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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 meet this standard, it will
be or, at the option of GenRad, no when returned to
GenRad service in the GenRlld shall void
this warranty. GenRad shall not be liable for any or consequential
damages, even if notice has been given of the possibility of such damages.

THIS WARRANTY IS IN LIEU OF ALL OTHER WARRANTIES,
EXPRESSED OR IMPLIED, INCLUDING, BUT NOT LIMITED
TO, ANY IMPLIED WARRANTY OF ME I OR
Fl A

GenRad is to maintain product calJal:lili1ty for a of ten years after
original shipment and to make this CalJal:,iliity available at the then prevailing schedule
of charges.



.1 PURPOSE 1

.2 E 1-1

.3

.4 ACCESSORIES -1

and
controls, or

is assured

ca[)ab.i! Ities to the Instrume·nt.

reSIJOrld to parts halldlin(l!slxting
serlar.ate ('n.nnl'f'+Acl this option can be

the EEE-488 Bus.

.3 AND CONNECTORS.

.2.3 References.

fUllctiollal description is

ohvsical characteristics are
of manual. dimensions,

Im!taillat-ion. Section 2. Controls are described . their

use, Operation, Section 3.

those at keyboard serve to
nnror;"rnr as he manipulates the

control is effect.

mstru;mEmt stands on a table or bench top. The

finished, in the
hI8~~-p.rln)(V circuit boards interconnect

hif,h-"",,Iitv components to assure years of

delJerldable performance.
Adaptab,ilit:v to common ac power

convenient IIm,-V(')!tiJOP.

receives any common ('CHnnnnlont

so easily that ;ne"d-';nn

is a one·hand operation.

are made automatically, unl:lroun·deeJ, at
An extender cable is avaiilable for measurements

at a distance from the typically for com-

ponents.

Bias can be

nection of an external

Bias levels from 0 to 60
The interface option prl)vil:les

"talker only" capabilities consistent standard
EEE-488 Bus. 1 A separate connector also intprt·;,(',o~

with component and sorting eqIJipme,nt.

1.1 PURPOSE.

meas­

accessories are offered, such

makes several accessories that enhance use-

The extender cable facilitates

ACICES;SORIES.

1 IEEE Standard 48,3-197!o S'tandar'd
grammable Instrumentation, (See

1.2 GENERAL DESCRIPTION.

1.2.1 Basic Di~librid!le.

Convenience is eniharlce,d
ture and f'A'nhAle

manual operation ;,rr;,nflPr!

and behind
to enhance ",c,hlll+"

INTRODUCTION ,.,



3 4

19

18

8 through 18 6

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

'-2 INTRODUCTION



7.

5

6

9

5

12



Figure 1-1
Item Name

Table 1-1 (ConL)

FRONT CONTROLS AND INDICATORS

Description Function

16

17

18

19

HOLD RANGE key

Parameter keys

Limit-entry keys

Reference card

Key associated with RANGE HE LD
light_ (See item 2.)

Set of 3 keys, labeled: RIO, LlO, C/D.

Group of 16 keys with numbers and
other labels.

Captive pull-out card.

Key action alternates state between "autorange"
(indicator off) and RANGE HELD (indicator on),
which holds the present range for subsequent meas­
urements.

Selection of basic parameter to be measured: R, L.
or C. Also, during "limit entry", (see item 11), re­
peated pushing of anyone key selects measurement
units (for limits), as displayed in item 1.

Manual entry of limits that define go/no-go
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.

Handy reference information for basic operation,
limit entry, and programming.

3R 4R 5R 6R 7R

SCREWS FOR INTERFACE OPTION
OR COVER PLATE

Figure 1-2. Rear controls and connectors.

as standards for checking the performance of the Digibridge.

Refer to Table 1-3 in this manual and the brochure of

1-4 INTRODUCTION

Impedance Standards and Precision Bridges, available from

Gen Rad upon request.



Table 1-2

REAR CONNECTIONS AND CONTROLS

Toggle switch.

to line-\Ioltacle ranges,
use small sr!'PVJdr';Vf'r

sharp object.

Ac power input. Use appropriate power cord, with
Belden SPH-386 socket or equivalent. The GenRad
4200-9625 power cord Isupplledl Is rated for 125 V.

Selection of for I EEE-488 interface: TALK/
liSTEN or TALK ONL Y, as labeled.

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

GOV

!JV:"UUU, 90 to
250 V.

Fuse In extraction post holder.

Safety shrouded 3-wire plug, conforming
to International Electrotechnical
Commission 320.

1R AS INPUT

2R TALK switch·

3R Power connector
liabeled 50-60 Hz)

4R Fuse lIabeled 250 V,
0.5 A, SLOW BLOW)

5R Line-voltage

6R HANDLER INTERFACE Socket, 24-pin; receives Amphenol
connector* "Microribbon" plug PIN 57-30240

(or equiv).

Connections to component handler (bin numbers
and status, out; "start", inl.

7R IEEE-488 INTERFACE
connector*"

Socket, 24-pin. Receives I EEE-488
interface cable {see para 2.8).

Input/output connections according to IEEE Std
488-1978. Functions: complete remote control,
output of all display values.

'TALK 24-p;p cOlom,ct,I)(S are the j Option

Table 1-3

ACCESSOR I ES

Part NumberQuantity
._----

Description--------------------------_.__._. ---_.

1 supplied

2 supplied Test-fixture adaptors, Tor axial-lead parts. 168619 0

1 supplied Bias cable, 120 cm (4 ft) long, 2-wire. One end fits BIAS
I NPUT connector. Other end has stackable banana plugs
(black, red).

1658-2450

1 supplied Keyboard cover. 1687-2210

1 recommended m\lltl-t(mlllf1iaJ standards
in.).

1657-9600

1 available Rack mount kit (slides forward for complete access) 1657-9000



CONDENSED OPERATING INSTRUCTIONS

GenRad 1658 Digibridge®

1. GENERAL INFORMATION
Refer to instruction manual for details of specification,

installation, operation, and service.
Command

MEASUREMENT RANGES

Parameter;
Frequency

R; 120 Hz·
R; 1 kHz
Q (with R)

L; 1 kHz
L" 120 Hz',
Q {with U

C; 1 kHz
C; 120 Hz'
D (with C)

Minimum
(Reduced Ace)

0.0001 n
0.0001 n
.0001

.00001 mH
0.0001 mH
00.01

.00001 nF
0.0001 nF
.0001

Basic Ranges,
Full Accu racy

2 n to 2 Mn
2 n to 2 Mn

0.2 mH to 200 H
2 mH to 2000 H
--- --

0.2 nF to 200 I.lF
2 nF to 2000 I.lF

Maximum
(Reduced Ace)

99.999 Mn
9.9999 Mn
9.999

999.99 H
9999.9 H
999.9

999.99/-1 F
99999,uF
9.999

Display Measure mode Data output+*
Entry* D0 Single L0 None X0
Bin Dl Average L1 Bin number Xl
Value D2 Continuous L2 DQ X2

Measurement rate Parameter DQ, bin no. X3
Fast S0 L/O M0 RLC X4
Medium S1 C/D Ml R LC, bin no. X5
Slow S? RIO M2 RLC, DQ X6

Equivalent circuit Range control R LC, DQ, bin X7
Parallel C0 Hold range R0 Initiation
Series Cl Hold rng 1 Rl Start" * G0

Frequency Hold rng 2 R2 Manual start
120Hz (100) F0 Hold rng 3 R3 Enable switch E0
1 kHz Fl Autorange R4 Disable sw El

*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.
+ 120 Hz or 100 Hz, depending on model.

