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Instruction Manual Changes

These two supplementary pages contain information of improvements or modifications not
documented in the current manual. All references to GenRad in the manual now apply to
QuadTech, Inc.

Page -Specifications (Power & Mechanical)
Power should be 90 -250V AC, 50 -60 Hz. Voltage switching is automatic and no
longer selected by rear panel switch. 60 Watts maximum.
Weight should be 10 Ibs. (4.5 kg) net, 15 Ibs. (6.8 kg) shipping.
Environment reads, Altitude < 2000m, Installation Category 1, Pollution Degree 1
Page - Table of Contents (Parts List and Diagrams -Section 6)
Power supply board (1657-4720) layout and diagram (page 6-13) replaced by Power
supply assembly part number 700011 (no diagrams, repair by module exchange)
Page 1-4 -Figure 1-2, Rear Panel Controls and Connectors
Rear view should show new power supply assembly (PN 700011) without line-voltage
switch.
Page 1-4 -Table 1-2, Rear Panel Connectors and Controls

Ref No. 2R -& iS6/10A, 250V, 3AG Type, Slow Blow. Replace only with
the same type and rating. To replace, remove fuse drawer by pressing up on rel ease tab.
Ref No. 3R -Line-voltage switch has been deleted, power input is from 90 -250V AC
Page 1-4 -Table 1-3, Accessories
A quantity of two spare fuses are supplied, 6/10A, 250V, 3AG Type, Slow Blow
(QuadTech part number 5330-1100)
Page 2-1 -Safety Inspection

Before operating the instrument inspect the power inlet module on the rear of the unit to

ensure that the properly rated fuseisin place, otherwise damage to unit is possible. Fuse is
6/10A, 250V, 3AG Type, Slow Blow.

The 1657 is shipped with a standard U.S. power cord, QuadTech PN 4200-0300 (with Belden
SPH-386 socket or equivalent, and 3 wire plug confonning to IEC 320) or an approved
international cord set. Make sure the instrument is only used with these or other approved
international cord sets, which ensures the instrument is provided with connection to protective
earth ground.

In al ingtallations the instrument should be positioned with consideration for ample air flow to the
side and rear panel ventilation holes. An open space around the instrument of a least 3 inches
(75mm) is recommend. The surrounding environment should be free from excessive dust to
prevent contatnination of electronic circuits.



Instruction Manual Changes (continued)

"WARNING
If thxs instrument is used in a manner not specified in this manua]
protection to the operator and. eqmpment may be impaired.

Page 2-1 -Power-Line Connection
Power line switch for 115V or 230V operation has been removed, switching is
automatic for voltages between 90 -250V AC.

Page 2-2 -Figure 2-2
Figure 2-2 does not apply. Only certified line cords which comply with IEC 227 or
|EC 245 should be used.

Page 3-2 -Paragraph 3.1 Basic Procedure, step a
Power line switch for 115V or 230V operation has been removed, switching is

automatic.
Page 5-1 -Paragraph 5.2, Instrument Return
Contacts for QuadTech are: Sales 800-253-1230

Service 800-253-1230
Technical Assistance 978-461-2100
Page 5-2 & Page 5-3 -Caution Note
Power line switch for 115V or 230V operation has been removed, switching is
automatic.

Page 5-7 -& @agraph 5.6.1 & Figure 5-3, Disassembly
Power Supply Assembly shown has been replaced by Power Supply Assembly PN
700011.
Page 5-10 -Instrument Cleaning Instructions
Monthly (more or less depending on usage) the built-in test fixture should be cleaned
with a soft brush and isopropyl alcohol. Avoid getting excess alcohol on instrument paint
surfaces, otherwise damage to the finish can result. For additional instrument cleaning
instructions refer to paragraph 5.7.1 (Care of the Test Fixture) and paragraph 5.7,2 (Care of the
Display Panel).
Power Supply Assembly shown in Figure 5-8 has been replaced by Power Supply
Assembly PN 700011.
Page 5-12 - Paragraph 5.8.2, Power Supply
Trouble Analysis procedure does not apply to new Power Supply Assembly P/N 700011.
Page 6-2 - Figure 6-2, Rear View
Rear view should show new power supply (PN 700011) without line-voltage switch
Page 6-3 - Mechanical Parts List, Rear
Items 1 - 4 (power connector, fuse extractor post, line voltage switch & cover) deleted on new assembly
Page 6-12 & Page 6-13 - Parts and Diagrams
Power Supply Board and Parts List shown, PN 1657-4720 has been replaced by
Power Supply Assembly, PN 700011. The 700011 Assembly must be repaired by modul e exchange.



Specifications

Measurement Mode: Measures R series or parallel; L and Q series or parallel; C Ranges: Pushbutton selection with automatic front-panel guidance. Three basic ranges
and D series or parallel. All measurement modes are pushbutton selectable. (best accuracy, see table) of 2 decades each, for each parameter. Automatic extensions
to min and max, as tabulated.

Displays: LED-type numerical display with automatically positioned decimal points

and illumination of units. For R LC, five digits (99999) and simultaneously for DQ, Parameter Minimum Basic ranges Maximum
four digits (9999).

R; 120 Hz* 00.001 Q 2Qto2 MQ 99.999 MQ

R; 1 kHz 00.001 2 22 02 MO 9.9999 M2
Measurement Speed: Greater than 3 measurements per second. L: 1 kHz ©.0001 mH 0.2 mH to 200 H 999.99 H

! ’ . . -

L; 120 Hz* 00.001 mH 2 mH to 2000 H 99999 H
Test frequencies: Pushbutton selection between 2. Accuracy re panel C; 1 kHz ©0.0001 nF 0.2 nF to 200 uF 999.99 uF
legends: +2%, -.01%. Actual frequencies: for 1657-9700, 1020.0 Hz +/- .01% (panel C; 120 Hz* ©0.001 nF 2 nF to 2000 uF 99999 uF
legend "1 kHz") and 120.00 Hz +/- .01%;
for 1657.9800,1000.0 and 100.00 Hz +/- .01%. D {with C) .0001 (fully automatic) 9.999

Q (with L) 00.01 (fully automatic) 999.9

Applied Voitage: 0.3 V rms maximum. *120 Hz or 100 Hz, depending on the instrument.

Accuracy: For R, L, and C: +/- 0.2% of reading in basic ranges, if quadrature
component is small (D < 0.1, Q > 10, etc). Seetable. D accuracy: +/- .001 in basic
ranges, for D < 0.1 (otherwise, see table). Q accuracy: +/-.01 in basic ranges, for Q < 1
(otherwise, see table).

Basic accuracy 1 Cross-term
Parameter Low extension Basic ranges High extension factor
R; either frequency [ 4me, 0.2% of rdg, (R/I1OMQ)% ofrdg 1 (1+Q)
L; 1 kHz £[ 0.4 uH, 0.2% of rdg, (L/1000 H)% of rdg ] (1 + 1/Q)
L; 120 Hz* [ 4 uH, 0.2% of rdg, (L/10 kH)% of rdg ] (1 +1/Q)
C; 1 kHz +[ 0.4 pF**, 0.2% of rdg, (C/1000 uF}% of rdg ] (1 + D)
.. C;120 Hz* +[ 4 pF*~, 0.2% of rdg, (C/.01 F)% of rdg ] (1+D)
D {with C) £ 001 +0.2 (1 + D)% of rdg ] KI
Q (with L) = .01 +0.2(1+ Q)% of rdg ] K
*120 Hz or 100 Hz. **Fixed offset ‘‘zero’’ capacitance is < 1.5 pF.
TK = (LC basic accuracy as % of rdg) / 0.2%. Therefore, K = 1 on basic ranges.
Environment: TEMPERATURE: 0° to 50°C operating, -40° to +75°C
storage. HUMIDITY': 0 to 85% R.H., operating.
Supplied: Power cord, axial-lead adaptors, instruction manual. Catalog
Description Number
Power: 90 to 125 or 180 to 250 V, 50 to 60 Hz. Voltage selected I
by rear-panel switch. 25 W maximum. 1657 RLC D|g|b1ndge Test F . 1667.9700
Mechanical: Bench mounting. DIMENSIONS: (wxhxd): 375x112x343 mm 138':2 "“g 1t:; T:Z: F:e“"z:g: bpedlpdb
(14.8x4.4x13.5 in.). WEIGHT: 5.6 kg (12.3 Ib) net, 0 kg (22 Ib) shipping. -hiz an equ
Accessories
Extender Cable with banana plugs/aliigator clips 1657-9600
Extender Cable with type 874 coaxial connectors 1688-9600
Remote Test Fixture (requires BNC adaptor) 1689-9600
BNC Adaptor 1689-9601

BNC Cable Assembly {for 1689-3600, 1689-9601) 1689-9602

Patent applied for.



Warranty

%&uadTech

QuadTech warrants that Products are free from defects in material and workmanship and,
when properly used, will perform in accordance with QuadTech's applicable published
specifications. If within one (1) year after original shipment it is found not to meet this
standard, it will be repaired, or at the option of QuadTech, replaced at no charge when
returned to a QuadTech service facility.

Changes in the Product not approved by QuadTech shall void this warranty.

QuadTech shall not be liable for any indirect, special or consequential damages,
even if notice has been given of the possibility of such damages.

This warranty is in lieu of all other warranties, expressed or implied, including, but
not limited to any implied warranty or merchantability or fitness for a particular
purpose.

SERVICE POLICY

QuadTech policy isto maintain product repair capability for a period of five (5) years after original
shipment and to make this capability available at the then prevailing schedule of charges.
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Introduction- Section 1

1.1 PURPOSE 11
1.2 GENERAL DESCRIPTION 1-1
1.3 CONTROLS, INDICATORS, AND CONNECTORS 1-1
1.4 ACCESSORIES 1-1

1.1 PURPOSE.

The 1657 Digibridge digital impedance meter embodies
use of amicroprocessor and other LSI circuitry to
provide excellent performance at low cost.

A few clearly labeled pushbuttons and the versatile
built-in test fixture make thisinstrument a model for con-
venience. M easurement results are clearly shown with dec-
imal points and units, which are automatically presented to
assure correctness. Display resolution is5 digitsfor R, C,
and L (4 for D or Q) and the basic accuracy is 0.2%.

Long-term accuracy and reliability are assured by the
measurement system. It makes these accurate analog
measurements over many decades of impedance without a
single calibration or "trimming" adjustment (not evenin
original manufacture).

The built-in test fixture, with a pair of plug-in adaptors,
receives any common component part (axial-lead or radial-

lead) so easily that insertion of the DUT is a one-hand
operatigh. True 4-terminal connections are made automat

icaly. Extender cables and other accessories are available

for measurements at a distance from the Digibridge.

1.2 GENERAL DESCRIPTION.

Convenience is enhanced by the arrangement of test
fixture on the front ledge, with push buttons farther for-
ward and display behind. The display panel isinclined and
recessed to enhance vishility of digital readouts and mode
indicators. These indicators serve to inform and guide the
operator as he operates the simple controls.

The instrument stands on atable or bench top. The
sturdy metal cabinet is attractively and durably finished,

in keeping with the long-life circuitry inside. Glass-epoxy
circuit boards interconnect and support high-quality com
ponents to assure years of dependability.

Adaptability to any common ac power line is assured by
the removable power cord and the convenient line-voltage
switch. Safety is enhanced by the fused, isolating power
transformer and the 3-wire power connection. A compre
hensive functional descriptionisgiven in Theory, Section 4
Electrical and physical characteristics are listed in Specifi

cations at the front of this manual, dimensionsin Installa
tion, Section 2. Controls are described below, and their use
in Operation, Section 3.

1.3 CONTROLS, INDICATORS, AND CONNECTORS.

Figure :-1 shows the front panel conrols and indicators.
Table 1-1 identifies them with descriptions and functions.

Faieri s S erdcd paawsdheseR PRI G diddd cosketifies

and describes the rear panel controls and connectors.

1.4 ACCESSORIES.

Gen Rad makes several accessories that enhance the use
fulness of thisinstrument. Two extender cables facilitate
making connections to those devices and impedance stan
dards that do not readily fit the built-in test fixture. A
remote test fixture (used with BNC adaptor and cable
assembly) provides convenience and relatively easy main
tenance, and saves wear on the built-in test fixture. All of
these test-fixture accessories provide for true 4-terminal
connections (and guard) to the device being measured,
without appreciable reduction in measurement accuracy.
Other useful accessories are offered, such as standards for
checking the performance of the Digibridge. Refer to
Table 1 -3 and Section 5.

INTRODUCTION 1-1
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Figure 1-1. Front panel controls and displays.
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Table 1-1

FRONT PANEL CONTROLS AND INDICATORS

Figure 1-1
Ref.No. Name Description Function

1 RLC display Digital display, 5 numerals with Display of principal measured value. Light spot
decimal points. Unit labels M£2, indicates units.
k$2, 2, mH, nF, uF, with 7 lights.

2 ADJUST RANGE Arrowheads with a light behind Guides operator to optimum range. Left arrow

lights each. means *'try next pushbutton to left.”” Right
arrow means the converse. No tight means *'Cor-
rect range.” Also see para 3.3.

3 DQ display Digital display, 4 numerals with Display of secondary measured value, D if you
decimal points. select C/D, Q if you select L/Q with item 9.

4 POWER switch Pushbutton {push again to re- Turns instrument ON when in, OFF when out.
lease). OFF position breaks both sides of power

circuit.

5 Test fixture Pair of special connectors; each Receives radial-lead part, making 4-terminal
makes dual contact with inserted connection automatically. Adaptors are supplied
wire lead of DUT. to make simitar connection with axial-lead part.

6 PARALLEL/SERIES Legend with 2 lights. Indicates the selection of parallel or series

lights equivalent circuit of the DUT (by item 10).
Refer to para 3.5.

7 Frequency lights Legend with 2 lights, 120 Hz, Indicates the selection of test frequency by
1 kHz, (or 100 Hz, 1 kHz). item 11.

8 RANGE pushbuttons Set of 3 interlocked, latching Manual selection of measurement range, in
pushbuttons, labeled 3, 2, 1. The conjunction with item 9.
latched button is released by
depressing another one.

9 FUNCTION push- Set of 3 pushbuttons, similar to Manual selection of parameter to be measured:

-buttons item 8, labeled R, L/Q, C/D. resistance, inductance, or capacitance.

10 PARALLEL/SERIES Pushbutton {push again to re- Manual selection of equivalent circuit. Item 6
pushbutton lease). indicates the one in use.™

11 FREQUENCY push- Pushbutton, like item 10. Manual selection of frequency. Item 7 indicates

*When these buttons are 'in"’, the selections are PARALLEL and 120 Hz (100 Hz).

button

the frequency in use.”

INTRODUCTION 1-3
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L5A
SLowW BLOW

WARNING
FOR CONTINUED PROTECTION AGAINST FIRE HAZARD.
REPLACE ONLY WITH SAME TYPE AND RATIRG OF FUSE

TOP-COVER SCREW:

Figure 1-2. Rear panel controls and connectors.

Figure 1-2
Ref. No.

Name

Table 1-2

REAR PANEL CONNECTORS AND CONTROLS

Description

Function

1R

2R

3R

1-4 INTRODUCTION

Power connector,
(1abeled 50-60 Hz)

Fuse (labeled 0.5 A,
250 vV, SLOW BLOW)

Line-voltage switch

Safety shrouded 3-wire plug, con-
forming to International Electro-
technical Commission 320.

Fuse in extraction post holder.
Slide switch. Vertical motion:

upper position, 90 to 125 V;
lower position, 180 to 250 vV

Table 1-3
ACCESSORIES

Ac power input. Use appropriate power cord, such
as GR 4200-9625, with Belden SPH-386 socket or
equivalent.

Short circuit protection. Use Bussman type MDL
or equivalent fuse, 1/2 A, 250 V rating.

Adapts power supply to line-voltage ranges, as
indicated. To operate, use small screwdriver, not
any sharp object.

Quantity Description Part Number
1 supplied Power cord, 210 cm (7 ft) long, 3-wire, AWG No. 18, with 4200-9625
molded connector bodies. One end, with Belden SPH-386
socket, fits instrument. QOther end is stackable (hammerhead)
conforming to ANSI standard C73.11-1966 (for 125 V).
2 supplied Test-fixture adaptors, for axial-lead parts
Reorder number, for a set of four: 1657-5996
1 available Rack mount kit (slides forward for complete access). 1657-9000
1 available Extender Cable with banana piugs/alligator clips. 1657-9600
Length 100 cm (40 in.)
1 available Extender Cable with type 874 coaxial connectors. 1688-3600
Length 30 cm (12 in.)
1 available Remote Test Fixture (requires BNC adaptor) 1689-3600
1 available BNC Adaptor 1689-9601
1 available BNC Cable Assembly {for 1689-9600, 1689-9601). 1689-9602

Length 90 cm (36 in.)



Installation— Section 2

2.1 UNPACKING AND INSPECTION
2.2 DIMENSIONS -
2.3 POWER-LINE CONNECTION .

2.4 LINE-VOLTAGE REGULATION .

2.5 TEST-FIXTURE CONNECTIONS
2.6 EXTERNAL BIAS .
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Figure 2-1. Overall dimensions.

2.1 UNPACKING AND INSPECTION.

If 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 parts, etc.). If the instrument is
damaged or fails to meet specifications, notify the carrier and the nearest
GenRad field
office. (Seelist at back of this manual). Retain the shipping carton and the
padding material for the carrier'sinspection.

2.2 DIMENSIONS

The instrument is supplied in the bench configuration,
i.e., inacabinet with resilient feet for placement on atable. The overall
dimensions are given in the figure.

Figure 2-1.

23 POWER-IINE CONNECTION.

The power transformer primary windings can be switched, by means of
the line voltage switch on the rear panel, to ac. commodate ac line voltages
in either of 2 ranges, as labeled, at afrequency of 50 or 60 Hz, nominal.
Using asmall screwdriver, set this switch to match the measured voltage of
your power line.

| f your | ine voltage isin the lower range, connect the 3-wire power
cable (P/N 4200-9625) to the power connector on the rear panel (Figure 1-2)
and then to the power line.

