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Specifications

Measurement Parameters and Modes: Series or parallel B and Q,
series or parallel L and Q, serigs or paralle! £ and D. Continuous-
repetitive, single, or averaged {set of 10} measurements; start button
initiates single or averaged measurements. Keyboard selection of
these and all measurement conditions.

Main Displays: {3 selections): Value display is LED-type numerical
readout with automatically positioned decimal poinis and illumina-
tion of units; five digits for RLC (88999} and simuitaneously four
digits for DQ (8998). Limits display shows comparator bin limits
and nominal values. Bin No. display shows the bin assignment of the
measured davice,

Measurement Rates: Approximately 2, 3, and 7 measurements/second.
Keyboard selections are: “slow, medium, fast.”

Test Freguencies: Keyboard selection between 2. Accuracy re
panel legends is +2%, —.01%. Actual frequencies: for 1658-8700,
120.00 Hz £ .01% and 1020.0 Hz = .01% {panel fegend "1 kHz"): for
1858-9800, 100.00 and 1000.0 Hz * .01%,

Spplied Voltage: 0.3V rms, maximum.

Ranges: Automatic ranging for best accuracy; autorange can be in-
hibited by keyboard selection. Three basic ranges {best accuracy,
see table) of 2 decades each, for each parameter. Automatic ex-
tensions to min and max, as tabulated.

Parameter Minimum Basic ranges Maximum
A1 kHz 2.0001 2 2§ 102 MDD 9.9999 MO
R: 120 Hz* 0.0001 & 28102 MO 99.998 MO
L; 1 kHz L0001 mH 0.2 mH to 200 H 999.99 H
L; 120 Hz* 00001 mH 2mH o 2000 H 99899 H
C; 1 kHz 00001 nF 0.2nF 10200 uF 989,99 uF
C; 120 Hz* 0.000G1 nF 2nfF to 2000 uF 998099 uF
G {with R) 0001 {fully automatic)  9.999

O {with L} 00.01 (fully automatic)  ©99.9

D {with C) 0001 {fully automatic} 9,999

*120 Hz or 100 Hz, depending on the instrument.

Agcuracy: For B, L, and C: £ 0.1% of reading in basic ranges, if
guadrature component is smatl (< 10% of principal measurement],
for slow measurement rate. More details given in table. Accuracy

of O {with R} £.001;0f Q {with L): £.01; of D {with C): * .0005;
in basic ranges, for D or Q << 1; {otherwise, see table).

r»—mw"—-m—« Basic accuracy Cross-term
Parameter F* Low extens Basic ranges  Migh extensions factor
Rieither freq M [2m2,  0.1%of rdg, (R/20 M) % of rdg]  (1+Q)
11 kHz M [D.2 uH, 0.1% of rdg, {L/2000 H} % of rdg}  {1+1/Q)
L;120 Hz** £ M [2 uH, 0.1% of rdg, {L/20 kH} % of rdg] {1+1/Q)
C: 1 kHz T M [0.2pFt,  0.1% of rdg, {C/2000 uF} % of rdg] {1+D)
C;120 Hz** *M [2 pF1, 0.1% of rdg, (C/.02 F} % of rdg! {1+D)
O {with 8} KM [ 001 + 001 {(1+0G) i
Ofwith L) XK [ .01 + .007 ™MO(1+Q) ]
D {with C) KM [ 0005 + 001 {1+0) ]

*Factors: Mis 1, 2, or B for SLOW, MEDIUM, or FAST measurement

rate, respectively. K is the guotient {RLC basic accuracy) / (RLC basic
accuracy in basic range). Therefore, K = 1 in basic ranges. **120 Hz
or 100 Hz. 1 Fixed offset ""zero” capacitance is < 2.0 pF.

Bias: Connector for external voitage source, on-off switch, and in-
dicator light. Limit, 80 V {max). External source requirements:
ripple <1 mV plk-pk, dynamic Z << 1 §2 with currents of T50 mA
pk {source and sink}; external discharge circuit recommended.

Supplementary displays: Paramsters, modes, overrange and under-
range conditions, range held, bias on, and remote conirol.

Sorting: Limit comparator sorts vs a DQ limit and up to 8 pairs of RLC
limits into 10 bins, conveniently defined by keyboard entries.
GO/NO-GO is indicated, whether bin number or measured value is
selected as main display.

intarface option: 2 ports {1 with choice of 2 modes); a 24-pin con-
nector for sach port, 1EEE488 INTERFACE PORT: Functions ars
SH1, AH1, T5, L4, SR1, RL2, PPO, DCO, DT, £0. Refer 1o {EEE
Standard 488-1978. Switch selection between 2 modes as follows.
TALKER-LISTEMNER MODE: Input commands from system con-
troller can disable keyboard and program all functions {except set-
ting limits for sorting}; any or all measurement resuits are available
as outputs. TALKER-ONLY MODE: Measured results are always
output, for use in systems without controliers. HANDLER INTER-
FACE PORT: 1 input {start signal}, Z output {status signals), and
set of 10 output lines {sorting datal; active-low logic; for input, logic

Patent applied for.

low is 0.0 10 +0.4 V {current is 0.4 mA max} and logic high is +2.4

to +5.0 V; for outputs, open-collector drivers rated at +30 V max, 40 mA
max {sink), each, this port only. {External power supply and pullupre:
sistors are required.)

Envi}renment: TEMPERATURE: 0D1040°C operating, —40 1o

+75 C storage. HUMIDITY: 0 1o 85% R.H., operating.

Supplied: Power cord, axial-lead adaptors, bias cable, instruction
manual,

Line Voltage and Power: 8010 125 V or 180 10 250 V, 50 to 60 Hz.
Either of these ranges selected by rear-panel switch. 30 W max.
Mechanical: Bench mounting. DIMEMNSIONS: {wxhxd): 378x112x
343 mm [14.8x4.4x13.5 in.). WEIGHT: 8 kg {13.51b) net, 10 kg

(22 1b} shipping.

Catatog
Description MNumber
1658 BRLC Digibridge TM
120 Hz and 1 kHz Test Frequencies 1658-3700
Same with Interface Option 16689701
100 Hz and 1 kHz Test Freguenciss 1658-8800
Same with Interface Option 1658-8801
Extender Cable {for remote measurements) 1657:8600
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Form 1658-0110-A

OPERATION REFERENCE INFORMATION
GenRad 1658 Digibridge®
1. GENERAL INFORMATION
Refer to instruction manual for details of specification,

installation, operation, and service.

MEASUREMENT RANGES

Parameter; Minimum Basic Ranges, Maximum
Frequency (Reduced Acc) Full Accuracy (Reduced Acc)
R; 120 Hz* 0.0001 2Qto2MQ 99.999 MQ -
R; 1 kHz 0.0001 © 2Qto2 M 9.9999 MQ
Q (with R) .0001 = ————-— 9.999

L; 1 kHz .00001 mH 0.2mHto200H 999.99 H

L; 120 Hz* @.0001 mH 2 mH to 2000 H 9999.9 H

Q (with.L) @0.01 = ————— 999.9

C; 1 kHz .00001 nF 0.2 nF to 200 uF  999.99 uF

C; 120 Hz* 0.0001 nF 2 nF to 2000 uF 99999 uF

D (withC) .0001 = ————— 9.999

*120 Hz or 100 Hz, depending on model.

2. EXTENDER CABLE
Auvailable from GenRad (P/N 1657-9600).

COLOR CODE OF EXTENDER CABLE

Colors Signal DUT Digibridge

Red 1+ “’High”” end Signal source (hi)
Red and white P+ ’High’’ end Potential sense (hi)
Black 1— “Low’ end Current sense (lo)
Black and white P— ““Low’ end Potential sense (lo)
Black and green GND Shield only Guard

3. EXT BIAS SWITCH

Keep this switch OFF (regardless of whether any bias
source is connected) for all measurements except when
applying dc bias to capacitors. (Refer to manual, para 3.7.)

4. OPERATION

a. Select VALUE mode with [DISPLAY] key.

b. Select measurement conditions with keys at right.
Repeat keying advances selection as indicated nearby.

c. With [HOLD RANGE] key, select autorange (no
indication) or RANGE HELD (indicator on panel).

d. Select parameter with R/Q, L/Q, or C/D key; note
confirmation by type of unit, on panel. (Repeat keying has
no effect except in entry mode; see para 6.)

e. Refer to manual for details of test fixture connec-
tions. Keep EXT BIAS switch generally OFF (see above).

f. Use START button for AVERAGE or SINGLE
MEASURE MODE.

g. Read RLC and DQ displays. Observe range lights:

Underrange: Q OUT OF RANGE D
better accuracy is| (both arrows lighted)

available on a WRONG PARAMETER
lower range.* R/Q, L/Q, or C/D.

Overrange;
RLC value is too large
for basic range of the
currently used range.*

*Select autorange (avoid RANGE HELD) to obtain best available
accuracy and minimize the number of under- and over-range
measurements.

h. If limits have been entered and enabled (para 6),
observe GO/NO-GO lights.

i. If limits have been entered and enabled (para 6), to
see display of bin number instead of measured values, use
[DISPLAY] key to select BIN No. and remeasure the DUT.

5. INTERFACE OPTION, USE OF IEEE—-488 BUS
Set the TALK switch (rear panel) as follows:

TALK ONLY — whenever bu

s is not in use and whlle

communicating only with “listen-only’’ devices.

TALK/LISTEN — to enable
controller device, e.g., calculator.

use in a system with a
Refer to table below for

device-dependent messages to control Digibridge.
PROGRAMMING COMMANDS

Command Code Command Code Command Code
Display Measure mode Data output**
Entry* DO Single L® None X0
Bin D1 Average L1 Bin number X1
Value D2 Continuous L2 [»]e] X2
Measurement rate Parameter DQ, bin no. X3
Fast S0 L/Q Mo RLC. X4
Medium S1 C/D M1 RLC, binno. X5
Slow S2 R/Q M2 . RLC, DQ X6
Equivalent circuit Range control RLC, DQ, bin X7
Parallel co Hold range R® Initiation
Series C1 Holdrng1 RI1 Start*** GO
Frequency Holdrng2 R2 Manual start
120 Hz (100) FQ Holdrng3 R3 Enable switch EQ@
1 kHz F1 Autorange R4 Disable sw E1

*Enables entry of bin limits, which must be entered via keyboard.

**Must be specified before initiation

of measurement.

***An alternative command is given in manual.

6. ENTRY MODE
Entry-mode keys (left rear

block of 16 keys) are

effective only when selected DISPLAY mode is ENTRY.

LIMIT ENTRY PROCEDURE

DISPLAY

With [FREQUENCY] select:
With [DISPLAY] select:
Use [R/Q] [L/Q] or [C/D] to
select units by repeat keying
(X) [=] [BIN No.] [0]
(X is the desired DQ limit) *
(Y) [=] [NOM VALUE]
(Y = number; above units)*
(S) [%] [=] [BIN No.] (Z)
(for symmetrical limit pair)
(S is number up to 100.00)*
(Zis1,2,3,..8).
(H) [%] [=] (L) [%] [=]
[BIN No.] (2) (for unsym-
metrical limit pair)
(H is number up to 10000)*
(L is number up to 100.00.)*
To change nom val, reenter.**
To change bin limits, reenter.
To close a bin, use zero for S.
To see, press [NOM VALUE]
To see, key in [BIN No.] (2)
Inhibit: [0] [=] [NOM VALUE]
Enable: (Y) [=] [NOM VALUE]

120 Hz (100 Hz) or 1 kHz.

ENTER LIMITS.

M, k2, 2, H, mH, nF,
or uF.

(X) in DQ display area;
max 4 digits and dec pt.

(Y) in RLC display area;
max 5 digits and dec pt.

Upper limit in RLC area,
lower limit in DQ area,
(values, not percents).

Upper limit in RLC area,
lower limit in DQ area,
(values, not percents.)

(Y) in RLC display area.
Both limit values.
Identical limit values.
(Y) in RLC display area.
Limit values (as above).
0 in RLC display area.
(Y) in RLC display area.

BIN No. GENERAL ASSIGNMENT

Bin @ DQ failure

Bin 1 RLC pass, tightest tolerance
Bin 2 RLC pass, next looser tolerance
—_— (progressively looser tolerances)
Bin 8 RLC pass, last available bin

Bin 9 RLC fail (default bin)

*Use numerical and decimal-point

keys in sequence to enter

number; max of 5 digits and decimal pt valid, even if display

is limited to 4.

**New nominal value does not affect bins already set up.

To resume operation using limits entered as above, press
[DISPLAY] key (see para 4); do not change frequency.
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Warranty

GenRad

We warrant that this product is free from defects in material and workmanship and,
when properly used, will perform in accordance with applicable GenRad specifications.
if within one year after original shipment it is found not to mest this standard, it will
be repaired or, at the option of GenRad, replaced at no charge when returned to a
GenRad service facility. Changes in the product not approved by GenRad shall void
this warranty. GenRad shall not be liable for any indirect, special, or consequential
damages, aven 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 OF MERCHANTABILITY OR
FITNESS FOR A PARTICULAR PURPOSE.

GenRad policy is to maintain product repair capability for a period of ten 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 o 1-1
1.2 GENERAL DESCRIPTION O B
1.3 CONTROLS, INDICATORS, AND CONNECTORS . . . . . . 11
1.4 ACCESSORIES 1-1

1.1 PURPOSE.

The 1658 Digibridge {TM) is a digital impedance meter
and limit comparator embodying use of a microprocessor
and other LS| circuitry to provide convenience, speed, ac-
curacy, and reliability at low cost. With the interface option,
this Digibridge can control other equipment and respond to
remote control.

The versatile built-in test fixture, lighted keyboard, and
angled display panel make this Digibridge convenient to use.
Measurement results are clearly shown with decimal points
and units, which are automatically presented 1o assure cor-
rectness. Display resolution is B digits for R, C, and L
{4 for D or Q) and the basic accuracy is 0.1%.

Long-term accuracy and reliability are assured by the meas-

urement system. 1t makes these accurate analog measure-
ments over many decades of impedance without a single
calibration or “trimming’’ adjusiment {not even in 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 device under test (DUT)
is a one-hand operation. Four-terminal {Kelvin) connections
are made automatically, ungrounded, with guard at ground
potential. An extender cable is available for measurements
at a distance from the instrument, typically for bulky com-
ponents,

Bias can be applied to capacitors being measured, by con-
nection of an external voltage source and sliding a switch.
Bias levels from 0 to 60 V are suitable.

The interface option provides full “talker/listener” and
“talker only” capabilities consistent with the standard
|EEE-488 Bus. [1] A separate connector also interfaces
with component handling and sorting equipment,

1.2 GENERAL DESCRIPTION.
1.2.1 Basic Digibridge.

Convenience is enhanced by the arrangement of test fix-
ture and controls on the front ledge, with all controls for
manual operation arranged on a lighted keyboard. Above
and behind them, the display panel is inclined and recessed
1o enhance visibility of digital readouts and indicators. These

{1] IEEE Standard 4B8-1975, Standard Digital Interface for Pro-
grammable Instrumentation. {See para 2.8, below.)

indicators and those at the keyboard serve to inform and
guide the operator as he manipulates the simple controls, or
to indicate that remote control is in effect.

The instrument stands on a table or bench top. The study
metal cabinet is durably finished, in keeping with the long-
life circuitry inside. Glass-epoxy circuit boards interconnect
and support high-guality components to assure years of
dependable performance.

Adaptability to any common ac power line is assured by
the removable power cord and the convenient line-voitage
switch, Safety is enhanced by the fused, isolating power
transformer and the 3-wire connection.

1.2.2 Interface Option.

The interface option adds capabilities to the instrument,
enabling it to control and respond to parts handling/sorting
equipment. Also {via separate connector} this option can be
connected in a measurement system using the |EEE-488 Bus.
Either “talker/listener” or “tatker only’ roles can be performed
by the Digibridge, by switch selection.

1.2.3 References,

A functional description is given in Theory, Section 4.
Electrical and physical characteristics are listed in
Specifications at the front of this manual; dimensions, in
Instaliation, Section 2. Controls are described below; their
use, in Operation, Section 3.

1.3 CONTROLS, INDICATORS, AND CONNECTORS,

Figure 1-1 shows the controls and indicators on the front
of the instrument. Table 1-1 identifies them with descrip-
tions and functions. Similarly, Figure 1-2 shows the con-
trols and connectors on the rear; Table 1-2 identifies them.

1.4 ACCESSORIES.

GenRad makes several accessories that enhance the use-
fulness of this Digibridge. The extender cable facilitates
making connection to those devices and impedance standards
that do not readily fit the built-in test fixture. The cable
branches into 5 parts, each with a stackable banana plug,
for true 4-terminal connections {and guard) 1o the device
being measured, without appreciable reduction in meas-
urement accuracy. Other useful accessories are offered, such

INTRODUCTION 1-1
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39 8 through 18 7 3

Figure 1-1. Front controls and displays. Upper, whole instrument, Lower, keyboard, detail.

1-2 INTRODUCTION
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Table 1-1

FRONT COMNTROLS AND INDICATORS
Figure 1-1
ltem Mame Diescription Function
1 R1L.C display Digital display, b numerals with decimal Display of principal measured value. Light spot
points, Unit labels M£2, k2, §2, H, mH, indicates units,
nF, uF, with 7 lights,
2 QUT OF RANGE and Legend with arrows and 3 lights. indigates when measurement is OUT OF basic
RAMGE HELD lights. RANGE: underrange {left arrow), overrange {right
arrow), or DUT not compatible with selected para-
meter (both arrows). For low underrangs, neither
arrow is 1it. {However, if BLC display has less than
4 digits, the measurement was made on low under-
range.) When RANGE HELD indicator is out, the
range is sutomatically optimized.

3 50 display Digital display, 4 numerals with decimsi Display of sscondary measured value, D if you

points. select C/D, Q if you select L/Q or R/Q with item 17.

4 POWER switch Pushbutton {push again 1o release). Turns instrument ON when in, OFF when out,

OFF position breaks both sides of powsr circuit,
5 Test fixture Pair of special connectors; each makes dual Receives radial-lead part, making 4-terminal con-
contact with inserted wire lead of DUT. nection sutomatically. Adaptors are supplisd 10

make similar connection with axial-lead part.

g8 BIAS light Legend with light, L.ight shines when bias is applied {via EXT BIAS
switch, itern 8}

7 REMOTE CONTROL Legend with light, Light shines when remaote control is established by

light sxternal command. Functions only if you have the
interface option.

3 EXT BIAS switch Slide switch, 7 positions: ON, OFF. To connect and disconnect the external bias circuit,
See itermn B. Use an external switch routinely to
apply bias and 1o discharge cepacitors. Always leave
OFF when blas circult is not in use.

g GO/NO-GO lights LED indicator lights GO means measurad value is accepiable, based on
the limits stored by item 18. NO-GO means un-
accepiability of basic parameter, loss factor, or both.

10 START button Pushbutton switch. Starts measurement sequence. {Normally used when
measurement mode is either SINGLE or AVERAGE.)
11 {see below) Each key has associated LED indicators Selection of indicated function, accomplished by
. at right, prassing key repeatedly {causing corresponding in-
. dicators to cycle through the alternatives) until de-
15 sired choice is lit.
11 DISPLAY key Indicators: VALUE, BIN NO., ENTER Two choices enable measurement, with display
LIBHTS. senses as follows: VALUE = measured parameters,
BIN NO. = limit category into which value fits,
When ENTER LIMITS is selected, measurements are
inhibited, Hmitentry keys are enabled, and display
is limits or nominal value, depending on use of
ftem 18.
12 MEASURE BATE key indicators: SLOW, MED, FAST Selection of measurement speed as indicated.
{Accuracy is best with SLOW.)
13 EQUIVALENT CIRCUIT Indicators: SERIES, PARALLEL. Selection of equivalent circuit assumed for the DUT,
key
14 FREQUENCY key indicators: 120 Hlz and 1 kiz Selection of test-signal frequency.
{or 100 Hz, 1 kHz).
18 MEASURE MODE key Indicators: CONT, AVERAGE, BINGLE. Mode selection: continuously repeating measure-

File Courtesy of GRWiki.org

ments; running average of 10 measurements and
display held after the 10th; single measurement
{display held). Continuous mode doss not require

“start.”
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Table 1-1 {Cont.)
FRONT CONTROLS AND INDICATORS

Figure 1-1
item Name Description S Function
16 HOLD RANGE key Key associated with RANGE HELD Key action alternates state between “autorange”’
light. {See item 2.) (indicator off) and RANGE HELD (indicator on},
which holds the present range for subsequent meas-
urements.

17 Parameter keys Set of 3 keys, labeled: R/Q, L/Q, C/D. Selection of basic parameter to be measured: R, L,
or C. Also, during “limit entry”, (see item 11), re-
peated pushing of any one key selects measurement
units {for limits), as displayed in item 1.

18 Limit-entry keys Group of 16 keys with numbers and Manual entry of limits that define go/no-go

other {abels, categories and 10 bin assignments, and selection of
limit displays on items 1 and 3. Functional only
if ENTER LIMITS has been selected by item 11.
18 Reference card Captive pull-out card. Handy reference information for basic operation,

iimit entry, and programming.

SCREWS FOR INTERFACE OPTION
iR OR COVER PLATE

Figure 1-2. Rear controls and connectors.

as standards for checking the performance of the Digibridge. impedance Standards and Precision Bridges, available from
Refer to Table 1-3 in this manual and the brochure of GenRad upon reguest.

1-4 INTRODUCTION
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Table 1-2

REAR CONNECTIONS AND CONTROLS

Figure 1-2
Ref. No. Name Description Function
1R BIAS INPUT connector Recessed plug, 2-pin, Labeled: 60 V max, Connection of external voltage source for biasing
+, —, {rear view). capacitors vig test Thature. Observe Instructions in
para 2.6,
2R TALK switch® Toggle switch. Selection of mode for 1EEE-488 interface: TALK/
LISTEN or TALK ONLY, as labeled,
3R Power connecior Safety shrouded 3-wire plug, conforming  Ac power input. Use appropriate power cord, with
{iabeled 50-80 Hz} to International Electrotechnical Belden SPH-388 socket or equivalent. The GenRad
Commission 320, 42G0-96825 power cord {suppliad) is rated for 125 v,
4R Fuse {labeled 260 V, Fuse in extraction post holder, Short circuit protection. Use Bussman type MDL or
0.5 A, SLOW BLOW) esauivalent fuse, 1/2 A, 250 V rating.
5R Line-voltage switch Slide switch. Upper position, 90 1o Adapts power supply to linevoliage ranges, as in-
125 V; lower position, 180 10 280 V. dicated, To operate, use small screwdriver, not any
sharp object.
6R HANDLER INTERFACE Socket, 24-pin; receives Amphenol Connections 1o component handler {bin numbers
connector”® “Microribbon’ plug P/N §7-30240 and siatus, out; start’’ inl.
{or equiv}.
7R IEEE4B8 INTERFACE  Socket, 24-pin. Receives IEEE-488 input/output connections according to 1EEE Stid

connector”

interface cable {see para 2.8].

*TALK switch and 24-pin connectors are suppiied with the interface Option oniy.

Table 1-3
ACCESSORIES

488-1978. Functions: complete remote control,
outpul of all display values.

Quantity Description Part Mumber
1 supplied Power cord, 210 em {7 1} long, 3-wire, AWG Mo, 18, with 4200-9625
molded connector bodies. One end, with Belden SPH-388
socket, fits instrument. Other end is stackable {hammer-
head) conforming to ANS{ standard C73.11-1866 {125 V max}.
2 supplied Test-fixture adaptors, for axial-lead parts, 1686-1910
1 supplied Bias cable, 120 cm {4 ft} long, 2-wire. One end fits BIAS 1658-2450
INPUT connector. Other end has stackable banana plugs
{black, red}.
1 supplied Keyboard cover, 16887-2210
1 recommended Extender cable for connection to multi-terminal standards 1657-9800
and large or remote DUT's, Length 100 om {40 in.).
1 available Rack mount kit {slides forward for complete access) 16567-8000

File Courtesy of GRWiki.org
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CONDENSED OPERATING INSTRUCTIONS

GenRad 1658 Digibridge®

1. GENERAL INFORMATION
Refer to instruction manual for details of specification,
instaliation, operation, and service.

MEASUREMENT RANGES

Parameter; Minimum Basic Hanges, Maximum
Frequency  (Reduced Acc) Full Accuracy {Reduced Acc)
R; 120 Hz* 0.0001 O 2 Q1 to 2 MO 99.999 M2
R: 1 kHz 9.0001 & 2 0102 MO 8.89999 MO
Q{withR}) 000t — - — — §.999

L; 1 kHz 00001 mH 0.2mH1ic200H 99880 H
L, 120 Hz*  @.0001 mH 2 mH to 2000 H 9989.9 H
Qf{with L) @801 89998.9

C: 1 kHz 000601 nF 0.2 nF 10 200 uF 99899 uF
C; 120 Hz® $.0001 nk 2 nF 10 2000 uF 99980 uF
Di{withC) 00017 - — 2.999

120 Hz or 100 Hz, depending on model.

2. EXTENDER CABLE
Available from GenRad {(P/N 1657-9600).

COLOR CODE OF EXTENDER CABLE

Colors Signal DUT Dhgibridge

Red {4 "High” end Signal source thi}
Red and white P+ “High' end Potential sense {hi)
Black - “Low' end Current sense {io)
Biack and white P “Low' end Potential sense {lo)
Black and green GND Shield only Guard

3. EXT BIAS SWITCH

Keep this switch OFF (regardless of whether any bias
spurce is connected;} for ail measurements except when
applying dc¢ bias to capacitors. {Refer to manual, para 3.7.)

4. OPERATION

a. Select VALUE mode with {DISPLAY ! key.

b. Select measurement conditions with keys at right.
Repeat keying advances selection as indicated nearby.

c. With [HOLD RANGE] key, select autorange {(no
indication) or RANGE HELD {indicator on panei}.

d. Select parameter with R/Q, L/QC, or C/D key; note
confirmation by type of unit, on panel. {Repeat keving has
no effect except in entry mode; see para 6.}

e. Refer to manual for details of test fixture connec-
tions. Keep EXT BIAS switch generally OFF {see above].

f. Use START button for AVERAGE or SINGLE
MEASURE MODE.

g Read RLC and DQ displays. Observe range lights:

<] oUT OF RANGE D

{both arrows lighted)
WRONMNG PABRAMETER
R/Q, L/Q, or C/D.

QOverrange;
BLC value 1s too large
for basic range of the
currently used range.”

Underrange:
~ better sccuracy i3
available on 8
iower range.”

*Select autorange lavoid RANGE HELD) o obtain best available
accuracy and minimize the number of under- and over-range
measurements,

h. if limits have been eniered and enabied {para 8},
observe GO/NO-GO lights.

i, 1f limits have been entered and enabled (para 8), 1o
see display of bin number instead of measured values, use
[DISPLAY] key to select BIN No. and remeasure the DUT.

1-6 INTRODUCTION

5. INTERFACE OPTION, USE OF IEEE—488 BUS

Set the TALK switch {rear panel} as follows:

TALK ONLY — whenever bus is not in use and while
communicating only with “listen-only” devices.

TALK/LISTEN — to enable use in a system with a
controller device, e.g., calculator, Refer to table below for
device-dependent messages to control Digibridge.

PROGRAMMING COMMANDS

Command Cods Command Code Command Code
Display Mesgsure mode Data output™”
Entry* D Single LD None X@
8in 1 Average L1 Bin number X1
Value 07 Continuous L2 20 K2
Measurement rate Paramester 2, bin no. K3
ast Sé L/0 MG R1LC X4
Medium 51 c/b M RLC, binno., X5
Stow SZ R/Q MZ 8t C, DQ X5
Eguivalent circuit Range control RLC, DG, bin X/
Parailel Ca Hold range  RE  Initiation
Series C1 Holdrng1 R1 Start*™** GO
Frequency Holdrng 2 R2Z2  Manusal start
120 Hz {100} F@ Holdmng 3 R3 Fnable switch ED
1 kHz F1 Autorange R4 Disable sw £l

*Enables entry of bin limits, which must be entered via keyboard.
**Must be specified before initiation of measurement.
**7An alternative command is given in manual,

6. ENTRY MODE
Entry-mode keys (left rear block of 16 keys) are
effective only when selected DISPLAY is ENTER LIMITS.

LIMIT ENTRY PROCEDURE | DISPLAY

With {FREQUENCY ] select:
With {DISPLAY ] select:
Use {R/Q] [L/Q] or [C/D] to
select units by repeat keying
{X}j 1=} [BIN No.} [0]
{X is the desired DQ limit}”
(Y} [=] INOM VALUE]
{Y = number; above units}”
(S} [%] [=] [BIN No.] (Z)
{for symmetrical {imit pair)
(S is number up to 100.00}”
{Zis1,2,3,..8).
{H} (%1 [—] (L) %] [=]
[BIN No.] {Z) {for unsym-
metrical limit pairj
{H is number up to 10000} °
(L is number up to 100.00.)"
To change nom val, reenter.”™”
To change bin limits, reenter.
To close a bin, use zero for S.
To see, press (NOM VALUE]
To see, key in [BIN No.1 {2}
inhibit: [0} [=] [NOM VALUE]
Enable: {Y) [=] [INOM VALUE]

120Hz (100 Hz) or 1 kHz.

ENTER LIMITS.

ME2, kE2, €2, H, mH, nF,
or uk,

(X} in DQ display area;
max 4 digits and dec pt.

{Y} in RLC display area;
max b digits and dec pt.

Upper imit in RLC area,
fower limit in DQ area,
{values, not percents).

Upper limit in RLC areg,
lower Limit in DQ ares,
{values, not percents.)

(Y} in RLC display area.
BEoth limit values.
fdentical limit values.
(Y} in RLC display area.
Limit values {as above).
0 in RLC display area.
{Y) in RLC display area.

BiN No. GENERAL ASSIGNMENT

Bin @ DO failure

Bin 1 RLC pass, tightest tolerance
Bin 2 RLC pass, next looser tolerance
— {progressively looser tolerances)
Bin 8 R LC pass, last availabie bin

Bin 9 RLC fail {(default bin)

*LUse numerical and decimal-point keys in sequence io enter
number; max of 5 digits and decimal pt valid, even if display
is himited o 4.

" *New nominal value does not affect bins already set up.