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

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
COLOR CODE OF EXTENDER CABLE

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

*Us€ 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.

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

120 Hz (100 Hz) or 1 kHz.
ENTER LIMITS.
MD, kD, D, H, mH, nF,

or ,uF.
(X) in DO display area;

max 4 digits and dec pt.
(Y) in RLC display area;

max 5 digits and dec pt.
Upper limit in R LC area,

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

I Upper limit in R LC area,
10vver limit in DO area,
(values, not percents.)

DO failure
R LC pass, tightest tolerance
R LC pass, next looser tolerance
(progressively looser tolerances)
R LC pass, last available bin
R LC fail (default bin)

GENERAL ASSIGNMENT

Bin 8
Bin 9

Bin 0
Bin 1
Bin 2

BIN No.

With [FREQUENCY] select:
With [DISPLAY] select:
Use [R/O] [LlO] or [C/D] to

select units by repeat keying
(X)[=J [BIN No.] [0]

(X is the desired DO limit)*
(Y) [=] [NOM VALUE]

(Y = number; above units) *
(S) [%J [=] [BIN No.] (Z)

(for symmetrical limit pair)
(S is number up to 100.00)*
(Z is 1,2,3, ... 8).

(H) [%] H (L) [%] [=]
[BIN No.] (Z) (for unsym­
metrical limit pair)
(H is number up to 10000) *
(L is number up to 100.00.)*

To change nom val, reenter.*' (Y) inRLC display area.
To change bin limits, reenter. I Both limit values.
To close a bin, use zero for S. I Identical limit values.
To see, press [NOM VALUE] , (Y) in R LC display area.
To see, key in [BIN No.] (Z) Limit values (as above).
Inhibit: 10] [=] [NOM VALUE] a in RLC display area.
Enable: (Y) [=] [NOM VALUE] I (Y) in RLC display area.

Colors Signal DUT Diglbrldge

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 (10)
Black and green GND Shield only Guard

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
[D ISPLAY] key to select BIN No. and remeasure the DUT.

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/O, LlO, 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 R LC and DO displays. Observe range lights:

Underrange: <] OUT OF RANGE !""'--... 0V verrange;
better accuracy Is (both arrows lightedl R LC value Is too large
available on a WRONG PARAMETER for basic range of the
lower range. + R/Q, LlQ, or C/D. currently used range. +

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

1-6 INTRODUCTION



Installation -Section 2

2.1 UNPACKING AND INSPECTION
2.2 DIMENSIONS
2.3 POWER-LINE CONNECTION
2.4 L1NE-VOLT>AGE REGULATION
2.5 TEST-FIXTURE CONNECTIONS
2.6 EXTERNAL BIAS .
2.7 HANDLER INTERFACE (OPTION)
2.8 IEEE-488 INTERFACE (OPTION) .
2.9 ENVI RONMENT

2-1
2-1
2-1
2-2
2-2
2-2
2-3
2-4
2-8

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 Gen Rad 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. Figure 2-1.

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.

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 (PIN 4200-9625) to the power connector
on the rear panel (Figure 1-2) and then to the power line.

JI.-.----FRO_NTS
I 37.5 em I4 _,

14.8 in.

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 250 V at 6 A. The
receptacle accepts power cords fitted with the Belden type
SPH-386 connector.

The associated power cord for use with that receptacle,
for line voltages up to 125 V, is GenRad part no. 4200-9625.
It is a 210-cm (7 ft), 3·wire, 18-gage cable with connector
bodies molded integrally with the jacket. The connector at
the power-line end is a stackable hammerhead design that
conforms to the "Standard for Grounding Type Attachment

Plug Caps and Receptacles," ANSI C73.11-1966, which
specifies limits of 125 V and 15 A. This power cord is
listed by Underwriters Laboratories, Inc., for 125 V, 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 II,,·2om
1

4.410.

14 34.3 em ·113.5 in.

Figure 2-1. Overall dimensions

INSTALLATION 2-1





signa! line

~oad) .of

V

connected to the povver-suppiV

Provide protection franl voltage spikes

The cautionary note above rneans typically that each

01' other inductive load requires a rectifier across (cathode

30 V

The equipment should be designed to safeguard personnel

from electrical shock and adjusted to avoid the passage

large transient currents through the test fixture,

CAUTiON

2,7 HANDLER INTERFACE {OPTION),

if vou have the interface option, connect

INTERFACE on the rear panel to a handler,

suitable peripheral equipnlent as follows.

the 24-pin connectors shown in 1

to Table 1-2 for the ~nnr."nn~tc

necwr. 2- for the key

The input signa! is also active \ov'v also

positive-voltage external circuiC vvhich must pull
down below +0.4 V, but not less than 0,0 V (i.e"

The logic-low mA (max),

current

In order to measure a capacitor with de bias voltage ap­

pi ied, connect an external voltage source as fol lows,

a, the bias cable, supplied, into the BIAS connector,

at the rear. Be sure to orient the plug so that the red-tipped

wire connects to the + pin. (Refer to the label at the BIAS

connector,)

b. Connect the black and red tips to the external bias

supply and terminals, respectively. The bias voltage

source must several criteria:

1. the desired terminal voltage (de).

2. Serve as source for charging current; but

Ilrllltlnq, set to

4,

functions nn--.npl'lH

tnllo\!\IlrlO test

Connect across the supply a bleeder

draws de current at least as great as the peak measuring cur·

rent (50 mAl. in parallel with the bleeder, connect a 1
capacitor. {I f the power supply has exceptionally transient

response, the capacitor is not necessary.)

No single bleeder resistor will suffice for all bias condi­

tions; so It may be necessary to switch among severaL Each

resistance must be small enough to keep the power supply

regulator current unidirectional (as mentioned above) for the

smallest bias voltage in its range of usefulness. Also, the re­

sistance and dissipation capacity must be large enough so that

neither the power supply is overloaded nor the resistor

self damaged, for bias voltage in its

plication.

3.

initiates measurement
OUTPUTS

test"
acqulsitJOn

No-go because of 0
Go, bin 1.
Go, bin 2
Go, bin 3.
Go,. bin 4

START

EOT 18
OVER

81 N 0 15
81 17
BiN 2 9
81 i'J 3 21

23

7
BIN 8
81 :1

bleeder resistor.

di"charcle circuit is recommended, as follows. (to be

used first) should have a 10-S} resistor series; the other

(as a backup) should make a direct connection across the

bias circuit.