Theinstrument isfitted with a power connector that isin conformance
with the International Electrotechnical Commission publication 320. The 3
flat contacts are surrounded by a cylindrical plastic shroud that reduces the
possibility of electrical shock whenever the power cord is being unplugged
from the instrument. In addition, the center ground pin is longer, which
means that it mates first and disconnects last, for user protection. This panel
connector is a standard 3-pin grounding-type receptacle, the design of which
has been accepted world wide for electronic instru. mentation. The connector
israted for 250 V at 6 A. The receptacle accepts power cords fitted with the
Belden type SPH-386 connector.

The associated power cord for use with that receptacle, for line voltages
upto 125V, is Gen Rad part no. 4200-9625.
Itisa210-cm (7 ft), 3-wire, 18-gage cable with connector bodies molded
integrally with the jacket. The connector at the power-line end is a stackable
hammerhead design that conforms to the " Standard for Grounding Type
Attachment Plug Caps and Receptacles," ANSI C73. 11-1966, which
specifieslimitsof 125V and 15 A. This power cord is
listed by Underwriters Laboratories, Inc., for 125V, 10 A.

If the fuse must be replaced, be sure to use a"sow blow" fuse of the
current and voltage ratings shown on the rear panel, regardless of theline
voltage.

INSTAIIATION 2-1



If your line voltage is in the higher range selectable by the line voltage
switch, use a power cord of the proper rating (250 V, 15 A) that mates
with both instrument and

your receptacle. It is possible to replace the "hammerhead" connector on the
power cord that is supplied with a suitable connector. Be sure to use one
that is approved for 250 V, 15 A. A typical configuration is shown in Figure
2-2.

24 LINE-VOLTAGE REGUIATION

The accuracy of measurements accomplished with precision electronic
test equipment operated from ac line
sources can often be seriously degraded by fluctuations in primary input
power. line-voltage variations of +/-15% are commonly encountered, even
in laboratory environments.
Although most modern electronic instruments incorporate some degree of
regulation, possible power.source problems should be considered for
every instrumentation setup. The use of line-voltage regulators between
power lines and the
test equipment is recommended as the only sure way to rule out the effects
on measurement data of variationsin line voltage.

25 TEST-FIXTURE CONNECTIONS.
2.5.1 Test Fixtureon the Digibridge.

Because an unusually versatile test fixture is provided on the front shelf
of the instrument, no test-fixture connection is generally required. Simply
plug the device to be measured (DUT) into the test fixture, with or without
its adaptors. For details, refer to paragraphs 3.1, 3.2. Accessories can be
attached to extend and adapt the test fixture, as described below.

2.5.2 Remote Test Fixture.

Connection of the DUT at aremote test fixture requires proper adaptors
and cable connections from the Digibridge. Obtain the following
accessories. (See Table 1-3.)

BNC Adaptor 1689-9601

BNC Cable Assembly 1689-9602, or equivalent

Remote Test Fixture 1689-9600, or equivalent
handler or special fixture.

This remote test fixture functions like the one supplied on the
Digibridge. True "Kelvin" connections are made at the points of contact
with the DUT leads. Install as
follows:

a. Remove any adaptors, if present, from the test
fixture.

b. Plug the BNC adaptor into the basic test fixture with the BNC
connectors facing forward. lock the connection with the 2 captive thumb
screws. (The screws must be

seated to complete the ground connection.)

¢. Connect the cable assembly to the adaptor on the Digibridge and to
the remote test fixture asindicated in Table 2-1.

NOTE
User provided cables and/or remote test
fixtures can be used, particularly if the
DUT isto be handled automatically.
See paragraph 3.7 for comments on cable
and fixture capacitance.

2.5.3 The 1657-9600 Extender Cable (Banana Plugs).

The accessory extender cable 1657-9600 is available to connect to
DUTsthat are multiterminal, physically large, or otherwise unsuited for
the built-in test fixture. This cableis particularly convenient for connecting
multiterminal components with binding posts that accommodate banana
plugs. Use the following procedure to install the extender cable on the
instrument.

a. Remove the adaptors, if present, from the test

fix ture.

b. Plug the single-connector end of the extender cable into the
Digibridge test fixture so that its blades enter both slots and the cable lies
away from the display panel. lock the connector with the two captive
thumb screws.

c. Note the color coding of the five banana plugs. Be sure that the
"low" terminals (both potential and current) connect to one end of the
DUT and the "high" terminals to the other end. Connect guard to a shield if
any, but not to either end of the DUT.

FACE OF PLUG

T

| —— 1.52
21.41 MAX l
l 318 MIN
11.88 —»| 15.88 MIN j«—

R
475 — e 475

ALTERNATE FORM
OF "G" PIN

18.23

1687 2

Figure 2-2. Configuration of 250-V, 15-A plug. Dimensions in mm. This is listed as
NEMA 6-15P. Use for example Hubbell plug number 5666.

2-2 INSTAIIATION



Table 2-1

TEST FIXTURE CONNECTIONS VIA BNC ADAPTOR 1689-9601

BNC Connector

Connection* at

Test-Circuit on 1689-9601 Color Code in 1689-9600 Test
Function (at Digibridge) 1689-9602 Cable Fixture (Remote)
I— {current, low) |, Left Black I—, Right
P- (potential, low) PL' Left-center Black /white P—, Right-center
P+ (potential, high) PH’ Right-center Red/white P+, Left-center
I+ (current, high) Iy Right Red I+, Left

*Left and right are defined with the fixture oriented for right reading of legend.

P-(potential, low) = Black/white
I-(current, low) = Black
P+(potential, high) = Red/white
I+(current, high) = Red

Guard = Black/green

2.5.4 The 1688-9600 Extender Cable
(" Type 874" Connectors).

The accessory extender cable 1688-9600 can be used to connect a
DUT that is multiterminai, physically large, or otherwise unsuited for the
built-in test fixture. This
low-capacitance cable is used, for example, to connect type-874
connected impedance standards or a specia
test fixture. Make connections as follows:

a. Remove the adaptors, if present, from the test fixture.

b. Plug the single-connector end of the extender cableinto the
Digibridge test fixture so that its blades enter both slots and the cable lies
away from the display panel. Lock the connector with the two captive
thumb screws.

¢. Using the branched end of the cable, connect to the DUT with
careful attention to the following color code.

The cable tips are type 874 coaxial connectors, which

mate with a broad line of components and adaptors.

DIGIBRIDGE

= BIAS VOLTAGE
+ SOURCE

f++

Yhs
1A

CAPACITOR TO BE MEASURED

Figure 2-3. Connection of a bias voltage source
to enable measurement of capacitors with bias
applied. Because the measurement current (up
to 30 mA rms) must pass through the bias
source, it must be capable of being both source
and sink for peaks of about 45 mA. Observe
the voltage limits and procedural warnings in
the text. Refer to the text also for discharge
circuitry.

Notice that the 2 wires with red must connect to the same end of the
DUT, through acoaxial teeif the DUT is a 2-terminal device; the 2
wires labeled with black, connect to the other end, similarly. Connect
the outer (shield) contactsto the shield or case of the DUT only if it
isisolated from both ends of the DUT.

EXTENDER CABLE COLOR CODE

RED AND RED: 1+, current drive to
"high" end of DUT.

RED AND WHITE: P+, potential connection
to same.

BLACK AND BLACK' |-, current return at
DUT "low".

BLACK AND WHITE: P-, potential
connection to same.

OUTER CONTACTS: G, guard connection
to shield or case.

2.6 EXTERNAL BIAS. Figure 2-3.

WARNING
To minimize electrical shock hazard, limit
biasto 30V.
Bias voltage is present at connectors, test
fixtures and on capacitors under test.
Capacitors remain charged after measurement.
Do NOT leave instrument unattended with bias

applied.

Full bias voltage appears on test leads, bias-voltagesource terminals,
and on the leads of the component being measured. Capacitors that have
been charged are dangerous until properly discharged; the user must follow
safe procedures to assure discharge. For safety, al personnel operating the
instrument with bias must be aware of the hazards, follow safe procedures,
and never |eave the equipment unattended with bias voltage applied.

2.6.1 Basic Bias Connections.
In order to measure a capacitor with dc bias voltage
applied, connect an external voltage source, as follows:
a Attach the remote test fixture or an extender cable as described in
paragraph 2.5. Observe the color coding explained there.
INSTALLATION 2-3



b. Connect a suitable bias voltage source (see below)
in series with the 1+ connection, basically as shown in
the diagram, with the following details.

With the Remote Test Fixture. Disconnect the red coded BNC cable end
from the remote test fixture and connect one end of plain BNC cable there
instead.

Connect the red coded BNC cable end to the negative terminal of the bias
voltage source. Connect the remaining free end of the plain BNC cable to
the positive terminal of the bias voltage source. Connect the DUT to

the test fixture in the usual way.

With 1657-9600 Extender Cable (Banana Plugs). Connect the red
banana plug to the negative terminal
of the bias voltage source. Connect a suitable banana
plug patch cord to the positive terminal. We designate
the free end of this patch cord as | ++, as shown in the
diagram.

With 1688-9600 Extender Cable

("Type 874 Connectors').

Connect the "red and red" cable to the negative terminal of the bias voltage
source. Connect a suitable type-874 patch cable to the positive terminal.
We designate the

free end of this patch cable as |++, as shown in the diagram.

c. If either of the extender cables (not the remote test fixture) is used,
connect the DUT asfollows. If capacitanceislarge (range 1), make 2
connections to each capacitor terminal (Kelvin connections). That is, |- and
P- to capacitor negative terminal; P+ and 1++ to capacitor positive
terminal.

If the capacitance is smaller (range 2 or 3) the banana plugs can be
stacked or a tee used with type-874 connectors
and a single connection made to each capacitor terminal: |- /P- to the
negative terminal, P+/1++ to the positive.

To make 3-terminal (or 5-terminal) measurements, also connect guard
(see paragraph 2.5) to the guard terminal, shield, case, or ground of the
capacitor, provided that thisisinsulated from the 2 main terminals of the
capacitor. Do not connect guard to the case of a capacitor if the caseis one
of its 2 main terminals.

2.6.2 Bias Voltage Sour ce Description
The bias voltage source must satisfy several criteria
1. Supply the desired terminal voltage (dc)
2. Serve as source for charging current.
3. Serve as source and sink for the measuring currents
(ac), which are 45, 0.45, and .0045 mA, peak, for measurements on ranges
1, 2, and 3, respectively.
4. Present alow, linear terminal impedance (< < 10 ohms)
at measuring frequency.
If the bias voltage sourceis aregulated power supply
with the usual characteristic that it functions properly only as a source, not
asink, then the following test setup is
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recommended. Connect across the power supply a bleeder resistor that
draws dc current at least as great as the peak measuring current (item 3
above). In parallel with the bleeder, connect a 100-pF capacitor. (If the
power supply has exceptionally good transient response, the capacitor is
not necessary.)

No single bleeder resistor will suffice for al bias conditions, so it may
be necessary to switch among several. Each resistance must be small
enough to keep the power supply regulator current unidirectional (as
mentioned above) for the smallest bias voltage in its range of usefulness.
Also the resistance and dissipation capacity must be large enough so that
neither the power supply is overloaded nor the resistor itself damaged for
the highest bias voltage in its range of application.

NOTE
For convenience, a suitable active current sink
can beused inlieu of bleeder resistors.

A discharge circuit is also required. (Do not depend on the above-
mentioned bleeder resistor.) A dual discharge circuit is recommended.
Connect aclip lead with a 10-Q resistor in series and another plain clip lead
to the I-/Pjunction. Provide the loose ends of these with insulated alligator
clips for use when completing the discharge path across the DUT. For a
recommended procedure, refer to para 3.6.

| f the measurement program warrants the expense of atest fixture for
biased-capacitor measurements, its function should be equivalent to that of
the circuit described above. It should be equipped with convenient
switching to remove the bias source, discharge through 10 Q, and finally to
short out the capacitor after measurement. For automated test setups, it is
also feasible to precharge the capacitors before they are attached to the test
fixture and to discharge them after they have been removed.

CAUTION
To avoid damage to the instrument, limit the bias voltageto 30 V,
maximum, in any precharging
bias supply, used as mentioned above.

2.7ENVIRONMENT.

The Digibridge can be operated in nearly any environment that is
comfortable for the operator. Keep the instrument and all connections to
the parts under test away from
electromagnetic fields that may interfere with measurements.

Refer to the Specifications at the front of this manual for temperature
and humidity tolerances. To safeguard the instrument during storage or
shipment, use protective packaging. Refer to Section 5.
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3.1 BASIC PROCEDURE.
For initia familiarization, follow this procedure care
fully. For detalils, refer to later paragraphs in Operation.
a. Before connecting the power cord, slide the linevoltage switch (rear
panel) to the position that corresponds to your power-line voltage. Power must
be nominally either 50 or 60 Hz ac, either 120 or 220 V. (Refer to
specifications at front of this manual.) The 1657-9700 can be run on 50 Hz but
with some loss of accuracy for 120-Hz measurementsin high range
extensions. Similarly, the 1657-9800, if run
on 60-Hz power, experiences some extraneous noise in 100Hz
measurements in high range extensions.
If the fuse must be replaced, be sureto use a"slow
blow" fuse of the rating shown on the rear pandl.
b. Connect atypical device, whose impedanceisto be
measured, as follows. (This device under test is denoted DUT.)

Figure3-1.

NOTE
Clean the leads of the DUT if they are notice
ably dirty, even though the test-fixture contacts
will usually bite through afilm of wax to pro
vide adequate connections.

Radial-lead DUT: | nsert the leads into the test.fixture
slots as shown in the photograph, Figure 1-1. For details of wire size and
spacing limits, refer to para 3.2.

Axial-lead DUT: Install the test-fixture adaptors, supplied, one in
each slot of the test fixture, as shown in the accompanying figure. Slide
the adaptors together or apart
so the body of the DUT will fit easily between them. Press the DUT down
so that the leads enter the lots in the adaptors as far asthey go easily. For
details of wiresize and DUT size limits, refer to para3.2.

NOTE
To remove each adaptor, lift with agentletilt
left or right. For aDUT with very short leads
it isimportant to orient each adaptor soitsinternal contacts
(which are off center) are close
tothe DUT.

Other DUTS, Remote Connections, and Bias.

For connections via extender cables and remote
test fixtures, refer to the installation instructions of paragraph 2.5. For
connection of bias voltage and operating procedures with bias, refer to
paragraphs 2.6 and 3.6. For convenience, the typical color coding used in
extender cablesis repeated below.

Red: 1+, current connection to "high" end of DUT. ,

Red & white: P+potential connection to same.

Black: |-, current connection to low endof DUT. .

Black & white: P-, potential connection to same

Black & Green: G, guard connection to shield or case (if isolated
from the preceding terminals). Do not-connect G to the case of a capacitor
if the case serves as (or is connected to) one of its 2 main terminals.
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Notice that the 2 red tips must connect to the same end of the DUT. The
terminals with white bands are potential connections; with no bands, current
terminals.

¢. Set.the pushbuttons according to the desired measure
ment, as follows:

Power. Depress the POWER button so that it stays in the depressed
position. (To turn the instrument off, push and release this button so that it
remainsin the released position.)

Function. For resistance, depress R. For inductance, depress L/Q. For
capacitance, depress C/D. Be sure that one of these buttonsisin the
depressed position.

Frequency. For measurement at 1 kHz, push and release the
FREQUENCY button until the 1-kHz light comes on. For 120 (100) Hz, push
the same button so that the 120-Hz (100.Hz) light comes on.

Parallel or Series. For series equivalent circuit, push and release the
PARALLEL/SERIES button until the SERIES light comes on. For parallel
equivalent circuit, push this button so that the PARALLEL light comes on.
(The choiceis significant for lossy capacitors or inductors, not for lowloss
reactive components or non-reactive resistors.) For further explanation, refer
to para3.5.

Range. Depress the middle (RANGE-2) button first and watch the
ADJUST RANGE lights. If the right-pointing arrow is lighted, depress
RANGE button at the right. If the left-pointing arrow is lighted, depress
RANGE button at the left. When neither arrow is lighted, the range you have
selected is correct. (Be surc that one of the RANGE buttonsisin the
depressed position.) Additional comments on range choices are below.

d. Read the measurement on the main displays. The
R LC display isthe principal measurement, complete with decimal point and
units, which are indicated by the light spot behind MW, kW, W, H, mH, nF,
or uF.* The DQ display is D if the C/D FUNCTION buttonisin, Q if the
L/Q button isin.

e. After any changein DUT or measurement conditions, before looking
at the displays, notice the ADJUST RANGE

lights. Interpret them as follows:
Neither light. Correct range. (There are minor exceptions.)

Left Light. Wrong range; try next RANGE button to left.
Right Light. Wrong range; try next RANGE button to

right.

Both Lights. Overrange or invalid display. If FUNCTION is correct
and RANGE is highest, the measurement is valid but because of an
overrange condition, the basic 0.2% accuracy cannot be guaranteed. (If you
switch to RANGE 2, one
of the lights will go out.) If both lights are lit on RANGE 2, either the
FUNCTION is inappropriate for the DUT or it is not properly connected.
For more details, refer to para 3.3.

*|f the extender cable is used. it may be necessary to correct for its
capacitance.



3.2CONNECTION OF THE DUT.
3.2.1 Thelntegral Test Fixture.

The test fixture provided on the front ledge of the Digi

bridge provides convenient, reliable, guarded 4-terminal connection to
any common radial-lead or axial-lead component.

If the slots of your test fixture have rounded ends, the
slots accommodate wires of any diameter from 0.25 mm (.01 in., AWG
30) to 1 mm (.04 in., AWG 18), spaced from 6 to 98 mm apart (0.23t0 3.9
in.) or equivalent strip conductors. Each "radial” wire must be at least 1 cm
long
(0.4in.). However, if the lots of your test fixture have square ends, they
will accommodate wires spaced as close as4 mm (0.16 in.) and each
"radial" wire must be at least
4 mm (0.16 in.) long. The divider between the test slots contains a shield, at
guard potential, with its edges exposed. The adaptors accomm odate wi res
of any diameter up to 1.5 mm (.06 in., AWG 15). The body of the DUT that
will fit between these adaptors can be 80 mm long and 44 mm diameter
(3.1x1.7 in.) maximum. Each "axial" wire must be at least 3 mm long (0.12
in.).

