025 R: FXD COMP 1kQ 5% 1/4W
A3R324 0683-1585 R: FXD COMP 15k& 5% 1/4wW
A3R325 0683-2025 R: FXD COMP 2k 5% 1/4W
A3R326 0683-5125 R: ¥XD COMP 51009 5% 1/4W
ASR327 0683-8225 R: FXD COMP 82000 5% 1/4wW
A3R328 0683-7515 R: FXD COMP 7508 5% 1/4w
A3R329 0683-1325 R: FXD COMP 13009 5% 1/4W
A3RA30 0683-6215 R: FXD COMP 6200 5% 1/4W
A3R331 0683-3935 R: FXD COMP 39x0 5% 1/4W
A3R332 0683-3535 R: FXD COMP 39k 5% 1/4W
A3R333 0683-9125 R: FXD COMP 9. 1k& 5% 1/4W
A3R334 0683-1245 R: FXD COMP 120k0 5% 1/4W
A3R335 0683-1545 R: FXD COMP 150k 5% 1/4W
A3R336 0683-1025 R: FXD COMP 10005 5% 1/4W
A3RS33T 0683-4735 R: FXD COMP 47k 5% 1/4W
A3R338 0683-4'735 R: FXD COMP 47k& 5% 1/4W
ASR339 0683-3625 R: FXD COMP 36008 5% 1/4W
A3R340 0683-1035 R: FXD COMP 10k 5% 1/4W
ABR341 0683-1325 R: FXD COMP 13008 5% 1/4w
A3R342 0683-5125 R: FXD COMP 5. 1k 5% 1/4W
ABR343 0683-1025 R: FXD COMP 10009 5% 1/4W
ASR344 0633-3625 R: FXD COMP 3.6k 5% 1/4wW
A3R345 0688-5625 R: FXD COMP 56000 5% 1/4W
A3R346 0683-1535 R: FXD COMP 15k0 5% 1/4wW
A3R34Y 0683-4335 R: FXD COMP 43kQ 5% 1/4W
ASR348 0757-0968 R: FXD MET FLM 68k 2% 1/8W
A3R349 0757-0960 R: FXD MET FIM 33kQ 2% 1/8W
A3R350 0683-2035 R: FXD COMP 20k 5% 1/4wW
A3R351 0683-2085 R: FXD COMP 20k0 5% 1/4W
A3R352 0683-2235 R: FXD COMP 22k$ 5% 1/4W
A3R353 0757-0968 R: FXD MET FLM 68kQ 2% 1/8W
A3R354 0'75'7-0960 R: FXD MET FLM 33kQ 2% 1/8W
A3R355 (683-3945 R: FXD COMP 390k5 5% 1/4W
A3R356 0683-1035 R: FXD COMP 10k 5% 1/4W
A3R357 0683-1035 R: FXD COMP 10k 5% 1/4W
A3R358 0683-3945 R: FXD COMP 390k 5% 1/4W
A3R359 0683-2225 R: FXD COMP 2. 2k 5% 1/4w
A3R360 2100-0558 R: VAR 20k% 10% 1/ow
See list of abbreviations in introduction to this section
6-8
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Model 4328A Section VI
Table 6-2
Table 6-2, Reference Designation Index {Cont'd)
Reference Stock No Description Note
Designation '
A8T1-
A3T300 NOT ASSIGNED
A3T301 04328-7030 TRANSFORMER :08C
A3T302 04328-7032 TRANSFORMER:
Ad 04328-7024 RANGE SWITCH ASS'Y
A4R]-
A4R100 NOT ASSIGNED
A4R101* 04328-8606 R:FXDW.W. 0.50 0.1%
A4R102* 04328-8626 R:FXDW.W. 1.4770 0.1%
A4R103 04328-8627 R:FXD W.W. 4,940 0.1%
A4R104 04328-8628 R:FXDW. W, 14.850 0.1%
A4R105 04328-8629 R:FXD W. W, 45.60 0.1%
A4R106 04328-8630 R:FXD W, W, 148,80 0.1%
A4R107 04328-8631 RIFXD W.W. 497.12 0.1%
A4R108 0698-2125 R:FXD MET FLM 1.492k2 0.1% 1/4W
A4R109%* 0698-1466 R:FXD MET FLM 5k 0.1% 1/4W
A4R110%* 0698-2126 R:FXD MET FLM 14.11kQ 0.1% 1/4W
A4R111 0698-2042 R:FXD MET FLM 51. 1k 0.1% 1/4w
A4R112* 04328-8621 R:FXD W.W. 560m% 1%
A4R113* 04328-8622 R:FXD W.W. 390mf 1%
AdR114% 04328-8623 R:FXDW.W. 350m& 1%
A4R115% 04328-8624 R:FXDW. W, 340m 1%
AdR116* 04328-8625 R.FXDW.W. 330m® 1%
A4R11T* 0698-3444 R:FXD MET FLM 3168 1% 1/8W
A4R118% 0757-0426 R:FXD MET FLM 1. 10k 1% 1/8W
A4R119% 0757-0290 R:FXD MET FLM 6. 19k 1% 1/8W
A4R120% 0698-3157 R:FXD MET FLM 19, 6k 1% 1/8W
AdRI21* 0'757-0464 R:FXD MET FLM 90. 9k 1% 1/8W
A4R122* 0898-3455 R:FXD MET FLM 261k 1% 1/8W
A4R123* 0698-~3444 R: FXD 316Q 1% 1/8W
A4S1-
A45100 NOT ASSIGNED
A48101 3100-1173 SWITCH RANGE ROTARY
See list of abbreviations in introduction to this section
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Model 43284

Table 6-2
Table 6-2, Reference Designation Index (Cont'd)
Ref(.arem?e Stock No, Description Note
Designation
Ab 04328-7033 MOTHER BOARD
043288708 BOARD BLANK P.C,

ABCI1-

ABC201 NOT ASSIGNED
ABC202% 0160-1550 C: FXD MY 0. 015 4F 10% 100VDCW
ABTI1-

ABT302 NOT ASSIGNED
ABT303 04328~7031 TRANSFORMER:
ABXAL NOT ASSIGNED
ABXAZ 1251-1886 CONNECTOR: PRINTED CIRCUIT 15 CONTACTS
ABXAS3 1251-1886 CONNECTOR: PRINTED CIRCUIT 15 CONTACTS
Ab 04328-7026 POWER SUPPLY: RECHARGEABLE BATTERY OPERATION ONLY

04328-8706 BOARD: BLANK P, C,

AGBBTI-

ABBT400 NOT ASSIGNED
ABRBT401 14200274 BATTERY: 6V .225A~-HR HG SLDR-TAB
ABBT402 1420-0274 BATTERY: 6V .225A-HR HG SLDR-TAB
ABBT403 1420-0274 BATTERY: 6V .225A-HR HG SLDR-TAB
ABBT404 1420-0274 BATTERY: 6V .225A-HR HG SLDR-TAB
ABC1-

ABC460 NOT ASSIGNED
ABC401 0180-0965 C: FXD ALUM 220uF 25VDCW
ABC402 0180-0965 C: FXD ALUM 220uF 25VDCW
AGCRI1-

ABCR400 NOT ASSIGNED
ABCRA401 15010230 SEMICON DEVICE: DIODE SILICON 151625 600V 350mA
ABCRA402 1601-0230 SEMICON DEVICE: DIODE SILICON 181625 600V 350mA
ABCRA03 1901-0230 SEMICON DEVICE: DIODE SILICON 151625 600V 350mA
ABCR404 19010230 SEMICON DEVICE: DIODE SILICON 151625 600V 350mA
ABCR405 1902-3208 SEMICON DEVICE: DIODE BREAKDOWN 15, 4V 5% 400mW
ABCRA06 19010040 SEMICON DEVICE: DIODE SILICON
ABCR407 1801-0230 SEMICON DEVICE: DIODE SILICON 181625 600V 350mA
ABCR408 1801-0230 SEMICON DEVICE: DIODE SILICON 181625 600V 350mA
AGCRA405 1601-02360 SEMICON DEVICE: DIODE SILICON 181625 600V 350mA
ABCRAL10 1901-0230 SEMICON DEVICE: DIODE SILICON 1851625 600V 350mA
ABCRA411 1902-3208 SEMICON DEVICE: DIODE BREAKDOWN 15. 4V 5% 400mW
ABCR412 1901-0040 SEMICON DEVICE: DIODE SILICON

See list of abbreviations in introduction to this section
6-10
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Section VI