If the measurement prograrTl \'Varrants the expense of a

remote test fixture in conjunction with a handler).

for biased capacitor measurements, it should be provided

with the kind of circuit described above. It shouid have con­

venient switching to remove the bias source, to discharge

through 0 and to short out the capacitor

measurement. For automated test setups, it is

to precharge before "tl,iJrhnrlPlli

fixture and to rh',rh",nw



Refer to Figure 2-2A for timing guidelines. Notice that
START must have a duration of 1 /lS (minimum) in each
state (high and low). If START is provided by a mechanical
switch without debounce circuitry, the Digibridge will make
many false starts; but these will not cause extraneous test­
result signals if START is made to settle down (low) within

20 ms (maximum) of the first transition to high. After
completion of the measurement, ACO OVER goes low,
indicating that the OUT can be changed. Then after 10 to
50 ms, measurement results are available for sorting, i.e., one
of the BIN lines goes low. A few microseconds later, EaT
goes low (can be used to set a latch holding the bin assign­
ment). ACO OVER, the selected BIN line, and EaT then
stay low until the next start command.

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

a b

--.J--1-I"-S-m-in-im-um-~L-_1_I"_S_m_in_im_u_m _ 2.8 IEEE-488 INTERFACE (OPTION).

2.8.1 Purpose. Figure 2-3.

If you have the interface option, you can connect this
instrument into a system (containing a number of devices
such as instruments, apparatus, peripheral devices, and
generally a controller or computer) in which each component

meets IEEE Standard 488-1978, Standard Digital Interface
for Programmable Instrumentation. A complete under­
standing of this Standard (about 80 pages) is necessary to
understand in detail the purposes of the signals at the IEEE­
488 INTE RFACE connector at the rear panel of this instru­
ment. Commendable introductions to the Standard and its
application have been published separately, for example:
"Standard Instrument Interface Simplifies System Design",
by Ricci and Nelson, Electronics, Vol 47, No. 23,
November 14, 1974.

c

Same as EDT.

a

.-JlllnJllll.-- _
Id e

~...--R-e-f-er-t-o-T-a-b-le-2--l-A-.--~I _

I
•
I__ ..J

I gl---IL......-----l Refer to Table 2-1A. _

BIN

EDT

ACO OVER

Clean
START

Bouncy
START

1687-20

Figure 2-2A. Handler interface timing diagram.
External circuitry must keep a-b > 1 I"S, boa > 1 I"S,
and (if START is not "debounced") a-c < 20 ms.
The DUT can be disconnected after "e." The
selected "BI N" line goes low at "f"; the others stay
high. Refer to Table 2-1A for the values of ACO
OVER and EOT.

NOTE
For copies of the Standard, order "IEEE Std
488-1978, lEE E Standard Digital Interface for
Programmable Instrumentation", from IEEE
Service Center, Department PB-8, 445 Hoes Lane,
Piscataway, N. J. 08854.

Table 2-1A

HANDLER INTERFACE TIMING DATA
Time from START signal to

Test Frequency Line Frequency Measurement Speed ACO OVER EDT

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



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 G.onnections
is 24 (16 signals plus shield and ground returns;, 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
or a 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 capabi Iity.

SH1, source handshake (talker)
AH1, acceptor handshake (listener)

T5, tal ker (full capabil ity, serial poll)

L4, listener (but not listen-only)

SR1, service request (request by device for service from
controller)

RL2, remote control (no local lockout, no return-to-Iocal
switch)

PPO, no parallel poll

DCa, 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 "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 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 facil itate;, have to be coded in a way that

DATA BUS
SIGNAL LINES)

HANDSHAKE OR DMABYTE
TRANSFER CONTROL BUS

SIGNAL

GENERAL INTERFACE
MANAGEMENT BUS

SIGNAL LINES)

---.....----j;~----.--f-:..::,-~~---.._--+_t3_---- OAV Dil,TA V,ALlD
--4;;;;;r--~M_----e!!!l---_+_+_!_-_E3_-- ....+_-~!-_fi'i"l_-- t_- NR F0 - i~OT REilDY FOR OATil'
--i!!!!!!l---....H-----f3----'1"l+-f--+---!"-r--_.t+---f-~*"--_.t+_-NOAe- DATA NOT Ace EPTE O'

--i;;;;;;t---.+H-----f:3---n-i+---_t3_---rtt+--f~-_i==r----irtt+_-IF e INTE RFACE el EA R
---1=f--....*+tt-----f~-....tH_t_----;.~-....Ht+-+--1__i=:=t_-......t+t;_- AT N - AiT ENT ION
--1~-~++++---.-4iii1_--.+tH_t_----e~-~Ht+_+-+__FT-#_t+t;_- SR 0 SE RV ICE REDU EST
--1!!:!1--f'H++++----4~___iH+tH+-----f=:::j__++H-++_+-'-_j;;;;;f_ ....++_f+f+_- RE N REfvl OT E EN ,48 LE
--1~_tH++++----4:::j_~l_H_tH+-----f;;!!'!t-_fl++Ht+_-!-_f-~~~++_f+f+_- EO I EN 0 0 RIO ENTI FY

"iNDiC,4TES THAT NEGATiON
is REPRESENTED BY
ST.D..TE ON THESE r",vo l1NES
ONLY

EG CAlCU lATO R EG DIGiTAL
VOLTMETER

E.G SIGNAL
GENER.ATOR

EG H\PE RE,ADER

Figure 2-3. Block diagram of a generalized system interconnected by the 16-signal-line bus
specified in the IEEE Standard 488. Reprinted from Electronics, November 14, 1974; copy­
right McGraw-Hili, Inc., 1974.
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Table 2·3

INSTRUMENT PROGRAM COMMANDS

Category Selection Command

Display Enter limits' DO
Bin 01
Value 02

Measurement rate Fast SO
Medium S1
Slow S2

Equivalent circuit Parallel CO
Series C1

Frequency 120 {100} Hz FO
1 kHz F1

Measurement mode Single LO
Average L1
Continuous L2

Range control Hold range RO
Hold range 1 R1
Hold range 2 R2
Hold range 3 R3
Auto·range R4

Parameter Inductance (Lim MO
Capacitance {C/O) M1
Resistance (RIO) M2

Data output" None XO
Bin number X1
DO X2
DO, bin number X3
RLC X4
R LC, bin number X5
RLC, DO X6
RLC, DO, bin no. X7

Initiation * * * Start GO

START switch Enable EO
Disable E1

'Enables entry of limits, 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 results, independ­
ently from the actual displays.

Each command is 2 bytes; each byte is coded according
to the 7-bit ASCII code, [1] using the 0101 ... 0107 lines.
The most significant bit is 0107, as recommended by the
Standard. Thus, for example, the command for "l-kHz test
frequency" is Fl, having octal code 106061. The 7-bit

bytes are therefore: 1 000 110 and 0 110 001. (The
ASCII code can be written out as follows. For the numerals
0, 1, 2 .. 9, 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 ASCII code conforms to
the 7-bit code ISO 646 used internationally.) Notice that

the 8th bit (0108) is ignored.