For radial-lead parts, remove each adaptor from the test fixture by a
gentle pull upward, made easier by bending the adaptor left or right (never
forward or back). For axial-lead parts, insert the adaptors, one in the left
slot and the other
in theright slot of the test fixture, by pushing vertically downward. They
can be dlid left and right to match the length of DUT to be measured. Notice
that the contacts inside the adaptor are off center; be sure to orient the
adaptors so the contacts are close to the body of the DUT, especialy if it
has short or fragile leads.

Insert the DUT so one lead makes connection on the
left side of thetest fixture, the other lead on the right side. Insertion and
removal are smooth, easy operations and connections arereliableif leads
are clean and straight.

Be sure to remove any obvious dirt from leads before inserting them.
Be sure the contact pair inside each half of the test fixtureisheld open by a
singleitem ONLY, whether that is one lead of an axial-lead DUT or one
adaptor, to obtain true "Kelvin" connections.

3.2.2 Test Fixture Accessories.
An accessory extender cable or adaptor, cable, and remote test fixture,

as described in Table 1-3, is needed
to connect any DUT that is multiterminal, physically

large, or otherwise unsuited for the built-in test fixture.

A cable is needed, for example, to connect impedance standards, a
remote test fixture, capacitors to be measured with bias, etc. For
connection to the instrument, refer to paragraph 2.5. For
measurements with bias,

refer to paragraphs 2.6 and 3.6. The color code for the branched end
of each cableisgiven in paragraph 3.1. To correct for cable
capacitance, refer to paragraph 3.7.

3.3 FUNCTION AND RANGE SELECTIONS.
3.3.1 Function Pushbuttons.

The selection of the principal parameter to be measured is almost self-
explanatory. Depress the appropriate FU NCTION button: R, L/Q or C/D to
measure resistance, inductance, or capacitance. The instrument will tolerate,
to some degree, a poor choice of function, but accuracy is thereby reduced.
The readout will indicate a completely wrong choice of function, as
explained below. Notice that the appearance of a device can be misleading.
(For example, afaulty inductor can be essentially capacitive or resistive;

a component part can be mislabeled or unlabeled.)

If both ADJUST RANGE lights are on, the RANGE 2 button isin, the
RLC display is blank, and the DUT is properly connected, then the choice
of function is probably wrong. Most likely, if the L/Q button isin, the DUT
is capacitive; or if the C/D button isin, the DUT isinductive.

Observe the DQ display for an indication of poor choice of function
(though tolerable). Large D or small 0 may indicate that the "reactor" being
measured is practically a
resistor at the measuring frequency. If the C/D button is in and the D
reading is between 1 and 10 (or blank, as it will be for D> 10) it is
possible that the DUT is eno,ugh like a resistor to be measured best
with the R button in. Similarly, if the L/Q button isin and the Q reading
is
between zero and 1, it is possible that the DUT is enough like aresistor to
be measured best with the R button in. Notice that when the R button isin,
the DO display is aways blank. On the other hand, any D or Q display is
valid, even if the "wrong" function has been selected. (The C or L display
can be blank.)

If the R buttonisin (aresistor is being measured) the easy way to
determine whether the DUT isreactiveisto try making C/D and L/Q
measurements. If you obtain avalid C measurement with D < 1, the DUT is
capacitive. The smaller this D value, the less accurate the R measurement.
Similarly, if you obtain avalid L measurement with Q > 1, the DUT is
inductive. The larger this Q value the less accurate the R measurement. (See
para3.4.)

3.3.2 Range Pushbuttons.

Range selection is also nearly self-explanatory. Follow the ADJUST
RANGE lights. Theleft light means: "Push the next range button to the
left." Theright-hand light
means: "Push the next range button to the right." Continue until both lights
go out. The instrument will usually display a measurement (at reduced
accuracy) even though the range is not optimum. The following details
about range are best
understood with reference to para 3.4 (particularly the RLC basic accuracy
graph).

The RANGE buttons are placed in order of decreasing impedance, 3-2-

1. The "highest" range is therefore Range 1
for C/D; but it is Range 3 for Rand L/Q.
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Table 3-1
FULL SCALE READOUTS ON EACH SUBRANGE

Manual Automatic R R L L Cc [
range subrange 1 kHz 120 (100) Hz 1 kHz 120 (100) Hz 1 kHz 120 (100) Hz
1A 19.999 Q 19.999 Q 1.9999 mH 19.999 mH 19.999 uF 199.99 uF
1 1B* 999.99 999.99 2 99.999 mH 999.99 mH 999.99 uF 9999.9 uF
(Zg=102) e ———— ———— e 99999. uF
2 2A 1.9999 k2 1.9999 k2 .19999 H 1.9999 H .19999 uF 1.9999 uF
(Zg=1kQ) 2B* 99.999 k2 99.999 kQ 9.9999 H 99.999 H 9.9999 uF 99.999 uF
3A .19999 MQ .19999 M2 19.999 H 199.99 H 1.9999 nF 19.999 nF
3 { 3B* 9.9999 MQ 9.9999 MQ 999.99 H 9999.9 H 99.999 nF 999.99 nF
(Zo=100kQ) L3C** = ————— 99.999 MQY

*Each *B* subrange covers a full decade (example, 20 to 2007§2} in the basic range and an upper range extension (example 200 to 999* ), in

which accuracy is reduced and the ADJUST RANGE light(s)} is on.

**Each “C’ subrange is a further extension of the highest range (example, 10 to 99.9% MQ).

Each basic range is dightly more than 2 decades wide, froman R LC
display of 01900, with an automatic decimal
point change between the decades, to 19999. (The symbol O represents
ablanked zero. Initial zeroesto |eft of the decimal point are always blanked
out of the RLC display.) Each of the 3 ranges goes beyond its basic range,
with both upper and lower range extensions (shown by lighter linesin the
RLC basic accuracy graph). Several of these extensions are seldom used
because they overlap "basic" portions of other ranges and because the
operator is alerted to thisfact by an ADJUST RANGE light.

Each rangeincludes 2 or 3 subranges, distinguished by the automatic
decimal-point shift. The operator does NOT control them. Subranges are
detailed in Table 3-1. Notice, for example, if you select RANGE 1, C/D, 1
kHz, then there are 2 subranges: 19uF and 999uF. If a series of measure-
mentsis made with C increasing slowly above 19uF, the automatic
subrange change takes place at 21. But with C decreasing, the change takes
place at 20. This hysteresis eliminates a possible cause of flickering of the

display.

The "low" extension of each range goes from 01900 down to 00000,
without any change in decimal point, but with reduced accuracy. The
number of digitsin thisdisplay is always adequate for the specified
accuracy. Any measurement in the low extension of either Range 2 or the
highest range causes the appropriate ADJUST RANGE arrow to be lighted.
But thereis no such light in the low extension of the lowest range (because
thereisno lower range to select).

The "high" extension of each rangeisafactor of 5 (with 2 exceptions),
going from 19999 up to 99999, and finally to blank, without any changein
decimal point, but with reduced accuracy. Any measurement in the high
extension of either the lowest range or Range 2 causes the appropriate
ADJUST RANGE arrow to be lighted. However in
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the high extension of the highest range, both ADJUST RANGE arrows are
lighted (to indicate a useful "overrange" condition) .

The high extension of the top range for Rand C only, at 120 Hz (100
Hz) only, isafactor of 50, going from 19999, with an automatic decimal-
point change, up to 99999, and finally to blank, with reduced accuracy.
(Both ADJUST RANGE arrows are lighted as described above.)

A special case warrants explanation. (Thisisaminor exception to the
basic procedure of para3.1.) It ispossible

for both ADJUST RANGE lightsto be out and yet the RANGE and
FUNCTION buttons to be incorrectly set.

This condition result's from either faulty connection to the DUT or a
numerically small negative Lor C measurement. Sometimes aloose or dirty
connection to the DUT causes

an erratic RLC display. A small negative L or C (wrong function

selected) causes azero display. In either case, check connections at the test
fixtureand try all 3 FUNCTIONS to see which is appropriate, R, L/Q, or
CID.

3.4 ACCURACY.
3.4.1 Graphs. Figures 3-2, 3-3, and 3.4
The following accuracy graphs supplement the statement of accuracy in
the specifications, at the front of this manual.
Figure 3.2 shows that the R LC basic accuracy of 0.2% is realized over
6 decades of impedance if the correct range
is selected (asindicated by the ADJUST RANG E lights being out).
The reduction of accuracy is shown for all of the "low" and "high" range
extensions. Thisbasic RLC accuracy isvalid only for "pure" R. L, or C.
For the effect
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Figure 3-2. R L C basic accuracy as a percent of reading. Heavy lines (solid and dotted) represent best
choice of range. Range 2 is dotted. Notice that Land C scales above graph are for 120 Hz (*equally valid for
100 Hz) and the 2 below graph are for 1 kHz. The DQ accuracy factor (right-hand scale) is the multiplier
that, applied to the DQ Basic Accuracy, yields complete DQ accuracy, for range extensions as well as the

basic ranges (where RLC accuracy is 0.2%).

of quadrature impedance, multiply each basic accuracy value by the RLC
accuracy factor; see below.

Figure 3-3 shows the RLC accuracy factor, which dependson D or Q.
For example, suppose a capacitor measured at
1 kHz has C =400 uF and D = 0.5. The R LC basic accuracy is 0.4% and
the R LC accuracy factor is 1.5. Therefore, the accuracy of the C
measurement is :+/-0.6%. Notice that the
D or Q of aresistor (if significant) can be measured by selecting the C/D or
L/Q FUNCTION.

< Q (or D of Resistor)

100
50 ~

10

RLC Accuracy Factor

°r L/
.01 0.1 1 10 100
D (or Q of Resistor)

Figure 3-3. R L C accuracy factor as a function of D
and Q. Multiply the RLC Basic Accuracy by this

factor to obtain complete RLC accuracy for imped-
ances that are not “‘pure’ resistance or reactance.

For capacitors and inductors, use the D and Q scales,
respectively. For resistors, use the “’D of Resistor’”

scale if capacitive, the “Q of Resistor” scale if inductive.

Figure 3-4 shows the basic DQ accuracy, which is simple function of
D or Q. For D read the lower scale and lower curve. For Q read the upper
scale and upper curve. The basic DQ accuracy isvalid only if
measurements are made on one of the 3 basic ranges (where RLC
accuracy
is best). Otherwise, multiply basic DQ accuracy by the DQ accuracy
factor, shown on the right of the "RLC basic accuracy" graph. In the
example of C =400 uF, D = 0.5, the basic D accuracy is 0.5% and the D
accuracy factor is 2. Therefore, the accuracy of the D measurement is :+/-1%

.01 A 1 10 100 1000
100%

(=]

DQ Basic Accuracy
~N w
T 1

0.1%

001 .01 A 1 10

Figure 3-4. DQ basic accuracy as a percent of reading.
These curves are directly applicable for measurements
in the basic ranges. For measurements on any of the
range extensions, refer also to Figure 3-2 for the DQ
accuracy factor.
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The logarithmic scales on these figures make it very easy to apply the
accuracy factors visually. For example, suppose a capacitor is being measured
on range 2, both ADJUST RANGE lights are out, and the D display' is about
1. Figure 3-3 shows that the C accuracy factor is about 1/3 of a decade on the
logarithmic scale. On Figure 3-2, find the heavy dotted line (the basic portion
of range 2) and point to the basic C accuracy (0.2%) at the left. Now apply the
C accuracy factor by moving the pointer up about 1/3 of adecade. The pointer
now shows the corrected C accuracy, 0.4%.

3.4.2 Insignificant Digits.

One or more of the digits at the right end of the R LC and/or DQ displays
may beinsignificant. Thisis particularly true at the upper extension of a
range. If there are more than one insignificant digitsin a display, the least
significant istypically noisy. That is, it will appear to flicker at random over a
range of values and should be ignored.

For example, if you measure a4-MWresistor, the display might ideally
be 4.1234 MW, but the one or two final digits might be changing at random.
Thisflickering is entirely normal. The specified accuracy (+/-0.4%) is the key
to expected performance; in this example, the last 2 digits are insignificant
and the last digit is quite unnecessary. Typically, one would record this
measurement as 4.12 +/-.02 MW.

3.5PARALLEL/SERIES AND FREQUENCY SELECTIONS.

3.5.1 General.

The value of the principal measurement (R, L, or C) of a certain DUT
depends on which of 2 equivalent circuitsis chosen to represent it. (Many
impedance measuring instruments provide no choice in the matter, but this
one allows selection.) The more nearly "pure" the resistance or reactance, the
more nearly identical are the "series’ and "parallel" values. However, for D
or 0 near unity, the differenceis substantial. Also, the principal measurement
often depends on measurement frequency. The more nearly "pure” the
resistance or reactance, the less is this dependence. However, for D or Q near
unity and/or for measuring frequency near the self-resonant frequency of the
DUT, this dependence
is quite substantial. Wefirst give general rules for selection of measurement
parameters, then some of the theory.

35.2Rules.

Specifications. The manufacturer or principal user of the DUT probably
specifies how to measure it. (Usually "series" is specified for C, L, and low
values of R.) Select "parallel” or: "series’ and 1 kHz or 120 Hz (100 Hz)
according to the applicable specifications. If there are none known, be sure
to
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specify with your results whether they are "parallel" or "series' and what the
measurement frequency was.

Resistors, below about 1 KW Series, 120 Hz (100 Hz). Usually the
specifications call for dc resistance, so select alow test frequency to
minimize ac losses. Select "series" because the reactive component most
likely to be present in alow-resistance resistor is series inductance, which
has no effect on the measurement of series R. As a quick check on whether
the DUT is nearly pure resistance, make a separate "parallel" measurement.
Rp will be larger then Rs. If the differenceislessthen 1 %, then O isless
than 0.1, and the measured Rsis probably very close to the dc resistance.

Resistors, above about 1 kW Parallel, 120 Hz (100 H2). As
explained above, select alow test frequency. Select "parallel" because the
reactive component most likely to be present in ahigh-resistance resistor is
shunt capacitance, which has no effect on the measurement of paralld R. As
aquick check on whether the DUT is nearly pure resistance, make a
separate "series’ measurement. If the difference between Rp and Rsisless
than 1%, then D is greater than 10, and the measured Rp is probably very
close to the dc resistance.

Capacitorsbelow 2 nF: Series, 1 kHz. Unless otherwise specified or for
special reasons, always select "series"
for capacitors and inductors. This has traditionally been standard practice.
Select a high measurement frequency for best accuracy.

Capacitors above 200 uF: Series, 120 Hz (100 Hz). Select "series’ for
the reasons given above. Select alow measurement frequency for best
accuracy and to enable measurement of capacitors larger than 1000uF.

Inductors below 2 mH: Series, 1 kHz Select "series”
as explained above. Select a high measurement frequency for best accuracy.

Inductors above 200 H: Series, 120 Hz (100 Hz). Select "series" as
explained before. Select alow measurement frequency for best accuracy
and to enable measurement of inductors larger than 1000 H.

3.5.3 Seriesand Parallel Parameters. Figure 3-5.

An impedance that is neither a pure reactance nor a pure resistance can
be represented at any specific frequency by either aseries or a parallel
combination of resistance and reactance. Keeping this concept in mind will
be valuable
in operation of the instrument and interpreting its measurements. The values
of resistance and reactance used in the equivalent circuit depend on whether
aseries or parallel combination is used. The equivalent circuits are shown in
Figure 3-5. The relationships between the various circuit elements are as
follows.
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Figure 3-5. Equivalent circuits for a lossy inductor and
a lossy capacitor.

3.5.4 Equivalent SeriesR for Capacitors.

Thetotal loss of a capacitor can be expressed in several ways, including
D and "ESR." To obtain equivalent series resistance, one can measure
directly (if D is high enough to permit the desired accuracy) or calculate.

Direct Measurement. If, while measuring C, you observethat D is
above 0.1 (or some other limit of your choice, see Figure 3-3), push
FUNCTION button R and select SERIES.

Both C and ESR should be measured on the same range. If D is below
1, the range should be correct for C, even though the ADJUST RANGE
light comes on while you measure ES R. However, if D isabove 1, choose
the correct "R" range to obtain ESR; and then remeasure C on this range.

Calculation. If D issmall, it is better to calculate "ESR" as follows: Rs
= D/2pfCswhere p = 3.1416. D and Cs are displayed on the front panel.
Frequency f depends on the model of the instrument and the selected
frequency as follows (+/- .01%):

1657-9700: "1 kHz" is 1020.0 Hz; 120 Hz" is 120.0 Hz. 1657-9800: "1
kHz" is1000.0 Hz; "100 Hz" is 100.0 Hz.

"Equivalent seriesresistance” istypically much larger than the "ohmic"
resistance of the wire leads and foils that are physically in series with the
heart of a capacitor. ESR includes also the effect of dielectric lossand is
therefore dependent on frequency.

3.5.5 Parallel Equivalent Circuitsfor Inductors.

Even though it is customary to measure series inductance of inductors,
there are situations in which the parallel equivalent circuit better represents
the physical device. At low frequencies, the significant loss mechanismis
usually "ohmic" or "copper loss" in the wire and the series circuit is
appropriate. If thereisan iron core, at higher frequencies the significant
loss mechanism may be "core loss' (related to eddy currents and hysteresis)
and the parallel equivalent circuit is appropriate. Whether thisistrueat 1
kHz should be determined by an understanding of the DUT, but probably it
isso if the following is true: that measurements
of Lp at 1 kHz and at 120 Hz (100 Hz) are more nearly in agreement than
measurements of Ls at the same 2 frequencies.

3.6 BIAS.

To measure a capacitor with bias applied, it is necessary to insert abias
voltage source in series with the |+ lead to the DUT and to provide a means
of discharging it. Refer to para 2.6 for installation of the recommended
circuit.

OPERATION 3-7



WARNING
To minimize shock hazard, limit biasto 30 V.
Bias voltage is present at connectors, test
fixtures and on capacitors under test.
Capacitors remain charged after measurement.
Do not leave instrument unattended with bias

applied.