Table 6-2
Table 6-2, Reference Designation Index (Cont'd)
Reference Stock No Description Note
Designation '
ABRI-
ABR400 NOT ASSIGNED
ABRA401 0683-6215 R:FXD COMP 6200 5% 1/4W
ABR402 0683-6215 R:RXD COMP 6200 5% 1/4W
ABR403 0683-3335 R:FXD COMP 33k 5% 1/4W
MISCELLANEQUS
5040-0615 HOLDER:BATTERY 2 REQ'D
C1 0160-1235 C:FXD MY 0. 01LF 10% 600VDCW
C2 (1180-0934 C:TXD TANT 100LF 20% 10VDCW
C3-C200 NOT ASSIGNED
C201 6160-1561 C:FXD MET PAPER 4uF 10% 150VDCW
C202-C307 NOT ASSIGNED
€308 0160-1562 C:¥XD MET PAPER 40uF 10% 150VDCW
DSi 1450-0566 LAMP INDICATOR
Fi S 2110-0110 FUSE:CARTRIDGE 0. 1A SLOW-BLOW
Ji 12512357 CONNECTOR:POWER 3 PIN MALE
J2 04260-5028 CONNECTOR:FOR RECORDER
J3 04260-5028 CONNECTOR:FOR GROUND
J4 CONNECTOR:PROBE NOT SEPARATELY REPLACEABLE
PART OF W2 PROBE CABLE ASS'Y.
J5 1250-0318 CONNECTOR:FOR PRORE
M1 1120-0751 METER
R1 0757-0476 R:FXD MET FLM 301kQ 1% 1/8W
R2 0683-4725 R:FXD COMP 4, Tk 5% 1/4w
R3 0683-4735 R:FXD COMP 47k0 5% . 25w
St 3101-0033 SWITCH:SLIDE DPDT FOR 115/230
82 3101-0272 SWITCH: TOGGLE ON-OFF-ON
83 31010273 SWITCH:PUSH BUTTON BATT TEST
3101-0274 KNOB:FOR 82
3101-0295 BRACKET: FOR §2

See list of abbreviations in introduction to this section
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Section VI

Model 4328A

Table 6-2
Table 6-2, Reference Designation Index (Cont'd)
Ref‘erenf:e Stock No, Description Note
Desipnation
T1 , 9100-0735 TRANSFORMER: POWER
T2-17200 NOT ASSIGNED
T201 04328-7029 TRANSFORMER: INPUT
T202 04328-7028 TRANSFORMER: INPUT
Wi 8120-1378 CABLE ASS'Y: POWER
1251-0048 ADAPTER: THREE-PRONG TO TWO-PRONG
W2 04328-7203 CABLE ASS'Y PROBE
04328-7202 CABLE ASS'Y
XAl 1251-0135 CONNECTOR:PRINTED CKT:5 CONTACTS.
X¥1 14006-0084 HOL.DER: FUSE
W4 16143A PROBE CABLE
PROBE ASSEMBLIES
16005A PROBE: CLIP TYPE, TWO FURNISHED
16006A PROBE: PIN TYPE, TWO FURNISHED
18007A TEST LEAD: ALLIGATOR CLIP RED
160078 TEST LEAD: ALLIGATOR CLIP BLACK
MISCELLANEOUS
§370-0254 KNOB: SKIRTED BAR D3/4" BLK.
See list of abbreviations in introduction to this section
6-12
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SECTION VH
MANUAL CHANGES AND OPTIONS

7-1. OPTIONS

7-2. Options are standard modifications performed
on ~hp- instruments at the factory. Model 4328A
Option 001 rechargeable batteryoperationis available.

7-3. SPECIAL INSTRUMENTS

T-4. "Spectals" are standard -hp- instruments that
are modified according fo customer specifications.
A separate insert sheet is included with the manual
for special instruments having electrical changes.
Make the changes specified in addition to any other
changes that are necessary.

7-5. MANUAL CHANGES

T-6. This manual applies directlyto the Model 4328A
with serials 1828405711 and above. The following
paragraphs expiain how to adapt this manual to apply
to later instruments with higher serial prefix, or
earlier instruments with lower serial prefix or
number. Technical corrections to this manual (if
any) are called errata and are listed on a separate
""Manual Changes" sheet supplied with this manual.

7-7. LATER INSTRUMENTS: 1If the serial prefix
of your Model 4328A is above 1828, refer to a
separate "Manual Changes' sheet supplied with this
manual. Locate the serial prefix of your instrument
and make the indicated changes.

7-8. EARLIER INSTRUMENTS {(Backdating Changes):
If the serial prefix or number of your Model 4328A
is 1828J057I0 and below, refer to Table T-1 for
the changes necessary to adapt this manual to your
particular instrument. Locate the serial prefix or
number of your instrument in the table and make the
indicated changes. Note that instrument-component
values that differ from those in this manusl, yet are
not listed in this backdating changes, should be re-
placed using the part number given in this manual.

www.valuetronics.com

Section VII
Paragraphs 7-1 to 7-8

Table 7-1. Backdating Changes.

Instrument

Serial Prefix or Number

Make Changes

723/124-00050 to
~00120

723/724-00121 to
-00210

747/748-00211 to
-00270

810/811.00271 to
-00300

813/814-00301 to
~-00341

818,/819-00342 to
-60440

818/819-00441 to
-0G730

1039/1040 and below
1210 and below

1233 and below

1334-02811 and below

1420 and below
1542704620 and below

1542304850 and below

1542305050 and below

1828J05530 and below

1828J06420 and below

1,2,3,4,5,6,1,8,9, 10,
11,12,13, 14,15,16, 17,
18,19, 20

2,3,4,5,6,7,8,9, 10,
11,12, 13, 14, 15, 16, 17,
18,19, 20

3,4,5,6,7,8,9,10, 11,
12,13,14,15,16,17, 18,
19, 20

5,6,7,8,9,10,11,12,
13,14, 15,186, 17, 18, 19,
20

6,7,8,9,10,11,12,13,
14,15,16,17,18, 10, 20

8,9,10,11,12,13, 14,
15,16,17, 18,19, 20

9,10, 11,12, 13, 14, 15,
16,17%,18,19, 20

10,11,12,13, 14, 15, 16,
17,18, 19, 20

11,12,13, 14,15, 16, 17,
18,19, 26

12,13,14, 15,186, 17, 18,

19,20

13,14,15, 186,17, 18, 19,
20

14,15,16,17,18,19, 20
15,16,17, 18,19, 20
16,17,18,19, 20
17,18, 19, 20

18,19, 20

26

7-1




Section VII Model 4328A

CHANGE 1

Page 6-4, Table 6-2
Add A2CR205, HP Part No. 1901-0040, DIODE:SILICON.
Change A2R201 and A2R207 to HP Part No. 0683-1545, R:FXD COMP 150k 5% 1/4W,
Change A2R202 and A2R208 to HP Part No. 0683-1045, R:FXD COMP 100k 5% 1/4W,
Page 6-5, Table 6-2
Delete A2R238. N - ————.
Change AZR201 and A2R207 {0 150k, | Pro Az | PHASE - SENSITIVE AMPLIFIER ASS'Y (04328-7022)
Change A2R202 and A2R208 to 100k,

Page 8-19, Figure 8-18 !
Replace A2R238 with A2CR205 as shown ]
in partial schematic Figure 7-1. - EE )ng mezz g um
R234
" 3 2l f i
CZEZ CR?E)G CR20S
’9224

Figure T-1. Partial Schematic of A2 Ass'y

CHANGE 2

Page 6-6, Table 6-2
Change A3 Board Ass'y, HP Part No. 04328-7034 to 04328-7023.
Service Note: Board Ass'y 04328-7023 is interchangeable with Board Ass'y 04328-7043,
Page 6-7, Table 6-2
Delete ABCR321.
Page 6-8, Table 6-2
Change ASR342 to HP Part No. 0683-3325, R:FXD COMP 3. 3k 5% 1/4W.
Change A3SR344 to HP Part No. 0688-4325, R:FXD COMP 4, 5k 5% 1/4W.
Change A3R346 to HP Part No. 0683-1045, R:FXD COMP 100k 5% 1/4W.
Page 8-1', Figure 8-14 :
Change a part of A3 schematic as follows:

PAO A3 1 OSCILLATOR ASS'Y (04328 - 7034 )

R34]

CR3I3

REAT

Figure 7-2, Partial Schematic of A3 Ass'y .

Page 6-11, Table 6-2 ‘
Delete C2 100uF connectedibetween Recorder output terminals.

Page 8-19, Figure 8-18
Delete C2, 100uF capacitor.

T-2
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Model 4328A Section VII

CHANGE 3

Page 6~9, Table 6-2
Change A4R112 to HP Part No. 04328-8618, R:FXD W, W. 750m& 0. 2%,
Change A4R113 to HP Part No, 04328-8617, R:FXD W.W. 490m® 0, 2%.
Change A4R114 to HP Part No, 04328-8616, R:FXD} W. W. 430m® 0. 2%,
Change A4R115 to HP Part No, 04328-8615, R:FXD W.W. 414m® 0. 2%,
Change A4R116 to HP Part No. 04328-8614, R:FXD W. W. 406m® 0. 2%.

Service Note: These five resistors mentioned above are not separately replaceable.
If necessary, replace all five resistors as a set to the values shown in this manual,

Page 8-17, Figure 8-14
Change A4R112 to 750mQ, A4R113 to 490m€, A4RI114 to 430m8), A4R115 to 414m
and A4R116 to 406mf.