Address. The initial setting of address, provided by the
factory, is binary 00011. Consequently, the talk-address
command (MTA) is C in ASCII 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
"service" procedure.

a. Take the instrument to a electronic
technician who has the necessary equipment; 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
fi rst.)

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 3 em (1 in.) from the TALK switch Sl. If S2
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 D'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,

11 I "X3.4 - 1968. Code for I nformatlon Interchange". avail able
from American National Standards Institute, 1430 Broadway, New York

0018.
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for up 1, O's at

4, 3; 1's positions 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

shown Table 2·4.

DO is:
(space)(space) 0(6 s')aces)0.2345(CR)( LF).

If the measurement falls into bin 9, the character string for

bin number is:
81 (space)9(CR)(LF).

The character string for R LC value has the length of 7
value, characters'; for number,

10 characters spaces, and

line·feed characters. Refer to Tables 2·5, 2-6, and 2· 7 for
details.

message codes M

and Xl 000011, 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 (results of measurements) are pra-

lines serial strings of characters.
a byte, coded to 7-bit

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;

RLC value, DO value, bin number - if all 3 were selected

Xl line-feed
Ch,lI'ilct,ers at end of string provide a printer (for

Dv~rr"."o I with the basic commands to print each string on a

separate line.

For example, If the measurement was .00325 kS1 (range

2), the character string for RLC value is:
R (space)O.00325(CR)(LF).

.2345, the character

000

o 0

000

a 0 1 a a

o 0

o 000

000

a a 0 a a

000

a 0 a

000

o 0

000

1 0 0 0

o 0

000

o 0

o 1 1 0

o 1 0 0

o

o 1 1 0

o

o 0

Switch setting'
5 4 3 2 1

SWITCH

01 11

a 101 101

010

a 101 100

a 110 001

a 101 110

a 101 001

3 110 011

a 101 000

a 100 011

5 0 110 101

101 010

00 001

4 0

a 00 111

o a 10 000

Listen address
Binary

60110110

% a 100 101

2 0 110 010

$ a 100 100

& 100

Table

AND NGS

(space) 0 100 000

a 000

010 001

010 010

010

000 100

000 011

Q

00

u 0 101

M 1 001 101

001 001

p

V 1 010 110

H 1 001 000

E 000 101

L 001 100

001 010

1 000 000

K 011

o

R

N 001 110

S 0 011

G 111

a 11

F "I a

Talk address

c

I, 001

B

w

x

y

010 1 1

000

001

70110111

8 1 1 000

9 11 001

o

o

a

Status. The Digibridge responds with a status byte when

the bus is in the serial poll mode and the Digibridge is

to The status is encoded as shown in Table 2·8
on 0101 ... 0108.

Z 011 010

1 011 011

\ 011 100

o 111 010

o 1 1 011

< 0111100

1 a 0

o

a 0

2.<'>'5 Programming Guidelines.

If the is to be programmed (TALK switch set

to TALK/LISTEN), keep the following suggestions in mind.
1. An "unlisten" command is required before measure-

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

would be confused with an "attention" command. (ASC11 code
is 1 111, and for "7" is 0 111 111.)

k, the sends a
service request (SRO lowl when it has data ready to

send.
3. Then SRO will not go false (high) until the Digi­

bridge has been addressed to talk or has been serially

o

a11 110>110



A typical program might include these features:

• Initial 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, send a 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 false.

2.9 ENVI RONMENT.

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 the at the front of this manual for
temperature and humidity tolerances. To safeguard the in­
strument during storage or shipment, use protective packaging.

Refer to Section 5.

Table 2-5

RLC-VALUE DATA OUTPUT FORMAT

Character
sequence

2

3

4

5,6

7,8

9 ... 15

16
17

Purpose

Status

Format

Parameter

Format

Units

Format

Number

Delimiter

Allowed
characters

{space)
U
o
W

(space)

R
L
C

(space)

(space) 0
kO
MO
{space)H
mH
uF
nF

(space)

012345
6789.
(space)

(CR)
(LF)

Meaning

Normal operation
Under range
Overrange
Wrong parameter or other invalidity

Resistance
Inductance
Capacitance

Ohms
Kilohms
Megohms
Henries
Millihenries
Microfarads
Nanofarads

Measured number, right justified in format field; like the RLC
display except the zero before the decimal point is explicitly
provided and this number can be as long as 7 characters.

The customary "carriage-return" and "line-feed" characters,
end of string.

Table 2-6

DO-VALUE DATA OUTPUT FORMAT

Character
sequence

1,2

3

4 ... 9

10 ... 15

16
17

Purpose

Format

Parameter

Format

Number

Delimiter

Allowed
characters

(space)

o
Q

(space)

012345
6789.
(space)

(CR)
(LF)

Meaning

Dissipation factor
Quality factor

Measured number, right justified in format field, like the DQ
display except the zero before the decimal point is explicitly
provided and this number can be as long as 6 characters.

The customary "carriage-return" and "line-feed" characters,
end of string.

INSTALLATION 2-9



custc,m'3ry "carriacle-retlJrn(' and "line-feed" characters,

2-8

of a "0"

Di<oirlrirjof' for service

is available,



Operation - Section 3

3.1 BASIC PROCEDURE

3.2 CONNECTION OF OUT

3.3 ACCURACY AND SPEED
3.4 TEST FREQUENCY AND EQUIVALENT CIRCUIT.

3.5 PARAMETER, RANGE HOLDI

3.6 LIMIT-COMPARISON BINS.

3.7 BIAS

3.8 OPERATION WITH HANDLER

3.9 SYSTEM CONSIDERATIONS

3-1

3-2
3-3

3-5

3-7

3-9
3-11

3-12

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 nformation, 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.

CAUTI

Set the line voltage switch properly (rear panel)

before connecting the power cord.

a. Before connecting the power cord, slide the line-voltage

switch panel) to 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 to 250 V. Connect

the power cord to the rear-pane! connector, and then to

your power line.

Power. Depress the POWER button so that stays 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

OUT.)

NOTE

Clean the leads of the OUT 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. Insert the leads into the test-fixture

slots as shown in Figure 1-1. For details of wire size and

spacing limits, refer to para 3.2.

Axial-lead DUT. Figure 3-1 A.

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 OUT

will fit easily between them. Press the OUT down so that the

leads enter the slots in the adaptors as far as they go easily.

For details of wire size and OUT size limits; refer to para 3.2.

NOTE

To remove each adaptor, lift with a gentle tilt

left or right. For a OUT with very short leads, it

is important to orient each adaptor so its internal

contacts (which are off center) are close to the

OUT.