Although special precautions are not required, we recommend the

following procedure, to assure controlled
conditions for both charging and discharging. capacitors.

a. Set the bias voltage to zero.

b. Attach the DUT, with correct polarity.

c. Raise the bias voltage to the specified value.

d. Allowa specified charging and soaking time.

e. Observe and record the specified measurements

(usualy Csand D).

f. Set the bias voltage source to zero.

g. Connect the 10-n discharging circuit.

h. After about 2 s, connect the safety short circuit.

i. Remove the DUT and the discharging circuits.

3.7 CORRECTION FOR TEST FIXTURE ACCESSORIES.
3.7.1 With the Remote Test Fixture.

The remote test fixture, cable assembly, and adaptor (1689-9600,
-9602, -9601) introduce about .001 nF of capacitance in parallel with
the DUT, a generaly negligible error. For the best accuracy, select
PARALLEL, C/D, and range 3; measure the capacitance "Cc" with
the remote test fixture open (no DUT). Then measurea DUT, PARALLEL,
CID; the RLC display is now
Cc + Cx, where Cx isthe capacitance of the DUT. Therefore, subtract the
measured Cc from the R LC display to obtain Cx.

3.7.2 With the 1657-9600 Extender Cable (Banana Plugs).

The 1657-9600 extender cable introduces about .0002 nF of capacitance
in parallel with the DUT, anegligible error. For very high precision, the
following procedure can be used,
determining a correction for measurements of parallel capacitance.

Because the physical arrangement and spacing of the cable branches and
connectorsis significant, a correction should be determined for each
measurement setup. The following procedure applies to connection with a
precision 3-terminal capacitor, GR 1404 or 1413, for example:

3.8 OPERATION

a Install an adaptor, GR 874-Q2, on each of the

two coaxial connectors, Land H, of the capacitor.

b. Connect cable branch G to the ground post of the "low" terminal
adaptor. With aclip lead or plain wire, connect this point to the ground post
of the"high" adaptor.

¢. Connect cable branch P- to the main post of the
"low" adaptor and stack |- on top of P-.

d. Similarly, connect P+, with 1+ stacked on top of it,
to the main post. of the "high" adaptor.

e. Measure this total capacitance, the sum of the desired

measurement and the cable capacitance, Cx + Cc.

f. Carefully lift the stacked pair of cable tips, I+/P+, from the "high"
adaptor and hold them about 0.5 cm (1/4 in.) above the binding post where
they were connected.
Do NOT rearrange the cable branches or change their spacing more than is
absolutely necessary to follow these directions. Hold the plastic tips (not the
wires) and touch the guard (G) circuit firmly with a couple of fingers, to
minimize the

effect of capacitancein your body.
g. Measure the cable capacitance, Cc.

h. Subtract the result of step g from that of step e,
to obtain the desired measurement, Cx.

3.7.3. With the 1688-9600 Extender Cable
("Type 874" Connectors).

The 1688-9600 extender cable introduces no parallel capacitance that can
be resolved on the 1657 Digibridge, if the shielding between "high" and
"low" is maintained consistently. For example, to connect a 3-terminal DUT
having two type 874 connectors, use a type 874 tee for the red and red/white
cables, and another type 874 tee for the black and black/white cables.

3.8 CARE OF DISPLAY PANEL.

Use caution when cleaning the display window, not to scratch it nor to
get clean ing substances into the instrument. Use soft cloth or aball of
absorbent cotton, moistened with amild glass cleaner, such as "Windex"
(Drackett Products Co., Cincinnati, Ohio). Do NOT use a paper towel; do
NOT use enough liquid to drip or run.

If it should be necessary to place marks on the window, use paper-based
masking tape (NOT any kind of marking pen, which could be abrasive or
react chemically with the plastic). To minimize retention of any gummy
residue, remove the tape within a few weeks.



Theory - Section 4

4.1 INTRODUCTION.
4.2 PRINCIPAL FUNCTIONS.

4.1 INTRODUCTION.
4.1.1 General.

This instrument uses an unusual method of measurement, which is quite
different from those used in previous impedance meters or bridges. A
thorough understanding of this method will be helpful in unusual
applications of the instrument. The following paragraph gives a brief overall
descrip. tion outlining the measurement technique to one familiar with
impedance measurement methods. A more detailed description of operation,
specific circuitry, and control signalsis given later.

4.1.2 Brief Description of the 1657 Digibridge.

This Digibridge TM uses a new measurement technique, in which a
microprocessor calculates the desired impedance parameters from a series
of 8 voltage measurements.* These
measurements include quadrature (90°) and inverse (180°) vector

components of the voltage across the "unknown" impedance Zx and the
voltage across a standard resistor Rs

carrying the same current as Zx .Each of these measure

mentsis meaningless by itself, because the current through

Zx is not controlled. But the 8 measurements are al made in rapid
sequence with the same phase-sensitive detector

and analog-to-digital converter. Therefore properly chosen differences
between these measurements subtract out fixed offset errors, and ratios
between the differences cancel out the value of the common current and
the scale factor of the detector-converter.

The phase-sensitive detector uses 4 reference signals, precisely 90°
apart, that have exactly the same frequency as the test signal, but whose
phase relationship to any of the analog voltages (such as the 8 mentioned
above) or currents (such as the current through Zx and Rs) isincidental.
Therefore, no precise analog phase shifter or waveform sguaring circuit is
required. Correct phase relationships are maintained by generating test
signal and reference signals from the same high-frequency source.

There are no calibration adjustments in the Digibridge, thanks to the
measurement technique. The only precision

'Patent applied for.
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componentsin thisinstrument are three standard resistors

and a quartz-crystal stabilized oscillator. There is no reactance
standard. For example, C and D are calculated by the microprocessor
from the set of 8 voltage measurements and predetermined values of
frequency and the

applicable standard resistance.

The microprocessor aso controls the measurement sequence, using
programs in the ROM memory and a few manual selections. The desired
parameters, C and D, Land Q, or R; equivalent circ,.uit, series or parallel;
and frequency, either 120 Hz (100 Hz) or 1 kHz, are selected by front
panel controls. There are also three manually
selected ranges, which have wide overlap. The optimum range for
any measurement isindicated by pane lights.

Each rangeis 2 decades wide, with reduced-accuracy
extensions both above and below. For example, consider resistance
measurement on Range 1 (F igure 3-2). The 2 decades extend from
02.000 W, with an automatic decimal-point shift at 02.100 going up (at
020.00, going down) to 200.00 W. The range extensions go as far as
can be displayed without further decimal-point shifting: upwardsto
999.99 W, downwards to 00.001 W. Leading zeroes before the decimal-
point (0) are blanked out.

Test frequencies are within 2% of the front-panel indication.
However, for reasons related to rejection of power-line-frequency stray
signalsthat could be picked up by the D UT, thereby causing
measurement errors, the actual frequencies are as follows --accurate to
+-.01% -

catalog number 1657-9700: 1020.0 Hz, 120.00 Hz

catalog number 1657-9800: 1000.0 Hz, 100.00 Hz.

4.1.3 Block Diagram.

The block diagram shows the microprocessor (uP) in
the upper right corner connected by data and address buses to digital
circuitry including RAM and ROM memories, status and control latches,
and the front-panel display.

Analog circuitry is shown in the lower part of the diagram, where Zx is
supplied with atest signal at frequency f from a sinewave generator, driven
by a crystal-controlled digital

frequency divider circuit. The front-end amplifier circuit supplies an analog

signal that represents 2 impedances alternately: the internal standard, Rs,

and the DUT, Zx.

Figure4-1.

THEORY 4-1
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Figure 4-1. Functional biock diagram.

The detector control block provides sampling commands
(in 4 phases). The detector is a dual-slope converter, includ-
ing an integrator and comparator, which converts each
phase component of the analog signal proportionally into

a period of time. The dual-slope measurement is converted
into a digital number by a counter that is gated by this
period. From this information and manually selected cri-
teria, the microprocessor calculates the RLC and DO val-
ues subsequently displayed.

4.2 PRINCIPAL FUNCTIONS.

4.2.1 Elementary Measurement Circuit. Figure 4-2.

The measurement technique is shown diagrammatically.
A sine-wave generator drives current IX through the DUT
Zx and standard resistor Rs in series. Two differential ampli-
fiers with the same gain K produce voltages €4 and €.
Simple algebra, some of which is shown in the figure, leads
to the expression for the ““unknown’’ impedance:

7. - R L
X S ey

4-2 THEORY

- P- P+ I+

Zx

Notice that this ratio is complex and that (unless you are
measuring resistance) both a magnitude and a loss value are
automatically calculated from Zx and frequency.

L
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e2 - KRile

A e L Zx

7 [

Figure 4-2. Elementary measurement circuit.



4.2.2 Frequency and Time Source. Figure4-3. 4.2.3 Sine-Wave Generation. Figure 4-4.

A necessary standard for accuracy is the frequency of the test signal; and Starting with adigital signal at 256 times the selected
equally important are the generation of 4-phase referencesfor detectionand ~ test frequency, the sinewave generator providesthe test signal that drivesa
clocks for the microprocessor. Frequency and timing requirements are small but essential current through the DUT.
implemented by derivation from asingle very accurate oscillator, operating near Binary dividers count down from 256 F, providing 128 F, 64 F, 32 F.,... 2F,
25 MHz. Digital dividers and logic circuitry provide the many clocks and F. This set of signalsis used to address a read-only memory which contains a

triggers, as well as driving the sine-wave generator described below. 256-step approximation
to asine function. The ROM output (as an 8-bit binary number) is

converted by aD/A converter to a somewhat "noisy" sine-wave, which isthen
smoothed by filtering before its use in the measurement of aDUT.

FREQUENCY 4PROCESSOR
120Hz/1kHz SAMPLING
SELECT SYNCHRONIZATION
STEP APPROXIMATION
TO PURE SINEWAVE
CRYSTAL 25 MHz FREQUENCY SINEWAVE ,\fl
TIMEBASE DIVIDERS GENERATOR FREQ SINE ’ ~ £
IVIDER TABLE D/A
2566 ——s] i — aE | — conv. [—H FutER ey
— 8817
1 MHz ' nr COUNTER ROM

uPROCESSOR CLOCK
Figure 4-4. Sinewave generator. Given a square wave
Figure 4-3. Fréquency and timing source. A pushbutton at 256 f, from preceding dividers, this generator uses
determines the frequency select function. Several a ROM containing the mathematical sine function to
clocks and synchronizing puises as well as the measurement form a finely stepped approximation to a sine wave
signal f are derived from the accurate time-base signal. at frequency f. A filter provides smoothing.



Service and Maintenance- Section 5

5.1 CUSTOMERSERVICE. ........ccooooiiiiiiiiiiiciice
5.2 INSTRUMENT RETURN........ccoooiiiiiiiiiiiiics
5.3 REPAIR AND REPLACEMENT OF PLUG-IN BOARDS

5.4 PERFORMANCE VERIFICATION

5.5 MINIMUM-PERFORMANCE STANDARDS. ......

WARNING

These servicing instructions are for use by qualified personnel only. To avoid electrical

shock, do not perform any servicing, other than that contained in the operating instructions,

unless you are qualified to do so.

CAUTIONS
For continued protection against fire hazard, replace fuse only with
same type and ratings as shown on rear panel and in parts list.

Service personnel, observe the following precautions whenever you
handle a circuit board or integrated circuit in this instrument.

HANDLING PRECAUTIONS
FOR ELECTRONIC DEVICES
SUBJECT TO DAMAGE BY STATIC ELECTRICITY

Place instrument or system component to be serviced,
spare parts in conductive (anti-static) envelopes or carriers, hand tools, etc.
on a work surface defined as follows. The work surface, typically a bench
top, must be conductive and reliably connected to earth ground through a
safety
resistance of approximately 250 kilohms to 500 kilohms.
Also, for personnel safety, the surface must NOT be metal. (A resistivity of
30 to 300 kilohms per square is suggested.) Avoid placing tools or electrical
parts on insulators, such as books, paper, rubber pads, plastic bags, or trays.
Ground the frame of any line-powered equipment, test instruments,
lamps, drills, soldering irons, etc., directly to
earth ground. Accordingly, (to avoid shorting out the safety resistance) be sure
that grounded equipment has rubber feet or other means of insulation from the
work surface. The instrument or system component being serviced should be
similarly insulated while grounded through the power

5-0 SERVICE

cord ground wire, but must be connected to the work surface before, during,
and after any disassembly or other procedure in which the line cord is
disconnected. (Use a clip lead.)

Exclude any hand tools and other items that can generate a static charge.
(Examples of forbidden items are nonconductive plunger-type solder suckers
and rolls of electrical tape.)

Ground yourself reliably, through a resistance, to the work surface; use, for
example, a conductive strap or cable with a wrist cuff. The cuff must make
electrical contact directly with your skin; do NOT wear it over clothing.
(Resistance between skin contact and work surface through a commercially
available personnel grounding device is typically in the range of 250 kilohms to
1 megohm.)

If any circuit boards or IC packages are to be stored or transported,
enclose them in conductive envelopes and/or' carriers. Remove the items
from such envelopes only with
the above precautions; handle IC packages without touching the contact pins.

Avoid circumstances that are likely to produce static charges, such as
wearing clothes of synthetic material, sitting on a plastic-covered or rubber-
footed stool (particularly while wearing wool), combing your hair, or making
extensive erasures. These circumstances are most significant

when the air is dry.

When testing static-sensitive devices, be sure dc power is on before,
during, and after application of test signals. Be sure all pertinent voltages have
been switched off while
boards or components are removed or inserted, whether hard-wired or plug-in.



5.1 CUSTOMER SERVICE.

Our warranty (at the front of this manual) attests the quality of
materials and workmanship in our products. If
malfunction does occur, our service engineers will assist in any way possible.
If the difficulty cannot be eliminated by use of the following service
instructions, please write or
phone the nearest GenRad service facility (see back page), giving full
information of the trouble and of steps taken to remedy it. Describe the
instrument by name, catalog number, serial number, and 10 (lot) number if
any. (Refer to
front and rear panels.)

5.2 INSTRUMENT RETURN.

5.2.1 Returned Material Number.

Before returning an instrument to GenRad for service, please ask our
nearest office for a "Returned Material" number. Use of this number in
correspondence and on a tag tied to the instrument will ensure proper
handling and identification. After the initial warranty period, please avoid
unnecessary delay by indicating how payment will be made, i.e., send a

purchase-order number.

5.2.2 Packaging.

To safeguard your instrument during storage and shipment, please use
packaging that is adequate to protect it from damage, ie., equivalent to the
original packaging. Any GenRad field office can advise or provide packing
material
for this purpose. Contract packaging companies in many cities can
provide dependable custom packaging on short notice. Here are two
recommended packaging methods.

Rubberized Hair. Cover painted surfaces of instrument with protective
wrapping paper. Pack instrument securely in strong protective corrugated
container (350 Ib/sq in.
bursting test), with 2-in. rubberized hair pads placed along

all surfaces of the instrument. Insert fillers between pads and container to ensure
a snug fit. Mark the box "Delicate Instrument" and seal with strong tape or metal
bands.

Excelsior. Cover painted surfaces of instrument with protective wrapping
paper. Pack instrument in strong corrugated container (350 Ib/sq in. bursting
test), with a layer of excelsior about 6 in. thick packed firmly against all surfaces
of the instrument. Mark and seal the box as described above.

5.3 REPAIR AND REPLACEMENT OF CIRCUIT BOARDS.
This instruction manual contains sufficient information to guide an
experienced and skillful electronic technician in
fault analysis and the repair of some circuits in this instrument. If a
malfunction is localized to one board (or more) that is not readily repairable, it
can be returned to GenRad for repair. To save time, we recommend that you
obtain a replacement first, as described below, before returning the faulty board.
Exchanges. For economical, prompt replacement of any etched-circuit board,
order an exchange board. Its price is considerably less than that of a new one.
Place the order through your nearest GenRad repair facility. (Refer to the last
page of this manual.) Be sure to request an exchange board and supply the
following information:
1. Instrument description: name and catalog and serial numbers. Refer to
front and rear panels.
2. Part number of board. Refer to the parts lists in this manual. (The number
etched in the foil is generally NOT the part number.)
3. Your purchase order number. This number facilitates billing if the unit is
out of warranty and serves to iden
tify the sh ipment.

To prevent damage to the board, return the defective
board in the packing supplied with the replacement (or equivalent protection).
Please identify the return with the
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1. Instrument description: name and catalog and serial
numbers. Refer to front and rear panels.

2. Part number of board. Refer to the parts lists in this manual. (The
number etched in the foil is generally NOT the part number.)

3. Your purchase order number. This number facilitates billing if the unit is
out of warranty and serves to identify the shipment. The repair facility will
arrange for the prompt delivery of a replacement.

To prevent damage to the board, return the defective board in the packing
supplied with the replacement (or equivalent protection). Please identify the
return with the Return Material number on the tag supplied with the
replacement and ship to the address indicated on the tag.

New Boards. For equally prompt replacement of any etched-circuit board,
and for maximum life expectancy, order a new one. Use the same procedure
as described above, but request a new board. Please return the defective one

to GenRad.

5.4 PERFORMANCE VERIFICATION.

This procedure is recommended for verification that the instrument is
performing normally. No other check isgenerally necessary because this
procedure checks operation of nearly all the circuitry. There are no
calibrations or adjustments that could require resetting; and the internal stan-
dards are very stable. (However, for a rigorous performance and accuracy
check, refer to para 5.5.) The necessary resistors, capacitors, and inductors
are inexpensive and readily obtained. The most accurate ones available
should be used; tolerances listed are the "best" commonly catalogued. Refer
to Table 5-1.

CAUTION
Be sure the line voltage switch, rear panel, is correctly set for your

power line voltage.

Table 5-1

Verify performance as follows:

a. Set the line voltage switch, connect the power cord,
and depress the POWE R button.

b. Press the PARALLEL/SERIES button, if necessary,

so that the SERIES light stays lit.

c. Press FUNCTION button R.

d. Press the FREQUENCY button, if necessary, so that
the 120 Hz (100 Hz) light stays lit.

e. Press the RANGE 1 button.

f. Install the test fixture adaptors, as described in para 3.2.