CHANGE 4

Page 6-6, Table 6-2
Change A3C318 to HP Part No. 0180-1029, C:FXD TANT 1uF 20% 15VDOW.

Page 6-7, Table 6-2

Change A3R303 to HP Part No. 0683-3945, R:FXD COMP 390k 5% 1/4W.

Change A3R304 {0 HP Part No. 0683-3935, R:FXD COMP 39k& 5% 1,/4W.

Change A3R305 to HP Part No. 0683-1035, R:FXD COMP 10k 5% 1/4W,

Change A3R310 to HP Part No. 0683-1535, R:FXD COMP 15k 5% 1/4W.

Change A3R311 to HP Part No. 0683-5125, R:FXD COMP 5. 1kQ 5% 1/4W.

Change A3R313 to HP Part No. 0683-6835, R:FXD COMP 68kf2 5% 1/4W.
R

Change A3R314 to HP Part No. 0883-1235, R:FXD COMP 12k 5% 1/4W.

Page 6-8, Table 6-2
Change A3R323 to HP Part No. 0683-3325, R:FXD COMP 3. 3k 5% 1/4W.

Page 8-1%, Figure 8-14
Change A3R303 to 390kz, ASR304 to 39k, A3R305 to 10k, A3RS310 to 15kQ
A3R311 to 5. 1kf2, A3R313 to 68k, A3RS314 to 12k and A3R323 to 3. 3kL2,

2

CHANGE 5
Page 6-4, Table 6-2
Change A2C207 to HP Part No. 0140-0194, C:FXD MICA 110pF 5% 300VDCW,
Service Note: See "CHANGE 9",

Page 6-5, Table 6-2
Change A2R238 to HP Part No. 0683-4715, R:FXD COMP 4708 5% 1/4W.

Page 6-6, Table 6-2
Delete A3C322.

Page 8-19, Figure 8-18
Change A2C207 to 110pF and A2R238 to 4708,

Page 8-17, Figure 8-14
Delete A3C322,

CHANGE 6

Page §-7, Table 6-2
Change A3R304 to HP Part No. 0683-2035, R:FXD COMP 20k 5% 1/4W,
Delete A3CR322 and A3CR323.

Page 6-8, Table 6-2
Delete ASR360.

Page 8-17, Figure §~14
Delete ASCR322 and A3CR323.
Change A3R304 to 20k%2,
Delete ASR360 and replace with a short eircuit.

7-3
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CHANGE 7

Page 6-3, Table 6-2
Change AICR305 and A1CR310 to HP Part No. 1902-3110, DIODE:BREAKDOWN 5. 8V 2%.

Service Note: Use 1902-0049 for replacement.

Page 8-21, Figure 8-20
Change the statement of A1CR305 and A1CR310 to 5. 3V,

CHANGE 8

Page 6-5, Table 6-2
Change A2R230 to HP Part No. 0757-0199, R:FXD MET FLM 21. 5k 1% 1/8W,
Change A2R234 to HP Part No. 0688-3155, R:FXD MET FLM 4. 64k 1% 1/8W.

Page 8-19, Figure 8-18
Change A2R230 to 21. 5k and A2R234 to 4. 64k0.

CHANGE ¢

Page 6-4, Table 6-2
Change A2C207 to HP Part No. 0140-0204, C:FXD MICA 47pF 5% 300VDCW.

Service Noute: If the accuracy on the 100 Range does not meet with specifications
when a sample under test has a series reactance up to two times full scale resis-
tance, proceed following adjustments:

1) Adjust A2C208. '
2) Change A2C207 to a value between 47pF and 91pF.
3) Change A5C202 to a value between 0. 020uF and 0. 0244F,

Page 8-19, Figure 8-18
Change A2C207 to 47pF.

CHANGE 10

Page 6-2, Table 6-2
Change HP Part No. of METER TRIM to 5020-0704.
Change HP Part No. of SIDE COVER io 5000~0703,
Change HP Part No. of COVER:TOP to 5070-070%.
Change HP Part No. of COVER:BOTTOM to 5000-0711,
Change HP Part No, of PANEL:REAR to 04328-1022,
Change HP Part No, of PANEL:FRONT to 04328-1021.

Page 6-11, Table 6-2
Add AT; 04328-7035, POWER SWITCH ASS'Y.
Add ATR1-ATR403; NOT ASSIGNED.
Add ATR404; 0757-0476, R:FXD MET FLM 201k0 1% 1/8W,
Add ATR405; 0683-4725, R:FXD COMP 4. Tk® 5% 1/4W.
Add A7S1; 3101-0247, SWITCH:POWER PUSH BUTTON UEG-42L.
Add A7S2: 3101-0249, SWITCH:BATT TEST PUSH BUTTON UEG-421.

Delete R1; 0757-0476, R:FXD MET FLM 301kQ 1% 1/8W.
Delete R2; 0683-4725, R:FXD COMP 4. Tk 5% 1/4W.

Delete R3; 0683-3335, R:FXD COMP 33k 5% 1/4W.

Delete 82; 3101-0272, SWITCH:TOGGLE ON-OFF-ON.
Delete S3; 3101-0273, SWITCH:PUSH BUTTON BATT TEST.
Delete DS1; 2140-0015, LAMP:NEON NE-2H.

Add DS1; 1450-0048, LAMP:LIGHT-IND, RED.

Page 6-12, Table 6-2
Change HP Part No. of Wi; CABLE ASS'Y:POWER to 8120-0078.
Add W3; 04328-7202, CABLE ASS'Y.
7-4 Delete XAl; 1251-0135, CONNECTOR:PRINTED CIRCUIT 15 CONTACTS,
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CHANGE 11
Page 6-2, Table 6-2,
Change HP Part No. of METER TRIM to 5060-7633.
Change HP Part No. of PANEL:FRONT to 04328-1121.

Page 6-12, Table 6-2

- - e EIN
OfciWHTN!Q FROM A1(6)
LD T meesvio FROM A1 01D
=ROM A t10)

[of N,
i WHT/REDS BLY

Change HP Part No. of CABLE AS8'Y PROBE WITH CONNECTOR:MINT

GRAY to 04328-T127.
Delete 16143A PROBE CABLE,

CHANGE 12

Page 6-9, Table §-2,
Add A48101; 3100-1134, SWITCH:RANGE ROTALY.
Delete A4S101; 8100-1173, SWITCH:RANGE ROTALY.
Add A4R102; 04328-8607, R:FXD W.W. 1.50 0.1%.
Add A4R103; 04328-8608, R:FXD W.W. 5 0.1%,
Add A4R104; 04328-8609, R:FXD W, W, 152 0.1%.
Add A4R105; 04328-8610, R:FXD W.W. 500 0.1%.
Add A4R106; 04326-8611, R:FXD W. W, 1500 0.1%.
Add A4R107; 04328-8612, R:FXDW. W, 5002 0.1%.

Add A4R108; 0698-1465, R:FXD MET FLM 1.5k% 0.1% 1/4W.

Add A4R110: 0698-1467, R:FXD MET FLM 15k 0.1% 1/4W.

www.valuetronics.com
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Delete A4R102; (4328-8626, R:FXD W.W, 1.4472 0.1%.
Delete A4R103; 04328-8627, R:FXD W. W, 4.94Q 0.1%,
Delefe A4R104; 04328-8628, R:FXD W.W, 14.850 0,1%.
Delete A4R105; 04328-8629, R:FXD W.W. 49,60 ¢.1%,
Delete A4R106; 04328-8630, R:FXD W. W, 148, 8% 0.1%,
Delete A4R107; 043288631, R:FXD W, W, 497,10 0.1%.
Delete A4R108; 0698-2125, R:FXD MET FLM 1.492k0 0.1%.
Delete A4R110; 0698-2126, R:FXD MET FLM 14, 11k2 0. 1%.

CHANGE i3

Page 6~5, Table 6-2,
Add A2R228; 2100-1777, R:VAR W.W. 20kQ LIN 5% 1w,
Add A2R229; 2100-1777, R:FAR W.W. 20k0 LIN 5% 1w,
Add A2R232; 2100~1775, R:VAR W, W. 5k2 LIN 10% 1/2W.
Add A2R234; 0757-0439, R:FXD MET FLM 6. 81k 1% 1/8W.
Add A2ZR230; 0698-3161, R:FXD MET FLM 38, 3k0 1% 1/8W.

Delete AZR228; 2100-1948, R:/VAR W.W. 50k LIN 5% 1w,
Delete A2R229; 2100-1948, R:VAR W.W. 50k0 LIN 5% 1w.
Delete A2R232; 2100-1777, R:VAR W.W, 20k LIN 5% 1w.
Delete AZR234; 0757-0283, R:FXD MET FLM 2k% 1% 1/8W.
Delete A2R230; 0757-0959, R:FXD MET FLM 30k 2% 1/8W.