Any other DUT or test fixture. Use the accessory extender

cable. Refer to para 3.2.

c. Choose the conditions of measurement. For the first

6 below; the recommended choice is autorna1:lcail-

Iy provided when you switch the POWER ON. obtain

another choice, press the corresponding key in the keyboard

as many times as necessary, watching the indicator I
Display: VALUE

Measurement Rate: MEDIUM

Equivalent Circuit: SE ES

Frequency: 1 kHz

Measurement Mode: CONTINUOUS

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

the RANGE HELD out

External Bias switch: F
Talk switch: TALK ONLY (rear panel). [1]

Parameter. For resistance, press RIO; for inductance,

press LlQ; for capacitance, press C/D. The choice is con­

firmed by illumination of appropriate unit label in the RLC

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

MSl kQ, Q, H, mH, nF, or F. [2] The DQ display is 0 if

the selected is' it is if the selected parameter

is LlO or RIO.

f 11 This switch is provided only jf you have the Interface Option.
{2J If the extender cable is used, it may be necessary to correct for
its capacitance.
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Insert the OUT so one lead makes connection on the left
side of the test fixtu re, 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 OUT or
one adaptor. (Otherwise you will not obtain true "Kelvin"
connections to the OUT.)

The accessory extender cable described in Table 1-3 is
needed to connect any OUT 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
OUT with careful attention to the following color code. The
cable tips are stackable banana plugs (adaptable with slip-on
alligator clips, supplied). Notice that the 2 red tips must con­
nect to the same end of the OUT. Connect both black and
black/white tips to the other end.

Figure 3-1 A. 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 c above except HOLD
RANGE, will abort the current measurement.

2. If there is no proper IEEE-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.)

3.2.2 The Extender Cable. Figure 3-1 B.

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 0.25 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 em long (0.4 in.). The divider between the test slots
contains a shield, 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 OUT 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 gentle 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 OUT 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 OUT,
especially if it has short or fragile leads.

3-2 OPERATION

EXTENOER CABLE COLOR COOE
REO: 1+, current connection to "high" end of OUT.
REO & WHITE: P+, potential connection to same.
BLACK: 1-, current connection to "low" end of OUT.
BLACK & WHITE: P-, potential connection to same.
BLACK & GREEN: G, guard connection to shield or case
(if isolated from the preceding terminals). 00 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
OUT (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, G R 1404 or
1413, for example.

a. Install an adaptor, GR 874-02, on each of the two coaxial

connectors, Land H, of the capacitor.
b. Connect cable branch G to the ground post of the

"low" terminal adaptor. With 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 1- on top of P-.



Figure 3-1 B. Extender cable, attached to test fixture.

d. Similarly, connect P+, with 1+ stacked on top of it,

to the main post of the "high" adaptor.

e. Measure this total capacitance, the sum of the desired
measurement and the cable capacitance, Cx + Cc.

f. Carefully lift the stacked pair of cable tips, I+/P+, from
the "high" adaptor and hold them about 0.5 cm (1/4 in.)

above the binding post where they were connected. DO

NOT rearrange the cable branches or change their spacing

more than is absolutely necessary to follow these directions.
Hold the plastic tips (not the wires) and touch the guard (G)

circuit firmly with a couple of fingers, to minimize the effect
of capacitance in your body.

g. Measure the cable capacitance, Cc.

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

3.3 ACCURACY AND SPEED.

The basic accuracy of this Digibridge is 0.1 % of reading
R, L, or C, over wide ranges of values, for suitable measure­

ment conditions. Outside 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 R LC Basic Accuracy. Figure 3-2.

This graph shows that the basic accuracy extends for 6
decades (for example 2 Q to 2 MQ), 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.
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f-
(f)

Extension«
u.. for R&C

>- only at 100
u

'" 120 Hz',e ~ 5 50 00 ::;a OJ u
u 2 ,"« ::; .. 20 u..
u >-

';:;; 1% 10
u

"
cO '" G

a:J 3u ,5 5 u
-1 «a:: ,2 02 0

0,1%

.D1n 1 kn 10 kn 0,1 Mn 1 Mn 100
,001 nF ( 0.1 nF 1 nF 0,1 i1F 1 ilF 10 ilF 100,uF
,001 mH at 1 kHz 0,1 mH 1 mH 0,1 H 1 H 10 H 100 H

RLC Values at Indicated Frequencies

Figure 3-2. RLC basic accuracy as a percent of reading. Heavy lines (solid and dotted) represent
auto-ranging (range not held), Lighter lines represent reduced-accuracy operation due to a
range being held. Range 2 is dotted. Notice that Land C scales above graph are for 120 Hz
('equally valid for 100 Hz) and the 2 below graph are for 1 kHz, The DO accuracy factor (right­
hand scale) is the multiplier that, applied to the DO basic accuracy, yields complete DO ac­
curacy, for range extensions as well as the basic ranges. (Range extensions are all represented
by slanted lines.)

Figures 3·4, 3-5.3.3.3 D and Q Accuracy.

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 R LC basic accuracy

For the above-mentioned example (0 = 0.5) the graph shows a
basic accuracy of 0.25%, However, for any overrange

underrange measurement (45 0 lines on R LC basic accuracy
graph), use the following correction factor.

DO Factor. This factor is

to the R LC basic accuracy; refer to the scale at the right of
that graph (above). For the above-mentioned example, the

DO accuracy factor is 2; therefore, the 0 measurement
cy is 0.5%.

<-- 0 of j nductor

3.3.2 RLC Accuracy Factor. Figure 3-3.

This graph shows the effect D (or 0) the accuracy

of R, L, and C measurements, Multiply the R LC basic accura­
cy by this factor. For example, suppose a resistor is measured

SLOW MEASUREMENT RATE be 1.0 with 0 0.5.
The R LC basic accuracy is 0.2% and the R LC accuracy factor

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

This basic RLC accuracy is valid only for "pure" R, L,

or C, For the effect of quadrature impedance, multiply each

basic accuracy value the R LC accuracy factor; see below.

Figure 3-3. RLC accuracy factor (or cross term), as a
function of D or O. Multiply the Rle basic accuracy
by this factor to obtain complete RLC accuracy. Notice
that for nearly "pure" resistance or reactance, this
factor is unity.
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u

"l.L 20>-
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u
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u
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1
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10

0.1

D, or Q of Resistor

0,1

10

,01

100

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. Figu re 3-3 shows that the C accuracy factor is about 1/3

a decade on the logarithmic scale. On Figure 3-2,
the heavy horizontal line and point to the basic C accuracy

(0.1 %) at the left. Now apply the C accuracy factor by mov­

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 R LC
and/or DO may be insignificant. This is n~rnl'III;"
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B
0.1% L- __.L.~ ._l_.__. __.L L ...J

Figure 3-4. 0 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. 0 of resistors. B. 0 of inductors.
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f'.igure 3-5. D basic accuracy as a percent of reading
ltor 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. there are
than one in a display, the least <:iflnif'if';mt

is noisy. That is, it appear ieker at random

over a range of values and should be
For example, if you measure a 4·IVlQ resistor, the display

ideally be 4.1234 IVlQ; but the one or two final
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Figure 3-6.3.4.3 Series and Parallel Parameters.