Insert the 49.9-0 resistor as the device to be tested or "unknown"
component (DUT).

g. Verify that the displays are within the extremes shown in "check number
1" in Table 5-2, if the resistor value is within the tolerance listed above.

h. Similarly make the other checks indicated in this table. In check number
12, verify that the 5th digit is reasonably stable, as follows. (Notice that the 4th
digit is the least significant one in the readout, for 0.2% accuracy.)

i. In check number 12, the flickering of the 5th digit should stay typically
with in a range of +/-3 counts. For example, if the display is 1.101 X,uF, the "X"
might flicker between 2 and 8 (or a smaller range). If, for example, "X" is
flickering between 7 and 13, it will of course cause a flickering of the preceding
digit (1.1017 to 1.1023). In such a case, the correct readout is the larger 4-digit
number (1.102) and the 5th digit is acceptably stable.

Tolerances. Acceptable performance of the instrument is bracketed by the
set of display "extremes" in Table 5-2. These are defined as the nominal (ideal)
measurements plusor-minus the sum of the instrument accuracy tolerance and
twice the DUT accuracy tolerance. If the accuracy of your DUT is different from
the recommendation, revise the acceptable "extremes" accordingly. Notice that
this performance verification is NOT intended to prove the accuracy of the

instrument.

RESISTORS, CAPACITORS, AND INDUCTORS

Name Type* Nominal Value Tolerance
Resistors, metal film MIL-R-10509C (style RN60) 499 Q 0.1%
499 O 0.1%
4.99 k0 0.1%
49.9 kQ 0.1%
499 k2 0.1%
Capacitors, polystyrene Arco: 1PJ-332J 0.0033 uF 0.5%
1PJ-333J 0.033 uF 0.5%
1PJ-334J 0.33 uF 0.5%
1PJ-504J 0.5 uF 0.5%
metalized polyester GE: BA-14A105C 1.0 uF 5%
BA-13A106C 10 uF 5%
Inductors, nonferrous JW. Miller 3220-28 1000 uH 5%
ferrite core 9250-107 100 mH 10%

"Eguivalents may be substituted.
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Table 5-2
PERFORMANCE VERIFICATION

Check Function; -
Number Frequency Range DUT RLC Display Extremes** DQ Display Extremes*™*
1 R; 120 Hz* 1 49.9 Q 049.70 to 050.10 Blank
2 2 499 Q 9.4970 10 0.5010 k2
3 2 4.99 kQ 04.970 to 05.010 k2
4 3 49.9 kQ .04970 to .05010 MQ
5 3 499 kQ 0.4970 to 8.5010 MQ
6 C/D; 1 kHz 3 .0033 uF $3.260 10 9©3.340 nF (.0000 to .0100)
7 120 Hz* 3 .0033 uF $3.260 to 03.340 nF
8 1 kHz 2 .033 uF .03260 to .03340 uF
9 120 Hz* 3 .033 uF 032.60 to #33.40 nF {.0000 to .0100)
10 both freq 2 0.33 uF 0.3260 to 0.3340 uF
11 both freq 2 0.5 uF 0.4940 to 0.5060 uF
12 both freq 2 1.0 uF 0.8980 to 1.1020 uF (.0000 to .0300)
13 1 kHz 1 10 uF $8.980 to 11.020 uF
14 120 Hz* 2 10 uF $8.980 to 11.020 uF
15 L/Q; 1 kHz 1 1000 uH 0.8980 to 1.1020 mH (93.00 to 300.0)
16 2 100 mH .07980 to .12020 H (33.00 to 300.0)
17 C/D;1 kHz 2 Series™** .03260 10 .03340 uF .1030 to .1080***
18 1 kHz 2 Serigs™** .03260 to .03340 uF .0094 t0 .0117***

*120 or 100 Hz.

** Refer to paragraphs headed “’Tolerances’ and ’Insignificant figures.” )
» *+* Refer to paragraph headed *’Series DUT.”” The tabulated D extremes apply to the 1657-9700; for the 1657-9800, in step 17

substitute .1010 to .1059, in step 18 substitute .0092 to .0115.

Insignificant figures. The right-hand digit(s) of the display normally flicker
and change if they are not significant for the specified accuracy of the
instrument. Refer to
para 3.4.

Series DUT. For check number 17 of Table 5.2, the SUT is a series
connection of 0.033 uF and 499 Wfor check 18, 0.033 uF and 49.9 W.

For these checks, remove the adaptors from the test fixture. Insert the resistor
in one side and the capacitor in the other side, both slanted so their upper
leads cross each other. Clamp them together with a small alligator clip or
paper clip.

5.5 MINIMUM PERFORMANCE STANDARDS.
5.5.1 General.

This procedure is a more rigorous alternative to the performance
verification described above. Precision stan. dards of impedance are required
for this procedure, which checks the accuracy as well as the overall
performance of the instrument. It will be controlled from the front panel, without
disassembly. Table 5.3 lists the recommended standards and associated
equipment.

Verify that the instrument meets performance specifications as follows.
Notice that the specifications in the front of this manual supercede any that are
tabulated below.

Calibration of Standard. The acceptable RLC readout
(min to max range) may have to be modified if your actual
Zx or Zx accuracy is different from the value tabulated.

For example, if your 1-kW standard is actually 1.005 kW, known to +/-0.1 %,
then the acceptable readout is 1.005 +/-0.3%, i.e., 1.0020 (min) to 1.0080 (max)
kW. (Refer to check E of Table 5-4.)

Insignificant Digits. The right-hand digit(s) of the display normally may
flicker and change if they are not significant for the specified accuracy of the
instrument. Refer to para 3.4.

Cable Capacitance. Because the cable adds capacitance in parallel with
the OUT, it is sometimes necessary to obtain a "corrected readout” from the
numerical display on the instrument. Do this for all checks involving small
capacitance (about 1000 pF or less). The equivalent correction for large
inductance (above 30 H at 1 kHz or 3000 H at 120 Hz) is not applicable in the
recommended .inductance check procedure. For capacitance measurement,
obtain the corrected readout by subtracting the cable capacitance from the
visible readout, as described in
para 3.7. Because C is large compared to cable capacitance and D is small, the
simple calculation (subtraction) is applicable whether the measurement is
"parallel" or "series."

CAUTION
Be sure the line voltage switch, rear panel, is correctly set for your
power line voltage.
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Name

Table 5-3

EQUIPMENT FOR ACCURACY VERIFICATION AND TROUBLE ANALYSIS

Requirements

Recommended Type*

Extender cable

Adapts test fixture 1o standards with binding post and banana plugs.

GR 1657-9600

Resistors Four-terminal, 1 2, .02% GR 1440-9601***
10 2, .01% GR 1440-9611***
Decade, 100 to 11 111 000 2, 0.01% GR 1433-9718 (-Y)
Capacitors Three-terminal, 100 pF, 0.003% GR 1404-9702 (-B)
1000 pF, 0.003% GR 1404-9701 (-A)
1 uF, 0.02% GR 1409-9725 (-Y)

Decade, 3-T, 1 pF to 1* uF, 0.05% * 0.05 pF GR 1413-9700

Four-terminal, ratio type, 1 uF to 10 mF, 0.25% (ratios, 0.02%) GR 1417-9700

Dc Blocking, 500 uF, 10 V GE 69F2214G2
Inductors Fixed, 2-terminal, 100 uH, 0.25% GR 1482-9702 (-B)
1mH,0.1% GR 1482-9705 (-E)
10 mH, 0.1% GR 1482-9708 (-H)
100 mH, 0.1% GR 14829712 (-L)
1H,0.1% GR 1482-9716 (-P)
10 H, 0.1% GR 1482-9720 (-T)
Adaptors Type 874 (for 1413 capacitor} to banana plugs {2 required) Gilbert Engineering

0874-9870
Scope™* General purpose, 100 MHz, dual trace Tektronix 465

Scope probe** Capacitance < 10 pF, X10 Tektronix P6053B

Voltmeter** Digital, general purpose Data Precision 2540, with probe

Counter** Dc to 35 MHz, 10 mV rms —_
Pulse generator** General purpose —_—

Resistor** 200 2,1/4 W —

*Equivalents may be substituted.
**Required for trouble analysis {paragraph 5.8). Not required for paragraph 5.5.
***Discontinued. ESI Type SR1 is suitable replacement.

Table 5-4
RESISTANCE ACCURACY CHECKS
Check Frequency; Function; Ry (exact Ry instrument RLC Readout**
Sequence Parallel/Series Range value) Accuracy Accuracy Min to Max
A 120 Hz*; R; series 1 10 .02% 0.4% ©00.996 to 01.004 2
B 1 kHz; R; series 1 1Q .02% 0.4% 00.996 to 01.004 2
Cc 1 kHz & 120 Hz* 1 10 Q2 01% 0.2% 09.979 t0 10.021 Q
D Same (both freq) 1 100 Q 01% 0.2% ¥99.79 t0 100.21
E Same 2 1k 01% 0.2% 0.9979 to 1.0021 k2
F Same 2 10 k2 01% 0.2% 09.979 to 10.021 k&2
G Same except parallel 3 100 k2 01% 0.2% .09979 to .10021 M2
H Same (paraliel) 3 1 MQ 01% 0.2% 0.9979 to 1.0021 MQ
1 120 Hz*; R; parallel 3 10 MQ 01% 1.0% 9.8990 to 10.101 M2

*Either 120 or 100 Hz.
**Tabulated readout is based on tabulated Ry and Ry accuracy. Refer to para 5.1.1.
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5.5.2 Resistance M easur ement Accuracy.
a. Set the line voltage switch, connect the power
cord, and depress the POWER button. Allow 5 minutes for warm-up
(during which time steps b through f can be done) before accuracy
determination.
b. Press the PARALLEL/SERIES button, if necessary,
so that the SERIES light stays lit.
c. Pressthe FUNCTION button R.
d. Pressthe FREQUENCY button, if necessary, so that
the 120 Hz (100 Hz) light stays lit.
e. Press the RANGE 1 button.
f. Connect the 1-W standard resistor to the test
fixture, using the extender cable, as described in para 3.1. Connect cable
I+ and |- to the posts on the front of the resistor, and P+ and P- to the
corresponding plugs on the back. (Leave G of the cable unconnected.)
0. Verify that the R LC readout is between the min and max extremes
tabulated for check A in Table 5-4. (Refer to para5.5.1 for exceptions.)
n. Continue through the checks specified in the table. Connect to the
decade resistor (checks D, E, etc.) as follows: stack cabletips |+ on P+ and
plug them into resistor terminal H; stack |- on P- and plug theminto L;
connect Gto G.
5.5.3 Capacitance M easur ement Accuracy.
Continue asin the resistance accuracy procedure, above,
except as follows:
a. Follow Table 5-5 for details of setup and
performance.
b. Refer to para 3.7, for details of connection to
3-terminal capacitors with coaxial connectors and for the

determ ination of cable capacitance. The corrected readout of capacitance
isthe actual display minus the cable capacitance.

CAUTION
Do NOT connect the 1417 capacitor without a
dc blocking capacitor in series with the connection between the
CURRENT H terminal and the Digibridge (I+ terminal).

c. For C standards greater than 1 uF (checksR,

S, T...), using the GR 1417 Four-Terminal C Standard, connect a 500-
J1F dc blocking capacitor between the CURRENT H terminal and the I+
tip of the extender cable from the Digibridge. (Orient the blocking
capacitor: + to the cable.)

d. For C standards greater than 1 uF, Cx accuracy better than that
indicated in the table can be realized by a calibration of the 1-uF value
and proportional correction of the higher values of the GR 1417. Typical
accuracy is 0.06% if the GR 1413 isused as the standard. (Refer to the
1417 instruction manual for details.) However, for
a Cx accuracy of about 0.25%, no calibration is required.

5.5.4 D Measurement Accuracy.

Continue with the accuracy procedure as follows:

a. For DUT, make a series connection of the Rand C
decade boxes, by connection from the high (H) termina of the
resistance box to the inner low (L) termina of the capacitance box.
Stack cable tips I+ and P+ and connect these to the inner high (H)
terminal of the capacitance
box. Similarly stack I- and P- on low (L) of the resistance

Table 5-5
CAPACITANCE ACCURACY CHECKS

Check Frequency; Function; Cyx Typical Cyx Instrument Corrected RLC Readout
Sequence Parallel/Series Range Actual Accuracy Accuracy Min to Max**
J 1 kHz; C/D; series 3 100 pF .003% 0.4% 0.0996 to 0.1004 nF
K 1 kHz 3 1000 pF .003% 0.2% ?.9980 to 1.0020 nF
L 120 Hz* 3 1000 pF .003% 0.4% 0.9960 to 1.0040 nF
M 1 kHz and 120 Hz* 3 0.01 uF .05% 0.2% 09.975 to 10.025 nF
N 120 Hz> 3 0.1 uF .05% 0.2% ©999.75 to 100.25 nF
(0] 1 kHz 2 0.1 uF .05% 0.2% .09975 to .10025 uF
P 1 kHz 2 1 uF 0.02% 0.2% 8.9978 10 1.0022 uF
Q 120 Hz* 2 1 uF 0.03% 0.2% 0.9977 t0 1.0023 uF
R 120 Hz* 2 10 uF 0.25%™* 0.2% 09.955 to 10.045 uF
S 1 kHz 1 10 uF 0.25% 0.2% 09.955 to 10.045 uF
T 1 kHz 1 100 uF 0.25% 0.2% 099.55 to0 100.45 uF
U 120 Hz* 1 100 uF 0.25% 0.2% 099.55 to 100.45 uF
\Y% 120 Hz™ 1 1 mF 0.25% 0.2% #995.5 to 1004.5 uF
W 120 Hz* 1 10 mF 0.25% 1% 9875.0 to 10125 uF

*Either 120 or 100 Hz.
**Correct actual display for cable capacitance. Slightly different min and max obtain if Cy and Cx accuracy are different from
tabulated valtues. Refer to para 5.5.1. In particular, steps R . . . W can be made more exacting, with acceptable values of C readout

that depend on Cy calibration, as explained in the text.
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box. (Be surethisis not strapped to G.) Connect cabletip G to G of the
resistance box and to the outer terminals of the capacitance box.

b. Follow checks AA... AF in Table 5-6. Notice that the capacitor
settings depend on catalog number of the instrument as well as front-
panel frequency settings. Refer to the footnotes in the table.

¢. Change the DUT to a parallel combination of Rand C decade
boxes, by changing the high (H) connection of the R box from inoer low
to inner high (H) connection of the C box and by connecting low (L) of
the R box to the inner low (L) of the C box.

d. Perform checks BA ...B F (asin step b above), with
C box set to C3 and frequency of 1 kHz (nominal).

e. Change C box setting to C4 and frequency to 120 Hz (100 Hz).
Repesat checks BA. ..BF.

5.5.5 Inductance M easurement Accuracy.

Continue asin the resistance and capacitance accuracy
procedures except as follows.
a. Follow Table 5-7 for details of setup and

The difference between these 2 measurements is the corrected readout.
For each other check, CB, CC,
CD ..., asingle measurement is sufficient. Refer to "Method of
Measurement” on the calibration certificate of the inductor.

c. Notice that the low-frequency checks are somewhat limited by the
low Q's of the standard inductors. A Q of 1 or less causes a factor of 2 or
more degradation in the specified accuracy of inductance measurement.

5.6 DISASSEMBLY AND ACCESS.

WARNING
If disassembly or servicing is necessary, it should be
performed only by qualified personnel familiar with the
electrical shock hazards inherent to the high-voltage circuits
inside the cabinet.

CAUTION
Observe the following precautions whenever you handle a
circuit board or integrated circuit in thisinstrument.

performance. (Refer to page 5-0.)
b. For check "CA", the GR 1482-B inductor must be measured twice,
i.e., once with a shorting link from center to left "reference” terminals,
once with the link from center to right. (Connect the extender cable to the
"connection terminals, NOT the reference" terminals.)
Table 5-6
DISSIPATION-FACTOR ACCURACY CHECKS
Check Frequency; Function; Typicalt D Instrument DQ Readout
Sequence Parallel/series Range R; C Nominal D Accuracy Accuracy Min to Max
z 1 kHz; C/D; series 2 100 @; Cy ™ .0096 .07% 10.6% .0086 to .0106
AA Same 2 100 2; Cy* 0.0192 07% 5.4% .0182 two .0203
AB Same 2 300 @; C, 0.0577 07% 1.95% .0565 to .0588
AC Same 2 1 k&2; Cy 0.1923 .07% 0.76% .1907 to .1939
AD Same 2 3 k&2; Cy 0.5768 .07% 0.49% .5736 to .5800
AE Same 2 10 k2; C, 1.923 .07% 0.64% 1.909 to 1.936
AF Same 2 30 k§2; Cy 5.768 .07% 1.37% 5.685 to 5.851
BA C/D; paraliel 2 50 k2; C3** .05 .07% 2.21% .0489 to .0511
BB Same 2 25 kf2; C3 0.1 .07% 1.22% .0987 to .1013
BC Same 2 5 k§2; C3 0.5 .07% 0.50% 4971 to .5029
BD Same 2 2.5 k§2; C3 1.0 .07% 0.50% 19943 to 1.006
BE Same 2 500 Q; C3 5.0 07% 1.22% 4.935 to 5.065
BF Same 2 277.7 §2; C3 9.0 .07% 2.01% 8.813 to 9.187
*For 1657-9700 (f = 1020 Hz), C; = .0150 and C; = .0300 uF.
For-1657-9800 {f = 1000 Hz}, C; = .0153 and C; = .0306 uF.
**For 1657-9700 {f = 1020 Hz), C3 = .062414 uF. For 1657-9700 (f = 120 Hz), C4 = 0.53052 uF.
For 1657-9800 (f = 1000 Hz}, C3 = .063662 uF. For 1657-9800 (f = 100 Hz), C4 = 0.63662 uF.
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Table 5-7
INDUCTANCE ACCURACY CHECKS

Check Frequency; Function; Effective Expected Accuracy of RLC Readout*
Sequence Parallel/Series Range Lg Q Lg; Instrument Min to Max

CA 1 kHz; L/Q; series 1 100 uH 7.6 0.12;0.45% 0.0994 to 0.1006 mH
CB 1 kHz 1 1 mH 7.5 .03;0.23% 0.9974 to0 1.0026 mH
CcC 120 Hz 1 1 mH 0.90 .03;0.84% 0.9913 to 1.0087 mH
or 100 Hz 0.75 .03;0.93% 0.9904 to 1.0096
CD 120 Hz 1 10 mH 0.92 .02;0.42% 09.956 to 10.044 mH
or 100 Hz 0.77 .02;0.46% 09.952 to 10.048
CE 1 kHz 1 10 mH 7.7 .02;0.23% 09.975 to 10.025 mH
CF 120 Hz 1 100 mH 0.94 .02:0.41% 099.57 10 100.43 mH
or 100 Hz 0.78 .02;0.46% 099.52 t0 100.48
CG 1 kHz 2 100 mH 7.7 .02;0.23% 09975 to0 .10025 H
CH 1 kHz 2 TH 10. .02;0.22% 0.9976 t0 1.0024 H
Cl 120 Hz 2 1TH 1.2 .02;0.37% 0.9961 to 1.0039 H
or 100 Hz 1.0 .02;0.40% 0.9958 to0 1.0042
cJ 120 Hz 2 10H 1.18 .02;0.37% $9.961 to 10.039 H
or 100 Hz 0.98 .02; 0.40% 09.958 t0 10.042
CK 1 kHz 3 10H 9.8 .02;0.22% 09.976 10 10.024 H

* Tabulated readout is based on tabulated Lg and Lg accuracy. Refer to para 5.5.7.