CHANGE 14

Page 6-4, Table 6-2,
Delete AZC218; 0160-0127, C:FXD CER 1uF 20% 25VDCW.

Page 4-7, Figure 4-5,
Delete A2C218,

Page 8-19, Figure 8-17,
Delete A2C218.

Page 6-7, Table 6-2,
Change A3CR322 to HP Part No, 1902-3110, DIODE BREAKDOWN 5.9V 400mwW.
Change A3CR323 to HP Part No. 1802-3110, DIODE BREAKPOWN 5. 9V 400mW.
Change A3Q312 to HP Part No. 1853-0010, TRANSISTOR:SILICON.
Change A3Q313 to HP Part No. 1853-0010, TRANSISTOR:SILICON,

Page 8-17, Figure 8-14,
Change voltages of CR322 and CR323 to 5. 9V.

Page 6-2, Table 6-2,
Change HP Part No. of PANEL:FRONT to 04328-1221,

Page 6-11, Table §-2,
Change DS1 to 2140-0015, LAMP :NEON NE-2H.
5040-0234, LAMP:HOLDER FOR DSI.
5040-0235, LAMP:HOLDER FOR DSI.
Change R3 to HP Part No, 0683-3335, R:FXD COMP 33kQ 5% 1/4W.

7-6
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CHANGE 15
Page 6-4, Table 6-2, Page 8-19, Figure §-17,
Change A2C207 to HP Part No. 0140-0193, C:FXD MICA 82pF 5% 300vDCW,
CHANGE 16

Page 6-4, Table 6-2, Page 8-19, Figure §-17,

Change A2C207 to HP Part No. 0160-2204, C:FXD MICA 100pF 5% 300VDCW,

CHANGE 17

Page 6-4, Table 6-2, Page 8-18, Figure 8-1,
Change A2C207 to HP Part No, 0140-0191, C:FXD MICA 56pF 5% 300VDCW.

CHANGE 18

Page 6-5, Table 6-2,
Change A2R228 to HP Part No, 2100-3253, R:VAR 50k 16% 1/2w,
Change A2R229 to HP Part No. 2100-3253, R:VAR 50k 10% 1/9w,
Change A2R232 to HP Part No. 2100-0558, R:VAR 20k 10% 1 /2w,
Change A2R233 to HP Part No. 2100-0567, R:VAR 2k0 10% 1/2w,

CHANGE 19
Page 6-4, Table 6-2,
Change A2Q209 to HP Part No. 1854-0071.

Page 6-7, Table 6-2,
Change A3Q301 and A3Q308 to HP Part No, 1854-0071.

CHANGE 20
Page 6-3, Table 6-2,

Add A2R225; 0683-2035,
Add A2R228; 2100-3253,

R:
R:
Add A2R229; 2100-3253, R:
R:

Add AZR230; 0757-0453,

Add A2R232; 2100-0558, R:
Add A2R234; 07570283, R:

Delete AZR225; 0698-3160,
Delete A2R228; 2100-0558,
Delete A2R229; 2100-0558,
Delete A2R230; 0698-3161,
Delete A2R232; 2100-3252,
Delete A2R234; 0757-0439,

www.valuetronics.com

FXD 20k$ 5% 1/4W.
VAR 50k$ 10% 1/2w.
VAR 50k$2 10% 1/2W,
FXD 30.1kQ 1% 1,/8W.
VAR 20k 10% 1/2w,
FXD 2k 1% 1/8W.

: VAR 20k$ 10% 1/2W.
: VAR 20x0 10% 1/2W.

: VAR 5k0 10% 1/2w,

M

T FXD 31,650 1% 1/8W.

: FXD 38.3k%2 1% 1/8W.

: FXD 6, 81k0 1% 1/8W,

Section VII
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Model 4328A

Section VIII
Paragraphs 8-1 to §-13

SECTION VI
TROUBLESHOOTING AND CIRCUIT DIAGRAMS

8-1. INTRODUCTION

8-2, This section contains troubleshooting instruc-
tions, schematics, and component locations for the
milliohmmeter.  Also included is an overall block
diagram that indicates the location of test point in the
instrument.

8-3. Reference designations shown within circuit
cardoutlines are abbreviated. To find the part in the
Reference Designation Index, use the full reference
designation. For example, R305 on the A3 Oscillator
Assembly is listed as A3R305.

8-4. The Schematic Diagram Notes in Figure §-1

pertainto all the schematics, Additional notes on the

schematics indicate test conditions, and  special
information for use when maintain the instrument.

8-3. TROUBLESHOOTING

8-8, Table 8-1 is the Overall Troubleshooting chart
for the millichmmeter, Procedures for isolating cir=-
cuit malfunctions io specific stages are based on the
uge of the YEW Type 2782 Standard Resistors and
YEW Type 2786 or GR Model 14327 Decade Resistance
Box and the calibrationprocedures in Section V. The
information obtained when calibration is attempted is
used to troubleshoot the instrument.

§-7. Table 8-1 contains references that direct the

user to the detailed troubleshooting charts, Table §-2
through 8-10. The detailed charts refer the uger to
transistor stages. In a few instances, specific parts

www.valuetronics.com

are called outas being possible causes of circuit mal-
function, however, the troubleshooting charts are not
intended to locate specific parts that have failed,
They are intended to locate only malfunctioning siages.

§-8. SCHEMATICS

8-9, The schematics contain signal routing informa-
tion, nominal voltage levels, and notes that assist in
understanding the circuit. They are laid out to show
electrical operation, and are not intended as wiring
diagrams.

8-10. Component location photographs next to the
schematics indicate the physical location of parts.
Test points are also shown.

8-11. TFactory selected parts are indicated by an
asterisk. These are components that generally dre
instailed to fulfill circuit operation requirements,
They may be the nominal value, or theymay be some
value close to nominal. In any case, if the component
fails, circuit operation should be verified after these
components are replaced.

8-12. Component values are shown as follows unless
otherwise noted. Resistance in ohms, capacitance
in microfarads and inductance in microhenries.

8-13. Wire color is indicated as WHT/ YEL / VIO,
First color identifies ground color, second color
ideniifies wide stripe, third color identifies narrow
stripe,

8-1



Section VIH

Model 43284

Figure 8-1
SYMBOLS SWITCH DESIGNATIONS
FRONT PANEL
F= REAR PANEL
KNOB CONTROL A3SIBR(2-1/2)

O
@

SCREWDRIVER ADJUST
MAIN SIGNAL PATH

FEEDBACK PATH AZS]
CONDUCTING ELEMENT

WIPER MOVES TOWARD ""CW'" WHEN
CONTROL 15 ROTATED CLOCKWISE

B 2ND WAFER FROM FRONT
FPOWER LINE GROUND {A=1ST, ETC)

CIRCUIT COMMON GROUND

TEST POINT

] REAR OF WAFER
{(F=FRONT)

ANDY GATE

INFHIBIT GATE

TERMINAL LLOCATION (21}

-1/2 -
(2-1/2) (VIEWED FROM FRONT)

SORY GATE

WAVEFORMS SHOWN ARE TYPICAL

SWITCH 81 WITHIN ASSEMBL.Y A3

REFERENCE DESIGNATIONS

REFERENCE DESIGNATIONS WIiTHIN ASSEMBLIES ARE ABBREVIATED,
ADD ASSEMBLY NUMBER TO ABBREVIATION FOR COMPLETE DESCRIPTION.

ASSEMBLY ABBREVIATION COMPLETE DESCRIPTION
AZS Ct AZ5CH
AZBA CRt AZBAICR!
NO PREFIX J3 J3

Assembly Stk No.  Assembly Series No,

Assembly Assembly {includes A2541 fused to documeant
Number Name Assembly} changes)
A

~Al RECTIFIER ASSY

72 mountsd on Rectifier (05100-6033) 713 not mour:!cc#_
Assembly A2S ! Assembly - ! o Asgembly A25
Numbers indicare Part of A28 [
Pins of J2 \I . |
RGN T o WHT-ORN-GY RED ' +6.3V
L)
(1 26y Lia l ASPIS)
; ' el |
i ! i2 . 8 Qt 4.3V supplied
5 3 8 GY dl BLK k from J3 to Pin 4§
, = af P1on
Transformer I Assembly AF
Ferminal Conmector A25XAL
Numbers I ! Pin Nombers i

8-2

Figure 8-1. Schematic Diagram Notes
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Section VII
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Figure 8-3

500uV/cm

www.valuetronics.com



1NdiNG
AACA003

/

Z-§ SIndLy
IIIA UOTI0eg

IUYNDIS NOLLVSNIGWOD T13A7 26

=}

@ 8

L=}
£

glak

i

I

3ONVE

1015

P D R D S

o

Ll HOVLIOA L

dli INIBENG

1€

2023

TTTER gel " Tf o T R
& & _
i

502D

BOLY NOON
1
._8 .