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

Resistors, below about 1 k0.: Series, 120 Hz (100 Hz).
Usually the specifications call for dc resistance, so select a
low test 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. If the Q is less than
0.1, the measured Rs is probably very close to the dc resistance.

Resistors, above about 1 k0.: 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.lf
the Q is less than 0.1, the measured Rp is probably very close
to the dc resistance.

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

Capacitors above 200 pF: Series, 120 Hz (TOO 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 (TOO Hz). Select
"series" as explained before. Select a low measurement fre­
quency for best accuracy and to enable measurement of in­
ductors larger than 1000 H.

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 Oigibridge 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 Equivalent Series R for Capacitors.

The total loss of a capacitor can be expressed in several
ways, including 0 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 CI RCUIT.

Both C and ESR should be measured on the same range.
If 0 is below 1, depress the C/O key and measure Cs first,
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select HOLD RANGE, depress the R/Q key, and measure Rs.
On the other hand, if 0 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 Parallel Equivalent Circuits for Inductors.

Even though it is customary to measure series inductance
of inductors, there are situations in which the parallel equiv·

alent circuit better represents the physical device. At low

frequencies, the loss mechanism is usually "ohmic"

or loss" in the wire; and the series circuit is appropriate
If there is an core, at higher frequencies the significant

loss mechanism may be "core loss" (related to currents

and hysteresis); and the parallel equivalent circuit is appro·
priate. Whether this is true at 1 kHz should be determined by

an understanding of the OUT, 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 almost
self·explanatory. Depress the appropriate button: R/Q,

LlO, or C/O 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 misleading.

(For example, a inductor can be essentially capacitive

or resistive; a component part can be mislabeled or unlabeled.)

Incorrect choice of parameter, for the measured OUT, 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
R LC display that results from trying to measure a very large

L or small C, but erroneously selecting C/O or LlO respectively.

3.5.2 Ranges and Range Holding.

Descriptions of ranges, extensions, and subranges are ex·

plained Refer to the RLC basic accuracy graph (Fig·
ure 3-2) illustration.

Basic Ranges. The 3 basic ranges together cover the 6
decades of basic accuracy (such as 2 Q to 2 MQl. 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 01900, with an automatic decimal·point

change between the decades, to 19999. (The symbol 0 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 01999 down to 00000, with reduced accuracy. The
low extension of each high and mid decimal

point from its decade of the

Parameter
selected * Indication

Table 3-1

INDICATIONS OF PARAMETER MISMATCH TO OUT

Significance
Correct
parameter

R/Q
LlQ
C/D

R/Q

LlQ

C/D

R/Q

OUT OF RANGE, both arrows
OUT OF RANGE, both arrows
OUT OF RANGE, both arrows

Q = 1.001 to 9.999
Q = blank

Q = 00.01 to 00.99
Q = 00.00

D = 1.001 to 9.999
D = blank

R = blank, units changing

Wrong parameter
Wrong parameter
Wrong parameter

R accuracy reduced
Wrong parameter

L accuracy reduced
Wrong parameter

C accuracy reduced
Wrong parameter

Wrong parameter

CIO or LlQ
C/O or R/Q
LlQ or R/Q

(UQ or C/O)
LlQ or C/D

(R)

R

(R)
R

C/D or UQ

-;'TT~he;;-;:;-u;:;-niittd;;,g;:;;tion(Mfi. ... }1F) under the RLe display indicates which parameter been selected.
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for the

Be

NOTE

The OUT OF RANGE and RANGE HELD
rli""tnr< alert

.. Both arrows = wrong parameter selected.

"
..

,mtn,rMHlinn select

and that

on. "Whatever range the instrument is

for current or previous measurements will be held. For ex·

ample, if a 1ao·n resistor is being measured when you select

HOLD range, then the operation of the instrument is locked

the the rp""I"rllf

held"

measurement is made on a range extension
lo,v Thus:

An advantage of holding a range is time saved. Fa!' ex·

ample, if a large number of resistors are measured

values below 900 one might "hold" range 1. Some

accuracy of measurement would be sacrificed for values
200 n, the

range

For details the time required
typical measurements, refer to para 3.3.6.

The OUT OF RANGE arrows will indicate whenever a

3.5,3 Measurement Modes

Continuous. Select CaNT for automatically repeating

measurements, at one of 3 rates 2, 3, or 7

is

basic low range, thus providing

of R LC. If the measured value is small enough to reduce ac·

curacy by a factor of 20, the operator is alerted by the reo

duced number of digits displayed, (For example, an RLC
is rRc:noni7

of 5 2 exceptions), goi,ng from

finally to blank, without any change in decimal point, but

reduced accuracy. The high overrange (above 2 MQ
for example) is aiways used for the very large values of RLC

alerted to

fHckeri ng of the

nr,on''1inn is normal; it is inhibited only

if you select RANGE HELD. There is a slight hysteresis in

the changeover (at 20 as the value increases, at 19 as it de·

creases) to a possible cause of display tlll~kF'rlrHl

ighted,

The high overrange for Rand C only, at 120 Hz (100 Hz)

only, is a factor of 50, going from 19999, with an automatic

decirnal·point change, up to 99999, and to blank,

with reduced accuracy. For high overrange, there is an over·

The nnp'r"t,·'!r

can NOT control them. are detailed in Table 3-2.

Notice, for example, on C, 1 kHz, RANGE 1, there are 2

subranges: and 999·IJF. If a series of measurements

in,:::reasino slowly above 191JF, the auto·

e

3·2

FULL SCALE READOUTS ON EACH SUBRANGE

Automatic R R L L C C
Hz

.9999 12 19999 mH .9999 mH
12 19.999 19.999 p.F

111 n 999.99 999.99

2 28 1.9999 kl1 1.9999 kn .19999 H 1.9999 H .19999 !-iF 1.9999
2C* 99.999 kl1 99.999 k12 9.9999 H 99.999 H 9.99991l F 99.999.uF

3At ~------ .19999 nF 1.9999 nF
36 .19999 MI1 19.999 H 199.99 H 1.9999 nF 9.999 nF

9999.9 99999 nF nF
--"--_._--

tEach" A" subrange is the low extension of the lowest range (example 0.0001 to 25:1)<
Each "e" subrange covers fuji decade (example, 20 to 200 n) In the basic range an upper range extension (example 200 999+

which accuracy reduced and the overrange light is on {the right-hand OUT OF RANGE indicator!.
** Each itO" subrange is a extension of the highest range {example 10 to 99.9+ f'-yU1) ,
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BIN 3

33

BIN 3

II
--- - - - - -- --------

BIN 2 BIN 2
---- - - -- .,

BIN 1
MEASURED
VALUE

A B C E F G AXIS
~

Nom Value: y

10.- -S1 % - I- +S1%- I
Percentages: 14-- -S2% +S2% ---J

.\01-- -S % +S %-

BINS:

LIMITS:

ENTRIES

Figure 3-7. Nested limits. A single nominal value Y is used and all limit pairs are symmetrical
in this basic plan.