5.6.1 Disassembly. Figures 5-1 through 5-6. The next step, removal of display board, is recommended (though not
Use the following procedure for access to replaceable absolutely necessary) before removal of the main circuit board.

parts and contact points used in trouble analysis. ¢. Remove the 2 support screws, at |eft and right, that hold the display
a. Disconnect the power cord. board to its brackets. (See Figure 5-8 in para’5.6.2.) Pull the board directly
b. Remove the top-cover screws from the rear panel of out of its socket in the main board. Keep the display board in its original

the main chassis. See Figure 1-2. Slide the top cover forward (inclined) plane until it is completely free (Figure 5-2).

about 6 mm, so that its front corners are unhooked. Lift it directly upward
(Figure 5-1). Reassembly note: 2 screws, 13 mm long.

Figure 5-1. Removal of top cover. Items 1 and 3 are Figure 5-2. Removal of the display board. Note: The personnel
screws that hold the display board. 1tem 2 is ribbon grounding strap that is required is not shown in this and other
cable 1657-0200 that connects power supply to C board. disassembly views. (The model was wearing it above the elbow.)
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d. Remove the ribbon cable (1657-0200) from power supply (at V-J1)
and main board (at C-J1). Notice that the connectors are symmetrical and
reversible; and the cableis
extralong, for convenience in servicing.

The next step, removal of the power supply, is NOT related to the
removal of the main board. Either can beleft in place whi e the other is
removed.

e. Remove the 4 screws that pass vertically through the corners of the
power supply into the main chassis. Lift the power supply slightly and
move it back carefully while disengaging
the POWER pushbutton extension from its hole in the front
panel (Figure 5-3). Reassembly note: 4 screws,

8 mm long.

Figure 5.3, Rimmosval of th poser supgly. The fsbon
cable must b discomnected first, The dsplyy boprd
can be iedt o place, byt b been remoeed = thin gictheng

f. After disconnecting the ribbon cable, provide a convenient
"upsidedown" support by reinstalling the top cover, temporarily. Turn the
instrument, bottom up.

g. Remove 4 screws from the bottom shell, one near
each rubber foot. Slide the bottom shell back (or forward), free of the
main chassis (Figure 5-4). Reassembly notes: Be sure to enfold the pliable
dirt seals at left and right sides of main chassis as you start to slide bottom
shell onto main
chassis; use 4 screws, 8 mm long.

h. Remove 8 screws shown in Figure 5-5 as ABCGHI
(7 mm) and EJ (8 mm). Lift the rear edge of the main board as shown in
Figure 5-6 and slide it back until clear of the main chassis.

i. For access to the test-fixture contacts, which are on the main board,
remove screws K L and drop the test-fixture guide block off of the test
fixture contacts. Refer to bottom interior view, Figure 5-5.
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Notice that it is possible to remove the main board with the display
board mounted on it, by this procedure: release all 8 front push buttons;
remove screws ABCEGHIJ; lift
rear edge of main board 25 mm and slide it forward 16 mm; lift rear edge to
75 mm (so display board clears cutout in main chassis) and slide the
assembly back until display board reaches spacer; lift rear edge another 15
mm and slide it back until push buttons are free; lift assembly out.

Reassembly note: install screw "I," loosely. Position test fixture as
desired (preferably symmetrical inits opening), before installing screws A,
E, etc.

Figure 5-4. Removal of the bottom shell. The top
cover has been temporarily installed as a support.

Figure 5-5. Bottom interior view. Screws ABCEGH1J
hold the C board to the chassis. Screws DF hoid dis-
play-board brackets. Screws KL hold the test-fixture
guide block.



Screw K must contact etched-circuit ground. A washer is supplied
(under screw head) if necessary to do so.

5.6.2 Access. Figures5-7 and 5-8.

Interior locations that are important for trouble analysis

are shown. Notice the clues to pin numbering; square pads on etched
board are generally pin 1. Conversion items are shown, to make a 1657-
9700 function as a 1657-9800, or vice versa. (See para 3.1 for line-
frequency consideration.) Conversion involves relocating 2 jumpers and
substitution of precision oscillator U7; refer to parts list, Section 6.
(Thus, with a spare oscillator, one can obtain test frequencies of 100,
120, 1000 Hz.) Notice: if your instrument has separate crystal Y1, itis
changed instead of U7; inquire.

The 2 arrows with letters "A" show approximate area (front right
corner) of analog circuitry. Therest isdigital.

-3

Figure 5-6. Removal of the C board. The ribbon cable
must be disconnected first. Prior removal of the dis-
piay board also is highly recommended.

120/100-Hz CONVERSION ITEMS

MICROPROCESSOR, U3 / \\ SINE-ROM, U1

RAM, U1 ROM JUMPER ;5 (Y1) u7 JUMPER u12

R186
TYPICAL DIP
ORIENTATIONS:
u18
PIN 1 —
..... PIN
PINT (PIN11)
and
PINS7...1 R
“PINS1...10
/ U33
A
“§ u3g l
§ u40
/
P1 PINS
2..... 80 u41
T 79 " (PIN 1<)
. U45
S01
. S03
S02
GROUND
$8...81 —

TEST FIXTURE

F P— P+
ANALOG T uds R103 U3 - I+

R67,R68,R69 PIN 1<)

Figure 5-7. Main or C board, top view. Functional conversion between 1657-9700

and 1657-9800 involves reptacement of precision oscillator (or crystal Y1, if

separate) and relocation of 2 jumpers; locations indicated. Notice that DIP sockets
are oriented consistently, for convenience in circuit probing. Arrows A———A indicate
approximately the area of analog circuitry.
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DIODE BRIDGE, CR1...CR4 v-U1 V-T1

V-C2

V-C1

YYITTITRE

D-U47 ... UBS revevessss
SUPPORT SCREW

D-USE. .. UBS seneseves
&
b

V-WT1
V-F1 V-J101

POWER SUPPLY
(V) BOARD
g
1

V-1
pins1...10

V-81

V-U2
(PIN 1 +)

V-U3
(PIN 1)

CABLE
1689-0200

SUPPORT SCREW

DISPLAY
(D) BOARD

Figure 5-8. Power supply (V assembly) and display or D board, shown in the instrument,

with top cover off.

5.6.3 Reference Designations.

Refer to Section 6 for an explanation of these designations.
For example, V- T1 designates transformer number one in the
power supply (V) assembly. C-U3 isintegrated circuit number 3 on the
C board, which is the analog and control board or the main board.

5.6.4 Removal of Multiple-Pin Packages.

Use caution when removing a plug-in integrated-circuit or other
multiple-pin part, not to bend pins nor stress the circu it board. Withdraw
the part straight away from the board. Unless an IC is known NOT to bea
MaStype, place it immediately on a conductive pad (pinsin the pad) or
into a conductive envelope.

Do NOT attempt to remove a soldered-in 1C package without the
proper equipment and skills to do so without damage. If in doubt, return
the board to Gen Rad.

5.7 PERIODIC MAINTENANCE.
5.7.1 Careof the Test Fixture.

About once ayear (more or less depending on usage) the
test fixture should be inspected and cleaned as follows:

a Remove the C board and expose the text-fixture contacts by
removing its guide block (part number 1657-2200), as described above.
See Figure 5-5, screws KL.
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b. Clean and check the 4 contact strips. Use a card wet with isopropyl
alcohol for cleaning. Hold the board at an angle so that any drip falls away
from the circuits.

c. If necessary, the contact strips (part number 16861940) can be
removed (2 screws apiece). They are supposed
to press against each other, with tiny dielectric spacers preventing
contact. Except at the ends of the gap (where the spacers are) the gap
should be .05 to 0.2 mm (.002 to .008 in.) all along the gap. If accurate
feeler gages are not available, the following criterion can be used: the gap
shou Id be large enough to pass a strip of ordinary typing paper without
dragging, but narrow enough everywhere (at center and near each end) to
cause some drag as a stack of 3 strips of paper is passed through.

For best results and minimum maintenance effort, the operator must
remove any obvious dirt from leads of DUT's before inserting them into the
test fixture. Its contacts will wipe through a film of wax, but they can
become clogged and ineffectual if the operator is careless about cleanl
iness.

5.7.2 Careof the Display Panel.
Use caution when cleaning the display vyindow, not to scratch it nor to
get cleaning substances into the instrument. Use soft cloth or aball of
absorbent cotton, moistened with



amild glass cleaner, such as "Windex" (Drackett Products Co., Cincinnati,
Ohio). Do NOT use a paper towel; do NOT use enough liquid to drip or
run.

If it should be necessary to place marks on the window, use paper-
based masking tape (NOT any kind of marking pen, which could be
abrasive or react chemically with the plastic). To minimize retention of any
gummy residue, remove the tape within afew weeks.

5.8 TROUBLE ANAL YSIS.
5.8.1 General.

CAUTION
Only well qualified personnel should attempt trouble
analysis. Be sure power is OFF during disassembly and
setting up for tests. Carefully observe the
MOS HANDLING PRECAUTIONS given in para5.6.

Resources. Refer to Section 4 for a good understanding of the theory of
operation. The block diagrams and discussion there provide necessary
background, which can generally save timein trouble analysis. Refer to
Section 6 for hardware details: circuit layouts, schematic diagrams, and
partslists.

Abnormal digital signal levels. Most digital signal levelsin this
instrument are normally near zero (logic low), about +3.5to +5V (logic
high), or rapidly switching between these states. Failure of adigital source
often produces a dc voltage of about +2 V on asignal line. Use high-
impedance probes in measuring. Use a scope as well as a voltmeter,
because an average of 2 V may be normal for adigital signal that hasa
duty cycle near 50%.

Duplicatedcircuits-. Some circulits, asin the display board for
example, are duplicated several times. The IC's can usually be exchanged
between afaulty circuit and afunctional one, to identify a "bad" IC.
Notice, also, that the resistor networks D-Z2 ...D-Z10 are simply compact
packages of 220-Wresistors. If oneresistor is open, it is not necessary to
replace the entire package. Use a 5% resistor.

Circuit board replacement Refer to para 5.3 for recom
mended procedures to obtain replacements.

Telltale symptoms. Scan the following group of symptoms for a
preliminary analysis of trouble and suggestions for more detailed
procedures if applicable.

Display. A perpetually blank digit or decimal point may be caused by a
fault in the directly associated circuit on the display board. (Refer to
comments above.)

Pushbutton. Malfunction of any pushbutton may be caused by afault in

the switch or in buffer C-U 1 9.

Range. If one range is nonfunctional, check the corresponding switch (C-
Sl ...S3), sourceresistor (R 102. ..), and standard resistor (R69. ..). If range-1
measurements are inaccurate, also check the inverting amplifier in the
I- circuit, C-U46 pin 6.

D Error. A large D error on range 3 may be caused by faulty "protection”
diodes in the analog front end. Check C-CR12.. .23 (atotal of 12 diodes).

D Error. If D measurements are accurate at 1 kHz but erroneous at 120
(100) Hz, fault may bein the test signal filter. Check that C-Q2 ison for low
frequency, off for
1 kHz. If so, check the test signal. (See below.)

Reactance Error. If R measurements are accurate but
C (and L) measurements are not, the test signal source may be at fault. In
checking it, asin the following paragraph, verify that the frequency iswithin
+/-0.01% of the specified "actual" frequency. (See front of manual.)

Test Signal. To check performance of the test-signal source, use a scope
to look at the open-circuit signal at the |+ terminal of the test fixture. This
should be an undistorted sine wave at the selected frequency, amplitude about
0.6 V pk-pk (+/-15%) on each range. If thisis correct, skip over para5.8.3.

Analog Front End. To check the entire analog front end, verify that the
signal at C-U44 pin 8 has the characteristics shown in para’5.8.4, step g,
while the instrument is measuring a DUT. If thisistrue for all modes
(FREQUENCY, PAR SERIES, R-L/Q-C/D, RANGES), skip to para5.8.6.
Otherwise, check the test signal at the test fixture as outlined above.

Introduction to Detailed Analysis. The following
trouble analysis procedures will serve as aguide for localizing afault to a
circuit area. In some cases, a specific component part can be isolated for
replacement. | n other cases, the problem can be narrowed down only to a
circuit board.

Except for the short-cuts indicated above, follow the procedure strictly in
the order given, doing the principal steps(a, b, ¢, d,. ..) until afailureis
found. Only then isthere any need for the secondary steps, if any are given at
the point of failure (aa, ab, ac ...).
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5.8.2 Power Supply.

Check the power supply (V assembly) if thereis amassive failure
(nothing works) or as a starting procedure in any thorough analysis. Refer
to figures 5-8 and 6-10.

NOTE
If apower transistor (U1, U2, or U3) must be replaced, be sure to
spread silicone grease
(like Dow Corning compound no. 5) on the
surface toward the heat sink. For U 1, coat
both sides of the insulating washer.

a. Check the output voltages, using adigital voltmeter, with ground
reference at V-J1, pin 9 (ribbon cable unplugged), as follows:
Pinl=+5V.
Pin3=+5V.
Pind=-8V.
b. Make a check similar to step a with ribbon cable connected, ground
reference at right edge of C board, probing C-J1 from below the board. (This
checks for overload outside the power supply.)

5.8.3 Sinewave Gener ator.

Check the C-board circuits that supply the test signal
to the DUT, asfollows: (We proceed backward, toward the s newave
generator.)

a. Make the following test setup and pushbutton

selections:
DUT: 0.1 uF and 3 kW, connected in series.
FREQUENCY: 1 kHz.
PAR SERIES: SERIES.
FUNCTION: C/D.
RANGE: 2.
b. Verify that the signal at test fixture I+ (Figure 6-4) isa
1-kHz sinewave, 0.6 V pk-pk. Use an oscilloscope.
c. Verify that this signal changes amplitude as you
switch ranges, thus:
RANGE 1, 0.68 V pk.pk;
RANGE 3, 20 mV pk-pk.
d. If no fault appearsin steps a, b, ¢, skip to para5.8.4.

Figure 6-5.

e. Verify that "0.25 V RMS TEST SIGNAL" found at SO3 pin 14 isa1-
kHz sine wave, approx 0.6 V pk-pk. (+/-15%). Thisisthe output from U41
pin 6.

f. Check at U41 pin 3 (the pin closest to the front) for
al-kHz sinewave, 0.4 V pk-pk.

g. Verify that the output of U 18 found at SO3 pin 5isa1-kHz sine
wave, 0.8 V pk-pk. (It israther noisy, as sketched on the schematic diagram,
Figure 6-5.)

h. Remove U 18. Connect a 200-Wresistor acrossits socket (XU18)
between pins 2 and 3. (Note: if the resistor leads are about 0.5 mm [0.02 in.]
in diameter,
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aa. If troubleisfound at step a, check "+5 V" circuit: At outputs of Ul
and U2: +5 V dc (regulated).
At WT1 (inputs of U1 and U2): +10.8 V dc.
Across input to diode bridge (yellow-to-yellow): 10 V rms.
ab.Check "-8 V" circuit:
At output of U3: -8 V dc (regulated).
At input (center terminal) of U3: -13.8 V dc.
Across WT7 to WT8: 11.3V rms.
ac. Check power-line circuit to primary of transformer V-T1.

ca. If thissignal isdistorted or missing on all ranges, but present at
the right end of R 103, check diode network C-CR 16 ...CR23. If missing
on some ranges(s), check source resistor circuit R101... R103
and switches S1... S3.

fa. Check at U45 pin 10 for a 1-kHz sine wave, 60 m V pk-pk. If thisis
verified but step eisnot, fault isin U41.



they will fit the socket directly.) Check at U12 pin 4 for a
1-kHz noisy sinewave, 0.4 V pk-pk. If thisis verified but
step gisnot, faultisin U18. If neither isverified, reinstall U 18 and
continue.

i. Check that each input to the D/A converter U12 (pins5. ..12), isa
digital signal, about 4 V pk-pk. Each
of these 8 signal's should repeat with aperiod of 1 ms.

If these digital signals are NOT correct, continue the analysis by
checking the crystal oscillator and divider chain, as follows.

NOTE
Dual specifications of frequency appear below.
Thefirst frequency is correct for 1657-9700
(the 120-H z version). The second is correct
for 1657-9800 (the 100-Hz version). Frequency toleranceis +/-0.01%

j. Make the following test setup. Connect from the scope vertical-
channel output to a counter. Be sure to use a lowcapacitance probe at the
scope input, so as not to load the high-impedance circuits being analyzed.

k. Oscillator. Check at U8 pin 14 for afast digital waveform (see
schematic diagram) of the following frequency: 25.067 or 24.576 :1:0.003
MHz. If correct,
skip to step 1. (Thiscircuit is easily loaded down by test equipment. A more
"tolerant" point ischecked in step )

|. Check at U8 pin 8 for a square wave, 4 V pk-pk,
2.0889 or 2.0480 MHz. Otherwise, U8 isfaulty.

m. Check at U9, pins1, 9, 8 for pulses (essentially rectangular, as shown
on the schematic diagram), with frequencies as follows:
Pin 1, 1.0445 or 1.0240 MHz.
Pin 9, 522.24 or 512.00 kHz.
Pin 8, 261.12 or 256.00 kHz.
Otherwise, U9 isfaulty.
n. Check at U10, pins 12,9,5 for similar pulses, as
shown, with frequencies as follows:
Pin 12, 276. 0r261.12 kHz.
Pin 9, 61.440 or 78.3 kHz.
Pin 5, 30.720 or 26.112 kHz.
Otherwise, U10 is faulty.