3 E 5 _I % 4

! s i fo

! oo - 14 V-3 3
e

N

BOZH/9028 cozyy/2oRE | S0zZ0 - 102 D

Ll S TG 80103130 d
3TN
24 A5vHd ov
(s
1
N [CACT RS FAS 2]
. _ ASSY ¥3EIdWY IALLISNTS I5vHd | 2V

X3

<

dlL SV LI0A

hy

cll LNIHSEN0

g

hY3
r%.m mo\_mo

EOEL

LY

)
1020

Wit

www.valuetironic#com ® o+



www.valuetronics.com



it

m {zogL ANV} A LUOHS SAI0¥d
HO SALOUd NAJO AT NAAT o
HOJ MDHHD OL SHOD ga1dW
(2081 ANV)
HEOU
aovidy o ave
HO dIvdEy
60~
Y mmmomogssosns ¢ % "d L gy == AO ==y
SIWHOITAVM MDEHD
{ATIVNINON
AST- ‘ARTH) _
310 ATddANS HEMOdJd NOLLOETAHI ON
AUALLVE
‘HSNA MOHHD
01-8 ¥O
6~8 FTAV.L
ATddNs Hamog = dve =
SMDHHED
v
”M&( R
o)
ave NOLLYHLIIVD
= ML VHAITVORY ‘SLOTTIAT MILAW
30
S % d'LEv
SIWHOLTAVM MDHHD hile)
ALVHAITVY 1.NOM
gEZUEY LSNrAav
aNy uomup "= Ave =
ATHAIOUT OHEZ
VY o SNOTLONLA s SE() = Y OINL O T SO
INHENNYLENT MOAED

LEey1 TECONW ¥D HOo
9848 HdAL MHIA NV
2848 HdAL MHA HSO
NOLLYYE4ITVD HDEHD

ONILOOHSIATENOYL TIVHIAD VaIEY

1-8 3749Vl

V8eey T9PCIN

www.valuetronics.com



V8ZETY 19po

ASSY 2y

1020

MOLA [ERIDSIUL HOT] VALY 19POIN

rav svig 280 ravIEAdT 080
Qggy g0Ld

"¢~§ anI,g

ASSY £V

copm—— ey

LR

oel Z0E.L

9-g pue g-g seandLg
1IIA uoT}Ieg

www.valuetronics.com



Li7W & A0 Vb (I3

HALIWLICA
HAOOBOTIIOSG
QFEHINOHAY SINIWAYLENT LSHL
SSHION
L8 HTEV.L
HUIAFTINY Jd
UNV 4OLOHIAJ
ASVHd GNV
-8 HIHV L e V] wemay
JOTd -dITA
SOHEHD

8-8
(INV 4-8 3TdVYL
HOLYINAONW dNY

WALATTAWY o LVE ==
MOTHO
TALAN —
goviaza T Ave
MALAN o o
somEn A0

MOHHIEY ANV
DNINNIDH G o 3] mmsmcat
Od NHALHY

-8 21qe,
1A UORO9S

FPI 'd "L @Y e HO wo
WHOAHAVM
MOHHD

€1 ‘B1 "d L 2 e () e
SIWHOAZTAVM IDFHD

g-8 EIdY.L
HOLVINTOW INY

8 'd LTV
WUOAHEAVM HOHHD

W s

-8 HIdVL
HALEITANY =
HALLISNIS

dSVHJI MOHHD

§-8 O.L
g-8 HIdV.L

HJOLVYTIIOE0 MOHHD

6 'd L BV e O ey

NHOIIAVM
HOIHD

ayvod
HHHLOIN wssmarsn (] Y EE romamesd
HOHHD

(2081 ANV)

SHEO0Yd NEIdO

HOAd MOTHD

Ld’
WHOAHAVM 3T

5-80

¢-8 HdvV
UOLYTIIOS
ADEH

ICS.com

www.valuet



www.valuetronics.com



SIIV.INOD
H00od

Xi4

ANV ONI4

v (EH o

S LALLLEENS
HNIOIIad

A9 NHAOQ rwea () oo
HOJd 2280
‘108D MOAHD

SLNINOJINOD
ALTINVY

govidgu o IV ==
_ aNY SIDEHD
SILNANOIWOD YOLOATTION 908D LV
ALIOVA .l. HOVLTOA SIOEHD __ ¢
govidmy - Ve 1021 0 =
(INY QNI Z08L ‘T0SL MOHHD
, @ ey
F050 ‘gogh
‘2080 ‘108D .
40 TIATT WHOATAVM IOTHD
oa SIOFHD
LINDUID
YOLVTITIOSO NO mzw%mwmmm
SNOLLOENNO ) = SO e ; s (YL e
£26D ‘77U
TAATOS A
IV MOHHD
JINENOIHWOD ,
INANOANOD mwwmmwm A
ALINY A e (VE] s
FOVIdAN
SINANOJWOD NEJO HOA
ALTAVI v [V o e ZOSHD ANV e
FOVIAAH 098 MOEHD
O SHIALILSENS
_ O T e SO o  DNIDAWE AS __ |
B A NAJO HOJ
¢08 H 2280 MOHHD
SIDHHOEY ANV
DONINNIOET == S0 s
0L NHQALEY clokie ict: QNI
HO HIVAHY
1 XSSV ETIEVO HEOHMd
2L0L~8ZETF0-TM MOTHD #
SMOHHOEY ANV
ONINNIDT Y wes SO s

OL NYOLEY"

LSUid
WHLI STHL ¥O0HHO «

€A LHOHS
. SEF0UJ AT NHAH oo

O.L SF0D YR LIAW)
NOILVTIION0 ON

ONILOOHSINEaNOYL EY O/d JOLVTLIOSO

-8 31avl

Y83E¥ 1OPCIN

www.valuetronics.com



V82EY 1OPOI

MBIA (PUISRU] JBOY VEEZER I9POW  L-§ 2andlg

tr | 4

er

L8 9andLd
[IA uonoeg

www.valuetronics.com



(d '£7) ¢V IV INdLNC FHL DNIHOLINOW ANV SUviT
RAONI AEL ATIIVININON HONINGJO A9 AFSIDIHD 59 AV

NOLLOV ¥EDHORLL LIINHOS ‘NOILVHHJO TYIWHON DNIMAC AOVIIAY ANV
INFNOJIO D mesmer (T omomess
"HLON ALINVE AIVUL
ﬁ _o1eMd
SLNANOANOD _608MD “OTED VIA ___ v o
ANV LAJANI 8080 ANV
govIany = AV = TAATT O OAHD
ANV NI
SINANOJNOD TAAdT ° £V
, , 5 $1ALNO
ALV = AV wm o OT SLLILIO s 510 e
SV HINVS
. L TS0 ANV 5165 e @ ey
016® MOTHO X _ o
any axta — Ive 2 'd"l eV
MO ITAVM IDTHD
TTEHD __
stogHn = A0 = o
ADHAHDAY ANY YOLVTTIOSO Al
ONINNIDAE ==em 31O e ([ e
o1 NBA T NOLLDENNOD NAJO
N AOd SIDTHD

ONILOOHSZTEN0YL 8V O/d H3991dL LLIWHOS
£=8 I1GVL

g~g ‘g~8 9IdEBL
HIA UonR2ag

www.valuetronics.com



www.valuetronics.com



INENOJIWOD

ALV L amon ( T ey

ADVIdHEY ANV ADHAHO

0Zg¥D ‘6TIEUD
LISHD MOHHD

HOLDATTOO ANV
SV 6180 LY = M0 =
ADVLIOA IDHHED

auvod
HALLDEAAT
HIVdEY ONV
ININOJIIWO O avd
ALINVA
HOvVIdHd

HOFHOHEY ANV
DNINNIDH € e SO o
QL NYALHY

HOLOHTTIOON NV

EININOJWO D
ALTINVA
AIVIdTY
NV HOHHD

SV 8IED LV == JO ™
HOVLTOA MOAHAD

INENOJNOD ALTIAVA

HOVIdEY ANY MoEHD T AVETT

NOILLDENNOD advOod

NHJIO 80
81£D NHJO
oA MOHEHD

HUOLOITION ANV
HASVH LTED LV o S s
FOVITOA HOHHD

SNILOOHSITENCHL £V O/d d0O1

o
& 'd'LEV
WHOAHAVM ADHHD

d-di1d
¥-8 3149vVL

V8EET 19POIN

www.valuetronics.com



Lyx % 20208V mo.m._, EVX GY

MDA TRUISIUY JYSTY V8L 19PON  "g-8 oandig

ray 3svHdg Uwi OV Od4Z ray N
BOZO Bocd rAA-!