BINS:

LIMITS:

ENTRIES

BIN 1 BIN 2 BIN 3 BIN 4 BIN 5

MEASURED
VALUE

A B C D E F AXIS ~

Y1 Y2

...
Nom Values: Y3 Y4 Y5

Percentages: ±S1% ±S2% ±S3% .I ±S4% -L% I +H%
'"T - ~

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.

j. 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 H2 ± 0.35%, ± 1%, ± 5%, +7 -9%.
a. With FREQUENCY key, select the desired test fre-

quency.
b. With DISPLAY key, select ENTER LIMITS.
c. With parameter key R/Q, select RLC units: MQ.
d. Enter Q limit thus: [.J [0] [0] [1] [=] [BIN No.] [0].
e. Enter nominal RLC value: [.] [0] [3] [3] [=] [NOM

VALUE] .
1. Set bin 1 limits: [.] [3J [5] [%] [=] [BIN No.] [1].

g. Set bin 2 limits: [1] [%J [=J [BIN No.J [2J.

h. Set bin 3 limits: [5J [%J [=J [BIN No.] [3].

i. Set bin 4 limits: [7J [%J [-J [9J [%J [=J [BIN No.J

j. Close bin 5, by keying: [OJ [BIN [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 following

capacitor sorting example: D < .005, C = 0.91, 1.0, 1.1,

1.2, 1.3 MF (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: MF.
d. Enter D limit: [.J [OJ [0] [=J [BIN No.J [0].

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

VALUE] .
f. Set bin 1 limits: [5J [%J [=J [BIN No.] [1].
g. Redefine nominal: [1] [=J [NOM VALUE].

h. Set bin 2 limits: [5] [=J [BIN No.J [2J.
i. Redefine nominal: [1] [.J [1] [=J [NOM VALUEJ.

j. Set bin 3 limits: [5] [%J [=] [BIN No.] [3J;
k. Redefine nominal: [1] [.] [2J [=J [NOM VALUE].

I. Set bin 4 limits: [5J [%J [=J [BIN No.] [4J.
m. Redefine nominal: [1] [.J [3J [=J [NOM VALUEJ.
n. Set bin 5 limits: [5] [=J [BIN No.] [5].

o. Close bin 6: [OJ [%J [=J [BIN No.] [6J.
p. Close bins 7 and 8, similarly, if used before.
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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 0 is always DQ. For R it is
Q; for C it is 0, both upper limits. For L it is 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 R LC.
(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 9) 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 10000%, negative
limits down to -100%, maximum of 5 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 0 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

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 limit 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 pF, 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 MQ,
33 kD, or 33000 D.

After the [B IN 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 LI MITS 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 kD, but the display units are D,
when you press the [BIN No.] [3] keys, the display will go
blank. Select either kD or MD (instead of D) 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 BI N, 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 IJU,II11 ''J

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 will be
shown on the R LC display (a single digit), with the follow­

ing significance:
0= No-Go because of 0 or Q limit
1 = Go, bin 1
2 = Go, bin 2
... Go, bin 3,4, 5,6, 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
BI N. GO means the measurement falls in bin 1 ... 8; NO-GO

means bin 0 or 9.

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.

3.7 BIAS.

WARNING
e Maximum bias voltage is 60 V. Do NOT ex­

ceed.
• 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".
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3.9 SYSTEM CONSIDERATIONS

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

described above.

b. Select the measurement conditions as desired:
MEASUREMENT RATE, EQUIVALENT CIRCUIT, MEAS­
UREMENT MODE (SINGLE), RANGE HOLD (or autorangeJ.

(00 NOT change FREQUENCY or parameter - R, L, C -

limits
c. Select either BIN or VALUE DISPLAY for incidental

monitoring of measurements while the handler automatical­

ly sorts the parts being processed.

3.9.3 Talk/Listen Use.

Observe the REMOTE CONTROL indicator light. If it

is lighted, there is no opportunity for manual operation {ex·

cept entry of limits}. The displays may be observed then,
their content controlled system controller,

the IEEE-488 bus.

Entry of Limits. Any remotely controlled systems use
involving limit comparisons must be designed for manual

entry of limits, as follows:

Be the REMOTE CONTROL is
b. Enter the limits as described in para 3.6.
c. Enable the controller to proceed. (ThiS step may

require attention to controls on some other device.)

3. 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 giass cleaner, such as "Windex" (Drackett Products

Co., Cincinnati, Ohio), Do NOT use a paper towel; do NOT
enough drip run.

If it should be necessary to place marks on the window,
use paper-based masking tape (NOT any kind of marking

pen, which couid be abrasive or react chemically with the

min retention of any gummy residue,

tape a weeks.

3.8 OPERATION WITH A HANDLER

considerations if you have the interface

option. (If you do, there will be interface connectors at
the rear. See Figure 1-2.)

3.9.1 lEE E-488 Interface Unused.

there no system connection to the I EEE-488

INTERFACE connector, sure to keep the TALK switch
set to TALK ONLY.

3.9.2 Talk-Only Use.

This pertains to a relatively simply system, with the Digi·

to or more (IEEE-488

com~)atible) devices such as a printer.
Operate the Digibridge in the usual way (manually). The

system may constrain operation in some way. For example,

a slow printer will limit the measurement rate because It

time one before it accept the

3.7.1 Bias Less Than 30 V and C Less Than 1000 j1F.

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 and limit·

ing to 200 mAl given that paragraph. ex-

ternal circuit must include switching for both application of
bias and discharge of the DUT.

b. For capacitors less than 1000 j1F only, with bias less

than 30 V, use the EXT BIAS switch on the keyboard to ap-
bias (ON) to the DUT (OFF).

Notice that this switch should NOT be used for this
purpose above 30 V, or 1000j1F, or for production quantity
measurements. In such cases, leave the EXT BIAS switch

ON and use switches in the external circuit.
c. Be sure to orient the DUT correctly, positive terminal

to the
d. Operate the bridge in the usual way. Disregard any

measurements that may be made by the Digibridge in can·

tinuous measurement mode during the charge or discharge

Notice that the BIAS ON indicates
presence of bias voltage; it goes off when the drops

to zero even though the EXT BIAS switch may be ON. It will

not light if the bias power supply polarity IS inverted.

NOTE
Keep the EXT BIAS sWitch OFF (regardless of

whether any external bias source IS connected)

for all measurements made WITHOUT dc bias
to the OUT. low-

impedance bias source causes errors in

measurement.)

To measure capacitors with dc bias voltage applied:

3.7.2 Bias Up to 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 rearl
unless you to it as extra 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 to avoid damaging the in·

strument, define a safe procedure like one that foliows
use it regularly:

a. Set the bias voltage to zero.

b. Attach the DUT, with correct polarity.
c. Raise the bias voltage to the specified value.

d. Allow a specified and time.

e. Observe and record measurements Cs and D).

f. Set the bias voltage source to zero.
g. Connect the 1O-ft discharging circuit.