NOTE
At pin 12, for the 1657-9700, every 9th square
waveis half the regular width; at pin 9, for
the 1657-9800, every 3rd positive pulseis
only about 1 us wide; therefore the counter
reading may vary somewhat, depending on the
length of its counting interval.

0. Check at U14 pin 2 for square waves, 5V pk-pk, at 261.12 or 256.00
kHz.

ia. If these inputs are verified but step his not, fault isin
U12 circuit Check at the end of R 16 closest to the rear corner
for +3 V dc; if that is correct, replace U 12. Otherwise, fault
isin associated circuit

ka. If oscillator signal is not verified, remove U8 fromits
socket and repeat step k. (Check at U13 pin 13, if convenient.) If
signal isnow normal, U8 is faulty. Otherwise, install U8 and
determine whether your instrument has a self-contained oscillator
or a separate crystal Y1.
kb. If your instrument has a separate crystal, remove it and
repeat step k. The correct frequency is approx
31.2 MHz (either 120- or 100-Hz version). If thisis verified, Y1is
faulty. Otherwise, install Y1 and check at U7 pins 2, 3, 11 for
voltages of +4, +3, +4.2V, respectively. If they are correct, U7 is
faulty.
kc. If your instrument has the self-contained
oscillator, failure in steps k and ka indicates the oscillator U7 is
faulty.

oa. If step 0 isnot confirmed, be sure you have selected 1
kHz on the front panel. Check that FREO SEL (U15 pin 8) is
logic high and FREO SEL (pin 6) is low. (Otherwise check back
through U24, U19, andS8.)

ob. If those checks are confirmed, fault isin the gates U15

pins4, 10,3 or U14 pin 2.
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p. While monitoring U14 pin 2, push the FREQUENCY pushbutton and
select 120 Hz, (or 100 Hz). Check that
the monitored signal (which should always be 256 times the test frequency) is
now 30720 Hz or 25600 Hz. Again push the FREQUENCY button to select "1
kHz."
g. Check that the outputs of U 16 are square waves,
5V pk-pk, frequencies as follows (for 1657-9700 or 1657-9800 respectively):
Pin 12, 130.56 or 128.00 kHz.
Pin 9, 65.28 or 64.00 kHz.
Pin 8,32.64 or 32.00 kHz.
Pin 11, 16.320 or 16.00 kHz.
Otherwise, U 16 isfaulty.
r. Check U17 similarly:
Pin 12, 8.160 or 8.000 kHz.
Pin 9, 4.080 or 4.000 kHz.
Pin 8, 2.040 or 2.000 kHz.
Pin 11, 1.0200 or 1.0000 kHz.
Otherwise U17 isfaulty.
s. If inputs to the sinerom U 11 are valid (stepsj ...r)
but its output isnot (steps a.. .i), U1l isfaulty; or
possibly (because step i does not check the output code from U 11) U 12 may
be faulty. They can be checked
against their manufacturer's data sheets.

5.8.4 Front End Amplifiersand Switches. Figure 6-3.

Check the C-board analog circuits that process the measurement signals
from the test fixture to the point of A/D conversion, asfollows:

a Verify that thereisanormal test signal at the test
fixture. (See para5.8.1 or para5.8.3 step b.)

b. Make the setup of para5.8.3, step a. Measure using a low-capacitance
probe with an oscilloscope. (The frequency counter is not needed.)

c. Check at U43 pin 1 for 1-kHz sine wave, 500 to 620 mV pk-pk. Check
at U43 pin 8 for a similar waveform, 150 mV pk-pk.

d. Check at switch U39 pin 3, using the gate signal SSW1 (U39 pin 5) as
atrigger for your scope. Pin 3 should be a 1-kHz switched sine wave, 500 to
620 mV pk-pk for afew cycles, while SSW1 islogic high.

e. Similarly, check at switch U39 pin 10, using the
gate signal SSW2 (U39 pin 12) astrigger. The signal at

pin 10 should be a switched 1-kHz sine wave, 150to 190 mV pk-pk for afew
cycles, while SSW2 islogic high.

f. Return the scope to automatic triggering. Check at the buffer U44 pin 1

for a 1-kHz sine wave that steps repeatedly between 2 levels. The larger level
should be

4t04.5V pk-pk; the smaller, 1.2 to 1.3 V pk-pk.
g. Check at the integrator U44 pin 8 or the equivalent test point SO3 pin 1
for the waveform shown in
Figure 5-9. Notice that the staircases each have .17 steps
or 20 steps (for 1657.9700 and -9800, respectively) for
1 kHz but only 2 stepsif you select 120 Hz (100 Hz).
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ca. Otherwise, check the associated amplifier U46 pin 6 for a similar
waveform, 160 m V pk-pk. If thisis not right, fault mav be in
U46/U42 circuit; if right, fault isin U43
circuitry.

da.lf step d is not confirmed, or if the triggering fails, check SSW1 at
pin 5. It should be a dow rectangular wave, (approx 3 Hz), switching
between approx +5 V and -8 V. Otherwise, check U33 and U24; refer to
para5.8.5. If SSW1 is correct, U39 is faulty.

ea. Otherwise, or if the triggering fails, check SSA2 at pin 12. It
should be a slow rectangular wave, (approx 3 Hz),
from+5 Vto -8 V. Otherwise, check U33 and U24; also refer to
para 5.8.5. If SSAV2is correct, U39 is faulty.

fa. Otherwise, confirmthat the input to this stageis

correct bV checking at S03 pin 3 for sine wave that steps between 2
levels: 500 m V and 150 m V pk-pk. If thisis correct, U44 isfaulty.



Also, the amplitudes of the staircases depend on the RANGE sel ected
and the impedance components of the DUT. The chosen conditions
make 1 staircase taller than the other 7; so the waveform can be
"stopped”, by careful setting of scope sweep trigger adjustment.
(Preferably, trigger on the positive slope, at alow voltage. )

1V PER DIVISION

28 ms PER DIVISION

1V PER DIVISION
I
e

5 ms PER DIVISION

Figure 5-9. Integrator output waveform for the condi-
tions of para 5.8.4. The full waveform is shown in A.
It repeats at least 3 times per second, and includes 8
staircases, for a complete measurement cycle. The
expansion, B, shows typical detail in the first 2 stair-
cases. Each staircase has 17 steps for 1 kHz, 2 for

120 Hz in the 16579700 (20 for 1 kHz, 2 for 100 Hz
in the 1657-9800).

h. Check at the comparator output U44 pin 14 or test point SO3 pin 2
for CMP, apositive pulse (+5V) ona
base line about -5 V dc. Otherwise, U44 isfaulty.

i. If anonfunctional instrument passes all the preceding checks, i.e., no
fault can be found in the analog circuitry, the fault isliable to be in digital
circuitry.

See below.

5.8.5 Control Signal Checks. Figures5.10, 5-11.

If there is no staircase waveform at the integrator output (U44 pin 8),
as described above, the following procedure is recommended to determine
whether the fault isin the digital control circuitry.

ga. If step g is not verified, check at the switch control terminals

U40 pins 5,6, 12, 13 for the presence of digital
signalswith logic high and low levelsof +5 Vand -8 V.

If all of these signals are present, either U40 or U44 is
faulty; replace both of them. Otherwise, check U33 and U34.
Also refer to para 5.8.5.
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Figure 5-11. Timing diagram. One complete measurement cycle for a typical 1-kHz measure-
ment on a 1657-9700. There are always 8 staircase cycles, one with each phase of BST for
the signal from the standard (via U43 pin 8) and one with each phase of BST for the signal
from the DUT (via U43 pin 1). The CMP pulses can take either a short or a long form

(either is correct); the short ones are logic high for a fraction of a millisecond; the long ones

are similar to ISW, but less sharp.

a. Look at the following control signals with a scope
and compare them with the timing diagram:
PBST, at C-U33 pin 10;
PMSR, at U33 pin 12.
If they are normal, skip to step b. If they are inactive, perhaps they
can be stimulated by applying pulses to the power-on reset circuit; see
step aa.

b. Examine each of the following digital feedback

signals and compare it with the timing diagram. If anyoneis
questionable, check the circuit from which it is, derived;

F, 2F, and 4F, at U4 pins 2, 4, and 6 (from U17); DM SR, at U4 pin
10 (from PM SR via U33 and U34); DONE, at U25 pin 1 (from RES via
U29 and U35).
Notice that DONE would echo CMP if the latter were provided as
usual, by the integrator and comparator, U44. Otherwise, DONE echoes
the reset pulse provided in step

nn

aa. Provide reset pulsesin either of 2 ways. Preferably, set
up a pulse generator as follows:
Sourceresistance: 50 W.
Repetition rate (period): 1s.
Pulse polarity and duration: positive, 0.5s.
DClevels high=4.5V; low=0V.
Connect from ground to: U6 pin 13.
ab. The alternative method isto short across C5
momentarily (and repeatedly) with a clip lead. Watch the scope
carefully for activation, perhaps for only 1 cycle, of PBST
and/or PMSR, after each application of the short circuit. Notice
that this short must be only momentary and that it must not be
applied while the pulse generator is connected. Find C5 at the
rear edge of the C board, nearest Q1 which is between
U6 and U7.
ac. If PBST and PMSR remain inactive in spite of the
preceding stimulation, the digital control circuitry isat fault:
go to para 5.8.6. Otherwise, proceed to step b, continuing to
use the reset pulses.
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c. If the feedback signals are present, look at each of the following
control signals and compare it with the timing diagram: (Thefirst 4 signals
have logic low and high levels of 0 and +5 V; the last 8 signals, -8 and +5V)
PBST, at U33 pin 10;

PMSR, at U33 pin 12;

PTSW, at U33 pin 8;

RES, at U29 pin 8 (reset, normally only at power turn-on);

SSW1, at U39 pin 5 (from PSSW1, a U33 pin 6);

SSW2, at U39 pin 12 (from PSSW2, at U33 pin 2);

Clock at U34 pin 9 (from 4F, at U29 pin 6);

Reset at U34 pin 1 (from same sources as DONE);

BST, at U40 pin 13 (clocked by 4F, enabled by PBST); BST, at U40 pin 5
(complement of BST);

MSR at U40 pin 6 (clocked by 4F, enabled by PMSR); ISW, at U40 pin 12
(clocked by 4F, enabled byPISW).

If any is abnormal, trace back to the source of the signal, with the help
of the schematic diagram (to check for poor connections or other interface
problems). If the sourceis faulty, go to para5.8.6. If these control signals
aredl valid, the fault is probably in the integrator U44 or associated
circuits.

5.8.6 Digital Circuitry.

Display Board. A faulty integrated-circuit package can usually be
identified by interchanging plug-in component parts of the same type
between display channels. Notice that aresistor network need NOT be
replaced as a unit; use ordinary resistors. (See para5.8.1.)

Recommended Procedure. If careful analysis of afaulty instrument,
using the preceding information, indicates that the troubleisin the digital
circuitry (whether in control, computation, or display decoding), further
analysis is beyond the scope of this manual. Return the faulty board (the C
board, if the fault isdigital, and not
in the display board) or return the instrument for service. Refer to para 5.2
and 5.3.

Special Testing. Because of the very high speed and considerable
complexity of the C-board digital circuitry,
it isimpossible to analyze trouble there with ordinary
test equipment. GenRad production and in-factory
service departments make use of fast, versatile automatic test systems (G R
products). Their efficiency and accuracy are important factorsin our
recommendation that
digital circuit problems be solved by exchanging boards.
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6.1 GENERAL.

This section contains the parts lists, circuit-board layout
drawings and schematic diagrams for the instrument.
(Section 4 contains functional block diagrams. Section 5
contains  photographs of the instrument, identifying various
parts.) The heavy lines on schematic diagrams denote the
major signal flow.

Reference designation usage is described below.

6.2 REFERENCE DESIGNATIONS.

Each electrical component part on an assembly is identi-
fied on equipment and drawings by means of a reference
designator comprised of numbers and letters. Component
types on an assembly are numbered sequentially, the num-
bers being preceeded by a letter designation that identifies
the component (R for resistor, C for capacitor, etc.). Some
of the less obvious designators are: DS, lamp; Q, transistor;

U, integrated circuit; WT, wire tie point; X, J, P, or SO,
connector; Y, crystal resonator; Z, filter or network.

Each assembly (typically a circuit board) has its own
sequence of designators which can be identified by using
prefixes, such as A- for the main frame and V- for power
supply. Examples: B-R8 designates B board, resistor 8;
D-WT2 = D board, wire-tie point 2; CR6 on the V schema-
tic is a shortened form of designator V-CR6 = V board,
diode 6. The instrument may contain A-R 1, B-R 1, CR 1,
and D-RI.

6.3 DIAGRAMS.

Generally, each schematic diagram is located on a right-
hand fold-out page for convenience. The associated layout
drawing and parts list are located on the same page, the
facing page, or otherwise nearby.
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Figure 6-1. Front view showing mechanical replaceable parts.

Figure 6-2. Rear view showing mechanical replaceable parts.
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MECHANICAL PARTS LIST
FRONT (Figure 6-1 ) ,

Item Description den Rad Part  Mftr Mftr Part No.
1 Foot (4 required) each: 5260-2051 24655 5260-2051
2 Display panel ( 120 Hz) 1657-7001 24655 1657-7001

(or) Display panel (100 Hz) 1657-7002 24655 1657-7002
3 Switch actuator rod assembly 1657-2810 24655 1657-2810
4 Adaptor for axial leads (2 supplied)

Set of four for replacements 1657+5995 24655 1657-5995
5 Test fixture upper assembly, with

rounded ends of slots 16572200 24655 1657-2200

(includes dross tray 1657-7700 24655 1657-7700

and foamed plasticpad) 1657~7800 24655 1657-7800

Matching test fixture contacts (4 required;

included on 1657-4700 board) each: 1686-1940 24655 1686-1940
5 (alt) Test fixture upper assembly, with

squared ends of slots 1689-2000 24655 1689-2000

(includes dross tray and pad as above)

Matching test fixture contacts (4 required;

included on 1657-4700 board) each: 1689-1015 24655 1689-1015
6 Push button cap (8§ supplied) 51110450 71590 B-315 WT

REAR (Figure 6-2)

Item Description % GenRad Part  Mftr Mftr Part No.
| Power connector J1 4240-0210 24655 4240-0210
2 Fuse extractor post F1 5650~-0100 75915 342-004
3 Line voltage switch S2 791 0-0832 82389 114-1266
4 Cover 1657-8120 24655 1657-8120
5 Top cover 1657-8060 24655 1657-8060
6 Bottam shell 1657-8000 24655 1657-8000
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JANUARY

Manufactures

McCoy Elctrns..Mt.Hollv Sorinas,PA 17065
Jones Mitg.,Chicago.lL. 6018,
Walsco Eictrns, Los Angeles,CA 90018
Welwyn Intntl, Westiaka,OH 44145
Schweber Eictrns. Westburg,NY 11590
Aerovox. New Bedford MA, 02746

AMP Inc., Harrisburg,PA 17105

Alden Products, Brockton, MA 02413
Allen Bradlev.,Mquaukee W153204
Litzon Inde..Beverly Hitls.CA 90213
TRW.,Lawndale,CA 90260

Ti.,Daltas, TX 75222
GE.,Waynesboro,VA 22980
Arserock.,Rockford,IL 61101

Cherry Elctrc. Waukegan,| L 60085
Spectrol Ectrns.,City of industry,CA 91745
Ferroxcube.,Saugerties,NY 12477
Fenwall Lab.,Morton Grove,IL 60053
GE, Schenectady NY 12307
Amphenol..Broadview,! L, 60163
RCA.,Somerville NJ 08876
Fastex.,Desplying,! L 60016

Carter Ink.,Cambridae, MA 02142
GE.,Syracuse NY 13201

Vanguard Elctrns., inglewood,CA 90302
Grayburne., Yonkers,NY 10701
Transiron Elctrns. Wakefield MA 01880
KOI Pyrotitm.,Whippany,NJ 07981
Cisirex.,New York,NY 10001

Arrow Hart, Hartford,CT 06106
Digitronics., Albertson NY 11507
Motorola. Phoenix, AZ 85008
Component Mfg. W.Bridgewater, MA 02379
Tansistor Elctrne.. Bennington,VT 05201
Corcom.,Chicago ) |, 60639

ITY Eletrns, Pomona,CA 9,786

Controls Co.of Amer. Melrose Pk IL60160
Viking tnds, Chatsworth,CA

Barber Colfan, Rockford iL 6 l 01
Barnes Mfg., Mansfield,OH 44901
Wakefield Eng.,Wakefieid MA 0,880
Panduit, Tinky PkIL 60477

Truelove & Maclean, Waterbury,CT 06708
Precision Monolith..Santa Clara,CA 95050
Clevite, Cleveland,OH 44110

WLS Stamp, Cleveland OH 44104

Richco Pistc.,Chicago,IL 60646
Teledyne Kntcs. Soiand Bch,CA 92075
Aladdin Eletrns..Nashvitle. TN 37210
Ross Milton. Southampton,PA 1
Digitran,,Pasadens,CA 91105

Ezgle Signal.,Barsboo,Wi 53913

Cinch Graphik.,City of industry,CA 91744
Avnet.,Culver City,CA 90230
Fairchild.,Mountain View,CA 94040
Birtcher.,N.Los Angeles,CA 90032
Amer.Semicond., Atlington Hts,IL 60004
Magnetic Core, Newburgh NY 12550
USM Fastener., Shelton,CT 06484
Bodine.,Bridgeport,CT 06605