10 resume operation using limits entered as above, press
[DISPLAY] key {see para 4}; do not change frequency.
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Installation —Section 2

2.1 UNPACKING AND INSPECTION
2.2 DIMENSIONS .o
2.3 POWER-LINE CONNECTION
2.4 LINE-VOLTAGE REGULATION
25 TEST-FIXTURE CONNECTIONS
2.6 EXTERNAL BIAS

2.7 HANDLER INTERFACE (OPTION)
2.8 |EEE-488 INTERFACE (OPTION} .

2.9 ENVIRONMENT

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 specifi-
cations, notify the carrier and the nearest GenRad field
office. {(See list at back of this manual.} Retain the ship-
ping carton and the padding material for the carrier’s inspec-
tion.

2.2 DIMENSIONS.

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

Figure 2-1.

2.3 POWER-LINE 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 a frequency of 50 or 60 Hz, nominal. Using a small screw-
driver, set this switch to match the measured voltage of your
power line,

If your line voltage is in 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.

FRONT

2-1
2-1
2-1
2-2
2-2
2-2
23
2-4
2-8

The instrument is fitted with a power connector that is
in conformance with the International Electrotechnical
Commission publication 320. The 3 flat contacts are sur-
rounded 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 dis-
connects 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 is rated for 260V 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 up to 1256 V, is GenRad part no. 4200-9625.
ltisa 210-cm {7 ft), 3-wire, 18-gage cable with connector
bodies moided 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
specifies limits of 125 V 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 ""slow blow”
fuse of the current and voltage ratings shown on the rear
panel, regardless of the line voltage.

SIDE

11.2cem
4.4 in.
1 v
3785em ___ 000 L‘_____ 43em ]
14.8 in. 13.5in.

Figure 2-1. Overali dimensions

INSTALLATION 2-1
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o

1t vour 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 recepiacle. 11 is possible 1o replace the “hammerhead”
connector on the power cord that is supplied with a suitable
connector. Be sure 1o use one that is approved for 250 V,
15 A, A typical configuration is shown in Figure 2-2.

2.4 LINE-VOLTAGE REGULATION,

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

25 TEST-FIXTURE CONNECTIONS,

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 adapiors. For
details, refer to para 3.2.

The accessory extender cable 1657-9600 is needed to con-
nect 1o a DUT that is multiterminal, physically large, or other-
wise unsuited for the built-in test fixture. {Refer to Table 1-3.)
This cable is needed alsc to connect impedance standards for

FACE OF PLUG

accyuracy checks. Use the following procedure to install the
exiender cable on the instrument.

a.. Remove the adaptors, if present, from the test fixture,
{See para 3.1.) ’

b Plug the single-connector end of the exiender cable into
the test fixture, 50 that its blades enter both slots. Then lock
the connector with the 2 captive thumb screws {which also
provide a ground connection},

c. Notice the color coding of the 5 banana plugs. [+ s
“ourrent source”; [— is “current sense’’; both P are “potential

= RED P+=RED/WHITE Guard = BLACK/GREEN

sense’’.)
1+

2.6 EXTERNAL BIAS
WARNING
+ Maximum bias voliage is 80 V. Do NOT ex-

geed.
= 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 applisd.

Full bias voltage appears on test leads, bias-voltage-
source terminals, and on the leads of the DUT. Capacitors
that have been measured with bias applied can be dangerous
until property discharged, if several of them become con-
nected in series by chance contact. For safety, all personnel
operating the instrument with bias must be aware of the
hazards, follow safe procedures, and remove bias before
leaving the equipment unattended. Refer 1o para 2.7,

ol T
| L
5 o fe 152
21.41 MAX )
A R - L
| L 3.8 MIN
Y
4?
[ - 15,88 MiN <«
11.88 1
e 3,18 (w
6.35 , “z
i
4 a 3
; 475 [l ] ----------- N | & f
| | ; e
5 o ! 1 } 11.39 gf;;? Al i 18.23
¥ E gmm,mwm
= | — MIN I i |
476 —  |ep— 475 s] | ¢
ALTERNATE FORM ’ §
Qp tl{;lﬂ pgm 6u35

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 5665,

2-2 INSTALLATION
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in order to measure a capacitor with dc bias voltage ap-
plied, connect an external
a. Plug the
at the rear.

voitage source as follows.

e bias cable, supplied, into the BIAS connector,
Be sure to orient the plug so that the :e@"tigped
wire connects 1o the + pin. {Refer to the label at the BIAS
connector.)

b, Connect the black and red tips 1o the external Bias
s D%y — and + terminals, respectively. The bias voltags
source must sati >f%,f several criteria:

. Supply the desired terminal voitage {dc).
2. Serve as source for charging current; but have current
limiting, set to 200 mA.,

3. Serve as spurce and sink for the
which is 50 mA peak.

4. Present a low, linear t
measuring frequency.

If the bias voltage source is a

measuring current {ac),

< g

erminal impedance (< <10

£

2} at

regulated power supply with
the usual characteristic that it functions properly only as a
source, not a sink, t
Connect across the power supply a bleeder resistor that
draws dc current at least as great as the peak measuring cur-
rent {60 mA}. In parstiel with the bleeder, connect & 1001
capacitor. {If the power supply has exceptionaliy good transie
response, the capacitor is not necessary.}

No single bleeder resistor will suffice Tor all bias condi-
t%ons; SO it may be necessary 1o switch among several. Each

sistance must be small enough 1o keep the power supply
{eguiator current unidirectional {(as mentioned above} for the
usefulness. Also, the re-
sistance and dissipation capacity must be large enough so that
neither the power supply is overloaded nor the resistor
self damaged, for the highest bias voltage in its range of ap-
plication.

“1

nt

smallest bias voltage in its range of

it-

NOTE

For convenience, a suitable active current sink
can be used in lieu of bleedsr resistors.
A discharge circuit is also required. {Do not depend on
the switch on the Digibridge, nor on the above-menticned
bleeder resistor.} If more than 30 V is sometimes used, a dual
discharge circuit is recommendsd, as follows. One e

10-82 resistor in series; ;%ﬂ other

used first} should have a
d make a

{as a backup) shoul direct connection across the
bias circuit.
If the measurement program warrants the expense of &

ixture {perhaps in conjunction with a handler),
it should be provided

remote test |
for biased capacitor measurements
with the kind of circuit described above. 1t should have con-
venient switching to remove the bias source, to discharge

through 10 £2, and finally to short out the capacitor after

measurament. For automated test setups,
to precharge the capacitors before attachment to the test
fixture and to discharge them after th

it is also feasible

ey have been removed.

then the following test setup is recommended.

The eguipment should be designed to safeguard personnel
from shock and adjusted to avoid the passage of

electri

cal
1

targe transisnt currents m ough the test fixture,

2.7 HANDLER INTERFACE (OPT%GNL

1t you have the interface optior
INTERFACH th

E on

he rear panel to 2 ha
suitable peripheral equipment as follows.

the 24-pin connectors shown in Figure 1-2
face option.) Refer to Table 1-2 for the appropriate con-
nector. Refer to Table 2
functions, and pin numbers.

As indicated in the Specifications at the
manual, the cutput signals come from open-collector drivers
that pull each signal line to a low voltage when that signal is
active and let i1 float when inactive. Each external circuit
must be powered by a up to 30V {max),

i3s] Z2-1 for the t(C'\," 1o Sié}?“’

front of this

positive voltage, u

with sufficient impedance to limit the active-signal {ogic

fow) current to 40 mA {max}.
CAUTION
Provide protection from volitage

30 V.

The cauticnary noie

or gther inductive load

the DOWEr-5U
also active |

connectsd 10
The input s
tive-voltage external circuit, WhiCﬂ must pull

iow

ignal is nd also reg
Ods
down below +0.4 V, but not less tha
The logic-low current is 0.4 mA {max),
(logic high}, the external circuit must pull the signal line

above +2.4 V but not above +5.0 V.

For the inac

i

Table 2-1
HANDLER INTERFACE KEY

Signal Name Pin No. Function (Al sionals “active low’’)
- 5,8, 7 Ground conngotion.
- - 10 Plus BV, f internal jumper in place. (Limit
current to 250 mAL)
INPUT:
START 1 initiates measurement {
QUTPUTS
EOT 18 “End of test’’; bin signe
ACG OVER 22 “'Data acquisition over™;
BING 15 MNo-go because of D or G limi
BIN 1 17 Go, bin 1.
BiN 27 18 Go, bin 2
BIN 3 21 Go, bin 3.
BIN 4 23 Go, bin 4.
BIN 5 14 Go, bin 5.
BIN 8 ig Go, bin 8.
BINT G Go, bin 7.
BinN 8 24 Go, bin 8.
BING 13 No-go by default (suits no other binl.

INSTALLATION
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Refer to Figure 2-2A for timing guidelines. Notice that 20 ms (maximum) of the first transition to high. After

START must have a duration of 1 us {minimum} in each completion of the measurement, ACQ OVER goes low,

state (high and low)}. |f START is provided by a mechanical indicating that the DUT can be changed. Then after 10 to
switch without debounce circuitry, the Digibridge will make 50 ms, measurement results are available for sorting, i.e., one
many false starts; but these will not cause extraneous test- of the BIN lines goes low. A few microseconds later, EOT
result signals if START is made to settle down {low} within goes low {can be used to set a latch holding the bin assign-

ment). ACQ OVER, the selected BIN line, and EOT then
stay fow until the next start command.

Be sure the TALK switch is set to TALK ONLY, if the
1EEE-488 bus is not used.

a b
Clean . . 2.8 IEEE-483 INTERFACE (OPTION).
START 1 gs minimum 1 us minimum .
2.8.1 Purpose. Figure 2-3.
If you have the interface option, you can connect this
c . . . .
Bouncy 2 instrument into a system {containing a number of devices
START B“l“ wm such as instruments, apparatus, peripheral devices, and
) generally a controller or computer) in which each component
}d e meets |EEE Standard 488-1978, Standard Digital Interface
for Programmable Instrumentation. A complete under-
ACQ OVER’ Refer to Table 2-1A. standing of this Standard (about 80 pages) is necessary to
1 understand in detail the purposes of the signals at the |EEE-
f 488 INTERFACE connector at the rear panel of this instru-
=TT ment. Commendable introductions to the Standard and its
BIN H Same as EOT. L . .
PR | I application have been published separately, for example:
l “Standard Instrument Interface Simplifies System Design”,
g by Ricci and Neison, Electronics, Vol 47, No. 23,
EOT Refer to Table 2-1A. November 14, 1974.
1687-20
NOTE
Figure 2-2A. Handler interface timing diagram. . »
External circuitry must keep a-b > 1 us, b-a > 1 us, For copies of the Standard, (?rFier IEEE Std
and (if START is not “debounced’’) a-c < 20 ms. 488-1878, IEEE Standard Digital Interface for
The DUT can be disconnected after “‘e.”” The Programmable Instrumentation’”’, from IEEE
selected "BIN'' line goes low at "'f’’; the others stay . }
high. Refer to Table 2-1A for the values of ACQ Service Center, Department PB-8, 445 Hoes Lane,
OVER and EOT. Piscataway, N. J. 08854,
Table 2-1A

HANDLER INTERFACE TIMING DATA
Time from START signal to
Test Frequency Line Frequency Measurement Speed ACQO OVER EOT

1 kHz 50 Hz FAST 160 ms 185 ms
MEDIUM 335 370
SLOW 635 660

1 kHz 60 Hz FAST 145 ms 170 ms
MEDIUM 310 335
SLOW 585 610

120 Hz 60 Hz FAST 240 ms 265 ms
MEDIUM 400 425
SLOW 660 685

100 Hz 50 Hz FAST 255 ms 280 ms
MEDIUM 425 450
SLOW 710 735

2-4 INSTALLATION

File Courtesy of GRWiki.org



Each device is connected to a system bus, in parallel,
usually by the use of several stackable cables. Refer to the
figure for a hypothetical system. A full set of connections
is 24 (16 signals plus shield and ground returnsj, as tabulated
below and also in the Standard. Suitable cables, stackable at
each end, are available from Component Manufacturing
Service, Inc., West Bridgewater, MA 02379; U.S.A. {Their
part number 2024/1 is for a 1-meter-long cable.)

This instrument will function as either a TALK/LISTEN
ora TALK ONLY device in the system, depending on the
position of the TALK switch. “"TALK/LISTEN" denotes
full programmability and is suited for use in a system that
has a controller or computer to manage the data flow. The
"“handshake’ routine assures the active talker proceeds slowly
enough for the slowest listener that is active, but is not
limited by any inactive {unaddressed) listener, TALK ONLY
is suited to a simpler system — e.g. Digibridge and printer —
with no controller and no other talker. Either mode provides
measurement results to the active listeners in the system.

2.8.2 Interface Functions.

The following functions are implemented. Refer to the
Standard for an explanation of the function subsets, re-
presented by the identifications below. For example, T5
represents the most complete set of talker capabilities, where-
as PPO means the absence of a capability.

SH1, source handshake {talker)

AH1, acceptor handshake (listener)

T5, talker {full capability, serial poll}

L4, listener {but not listen-only)

HANDSHAKE OR DATA-BYTE
TRANSFER CONTROL BUS

DATA 8US
{8 SIGNAL LINES)

{3 SIGNAL LINES)

SR1, service request {regquest by device for service from
controller)
RL2, remote control {(no local lockout, no return-to-local
switch)
PPO, no paraliel poli
DCO, no device clear
DT1, device trigger {typically starts measurement}
CO, no controller functions.
The handshake cycle is the process whereby digital signals
effect the transfer of each data byte by means of status
and control signals. The cycle assures, for example, that the
data byte has settled and all listeners are ready before the
talker signals ““data valid’’. Similarly, it assures that all
listeners have accepted the byte before the talker signals
’data not valid’’ and makes the transition to another byte.
Three signal lines are involved, in addition to the 8 that convey
the byte itself. Refer to Figure 2-4.

2.8.3 Signal identification.

Refer to Table 2-2 for a key to signal names, functions, and
pin numbers. Further explanation is found in the Standard.
The first 3 signals listed take part in the “handshake’ routine,
used for any multiline message via the data bus; the next 5
are used to manage the flow of information; the last 8 con-
stitute the multiline message data bus.

2.8.4 Codes and Addresses.

The device-dependent messages, such as instrument program-
ming commands and measurement data {which the digital
interface exists to facilitate), have to be coded in a way that

GENERAL INTERFACE
MANAGEMENT BUS
{5 SIGNAL LINES)

DI0 1-8 —~ DATAINPUT/QUTPUT LINES

DAV - DATA VALID
NRFD - NOT READY FOR DATA®

NDAC - DATANOT ACCEPTED®

{FC -~ INTERFACE CLEAR
ATN - ATTENTION

I

SRQ - SERVIGE REQUEST
T REN - REMOTE ENABRLE
St EQ! - END ORIDENTIFY

T

INSTRUMENT C
ABLETO

INSTRUMENT A

INSTRUMENT B

ABLETO ABLETO
TALK, LISTEN

AND CONTROL

TALK AND

LISTEN ONLY
LISTEN ~ :

E.G. CALCULATOR E.G. DIGITAL

VOLTMETER

INSTRUMENT D -

ABLETO
TALK ONLY

Figure 2-3. Block diagram of a generalized system interconnected by the 16-signal-line bus
specified in the IEEE Standard 488, Reprinted from E/ectronics, November 14, 1974, copy-

right McGraw-Hill, Ing., 1974,
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Table 2-2
IEEE-488 INTERFACE KEY

Pin Mo. Signal Name Fungtion or Signtficance

8 DAy l.ow state: ‘‘data is availabie” and valid on the DIOT .. . D108 lines.

7 NRFD Low state: at isast 1 listener on the bus is “"not ready for data.”’

8 NDAC Low state: a1 least one listener on the bus is “'not done accepting
data.”

11 ATN “Attention’, specifies 1 of 2 uses for the DIOT . .. DIOBG lines, as
follows., Low stater controller command messagss. High state: data
byies from the 1atker device.

2] IFC “interface clear.’” Low state: returns portions of interface system to
a known guiegscent slate.

10 SRG “Service request.”’ Low state: a talker or listener signals {to the con-
wroller] need for attention in the midst of the current sequence of

17 REN “Hemote enable. Low state: enables each device 1o enter remote
maode when addressed to listen; {Remote-control commands are con-
veyed while ATN is high.) High state: all devices revert 1o local control

5 EOI YEnd or ldentify” VEND' i ATM is in high state, then, iew state of
201 indigates end of a multiple-byte data transfer sequence,®™ 1DY"
if ATN is in low state; then, low state of EQI activates a parallel noll **

1 Do ﬁ The 8-line datz bus, which convays interface

2 Doz messages {ATN i ow state] or device-dependent

3 DI03 i messages {ATN high state}, such as

4 D4 i remote-control commands from the controller or
13 OB from a talker device,

i4 D08

15 Dig7 z

18 D108 |

P

* ”\éz.,e is w;s ally sent concurrently with the delimiter “linefsed” characier that terminates the stringis) of date ocutput from the
Digibridge (1 ar 3 lines; see para 2.4.8). DY is notimplemented in the 1658 Digibridge.
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Figure 2-4, The handshake progess, illustratad by timing disgrams of the pertinent signals for a
system with one talker and seversi listeners. For details, refer to the Standard.
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Table 2-3
INSTRUMENT PROGRAM COMMANDS

Category Selection Command
Display Enter limits™ DO
Bin D1
Value D2
Measurement rate Fast SO
fMedium 51
Siow S2
Equivalent circuit Paraliel co
Series C1
Frequency 120 {100} Hz FO
: 1 kHz F1
Measurement mode Single L0
Average L1
Continuous L2
Range control Hold range RO
Hoid range 1 R1
Hold range 2 R2
Hold range 3 R3
Auto-range R4
Parameter inductance {L/Q) MO
Capacitance {C/D)} M1
Resistance {B/Q) M2
Data output™”* None X0
Bin number X1
DQ X2
DQ, bin number X3
RLC X4
RLC, bin number X5
RLC, DQ X6
RLC, DQ, bin no. X7
Initiation™** Start GO
START switch Enable EQ
Disable E1

*Enables entry of fimits, which must be entered manually {para 3.6).
* *Must be specified before initiation of measurement.

***An alternative “'start’” command is GET {group execute trigger),
which is binary 0 001 000 in conjunction with ATN in the low state.

is compatible between talkers and listeners. They have to use
the same language. Addresses have to be assigned, except in
the case of a single “"talker only” with one or more “listeners”’
always listening. The Standard sets ground rules for these
codes and addresses.

In this instrument, codes for input and output data have
been chosen in accordance with the rules. The address {for
both talker and listener functions) is user selectable, as ex-
plained below.

Instrument Program Commands. Refer to Table 2-3. This
input data code is a set of commands to which the instru-
ment will respond as a “talker/listener”, after being set to a
remote code and addressed to listen to device-dependent com-
mand strings.

Notice that the set includes all the keyboard functions ex-
cept entry of limits, which are not remotely programmable.
Also, some of the remote-control commands have no manual-
control equivalents. Range control includes the option of
selecting specific ranges. Data output commands enable
selection of specific classes of measurement resuits, independ-
ently from the actual displays.

Each command is 2 bytes; each byte is coded according
1o the 7-bit ASCII code, {1] using the D101 ... DIO7 lines.
The most significant bit is DI07, as recommended by the
Standard. Thus, for example, the command for *'1-kHz test
frequency’’ is F1, having octal code 106 061. The 7-bit
binary byteé are therefore: 1000 110 and 0 110001, (The
ASCI!  code can be written out as follows. For the numerals
0,1,2...89, write the series of octal numbers 060, 061,

062 ... 071, for the alphabet A, B, C ... Z, write the series
101, 102, 103 ... 132, Refer also to the table in the para-
graph about “’Address’’, below. The ASCH code conforms to
the 7-bit code 1SO 646 used internationally.} Notice that
the 8th bit {(DI108) is ignored.

Address. The initial setting of address, provided by the
factory, is binary 00011. Consequently, the talk-address
command (MTA} is C in ASCl code and, similarly, the
listen-address command (MLA) is #. If a different address
pair is desired, set it manually using the following procedure.

WARNING

Because of shock hazard and presence of electronic
devices subject to damage by static electricity {con-
veyed by hands or tools}, disassembly is strictly a
“sarvice’’ procedure.

a. Take the instrument to a qualified electronic
technician who has the necessary eguipment; refer to para 5.6.
Have him remove the interface option assembly, as described
in that paragraph. {There is no need to remove the top cover
first,)

b. Have him set the switches in “DIP" switch assembly
S2 to the desired address, which is a 5-bit binary number.
{Refer to the comments below.)

c. Have him replace the interface option assembly in
its former place.

Notice that S2 is located at the end of the interface option
board, about 3cm {1 in.) from the TALK switch S1. 1fS2
is covered, lift the cover off, exposing the “DIP’ switch,
which has 2 rows of 6 tiny square pads with numbers 1...6
between the rows. To enter logical 1's, depress pads nearest
the end of the board. To enter logical 0's, depress pads on
the other side of the "DIP” switch, the side marked with a
+ sign. The address is read from 5 to 1 {not using 6). Thus,

1] ""X3.4 - 1968, Code for Information interchange”, available
from American National Standards institute, 1430 Broadway, New York
NUY. 10018,

INSTALLATION 2-7
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Table 2-4

ADDHRESS PAIRS AND SETTINGS FOR SWITCH s2

Talk address Listen address Switch setting "
Symbol  Binary Symbol  Binary 5 4 3 2 1
@ 1 000 000 {spacel 0 100 000 0 0 0 0 0
A 1 000 001 1 4 100 001 0 0 0 0 1
B 1 000 010 o g 100 010 o0 010
C 1000 011 F 01060 011 000 1 1
O 1 000 100 $ g 100 100 00 1 ¢ 0O
£ 1 000 101 % 0 100 101 006 1 01
F 1 000 110 & 0 100 110 a0 1 10
G 100011 0 100 111 00 1 11
H 1 001 000 { 0 101 000 01 0 0O
! 1 001 001 l 0 101 001 0 1 0 0 1
J 1 061 010 “ 0 101 010 01 0 1 0
K1 001 011 + 0 101 Oyt 01 0 11
L 1 601 100 2 G 101 100 6 1t 1 00
a1 o1 107 - g 101 131 01 1 0 1
N1 001 110 0 101 110 o 1 1 10
O 1001 111 / 0101 111 o 1 1 1 1
P 1 010 000 0 0 110 000 16 0 00
G 1 010 001 1 g 110 001 10 0 0 1
R 1 610 010 2 0 110 010 10 0 1 0
S 1 010 011 3 0 110 011 10 06 1 1
T 1T 010 100 4 0 110 100 101 0 0
U1 010 10 5 G 110 101 16 1 0 1
v 1 010 110 [§] g 110 110 10 1 10
w1 010 111 7 0O 110 111 10 1 1 1
X 1 011 000 8 0 111 000 110 0 Q0
Y 1 011 001 g O 111 007 11 0 0 1
Z 101t 010 g 111 010 11T 40 1 0
[ 1011 011 ; 0 111 o011 [ R € B R
AN 1011 100 < 0 111 100 111 00
i 1 011 101 = 0111 101 11 01
A1 011 110 > 0 111 118 1111 0

* Do NOT set the switch to 11111, because a listen address of 7"

would be confused with an "attention” command. (ASC11 code

for “underline” is 1011 111, and for “?" s 0111 111

28 INSTALLATION

for example, to set up the address 00011, enter 0's at posi-
tions 5, 4, 3; enter 1's at positions 2, 1. {This makes the talk
address "C’* and the listen address "#’.) Strictly speaking,
the address includes more; S2 determines only the device-
dependent bits of the address. You cannot choose talk and
listen addresses separately, only as a pair. The list of possible
pairs is shown in Table 2-4.

In the above example, the remote message codes MLA
and MTA are X0100011 and X1000011, respectively. Thus
the listen address and the talk address are distinguished, al-
though they contain the same set of device-dependent bits,
which you set into S2.

Data Cutput. Data {results of measurements) are pro-
vided on the D101 ., . DI0O7 lines as serial strings of characters.
Each character is a byte, coded according to the 7-bit
ASCIH code, as explained above. The alphanumeric characters
used are appropriate to the data, for convenience in reading
printouts. The character strings are always provided in the
same sequence as that shown in Table 2-3; for example:
BL.C value, DO value, bin number — if all 3 were selected
{by the X7 command). The carriage-return and line-feed
characters at the end of each string provide a printer {for
exampie} with the basic commands to print each string on a
separate line,

For example, if the measurement was .00325 k{2 {range
2}, the character string for RLC value is:

Uispace) B ispace)kOlspace}{space)0.00325(CRI{LF}.

If a dissipation-factor measurement was .2345, the character
string for DO valuse is:

{space}{space}D{B snaces}0.2345{CR}{LF}.

{f the measurement falls into bin 9, the character string for
bin number is:

Fispace)BIN{space) {space)8{CRI{LF).

The character string for RLC value has the length of 17
characters; for DQ value, 17 characters: for bin number,

10 characters — including spaces, carriage-return, and
line-feed characters. Refer to Tables 2-5, 2-6, and 2-7 for
details.

Status. The Digibridge responds with a status byte when
the bus is in the serial poll mode and the Digibridge is
addressed to talk. The status is encoded as shown in Table 2-8
and sent on the data lines DIOT . .. DI08.

2.8.5 Programming Guidslines.
7 the Digibridge is to be programmed {TALK switch set
to TALK/LISTEN), keep the following suggestions in mind.
1. An "unlisten” command is required before measure-
ment is possible.
2. 1t not addressed to 1alk, the Digibridge sends &
service request {SRQ low! when it has data ready to
send,
3. Then SRQ will not go false thigh) until the Digi-
bridge has been addressed to talk or has been serially
polied.
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A typical program might include these features:
9 [nitial setup: with ATN true, “untalk, unlisten, my listen
address (of Digibridge), my talk address {of CPU}"’; then
with ATN false, measurement conditions {Table 2-3).
® Measurement-enabling sequence, for example: untalk
the Digibridge, senda GET, unlisten the Digibridge.
® After CPU receives the SRQ, necessary enabling of
data transfer: with ATN true, “untalk, unlisten, my
listen address {of CPU)}, my talk address (of Digibridge)”’;
then ATN faise.

2.9 ENVIRONMENT.

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 electro-
magnetic fields that may interfere with measurements.

Refer to the Specifications at the front of this manual for
temperature and humidity tolerances. To safeguard the in-
strument during storage or shipment, use protective packaging.
Refer 1o Section 5.

Tabie 2-5
RLC-VALUE DATA QUTPUT FORMAT

Character Purpose Allowed Meaning
seguence characters
1 Status {space) Normat operation
U Underrange
o] Overrange
w Wrong parameter or other invalidity
2 Format {space) e
3 Parameter R Resistance
L inductance
C Capacitance
4 Format {space) ——
5,8 Units (space) O Ohms
kO Kilohms
MO Megohms
{space}H Henries
mH Miliihenries
ufF Microfarads
nfF Nanofarads
7,8 Format {space} e
g...156 Number 012345 Measured number, right justified in format field; like the RLC
6789, display except the zero before the decimal point is explicitly
{space) provided and this number can be as long as 7 characters.
18 B {CR) The customary “‘carriage-return’’ and "“line-feed’’ characters,
17 Delimiter (L.F) end of string.

Table 2-6
DQ-VALUE DATA OQUTPUT FORMAT

Character Purpose Allowed Meaning

seqguence characters

1,2 Format {space) ———

3 Parameter D Dissipation factor
Q Cuality factor

4...9 Format {space) —n e

10...15 Number 12345 Measured number, right justified in format field, like the DQ
8789. display except the zero before the decimal point is explicitly
{space) provided and this number can be as long as 6 characters.

16  — {CR} The customary “‘carriage-return’’ and *'line-feed” characters,

17 Delimiter (LF} end of string.

INSTALLATION 2.9
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Table 2-7
BIN-NUMBER DATA QUTPUT FORMAT

Characier Purpose Allowed Meaning
SBLUSNTE characters
1 Pass/fail {spacs) GO lbins 1...8)
F NO-GO (binDor 9
2 ) Format {space} e
3 Label B The word "BIN".
4 i
5 N
8,7 Format {space) B —
8 Catagory 01234 Bin number assignment.
58789
9 e e {CR} The customary ‘carriage-return’ and "“line-feed” characters,
10 Delimiter (LF) end of string.
Table 2-8
STATUS CODE

Line Significance of 2 71 Significance of a "0"

D108 Remote Local

107 Request for service, RQOS. {This device asserted Mo request by this Digibridge for service

SR

D108 Wrong parameter Normal operation

OB Busy, measurement in process Measurement completed

o4 Limits were tested. Limits wers not tested,

DIig3 RLC messured value is available, RLC value is not available.

o2 30 measured value is avsilable. D0 value is not available.

101 Bin-no. assignment is available, Bin-no. assignment is not available.

2-10 INSTALLATION
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Operation— Section 3

3.1 BASIC PROCEDURE 3-1
3.2 CONNECTION OF DUT 3-2
3.3 ACCURACY AND SPEED e ..o 33
34 TEST FREQUENCY AND EQUIVALENTCIRCUIT . . . . . . 35
3.5 PARAMETER, RANGE HOLDING, ANDMODE . . . . . . . 37
3.6 LIMIT-COMPARISON BINS . 3-8
3.7 BIAS o 3-11
3.8 OPERATION WITH HANDLER 3-12
3.9 SYSTEM CONSIDERATIONS 3-12

3.1 BASIC PROCEDURE.

For initial familiarization, follow this procedure carefully.
After that, use this as a ready reference and refer to later
paragraphs in Operation for details,

Refer also to the Operation Reference Information, found
stored in a pocket under the instrument. Reach under the
front edge and pull the card forward as far as it slides easily.
After use, slide it back in the pocket, for protection.

CAUTION
Set the line voltage switch properly (rear panel)
before connecting the power cord,

a. Before connecting the power cord, slide the line-voltage
switch (rear panel) to the position that corresponds to your
power-line voltage. Power must be nominally 50 or 60 Hz
ac, in either range: 90 to 125 V or 180 10 250 V. Connect
the power cord to the rear-panel connector, and then to
your power line,

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 remains in the released position.)

b. Connect a typical device, whose impedance is to be
measured, as follows. (This device under test is denoted
DuUT.}

NOTE
Clean the leads of the DUT if they are noticeably
dirty, even though the test-fixture contacts will
usually bite through a film of wax to provide
adequate connections.

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

Axial-lead DUT, Figure 3-1A.
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 slots in the adaptors as far as they go easily.
For details of wire size and DUT size limits, refer to para 3.2.