MOV LNGLO0 D34 POY 5-4 .
ASSY 1Y AESY av £eZH gacd 1024

§~8 pue g-8 aandig
V8Zey 19POIN HIA Uonoeg

www.valuetronics.com



12690 ‘SIRUD
SEIMAINS HAMOd ADAHD

LOEUD - £0€YD

OL NOILOHNNOD
TEVOd Od ANV
L¥EY 9%ed MOWHD

G- ‘p-g BIqEL
HIA uonoeg

[IRIY  4 S pr——

SLNANOJIWNOD

ALInvd
AV 1A
MOIHOTY ANV
ONINNIDRH
0L NYNLAH
SINANOJNOD
ALTOY A oo (FYH conons
ADVIJAY
GIEHD ‘FILUD
‘9180 MOHHD
HOLIFTIOD
SIED ‘PIED LV mme N0 i
SEOVIICA F0HHD
SINIENOJIINOD
ALINVA
BOVIdAY
ANy IOTHD

wwsee {3 S g

et STC} iy

T EATT O MoFHD T A0

ZIeh ‘gegy
*ZISHD SIDHEHD ave

£180 40

°m<

9 'd\LEv

TEATT OA ANV
WHOATAYM MDTHD

ONILOOHSIENOUL €V O/d HALLIAL

-8 319Vl

www.valuetronics.com



www.valuetronics.com



GUGTL ™ Y L e
MOTHD
i p—— F—s1arat ba sty =0
HOVIANY
B0ED e 51
stoaH T 0
SOHHOWHY
anv
ONINNIDHE wmem HO e
DL NHALIY
e 3] ey
2081
‘HOLOANNOD = (VE e
SOHHO
AL e
00
8 L 'd'Lgv
SWHOJTAVM SIOTHO
ATHEJOUd
SNOLLONAA s Q) oo
O LVIAAOW

ONILOCHSINENOWL 2V 0/d HOLYINAOW

8-8 F18VYL

g1 "¢l 'd'L gV T
SWHOIIAVM HOHHD

9-8 BIIVL

ol runLay - dvE ==

v

01 'd L ¢V
WHOJHIAVM ADHHD

ONILODHSITENCHL 2V O/d HI4NdIAV D0 ONV ¥0L23130 3ISYHd

2030
‘1081 ‘102D ‘g0El
‘0080 ‘1 ‘6 gy Ve
YO LOHENNOD YOFHO

SLNINOAINOD
AL TNV e ([ s
HOVIdHY
020
| S ‘COED L0LO A0 v FO s
5020 40O STHAMT DU M2FHD
THAAT OQ ANV
@ CY e IO e

01 'd°LEV
WHOATAVM IDHHD

i-8 378Vl

o~
L 'd'L gV
WHOSHAVM MDEAHD

SNILOOHSITENOM L 2V O/d HIENJINY 2V

g-8 318VL

V8eey 19pOoI

www.valuetronics.com



V8eey [9PON

paeog 5d A1ddng xemod V8Eey 18P0 "QI~g e4ndig

07-8 8IndLg
TEIA HOT}D9g

www.valuetronics.com



7S ANV
ALAN SIOTHD

e 3]0

SLNENOJINOD
ALTINVA
HOVTIdHY
ONV MDHEHD

g~8 UInoayy g-g SLIUEL
II1A U095

61 "d 'L 2V
oz ALY A Y ML T DO oy

HOHHD

STHAHET 04

- 80D OHAHD

INANOdWOD
ALV o (16T e
goviagy o
ANV JOHHO

ENINOJWOD
ALTINVA
HIOVIdHY
NV ONI4
HOLJHNNOD
IOHEHD

e (B H

SFTHAHET

O B0 e, Y0

/9020 ©
SDHEHD

SLNENOJINOD

AI1AVd SogHn - AVE=

eT g1 'd'L v
SINEOITAVM IDTHD

SINENOANCO

AL TNV s (] V' e
HAOVIdAE

$020 20t

_ ‘1020 4

STIAAT [

HOAE
e 2V

T1 ' I g oo 3O momn

INHOATAVM
SOAHD

%1

an

ani

www.valuetronics.com



www.valuetronics.com



£0E0
CEOVIIHY === AV ==
NV MDHHD
DNE 1080 LV __ ey ]
YA TUNSYAN

HOLDATION £08D LV
ADVITIOA FHNSYEN

HHOM

LINJYUID = L:NOQ

NIMovE  ATTddAs
SOEUD Lid
08D __ HOM
HOvIdaa - ATddNS
K14
any angg ~ LHOHS ==

JHOHS ON s

SOEH D
HACOWHYH

A1d4408
THLYOHS
HOJd JDIHD
avoT ¥3A0

ZOED AL INVA —
FOVTIIHY ANV MOHHD

‘MNYS §

I ONIAVIY A1

SINANOJWOD
ALTINY I e TV e
FOVIIAY
zosd avd
e (GO s NOTL VT D e
MOHHD ART OL AZT
£0£D
‘08l 105 w3 =
ADHHD
FOSHD AD
~ 10892 ‘10€D
HAWYOASNYYL T ]
‘g8nd MOHEHD
AG0 >
—_ 10€D SSO¥OV __|
[~ @OVITOA THNSYVIN
AZT >
GOEHD SSOHOV ___|
ADVILTIOA HYNSVHEN
ABZ ~
AG0<

ONILOOHSITENO0oYL AlddIS ¥3AMOd

{(IHM "'HEy/LEM)
Quvod HIHLOW
AddNs

ASTF HUNSVINW

6-8 I78VL

V8rey ISPON

www.valuetronics.com



V8GEY 19POIN

-preod od Addng xamod pO-IN VBZEY [PPOW  “11-g 9anSig

11-8 aan5ig
1A uojoeg

www.valuetronics.com



{Z1} HOLOANNOD
ANV 93 LIINA

MHIALLOEY
DAY ANV
HJOLDITIOD

{14 ANV GNIA Z0ED O = Y s
LINDYUID NALO
HO4 IDFHD
HALIINA 808D IV Y, T
ADVITIOA THASVEN
ATHadoud
SNOLLON[A e S amee
ATddNS HAMOI
X14
any ang = Ivd
£0£0
EDVIAFY == GV
F0ED IDVIdTEY oy V] e ANV IDHEHD
ANV SIDHHED
YALIING 108l OV
S ADYVELTIOA == 30
THASVAN
YOLOATION O
HALLONA NHJO S waon
Z060 MOAHD
6-8 8Iqey

HIA uonosg

ogd o~ UVE =

LINOHID NIJO
HOA MOHHD

HOLOHTTION 208D 1V ___ O e
HOVLITIOA HUNSVIN

20gd

SM0FHD " O ==

HOLOHATION £08D LV

0D
AIVIGHY == AV
NV M0FHD

Hi
HDOW

HOVITIOA HYOSVEAN

www.valuetronics.com



www.valuetronics.com



EDHHD

P =N
37gvL

V8aey 19POIN

www.valuetronics.com



401

Vorely 1PPOIN

oy ol

901

Ziy

1038

201y

GO YO €O 20

suorge0o ueuodwos ¢y AqUIeSSY I0JB1IIISO

Z2T~g 0Ind1 g

¢1-g pue ¢I-g SUCLHI8g
IA UOL09g

www.valuetronics.com



SN LD LY VA
ALTINVA
qoVIdHY

Di-g olqeL
[1iA Uonaoeg

CUragy

TOPHOY e (VL oy
SIDFEHD
TI$HMO9Y UNY
SOPUDOV
SEOUDY e SO s
FOVLIOA
HANSYEN 0TBHI-LOPHUDIOV
A¥ALLVE POFHI-TOFH D0V
SO T A e SO e b ZOF00Y  LOPDGY wmn (€] s
ANV SIDHHD MAWHOISNVEL
_ ‘gsnd IDHEED
X1
CINY oo ([ ] e
aNid
ANALLYS HOUVHD
ANV MDEHD ANMALLVE
YEMOd
ANIT NOUA VI2EY
LOEANNODSICI NHHL moen S} moers