Bodine Elotre_ Chirasn 11_£0618

Cont Device., Hawthorne,CA 90250

State Labs.,New York,NY 10003

Borg Inst.,Detovan,WI 53115

Deutsch Fastenev..Los Angeles,CA 90045
Bell Elctre. Chicago,i L

Vermaline Prod.,Franklm Lakes,NJ 07417
GE. Buffalo,NY 14220

C&K Components.,Watertown,MA 02172
Star-Tronics..Georastown MA, 01830
Burgess Battery,.Freeport,iL 6,032
Fenwat Elctrns.,Framingham, MA 01701
Burndy.,Norwalk,CT 06852

Glasseal Prod., Linden,NJ 07036

Chicago Switch,,Chicago,ti. 60647

CTS of Barne.Berne,IN 46711

Chandler Evans.W.Hartford,CT 06101
Norteonics, Minneapolis MN 55427
Nationgl, Santy Ciara,CA 95051

Eletre Trammors.,Fluth NY 1,354
Teledyne. Mountain View, A94043
Hamtin. Lakée Millis,W16366,
RCA..Woodbridye,NJ 07005
Clarostat.,Dover NH 03820
Micrometais. City of Industey,CA 91744
Dickson Elctrns, Scottsdsle, AZ 85252
Unitrode,, Watertown,MA 02172
Electroeratt, Hopking, MN 66343
Thermalloy,, Daltas, TX95234

Vogue 1nst.,Richmond Hitl NY 11418
Vernitron,, Laconia,NH 03246

Solitron Devices. Tappan, NY 10983
Fairchitd. San Raful A 84903

Burr Brown,, Tugson,AZ 86706

Angdex {nst,,Van Nuvs.CA 9,406

Elatre Controls. Witton,CT 06897
American Labs, Fullerton,CA 92634
Relmn Arcidia,CA 91008

hlm 8eech.F’' %any

Wazkms & Johnson..Palo Alto, CA 94304
Corbin.,Berlin,CT 06037

Cornell Dubilier. Newsk N} 07101
Corning Glass.,CorningNY 14830
Acopian.,Easton,PA 18042
Electrocube..San Gabriel,CA 91776

R&G Sioan.Sun Valley,CA 6,362

Eletrc Inst & Soeltv. Stoneham MA 02180
General inst. Hicksville,NY 11802

17T, Lawrence, MA 08142

Digital Equip.,Maynard,MA 01754

1978

S-4 PARTS & DIAGRAMS

FEDERAL SUPPLY CODE

FOR

H4-2 S8 708-42

Manufzscturer

Cutler Hammar. Milwaukee, Wl 53202
Houston Inst. Bellire, TX 72401

Fenwal Elctrns,,Framingham,MA 01701
Sinclair & Rush.,StLouit,MO 6311}
Spruze Pine Mica, Soruce Ping,NC 26777
Intntl Diode. Jersey City,NJ 07304

Ommi Spectra,, Farmington,Ml 48024
Astrolaly, Linden,NJ 07036

Codi,, Fairkywn,NJ 07410

Sterling Inst, New Hyde Park NY 11040
indisna General.,Oglesby,IL 6,346
Delco.,Kokomo,IN 46901

Pracision Dynamics,,Burbank,CA 91504
Amer Micro Devices. Summerville SC 29483
Elctre Molding, Woonsacket,RI (2805
Mobawk Spnm.,Schnlier Park; lL 60176

D 2,740

Smgur ,Somervnlle NJ 06676

Zeltex, Concord, CA 64620

Siliconix. Santa Clara,CA 95054
Signetics.,Sunnyvale,CA 94086

New Prod Eng. Wabash,IN 46992
Scanbe.,El Monte,CA 91731

Computer Diode.,S,Fairlawn,NJ 07936
Cycon.,, Sunnyvale, A 94086

Durant. Watertown, Wl 53094

Zere, Monson,MA 0,057

GE.,Gamesv-IIe FL 32601
Eastron.,Haverhil, MA 0,830
Paktron.,Vienna VA 22180
Cabtron.,Chicago,iL 60622

LRC Eletens, Morseheads NY 14845
Electra.,Independence,KS 6730,

Elect Inds. Marray HillNJ 07974

KMC., Long Valiey, NJ 07863

Eafniy Bearing. New Britian, CT 06050
Raytheon,,Nerwood, MA 0206:

Lenox Fugle, Watchung,NJ 0706

8erg Elctres., New Cunmrland PA 17070
Electro Space Fabretrs., Topton,PA 19562
“1D Eletres, Hollywoad,FL 33022
Wavetek. San Diego,CAdzi.ic

Avnet Blogras-Franklin Parl,tl 60131
Pamotor.,Butingham,CA 94010

Inciamy Gnrl Elctre,, Keusby,NJ 08632
Analog Devices..Cambridde.MA 02142
Geners! Semicond, Tempe,AZ 85281

GE. Schenectady NY 12305
GE.,Syracuse,NY 13201

GE.,Cleveland,OH 44112

EMC Technigy, Cherry Hifl,NJ 08034

Gen Rad.,ConcordMA 01742

Lenox Fugle.,S.Plaintield NJ 07080
Vactite. Berkeley CA 54710
EG&G.,Bedford,MA 01730

Tri-County Tube.Nunda,NY 14517

Omni Spectra. Waltham,MA 02154
American Zettler. Costa Mesa,CA 62626
National, Sants Ctm,lc A 95051

Hartford Universal Bylll. Rocky Hill,CT 06067
HP.,Palo Alto,CA 94304

Heyman Mfg.,Kemlwonh NJ 07033

‘MC Magnetia.,nocmsur,NH 03867
Hoftman Elctres. El Monte, CA 91734
Solict State Devices.,LaMirada.CA 80638
Beckman Inst, Cedir Grove,NJ 07009

1BM, Armonk NY 10504

Parmmag Magnetics., Toledo,OH 43609
Solid State Scntfc, Montgomervilie PA 18936
Standford Appld Engs, Costs Mesa,CA 92626
Anslogic., Wakefield, MA 0,880

Triridge, Pittsbuegh,PA 623,
Jensen,,Chicago, L 60638

Spectrum Control, Fairview,PA 16415
GE.,Owansboro,KY 42301

Koehler, Marlborg,MA 0 1 7 6 2
Semicoa.,Costa Mesa,CA 62626

Silicon Genrl, Westminster,CA 42683
Advanced Micro Devices, Sunnyvale,CA 84086
Intef. Santa Clara,CA 9605,

Solitron Devices, Jupiter F|. 33468
Constanta. Montresl,QUE,CAN

National Ltd. Montreal QUE,CAN
Mallory.,indianapotiz,IN 46206

Marlin Rockwell. Jamestown,NY 470,
MeGill Mty Vaipariso,IN 46383

Honeyweit Minneapolis, MN 55408
Muter.,Chicsgo, 1L 60628

National. Meirose,MA 02176

New Departure-Hyatt,Sandusky OH 44870
Norma Hottman, Stanford,CT 06904
RCA,New York,NY 10020
Roytheon, Waltham,MA 02154
Mostek.,Carroliton, TX 75006

GHZ Deviges.,$.Chelmsford, MA 0,824
Micro Nﬂworks.,Wormm MA 0,606
Monamo.,Palo Alto,CA 948

Datel Systems. Canton,MA 02021
Aries Elctres. Frenchrown,NJ 08825
Disblo Systems. Heyward,CA 94545
Centre Eng.,State College,PA 16801
Pkssw.,sant? Ana.CA 927?3

SKF inds.,Philadeiphia,PA 19132
Stettner Trush,, Cozenovia, N Y 13035
Sangamo Elctre., Springfield,| L 62705
Xeiton., Latham NY 12110

Tyton. Milwaukee, Wl 53209
Shalleross, Seima,NC 27676

Asso¢ Prog Prod., Huntsille, AL 35805
Shure Bros, Evinston, 1L 60202

MANUFACTURERS
From Defense Logistics Agency Microf iche

GSA-FSS H4=2

Manufacturer

Sprague.,North Adams,MA 0,247
$Stimoson.,Bayport,NY 11705
Superior Valve.Washington,PA 15301
Thomag & Betts,, Elizabeth,NJ 07207
TRW..CIMIand OH 44117
Torrington,, Terrington,CT 08790
Townsend.,Braintree, MA 02184
Unidn Carbide., New York NY 10017
United Carr Fast.,Boston MA
Victoreen., Cieveland, OH 44104
Ward Leonard.,Mt.Vernon,N'Y 10550
Westinghouse.,Bloomtield,NJ 07003
Weston, Newark,NJ 07114
Acushnet Cap.:New Badtord MA 02742
Adamis & Westlake..Etkhart,IN 46514
Chryster, Detroit,Mt 4623,
Atlantic India Rubb:r..cmmgo,n. 60607
Amperite,,Union City,NJ 0,087
Ark-Les Switch, Watertown MA 02172
Bead Chain,, Bridgeport,CT 06605
Belden,,Chicago,IL 60644
Branson,,Beacon Falls,CT 05403
Combrigge Thermionic.,Cambridge,MA 02138
Canfigld, Clifton Forge, VA 24422
Bussmani.;St.Louis,MO 63107
CT8, Elkhart IN 46514
Cannon. Los Angeles,CA 90031
(:Iare.,cﬁlcagc 1L 64646
Centralab.,Milwaukee,W! 53212
Conti-umtal Carbon.,New York,NY
Coto Coil. Providence,R| 02905
Crescent Box.,Philadeiphia,PA 19134
Chicago Min Lamp. Chicago,il 60640
Cineh.,Chicago,| L 60624
Darnell,, Downey,CA 90241
Electromotive. Willimantic,CT 06226
Continental Screw; New Bedford,MA 02742
Nytrdnics, Bérkeley Hus,NJ 07922
Dialight.,Brooklyn,NY 11237
General Ingt. Newsrk,NJ 07104
Drake.,Chicago,iL i
Dzus Fastene:
Eby..Philadeiphia,PA 19144
Elgstic Stop Nut,,Union,Ng 07083
Erin. Erie,PA 16512
Amperex Eictres. Hicksville NY 11801
Girling Ekctsc. Hartford CT 06110
Etco FResistor.,New York,NY
T Attieboro,MA 02703
JFD Elctres, Brooklyn NY 11219
Groov-Pm .Ridggefield, NJ 07657
Heinemann Trentan NJ 08602
Quam Nichols,,Chicago,! L 60637
Hole-Krome., Hartford,CT 05110
Hubbet., Stratford CT 064
industrial Cndnsr.,cmcago IL 60618
Amphenol.,Danbury CT-06810
Johrison, Waseca MN 55393
IRC(TRW). ,Burlington,|A 5260,
Kurz-Kasch, Daytan, OH 45401
Kuka., Mt Vernon,NY 1066,
Lafayette, Syosset NY 11791
Linden. Providence,R1 02905
Littelfuse.,Des Plains,| L 60016
Lord Mtg., Er-e,PA‘ls§1
Mallory Eletre.,Detroit,MI 48204
Maurey. Chleego lL 60616
3 M Co.,St.Paudl 5101
Minor Rubber.,ﬁloomhold NJ 07003
Millen.,Maiden,MA 02148
Mueller Eictr. Cleveland,OH 44114
National Tube.,Pittsburg,PA
0ak Inde.,Crystsl Lllae,!L 60014
Dot Fastener. Waterbury,CT 06720
Patton MacGuyer.,Providence,R | 02905
Pazs Seymour. Syracuse, NY 13209
Pietce Robatts Rubber,, Trenton,NJ 08638
Platt8ros. Waterbury,CT 06720
Positive Lockwasher. Newark NJ
AME, Princeton IN 47570
Riay-0-Vac. Modison W1 63703
TAW.,Camden,NJ 08103
General Inst, Brookiya NY 1121}
Shakeproof_;Eigin,IL 50120
Sigens Inst., Braintrae,MA 02184
Airco Speer..St Marys,PA 15867
Stackpole., St Marys,PA 15857
Tinnerman. Cleveland,OM
Telephonics., Hunnngtun NY 11743
RCA.Harrison,NJ 07029
Walde; Kohinoor. New Yeork,NY 11101
Western Rubber. Goshen,iN 46526
Wiremold,, Hartford, CT 06110
Continental Wirt, Phitadelphia,PA 19101
Nallory Controls.;Frankfort,IN 46041
2Zierick.;Mt Kisco,NY 10649
Tektronix.,Beaverton,0R 97005
Préstole Fastaner, Toledo,0M 43606
Vickers.,St Lowis, MO
Lambda. Melville,NY 11746
Spraque., N.Adarns, MA 01247
Motorola., Franklin Pk,IL 60131
Farmica.,Cincinnati,OH 45232
Standard Oil.,Lafeyette,IN 47602
Bourng Labs.,Riverside,CA 92506
Sylvania. New York,NY 10017
Air Filter, Milwaukee,WI 63218
Hammpriund, New York NY 10010
Beckeman tnst., Fuligrton,CA 92834
TRW Rymsey. St Louis MO 63166

Code

80894
81030
8,073
8,143
81312
81349
8,360

81741
81831
81840
8,860
82219
82027
82213
82389
82667
8264

82807
82877
82901
83003
83014
63033
83058
83186
63266
83330
83361
83667
83594
83740
83766
63781
84411
84836
64970
84971

Ref FMC Column
in Parts Lists

Manufacturer

Pure Carbon. St Marys,PA 15857

nt’} Inst,,Orange,CT 06477
Grayhill,,LaGrange IL 60626
isotantite. Stirling,NJ 07680
Wmchester.,Oakwlle CT 06779

Militory Specitications

Joint Army-Navy Speeifications

int'} Rectifier.,El Segundo,CA 90246
Chigago Lock.,Chicago,|L 60641
Filteon, Flushing,NY 11354
Ledex.,Dayton,OM 45402

Barry Wright, Watertown,MA 02172
Sylvania. Emporium,PA 15834
No.Amer.Philips.,Cheshire,CT 06410
IN Pattern & Model.,LaPort,IN 46350
Switcheratk.,Chicago, L 60630

Reeves Hotfman, Carlisle PA 17013
Metals & Controls., Attleboro MA 02703
Milwaukee Resistor. Milwaukee,W! 53204
Rotron.,Woodstock NY 12498

IN Gereral Magnet,, Valparaiso,IN 46383
Varo., Garland, TX 75040

Hortwell. Placentia,CA 92670
Meissner. Mt Carmel,jL 62663

Catr Fastener.,Cambridge,MA 02142
Victory Eng. Seringfietd, NJ 07081
Parker Seal.,Culver City,CA 90231
H.H.Smith, Brookiyn NY 11207
Bearing Speity.,San Francisco,CA
Solar Eletre. Warren PA 16365
Burrounbe . Phainfield.N.LNTOR]
union.Carbide. Mes York NY 10017
Men Engrg.,Quincy,MA 02171
Nationat Eictres., Geneva,iL 60134
TRAW.,Ogalialy,NB 69153

Lehigh Metals..Cambricge,MA 02140
Sarioes Tarzion., Bloomington IN 47401
TA Mfg. Los Angeles,CA 90039
Kepco., Flushing NY 11352

Payson rs., Gurnee,[L 6003,

Prec Meral Prod.,Stoneham MA 02180
RCA. Harrison,NJ 07029

REC.,New Rochelle,NY 080,

Cont Elctres, Brooklyn,NY 11222
Cutler Hammer,, Lincoin,|L 62656

GTE Sylvania,,pawitch MA 01938
Gould Nat Battery,, Trenton,NJ 08607
cornell Dubitier. Fuquay Varma,NC 27526
K&G Mfr, New York NY

Potter & Brumfield, Princeton,IN4767,
Holtzer Cabot.,Boston,MA 02119
United Transtormer.,Chicago, il
Berkshire Transformer, Kent,CT 06757
Mallory Cap,,Indianapolis IN46206
Mallory Bat.,Tarrytown,NY 10591
Gulton Inds..Metuchen,NJ
Westinghouse,,Boston MA 02118
Hardware Prod. Reading,PA 19602
Continiental Wire, York,PA 17405
Cannon. Sslem,MA 01870

Gerber., Mishawaka,IN 46544
Johanson. Boonton,NJ 07005

Harris. Melbourne,FL. 32901

Augat Bros., Attleboro,MA 02703
Chandiar Wethertfield £T 06109

Dale Eictres,Columbus,NE 68601
Elco. Witlow Grove,PA 19090

General inst.,Dallas, TX 76220

Kings Eletees, Tuckahoe, NY 11223
Mephista Tool,,Hudson,NY 12534
Honéywell.,Fraeport,| L. 61032

Electry Insul,, Woodside, NY 11377
Edgerron Germeshuasen.,Boston MA 02115
IMC Magnetics.,Westbury NY 1,591
Ampex..fledwood City, CA 94063
Hudson Lamp:,, Kearny,NJ 07032
Sylvania.,Wobuen, MA 01801

Amer Eietres Labs. Lanscxale PA 19445

R&C Miy,,| msey.PA .6

Cramer., New York NY 10013
Ravtheon.,Quincy, MA 2189

Wagows. Lletro. Livissston,NJ 07039
Weston, Archibald,PA 18403

Tel Labs:, Manchester, Ni 03102
Diekson..Chicago,iL 60619
Magnecraft, Chicao.! L 60630

Atlas Ind., Brooklise, NI 03033

Garde. Cumberland,R1 02864

Quality Comp.,St Marys,PA15857
Alo Elctres., Lawrence,M

Continental Conn.,Woodsnde NY 11377
Vitramon., Bri ,CT 06601
Gordos, Bloomfield NJ 07003
Methode.;ﬁolling Meado v, 1L 50000
Amer Brass., Torrington,CT 06790
Weckesser.,Chicago,! | 60646
Aerovox H i Q. Otean NY 14760
Microwave Assoc..Burlington,MA 01801
Military Standards

Linemasser Switeh. Woodstock,CT 06281
Sealectro.,Mamaroneck NY 10544
Compar,,Burlingame,CA 94010
North Hills,,Glen Cove,NY 11542
Protective Closures, Buffalo, NY 14207
Metavac. Flushing NY | 1
Varian,,Palo Alto,CA 94303

Atli, Winghaster, MA 01890
Delevan;E Aurora, NY 14052
Renbrandt. Boston, MA 02118
Centraiab, Milwaukee Wi 53201




NOTE: RANGE SWITCHES $1,82,53 INTERLOCK,
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