NOTE
To remove each adaptor, 1ift with a gentle tilt
left or right. For a DUT with very short leads, it
is important to orient each adaptor so its internal
contacts {which are off center) are close to the
DUT.

Any other DUT or test fixture. Use the accessory extender
cable, Refer to para 3.2.

¢. Choose the conditions of measurement. For the first
6 selections, below, the recommended choice is automatical-
ly provided when you switch the POWER ON. {To obtain
another choice, press the corresponding key in the keyboard
as many times as necessary, watching the indicator lights.)

Display: VALUE

Measurement Rate: MEDIUM

Equivalent Circuit: SERIES

Frequency: 1 kHz

Measurement Mode: CONTINUOUS

Hold Range: NOT selected; autorange is indicated by hav-

ing the RANGE HELD light out

External Bias switch: OFF

Talk switch: TALK ONLY (rear panel}, [1]

Farameter. For resistance, press R/Q; for inductance,
press L/Q; for capacitance, press C/D. The choice is con-
firmed by illumination of appropriate unit label in the RLC
display.

d. Read the measurement on the main displays. The RLC
display is the principal measurement, complete with decimal
point and units which are indicated by the light spot behind
MO, kQ, 2, H, mH, nF,or F. [2] The DQ display is D if
the selected parameter is C/D; it is O if the selected parameter
is L/Q or R/Q.

[1] This switch is provided only if you have the Interface Option.
{2] if the extender cable is used, it may be necsssary 1o correct for
its capacitance.

OPERATION 3-1
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Figure 2-1A. Use of the test fixture adaptors.

NOTE
The following actions or conditions will abort
measurements in progress or prevent measurement.

1. Pressing any key listed in step ¢ above except HOLD
RANGE, will abort the current measurement.

2. If there is no proper |EEE-488 system connection and
the TALK switch on the rear panel is switched to TALK/
LISTEN, continuous measurement is inhibited. (If you have
the Interface Option, generally keep this switch set to TALK
ONLY.)

3.2 CONNECTION OF THE DUT.
3.2.1 The Integral Test Fixture.

The test fixture provided on the front ledge of the Digi-
bridge provides convenient, reliable, guarded 4-terminal con-
nection to any common radial-lead or axial-lead component
part.

The slots in the test fixture accommodate wires of any
diameter from 0.256 mm (.01 in., AWG 30) to 1 mm (.04 in.,
AWG 18), spaced from 6 to 98 mm apart {0.23 to 3.9 in.)
or equivalent strip conductors. Each “‘radial’’ wire must be
at least 1 cm long (0.4 in.). The divider between the test slots
contains a shieid, at guard potential, with its edges exposed.
The adaptors accommodate wires 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 (3.1 x 1.7 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 gentie pull upward, made easier by tilting 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 the right slot of the test fixture, by pushing vertically
downward., Each adaptor can be slid 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,
especially if it has short or fragile leads.

3-2 CPERATION

Insert the DUT so one lead makes connection on the left
side of the test fixture, the other lead on the right side.
insertion and removal are smooth, easy operations and con-
nections are reliable if leads are reasonably clean and straight,

Be sure to remove any obvious dirt from leads before
inserting them. The test-fixture contacts will wipe through
a film of wax, but will become clogged and ineffectual if
you are careless about cleanliness. Be sure the contact pair
inside each half of the test fixture is held open by a single
item ONLY, whether that is one lead of an axial-lead DUT or
one adaptor. {Otherwise you will not obtain true “Kelvin*
connections to the DUT.)

3.2.2 The Extender Cable. Figure 3-1B.

The accessory extender cable 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. This
cable is needed, for example, to connect impedance standards
or a remote test fixture. Make connections as follows.

a. Remove the adaptors from the test fixture. Plug the
extender cable into the basic test fixture and lock the con-
nection with the 2 captive thumb screws.

b. Using the branched end of the cable, connect to the
DUT with careful attention to the following color code. The
cable tips are stackabie banana plugs (adaptable with slip-on
alligator clips, supplied). Notice that the 2 red tips must con-
nect to the same end of the DUT. Connect both black and
black/white tips to the other end.

EXTENDER CABLE COLOR CODE
RED: i+, current connection to “high” end of DUT.
RED & WHITE: P+, potential connection to same.
BLACK: !—, current connection to “low’ end of 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 con-
nect G to the case of a capacitor if the case serves as (or
is connected to) one of its 2 main terminals.

3.2.3 Correction for Cable Capacitance.

The extender cable adds capacitance in parallel with the
DUT (because shielding of the leads is imperfect). The
1657-9600 cable adds about 0.5 pF. Because the physical
arrangement and spacing of the cable branches and connectors
is significant, a correction should be determined for each
measurement setup. The following procedure applies to con-
nection with a precision 3-terminal capacitor, GR 1404 or
1413, for example.

a. Install an adaptor, GR 874-Q2, on each of the two coaxial
connectors, L and H, of the capacitor.

b. Connect cable branch G to the ground post of the
“low’ terminal adaptor. With a clip lead or plain wire, con-
nect this point to the ground post of the “high’’ adaptor.

c. Connect cable branch P— to the main post of the “low”
adaptor and stack |— on top of P—.
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Figure 3-1B. Extender cable, attached to test fixture.

d. Similarly, connect P+, with I+ 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, 1+/P+, from
the “high" adaptor and hold them about 8.5 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 capacitance in your body.

g. Measure the cable capacitance, Cc.

h. Subtract the resuit of step g from that of step e, 1o
obtain the desired measurement, Cx.

3.3 ACCURACY AND SPEED.

The basic accuracy of this Digibridge is 0.1% of reading
R, L, or C, over wide ranges of values, for suitabie measure-
ment conditions. Qutside of these ranges and conditions,

accuracy drops off in known ways, which should be under-
stood by the operator. For example, selection of a faster
measurement rate leads to less accurate measurements. To
facilitate choice of conditions {if optional) and determination
of accuracy for any particular results, refer to the accuracy
statement in the specifications at the front of this manual,

as well as the following graphs.

3.3.1 RLC Basic Accuracy. Figure 3-2.

This graph shows that the basic accuracy extends for 6
decades (for example 2 £2 to 2 MS2), over the 3 basic ranges.
In high overrange and low underrange, the best available
accuracy rises a factor of 10 for each decade of impedance
{45° lines on graph). If a range is "'held”, the basic accuracy
is valid for only 2 decades, beyond which there are similar
overrange conditions.

Measurement Rate. The same graph shows the effects of
choosing rate. To obtain 0.1% accuracy, select SLOW MEAS-
UREMENT RATE. Lower accuracies {higher percentage)
are obtained at higher rates, as shown by the alternative scales
at the left.

OPERATION 3-3
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RLC Basic Accuracy
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Figure 3-2. RLC basic accuracy as a percent of r

eading. Heavy lines {solid and dotted) represent

auto-ranging {range not held}. Lighter lines represent reduced-accuracy operation due to a

range being heid. Range 2 is dotted, Motice that L and 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 scate) is the multiplier that, applied to the DQ basic accuracy, yields complete DQ ac-
curacy, for range extensions as well as the basic ranges. {Range extensions are all represented

by slanted lines.)

This basic RLC accuracy is valid only for “pure” R, L,
or C. For the effect of quadrature impedance, multiply each
basic accuracy value by the RLC accuracy factor; see below.

3.3.2 RLC Accuracy Factor. Figure 3-3.
This graph shows the effect of D {or Q) on the accuracy

of R, L, and C measurements. Multiply the RLC basic accure-

cy by this factor. For example, suppose a resistor is measured

at SLOW MEASUREMENT RATE to be 1.0 §2, with Q= 0.5,

The RLC basic accuracy is 0.2% and the RLC accuracy factor

is 1.5; so the accuracy of the R measurement is 0.3%.

- { of Inductor

100 10 1 0.1 01
100
5 sof
3
e
L a0f
3
b 10
g L
<
z ar
1
01 0.1 ] 10 100

D, or Q of Resistor

Figure 3-3, RLC accuracy factor {or cross term), as a
function of D or Q. Multiply the RLC basic accuracy
by this factor to obtain complete RLC accuracy,. Motice
that for nearly “pure’’ resistance or reactance, this
factor is unity.
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3.3.3 D and QO Accuracy. Figures 3-4, 3-5.

These graphs show the basic accuracy of each D and Q
measurement directly for impedances in the basic ranges
{the main, horizontal line in the RLC basic accuracy graphi.
For the above-mentioned example {Q = 0.5} the graph shows a
basic accuracy of 0.25%. However, for any overrange or
underrange measurement {45° lines on RLC basic accuracy
graph), use the following correction factor.

DQ Accuracy Factor. This factor is directly proportional
to the RLC basic accuracy; refer to the scale at the right of
that graph {above). For the above-mentioned example, the
DQ accuracy factor is 2; therefore, the O measurement accura-
cy is 0.5%.

3.3.4 Convenience of Logarithmic Scales.

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 one of the basic ranges,
with the SLOW measurement rate; 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 horizontal line and point to the basic C accuracy
{0.1%) at the left. Now apply the C accuracy factor by mov-
ing the pointer up about 1/3 of a decade. The pointer now
shows the corrected C accuracy, 0.2%.

3.3.5 Insignificant Digits.
One or more of the digits at the right end of the RLC
and/or DQ displays may be insignificant. This is particularly
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Figure 3-4. O basic accuracy as a percent of reading.
Each curve applies for one measurement rate, as
labeled. For measurements on any of the range exten-
sions, multiply by the DO accurany factor, shown in

Figure 3-2. A. Qof resistors. B. Q of inductors,
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Figure 3-5. D basic accuracy as a percent of reading
{for capacitors}. Each curve applies to one measure-
ment rate, as labeled. For measurements on any of the
range extensions, multiply by the DO accuracy factor,
shown in Figure 3-2.

true at the upper extension of a range. If there are more
than one insignificant digits in a display, the least significant
is typically noisy. That is, it will appear to flicker at random
over a range of values and should be ignored.

For example, if you measure a 4-M£2 resistor, the display
might ideally be 4.1234 M{2; but the one or two final digits

might be changing at random. This flickering is entirely
normal. The specified accuracy {+ 0.4%) is the key 1o ex-
pected performance; in this example, the last 2 digits are in-
significant and the last digit {s quite unnecessary. Typically,
one would record this measurement as 4,12 MQ = .02 ME2.

3.3.6 Measurement Rate.

Choose one of 3 rates with the MEASURE RATE key:
SLOW, MEDIUM, or FAST. The continuous-mode rates are
respectively about 2, 3, and 7 measurements per second.

Range changes introduce some delays. For details, refer to
the following specifics.

For CONTINUGUS measurement mode, steady state,
each measurement requires a base period of about 570, 310,
or 145 ms, depending on whether the measurement rate is
SLOW, MEDIUM, or FAST, respectively. To that base period,
add approximately 25 ms {for test frequency 1 kHz) or 100 ms
{for 120 or 100 Hz) for startup following each press of the
START button. If the Digibridge is autoranging and a given
measurament is out of range, the next measurement requires
as much time as startup plus base period {the same total as
for SINGLE measurement initiated by START]. In AVERAGE
measurement mode, the time required for an entire measure-
ment sequencs, initiated by START, is startup plus 710 base
periods.

3.4 TEST FREOQUENCY AND EQUIVALENT CIRCUIT.
3.4.1 General.

Except for very large values of the principal measurement,
you can select either measurement freguency: 1 kHz or 120
{100} Hz. The lower frequency is required to measure above
10 M2, 1000 uF, or 1000 H. There is no such restriction on
the choice of equivalent circuit, although there are rules to
follow, as explained below.

The value of the principal measurement (R, L, or C) of a
certain DUT depends on which of 2 equivalent circuits is
chosen to represent it. {Many impedance measuring instru-
ments 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 “paraliel” val-
ues. However, for D or O near unity, the difference is sub-
stantial. Also, the principal measurement often depends on
measurement freguency. The more nearly “pure” the re-
sistance 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. We first give general rules for selection of
measurement parameters, then some of the theory,

3.4.2 Rules.

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) accord-
ing 1o the applicable specifications. If there are none known,

OPERATION 35
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be sure to specify with your results whether they are “parallel”
or "'series” and what the measurement frequency was.

Resistors, below about 1 k§1: Series, 120 Hz (100 Hz).
Usually the specifications call for de resistance, so select a
low 1est frequency to minimize ac losses. Select "'series”
because the reactive component most likely to be present
in a low resistance resistor is series inductance, which has no
effect on the measurement of series R. 1f the Q is less than
0.1, the measured Rs is probably very close to the dc resistance.

Resistors, above about 1 k§): Parallel, 120 Hz (100 Hz).
As explained above, select a low test frequency. Select
“parallel”’ because the reactive component most likely to
be present in a high-resistance resistor is shunt capacitance,
which has no effect on the measurement of parallel R. If
the Q is less than 0.1, the measured Rp is probably very close
1o the dc resistance.

Capacitors below 2 nF: Series, 7 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 ac-
curacy.

Capacitors above 200 uF: Series, 120 Hz {100 Hz).

Select “series” for the reasons given above. Select a low meas-
urement frequency for best accuracy and to enable measure-
ment of capacitors larger than 1000 F.

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 a low measurement fre-
quency for best accuracy and to enable measurement of in-
ductors farger than 1000 H.

3.4.3 Series and Parallel Parameters. Figure 3-6.

An impedance that is neither pure reactance nor a pure
resistance can be represented at any specific frequency by
either a series 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 a series or parallel combination is
used. The equivalent circuits are shown in the accompanying
figure, together with useful equations relating them. Notice
that the Digibridge measures only Rs, Ls, or Cs, if you select
SERIES EQUIVALENT CIRCUIT. It measures only Rp, Lp,
or Cp if you select PARALLEL.

3.4.4 Equivaient Series R for Capacitors.

The total loss of a capacitor can be expressed in several
ways, including D and “ESR”, which stands for “"equivalent
series resistance’’. To obtain ESR, one can measure directly;
push the R/Q parameter key and select SERIES EQUIVA-
LENT CIRCUIT.

Both C and ESR should be measured on the same range.
If D is below 1, depress the C/D key and measure Cs first,

3-6 OPERATION

Resistance and inductance
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Figure 3-6. Equivalent circuits and mathematical relation-
ships for lossy inductors and capacitors.
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select HOLD RANGE, depress the R/Q key, and measure Rs.
On the other hand, if D is above 1, measure Rs first, select
HOLD RANGE, and then measure Cs.

“Equivalent series resistance’ is larger than the actual
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 loss. Generally, measured ESR is closer
to actual series resistance for capacitors with lower reactance
{larger capacitance and/or higher test frequency).

3.4.5 Paraliel Equivalent Circuits for Inductors.

Even though it is customary to measure series inductance
of inductors, there are situations in which the paralle! equiv-
alent circuit better represents the physical device. At low
frequencies, the significant loss mechanism is usually “"ohmic”
or “copper loss’ in the wire; and the series circuit is appropriate
If there is an iron core, at higher frequencies the significant
loss mechanism may be “‘core loss” {related to eddy currents
and hysteresis}; and the parallel equivalent cireuit is appro-
priate. Whether this is true at 1 kHz should be determined by
an understanding of the DUT, but probably it is so if the
following is true: that measurements of Lp at 1 kHz and at
120 Hz {100 Hz} are more nearly in agreement than measure-
ments of Ls at the same 2 frequencies.

3.5 PARAMETER, RANGE HOLDING, AND MODE.
3.5.1 Parameter — R, L, or C.

The selection of the parameter to be measured is ajmost
self-expianatory. Depress the appropriate button: R/Q,
L/Q, or C/D to measure resistance, inductance, or capacitance.
The instrument will tolerate, to some degree, a poor choice
of parameter, but accuracy is thereby reduced. The readout
will indicate a completely wrong choice, as explained below.
Notice that the appearance of a device can be misieading.
{For example, a faulty inductor can be essentially capacitive
or resistive; a component part can be mislabeled or uniabeled.)

Incorrect choice of parameter, for the measured DUT, is
best avoided by watching for indications such a simultaneous
lighting of both OUT OF RANGE arrows or an extreme DQ
display, Refer to Table 3-1, which shows conditions of poor
choice of parameter {sometimes useful} as well a wrong choice
{measurement generally useless}. Another possible indication
of wrong choice of parameter is repeated autoranging between
2 ranges, with meaningless measurements being made in each
{with or without a display). It is also possible to have a zero
RLC display that results from trying to measure a very large
L or small C, but erroneocusly selecting C/D or L/Q respectively,

3.5.2 Ranges and Range Holding.

Descriptions of ranges, extensions, and subranges are ex-
plained below, Refer to the RLC basic accuracy graph {Fig-
ure 3-2) for illustration,

Basic Ranges. The 3 basic ranges together cover the 6
decades of basic accuracy (such as 2 £2 to 2 M£2). The 3 are
distinguished as low, mid, high, in order of increasing para-
meter value or 1, 2, 3, in order of increasing impedance. Mid
range is the same as range 2.

Each basic range is slightly more than 2 decades wide, from
an RLC display of 81900, with an automatic decimal-point
change between the decades, to 19989, {The symbol § repre-
sents a blanked zero. Initial zeroes to the left of the decimal
point are always blanked out of the RLC display.}

Extensions. Each of the 3 ranges goes beyond its basic
range, with both upper and lower range extensions {shown by
lighter lines in the RLC basic accuracy graph). Most of
these extensions are seldom used because they overlap basic
portions of other ranges.

Underrange. The “low" extension of each range goes
from §1999 down to B0000, with reduced accuracy. The
low extension of each high and mid range has the decimal
point unchanged from its position in the lower decade of the

Table 3-1
INDICATIONS OF PARAMETER MISMATCH TO DUT

Parameter Correct
selected” indication Significance parameter
R/Q QOUT OF RANGE, both arrows Wrong parameter C/Dor L/Q
L/Q OUT OF RANGE, both arrows Wrong parameter C/Dor R/Q
C/D OUT OF RANGE, both arrows Wrong parameter L/Qor R/Q
R/Q Q=1.001 10 9.899 R accuracy reduced {L/Q or C/D}

Q = biank Wrong parameter L/QorC/D
L/a Q= 00.01 10 00.99 L accuracy reduced (R}

G = 00.00 Wrong parameter R
C/D D = 1.001 t0 9.999 C accuracy reduced {R)

D = blank Wrong parameier R
R/Q R = blank, units changing Wrong parameter C/Dor L/Q
*The unit designation {(M£ . . . uF) under the RLC display indicates which parameter has been selected.

OPERATION 3.7
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basic range, However, the low extension of the low range is
displayed with the decimal one place farther left than the
basic low range, thus providing fine resolution for small values
of RLC. If the measured value is small enough 1o reduce ac-
factor of 20, the operator is alerted by the re-
duced number of digits displayed. {For example, an RLC
display of £.0998, having only 3 significant digits, is recogniz-
able in this way.)

{wverrange, The “high’ extension of each range is a factor
of & {with 2 exceptions], going from 192899 up to 98988, and
finally to blank, without any change in decimal point, but
with reduced accuracy. The high overrange {sbove 2 Ml

curacy by a

for example is always used for the very large values of RLC
that exceed the basic high range. The operator is alerted 1o
the accuracy reduction by seeing the right-hand OQUT OF
HANGE arrow lighted, the “overrange indication.”

The high overrange for R and C only, at 120 Hz (100 Hz}
only, is a factor of b0, going from 19999, with an automatic
decimal-point change, up to 99988, and finally 1o blank,
with reduced accuracy. For high overrange, there is an over-
range indication, as described above.

Subranges, Each range includes 2 or 3 subranges, dis-
tinguished by the automatic decimal-point shift, The operator
can NOT control them. Subranges are detailed in Table 3-2.
Notice, for example, on C, T kHz, BANGE 1, there are 2
19-uF and 988-uF. If a series of measurements
is made with C increasing slowly above 19 pF, the auto-

subranges:

matic subrange change takes place at 21, But with C de-
creasing, the change takes place at 20, This hysteresis eli-
minates a possible cause of flickering of the display.
Autoranging. Autoranging is normal; it is inhibited only
if you select RANGE HELD. There is a slight hysteresis in
the changsover {at 20 as the value increases, at 19 as it de-
creases) to eliminate a possible cause of display flickering.

Table 3-2

Range Holding., To inhibit autoranging, select this mode
with the HOLD RANGE button, and verify that the RANGE
HELD light is on. "Whatever range the instrument is using
for current or previous measuraments will be held, Forex-
ample, if 2 100-£2 resistor is being measured when you select
HOLD range, then the operation of the instrument is locked
to the low range, Range 1, including the regularly unused over
range portion {labeled “low range held” on the RLC basie
accuracy graph).

An advaniage of holding a range is time saved. Forex-
ample, it a large number of resistors are being measured in
values below 800 £2, one might "hold” range 1. Some
accuracy of measurement would be sacrificed for values above
200 £2. But the system would save the time that would be
required to change to range 2 and perhaps {for open-circuited
parts) to range 3. For details of the time required to make
typical measurements, refer to para 3.3.6.

The OUT OF RANGE arrows will indicate whenever 3
measurement is made on a range extension {except for the
low underrange). Thus:

+ Neither arrow = all basic ranges and low underrange

e Left arrow = underrange (except low underrange}

e Right arrow = overrange

e Both arrows = wrong parameter selected,

NOTE
The OUT OF RANGE and RANGE HELD in-
dicators alert the operator to unusual meas-
urement conditions that could be selected by
mistake. Be watchful for these indicators.

3.5.3 Measurement Modes
Continuous. Seisct CONT for automatically repeating
measurements, at one of 3 rates {approx. 2, 3, or 7 per second

FULL SCALE READOUTS ON EACH SUBRANGE

Automatic 7 R i L C [
Rangs subrange 1 kHz 120 {100} Hz 1 kHz 120 {100) Hz 1 kHz 120 {100} Hz
TAT 1.98%88 1.9898 0 V18888 miH 1.8999 mH e e
1 B 19.999 2 18.899 @ 1.9989 mH 19.999 mH 19.999 uF 198.99 uF
(Z,=10%0) icE 999.99 999.89 0 99.989 mH 999.89 mH 999.99 uF 89999 uF
1D S B e N S 90999, uf
z Z8 1.989% kO 1.98%38 kO 189989 H 1.9998 H .18988 uF 1.8985 ufF
(2. =1 ki 2~ 99.999 k0 98.999 k0 99999 H 99,699 H 9.9998 uF 95.989 ur
I e —_— .19898 nF 1.8899 nF
3 3B 19998 M0 .19998 MO 19.989 H 198.95 H 1.8998 nF 18,889 nF
{Z,=100ka) 3C7 9.9995 MO 98993 M0 98399 H 9999.9 H 99.989 nF 995,89 nF
3D** e 99,899 MO e ——— e e
+ ' subrrange is the low extension of the lowest rangs {example 0.0007 10 2 ().

ange covers 2 §
reduced and the overrange light is
s g

1
o
iy
o
v}
@
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| decade {exampie, 20 1o 200 £2) in the Gasic range and an uppser range extension {exampis 200 to 888+ i), in
on {the right-haend OUT OF RANGE indicator],
ubrange is a further extension of the highest range {example 10 10 99.9+ M.

File Courtesy of GRWiki.org



as you choose SLOW, MED, or FAST. The displays will

NOT be held after the DUT is removed or changed. Although
there may be some annoyance due to changeability of the
least significant digits in the displays, this mode provides a
rapidly updated “current’’ measurement automatically. So

it is the normal mode.

Single. Select SINGLE for a measurement 1o be made
with each depression of the START button. The resulting
RLC and DQ displays are held until a subseguent measure-
ment is made, regardless of changing the DUT. This mode
is suitable for many kinds of “production’ testing programs.

Average. Select AVERAGE for a string of 10 measure-
ments to be made after each depression of the START but-
ton. A running average is displayed, that is, each time a meas-
urement is completed, the RLC and DQ displays are updated
to be the average of all measurements made since “start”,
After the 10th measurement (6 or 7 s after “start”, if
selected RATE is SLOW]), the displays are held, as described
above. This mode provides smoothing of any possible “"noise”
or slight variation from one measurement to another
theoretically identical measurement, in a particularly con-
venient way.

3.8 LIMIT-COMPARISON BINS,
3.6.1 Introduction.

1f a group of similar DUT’s are to be measured, it is often
convenient to use the limit-comparison capability of the
Digibridge to categorize the parts. This can be done in flisu
of or in addition to recording the measured value of each
part. For example, the instrument can be used to sort a
group of nominally 2.2-uF capacitors into bins of 2%, 5%,
10%, 20%, lossy rejects, and other reiects. Or it can assign
DUT's to bins of {for example) a 5% series such as 1.8, 2.0,
2.2,2.4, 2.7 uF, etc. The bin assignments can be displayed,
for guidance in hand sorting, or {with the interface option)
output automatically to a handier for mechanized sorting.

Up to 8 regular bins are provided for, in addition 1o a
bin for DO rejects and a bin for all other rejects; total = 10
bins. To set up the desired categories, use the 16 limit-entry
keys in the left corner of the keyboard, as dascribed below.

Limits are normally entered in pairs {defining the upper
and lower limits of a bin}, in the form of “nominal value”
and “percent’ above and below that nominal. f only one
"percent” value is entered for a bin, the limit pair is sym-
metrical {such as £2%), Two "percent’ values must be
entered, the higher one first, to set up a non-symmetrial
pair of limits. Any overlapping portion of 2 bins is auto-
matically assigned 1o the lower-numbered bin.

For simple GO/NO-GO testing, set up a DQ limit and 1
regular bin. Entry of limits in additional bins will define ad-
ditional GO conditions. Be sure the unused bins are closed.
{Bins 1... 8 are initially closed, at power-up.)

3.6.2 Limit Entry Methods Figures 3-7, 3-8.

The figures illustrate 2 basic methods of limit entry:
nested and sequential. Nested limits are the natural choice
for sorting by tolerance around a single nominal value. The
lower numbered bins must be narrower than the higher
numbered ones. Symmetrical limit pairs are shown; but un-
symmetrical ones are possible. (For example, range AR
could be assigned to bin 3 and range FG to bin 4 by use of
unsymmetrical imit pairs for these bins.)

Sequential limits, on the other hand, are the natural choice
for sorting by nominal value. Any overlap is assigned to the
lower numbered bin; any gap between bins defaults to bin 9.
The usual method of entry uses a redefined nominal value for
each bin, with a symmetrical pair of limits, 1T it is necessary
to define bins without overlap or gaps, use a single nominal
value and unsymmetrical limit pairs. 11 is possible to set up
one or more tighter-tolerance bins within each member of a
sequence,

3.6.3 Limit Entry Procedure.

a. With FREQUENCY key, select test frequency.

b, With DISPLAY key, select ENTER LIMITS.

c. With parameter key R/Q, L/O, C/D, {by repeat keying)
select convenient units as shown in the RLC display.

d. Enter the desired DQ limit by keying:

[X] =] [BIN Ne.] 01,

in which X represents 1 to B numerical keys and (optionally)
the decimal-point key, depressed in sequence. Confirmation
is shown on the DO display, up to 4 significant digits.

e, Enter a nominal value for limits by keying:

[¥1[=]1[NOM VALUE],

in which Y represents 1 10 B numerical keys and {optionally)
the decimal-point key, depressed in sequence. Confirmation
is shown on the RLC display.

f. For a symmetrical pair of limits {centered on the
nominal value just entered), enter one percentage, by keving:

18] [%] (=] IBIN No.] [Z];

in which S represents 1 to b numsrical keys and {opticnally)
the decimal-point key, depressed in sequence, forming a num-
ber not exceeding 100.00; and Z represents one key for the
chosenbin: 1,2, 3, 4,5, 8,7, or 8. Confirmation is shown,
upper limit on the RLC display, lower limit {4 significant digits)
on the DO display. Notice that these displays are actual B, L,
or C values, not percentages.

g. For an unsymmetrical pair of limits, similarly, key in:

[HI{%] [-1{L][%] {=] [BIN No.] [Z];

in which H represents a number not exceeding 10000 and L
a number not exceeding 100.00. Both H and L {or neither}
may have a negative-sign prefix; but H must always vield a
higher limit {absolute value) than L.

h. To enter another pair of Himits based on the established
nominal value, repeat step f or g, choosing another bin num-
ber.

OPERATION 3-8
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BIN 3 BIN 3
s it e e m e e — = e
BIN 2 BIN 2
BINS: e - = — T T
BIN1 ’
MEASURED
VALUE
LIMITS: A B C E F G AXIS
.
Nom Value: Y
W —S1% —— 8% —w
ENTRIES .
Percentages: ¢ -82% +82% »
— ~S3% +53% e
Figure 3-7. Nested limits. A single nominal value Y is used and all limit pairs are symmetrical
in this basic plan.
BINS: BIN 1 BIN 2 BIN 3 BIN 4 BIN &
MEASURED
VALUE
LIMITS: A B C D E F AXIS
T T T T T ’
Nom Values: Y4 Yo Y3 Y3 Yg
ENTRIES )
Percentages: +5,% + So% + S3% +5,% L% .I_H%A
) >

Figure 3-8. Sequential limits. A different nominal value is entered for each bin and all limit
pairs are symmetrical except for the unsymmetrical pair shown for example in bin 5.

i. To enter another pair of limits based on a different
nominal value, repeat step e and then step f or g, similarly.

i. To change the limits in any of the 8 bins, reenter the
pair, as above.

k. To close a bin that has limits entered in it, repeat step f
with zero for S. Confirmation is shown by 2 identical num-
bers appearing in the RLC and DQ displays.

I, To resume operation of the Digibridge, using the limits
entered as above, press the DISPLAY key. The display will
be either measured VALUE, or BIN No., whichever you
select. In either case, if you have the Interface Option, the
available output data are not limited to the display selection.

3.6.4 Examples of Limit Entry.

Nested Limits. To enter a set of nested limits, operate
the keyboard as described below for the example of resistors
having Q<.001, R = 33 k&2 £ 0.35%, £ 1%, * 5%, +7 —9%.

a. With FREQUENCY key, select the desired test fre-
qguency.

b. With DISPLAY key, select ENTER LIMITS.

c. With parameter key R/Q, select RLC units: MSQ2.

d. Enter Q limit thus: [.][0][0][1][=] [BIN No.]{0].

e. Enter nominal RLC value: [.][0113] [3][=][NOM
VALUE].

f. Set bin 1 limits:

g. Set bin 2 limits:

[.1 (31151 [%] [=] [BIN No.} [1].
{11 (%] {=] [BIN No.] [2].