ATHEdOUd

SNOLLONN A e 3E() armenee

ATddNS ¥IM0Od

SLNINOJIWOD
ALTNVE meowmeo
AOVIdEY

SHEIONIN 08 HOA
AHHELLVY HOUVHD

goPHoY 10PYU9V OHEHD WHMO

ANV TTPHDOV ONV
SOPUISY SSOUDY
TOVLIOA HUNSVHRI

e ENTT OV OL mome IV mmeen
¥V 828y LOENNOD

COPE ‘FOF ULV
HOVIAHY === H( worss
ANV MDHHD

YIMOL ENIT OV

] OL V8eey LOUANNGCD

(LHM ‘gad/ILHM)
qIvOd HEHIOW
Afladns

ASTF HUNSV AN

ONILCOHSITENOML AlddNS u3

JHEDOUVHOSIA
AHHLLYY sy

SHLVDJIONI SHLHEN

ATHIIOUA
SNOLELON1A wmm Y oty
ATTddNS YIMOI

T

SOHd HHLHIN s

ez R AL

tronics.com

e

www.val



www.valuetronics.com



AINIYAS3Y

Agi-
4
} = L4 &
o .
nges
2 052, "z L :sigt ;
sPEdT 8zEs szens  usok, MLEGRNITR, .
| i
abok, PR, ) J—
+ OIRND ; '
3t olga
Ay AE i : : xm_mm “mm...woww__
. ; - 3 3
sicu A Ak I NTEITY ¥ A EI- i
Rmt AU~
2gu Ay AGL o |
o ) 8020 '
AL - 3 < -
s\ %M.m gi8g'o \ 4 % ¥
slgHD Ligus | B0 oeE0 1080 _
Wl Lsd .
- INSZ HDBE & waos HOZ 8 %02 59 &
Ly 1%
oir »mm.w oy .>m.m ] €4Eh IGENS osEH abEN S ACS ngwig
oz ARL wor s e \ZEuS
ggeng
: e 3 |
_ _
i o {a)Agle
{EIAST 4 5
\ HIADDHEL LUNWHOS i
[N [
—d01d - —— HAddl1D :
—— - - !
1
. 2%
g2ead LN W i
! . o} ez Wi LOEND ] S&0 '
' @Wim_ @ oz aigl 2iga fed aoed feyeord
\ i L s
\._t o, 2084 ?
%89
. - Y Ast 30840 5 Oy
(¥ = @v jeve ! sies GOEHD ] SYI 250
1 n\ QLT
| | ; zzeun 3 _ A 4 A
ol 82 20EL + woo__ xmt,m 3'S PORND
D Vs | 4
t :
1 ' m AL
v &, . ! ;
' 7 i 2ro.L %g9 AT £pEUD
N I OV LNYNOSHY IC LOEDT ) ligs ISR AT
| . S3MES YW [ AGO AL LW jaees
o378 3 - g AG1 220 T ave -/
X omwr _ Ly ) el A/y»w..__ mwmm bOED A1 508D AT goep
T . DS Aot )
! - GOED ACH AB'S
* >
1
1 o i winch :
208 t Ldoour Sz 2
E TrEEn Saoeu H
e W (v)ngit
[ HIAGAY IOV LGN HOTH
NHE HIMod -—{VIEH
|
ﬂ - . o " '
ﬂil e rli N
@ N J
, HOLYTUHISO

vaO\.mem;.vOu A

$S¥_HOLVTHOSO

o]

V8ZEY 19PON

www.valuetronics.com



V8e¢ed 1°9POIN

suoneaory jusuodmory
TV Alquressy qetjdwy eanisusg oseyqg ¢I-g oandiy

91-8 % §1-8 oINS
TIIA Uo1d9eg

www.valuetronics.com



U3LB0MS HO4 ONIGYIY %0V8 m{xe\n__ [ - — - -

5 WoBd
U iy : Agi= ~e - o——ngi-
¥
L3S JONVH CL4YINOWACD 0L 10353 -
HLM S380Md N3JO ONY O3LYOHS 40 . Agt- "
SNOILIONOD HAONN U3NWLE0 SIDVITOA LOWINGD ON el 20 A|m_ 1
1310N . L R
: i Ol piguny ey
LS HeH
| gy oL e S S D T Ee |
HEw 3 A5 nas et ) ASB~- P34 3 )
8008V 10313730 pre e ovEd . SGPEY cigus aigo 8- z
A . [ el A oz & axuo
Ag'- e i vENE
AOS— olen £iE0 AC'Z- o
N'g1 {HIATH T A G @ exed
2084 1084 1 rvim i AR
OSLu-H0gH evx £ A Ay~ AZL 298, wﬁﬂao
1018 mmmw__wﬂimmmw m«ﬁ "5 Wow4 ! _ - s N . - Junt e 8120 -
cogt| zzm-iom | zzeo-1085 | moen‘i020 ! ARl = e 2 G e (VAR s Eﬁn\.&cm A~ 2160 . AgTE- L
. £1gHd it
ASSY SV | ASSY by | Agsy gy | Xid3ud a v ek e s 5 28
. 4 — 1D T |
SNOILYNOISI] IoNANAATH _— I AGUE, . 5 , EIFD
R o
Ris%b O o i el \M\ oggy
Y
- e |
- = . M2 3 Pig
{ : ook A \
: : ' A q3LlLW—
k i 4 . lea=tANE L
() : . - L L . .
SIE . Nt N
20 ; . . . o o - . -
; . SUX O/~ /'J
: N ~
! b e - - . - - - - /11
i m 1
;
v EpI ot ;
-- - |
/ Nug
dil LNIHUND /_ “ h 3 K ﬂil.l er
" it /\ 18
1S4 ¥AgNN < LA d
s
fr Fianvs ) SN Hqgm 084
i i :
X (o1} : R d
RN EL]
5) # s
e [ A
(2 - P ! | wuia g3y
i L [GEIDE o
{4} SR GRS ar ¢ i¥zo 8OES h
y ooy £E0L- - -
(3 dii LNIHHND A
; AT IR " B2EFO
o IR B [Em] N
PED Eiia 1024 0L ANdl HOLDELAC
# ()
P sEE T
* Ummu
BEEENE .
J 47 FRT] i v
EL NI
* (1) dzn
l uyiols / ¢ g
. ; .
/ ; =
7 il
. s s s s 2 -
(202 -82EH0) A58V HILIMS FONTY * ¥

p1-g§ ©Ins1g
[IA woR0eg

www.valuetronics.com



www.valuetronics.com



| ) EgE L]
el \
— dii FOVII0A
2oL g38 L
H ) o
(F'8)SV WO¥d i
AANC BOLYTHISE BOED PYAS 80%0 P
sr dIL LNIHYND
» H
b - — i aaHs
1
1
L nig
)
Iyt ws19g Lt 4. 0810 w nus
. S0z’ 10283 £0zo7 10EM ;
270 i
023 gL
Fi 1
HOO! & Mool NHO
024 2 zozu
AGE- = : e
2YXO/d
wgd s 0280 H\ ol 5100
9024 M+ 3
!
e el g %001 ! £ 2080
M w3 gozy | 8122 _ ! P 38R U 008
3 : H “ N3O 804 ONIdvEH 43k
| Q3LHOMS HO4 ONIGVEE MOVig
! ! ¥ v iy
M“ 135 3ONVY  C{4L) NOWWOD 0L 193d83Y
M HilM S380bd N3JO ONY QRLNOHS 40
' ! SNOLLIONOD MIONN O3NIVIBO SIOVLTOA
1020 m m T
oS @ 5"t
OG- i
L _ !
1
H ;
. ww . w o “ y LOZD2Y ‘50Z80EY UELEEg
Ly xS ]
i
rozo g %oz M # i ZM
¢ gozy o1 2024, 024
\._Q 7 : 8EZY~ 1024 e
_ _ i 2vX| BOZD-10Z0 wrier
! 2084 | OIZH0-102d2 BOED
Szl 1 ) 20| 4l2n-s020 wEn'en
ASSY gv | Assy 2y | Xd3Ed
ok
—— —— SNOILYNSISE] AoNAAIZY

W oy -———— !

(€20L~BEEL0) ASSY HAS WY AALLISNIS - HASYHA g v

VE8Zey 19POIN

www.valuetronics.com



V8ieTy 18P0

suopeooT Jusuoduwro)) Iv Alquessy Arddng zemog

87-8 2andLg

g1-8 9ansrg
IIIA Uonoeg

www.valuetronics.com



(S v oy

OIAZLRM
AR~ e

F
]
L

HI04023H

J
E
"t

(EDIv Woud

LT-8 oandLy
HIA 101098

. ZOBL
TEA
1
1 i e e e
o - v {deney =D
(' p118Y WOu4 (5'G1) €Y WOH4 WOUA Lhdino
i TYNDIS dOTd~dITd TVNSIS dOTd-did HEOOINL LLIAHDS
o v'e o 92 a‘p &
oA o - ..%n.\,a;o/ T o o - T
“rhee @ roe| @ ¢
AR s s
L 2
. NETOH v
ALOH £ |
HELIE =
_ AgE - *
oL £V W (440
T s1zo ¥ 1
BOWWIOS YNNG Bl 64
DBIHII0D 1 Bl & - HOO! oo
ol mvmww 1224 ozEY r—
{r'8)EY OL = \ ?%Ei).llﬁj
LozEs $OIEE oMol WEEQ
| oL \v 3 gizy Sewmy siEy
t +°T 9120 i
neos (L% L~
%oz
N\ aEzH 4 g} i
. %}
ASiH —o — 229 L] soHn 20247 Agl~
OV OHSZ . @ i ¥ }
(H2)EV WOodd TYNDIS . . L {
Pnauasay — e oy RS S SOZMORY *mwwm 2
A Mg AIge
PAES @iy " e L o
AgQ N vigy ¥ 60ED4T i
, 6020 A
HOLYINAON . y } HOBY
. AGr HOLIZ130 ASVHA slzd
AO'E 1) i
¥ i
1
i Eb & HOY € 00! + o0V 35
% ; 2228 3 pEEd g £22Y I m&u v AT
i & . A
H /a6y | doorgRes
. ] 0z v Fe0Ed T 45dnFiRY
ac ,M\ NHE/LHM RCEI 1224 2 3 Aee Arg #
i _ 089 pozun 150 LT [ . 4
LEL A sezd ue \\ AZE | -
Mg/ 1Hh " “ RO - ¥ il »Wm
»e _
P gezy sees 80242 79020 020
NHG L0 e 5 8’9
~ 1IN w r'd A 3, reey
ol xOREd3 !
_ | T A )
) HI %02 FTIY NG gy &
e " L 6224 #% 7% T EeEy gren 3 (@)
REVYIET i v O &
i X c
NHO/LHM ASS 5] AL gt
AgE ™ Ao (/)]
-~
HOLVINGOW € H3IITdRY 00 / . 43