3-10 OPERATION

h. Set bin 3 limits: [5] [%

i. Set bin 4 timits: [7]11%] [—]119] (%] [=] [BIN No.] [4]

j. Close bin 5, by keying: [0] [%] [=] [BIN No.] (5].

k. Close bins 6, 7, and 8, similarly, if used before

Sequential Limits. To enter a set of sequential limits,
operate the keyboard as described below for the ‘foi lowing
capacitor sorting example: D <.005,C=10.91, 1.0, 1.1,
1.2, 1.3 uF {the standard 5% series).

a. With FREQUENCY key, select the desired test fre-
quency.

b. With DISPLAY key, select ENTER LIMITS.

c. With parameter key C/D, select RLC units: uF.

d. Enter D limit: [.]{0]10][5] {=] [BIN No.] [0].

e. Enter nominal RLC value: [.][9][1]{=] [NOM
VALUE].

f. Set bin 1 limits:

J[=]IBIN No.] {3].

BIN No.} [1].

(5] [%

(%) [=11]
Redefine nominal: [1] [=] [NOM VALUE].
Set bin 2 limits: [5] [%] [=] [BIN No.] {2].
Redefine nominal: [1][.]1{1] [=] [NOM VALUE].
Set bin 3 limits: [5] [%] [=] {BIN No.] [3];
. Redefine nominal: [11[.]12] [=] [NOM VALUE].
Set bin 4 limits: [5]1[%] [=] [BIN No.][4].

. Redefine nominal: [1] [.][3] [=] [NOM VALUE].
. Set bin 5 limits: [5] [%] [=] [BIN No.} [56].

. Close bin 6: [0] [%] [=] [BIN No.j [6].

. Close bins 7 and 8, similarly, if used before,

VO D g AT e
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3.6.5 Entries in General.

For additional detail, refer to the condensed instructions
on the reference card under the Digibridge, and to the fol-
lowing notes.

Frequency. Select the test frequency first. Comparison
results are liable to error if the test frequency is changed
later in the entry/measurement procedure.

Bin 0. The limit entered in bin O is always DQ. For Ritis
Q; for Citis D, both upper limits. For L itis Q, a lower limit.

Unsymmetrical Limit Pairs. Enter 2 percentages for the
bin. One or both may be + {unspecified sign) or —. Enter
first the one that yields the larger absolute value of RLC.
{Examples are shown above.}

Unused Bins. Initially, at power-up, bins 1. ... 8 are
closed so that unused ones can be ignored. Every unused
bin that has previously been used (except 8) must be closed by
entering 0%, as in the above examples. Once closed, it will
stay closed until non-zero percent limits are inserted.

Allowable Limits. Positive limits up to 10 000%, negative
limits down to —100%, maximum of b significant figures
{for example: 38.671%).

Bin Order. Optional except for nested bins; be sure the
narrower limit pairs go into lower numbered bins (because
all overlap goes to the lower bin}.

Inhibiting Comparisons. To inhibit DQ comparisons, set
bin O to the "all pass” extreme, i.e., to 0000 for Q or 9999
for D. To inhibit all comparisons, set NOM VALUE to zero.
{Then GO/NO-GO indicators stay off.) Subsequent setting
of NOM VALUE to any number except zero enables all com-
parisons as previously set up.

When POWER is switched ON, “‘nominal value” is
initialized at zero. {Comparisons are inhibited.)

Changing Entries. Enter new value(s) — or a zero — to
delete obsolete or erroneous nominal value or bin limits.

Do not attempt to change or enter a single separate limit

in a bin; any single percentage entered for a bin will be
interpreted as a symmetrical pair of limits. Changing
“nominal value” does not change any limits, but does deter-
mine the base for subsequent {imit entries for specific bins.

RLC Unit Selection. No distinction is made between the
2 ranges that display in units of H or between the 2 ranges
that display in units of uF, in limits entry procedures. It is
NOT necessary to select {for limit entry) the range that the
Digibridge will use in measuring. For example {see para
3.6.4), it is equally valid to enter a nominal value of .033 M2,
33 k&2, or 33000 £2.

3.6.6 Verification of Nominal and Limit Values.

While the DISPLAY selection is ENTER LIMITS, the
exact values entered into the Digibridge can be seen by
either of 2 methods, as follows:

During the Entry Process. A confirming display is auto-
matically provided immediately after the final keystroke of
each entry step. For example, after the [NOM VALUE]
keystroke, the entered value appears on the RLC display.

After the [BIN No.] and number keystrokes, the actual limits
of RLC value (not percentages) appear across the full display
area: upper limit on the regular RLC display, lower limit
{minus the least significant digit) in the regular DQ display area.
For bin 0, the DQ limit appears in the DQ area.

Upon Demand. To see the current "'nominal value”, de-
press the [NOM VALUE] key (while ENTER LIMITS is lit.
To see the limits in any particular bin {or to verify that it
has been closed}, depress [BIN No.] and the desired number,
similarly. Displays selected in this way are limited by the
units that are shown on the panel. For example, if the bin-3
limits are 162 and 198 k{2, but the display units are {2,
when you press the [BIN No.] [3] keys, the display will go
blank. Select either k2 or M£2 {instead of {2) to obtain a
display of these limits.

However, any "“nominal values’’ previous to the current one
are lost and cannot be displayed (unless entered again). Bin
limits are not lost until replaced by new entries in the partic-
ular bin; but they are lost when POWER is switched OFF.

3.6.7 Value, Bin, and Go/No-Go Displays.

The Digibridge measurement will be presented either of
2 ways; VALUE or BIN, but not both ways for a single meas-
urement. This distinction is unimportant for most meas-
urements, in the continuous mode. But for single or average-
mode operation, select the desired display before pushing
START.

Value. Select VALUE with the DISPLAY button. When
measurement is completed, the value will be shown on the
RLC and DQ displays.

Bin. Alternatively, select BIN with the DISPLAY button.
When measurement is completed, the bin assignment wili be
shown on the RLC display {a single digit}, with the follow-
ing significance:

0 = No-Go because of D or Q limit

1 = Go, bin 1

2=G0Go, bin 2

...Go,bin 3,4,5,8, 7 or 8, as indicated.

9 = No-go by default {suits no other bin}.

GO/NO-GO. If comparison is enabled, by a non-zero
entry for “‘nominal value’ (see para 3.6.5), this indication
is provided. The DISPLAY selection can be either VALUE or
BIN. GO means the measurement falls in bin 1 ... 8; NO-GO
means bin 0 or 9.

3.7 BIAS,
WARNING
e Maximum bias voltage is 60 V. Do NOT ex-
ceed.

e Bias voltage is present at connectors, test
fixtures and on capacitors under test.
e Capacitors remain charged after measurement.
» Do not leave instrument unattended with
bias “on"’.

OPERATION 3-11
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NOTE
Keep the EXT BIAS switch OFF {regardiess of
whether any external bias source is connected)
for all measurements made WITHOUT dc bias
apptied to the DUT, {Switch ON, without a low-
impedance bias source causes errors in
measurement.)

To measure capacitors with dc bias voltage applied:

3.7.1 Bias Less Than 30 V and C Less Than 1000 uF.

a. Connect a bias supply via rear-panel connector, observing
polarity, as described in para 2.6. Be sure the bias supply
meets the requirements {such as current sinking and limit-
ing to 200 mA) given in that paragraph. Generally, the ex-
ternal circuit must include switching for both application of
bias and discharge of the DUT.

b. For capacitors less than 1000 uF only, with bias less
than 30V, use the EXT BIAS switch on the keyboard to ap-
ply bias {ON) and to discharge the DUT {OFF}.

Notice that this switch should NOT be used for this
purpose above 30 V, or 1000 pF, or for production guantity
measurements. In such cases, leave the EXT BIAS switch
ON and use switches in the external circuit.

c. Be sure 1o orient the DUT correctly, positive terminal
to the right.

d. Operate the bridge in the usual way. Disregard any
measurements that may be made by the Digibridge in con-
tinuous measurement mode during the charge or discharge
transients, Notice that the BIAS ON light indicates the
presence of bias voltage; it goes off when the voltage drops
to zero even though the EXT BIAS switch may be ON. ltwill
not light if the bias power supply polanty is inverted.

3.7.2 BiasUpto 60 V.

a. Observe the warning above.

b. Connect bias power supply and external switching cir-
cuit as described above,

c. Keep the EXT BIAS switch ON {toward the rear}
regularty, unless you want to use it as an extra safety device.
As a safety device, be sure to turn it ON before the external
switch and OFF a second or more after the external switch
is off.

" To protect the operator and 1o avoid damaging the in-
strument, define a safe procedure like the one that follows and
use it regularly:

Set the bias voltage to zero.

. Attach the DUT, with correct polarity.

Raise the bias voltage to the specified value.

. Allow a specified charging and soaking time.
Observe and record measurements {usually Cs and D).
Set the bias voltage source to zero,

. Connect the 10-£2 discharging circuit.

. After about 2 s, connect the safety short circuit,
Remove the DUT,

T 0 Q0 U
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3.8 OPERATION WITH A HANDLER

if you have the interface option and have made the sys-
tem connections to a handler (para 2.7), the essential Digi-
bridge operating procedure is as follows:

a. Enter the bin limits as described above.

b. Select the measurement conditions as desired:
MEASUREMENT RATE, EQUIVALENT CIRCUIT, MEAS-
UREMENT MODE (SINGLE), RANGE HOLD (or autorange).
{Do NOT change FREQUENCY or parameter — R, L, C —
after limits have been entered.)

¢. Select either BIN or VALUE DISPLAY for incidental
monitoring of measurements while the handler automatical-
Iy sorts the parts being progessed.

3.9 SYSTEM CONSIDERATIONS
These considerations apply only if you have the interface
option. {if you do, there will be interface connactors at
the rear. See Figure 1-2.)
3.9.1 {EEE-488 interface Unused.

If there is no system connection to the 1EEE-488
INTERFACE connector, be sure 1o keep the TALK switch
set to TALK ONLY.

3.6.2 Talk-Only Use.

This pertains to a relatively simply system, with the Digi-
bridge outputting data to one or more “listen-only’” {{EEE-488
compatible} devices such as a printer.

Operate the Digibridge in the usual way (manually}. The
systemn may constrain operation in some way. For example,
a slow printer will limit the measurement rate because it
needs time to print one value before it can accept the next.

3.8.3 Talk/Listen Use.

Observe the REMOTE CONTROL indicator light, it
is lighted, there is no opportunity for manual operation {ex-
cept entry of limits}. The displays may be observed then,
but their content is controlied by the system controller, via
the |EEE-488 bus.

Entry of Limits. Any remotely controlied systems use
involving limit comparisons must be designed for manual
entry of {imits, as follows:

a. Be sure the REMOTE CONTROL light is out.

b. Enter the limits as described in para 3.6.

c. Enable the controlier to proceed. {This step may
require attention to controls on some other device.)

3.10 CARE OF DISPLAY PANEL.

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

It 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.
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Theory—Section 4

4.7 INTRODUCTION
4.2 PRINCIPAL FUNCTIONS

4.1 iINTRODUCTION,
4.1.1 General.

This instrument uses an unusual method of measurement,

which is guite different from those used in most previous
impedance meters or bridges. A thorough understanding of
this method will be helpful in unusual applications of the
instrument and be useful in trouble analysis, in case of a
possible malfunction. The following paragraph gives a brief
overall description outlining the measurement technique to
one familiar with impedance measurement methods. A
more detailed description of operation, specific circuitry,
and control signals is given later.

4.1.2 Brief Description of the 1658 Digibridge.

This Digibridge ™ uses a new measurement technigue
in which a microprocessor calculates the desired impedance
parameters from a series of 5, 8, or 16 voltage measure-
ments {for FAST, MED, and SLOW measurement rates,
respectively}).” These measurements include guadrature
{907) and inverse {1807) vector components of the voltage
across a standard resistor Rx carrying the same current as
Zx." ™ Each of these measurements is meaningless by itself,
because the current through Zx is not controlied. But each
set of voltage measurements is 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 vaiue of the
common current and the scale factor of the detsctor-
converter.

The phase-sensitive detectior uses eight reference signals,
precisely 457 apart, that have exactly the same frequency as
-the test signal, but whose phase relationship to any of the
analog voliages or currents {such as the current through Zx
and Rx} is incidental. Therefore, no precise analog phase
shifter or waveform squaring circuit is required. Correct
phase relationships are maintained by generating test signal
and reference signals from the same high-frequency source.

*Patent applied for.
**1f the measurement rate is SLOW, vecior components are
sampled 457 apart, in order 1o reject odd harmaonics (3, B,
11, 13), for greater accuracy.

There are no calibration adjustments in the Digibridge,

thanks to the measurement technigue. The on nly precision
components in this '“zsa ument are three standard resistors
and a quartz-crystal stabilized oscillator. There is no
reactance standard. ?or examg}le and D
by the 'ﬂ'crﬁprocessor from the
and predetermined values of frﬁ
standard resistance,

are calculated
t of voltage m
ency and the applicab

asurements

(D

The microprocessor also controls the measurement
sequence, using programs in the ROM memory and stored
kevboard selections. The desired parameters, C and D,
and Q, or R and Q; sguivalent circuit, series or parallel; te
rate, slow, medium or fast; and frequency, either 120 ,“ZZ
{100 Hz) or 1 kHz, are selected by keyboard control. The
instrument normally autorangss to find the correct rangs;
but operation can be restricted 1o any of the three ranges
{1, 2, 3), under keyboard control.

w?“”

Each range is 2 decades wide, with reduced-accuraoy
extensions both above and below. For example, consi ha
res%siance measurement on Range 1 {Figure 3-2). The

2 decades extend from $2.000 {2, with an automatic
decimal-point shift at 271.000 going up {at 820.00, going
down) to 200.00 £1. The range extensions generally go as
far as can be displayed without further decimal-point shift-
ing. in our example, the low-range-held overrange extension
goes up 1o 999.99 2,
However, the low under
extensions {range held} of mzé and high ranges, in that
there is an additional decimal-point shift 1o provide excel-
lent resolution in small-value measurements. Continuing

ange is different from the low

with the example, the shift takes place a 2.1000 {2 going up
and at $2.000 2 going down. Consequently, this low under-
range goes down to B.0001 £2, Similarly, for L/Q, the

smallest measurement is 00001 mH; for C/D, it is
.00001 nF,

There is a decimal-point shift without hysteresis in the
high overrange for R and C only, at 120 Hz {100 Hz} onh
This shift takes place betwsen 9.9989 and 10.000 M&2 f@r
R, between 9989.9 and 10000 uF for C.

eading zeroes before the decimal point are blanked out
of the RLC display. Such blanked zeroes are designated
with the symbol @ in some parts of this manual.
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Figure 4-1. Functional bl

Test frequences are within 2% of the front-panel indica-
tion. However, for reasons related to rejection of power-
line-frequency stray signals that could be picked up by the
DUT, thereby causing measurement errors; the actual fre-
quencies are as follows — accurate to £0.01%:

catalog number 1658-9700: 1020.0 Hz, 120.00 Hz

catalog number 1658-9800: 1000.0 Hz, 100.00 Hz.

4.1.3 Block Diagram. Figure 4-1,

The block diagram shows the microprocessor in the
upper center connected by data and address buses 1o
digital circuitry including BAM and ROM memories, and
peripheral interface adaptors {(PIA's).

Analog circuitry is shown in the lower part of the
diagram, where Zx is supplied with a test signal at fre-
quency f from a sine-wave generator, driven by a crystal-
controlied digital frequency divider circuit. The front-end
amplifier circuit supplies an analog signal that represents
wo impedances alternately: the internal standard, Rx, and
the DUT, Zx.

The detector contro! block provides sampling commands
{in eight phases}). The detector is a dual-slope converter,
including an integrator and comparator, which converts
each phase component of the analog signal proportionally
into a period of time. The dual-slope measurement is con-
verted into a digital number by a counter that is gated by
this period.

4-2 THEORY

ock disgram.

From this information and criteria selected by the key-
board {or remote control}, the microprocessor calculates
the RLC and DQ values subseguently displayed.

4.2 PRINCIPAL FUNCTIONS.
4.2.1 Elementary Measurement Circuit. Figure 4-2.

The measurement technigue is shown diagrammaticaily.
A sine-wave generator drives current Ix through the DUT
Zx and standard resistor Rs in series. Two differential
amplifiers with the same gain K produce voltages e; and e;
Simple algebra, some of which is shown in the figure, leads
to the expression for the “unknown’ impedance:

Zx = Rsle; /ey ]

Notice that this ratio is complex. Both a magnitude and
a loss {or guality] value are automatically calculated from
Zx and frequency.

4.2.2 Frequency and Time Source Figure 4-3.

A necessary standard for accuracy is the frequency of
the test signal; and equally important are the generation of
eight-phase references for detection and clocks for the
microprocessor. Freguency and timing requirements are
implemented by derivation from a single very accurate
oscillator, operating near 25 MHz. Digital dividers gnd logic
circuitry provide the many clocks and triggers, as well as
driving the sine-wave generator described below.
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Figure 4-2. Elementary measurement girguit,
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Figure 4-3, Freguency and timing source, A push-
button determines the frequency select function.
Several clocks and synchronizing puises as well as
the measurement signal T are derived from the accur-
ate time-base signal.

= K7, 0k

KB, .

4.2.3 Bine-Wave Generation Flgure 4-4,

Starting with a digital signal at 256 times the selectad
test frequency, the sine-wave generator provides the test
signal that drives a small but essential current through the
DUT.

Binary dividers count down from 256 F, providing
128 F, B4 F, 32 F, ... 2F, F. This set of signals is used to
address a read-only memory which contains a 258-step
approximation to a sine function. The ROM output {as an
eight-bit binary number) is converted by a D/A converter
40 a somewhat “noisy” sine-wave, which is then smoothed
by filtering before its use in the measurement of a DUT.
The filter is switched appropriately, according to the
selected test frequency.

STEP APPROXIMATION
TO PURE SINEWAVE

ZHT ey

Figure 4-4. Sine wave generator, Given a square wave
at 256 f, from preceding dividers, this generator uses
a ROM containing the mathematical sine function to
form a finsly stepped approximation 1o a sine wave
at frequency f. A filter provides smoothing

THEORY 4.3
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WARNING

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

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 pre-
cautions 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 sur-
face before, during, and after any disassembly or other pro-
cedure 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 non-
conductive plunger-type solder suckers and rolls of elec-
trical 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 1C 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 1C packages without touching
the contact pins.

Avoid circumstances that are likely to produce static
charges, such as wearing clothes of synthetic material, sit-
ting on a plastic-covered or rubber-footed stool {partic-
ularly 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.
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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 num-
ber, serial number, and 1D {lot) number if any. {Refer 1o
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.

Tb safeguard your instrument during storage and ship-
ment, please use packaging that is adequate to protect it
from damage, i.e., 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 pro-

tective wrapping paper. Pack instrument in strong corru-
gated 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 instru-
ment, 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 pansls.

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 shipment.

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

SERVICE 5-1
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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 defec-
tive one to GenRad.

5.4 PERFORMANCE VERIFICATION.

This procedure is recommended for verification that the
instrument is performing normally. No cther check is gen-
eratly necessary because this procedure checks operation
of nearly all the circuitry. There are no calibrations or
adjustments that could reguire resstting; and the internal
standards are very stable. {However, for a rigorous perfor-
mance and accuracy check, refer to para 5.5.) The neces-
sary resistors, capacitors, and inductors are inexpensive
and readily obtained, The most accurate ones available
should be used; tolerances listed are the “best” commonty
catalogued. Refer to Table 5-1,

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

Tabie 5-1
RESISTORS, CAPACITORS, AND INDUCTORS

Nominal Tolerance
Mame Type* Yalue {%]}
Resistors, MHL-R-10508C 498 Q 0.1
metal film Styie RNGO 499 0 8.1
4,898 k0 0.1
49,8 kQ 0.1
498 k2 0.1
Capacitors, Arco: 1PJ-3324 0.0033 uF 0.5
polystyrene 1PJ-3334 0.033 uF 6.5
1PJ-334J 0,33 uF 0.5
1PJ-504 0.5 uF 0.5
.. .matalized  GE: BA-14A105C 1.0 uF 5
polyester BA-18AT08C 10 uF 5
inductors, JW, Mitler:
nonferrous  9220-28 1000 uH 5
forrite core  9250-107 100 mH 10

*Eguivalents may be substituted.

Verify performance as follows:

a. Set the line voliage switch, connect the power cord, and
depress the POWER button.

b, Press the MEASURE RATE button as many times as
necessary 1o select SLOW, For DISPLAY, verify that the
VALUE light is on; for EQUIVALENT CIRCUIT, the SERIES
light, {1f necessary, operate the corresponding buttons,)

B5-2 SERVICE

c. Press the FREQUENCY button as many times as neces-
sary to select 120 Hz {100 Hz), For MEASURE MODE, verify
that the CONT light is on; for HOLD RANGE, that the
RANGE HELD light {on display panel} is NOT on. {1 neces-
sary operate the corresponding buttons.)

d, Press parameter button R/Q and verify that any one of
the corresponding units is indicated on the display panel
(MO, k&2, or Q4

e. Set the EXT BIAS slide switch to OFF, Set the TALK
switch {rear panel, provided only with the Interface Option}
to TALK ONLY,

f. Install the test fixture adaptors, as described in para
3.2. Insert the 49.9-{ resistor as the device under fest or
"unknown’ component (DUT),

g. Verify that the displays are within the extremes shown
in “check number 17 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 bth digit is rea-
sonably stable, as follows, {Notice that the 4th digit is the
least significant one in the readout, for 0.2% accuracy.}

i. Incheck number 12, the flickering of the 5th digit
should stay typically within a range of %3 counts, For
example, if the display is 1.051X 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 {1.0517 to 1.0523}. In such
a case, the correct readout is the larger 4-digit number
{1.052) and the 5th digit is acceptably stable.

Tolerances, Accepiable performance of the instrument
is bracketed by the set of display “extremes’ in Table 5-2,
These are defined as the nominal {ideal}) measurements
plus-or-minus the sum of the instrument accuracy tolerance
and the DUT accuracy tolerance {or slightly more), I the
accuracy of your DUT is different from the recommenda-
tion, revise the acceptable “extremes’ accordingly. Notice
that this performance verification is NOT intended to
prove the accuracy of the instrument,

Insignificant Figures. The right-hand digit{s} of the dis-
play normally flicker and change if they are not significant
for the specified accuracy of the instrument. Refer to
para 3.3.

5.5 MINIMUM PERFORMANCE STANDARDS,
5.5.1 General.

This procedure is a more rigorous alternative to the per-
formance verification described above. Precision standards
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.
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Tabie 5-2
PERFORMANCE VERIFICATION

Check Parameter;
Number Frequency DUT RLC Display Extremes DQ Display Extremes
i R/Q; 120 Hz* 499 0 249.80 10 050.00 Q
2 499 O ¢.4980 1o §.5000 k2
3 4,99 kO 04.980 to 85.000 kO
4 49.9 k1 .043880 10 .05000 MO
5 498 k2 2.4980 10 9.5000 MO
8 C/D; 1 kHz 0033 pF ©3.280 to 63.320 nF {.0000 10 0100}
7 120 Hz* 0033 uF 93.280 10 893.320 nf
8 1 kMHz 033 uF .03280 1o .03320 uF
g 120 Hz~» 033 uF 032.80 10 ©.3320 nF {.0000 10 .0100)
10 both freg 0.33 uF $.3280 to 0.3320 uF
11 both freg 0.5 uf 0.497G 10 £.5030 uF
12 both freg 1.0 uF 2.9480 to 1.0520 uF {.0000 10 .0300)
13 1 kHz 10 uF 09.480 to 10.520 uF
14 120 Hz* 10 uF 09.480 to 10.520 uf
15 L/Q; 1 kHz 1000 uH $.9480 10 1.0520 mH {03.00 to 300.0)
16 100 mH .08980 to .11020 H {03.00 to 300.0)

Name

120 or 100 Hz.

* *Refer to paragraphs headed

Table 5-3

EQUIPMENT FOR ACCURACY VERIFICATION AND TROUBLE ANALYSIS

Reguirements

“Tolerances’ and insignificant figures,” in the accompanying text.

.

Recommended Type*

Exiender cable

Resistors

Capacitors

inductiors
Adaptors
Shorting fink
Scope™*

Scope probe™*
Voltmeter * ™
Counter™™

Pulse generator™”

Resistor**

Adapts text fixture to standards with binding posts and banana plugs.

Four-terminal

Decade, 10010 11 111000 Q2, 0.01%
Three-terminal, 100 pF, 0.02%
1000 pF, 0.02%
Decade, 3-terminal, 1 pF to 1 {+) uF, 0.05% + 0.5 pF.
Four«terminal, ratio type, 1 uF to 10 mF, 0.25% {ratios, 0.02%].

De blocking, B0O0 uF, 10 V.

Fixed, 2-terminal, 100 mH, 0.1%.

GR874% {for 1413 cepacitor} and binding-post pair {two required).

Ground jumper connection.

General purpose, 100 MHz, dual trace.
Capacitance less than 10 pF, X10.
Digital, general purpose, with probe.
Dec to 35 MHz, 10V rms.

General purpose,

200 ohm, 1/4 watrt.

*Equivalents may be substituted.
**Required for trouble analysis {Paragraph 5,8}, not required for Paragraph 5.5.
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GR 1857-8600

GR 1440-9601
GR 1440-9611

GR 1433-9719 {-Y]
GR 14038704 (-D)
GR 14039701 (-A)
GR 1413-8700

GR 1417-8700

GE BIF2214G2

GR 14829712 (-L)
GR 08749870 {-02)
GR 0938-9712 (-1}
Tekironix 465
Tektronix PEO5G3B
Data Precision 3400

Tekironix DC504

Tektronix PG501
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Verify that the instrument meets performance specifica- the visible readout, as described in para 3.2. Because C is

tions as follows, large compared to cable capacitance and D is small, the
Calibration of Standard. The acceptable RLC readout simple calculation {subtraction) is applicable whether the
{min to max range) may have to be modified if the actual measurement is “parallel” or “series.”
{calibrated) value of your standard — Zx — or its accuracy —
Zx accuracy — (either or both) is different from the tabu- CAUTION
lated valuels). Be sure the line voltage switch, rear panel, is
For exampile, if your 10-82 standard is known to be correctly set for your power line voltage.

10.006 = .002 £, then add .005 € to the lower acceptable
extreme and add ,007 €2 to the upper one. {In Table 5-4,

2nd line, substitute the numbers 09.994 to 10.018.) 5.5.2 Resistance Measurement Accuracy.

Insignificant Digits, The right-hand digit(s) of the dis- Make the test setup and verify instrument performance
ptay normally may flicker and change if they are not signif- as follows,
icant for the specified accuracy of the instrument. Refer to a. Set the line voltage switch, connect the power cord,
para 3.3. and depress the POWER button, as described in para 3.1,

Cable Capacitance. Because the cable adds capacitance b, Connect the extender cable to the Digibridge test
in parallel with the DUT, it is sometimes necessary to obtain fixture, as described in para 3.2,
a “corrected readout’’ from the numerical display on the ¢. Connect a standard resistor {1-£2 initially) to the
instrument. Do this for all checks involving small capaci- extender cable, as follows:
tance {less than about 1000 pF). The equivalent correction RED, i+: left front terminal of resistor
for large inductance {(above 30 H at 1 kHz or 3000 H at RED & WHITE; P+: left rear terminal
120 Hz) is not applicable in the recommended inductance BLACK, I—: right front terminal
check procedure. For capacitance measurement, obtain the BLACK & WHITE, P—: right rear terminal
corrected readout by subtracting the cable capacitance from BLACK & GREEN, G: no connection,

Table 5-4

RESISTANCE ACCURACY CHECKS

Typical Standard Digibridge
Standard Test Equivalent Measure Accuracy® Accuracy RLC Display
as DUT* Frequency Circuit Rate (%) (%} Acceptable Extremes*
1.000 0 "1 kHz SERIES SLOW .02 0. 09978 10 1.0022 0
10000 1kHz SERIES SLOwW .01 0.1 $9.988% 10 10.011 02
10.00 @ 1 kHz SERIES MEDIUM .01 0.2 $9.979 t0 10.021
10.00 0 1 kHz SERIES FAST Ko) 0.5 09.949 10 10.051 O
100.0 0 1 kHz SERIES SLOW -.01, +.02 0.1 099.89 10 100.12 0
100.0 1 kHz SERIES MEDIUM -.01, +.02 0.2 $99.79 to 100.22
100.0 0 1 kHz SERIES FAST -.01, +.02 ¢.5 099.49 10 100.52 02
1.000 k2 1 kHz SERIES SLOW .01 0.1 0.9989 to 1.0011 k2
1.000 k2 1 kHz SERIES MEDIUM .01 0.2 8.9979 10 1.0021 k2
1.000 k2 1 kHz SERIES FAST Ko} 0.5 $9.9949 to 1.0051 k2
10.00 k02 1 kHz PARALLEL SLOW .01 0.1 $9.889 10 10.011 k2
10.00k02 1 kHz PARALLEL MEDIUM 01 0.2 £2.979 10 10.021 k0
10.00kQ 1 kHz PARALLEL FAST 01 0.5 ©£9.849 to 10.051 k2
100.0 k2 1 kHz PARALLEL SLOW 01 0.1 .0998% 10 .10011 M
100.0 k22 1 kHz PARALLEL MEDIUM 01 0.2 .09979 t0 .10021 M
100.0 k&2 1 kHz PARALLEL FAST 01 0.5 .09849 10 .100B1 MO
1.000 MQ 1 kHz | PARALLEL SLOW .01 0.1 ©0.9989 to 1.0011 M
1.000 M2 120 Hzt PARALLEL SLOW 01 0.1 0.9989 to 1.0011 M
1.000 M2 1 kHz PARALLEL MEDIUM .01 0.2 9.9979 to 1.0021 MO
1.000 M2 120 Hzt PARALLEL MEDIUM 01 0.2 $.9972 to 1.0021 M
1.000 M2 120 Hzt PARALLEL FAST .01 0.5 0.9949 10 1.0051 MO
1.000 MO 1kHMz PARALLEL FAST 01 0.5 0.9949 1o 1.0051 M

*1f the calibrated value of your resistance standard is slightly different from the nominal value or if the standard’s accuracy is different from
the typical accuracy, correct the “"acceptabie extremes’” accordingly.
1120 Hz or 100 Hz, depending on mode! of Digibridge.
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File Courtesy of GRWiki.org



d. Set up the measurement conditions on the Digibridge

as tabulated below, (See para 3.1.)
DISPLAY — VALUE
MEASURE RATE -~ SLOW (initially)
EQUIVALENT CIRCUIT — SERIES (initially}
FREQUENCY — 1 kHz linitially)
MEASURE MODE — CONT
HOLD RANGE — autorange (RANGE HELD light off)
Parameter — R/Q (resistance units light on)
EXT BIAS — OFF
TALK {on Interface Option only} — TALK ONLY.

e. Refer to Table 5-4. Verify that the RLC display is
between the extremes {inclusively} shown in the 1st row,
Proceed down the table, changing the resistance standard
and verifying the BLC readout as shown; refer to the next
step.

f. For larger values of resistance standard, use the decade
resistor, making connection as follows,

RED, I+: stack on P+

RED & WHITE, P+: resistor H
BLACK, t—: stack on P—
BLACK & WHITE, P—: resistor L
BLACK & GREEN, G: resistor G,

5.5.3 Single and Average Modes.

Retain the conditions of the last row in Table 5-4 except

as follows, Set the Digibridge to:
MEASURE MODE — SINGLE

a. Press START.

b. Verify that the subseqguent RLC display is acceptable,
as before. {Repeated starts will yield different display values
but they should be within the acceptable extremes, inciu-
sively,)

c. Set the Digibridge to:

MEASURE MODE — AVERAGE,

d. Press START,

e, Verify that the RLC display is acceptable, as before,
after allowing 5 s {time for the instrument to complete 10
measurements}. Repeated starts will yield different display
values, but the “"final”’ averages should be less variable than
the measurements in step b

5.5.4 Capacitance Measurement Accuracy {Small C).
Make the test setup and verify Digibridge performance as
a continuation of the previous procedure, except as follows:
a. Remove the resistance standard and connect the test-
fixture extender cable tips to the pair of 874 adaptors thus:
RED, 1+: stack on P+
RED & WHITE, P+: center post of 1st adaptor
BLACK, I—; stack on P—
BLACK & WHITE, P—: center post of 2nd adaptor
BLACK & GREEN, G: side post of 2nd adaptor
Whaen the standard is the 1403 type of capacitor, connect
each adaptor to one of the coaxial ports, When it is the 1413
{decade box) capacitor, connect the 1st adaptor to the port

labeled H, connect 2nd adaptor to port L, and be sure to link
the side {ground) posts together, using the recommended link
or a short piece of bus wire.

b. Confirm or select measurement conditions on the
Digibridge thus:

DISPLAY — VALUE

MEASURE RATE — SLOW

EQUIVALENT CIRCUIT — PARALLEL
FREQUENCY — 1 kHz

MEASURE MODE — CONT

HOLD RANGE ~ autorange (RANGE HELD light off)
Parameter — C/D (capacitance units light on)

EXT BIAS — OFF

TALK {on Interface Option only) — TALK ONLY.,

c. Refer to Table 5-5, 1st row. Connect the capacitance
standard and arrange the cable as desired for the complete
measurement, Determine Co, the “zero capacitance” of
extender cable and associated connections, as follows.

Carefully lift the red stacked pair of cable tips free from
the post in the 1st adaptor. Hold them about 0.5 cm {(1/4 in.)
above the binding post where they beleng. DO NOT re-
arrange the cable branches or change their spacing more than
is absolutely necessary to follow thess directions. Hold the
plastic tips {not the wires or conductors} and firmly touch &
finger to the guard {G) circuit, to minimize the effect of
capacitance in your body.

Read the capacitance Co on the BLC display. Then plug
the stacked pair of cable tips into the 1st adaptor as described
before.

d. Read the RLC display, with the capacitance standard
connected, Correct the reading by subtracting “zero” capac-
itance, shown in the table as Co.” Verify that this result is
within the specifications,

e. Proceed down the table, changing capacitance stan-
dard if necessary and determining Co again with sach such
change. For each row in the table, also select frequency
and measurement rate as tabulated; then verify that the
RLC display {corrected) meets the specifications.

Notice that different values of Co are to be expected with
each change in the capacitance standard {Co™ with 100 pF,
Co’ with 1000 pF, and Co with the decade capacitor are
shown in the table). When the decade capacitor is connected,
determine Co with the decade switches ail set to zero and
the exiender cable connected. {in this case, do NOT hold
any extender-cable tips in the lifted position.)

5.5.5 Limit Comparison Bins.

Verify the Digibridge performance with regard 1o limit
comparison and bin assignments as follows, The test
setup is unchanged from the previous one.

a. Confirm or select measurement conditions on the
Digibridge as listed:

DISPLAY — ENTER LIMITS {new condition)
MEASURE RATE — SLOW
EQUIVALENT CIRCUIT — PARALLEL

SERVICE 55
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Table

5-5

CAPACITANCE ACCURACY CHECKS

Typical Standard Digibridge
Standard Test Measure Accuracy® Accuracy® Corrected Display * DQ Display
as DUT* Frequency Rate (%} (%3 Correction Acceptable Extremes Maximum
100.0 pF 1 kHz SL.OwW 03 0.2 ~Co’’ L08977 1o 1.0023 nF -
1000, pF 1 kHz SLOW .02 0.1 -Co’ $.9988 10 1.0012 nF .0010
1000. pF 120 Hzt SLOW .02 0.2 ~Co’ $.9978 10 1.0022 nF .0C10
1000. pF 120 Hzt MEDIUM .02 0.4 ~Co’ $.9958 10 1.0042 nF -
1000, pF 1 kHz MEDIUM .02 0.2 ~Co’ $.9878 to 1.0022 nF -
1000. pF 1 kHz FAST 02 0.5 ~Co’ £.8948 to 1.0052 nF -
1000, pF 120 Hezt FAST 02 1.0 ~-Co’ 0,9898 to 1.0102 nF -
10000 pF Both FAST .05 0.5 ~Co $9.945 10 10.055 nF -
10000 pF Both MEDIUM .05 0.2 ~Co 09.975 10 10.025 nF —
10000 pF Both SLOW .05 0.1 ~Co $9.885 10 10.015 nF L0010
0.100 uF 1 kHz SLOW .05 0.1 ~Co .09985 10 . 10015 uF -
0,100 uF 120 Hzt SLOW .05 0.1 -Co $99.85 10 100.15 nF -
0.100 uF 120 Hzt MEDIUM 05 0.2 -Co $99.75 to 100.25 nF -
0.100 ufF 1 kHz MEDIUM .05 0.2 ~Co 08975 10 .10025 uF -
0.100 uF 1 kHz FAST 05 0.5 -Co .09945 10 .10055 uF -
0.100 uF 120 Hzt FAST .05 0.5 ~Co 999.45 1o 100.55 nF -
1.000 uF Both FAST .05 0.5 -Co $.9945 10 1,00565 uF -
1.000 uF Both MEDIUM .05 0.2 ~Co 9.9975 1o 1.0025 uF -
1.000 uF Both SLOW .05 0.1 -Co $,9985 to0 1.0015 uF .0010
0.500 uF 1 kHz SLOwW .05 0.1 -Co 2.4992 10 §,5008 uF .0010

*if the calibrated value of your capacitance standard is siightly different from the nominal value or if the standard's accuracy is different
from the typical accuracy, correct the “acceptable extremes’” accordingly.
7120 Hz to 100 Hz, depending on model of Digibridge,

FREQUENCY — 1 kHz

MEASURE MODE — CONT
HOLD RANGE — autorange
Parameter — C/D

c. Select on the Digibridge:

DISPLAY — VALUE,

Verify that the GO light is on. {The RLC and DQ displays
should be within the extremes given in Table 5-5, as

Units selected — uF
EXT BIAS — OFF,

b. Refer to. Table 5-6. After making the sequence of key-
strokes {using the appropriate limit entry keys) shown under
“Entry,” verify that the Digibridge numerical displays are
like the numbers tabulated in the same row of the table
under “Displays.” Make all entries as tabulated; this is
part of the setup for later procedures.

Table 5-8
ENTRY OF LIMITS

RLC Do
Entry Display Display
{none) {blank) {blank}
[.1 151 [=] [NOM VALUE] 48989 {blank}
[ [0} 1] [=] IBIN No,] {0} (blank) L0010
111 [=] [BIN No.] [1] 504899 4949
{ 1 {BIN No.] [2] 50989 4899
] [BIN No.] [3] 51499 4848
=] [BIN Mo,] [4] 51888 4799
{=1 [BIN No.] i5] 52498 4748
] IBIN No.} (8] 52999 4693
1 IBIN No.} [7] 53499 4848
1 {BIN No.] (8] 53998 4588

56 SERVICE

checked previously.}
d. Sslect on the Digibridge:
DISPLAY — BIN No.

e, Refer to Table 5-7, For each setting of the capacitance
standard, verify that the DQ display is blank, the bin {RLC}
display is a single digit as tabulated, and the GO/NO-GO
tights work as tabulated.

f. Select on the Digibridge:

DISPLAY — ENTER LIMITS,

g. Make the following entry {as in step b):

=1 [NOM VALUE]

Verify that the RLC display is five zeroes,

h. Select on the Digibridge:

DISPLAY — VALUE

Notice that the RLC and DQ displays are normal {last
entry in Table 5-5). Verify that both of the GO/NO-GO
lights are off,

i. Select on the Digibridge:

DISPLAY — BIN NO,
Verify that both RLC and DQ displays are blank.
. Select on the Digibridge:

DISPLAY — ENTER LIMITS.
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Table B-7
BilN ASSIGNMENT CHECK

DUT (uF} GO/NO-GO Bin Display
0.5000 GO 1
0.50587 GO 2
0.5107 GO 3
3.6157 GO 4
00,6207 GO 5
0.5257 GO (3}
05307 GO 7
0.,63567 GO 8
0.5407 MNO-GO g
0,0000 NO-GO 0
0.5000 GO 1

Check that each of the 7 unit indicator lights is function
ing, in the RLC display area, as follows. Repestedly depress
the R/Q key for the 3 resistance units, the L/Q key for the
2 inductance units, and then the C/D key for the 2 capaci-
tance units, Be sure the last parameter Key 10 be used is
C/D,

5.5.6 Capacitance Measurament Accuracy {Large C.

Continue the procedure as follows:

a. Confirm or select measurement conditions as listed:

DISPLAY — VALUE (new condition)

MEASURE RATE — SLOW

EQUIVALENT CIRCUIT — SERIES {new condition}
FREQUENCY — 1 kHz

MEASURE MODE — CONT

HOLD RANGE — sutorange

Parameter — C/D

EXT BIAS — OFF

b. Remove the decade capacitor and connect the 4-
terminal 1-uF capacitance standard {GR 1408-Y} as follows.
This standard should be certified to an accuracy of *.03%,
including aging effects

RED, I+: capacitor H binding post

RED & WHITE, P+: capacitor H banana plug
BLACK, I—: capacitor L hinding post

BLACK & WHITE, P—: capacitor L banana plug
BLACK & GREEN, G: capacitor G,

c. Verify that the RLC display agrees with the certified
value of the standard {corrected for temperature if appropri-
ate) within £,0013 uF i.e., within the sum of .03% for the
standard and 0.1% for the Digibridge. See Table 5-8, line 1.
Calculate the difference D1 = {displayed measurement) —
{value of standard}, for future use, Units of D1 are uF.

d. Remove the 1-uF standard and connect the 4-terminal
ratio-type capacitance standard (GR 1417} as follows. Be
sure the dc blocking capacitor is fully discharged before con-
necting it. Notice that only the left-hand terminals of the
standard are used.

RED, i+ + end of biocking capacitor {B00 uF);

other end 1o capacitance standard, CURRENT H
RED & WHITE, P+ standard, POTENTIAL H
BLACK, I—: standard, CURRENT L

BLACK & WHITE, P—: standard, POTENTIAL L
BLACK & GREEN, G: standard, uninsulated terminal.
Set the dials on the capacitance standard thus;

TEST FREQUENCY — 1 kHz

CAPACITANCE — 1 uF,

)

NOTE
For detailed informetion on the GR 1417
4-Terminal Capacitance Standard, refer to
its instruction manual,

{, Read the RLC display, which should be close 1o 1 uF,
Caleulate the difference D2 = {1.0000 uF} — displayed mea-
surement, Units of D2 are uF. The DO display should show
D= 0085 10.0115.

0. Caleulate the calibration factor K as follows:

K=0D1+D2

Example. In step ¢, the display is 1.0812, the standard is
1.0006; then D1 = +,0006 uF. In step f, the nominal is
1.0000, the display is 1,0024; then D2 = —.0024 uF. The
factor K is therefore —.0018 {no units required),

h. Reset the capacitance-standard dial to

CAPACITANCE — 10 uF,

Read the RLC display and correct it by adding 10K,
{For example, if display is 10,023 uF, corrected measure-
ment {for K = —.0018] is 10.005 yF.} Verify that the
corrected measurement is within the acceptable extremes
of Table B-8, line 2.

i, Resetting the capacitance standard and Digibridge
frequency, &s indicated, continue 1o tine 3 in the table.
Verify results as above,

i. Set the Digibridge frequency thus:

FREQUENCY — 120 Hz {or 100 Hz),

Repeat steps b and ¢. {See line 4 of table.} Also determine
a new value of D7 for this frequency.

k. Repeat step d and set the capacitance-standard dials
as follows, {Choose frequency to agree with Digibridge.)

TEST FREQUENCY — 120 Hz or 100 Hz
CAPACITANCE — 1 uF.

I. Repeatsteps f and g, determining a new value of K
for this frequency. (Call it K.

m, Continue down Table 5-8, making the settings, calcula-
tions, and verifications indicated there.

5.5.7 D-Measurement Accuracy, Figure 5-1.

Verify D-measurement acouracy with the following proce-
dure. Dissipation factor checks will be made using both series
and parallel equivalent circuits, with corresponding connec-
tions of resistance and capacitance standards,

a, Using the extender cable and plain bus wire, connect
the decade R and C standards in series, as DUT to the Digi-
bridge, as shown in the diagram and tabulated below, (Use
adaptors on the coaxial connectors, as before.}

RED, 1+: stack on P+
RED & WHITE, P+ resistor H

SERVICE 57
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Table 5-8

CAPACITANCE ACCURACY CHECKS

Typical Standard Digibridge
Standard Test Accuracy Accuracy Corrected C Display DO Display
as DUT? Fraguency (%) 1% Correction Aeceptable Extrames Accepiable
1.000 uF 1 kHz .03 0.1 — £, 0013 uF~ -
10.00 uF 1 kHz 07 0.1 +10 K 09.983 10 10.017 uF .0085 10 .0115
100.0 uF 1 kHz 07 G +100 K $99.83 10 100.17 uF ,0085 10 .0015
1.000 pF 120 Hzt 03 0.1 — =, D013 uk” —
10.00 uF 120 Hzt 05 0.1 +10 K’ $9.985 10 10.015 uF 008510 0115
100.0 ufF 120 Hzt .05 0.1 100 K #99.85 1o 100.15 uF 0085 t0 .0115
1.000 mF 120 Hzt OB 0.1 +1000 K’ $998.5 10 1001.5 uF 0085 10 0118
10.00 mF 120 Hzt 06 0.2 10000 K 9944.0 1o 10056 uF L0065 10 0138
*ACCEDTGLMS“;SQ‘BV is certified value of standard, plus or minus the tolerance given.
7120 Hz or 100 Hz, depending on mode! of Digibridge.
BLACK, I~ stack on P— s
N A e

BLACK & WHITE, P—: capacitor L, center
BLACK & GREEN, G: resistor G, capacitor H side
post, and capacitor L side post {suitably con-
nected together with a link and/or bus wire),
Also connect with a short jumper from resistor L 1o
capacitor H, center post,

h. Confirm or select measurament conditions on the

Digibridge thus:
DISPLAY — VALUE
MEASURE RATE ~ SLOW
EQUIVALENT CIRCUIT — SERIES
FREQUENCY — 120 Hz (100 Hz)
MEASURE MODE — CONT
HOLD RANGE — autorange
Parameter — C/D
EXT BIAS — OFF,

c. Set the resistance and capacitance standards 1o the
values given in line 1 of Table B-9. Verify that the DC
display is within the range given, inclusive. {Notice that the
C-standard value depends on the test freguency of your
particular model.)

d. Continue down the table, verifying each line. Because
the capacitance in the series equivalent circuit is different
from the decade capacitor setting when the series resistance
is farge, use the RLC readout to indicate capacitance in
those lines of the table,

e. Reconnect the standards in parallel as shown in the
diagram and change the Digibridge measurement conditions
as follows:

EQUIVALENT CIRCUIT — PARALLEL
FREQUENCY — 1 kHz

f. Verify the D accuracy, as before, by following
Table 5-10. Notice that the 1658-9700 {which has 120 Hz
for its lower test frequency) actually tests at 1020 Hz,
whereas the 1658-9800 tests a1 1000 Hz; hence the different
requirements for capacitance in the 1able,
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DIGIBRIDGE WITH EXTENDER CABLE

i
: :
BLACK/ GREEN H
B remmrmemrned G —

BERIES FARALLEL

Figure 5-1. Beries and parallel connections of stan-
dards for D accuracy checks.

Tabie 5-8
SERIES-CIRCUIT D-ACCURACY CHECK

Resistance Capacitance Standard DO Display

Standard {120 Hz}) {100 Hz} {Min to Max}
50 02 0.1326 uF 0.1592 uF 0045 tn .00B5
100 0 same same 0095 to .0105
500 02 same same 0494 10 .05086
1Tk same same .0894 10 1008
5k SamE same 4987 105013
10k same same .9975 to 1.003
50 k2 reset” reset” 4,969 10 5.031
90 k0 reset® reset® 8.909 1o 8.091

*Reset the capacitance standard t© obtain, on the RLC readout, the
tabuliated capacitance.

Table 5-10
PARALLEL-CIRCUIT D-ACCURACY CHECKS

FResistance Capagitance Standard D0 Display

Btandard {-8700) {-9800) {Min to Max}
1M 31.22nF 31.84 nF 0045 10,0055
500 k& same same D085 10 0105
100 k" same same .0494 10 .05086
50 ko 538 same 0994 10 .10086
10k same same 4987 10 .5013
5k same same 8975 to 1.003
1k same same 4,269 to 5.031
500 0 same samg 9.889 10 10.11
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5.5.8 Inductance Measurement Accuracy.

Verify the accuracy of inductance measurements, as
follows.

a. Using the extender cable, connect the 100-mH
inductance standard as DUT, thus:

RED, I+: stack on P+

RED & WHITE, P+: inductor HIGH

BLACK, I—: stack on P—

BLACK & WHITE, P—: inductor LOW
BLACK & GREEN, G: inductor case {ground).

b. Confirm or select measurement conditions on the

Digibridge as follows.
DISPLAY — VALUE
MEASURE RATE — SLOW
EQUIVALENT CIRCUIT — SERIES
FREQUENCY — 120 Hz {100 Hz)
MEASURE MODE — CONT
HOLD BANGE — autorange
Parameter — L/Q.

c. Verify that the RLC display is within 20.10 mH of
the certified effective 100-Hz series inductance of the
standard.

d. Calculate the low-frequency Q of the standard
inductor as follows:

Q=62832fL/R
where f is the measurement frequency, L is the certified
series inductance, and R is the dc resistance, also given on
the certificate. {Notice that the 100-Hz Q is given on the
certificate; but not the 120-Hz Q.)

e, Verify that the DQ display is within £.0114 of the
calculated low-frequency Q.

f. Change test frequency as follows:

FREQUENCY — 1 kHz.

g. Verify that the RLC display is within 0.10 mH
of the certified effective 1000-Hz series inductance of the
standard.

h. Calculate the high-frequency Q of the standard
inductor using the above formula and the present test
frequency.

i. Verify that the DQ display is within £.078 of the
calculated high-frequency Q.

5.5.9 Zero Capacitance.

Check the ""zero” or residual capacitance in the Digi-
bridge and i1s test fixture as follows.
a. Remove the extender cable from the Digibridge,
b. Confirm or select the measurement conditions thus:
DISPLAY — VALUE
MEASURE RATE — SLOW
EQUIVALENT CIRCUIT — SERIES
FREQUENCY — 1 kHz
MEASURE MODE — CONT
HOLD RANGE — autorange
Parameter — C/D (new condition}. .
¢. Verify that the RLC display is less than .002 nF
{i.e., 2 pF).

5.6 DISASSEMBLY AND ACCESS.

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

CAUTION
Observe the following precautions whenever
vou handle a circuit board or integrated circuit
in this instrument.

HANDLING PRECAUTIONS

FOR ELECTRONIC DEVICES
SUBJECT TO DAMAGE BY STATIC ELECTRICITY

Refer to page 5-0 for details. The following integrated
circuits are known to reguire these precautions.
1658-4700: MB-U2,-U3, -U4, -U§,
-U8, -U19 through -U24, -34 through
-UB7, -U41, -U42, -U45, -U46, -UB2,
-Ub3. 1658-4715: DB-U47 through
-Ubb.
Notice that it is safe to assume that all circuits in this
instrument are subject to damage by static electricity, and
observe the precautions always.

5.6.1 Disassembly.

Use the following procedure for access to replaceabie
paris and coniact points used in trouble analysis.

a. Disgonnect the power cord.

b. Remove the top-cover screws from the rear panel of
the main chassis. See Figure 1-2, Slide the top cover forward
about 8 mm so that its front corners are unhooked. Lift it
directly upward (Figure 5-2). Reassembly note: 2 screws,
13 mm long.

The next step, removal of display board, is recommended
{though not absolutely necessary) before removal of the
main circuit board.

¢. Remove the 2 sunport screws, at left and right, that
hold the display board to its brackets, {See Figure 5-2.)

Pull the board directly out of its socket in the main board.
Keep the display board in its original {inclined) plane until

SERVICE 5.9
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Figure 5-2, Removal of top cover. items T and 3 are
screws that hold the display board, ltem 2 is ribbon
cable 1657-0200 that connects power supply to main
board,

Figure 5-3. Bemoval of the display board.

it is completely free (Figure 5-3). Reassembly note: 2 screws,

6 mm long with washers,

d. Remove the ribbon cable {1857-0200) from power
supply {at V-11} and main board {at MB-J5). Notice that the
connectors are symmetrical and reversible; and the cable i
extra tong, for convenience in servicing.

The next step, removal of the power supply, is NOT
related to the removal of the main board. Either can be left

in place while the other is removed,

£. Remove the 4 screws that pass vertically through the
4 corners of the power supply into the main chassis. Lift the
power supply slightly and move it back carefully while dis-
engaging the POWER pushbutton extensio é‘mm its hole in
the front panel {Figure B-4). Reassembly note: 4 screws,

8 mm long.

f. Remove the interface option, if ‘»,ff;u have one, after
removing the 2 large screws with resilient washers in the
rear panel, {If the panel held by ‘i.:hfzse screws is blank, lsave

in place.) Reassembly note: align board edges carefully
vath connector and guide that are inside of instrument,
while pushing interface option into position.

510 SERVICE

Figure 5-4, Removal of the power supply. The ribbon
cable must be disconnected first. The display board
can be left in place, but has been removed in this
picture,

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

g. Provide a convenient "upsidedown™ support by
reinstalling the top cover, temporarily. Turn the instru-
nent, bottom up.

h. Remove 4 screws from the bottom shell, one near
sach rubber foot, Lift the instruction card and its retaining
pan free. Slide the bottom shell back {or forward), free of
the main chassis {Figure 5-B). Reassembly notes: Be sure to

fold the pliable dirt seals at left and right sides of maii
chassis as you start to slide bottom shell onio main chaﬁsas,

use 4 screws, 8 mm long.

Remove 11 screws m)m positions shown in Figure 5-6
as A and B, to f'ee the main board, Slide it forward so the
bias connector can be rmed past the lip of the chassis
Figure b-7 shows how to tilt and rotate the main board 1o
the best position for removal. Reassembly note: return
washers {if any} 1o original positions; screws at A are &6 mm,
B are 8 mm long.

i. To remove the keyboard m@du%e, remove the 4 screws
at D and carefuily pull the module directly away from the
main board. Reassembly note: ?‘9 yery careful not to bend
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Figure 5-6. Locations of screws on the main board,
bottom view, Screws at A and B hold the board to
the chassis. Screws at C hold brackets for display
board; D, the keyboard module; E and F, the test
fixture guide block, Ail except F are accessed from
this side.

Figure 5-7. Bemoval of the MB board. The ribbon
cable must be disconnected first. Prior removal of the
display board aiso is highly recommended. Because the
board is partially enclosed by the main chassis, some
motions are necessary: toward front, disengaging bias
connector, tilting, turning as shown, and toward the
rear.

pins when plugging the keyboard-module connectors into
their main-board sockets,

k. Remove dross shield assembly separately if desired
{or as part of guide block; see below). The shield can be
removed by spreading the mid parts of the long sides
slightly and lifting it off.

I. For access to the test-fixture contacts, remove the
guide block 1857-2200 (includes dross shield) by removing
2 screws E and 2 hex-socket screws F (.094-inch wrench)
from opposite sides of the main board (Figure 5-6).
Reassembly note: see para 5.7.1.

5.6.2 Access. Figures 5-8, 5-9, and 5-10.

Locations of principal interior parts and points of inter-
est for trouble analysis are shown in the accompanying
pictures. On the main board, the crystal oscillator U14 and
DIP switch S900 are identified, being the key components
in alteration of the test frequencies, (By changing U14 and
depressing the correct switch tabs, you can convert a
1658-9700 functionally to a 1658-9800, and vice versa.
Details are tabulated on the schematic diagram. Also, refer
to Table 5-13.)

Also on the main board, notice that the analog circuitry
is placed along the front {forward of the display-board con-
nector} and along the front half of the right-hand edge.
Most of this board supports digital circuitry.

For a more complete guide to parts location, refer to
Table 5-11. This lists the principal parts of the main {(MB~—)
board and indicates where each one is shown on both board
layout and schematic diagrams. The alphanumerics such as
B4 or C6 are coordinates on the indicated figures in
Section 8. The vertical coordinates are A to E (top to bot-
tom); the horizontal coordinates are 1 to 8 {left to right}.

5.6.3 Reference Designations.

Refer to Section 6 for an explanation of these designa-
tions. For example, V-T1 designates transformer number
one in the power supply {V) assembly. MB-U3 is integrated
circuit number 3 on the MB board, which is the analog and
control board, often called the main board.

5.6.4 Removal of Muitiple-Pin Packages.

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

DO NOT attempt to remove a soldered-in 1C package
unless you have the proper equipment and skills to do so
without damage. If in doubt, return the board to GenRad.

5.7 PERIODIC MAINTENANCE.
5.7.1 Care of the Test Fixture.

About once a year {more or less depending on usage) the
test fixture and its axial-lead adaptors should be inspected
and cleaned as follows:

a. Clean the contact surfaces and blades of the axial-
lead adaptors with isopropyl alcohol. Rub with a cotton
swab (O-tip). Remove any remaining liguid alcohol by blow-
ing with the breath and remove any remaining cotton fibers,
with tweezers.

b. Remove the MB board and expose the text-fixture
contacts by removing its guide block {part number
1657-2200}, as described above, See Figure 5-6.

SERVICE 511
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MICROPROCESSOR, U7

uz20

MEMORIES

U43  J6

K1 K2

5900
u1o

Ui

U3sb

Figure 5-8, Main or MB board, top view. Functional conversion between 1658-8700 and
1858-9800 involves replacement of precision oscillator and depressing switch tabs; locations
indicatad. Arrows A—A indicate approximately the area of analog circuitry.

¢. 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 falis away from the circuits.

d. f necessary, the contact strips {part number
1686-1940) can be removed (2 screws apiece). In reas-
sembly, observe the following. Align them, so both contact
gaps are the same distance from the front edge of the board.
The contact strips 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.

5-12 SERVICE

When tightening the 8 screws that hold the 4 con-
tact strips, use 12 inch-pounds of torque. When replacing
the guide block, be sure the slots are aligned with the gaps
between contact strips, as verified by eve, looking directly
down on the board. Guide-block screws are 8 mm long,
with washers.

For best results and minimum mainienance 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 cleanliness.

5.7.2 Care of the Display Panel.

Use caution when gleaning the display window, not to
scratch it nor to get cleaning substances into the instrument.
Use soft cloth or a ball of absorbent cotton, moistened with
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DIODE BRIDGE, CR1...CR4 V-U1 V-T1

V-C2

v-C1

D-U47 ... UB5 resssess
SUPPORT SCREW —

D-USE. .. UB4 sseseress

V-WTH
V-82 V-F1 V-4101

POWER SUPPLY
¥} BOARD

V-1
pins1...10

V-§1
V-U2

(PIN 1<)

V-U3
THPIN 1 +)

CABLE
1657-0200

SUPFORT SCREW

. DISPLAY
" (D) BOARD

Figure 5-9. Power supply [V assembiy} and display or DB board, shown in the instrument,
with top cover off.

a mild glass cleaner, such as “"Windex” (Drackett Products
Co., Cincinnati, Ohio}. DO NOT use a paper towel; do NOT
use enough liguid 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.

5.8 TROUBLE ANALYSIS.
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 HANDLING PRECAUTIONS given
in para 5.6.

Resources. Refer to Section 4 for a good understanding
of the theory of operation. The biock diagrams and discus-
sion there provide necessary background, which can gener-
ally save time in trouble analysis. Refer to Section 6 for
hardware details: circuit layouts, schematic diagrams, and
parts lists.

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

Duplicated circuits. Some circuits, as in the display board
for example, are duplicated several times. The IC’'s can
usually be exchanged between a faulty circuit and a func-
tional one, to identify a “"bad” 1C. Notice, also, that the
resistor networks DB-Z2 ... DB-Z10 are simply compact
packages of 220-£2 resistors. If one resistor 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 1o obtain replacements.

Telltale symptoms. Scan the following group of symp-
toms for a preliminary analysis of trouble and suggestions
for more detailed procedures if applicabie.

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.)

D Error. A large D error may be caused by faulty
“protection’’ diodes in the analog front end. Check
MB-CR15 ... MB-CR26 (a total of 12 diodes).