i

www.valuetr



www.valuetronics.com



NEO/ 034/ 1HM

% EEEEEEEEE % s {YROS G

e A - e i L4 S S o e Bt e . ot i i S o T

|
"
I
|
|
HEE |
80838 i
I
/ "
- s - z o
/A iiiiiiiiiiii K EEEEEE K —— X 0\&\\ w
/! | (L£/ I NOWINOD
macs |
i 7 | 0L GRMILA WY WAOHS SIOVII04
s
; S BION
| % |
3 o] b 4
m | SRRV (SIS -t
i
“
“ WD/ 1eE /LHA gy
: HOS-
| s [T AUSTELLN P
“ Lo 0
i ]
" =
T . f
“ RV ©
i
! S M
; 5
! w o | o—HF—
i = TF
i
i
! 50
;
:
ers K
M AOEE e AGII
m ! 'g3.1313a
: § _
1 i
o W
i § EE
! : g8
! : oA
; GOgH-108H ir
! i S0£0- 100 o
oMb AN LD/ LM M Olguo-logd) St
L
X1 428
g ASSY G¥ | ASSY ¥ &
SNOILYNOIS3 ZoNIHada

V8eed 19POIN

www.valuetronics.com



V8eET 19POIN

suonje20ry Jusuodwo) gy Alquessy Arddng aemod po-IN  02-8 81081

02-8 0un81g
IIIA U018y

www.valuetronics.com



(r)2¢ WOYA LNGLNO HALIW wem

lonev e (v ey oL

(NfzIratal ey B (36 eV Ol

{804 - BZEYO)

+
B
: Zs
REIVATTY z b T e e e e e
+13W e N R
NHO/ LHM NG/ LM - I " e
i
| Ca
|
Lon
OIA/ LHM i
OIA/LHM /ey NEI—
THM THIR e
Agl- 1 o1EHD Ay
1 ABI'8
i
;
b
I L AGZ-0LY
! £ 208D
\ %95
. aovd
nGI-Z2 NEE .
| pogDT4g0sd S NE9
- 1]
= 3
i %#oG
B.o,_\ 1088 Bﬁ@
13
- M pi X
! AT G0ED N’ A8 /ﬁ
; hm\.\ 90EHD
AD l . nm\
FAAULLHM [ A LLHM imwkxan
(££0.- B2LH0) “ " _ 1
A SSY P
CHYOH YHMIOW| S¥ Od [
pln i 115 AL aszeour
| nﬂ\ SEI0FD
|
i ; o2l
i 9% I AL i0gy
1 rOY VW
t
b .
AGl-2Z MBE < .
m 2085 Wy zopus NS0
{ 1
i 1
| s )
i
. £
: W21
G/ LR [EETEL IHO/OFH/LHM ! ALl
At |
i OEHD
i
WX 0/d

SV O/d

§1-§ SanSLg
iiA won9ey

ASSY QUVOE HIHLOW

CS.

(EP0L-POEPO) ASSEY >4nwn.

www.valuetro



www.valuetronics.com



[rp———

—

:
0
i
NS I

AEE
e
I
|
| { S INOWIDD
X ord m Y e Y Y m OL QZEFAFE THY NMOHS SZOVLION
i / |
! .m. _ QF0VHD ONIFE AYILiva
> mv.M i m Agh | NOUYHEJO 3N NI NMOHS S3DVLIN0A
m i vHo ! SELON
£0b1D : | |
i [ N
. !
) “ __
i ! LAdNE 3N
ere | | ; Roezren
mTat  AND/ATRS
| w TRASATE Fre A / 3
! e )
fini
..e......s..[.l.v 8 Y_.IL" w v
‘ w 7 \v
! o o o
! i T3A/NED uy
i ] f.
3 M i ———
Do w I 0 ) i =
i JR—— !
; ! I I
m i
]
i H i5
PA ; i
I 1 AOEZ a-o- AGIIE
{
|
i
kgl “ i 1033130
_ H
! 1y
' “ ! ‘NS
i | l 1L .
POPUD i | 33
i 108A
! 1k (N
i I sovy-lovy o
S— - 1A 1042
o 2L EERTERE] TBS LHA PRk 15
H
l WX 0/d assv ov | assy gy [ FlEE¥S
-1
J-IN H SNOILYNDISEG ZONINAIZN

- VBEET TPPOIN

www.valuetronics.com



Dot oo g

AT FIE OSEN
100 b ki

oz,

gy ety v
tuean

0ald s
ol g
teetliiegh oy Brng i

205 BPr, D DA
e i SR 18I

D7 BAPSIRSHs,
15
€59 029220l L

e o

PR St i

T B0REE )

FAC B8 AL
A1l

309

s DR 2

A (gepl eaisig

st
RG2S BRI
o

VITRILTAD

]

4
s52zg velol

Wrasvovavs

sy ot
s
R
sy e
S SR
wikizart

£ rlags 0D
Budliy vy

TS

P 00 N O O,
B

L

41 kot amming i,

AT

HoRyaI
4

7095 @ 0d
RIAS INGLED v o

Lnafes LA %J

s od

Seassn Gegoz BL

dvars

R Q4
Burinkaiua) ¥ Bupssy B
:__;nx

J—— VSIS 11y
Auing syl

g serseay
PO R A BSS.
vauox

w3

stgze vy

G555 194

oo

dutton 7y

SWTS

ORI TIRE WL

088 1V ML

wramr

s DG

20 2860UNG 0l B4 TyaIzg
NYowol

Fry

R L

WL ¢ SR TE

PRI T

Hvaur

it BaReRy B
it wap sy

JF T

M 2968 T e
FE 08 2R TR 21 g
U SHMLY

iy

3233w
wopty paus ass
HITSEA 19340

ase

3
t556 531
90 14e red0e A

YA
Ee
e

s 2

iy
o i s o
Zhet-nd 0] 10 g e
W e £ Hoo3 31 $m_uﬁm

s g1 ot

2E0

513 BTG 1N
VER NUALSYE

e s Pz
s,

3

T3 BOZATBETE Rz
Bt 2k ey

1SVE IR0 az<
RYSNVHETLGEN

el w3y i iy

o

24
201 tepanagd

R
3OUNH ASYZ HINGS

BT S

WOy drash
Hhog man Azspis

ez

BivanesY
TEITIS NYHEID

i
HOAVS

)
HB@ Anunoo Ag Apesnsgeydie peBueisy

§301440 LHOddNS ® SATVS

s 2 e s
3391440 UGV AN

mompaud et s ot a3

155§ Ul 002 [ sl R te aodo  sapes sty
I L0
O P —
ookl ) o e
3955 QUbabl oot D S0 o
Fon

90 DU 02055
Ry

S HRTSEIN § 4 -
o

7 asricd an
SRS
S S

Fa%% InHAnE /SUEY AL RINOKH

www.valuetronics.com



(F) 2¥ NOBd INdLINO 4313W

(VOIEY BV ) 2Y OL

(N‘2I'B'erew B (3'Grev ol

{2804 ~92240)
ASSY Q8VOE HAHIOW

O
i
[
5
i
Q
B e e e e e et ot i i e e e e ot e e e e T ot e —————
L I
NEG7LHM N0/ LHM | - -
¢
t
b .
_ m
Q
|
! GIAZ LHM |
AGE-
]
THA TR
>nT,“\
'
_ '
i b
_ i
i
v0p1g TN gez
y ! SOLE @W\R‘ sl T 20
L]
3
£ = 1
m |
' 3] i 8OV HD
i €3 i
! - 1
t | _ b wﬂ A
! “ ! M A0 zibn MO gER S /F
| 1 1 " L0puD
| | |
| AD 1 a ! £
" A3/ LHM ' vjm;x;,ﬂ x.ﬂm\._._.s,m
| i i
I (EE0L~ BZEVO) ¢ w
i | ASSY !
\ i Quvos HEMIOW| ¢v osd P
! - 1
w “ o £
_ |
|
| |
i " 5053 o
4 o g ~
: w - oy b s\>¢ sl +|nmw¢u
' o M |
i | 0ot
i [
i
; i
’e] ; L 21 i . A
a3/ LM ERCE A0/ LHm ASEl dpuy ATl QB8 AZE
Agtt ! tord IovHD A m
i i
! X O/
1 i
i '
$v 0/d (820L-828H0) ASSV AddNS o

1g~§ 9In31]
1114 UONO9S

www.valuetrénic



www.valuetronics.com