SERVICE 5-13
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Figure 5-10. Interface option assembly 1658-4020,

Table 5-11
MB-— BOARD PARTS LOCATIONS

Part Layout* Schematic** Part Layout* Schematic**
41 D4 6-8 Db u1g cs 6-3 E3
— — 89 E— u19 c4 6-5 B6
J2 A5 67 C1 — - 65 D2
J3 D1 69 C7 uz20 B4 6-7 EB
- — 69 E— = - 6-6 AB
J4 D7 86 3,6 u21 B4 6-8 CB
48 BS 6-5 E1 U222 B3 6-8 Bb
JB E4 6-5 B1 = - 6-7 E4
J7 A7 6-5 Bi uz23 B2 6-8 B3
— — 6-7 E3
K1 E2 8-5 B2 u24 B2 6-7 E2
K2 E2 6-5 C2 — — 6-9 A8
uzs B1 6-9 B8
Q1 B1 6-7 B2 u26 B1 6-9 CB
Q2 D2 8-5 D3 uz7 ¢ 1 6-9 Cb
03 D2 6-5 D3 U238 €1 6-9 C3
Q4 E3 65 A2 u29 G2 6-2 B6
Q5 E2 65 D3 U39 Cc2 6-8 D2
(6131 E2 65 C3 U3t Cc3 6-8 C3
U3s2 €3 6-8 C4
SS00 B85 6-3 B7 u33 c4 6-8 C5
S901t BS 6-3 B5 us4 G5 6-5 C6
U3s C5 6-5 B7
U1 Al 8-7 A4 38 Cs 6-5 C7
u2 A2 6-7 B7 u37 c7? 6-5 D7
U3 A2 6-7 Bb u3s D7 6-5 Db
U4 A3 6-7 B4 — - — D7
us Al 6-7 A3 u3s (&3] 6-3 D4
us B2 6-7 E7 U4g D6 6-3 D5
u7 A4 6-7 B3 u41 C5 6-3 E5
us B4 83 C4 u42 D5 6-3 D8
- = 6-3 D1 U433 D4 6-5 D4
ug B5 6-3 CB U44 D3 6-3 D7
uio B5 6-3 D3 U4s E3 6-5 E2
uti B6 6-3 D3 uag E3 8-5 D5
ui2 B6 6-3 B5 U47 D3 6-9 C4
U13 B6 8-3 B3 u4s8 D2 65 €1
ui4 AB 6-3 Bi U49 D2 69 C2
uis B7 6-3 B3 Us0 D1 69 Ci
u1s B7 88 B5 Us1 E4 6-6 E3
— - 6-3 C8 Us2 E2 8-56 D2
ui7 Cc?7 6-3 Bb Us3 A2 6-7 C5

*See Figure 6-4 for physical location.
**See indicated figure, 6-3, 6-5, 6-7, 6-8, or 6-9, for iocation on
schematic diagram.
TNgot present on standard models. {Usad on special models with
non-standard test frequencies.}

verify that the frequency is within £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
I+ terminal of the test fixture (right front contact — be
sure there is no DUT). The signal should be an undistorted
sine wave at the selected frequency, amplitude about
0.65 V pk-pk {£15%) on each range. If this is correct, skip
over para 5.8.3.

including the interface option board {10B} 1658-4720. Analog Front End. To check the entire analog front end,

Reactance Error. If R measurements are accurate but verify that the signal at MB-U3 pin 12 has the characteristic

C (and L} measurements are not, the test signal source may staircase/sawtooth waveform illustrated in para 5.8.4, while
be at fault. In checking it, as in the following paragraph, the instrument is measuring a DUT, If this is true for all
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modes {EQUIVALENT CIRCUIT, FREQUENCY, param-
eter R/Q, L/Q, and C/D}, skip to para 5.8.8. Otherwise,
check the test signal at the test fixture as outlined above,

Introduction to Detailed Analysis. The following trouble
analysis procedures will serve as a guide for localizing a fault

to a circuit area. In some cases, & specific component part

can be isolated for replacement. in other cases, the problem

can be narrowed down only to a circuit board.

Except for the short-cuts indicated above, foliow the
procedure strictly in the order given, doing the principal
steps {a, b, ¢, d, ... ) until a failure is found. If so, follow
the secondary steps, if any are given at the point of failure
{aa, ab, ac. .. ).

5.8.2 Power Supply.

Check the power supply (V assembly} if there is a
massive failure {nothing works) or as a starting procedure
in any thorough analysis. Refer 1o Figure 5-9.

NOTE
If a voltage regulator (U1, U2, or U3) must be
replaced, be sure to spread silicone grease {like
Dow Corning compound no. 5} on thesurface
toward the heat sink. For U1, coat both sides
of the insulating washer.

a. Check the output voltages, using a digital voltmeter,
with ground reference at V-J1, pin 9 {ribbon cable
unplugged}, as follows:

Pin1= +5 V.
Pin3=+b V.
Pind=-8V.

b. Make a check similar to step a, with ribbon cable
connected, ground reference at right edge of MB board,
probing MB-J5 from below the board. {This checks for
overioad outside the power supply.)

5.8.3 Sinewave Generator,

Check the MB-board circuits that supply the test signal
to the DUT, as follows: {We proceed backward, to the pre-

cision oscillator, then forward through dividers and sinewave

generator.}
a. Make the following test setup and keyboard
selections:
DUT: 0.1 uF and 3 k{2, connected in saries.
MEASURE RATE — SLOW
EQUIVALENT CIRCUIT — SERIES
FREQUENCY — 1 kHz
Parameter — C/D.
b. Verify that the signal at test fixture, + side {right
hand), isa 1-kHz sine wave, 480 mV pk-pk. Use an
oscilloscope,

1. Af

aa. If trouble is found at step a, check “+5 V' circuit:
Atoutputs of Ul and UZ: +5 V dc {regulated).
At WTT {inputs of UT and U2} +10.8 V de.
Across input to diode bridge {veflow-to-yellow): 10 V rms.
ab. Check -8 V7 circuit:
At outout of U3 -8 V dc (regulated).
At input {center terminal) of U3: -13.8 V dc.
Across W7 to WT8: 711.3 Vrms
ac, Check power-line circuit to primary of transformer
V-T1.

ba. IF this signal is distorted or missing on all ranges, but
present at MB-U42 pin 2 or J4 pin 5, check diode netwdrk
MB-CR19...-CR23 To changerange, select ENTER a5
FUNCTION and press the Cs/0 key one gf mole times,
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c. If no fault appears in steps a, b, skip to para 5.8.4.

NOTE
The prefix "MB-" is omitted in the following
1ext, where it is not necessary for clarity.

d. Verify that “1.4 V RMS TEST SIGNAL" found at
U42 pin 2 isa 1-kHz sine wave, approx 4.0 V pk-pk {£10%]}.

e, Check at U42 pin 6 for a 1-kHz sine wave, 4.0V
pk-pk,

f. Verify that the output of U40, found at J4 pin 10 is
a 1-kHz sine wave, 4.0 V pk-pk. {A "noisy’" waveform is
normal.}

g. Remove U40, Connect a 200-£1 resistor across its
socket between pins 2 and 3. {Note: if the resistor leads are
about 0.5 mm [0.02 in.] in diameter, they will fit the socket
directly.} Check at U38 pin 4 for a 1-kHz sine wave,

0.4 V pk-pk, If this is verified but step f is not, fault isin
U40, If neither is verified, reinstall U40 and continue.

h. Check that each input to the D/A converter U39
{pins 5., .. 12}, is a digital signal, about 4 V pk-pk. Each
of these 8 signals should repeat with a period of 17 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.
The first frequency is correct for 1658-9700
{the 120-Hz version}, The second is correct for
1658-9800 (the 100-Hz version). Frequency
tolerance is 20.01%.

i, Make the following test setup. Connect from the
scope vertical-channel output to a counter, Be sure to use
a low-capacitance probe at the scope input, $o as not 1o
load the high-impedance circuits being analyzed.

i. Oscillator. Check at U185 pin 14 for a fast digital wave-
form {(see schematic diagram} of the following frequency:
25.087 or 24.576 = 0.003 MHaz. If correct, skip to step k.

If oscillator signal is not verified, U14 is faulty.

k. Check at U15 pin 8 for a noisy square wave, 4 V pk-pk,

2.0889 or 2.0480 MHz. Otherwise, U15 is faulty,
I Check at U13, pins 1 and 8 for pulses {essentially
rectangular}, with frequencies as follows:
Pin 1, 1.0445 or 1.0240 MHz.
Pin 8, 261.12 or 256.00 kHz.
Otherwise, U13 is faulty.
m. Check at U12 for similar pulses, with frequenciss as
follows:
Pin 12, 522.24 or 512.00 kHz.
Pin 9, 276.00 or 216.12 kHz.
Pin 8, 122.80 or 158,00 kHaz.
Pin 11, 81.44 or 78.00 kHz.
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ea, Check at U42 pin 3 for a 1-kHz sine wave, 3.4 V
pk-pk. If this is verified but step & is not, isolate the fault
to U42 or to U44.

ha. If these inputs are verified but step g is not, fault is in
U39 circuit. Check at the end of R46 closer to the test
fixture for +3 V do; if that is correct, replace U389, Other-
wise, fauit is in associated circuit.
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n. Check at U7 pin 9 for a 5V plkepk rectangular wave,
with frequency of 30.72 or 26,17 kHz, Otherwise, U17 is
faulty.

o. Check at U9 pin 8 for a square wave, B V pk-pk, at
261.12 or 258,00 kHz,

NOTE
Servicing the digital circuitry, such as that
"behind” FREQ SEL, is beyond the scope of
this manual. Swapping identical P1A's may be
informative; refer to para 5.8.1.

p. While monitoring U9 pin 8, press the FREQUENCY
key and select 120 Hz, {or 100 Hz). Check that the moni-
tored signal {which should atways be 256 times the test
frequency) is now 30720 Hz or 25800 Hz. Again press the
FREQUENCY key and select 1 kHz.”

g. Check that the outputs of U188 are sguare waves,
5V pk-pk, with frequencies as follows {for 1858-9700 or
1658-9800 respectively). Otherwise, U18 is faulty,

Pin 12, 130.56 or 128.00 kHz
Pin 9, 65.28 or 64.00 kHz.

Pin 8, 32.684 or 32,00 kHz.

Pin 1%, 16.32 or 168.00 kHz.

r. Check U0 similarly. {Otherwise U10 is faulty.)
Pin 12, 8.160 or 8.000 kHz,
Pin 8, 4,080 or 4,000 kHz.
Pin 8, 2.040 or 2.000 kHz.
Pin 11, 1.0200 or 1.0000 kHz,

s, 1T inputs to the sine rom U117 are valid (stepsi. .. 1)
but its output is not {steps a . .. hl, UT1 is fauity; or possibly
{because step h does not check the output code from UT1)
U39 may be faulty. They can be checked against their
manufacturer’s data shests.

5.8.4 Front End Amplifiers and Switches. Figure 5-11.
Check the MB-board analog circuits that process the
measurement signals from the test fixture 1o the point of

A/D conversion, as follows,

NOTE
When it i5 necessary 10 access parts under the
keyboard, select the desired measurement
conditions {usually including CONT MEASURE
MODE)}, and then remove the keyboard module
as described above. Connect temporarity from
the right end of RB8 to the front end of C21
or plug in a temporary jumper of AWG No. 20
wire between pins b and 6 of MB-J8. Carefully
plug the module into its connectors again when-
eyer the procedure requires kevboard operation,
a. Verify that there is a normal test signal at the test fix-
ture. {See para 5.8.1 or para 5.8.3 step b.}

oa, If step o is not confirmed, be sure you have sefected
7 kHz on the front panel. Check that FREQ SEL (U3 pin 1)
is Jogic high. {Otherwise check back to U20 pin 39.)

ob. If those checks are confirmed, fault is in the gates, U8

SERVICE B-17
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Figure 5-11. Integrator output waveform for the con-
ditions of para 5.8.4: VALUE, BLOW, SERIES, 1 kHz,
CONT, R/Q, autorange; DUT is 1 2. The waveform
repeats every 570 ms, including 18 staircasss, for a
compiete measurement cycle. The expansion, B, shows
typicai detall in the first 2 staircases. Each staircase has
17 or 20 steps. For details, refer to Table 5-13,

b. Check the range switching circuitry as follows, Insert
as DUT each of the following resistors; and check for a
1-kHz sine wave with a scope connected to the + {right} end
of each DUT in tumn:

T £2; test signal should be 80 mV pk-pk
1 k&2; 330 mV pk-pk
1 ME; 580 mV pk-pk.

c. install a T k-£2 resistor in the test fixture. Check the
P+ circuit at U43 pin 1, for a 1-kHz sine wave, 350 mV
pk-pk.

d. Check part of the I- circuit a1t U43 pin 10, for a 1-kHz
sine wave, 330 mV pk-pk.

Table 5-12
SOURCE-RESISTOR RANGE SWITCHING CHECKS

DUT K1,{1-4} K2,4{1-4} U48 Pin 10 U48Pin8
18 open closed high low
k& closed open fow high
1Mo open open high high

5-18 SERVICE

ba. I discrepancy is found in step b, check for continu-
ity through relays K1, K2 {pin 1 to pin 4] and for their
control signals, as shown in Table 5-12.

ca. If there is a discrepancy in step ¢, but U43 pin 3 has a
330-mV pk-pk sine wave, then U43 is faulty.

da. /T discrepancy in step d, check at U2 pin 14 for a
1-kHz sine wave, 330 mV pk-pk; and at pin 10 for a Jogic
high (+5V),

db. Check U52 pins 12, 15 for presence of signal. If the
signal is correct at pin 15 but missing at 12, check 05, Q6,
and associated circuit, or U552,

dc, Conversely, if the signal is correct at pin 12 but
missing at pin 15, replace U52.

dd, If both signals at U52 are correct, check at U5T pin 3
for a 1-kHz sine wave, 360 mV pk-pk. If discrepant, check
U45 pin 6 replace U45,
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e. Check at U43 pin 8 for a 1-kHz sine wave, 330 mV
pk-pk. Otherwise U43 is faulty.

f. Exchange the DUT for a 1-£2 resistor. Check the out-
put of the signal selector, U46 pin 13 for a 1-kHz switched
sine wave, b80 and 60 mV pk-pk levels,

g. Check at output of differential amplifier U38 pin 1
for a 1-kHz switched sine wave, 4 V and 0.4 V pk-pk, or
somewhat larger. The ratio should be 10 10 1.

h. Check the integrator output at U38 pin 12 {or the
front end of C38) for the staircase waveform shown in the
accompanying figure. Notice that there are 17 steps for the
1658-9700, but 20 steps for the 1658-9800, /f the test fre-
guency is '1 kHz.” The amplitudes of the staircases depend
on the range as well as the impedance components of the
DUT. For details, refer to Table 5-13.

The waveform is more easily stopped on the scope
if the chosen conditions make one staircase taller than the
others. Careful setting of scope trigger adjustment is usually
required, preferably on the positive slope, at a low voliage,
near the negative peak.

Table 5-13

FREQUENCY SELECTION AND VARIOUS CHARBACTERISTICS
OF STANDARD MODELS

Characteristic ~-8700 -8800
Hi-f 71 kHz™" 1020 Hz 1000 Hz
Lo-f 120 Hz” 120 Hz 100 Hz
Crystal f (MH2z) 25.0675 24576
Rejected freq 80 Hz 50 Hz
DiP switch, set:

$9800, 1 - —

8900, 2 ON OFF

5800, 3 OFF ON

S800, 4 OFF OFF

S900, 5 ON ON

S900, 8 OFF ON
Steps® for Hi-f: 17/17/8 20/20/10

for Lo-f: 21271 2/2/1

Staircases®” 16/8/5 156/8/5

*Steps per staircase (pulses/burst BST; Figure 5-12) stow/med/
fast rates.
**Staircases (BST bursts; Figure 5-13) per measurement, for
siow/med/fast rates, either frequency.

5.8.5 Control Signal Checks. Figures 5-12, 5-13.
If there is no staircase waveform at the integrator out-
put; in the phase-sensitive detector, as described above,

use the following procedure to determine whether the
fault is in the digital control circuitry.

de. Check at U517 pin 8 for a 1-kHz sine wave, 360 mV
pk-pk. If discrepant, fault is in U511,

df. Check at U52 pin 13 for a 1-kHz sine wave, 330 mV
pk-pk. If discrepant, check C50, U43, and U52 for loading
or an open circuit.

fa. If discrepancy in step f, check the digital signal SSW1
at U46 pin 10 (or J1 pin 57, display-board connector). 1t
should be a slow rectangular wave, switching between 0 and
+4 V. Refer to timing diagram, below.

ga. Otherwise, using a X 10 scope probe with a short con-
nection to ground, check at U38 pin 2 for a switched sine
wave, 30 and 10 mV pk-pk. Check pin 3 simifarly. If these
verified but not step g, U38 is faulty.

ha.If step h is not verified, check at detector-switch con-
trol terminals U37 pins 5, 6, 12, 13 for the presence of digi-
tal signals with Jogic high and low fevels of +6 V and -8 V.
if all of these signals are present, either U37 or U38 is
faulty, replace both of them. Otherwise, check the guad
flip-flop U34. Also, refer to para 5.8.5.

SERVICE 519
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a. Examine the frequency synchronizing signals, which
should all be similar except for frequency {differing by
factors of 2): F, 2F, 4F, 8F at U20pins 2, 3, 4, 5. If
there is a fault, check the circuit of U10.

b. Look at the following control signals with a scope
and compare them with the timing diagram:

PBST, at U20 pin 12,

PMSR, at U20 pin 20.

If they are normal, skip to step c. If they are inactive,
perhaps they can be stimulated by applying pulses to the
power-on reset circuit; see step ba.

¢. Examine each of the following digital feedback sig-
nals and compare it with the timing diagram. {f any one is
questionable, check the circuit from which it is derived:

MSR, at U34 pin 10 and its converse DMSR, at U20
pin 40 {from PMSR).

DONE; at U36 pin 6 (comment follows),

Notice that DONE is normally a negative pulse that
starts with the rising edge of CMP and very quickly termin-
ates, when REL drops to "low.”’ {CMP stays high for a
variable length of time.) However, if reset pulses are being
provided as in step aa, and CMP is low, then DONE is trig-
gered by RES.

d. If the digital feedback signals are present, look at each
of the following control signals and compare it with the
timing diagram: {The first 5 signals have logic low and high
levels of O and +5 V; the last 6 signals,~8 and +5 V.}

PBST, at U19 pin 6;

W, at U19 pin 4;

PMSR, at U119 pin 2;

§E§, at U35 pin 8 {reset, normally only at power-up};

SSW1, at U20 pin 14;

Clock at U34 pin 9 {from 8F, at U35 pin 6);

DONE, at U34 pin 1;

BST, at U37 pin 12 {clocked by 8F, enabled by PBST};
BST, at U37 pin 13 {clocked by 8F, enabled by PBST};

MSR at U37 pin 6 {clocked by 8F, enabled by PMSR};

ISW, at U37 pin 5 (clocked by 8F, enabled by PISW).

If any is abnormal, trace back 1o the source of the sig-
nal, with the help of the schematic diagram {to check for
poor connections or other interface problems). I the source
is faulty, go to para 5.8.6. If these control signals are all
valid, the digital control circuitry is functional; the fault is
probably in the integrator U38 or associated circuits.

5-20 SERVICE

ba. Provide reset pulses in either of 2 ways. Preferabfy,
set up a pulse generator as follows.
Source resistance: 50 L
Repetition rate (period}: 1 s.
Pulse polarity and duration: positive, 0.5 s.
Dc levels: high =4.5V, jow=0V,
Connect from ground to U5 pin 11.
bb. The alternative method is to short across C1 momen-
tarily {and repeatediy) with a clip lead. Watch the scope
carefully for activation, perhaps for only 1 cycle, of PBEST
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 puise generator is connected.
Find C1 between Q1 and U25.
be. If PBST and PNMISR remain inactive in spite of the
preceding stimulation, the digital control circuitry is at
fault: go to para 5.8.6. Otherwise, proceed to step b, con-
tinuing to use the reset pulses
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Figure B-12 Timing disgram. One complete stalroase cyele for s typical SLOW- or MEDIUM-
rate 1-kiHz measurement on a 1658-89700. The 3 main divisions are: sample cycle {stair steps
down), conversion cycie {smooth ramp up, during which a counter arrives at digital value of
signal being sampled), and data-taking cycle {microprocessor takes data and sets up for next
stairgase). In this example, there are 17 samples taken.

5.8.6 Digital Circuitry.

Display Board. A faulty integrated-circuit package can
asually be identified by interchanging plug-in component
parts of the same type between display channels. Notice
that a resistor network need NOT be replaced as a unit;
use ordinary resistors. {See para 5.8.1.}

Recommended Procedure. 1f careful analysis of a faulty
instrument, using the preceding information, indicates
that the trouble is in the digital circuitry {whether in con-
trol, computation, ordisplay decoding), further analysis is
beyond the scope of this manual. Return the faulty board
{the MB board, if the fault is digital, and not in the display

board) or return the instrument for service. Refer 1o para
5.2 and B.3.

Special Testing Because of the very high speed and con-
siderable complexity of the digital circuitry in the MB
Board and 10B {Interface Board), it is impossible 10 ana-
lyze trouble there with ordinary test equipment. GenRad
production and in-factory service departments make use
of fast, versatile automatic test systems {GenRad products).
Their efficiency and accuracy are important factors in our
recommendation that digital circuit problems be solved
by exchanging boards,

SERVICE 5-21
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6.1 GENERAL . . . . . . . G-
6.2 REFERENCE DESIGNATIONS G-
0.2 DIAGRANMS. B
Figure §-1. Front view, mechanical paris 5.2
Figure 8-2. Bear view, mechanical parts 6.2
Federal Manufacturers Code 6-4
Figure §-3. Analog and Control iMB) Board, -4700, signal sources diagram . . . &5
Figure 8-4. Analog and Control (MB) Beard, 18588-4700, lavout . . . . . . B8
Figure 8-5. Anaiog and Control (MB} Board, -4700, front end diagram . . . . B-7
Figure 8-7. Analog and Conirol {MB} Board, -4700, digital control center diagram. 6-8
Figure 6-8. (MB) Board, -4700, measurament counter, display driver diagram . .  86-171
Figure 6-9, {MB] Board, -4700, kevboard and display LED interface diagram . . 8-13
Figure 6-10. Display {DB) Board, 18588-47158, layout . . . . . . . . . 614
Figure B8-11. Display {DB) Board, -4715, diagram 5-15
Figure 8-12. Kevboard Module, 16858-4200, assembly . . . . . . . . . B-16
Figure B8-14. Kevyboard {KB) Board, -4210, diagram . . . . . . . . . B-17
Figure 6-15, interface Option {10B) Board, 1858-4720, layout ., . . . . . ©-18
Figure 6-18. Interface Option HOB) Beoard, -4720, disgram . . . . . . . B-18
Figure 6-17. Power Supply (V] Board, 16857-4720, lavout e e e ., B21
Figure 6-18. Power Supply (V) Assembly, 18588-4000, disgram . . . . . . 621

8.1 GENERAL,

This section contains the parts lists, circuit-board layout
drawings and schematic diagrams for the instrument. (Sec-
tion 4 contains functional block diagrams. Section b con-
tains photographs of the instrument, identifying various
“parts.) The heavy lines on schematic diagrams denote the

}'. major signal flow,

- Reference designation usage is described below,

5.2 REFERENCE DESIGNATIONS.

Fach electrical component part on an assembly is identi-

fied on egquipment and drawings by means of a reterence
designator comprised of numbers and letters. Component
types on an assembly are numbered sequentially, the num-
pers being preceeded Dy a letter designation that identifies
the component (R for resistor, C for capacitor, etc.). Some

OF the jess obvious designators are: DS, lamp; O, fransisior;

U, integrated circuit; WT, wire tie point; X, J, P, or 50,
connecior; Y, crystal resonator; £, network.

Fach assembly {typically a circuit board) has its own
seguence of designators which can be identified by using
prefixes, such as A- for the main frame and V- for power
supply. bxamples: B-RHY designates B board, resistor 8;
D-WT2 = D board, wire-tie point 2; CR8 on the V schema-
tic is a shortened form of designator V-CR6 = V board,
diode B. The instrument may contain A-R1, B-R1, C-R1,
and D-H 1,

6.3 DIAGRANS,

Generally, each schematic diagram is jocated on aright-
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.

PARTS & DIAGRAMS 61
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Figure 6-2 Rear view, showing replaceable mechanical parts. Notice that item 1 is slightly
different from the picture {more rectangular than round).

6-2 PARTS & DIAGRAMS
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MECHANICAL PARTS LIST

FRONT

GenRad
Part No.

% I ARV Y= UV (N S

Quantity

Foot

Display panel (plastic)
Actuator {push rod)
Guide block assembly
Card pan

Instruction card
Keyboard plate (120 Hz
Keyboard plate (100 Hz)

REAR

Description

5260-2051
1658-7032
1657-2816
1657-2200
1658-8200
1658-011¢0
1658~-8045
1658-8046

GenRad
Part No.

5260-2051
1658-7032
1657-2810
1657-2200
1658-8200
1658-0110
1658-8045
1658-8046

Mfgr
Part No.

Power connector J101
Fuse extractor post Fl
Slide switch 82

Cover (safety)

Top cover

Bottom shell

4240-0250
5650-010C0
7910-0832
1657-8120
1657-80660
1657-860¢0

File Courtesy of GRWiki.org

82389
75915
82389
24655
24655
24655

EAC-3402
342-004
11A-1266
1657-8120
1657-8060
1657-8000
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01298
81826
01828
01883
02111
092114
02808
02833
2880
02738
02788
03042
03308
03580
03838
083877
03888
[ecizip]
24058
24843
04713
491G
5EGT2
05245
05278
05402
05574
03824
5748
05820
08383
06456
0B8RS
06743
08795
05818
08828
08078
07047
27128
87327
07232
07281
o72832
07387
07533
07695
9770
47823
7825
G7815
67383
7939
08524
D835
48730
08213
093853
09408
05823
33856
09322
10025
10388
11238
11592
11883
12040
12045
12438
12817
2872
12697
12856
12054
12968
132084
13103
12148
13180
13327
13715
1391¢
14010
14185
14198
14332
14433
144827
14503
146585
14574
14743
14752
14883
14308
14336
18238
18478

Manufacturer

Mcch lourn. bt Hofly Sprinas A 17065
Jomes Mig.,Chicago, il 50181
“:‘3'<co Elctrns, Los Angeles, CA 30018
welwyn Intntl. Westlaks, OH 44145
Schweber Elctrns. Westbura, HY 11590
Aerovor. New Bacford, MA 02745
rea.-mm;g PA 17105

[Brockion MA 0261

i1 Leb., Morion Grovﬂ iL'*OCba
GE. Schenectady NY 12307
Amphenol., Brosdview 1L 60153
RCA.Somervilte, NJ 0BB76
Fastex.,Desplaing, 11 80018
Cartes 1pk, Cambridge,MA 02142
GE. Syracuse, NY 13201
Vanguard Elotrns, Inglewocod, CA 80302
Grayburne, Yonkers, MY 10701
Transitron Bictrns. Wakefisid MA 0188¢
KDt Pyrofitm, prany, NG 07981
Clarrex New York NY 13541
Brrowe H arifced, CT 08106
Dvg('\’cm\,

ids. O
Zarber Colman. Rockiord L 81107
Barnas M DM 44801
Vaketisid Eng. Wakeiisld MA 01880

v & Waclean, Waterbury, CT 06708

o f ants Clara, CA 95050
tevita, Clevetand OH 44110

WL Stamp., Cleveiand OH 44104

Sichcn Piste, Chicago, 1L 50648

Teiedyne Katcs. Soland Boh,CA 92075

Alddin Bic vili, TH 37210

Fross Milton. Southampton,PA 13266

oo, W 53813
agustry CA& 91744
City.CA 90230

CA 34040

Burg tnst.. O 3, W] 3115
’)em=ch Fastenser, Los Angeles.Ca B0045
Bell Eleire, Chicago, il 80832
Vermmalog Prod., Fraoklin Lakes,MJ 07417

GE.,Buffalo NY 14220
C&E Components. Watertown MA 02172
Ster-Tronics., Georgetown, MA D830

Burgess Battery., Freeport il 61032

Ferwal Elcuns., Framingham, MA 01701

Burndy. Norwalk, T 06852

a!»;sﬂ:! Prod. Linden, N 07035

Swnch Chicags, il 60647
erne, Berne IN 4871

e E.ans W Hartiond, Ca 06101

- Minnsapoiis MN —*Dﬂ

Noodoridge, !
£ NH 02870

City of industry, C4 91744
cirns. Scottsdale, AZ 85252
Unitrode, Watersoven, MA 02172
Electrocraft, Hopki
Tharmalioy., Datlas, TX 75234

Vogue inst, Richmond HIlLNY 11418
Yernitron, Laconia NH 03245

Sofitron Dipvices., Tappan NY 10883
Fairchild. San Refas! CA 84603

Burr Brown., Tuesan AZ 85706

Anadex Inst., Van Nuys,CA 81406

Eletre Controls, Wilton T 06887

erican Labs, Fulierton £4 92634
Arcatia,CA 31608

¥.Paim Beach FL 33407

ns & Johnson_ Palo Al CA 54304

an.,Sun Val ey,ul& 21352
Efctre Inst & Speity. Stonsham M4 02180
Benerat inst, Hicksville NY 11802
17T Lawrence MA 08142
Digital Eguip., Maynzard MA 01754

JANUARY 1878
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FEDERAL SUPPLY CODE

FOR MANUFACTURERS

From Defense Logistics Agency Microfiche
GSA-FSS H4-2

H4-2 S8 708-42

Fanuiaciurer

Cutler Mammar, Milwaukee Wi 53202
Houston Inst. Bellaire, TX 77401

Fenwal Eictrns. Framingham,MA 01701
Sinclair & RAush. St.Louis, MO 63111
Spruce Pine Mica. Spruce Ping, NC 28777
tmintl Dinde. Jersey Cé?y,NJ 07304

n Dynamics., Burbank, CA 31304
o Dewcss_,SL“mmar\Al!e,SC 29483

x., Concord CA 94520

Sitizonix. Santa Clara,CA 95054
Signetics. Sunnyvale,CA 94085

Mew Prod Eng. Wabash 1N 46892
Scanbe., Bl Monte,0A 91731

Computer Diode.,S.Fairlawn, N 07836
Cyeon, Sunnyvale CA 24086

Durant. Watertown, Wi 53094

Zero, Monson MA 1057
GE..Gainesville FL 32601

Easteon., Havernil] MA GI1830

Bakiron

NI 07974
Vailey NJ 07853

¥aiehung M3 07060
¢ Cumberland PA 17070
s Fabreirs., Topton, PA 19562

Avngt Bictres, Frankiin Park iL 80131
Pamotor, Bulingham,CA 94010
ingigna Grrl Eletre, Keasby NJ (08832
Anzloy Devices. Cambridge MA 02142
Genersl Semicond, Temps, AZ 85281
GE, Schenectady NY 12305

GE. Syracuse NY 13201

GE. Clavelend, OH 44132

A 91747
Lenox Fugle. S Piainfisid

MG 07080

Hiess, DA 82626
A 35051
2rsai '-’avi,.qo:cx, HitlL,CT 08067

nc‘ Fochester, NH 03867

]L cs., Bl Monte,CA 01734

Sclid State Davices., LaMirada,CA 20838
Beckman Inst. Cedar Grove NJ 07009

1BM. Armonk, MY 10504

Parmag Magnetics., Toledo,OH 43809

Sclid State Scatfe., Momgormerville, PA 18936
Standford Appld Engs., Coste Mess, CA 92628
Analogic., Wakefisld, MA 01880

Triridge. Pittsburgh, P4 15231
Jensen.,Chicago,iL 60538

Spectrum Control, Fairview PA 18415

sta Vesa f‘A 32626
,CA 32503

o

Advanced Mi
intal Sar
Sciitron D
Constant;
Nt
Haztory
Marhin R kmil.,.iamesmwn,hw 14701
Mo Gl Mfg., Valpsrise,iN 48383
Honeywell, Minneapolis MN 55408

Muter. Chicago, L 60638

National. Melrose, MA 02175

New Depariure-Hyatt, Sandusky OH 44870
Norma Hofiman. Stanford CT 08504

RCA. New York,NY 10020

Raytheon, Walthem MA (2154
Mostek,,Carrollton, TX 75005

GHZ Devices. S.Chetmsford, Ma 01824
Micro Metworks. Worcester MA 01806
Monsanto, Palo Alto,CA 84304
Datet Systems. Canton M4 02021
ries Bicures., Frenchiown, i 08828

-—‘132

encns MY 13035

untsvitle, AL 35805
Shure Bros., Evanston,iL 0202

Manufacturer

Sprague. North Adams,MA 01247

Stimpson. Bayport NY 11705

Superior Valve, Washington P2 15301

Thomas & Bets., Elizabeth NJ 07207

TRW, Cleveland,OH 44117

Tohmg ton.. Torrington CT 06790

nnse‘?d Braintree MA 02? 84

Carbide. New York 10017

nard. At véwon NY 10550
107003

2w Bediorg, MA 02742
. Eikhart 1N 46514
roit Mi 482

Chryster., Det
Arlantic in; wbber. Chicago,iL 60607
Amperite. Union City, NJ 07087

Ark-Les Switch, Watsriown MA 02172

Baad Chain., Endd—apo LT 0BSOS

Belden. Chicage, 1l 60644

Bronson,, Beecon Falis, 0T 08403

Cambridge Thermionic, Cambridge MA 02138
Canfietd. Clifton Forge, V4 24422
Bussmann., 5. Louis, MO 83107

CTS. Blkhart N 46514

Cannon., Loz Angeles,CA 20031

Clare. Chicago, L 80845

Centeglab, Milwaukes Wi 53212

Providence,RI 02905
Crescent :;ox Philaget PA 18134
w. Chicago, 1l 60640
L 80824
,uﬁwr‘ey CA 20241
Wilimantic, OT 06226
tat Screw. New Bediord MA 02742

D»u)sgut Bmok‘yn Y 11237
Bwark NI D7104

astener.,W.Islip,NY 11795
Eby. . Philadeiphia,PA 18144
Elgstic Stop Nut., Union, MNJ 07083
Erie, Erie,PA 16512

Areperex Elotros, Hicksvitle NY 11801
Larting Elotro. Hartford, CT 08110
Eico Rasistor., New York NY
Ti.,Attleboro,MA 02703

JED Eletres, Brookiyn,MY 112189
Groov-Pin, Ridgelleld NJ §7657
enton, NS 08502

Amphenoi
Johnsen 3, MM 56083
TACITRWI . Burlington, 14 52807
Kurz-Kasch. Da
Kuka, Mt v
Lafayetre. Syossetf
Linden. Providence R B2905
Littplfuse. Des Pizing 1L 60018
Lord Mig, Erie PA 18512
Mialtory Eicrre., Detroit, Mi 48204
Maurey., Chicsgo 1. 80818
3 M Qo St.Paul, MN 55101
Minor Rubber, Blnomfield NJ 87003
Mitlen. Malden M4 02148
Musller Elntr, Cleveland OH 44114
hiational Tube. Pittsburg PA
Ozk Inds, Crysis! Lake dL 60014
Dot Fastener, Waterbury CT 06720
Pstton MacGuyer. Providence Bi 02805
Pa35 Seymour, Syracuse NY 13208
Pizrce Roberts Rubber., Trenton, NJ 08638
Piztt Bros. ¥ LT 68720

gwark, NI

Bois. St Marys.PA 15867
Tinnerman. Cieveland,DH
Tatephonics. Huntington, NY 11743
RCA, Harrison, N4 07028

Waldes Kohinoor., New York,NY 11101

Continental Wirt, Philadelphia PA 13101
Mailory Controls, Frankfort, i 46041
Zierick, Mt Kisco,N'Y 10542
Tekironix., Beave:
Prestole Fastena

ok
Bsckman Inst, Fuligrion,CA 92634
TARW Remsey .81 Louis, MO 53168
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Ref FMC Coiumn
in Paris Lists

Manufacturer

Pure Carbon., St Marys,PA 15857

int'l inst. Orange,CT 05477

Grayhill.,LaGrange,IL 60525

isoizntite. Stirfing,NJ 07980

Winchester.,Qakville,CT 06779

Milizary Specifications

Joint Army-Navy Spacifications

int'i Rectifier, Ef Sequndo,CA 90245

Chicags Loc o33, il 60641

Fittron., Flushing NY 11353

L Dayton,OH 45402

Matertown MA 0217

porium, P& 15834

ips., Cheshirs, CT 06410

rn & Kodel, LaPort, IN 46350

Switcheraft, Chicsgo,iL 60630

R?bv=s Hoffman. Carlisle, PA 17013
Metals & Controls. Attieboro, MA 02703

Milwaukee Resistor. Milwaukee, Wi 53204

Rotron. Woodstock NY 12438

1N Gensral Magnet. Valparaiso,IN 46383

Yaro.,Garland, TX 75040

Hartwell, Placentia CA 82670

eissner. M Carmel i1 62863

Cars Fastener. Cambridge MA 02142

Victosy Eng,,Springfieid,NJ 07081

Parker Seal. Culver City CA 90231

H.H.Smith. Brookiyn, NY 11207

Bearing Speity. San Francises, CA

Solar Elctre. Warren PA 16365

Burroughs. Plainfield, NJ 07061

Union Carbide, New York NY 10017

Mass Engrg., Quinoy MA 02171

National Elctres., Genova L 60134

TRW. Ogalizia NB 53153

Lehigh Metals., Cambridae, MA 02140

Sarkes Tarzin focomington, iN 47401

TA Kfg., Los Angsles,CA 90038

Kepco. Flushing MY 11352

Payson Casters, Gurnee il 0031

Prec Metal Prod. Stoneham, MA 02180

RCA. Harrison,NJ 07023

REC. MNew Rochelie NY 10801

Cont Bletres, Brookiyn, NY 11222

Cutler Hammer, Lincoin, il 62656

GTE Sylvania, tpswitch,MA 01938

Goutd Nat Batrery. Trenton,NJ 0B6Q7

Cornell Dubilter., Fuguay Varing NC 27526

K&G Mir pew York NY

Potter & Brumfisid..Princeton,IN 47871

Holtzer Lebot, Boston MA 82119

United Transformer. Chicago,it.

Berkshire Transformer, Kent,CT 08757

Maliory Cap..Ing:

7.

IN Patta

Johanson, Beenton, NJ 07005
Harris, Meibourne FL 32801
Augst Bros. Attleboro MA 02703
Changier. Wethersfield,CT 06109
Dole Eictres., Columbus, ME 686801
Elzo. Wiliow Grove PA 18030
Ganeral inst, Dallas, TX 76220
Kings Eletres, Tuckezhoe MY 11223
Mephisto Tool, Hudson NYY 12534
Huongywsil, Freeport i1 61032
Electra Insul, Woodside, NY 11377
Edgerton Germeshuasen,, Boston MA 02115
1MC Magnetics. Wesibury NY 11591
Ampex.,Redwood City CA 84083
Hudson Lamp. Kearny,NJ 07032
Syivania, Woburn A 01801
Amer Elotres Labs, Lansdale, PA 19446
REL K amsey PA 18671
Cram: rov Yark,NY 10013
Ruy!nwn Gq,nr A 02189
Wagner ngston,NJ 07039
W"S'on JArchibaid, PA 18402

Tel Labs. Manchester, NH 03102
Dxckm'\ Chicage,iL 85819
Magneceatt Chicego,iL 50630
Adas Ind., Brookiine NH 03033
Garde., Cumberiand, R 02864
Quatity Comp,, 51 Marys,PA 15857
Adco Eictres, Lawrence MA 01843
Continental Conn, Woodside, NY 11377
Vitramon, Bridgeport,CT 06601
Gordos., Bloomfisld, NJ 47003
Methode. Rolling Meéadow L 60003
Amer Brass., Torrington,CT 06780
Weckésse' Ch(cago 1L 50646

MNorth Hills.,Glen Co\e MY 11542
Protective Closures, Buffaio NY 14207
Metavac., Flushing, NY 11358

Delevan;E.Aurora NY 14052
Renbeandt. Boston, W4 52118
Centralab. Milwaukee, Wi 53201
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NOTE: Orientation: Viewed from parts side. Part number: Refer to caption.
Symbolism: Outlined area = part; gray ckt pattern {if any) = parts side, black
= other side. Pins: Square pad in ckt pattern = coliector, I-C pin 1, cathode
{of diode), or + end (of capacitor).
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Figure 6-5, Main (MB) board, -4700, anzlog front end and detecior,
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Figure 6-7. Main {(MB) board, -4700, digital processor, memories, interfaces.
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ELECTRICAL PARTS LIST

ANALOG

DESCRIPTION

CER MONO 2. 2UF 20PCT B0VGP
CER MONG 0. 1UF 20PCT 50VGP
LER FORO 0. 1UF 20PCT 50VGP
CER MUND Q. LUF 20PCT 50VGP
CER MLIND Co LUF 20PCT 50VGP
CER MCND Gs 1UF 20PCT 50VGP
CER DISC .0QLUF BO/20PCT 100V
CER MOND 0. LUF 20PLT 50VGP
CER MOND Os LUF ZO0PCT 50VGP
CER MOND G 1UF 20PLT 50VGP
CER PLONO O.1UF 20PCT B50VGP
CER MONO 0. 1UF Z20PCT 50V5P
CER FOND 0. 1JF 20PCT 50V06P
CER MONO 0. 1UF 20PLT 50VE6
CER DISC 100OPF  SPLT 500V
CER DISC 100PF 5PLT 500V
CER MONO 0. LUF 20PCT S50VGP
CER MONO Oe1UF Z20PCT 50VGP
CER MING 0.1UF 20PLT 50VGP
CER DISC -O0LUF BO/20PCT 100V
CER DISC -01UF B0/720PCT 100V
CER DISC -0LUF B80/20PLT 100V
MYLAR .0022uF 10 PLT 20DV
CER MOND 0. 1UF 20PCT 50VGP
CER FONO 0. LUF Z20PCT S50VGP
CER MONOD 0. 1UF 20PCT S50WGP
CER MOND Q- 1Uf 20PLTY B0VEP
CER QISC QLUF 80/20PCT 100V
CER L[ISC QLUF BO/20PCT 100¥W
TANT 6.8 UF 20PCT bV

CER DISC .0QLUF BO/Z20PCT 100V

POLYPROPYL 0.1JF 10PCT 200V
CER MCND 2. 2UF 20PCT 50VGP
CER DISC .01UF B84/720PCT 100V
FYLAR -039UF 10PCT 200V

LER DISLC 470PF BPLT 300V
CeER LISC LOOPF  SPLT 500V
CER MOND -0047UF LOPLT 50V
CER DISC -01UF 80/720PCT 100V
CER LISL QLJUF BO/20PCT 100V
ALUM 12BUF 100V

CER DISC  140PF  5PCT
MYLAR LOLJF 2 PLCT 100V
CER DISC  100PF  5BPLT 500V
MYLAR -00237UF 2 PLCT 100V
CER LDISC .01JF BO/20PLT 10OV
CISC -0LUF 80/20PCT 100V
TANT 1.0 UF 20PCT 35Y

CER LDISC 33PF  S5PLT 500V
MYLAR .4 7UF 10 PCT 100V

CER L1I3C 15PF  3PCT 300V
CER DISL .QLUF B80/20PCT 100V
CER CISC -0LUF 80/20PCT 100V
CER DISL -01uUF BO/20PCT 10OV
CER DISLC .0LUF BD/20PCT 100V
CER LISC 01UF B80G/20PCT 100V
MICA 464PF LPCT 500V

MYL AR L04T7UF 2PCT 100V

CER MOND  0.22UF 20PLCT 50VGP
CER MONG 0, 22UF 20PLT 50VGP
CER MOND 3.3UF ZOPCT 50VGP
TANT 300 uUF 20PLT 10V WET
TANT 300 UF 20PLT 10V WET
CER TuB 1.2PF 5PLY 500V

500V

CER

AND CONTRGL PC BOARD MB

PART  NO,
4400-2 080
4400-2050
4400-2050
4400-2050
4400-2050
4400-2050
%401-3100
4400-2050
4400-2050
4400-2050
4400~-2050
4400-2050
4400-2050
4400-20%0
4404-3105
4404-1105
4400-2050
44G0-2050
44002050
4401-3100
4401-3100
4401-3100
4860~7329
4400-2050
44002050
4400-2050
4400-2050
4401-31G0
%401-3100
4450-4800
4401-3100
4863-3000
4400~-2080
4401-3100
4860-8B009
4434~-1475
44044105
4430-6358
44013100
4401-3100
4450-6156
4404-1105
4860~ 7650
4%404-1105
4860-7326
4401-3100
4401~3100
4450-4300
4404~-0335
48560-8248
4404-03155
4401-23100
4401-3100
4401-3100
440313100
4401~ 3100
4710-0535
$860-8201
4400-2052
4400-2052
4400-2082
4450-5724
4450-5724
4400-0120

ML

72982
72982
72982
72582
72982
72982
72982
72982
i2g82
72982
72582
72982
72982
72982
72982
72982
72982
72982
72582
72982
72982
72582
56289
72982
72982
72982
72982
72982
72982
56289
72982
Baell
72982
72982
56289
72982
72982
72982
72682
12982
56289
72982
56289
72982
56289
72582
72982
56289
72982
56289
72982
72982
72982
72582
72982
72982
81349
56289
72982
72982
T29582
33173
33173
95121
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HMEGR

PN 16584700

PART NUMBER
2141-M050-651-225H
B131-M050-651~104M
8131-M050-651~ 1044
8131-M050~651-104M
8131-4050-651-104M
B8131~MG50-651~104M
080554075U0010317
B131-M050-651~104M
B8131-M050-651~104M
8131-4050-651-104H4
8131-4050-651~ 1044
8131 -M050~651-104M
B131-M050-651~104M
B131-MO50~65 1~ 1044
O83108275D0001014
0831082750001014
8131-M050~651-104M4
8131-M050-651-104M
B131-M050-651~104M
380554075U001032
080554 01500010312
080554075U001032
%10P L0022 UF 10PCT
B8131-M050-651-104¥4
8131-M050-651-104M
B131-M050 ~651-104M
8131-H0O50-651-104H
080554025U001037
080554075U001031Z
150D685%000642
GB0554015U001037
X¥363UW O, 1UF 10PCT
8141-4050-651-225H
08055407Z5U001037
410P .03% UF 10PCT
0831082750004714
0B3108225D001014
B141-50-XTR- 474K
380554075U001037
080554 015U001037
4301256100646
0831082750001014
410 .01 UF 2PCT
G8310821I5D00101J
410P L00237 UF 2PCT
080554 075U001032
380554075U0010312
15001 05X003542
0831082750003304
410P 0.47 UF LOPCT
0831082150001504
G80554025U0010317
080554 0750001037
GB0554025U0010312
380555025U001032
G80554015U001032
CMOBFD464FN

41 0P L04TUF 2PCT
8131-M050-651-224M
8131-M050~651-224M
8151-M0B0-651-335M
£9F 533

£9F933

QL 1.2PF SPLCT 500V



ELECTRICAL PARTS LIST {cont)

ANALGG AND CONTROL PC BOARD MB P/N 1658~4T700
REFDES DESCRIPTIGN PART NO. FML MFGR PART NUMBER
R i DIODE HPS5082-2800 IR 200NA 51 6082-1034 2848C HP-5082-2800
LR 2 DICDE 1N4151 75P1IV IR.1UA SI 6082-1001 14433 IN3604
CR 3 DIODE 1IN4151 75PIV IR.1UA SI 6082-1001 14433 1N3604
CR 4 ZENER 1IN74¢6 3.3V 10PLT L4W 6083-1005 14432 INT46
LR 5 DICDE 1n4151 75PIV IR.1UA S 6082~-1001 14433 IN36D4
R 6 DIGDE 1N4151 75P1IV IR.1UA SI 6082~-1001 14433 IN3604
CR 7 DICDE 1N%&151 75P1IV IR.1UA SI 6082-1001 14433 IN3&04
CR 8 DIODE 1nN4151 T75PIV IR.1UA SI 6082~-1001 14433 IM3ED4
R 9 CIODE 1N4151 75P IV IR.1UA SI 6082-1001 14433 IN3604
CR 10 DIGDE 1KN4151 75PIV IR.1Ua S1I 6082~-1001 14432 IN3604
CR 11 DIGDE 1H4151 75PIV IR,1U4 SI 6082-1001 14432 IMN3604
CR 12 DIODE 1N4151 75PIV IR.1UA SI 6082-1001 14433 IN3604
CR 13 DIODE 1N&151 75PIV IR.1UA SI 6082-1001 14433 IN3604
CR 14 DICDE 1N4151 75PIV [R.1UA SI 6082-1001 14433 1IN3604

CR 15 DIODE 1N4594 175PIV 1R.025UA 51 6082-1011 14433 iN&59A
CR 16 DICDE 1M4594 175PIV IR.025UA SI 6082~1011 14433 IN459A
LR 17 DIODE IN459A& 175PIV IR.025Ua SI 6082-1011 14433 IN&59A
CR 18 DISDE 1X459A 175P1Y IR.025UA S1 6082~1011 14433 INGSOA
CR 19 OIODE IN45%94 175PIV IR.025UA SI 6082-1011 14433 1N4594
CR 20 DIODE 1IN459a 17521V IR.025UA SI 6082-1011 14433 1N45%A
CR 21 DIGCDE 1N459A 175P1V IR.025UA S1 6G82-1011 14433 iN4594a
CR 22 DIODE 1N4594 175PIV IR.025UA 51 6082-1011 14433 IN459A
CR 23 [DIODE 1N459A 175PIV IR.025UA SI 6082-1011 14433 IN459A
CR 24 DIODE 1N459A 175PIV IR.025UA SI 6282-1011 14433 IN&594A
CR 25 DIODE 1N459A 175PIV IR.025U& SI 6082~1011 14433 1N4594
CR 26 DIODE LN459A 175PIV IR.025UA S1 6082~1011 14433 IN459A

CR 27 DIODE 1N4151 75PIV IR.1UA SI 6082~1001 14433 1N3604

CR 28 DIODE 1N4151 75PIV [R.1UA SI 6082-1001 14433 IN3604

CR 29 DICDE 1IN4151 75P1IV IR,1UA §1 6082-1001 14432 INZ6DG

LR 3 DIODE 1NM4151 75PIV IR.1UA SI 6082-1001 14433 IN3604

CR 21 DIODE 1N459A 175P1V IR.025UA 51 6082-1011 14433 IN45S9A

LR 32 ZENER 1INT46 3.3Y 10PLYT .4wW H083-1005 144332 IN745

CR 33 IENER 1NT46 3.3V 10PLT .4w 6083-1005 14433 INT&5

J4 1 CONKECTOR PL 40 POS DR 1657-0400 24655 1657-0400

J4 2 LCONNECTOR PL 25 PDS DR 4230-5008 24655 4230-5008

J 3 HEADER FEMALE 30 (ONT 4230-8048 3014¢ 92%850~-30
J 6 HEADER FEMALE 6 CONT 4230-8044 30146 G29850~6

J4 7 8IAS TERMINAL L658-6002 24655 1658-6002

JA 2 HEADER FEMALE 27 CONT 4230-8045 301446 929850-27

JB 2 HEADER FEMALE 27 CONT 4230-8045 3014¢ §25850-27
K 1 RELAY REED DRY 5¥ FORM lA 60%0-2080 14808 1192~-1A~5

K 2 RELAY REED DRY 5vY FORM 14 60%0-20G80 14908 1192-1A-5
L 1 CHOKE MOLDED 18.0 Ud 10PCT 4300-2500 99800 1537~42

L 2 CHOKE MOLDED 18.0 UH 10PCT 4300-2500 §980¢C 1537-42

Q 1 TRANSISTOR 2N3414 8210-1290 56289 2N3414

Q 2 TRANSISTOR 2ZN3414 8210-1290 56289 2N3414

e 3  TRANSISTOR 2WN3414 8210-1290 56289 ZN3414

Q 4 TRANSISTOR 2ZN5679 8210~-1223 04713 2N5679

(*] 5 TRANSISTOR 2ZNZ2904 8210~-10G74 (4713 2N2904

Q & TRANSISTGR ZNZ2904 8210~1074 04713 2N 2904

R 1 RES CCOMP 10 K 5PCT 1/4H 60%%-3105 81349 RCROTG1034
R 2 KES COMP 1.0 K 5PCT 1/4¥% 6099-2105 81349 RCRG7G1024
R 3 RES LOMP 3.3 K 5PCT 1/4¥4 6099~2335 81349 RCROT7G332J
R 4 RES LOMP 10 K 35PCT 1/4M 6099-3105 81349 RCROTG103J
’ 5 RES COMP 3.3 K SPLT 1/4W 60%9-2335 81349 RCROTG2Z2J
R & RES COMP 3.3 K SPCT 1/44 6095-23235 81349 RCRCT7G332J4
R 7 RES COMP 3.3 K S5P(LT 1/4¥H 6099~-2335 81349 RLRO7G3324
R 8 RES LOMP 3.3 K GPLT 1/44 6099-2335 81349 RCRO76G3324
R 9 RES LOMP 100 K 5PCT 1/44 609%-4105 81349 RCROTGLO4J
R I0 RES CLOMP 3.3 K 5PLT 1/4HW 6099-2335 81349 RCROT7G3324
R i1 RES COWP 3.3 K 5PCT 1/4W £099~2335 B1349 RLROTG3324
R 12 RES COMP 10 X SPLT 1/4W 60%9~-3105 81349 RCRO7G103J
! 13 RES (OMP 51 K OHM 5P(T 1/44 6099~-3515 81349 RCROTGS13J
R 14 RES LOMP (G0 K 5PCT 1/4¥ 6£0%3-4105 8L349 ACROTGLO4J
R 15 RES COMP 10 K 3PLT 1/4¥ 6099~-3105 81349 RCROTG1L034

File Courtesy of GRWiki.org



REFDES

R 16 RES
R 17 RES
R 18 RES
R 19 RES
R 20 RES
R 21 RES
R 22 RES
R 24 RES
R 25 RES
R 26 RES
R 27 RES
R 28 RES
R 29 BRES
R 33 RES
R 31 RES
R 32 RES
R 33 RES
R 34 RES
R 35 RES
R 36 RES
R 37 RES
R 38 RES
R 39 RES
R 43 RES
R 41  RES
R 42 RES
R 43 RES
R 44 RES
R 45 RES
R 46 RES
R 47 RES
R 48 RES
R 49 RES
R 50 RES
R 51 RES
R 52 RES
R 53 RES
R 94 RES
R 55 RES
R 56 RES
R 57 RES
R 58 RES
R 59 RES
R 60 RES
R 61 RES
R 62 RES
R 63 RES
R 64 RES
R 65 RES
R 66 RES
R &7 RES
R 68 RES
R 59 RES
] 70 RES
R 71 RES
R 72 RES
15 73 RES
R 74 RES
R 75 RES
R 76 RES
R 77 RES
R 78 RES
R 79 RES
R 80 RES
R 81 RES
R 82 RES
R 83 RES
R 84 RES
R 85 RES
R 86 RES
R 87 RES
R 88 RES
R 89 RES

ELECTRICAL PARTS LIST {cont)

ANALOG AND CUONTROL PC BOARD MB

DESCRIPTION

coMp 270
CoMp 15
COMP 15
caMp 15
ComMe 15
COMP 3.9
CoMP 15
CoMP 150
LOMP 3,9
comp
comMp 27
COMP 58
coMp 10
coMP 18
CoMpP 10
LOMP 1O
coMp 1o
comMp
coMP
COMP 33
LoMp
CoMp 33
COMP 10
come
COMP
COMP 3.3
CoMP 15
COMP 51
coMp
COMP 1.5
COMP 4.7
FLM 100K
COMP 470
COMP 1060
FLM 100K
COMP 100
CoMP 10
caMp 3.3
FLM 39.2K
FLM 39.2K
LoMp 220
COMP 220
COMP 220
COMP 100
COMP 1.0

PWR WW 10 OHd
«02PLT 10PPM

FLM 1K
FL#® 100K
COMP 3.3
LOMP 3.3
comMe 33
LoMp 10
FLM 2.15M
coMp 220
coMp 220
CoMp 2290
coMP 220
comMP 10
COoMP 220
CoMP 220
COMP 2290
coMpP 220
coMp 220
coMP 220
coMe 220
COoMP 220
LoMP 220
COMP 4.7
COMP 4.7
COMP 4.7
coMp 10
FLM 2, 15M

COMP 300 K OHM

6-10 PARTS & DIAGRAMS

OHH
K

HM

HM

HM
s

XA ARLORXRARXRKAXAENRXKRXXAXXXXORRKXOX R KX

OHM
K

K
K
K

OHA
OHM
OHM
K
K

«J2PCT 10PPM
K SPLCT L1/4W
K S5PCT 1/4W
OHM  5PCT 1/4W
OHM  5PLT 1/74W
1 PCT L/4%W
aHM  5PCT 174W
OHM  SPCT 1/4W
OHM S5PCT L/4w
OHM  SPCT 1/4W
K 5PCT i/ 4W
OHM  5PCT 1/74M
OHM  5PLT 1/74W
OHM  S5PLT 1/4W
OHM  5PCT 1/44
GHM  5PLT 1/74W
OHM 5P(CT 1/4¥W
OHM  SPCT 1744
OHM  5PCT L/4W
OHM  5PLT L/4d
K S5PLT 1/4W
K SPLT 1/4W
K S5PCT 1/4W
K SPCY 1/4Y4
1 PCY 1744
S5PCT 174w

5PCT 1/4W
S5PLT 1/4W
SPLT 1/4¥%
SPCT 1/4v
SPLT 1/4HW
5PCT 1/4w
S5PCT 1744
SPLT 1744
SPCT L7444
5PLT 1/4%
5PLT 1724
5PCT L/74w
SPCT 1744
SPCT 1/4W
5PCT 1/4%
S5PLT 1/44
SPLT L/ 4W
S5PCY L/74w
SPCT 1/74W
5PCT 1/4W
SPLT 1/4W
S5PCT 174N
5PLT 1/4%
SPCT 1/74W
SPLT L/4w
SPLT 1/4M
SPCT L/4W

HM SPCT 17 4¥W

SPLT 174w
5PCT 1/4W
5PLT 174w
1 PCT 1/8W
5PCY 1/44
58T 1/44
1 PCY 1/8%
5PCT 174w
SPLT L/4W
S5PLT 1/44
1 PCT L/8W
1 PCT  178W
SPCT 1746w
SPLT L/4W
S5PLY L/74wW
SPLT 1/4W
SPLT L/4¥

2 02PCT 10PPHM

PART NO.
63991275
6099-3155
53993155
6099-3155
&0995~3155
5399~-2395
50%99~-3155
5099-~-1155
&£099-2395
6099-2185
5100-3275
6099-0565
6099-3105
6399-3105
5099-3105
60%9-3105
6(399-3105
6099-2335
6099-2335
6099-3335
65399-2565
6059-3335
6099~3105
6039%5-2335
6{199-2335
50992335
6099-0155
6099-3515
6099-2105
65099-2155
6099-2475
6250-3100
6059-1475
6099-4105
6259-3100
60994105
6039-3105
6099-2335
6250-2392
6250-2392
6099-1225
6039-1225
6099-1225
6099-4105
60399~-2105
65620-10358
6619-5070
6619-6000
60992335
&6099-2335
6099-0G335
6059-0105
6350-4215
60991225
6099-1225
60991225
6099-1225
6099-3105
50991225
6099-1225
£099-1225
6299—-122%
6099-1225
6099-1225
60399-1225
6099-1225
6099-1225
H099-2475
5396-2475
5099-2475
6099~3105
&350-4215
5099-4308
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P/iN 1658-4700

FAMl

81349

81349
81349
81349
81349
31349
81349
§1349
81349
81349
81349
81349
81349
81349
81349
51342
81349
81 349
81349
81349
B1 349
81349
81349
81349
81349
81349
81349
31349
81349
B134%
81349
81349
81349
81349
31349
81349
81349
81349
81349
81349
81349
81349
81349
81349
21349
24655
24655
24655
81349
81349
81349
81349
81349
31349
81349
81349
81349
81349
81349
81349
81349
81349
Bi349
81349
813495
81349
81349
81349
81349
81349
81349
81349
813493

MEGR

PARTY

RCROTG271d
RCROTG1534
RLCROTGLI53Y
RCRO7GIS53 4
RCROTG1534
RCRBT7G3924
RCRO7G1534
RCROTG1514
RCRO7G3S2 .4
RCROTGLISBZY
RCR20G2734
RLROTG5604
RCROTGL034
RCROTGIO3 Y
RCROTG1034
RCROTGLG3J
RCROTG1034
ACROTG3323
RCROT7G3324
RCROTG3334
RCROTGH624
RCRO7G3334
RCROTIGLIO3Y
RCROT7G3324
RCROTG332J
RLROTG3324
RCROTGL504
RCROTG5134
RCROTGL0Z2d
RLROTGLIBZ Y
RCROTG4T24
AN55D1003F
RCROTG4TL Y
RCROTG 1044
AN5S5DIC03F
RLROTG1044
RCROTG1034
RCROT7G332 4
RN55D3922F
RN5533922F
RCROTG22L 4
RCROTG 2214
RCRO7G2214
RCROTGLOGY
RCRO7G1G24
6620-1C36

6619-5070

£619-6000

RCROTG332 4
RCROTG3324
RCROTG330J
RCROTGI004
RNBOD2154F
RCROTG2Z221J
RCROTG221 4
RCRO7GZ221L4
RCROT7G221 4
RCROIGL03J
RCROTG2214
RCROTGZ221 4
RCROIG2214
RCROTG2214
RLCROTGZ221 1
RCROTG2214
RCROTG221J
RCROTG2Z2214
RCROTGZ221 4
RCROTG4AT2J
RCROTGSET2S
RCROTGAT2Z I
RCROTG1034
RN&6DDZ154F
RCROTG3I04J

NUMBER



Yhmeges

e e et e , : e raw .
e 73 BT A . : i A b&kﬁg BIA 5

DG, CRT - - - | | e jmiafm DBz PRIPEE PBS PRe P37 (82|
a4 BB PR2 PB3I PB4 BRS PR: P37 | PAD  PAl PAL PAS Phs PAT P AQ. PAl pAZ PAZ PAq PAS PAG PAT | et 5 TE e e T s ' 7 Gt
et s . i _ : ; A D SV P % 3 o . G ? ' e a7t T
'S -2 TR T 15 @ 15 e 17 2 3 & 7 8 |2 F S S S B ?% 5 ! : -

@
%
¥,
0
&

0
£
O

4
i

L e EE R PL ]

| TE ST BT : _ , |
| | | 5 | | | of i E O TEsTRET | -

H . i
i H
koL ﬁ . H
r i r q
P . H
ot ) i

o)

JE——

K]
i
3 i : : H . . Lo . i g H : X . .
? : i S . H i i : . A K d
. 4 H = = ° N . . N N N - H H - . .'-\.
: , - % ; : - s JIE BTN B B f | ; - - - ' - S USD
522 < - S e B} | | , B 1o B R o . | |
£ bt - : : ; b _ : SRR TR TNV S : : : _-
H
i

o,
!

{6 74L5 4N

4

2 4 gg i A B2 g B | 2 9 e 5 & 13 14

' o

+5 0

RIS feas t S m s rmmmm 1

apls Ton ¥ 4B o @bl | I aaasacab! | Gt G GE 26 A5 66 &7 VL]
i,ﬂ*’ ol 4 :

: .f : ; e f S | & | NE Xk - O L4 /33 vz

- - - 9 oo ™ | : R e ; ; o
ez, D ' T 37 7 T @ SN 3 LA — 3 YA S IR B O >CA .
Ca oS8 MHE - ' SO Wt SR Ty o T 7 TenivaLs93 - SN74.553

L
V4
||
¢
O
O
(i

CD At PGAT

.
o
£
r
LY
)
Lal

(EL 0 I

-
g - &g
; T ™ . o o E o Py & | ey { ~ 3 G ”
.. s | | : R T e Ty meme—ed WO PO RJL -
i - Febf S0 RO KOS 7 i‘«f{,’; fm cRRT R o S N?-'-* H: f f"’f o S - -
Calan P i % | ol dm a3 e iz I3 z 7
i i st P £ E . F i
§ 4 % . | ’_ ;_ : H"";"“"‘u - ___i ------ ! o
| | - Yo bmi T | - 5 — "
= — +5D -

TPRPRETT]

o B AR o e AN P R R s R E e 4 e

W CONBECTIONS
i" B CRETPUT LEAVES SUBASSEMBLY
*f ; e . KOUT FROM DIFFERENT SUBASSEMBLY
| e  CRETEET REMAIRS ON auaﬁ;':ﬁf
EI . e NPT FROB SAME SUBA i
- i [ .
bs Lie 23 gz 2z |29

ot Tme, AL A A2 AS '[5 Sr&@ : o |

- o T T e - ; o 7 i3 i ' { f@ﬁ%g émiéjj

; » >“ [1e @%% .’fmﬁﬁ{ F HESISTANCE S M OWME. k=i, wxi0”

CAPADITANCE 1S 1M FARADS, =IO % p=17c

VOLTAGES EXPLAIMED W RSTRUCTION BOOK SESVICE WOTES
S TEPAREL CONTROL D100 sREAR CORTROL
FE-SOREWDRIVER CORTHROL WT-WRE i€ TP:TESY FOINT
COMPLETE REFERENCE DESIONATION IRCLUDES SUBRASSEMELY
LETTER £-RE B-Rb, £7C

i
HEEE

Lad

g

o
s

e K L
,,,,,, c fo, bog [ / Gl S

A

|

SAETTTCT NPT

& 72,2 $22,3 | ¢ 226 DIG.8
| 2 I A

> SRAT B

LATCH | CELE L gLE OB O &Lk
SELECTOR 2

SN
L

r"-‘ b .

i

| | | |

e eerestt et o e oot e e e e = i

i | | ﬁ, e e . STROBEIO N

13 | e R L ..%..?%?%g' & >
) e S R s CONNECTIONS T SCHE MATIC SHEET 1658~ 4700 -2 Db

| | 3 e e o - j > {F’ IGURE &-9 ;
15 ” | STEO BE 15 ~

o

ETROBE 4,
e LiE S >
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ELECTRICAL PARTS LIST {(cont}

ANALCC ANLC CONTROL PC BUARD MB

DESCRIPTION

RES CCMP 300 K CHM SPCT 1/4¥W
RES CCOMP 2.0 K GHM SPCT 1/4W
RES CCMP 1.0 K 5PCT 1/4w

RES COMP 4.7 K S5PCT 1/4w

RES CCMP 4.7 K 5PCT L/4W

RES COMP 4.7 K SPCT 1/4w

RES CCOMP 4.7 K 5P2CT 1/4%w

RES COMP 4.7 K 5PCT 1/4W

RES CCMP 10 K 5PCT 1/4&wW

RES COMP 100 K SPLT 1/4wW

RES CCMP 100 K 5PLT 1/4W

RES CCMP a.7 K 5BPCT 174w

RES CCMP 4.7 K SPLCT 1/4W

RES CIMP 1.0 K 5PLT 1/4W

RES COMP 1.0 K 5PCT 1/4W

RES COMP 1.0 K 5PCT L/4W

RES CCMP 22 0OHM  5PCT 1/4Y
RES COMP 22 OHM  5PCT 1/4W

SHITCH TCGGLE 6STA SPST P

IC DIGITAL SNT74LSOON

ICD {STATIC PROTECT REQ}

ICD {STATIC PROTECT REQ}

ICD (STATIC PROTECT REGQH

ICD SN74LS14N HX SCHMT-TR INVERT
ICD (STATIC PROTECT RERQ)

ICD (STATIC PRUTECT REQ)

ICD {STATIC PROTECT REQ)

IC DIGITAL SNT4LSOON

ICO SA74LS93N 48BIT BIN CUUNTER
ICO ({STATIC PROTECT REQ)

ICD SN76LSS3N 4BIT BIN COUNTER
ICD SNT4L593N 4817 BIN COUNTER
IC DIGITAL SNT74LSSZ

10 DIGIT AL SNT4LSOON

ICO SN74L35S3 AN 4BIT BIN CCUNTER
ICD SNT74LSS3N ¢BIT BIN COUNTER
ICO {STATIC PROTECT REQ?

ICO (STATIC PROTECT REQ]

ICD {(STATIC PROTECT REQ)

ICD (STATIC PROTECLT REQ}

ICD (STATIC PROTECT RERQ)

ICD {STATIC PROTECT REQ}

IC DIGITAL SNT4LS504N

IC DIGITAL SN74LS174N

IC DIGITAL SNKNT4LS1T4N

IC DIGITAL SN74LS174N

ICD SN74LS20N D 4IN POS NAND GA
ICD 9311 24D MS1 10F16 DECGDER
ICD SN74LSS3N 4BIT BIN COUNTER
ICD SNT4LS93N 4817 BIN COUNTER
ICO SN74LES3N 4BIT BIN COUNTER

ICD (STATIC PROTECT
ICD (STATIC PROTECY
ICD (STATIC PROTECT
ICD {(STATIC PROTECT
ICL (STATIC PROTECT
O/A CONV 8 BIT MONOL
IC LINEAR ©4301A

IZD (STATIC PRUTECT
ICL {STATIC PROTECTY
ICL {STATIC PRCGTECT
IC LINEAR LHCOO2CN
ICL {STATIC PRCTECT
ICD (STATIC PROTECT
IC DIGITAL SNT74LS174
ICD SNT405N 14D HX
IC DIGITAL SKT4LS174
IC DIGITAL SN74LS174
IC LINEAR LHODO2CN
ICD {STATIC PROTELT
ICD (STATIC PROTECY

REQ}
REQ}
REQ}
REQ)
REQ}
ITHIC

REQ)
REQ}
REQ}

REQ}

REQ}

N

INV COL S5V
N

N

REQ)
REQ}
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P/N 1658-4700
PART NO. M0 MFGR PART
5099-4305 81349 RCROTG304J
606%-2205 81349 RCROTG2024
6095-2103 81345 RCROT7G 1024
60992475 B1349 RCROT7G4T2J
605%-2475 81349 RCROTG4T2 4
6069-2475 81345 RCROTG4724
6099-2475 31349 RCROTG4T724
60952475 8134549 RCROTG4T2 4
6U99-3105 81349 RCROTG1034
6059-4105 B81249 RCRO7G104J
60G66-4105 81349 RLKOT51044
5099-4475 81349 RCROTGaT24
6059-2475 81349 RCROTG4724
6099-2105 81349 RCROT7G1024
6099-2105 81349 RCRO7G1024
6099-2105 81349 RCROT7G102 4
6099-0225 8134°% RCROT7G220J
6099~-0225 81349 RCROTG2204
7910-2030 31514 1006-652
5431-8600 01295 SNT4LSOON
5627-1001 34649 P2Ll11A-4
5627-0005 24655 5627-0005
5627-0004 24655 5627-0004
5431-8614 01295 SN74LS14N
5627-1001 3464% PZl1lA-4
5431-2402 24655 5431-2402
5431-7021 86684 CD4049AE
5431-8600 01295 SNT4LSOON
5431-86%3 01295 SNT74L 593N
5627-0002 24655 5627-0002
5431-8693 01295 SNT4LS93N
5431-8693 (01265 SNT4LSS3N
5431-8692 01295 SNT4L592
5431-8600 01255 SN74LSOON
5431-8693 01295 SNT4LS 93N
5431-8693 01295 SNT4LS93N
5431-7042 12040 MMT4C907
5431-2450 04713 ML6820A
5431-7008 04713 MC140248CP
5431~-2450 04713 MCOB20DA
5431-2450 04713 MC6820A
5431-2450 04713 MC&B820A
5431-8604 01295 SNT4LSO4N
5431-8774 01295 SN74LS1 74N
5431-877+ 01295 SN7T4LS1T74N
5431-8774 01295 SNT4LS174N
5431-8620 01265 SN74LS20N
5431-9617 18324 9311/74154
5431-8693 (01295 SN74LS93N
5431-8693 01295 SNT4LSS3N
5431-8693 01295 SNT4LS93N
5431-7041 12040 MMT74C1 75
5431~-7042 12040 MMT4CS07
5431-7009 86684 CD4023AE
5431- 7003 B6684 CD4016AE
5432-7001 01255 TL 0B4CN
5429-5043 50721 DACICABL
5432-100+ 12040 LM301AH
5431-7032 86684 CD4052AE
5432-7000 85684 CA3130T7
5432-7001 01285 TLOB4CN
5432-1062 12040 LHOOO2CN
5432-1000 86684 CA31307
5431-7032 Bb6684 CD4052AE
5431-3774 Q1295 SN74LS1T4N
5431-8105 01295 SNT7405N
5431-8774 012%5 SN74LS174N
5431-8774 01295 SNT4LS1 74N
5432-1062 12040 LHOO002CN
5431-7032 86684 CD4052AE
5627-0003 24655 5627-0003

NUMBER



ELECTRICAL PARTS LIST {cony

ANALOG AND CONTROL BOARD MB P/N 1658-4700

REF DES DESCRIPTION PART NO, FMC MFG PT. NO.
z 1 THIN FILM RESISTOR NETHORK 1658~0800% 24655 1658-2800
Z 2 RESISTOR NETWORK 5.6K 5PCT 6741-0104 24655 6741-0104
4 3 RESISTOR NETwWORK 1657-N810% 24655 1657-0810
z 4 RESISTCR NETWORK 1657-0810 24655 1657-0810

¥ NOTE: AN OPEN CIRCUIT IN A RESISTOR NETWOCRK CAN BE REPAIRED BY SHUNTING
AN EXTERNAL RESISTOR ACROSS THE APPROPRIATE TERMINALS.
1658~0800 pins 1-2, 2-3, 6-7, or 7-8: 125 k2 + 0.2%
1658-0800 pins 3-4 or 5-6: 35 k2 + 0,2%
1657-0810 (each section): 220 Q + 5%,

6741~0104 has a common point (pin 1); each resistor is 5.6 kQ + 5%.

6-12 PARTS & DIAGRAMS
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Figure 6-8, Main {MB)} board, -4700, keyboard and display-LED interfaces.
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REFDES
C 46
CR 3
CR 4
CR 5
CR &
CR 7
CR 8
CR g
CR 1D
CR 11
CR 12
CR 1

CR 16
LR 17
CR 138
CR 19
R 142
R 143
R 144
R 145
R 146
R 147
R 148

ClguUoeooocoooaeoaa
o
e

PN DN PN N P
&3 oy O W

font

DISPLAY BCARD ASM DB

ELECTRICAL PARTS LIST

DE SCRIPTION

CAP CER MIND 0. 1UF 20PCT 50VGP
LED RED MV5023

LED RED MY5023

LED RED MYy5023

LED RED MY 5023

LED RED MY5023

LED RED MV5023

LED RED MV5023

LED RED MV5023

LED RED MVy5023

LED RED Mv¥5023

LED RED MY5023

‘LED RED

LED RED

LED RED MV5023

LED RED MY5023

RES COMP 220 OHM  5PCT 1/74W

RES CCMP 220 CHM  S5PLT 1744

RES COMP 220 OHM  5PCT 1/4¥W

RES LOMP 3.3 K S5PCT 1/4W

RES COMP 3.3 K 5PCT 1/4w

RES COMP 3.3 K SPCT 1/4¥%W

KES COMP 3.3 K 5PCT 1/4W

ICD (STATIC PROTECT REQ}

ICD {STATIC PROTECY REQ)

ICO (STATIC PROTECT REQ}

ICD {STATIC PROTECT REQ}

ICD {STATIC PROTECYT REQ)

ICD {STATIC PRCTECT REQ)

ICD (STATIC PROTELT REQ)
INDICATCR DIGITAL ,300 CHARALTER
INDICATOR OIGITAL .300 CHARALTER
INDICATCR DIGITAL .300 CHARACLTER
INDICATCR CIGITAL 300 CHARALTER
INDICATOR DIGITAL .300 CHARACTER
INDICATCR DIGITAL .300 CHARALTER
INDICATCR DIGITAL 300 CHARALTER
INDICATOR DIGITAL .300 CHARACTER
INDICATCR CIGITAL 300 CHARACTER
RESISTOR NETWORK

RESISTUR NETHWORK

RESISTOR NETWORK

RESISTOR NETWORK

RESISTOR AETWORK

REST STOR AETWORK

RESISTOR NETWDORK

RESISTCR NETWORK

RESI STOR NETWORK

* NOTE: AN OPEN CIRCUIT IN A RES
AN EXTERNAL RESISTOR ACROSS Tk

1657-0810 {each section): 220 Q@ +

I

%.

PART NO.
4400-2050

6084-1104%
5084-1104
6384-110%
6084-1104
&084—-1104
6084-1104
6084-1104
6£084—-1 104
6084-1104%
6084~1104
65084~1104%
6084~1110
6084~1110
5084~-1104
6084~110%

6099-1225
60%9%5~-1225
6099~122%
6099-2335
6099-2335
609%-2335
6095-2335

5631-7037
5431-7G37
5431-7037
5431-7037
5431-7037
5431-7037
5431-7037
5437-1403
5437-1400
5437-1400
5437-1400
5437-1400
5437-1400
5437-1400
5437-1400
5437-1400

1657-081¢C
1657-0810
1657-0810
1657-081L0
16570810
16570810
1657-0810
1657-0810
1657-0810

P/N 15658-4715

i

[wl

712942

C

71744
71744
71744
71744
ii744%
Ti744
11744
71744
71744
71744
TiT744
72619
72619
71744
71744

81349
81345
B1349
81349
81349
81349
81349

04713
04713
04713
04713
C%713
04713
04713
284840
284850
28480
28484
28480
28480
28480
28480
28480

24655
24655
246535
24655
24655
24655
24655
24655
24655
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MFGR PART MUMBER
8131-M050-651-104H

CHMe~23
CMae-23
CMe—-23
CHMa-23
CM&—23
CHM4~-23
CHM4-23
LHM4-23
CM4=-23
CM4—23
CMG~23
555-3007
555-3007
LM6-23
CM4~-23

RCRO7G22L 4
RCROTG221J
RCRO7G2214
RCROTG3324
RLROT7G3324
RCROTG3324
RCROTG332 4

MC1l4511CP
ML14511CP
ML 14511CP
mCi4511CP
ML 14511CP
MCi4511CP
MLC14511CP
5082-7613
5082-7613
5082-7613
5082-7613
5082-7613
5082-7613
5082-7613
5082-7613
5082-7613

1657-0810
1657-0810
1657-0810
1657-0810
1657-0810
1657-0810
1657-0810
1657-0810
1657-0810

STOR NETWORK CAN BE REPAIRED BY SHUNTING
E APPROPRIATE TERMINALS,
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NOTE: Orientation: Viewed from parts side. Part aumber: Refer to caption.
Symbolism: Outlined area = part; gray ckt pattern = parts side, black (if any!}
= other side, Pins: Sguare pad in ckt pattern = coli , 1-C pin 1, hod:
{of diede}, or + end l(of capacitor}.
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Figure 6-11. Display (DB) board, 1658-4715, diagram.
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REFDES
CR 1
CR 2
CR 3
CR 5
CR &
CR 7
CR 8
CR g
Ck 10
CR 12
CR 13
CR 14
CR 156
CR 17
CR 18
P 1
P 10
S 1
S 1¢
s 2

LED
LED
LED
LED
LED
LED
LED
LED
LED
LED
LED
LED
LEC
LED
LED

CONN 3C PIN
CONN 6 PIN

SWITCH PLSH MOMENT DPST
SWITCH SLIDE 2P0S DPDT STEADY

RED
RED
GREEN
RED
RED
RED
RED
RED
RED
RED
RED

ELECTRICAL PARTS LIST

KEYBDARD ASM PC BOARD KB

DESCRIPTION

MV5023
MY5023
MV5023
MV5023
MV5023
MV5023

MV5023
MV5023
MV5023
MV5023
MV5023
MV5023
MV5023
MV5023

.025 SQ PUST
» 02559 POST

PART NOC.

6084~110%
6084~-110%
60841104
6084-110%
6084-1104
6G84~1104
6084~-1055
6084-1104
6034-1104
6084-1104
6084-1104
6084-1104%
6084-1104
6084~-1104
6084-1104

4230-8095
4230~8098

7870-1571
7910-0470

SHITCH PLSHBUTTON MULT KEYBOARD 7880-3200

FMC

Tl 744
71744
11744
TL744
11744
71744
28480
71744
711744
71744
71744
71744
711744
71744
71744

30146
30146

31918
10389

24655
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P/N 1658-4710

MFGR PART

CM4~-23
CM4-23
CM4—23
CMe—-23
CM4e-23
CM4—-23
5082-4950
CM4—-23
(M4 -23
LMe-23
CMa-23
CHM4~-23
CHM4-23
CM4-23
CMe~23

929647-02-30
92%9647~02-06

TYPE SR BLACK
23-021-118

7880-3200

NUMBER
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REFNES
J 1
J 2

DESCRIPTION

ELECTRICAL PARTS LIST

INTERFACE OPT [ON ASM

RECPT MICRC RIB 24 (CNT
CCNN PNL 24FEM CGONT MICRC RIB

P/N 1658-4J20

PART -G,

4230-4024
4230-48z4

NOTE: THIS ASSEMBLY INCLUDES THE 1658-4720 CIRCUIT BOARD; SEE BELOW.

REFDES
C i
C 2
C 3
C 4
c 5
c 1
2 1
R 2
R 3
R 4
R 5
R &
R 7
R 8
R g
S 2
S 12
U 1
u 2
U 3
U 4
] 5
y &
U 7
U 8
U 3
U 12
y 11
u 12

INTERFACE 2PTION PC BDARD 108

DESCRIPTION
CAP (ER MONQ 0. 1UF 20PCT 50VGP
L2P CER MONO JelUF 20PCT S50VGP
CAP CER MGNO 0.1UF 202CT 50VGP
CaP CER MONO O+ 1UF 20PCY S0VGP
CaP CER MONG D.1UF 20PCT 5JVGP

DIGDE RECTIFIER 1N4DO3

RES (OMP 3.3 K 5PCT
RES C(CMP 3.3 K 5PCT
RES CCMP 3.3 K 5PLT
RES (OMP 3.3 K 5PLT
ReS COMP 3.3 K 5pLT
PES COMP 10 K 5PCT
RES (OMP 10 K 5PCT
RES (COMP 3.3 K 5P(T
RES COMP 3.3 K 5PCTY

1/4%
1/4%
1/4w
174w
1744
174+
1/ 4w
1744
174+

SWITCH TOGGLE 6STA SPST PC
SWITCH TOGGLE °C 20KT STEADY

ICD MC68204 40T PIA FOR MPY

ILD DOM8Qs7
1CD DMB097
1C DIGITAL
1D MC3441
10D MC3441
ICD MC3440
12D ML 3441
1C DIGITAL

SN74L504N

SN74LSO2N

ICD SN7406N 14D HX TNV CCL 39)v
ICD SNT4OEN 14D HX INV LCL 30V
ICD MC6B208 400 PIA FOR MPY

PART NO.
4400-2G65¢C
4490-2059
4400-2050
4400-2050
4400-2059

6081-1001

6099-2335
6099~ 2335
6099-2335
5065-23325
6099-2335
6096-3105
60693105
6099-2335
605%-2335

7910-20329
7910-1520

5431-2450
5431-5685
543:1-G£85
54Z1-8604%
5431-5684
5421-G£84
5431-968¢
5431-5684
5431-8¢£02
5431-31C6
5431-810¢
5431-24590

P/N

NUMBER

NUMBEK

8131-M0O50-651-104M
8121-MC50-651-104M
8131-%050-651-104M
8131-M050-651-1064M
81321-4050~651-104M1

FMC  MFGR  PART
02660  57-41240
02660 5T7-20240-2
1658-4720

FMCL  MFGR  PAKT
72982

72982

72982

72982

72982

14433 1N4003
81349  RCROTG332J
81349  RCFCTG332J
81349  RCADTG332J
81349  RCRO76332J
81349  RCRO753324
81329  RCROTG103J
81345  RCRGIG103J
81349  RLRO76332J
81349  RCRDTG332J
31514 1006~¢92
05402 78001
04712  M{&820A
12040  DMBOST
12040  DM80S7
01295  SNT4LSO4N
04783 MC3441
04713 MCZ441
06713  ML3440
04713 MC3441
012595  SNT4LSO2N
31295  SN74DoN
01255  SNT4D6N
04713 {68208
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P2

Pin Signal

D3
D4
DS

BOARD~EDGE CONNECTOR

BOTTOM

Pin Signal
1 GND
3 GND
5 GND
2 GND
9 GND

11 GND

1.3 GND

15 GND

17 +5D

19 +5D

21 NMI

23

28

a7

28

31

33 @2

35

37

39

41

43 Al4

45 AlS

47 D7

49 D6
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REEDES
c 1
c 2
£ 5
C &
6] 1
R 2
e 2
CR 4
F 1
J 101
s 2
T 1
Ul

ELECTRICAL PARTS LiST

POWER SUPPLY ASH™

DESCRIPTION

Cap
chp
CAaP
Cap

DICDE BRILGE
DIODE BRIOGE
DIODE BRIDGE
DIQCE BRIDGE

FUSE SLO-BLOw 1722
RECEPTACLE POWER UL STD 15A250v

SwITCH SLIDE 2 POS

ALUM 18QO00O UF
ALUM 4500 UF 40V

TANT 1.0 UF 20PCT 33y
TANT 1.0 UF 20PCT 35Y

20V

250V

TRANSFGRMER POWER

IC LINEAR | M323

v

DPDT STEADY

PIN Lo58~

PARTY NOU,

46450~6231
5450-6221
4450-4300
44504300
6081-1022
5081-1032
5081~1032
&081-1022
5330-1000
42400250
7910-~-0832
U435-4095

5432- 1048

4G22
FMC
24655
90201
562489
56289
246553
24655
24655
24655
75915
82389
8238%
24655

12040

NOTE; THIS ASSEMBLY INCLUDES THE 16857-4720 BOARD; SEE BELOW,

REFDES
T 3
c 4
¢ 7
L 8
C S
C 10
C il
R 5
CR 6
CR 7
R 8
CR g
CR 10
s 1
U 2
U 3

POWER SUPPLY PL B(ARC

DESCRIPTION

CAP
CaP
Cap
CAP
CAP
{ap
cap

TANT 1.9
TANT 1.0
TANT 1.0
CER HMOND
CER FCOND
LER MOND
TANT 1.0

UF
UF
Uf

UF

DIQDE RECTIFIER
NICDE RECTIFIER
DIODE RECTIFIER
DICDE RECTIFIER

201 UF 1OPLY
.01 UF 10PCT
«01 UF L0PLTY

20PL T 35V
20PLT 35v
20PLTY 35V
20V
50V
30V
20PLT 35V

1N4303
184203
IN4DO3
1INAGO3

RECT IN4L14C 100PIV 34 ST A1XM
RECT 1N4140 100PIV 34 S1 A1XH

SWITOH PUSH PUSH AC UL 64

1€ LINEAR LM342P-5
IC LINEAR [M3Z0MP~B

6-20 PARTS & DIAGRAMS

PIN 1657

PART  NO,
4450~4300
4450~4300
4450-4303
+400-6351
4400~ £351
440)~6351
4450~4300

£081~1001
6081-1001
6081~1001
£081-1001
6081-1014
5081~1014

7870-15790

5432-17539
54322~108%
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~4720

e

56289
56289
56289
72582
72982
72982
56289

14433
14433
14433
14433
14433
14433

24653

12040
14040

MFEGR PART MUMBER
4450-6231

CGS 4500UF 40V
450D105X003542
1500105X033542

6081-1032
6081~-1032
6081-1032
6081-1032

313 »500
EAC~302

L14-1266
7485~-4055

LM323K

MFGR PART NUMBER
1500105X003542
150D105X0035A2
1500105X003542
8121 -HOB0-W5R-103K
8121-HU50~wBR=103K
B81l2L-MN50~w5R~ 103K
1500L05X003542

INGDOZ
IN4003
IN4Q23
IN4Q23
1N41 40
IN414D

78701870

LM342p~5
LM320MP =8



Figure 8-17. Power supply (V} board, 1657-4720, layout.
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Figure 8-18, Power supply {V) assembly, 16584000, diagram.
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ATLANTA

Alabama, Florida, Georgia, Mississippi, North Carolina,
South Carolina, Tennesses

1 Dunwoody Park, Suite 107, Atlanta, GA 30341
Tel: 404/394-5380

*BOSTON

Cor icut, Maine, M
Rinde island, Vermont

{SALES)

Route 117, Bolton, MA 01740

Tel: 617/646-0550

{SERVICE]}

300 Baker Avenue, Concord, MA 01742
Tel: 617/368-8770 ¢ TWX: 710 347-10561

ssetts, New Hampshire,

*CHICAGO

linois, lowa, Kansas, Minnesota, Missouri, Mabraska,
North Dakota, South Dakota, Wisconsin

1087 E. State Parkway, Schaumburg, 1L 80185
Tel: 312/884-6900 « TWX: 810 291-1209

DALLAS

Arkansas, Louisiana, Okishoma, Taxas

777 South Central Expressway, Suite 4-A,
Richardson, TX 75080
Tel: 214/234-3357 « TWX: 910 867-4771

*Service Facilities

DAYTON

Kentucky, indiana, Michigan, Ohlo, Western Pennsylvania
3300 South Dixie Drive, Davton, OH 45438
Tel: 513/294-1500 8 TWX: 810 458-1785

*1.08 ANGELES

Arizona, Hawail, Neveds {Clark County oniyj,
Southern California

P.0. Box 19500, 17361 Armstrong Avenue
rvine Industrial Complex, irving, CA 82714
Tel: 714/540-9830 ¢ TWX: 910 585-1782

*NEW YORK

Delawars, New Jersey, New York, Eastern Pennsylvania

380 Midland Avenue, Saddle Brook, NJ 07662
Tel: (NJ} 201/791-8890, {NY) 212/964-2722
TWX: 710988-2205

SAN FRANCISCO

Colorado, idaho, Montana, Nevada (except Clark Countyl,
New Mexico, Northern California, Oregon, Washington,
Wyoming, Utsh

2855 Bowers Avenue, Santa Clara, CA 95051
Tel: 408/985-0662 « TWX: 910 338-0291

Alaska 807/279-5741
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300 Baker Avenue
Concord, Massachusetts 01742

*WASHINGTON, DC

Maryland, Virginia, West Virginia, {Washington, DC)

15 Firstfield Road, Gaithersburg, MD 20760
Tel: 301/948-7071 ¢ TWX: 710 828-2741

CANADA

*GenRad, Lid.

307 Evans Avenue, Toronto, Ontario MBZ 1K2
Tel: 416/252-3395 @ TELEX: 06-867624

Montreal 514/747-1052
Ortaws Zenith 88630

EUROPE, AFRICA, and NEAR EAST
*GenRad, Ltd.

Bourne End, Bucks SL8 5 AT, England

Tel: (06285) 266 118 TELEX: 851-848321
*Paris (01) 797 07 38

*Milano (02) 20 92 57

*Miinchen (089} 40 18 01
*ziirich {01} 55 24 20

*ASIA, PACIFIC, and LATIN AMERICA
GenRad, Marketing & International Division
300 Baker Avenue, Concord, MA 01742
TWX: 710 347-1051 = TELEX: 82-3354
Cable: GENRADCO CONCORD {Mass}
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