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

i, Remove the DUT.
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4.1 INTRODUCTION
4.2 PRINCIPAL FUNCTIONS

4-1
4-2

The microprocessor also controls the measurement

sequence, using programs in the FlOM memory and stored

keyboard selections. desired n~r~"nn'nn

oscil

reactance standard. For example, C
by the microprocessor from the set of measurements

and predetermined values of He'OLlel'ICV and the applicable
standard resistance,

instrument to

but operation can be restricted to any of the th ree ranges

(1,2, 3), under keyboard control.

Each range is 2 decades \!vide, \tIlth reduced-accuracy

extensions both above and below. For example, consider

resistance measurement on 1 ( 3-2). The

2 decades extend from 02.000 n, with

aeClrnal'OOlllt shift

impel::iar,ce meters or A of

this method will be helpful in unusual applications of the

instrument and be useful in trouble in case 0+ a

possible malfunction. The fol paragraph a brief

overall description the measurement technique to

one familiar with impedance measurement methods. A

more detailed description of operation, specific circuitry,

and control is

4.1 iNTRODUCTION.

4.1.1 GeneraL

This in"h,,~nn'

goes up to 999.99 n.
Hovvever § the j O'v\' "",rip, ,r"n"" IS different fro rn the !ovv

extensions held) of mid and ranges, that

there is an additional decimal-point shift to provide excel·

lent resolution in small-value measurements.

with the example, the shift takes place a 2.1000 r2 going up

and at S2
range

.00001

There is a decimal-point shift without hysteresIs in

overrange for Rand C only, at 120 Hz (100 Hz) only.

This shift takes place between 9.9999 and 10.000 Mn for

Fl, between 9999.9 and 10000 pF for C.
zeroes before the decimal point are blanked out

of the RLC display. Such blanked zeroes are rl"";iln"tM'

with c:l some parts of

"Patent applied for.

'" '" If the meas!}rement rate is SLO'v\i, vector components are
samp!ed 45

J

apart, in order to reject odd harmonics {3, 5,
11,13), for greater accuracy_
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Service and Maintenance-Section 5
5.1 CUSTOMER SERVICE

5.2 INSTRUMENT RETURN

5.3 REPAIR AND REPLACEMENT OF PLUG-IN BOARDS

5.4 PERFORMANCE VERIFICATION .

5.5 MINIMUM-PERFORMANCE STANDARDS

5.6 DISASSEMBLY AND ACCESS

57 PERIODIC MAINTENANCE

5.8 TROUBLE ANALYSIS.

5·1

5-1

5-1

5·2

5-2

5-9
5-11

5-13

WARNING
These servicing instructions are for use by qual ified 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,

spa,e 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. I
Avoid placing tools or electrical parts on insulators, such as

books, paper, rubber pads, plastic bags, or trays.

Ground the frame of any Iine·powered equipment, test
instruments, lamps, drills, soldering irons, etc., directly to

earth ground. Accordingly, Ito avoid shorting out the safety

resistance) be sure that gwunded 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·
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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

(Resistance between skin contact and work surface through

a commercially available personnel gwunding device is

typically in the range of 250 kiJohms to 1 megohm.)

If any circuit boards or IC packages are to be stored or

transported, enclose them in conductive envelopes and/or

carriers. Remove the items from such envelopes only with

the above precautions; handle Ie 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, and after application of test signals. Be

sure all pertinent voltages have been switched off while

boards or components are ["emoved or inserted, whether
hard-wired or plug-in.



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

tective paper. Pack instrument in strong corru-

gated container (350 b/sq in. bursting with a layer of

excelsior about 6 in. thick packed 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
fault analysis and the repair of some circuits in this

ment. If a malfunction is localized to one board (or more)
that is not readily repairable, it can be returned to GenRad

for To save time, we recommend that you obtain a

replacement first, as described below, before retu the

faulty board.
Exchanges. For economical, prompt replacement of

etched-circuit board, order an exchange board. Its

considerably less than that of a new one. Place the order

through your nearest GenRad repair facil (Refer to the
last page of this manual,) Be sure to request an p)(,~n;~nrlP

board and the information:

1. Instrument description: name and and serial

numbers. Refer to front and rear

2. Part number of board. Refer to the parts
manual. (The number etched the foil is Ilpr,pr"I1\1

the part number,)

3. Your purchase order number. This number facilitates

if the unit is out of warranty and serves to iden

the shipment.

To prevent damage to the board, return the defective

board the suppl ied with the re~)la{;ennerlt

Please the

5.1 CUSTOMER SERVICE.

Ou r warranty the front of th is manu al) attests the

of materials and workmanship in our products. If

malfunction does occur, our service engineers will assist in

any way If the difficulty cannot be eliminated by

use of the service instructions, please write or

phone the nearest GenR ad service facil ity (see back page),

full information of the trouble and of steps taken to

Describe the instrument by name, catalog num­
ber, serial number, and ID (lot) number if any. (Refer to
front and rear panels.)

5.2 INSTRUMENT RETURN.

5.2.1 Returned Material Number.

Before returning an instrument to GenRad for service,

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, send a purchase-order number.

'dl"'Y'~dIU your instrument du storage and ship-

ment, use that is adequate to protect it

from ioe., 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 custom packaging on short

notice. Here are two recommended packaging methods.

Rubberized Hair. Cover painted surfaces of instrument

with wrapping paper. Pack instrument secu rely

in strong protective corrugated container (350 Ib/sq in.

test), with 2-in. rubberized hair pads placed along
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CAUTION
Be sure the ine rear panel, is
correctly set for your power line voltage.

Return Materia! 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-circu and for maximum life expectancy,
order a new one. Use the same procedure as described
above, request a board. Please return the defec-
tive one to GenRad.

5.4 PERFORMANCE VERIFICATION.

Pfl)c"dLlre is recommended for verification that the
instrument is performing normally, No other check is gen-

necessary because this checks operation

of nearly all the circuitry. There are no calibrations or
adjustments that could require resetting; and the internal
standards are very stable. (However, for a rigorous perfor­
mance and accuracy check, refer to para 5.5,) The neces-

resistors, and inductors are inexpensive
and readily obtained. The most accurate ones available
should be used; tolerances listed are the "best" commonly
catalogued. Refer to Table 5-1.

c. Press the FREOUE(\JCY button as many times as neces­
sary to select 120 Hz (100 Hz), For MEASURE MODE, verify

that the COf\JT light is on; for HOLD RANGE, that the
RANGE HELD light (on display panel) is NOT on. (If neces­

sary operate the corresponding buttons.)
d. Press parameter button RiO and verify that anyone of

the corresponding units is indicated on the display panel

or ill.
e. Set the EXT BIAS slide switch to OFF. Set the TALK

switch (rear with the Interface Option)

to TALK ON LY.
f. Install the test fixture adaptors, as described in para

3.2. I nsert the 49.9-il resistor as the device under test or
"unknown" component (OUT).

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

within the tolerance Iisted above.
h, Similarly make the other checks indicated in this

table. In check number 12, verify that the 5th 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, In check number 12, the flickering of the 5th digit
should stay typically within a range of ±3 counts. For
example, if the display is 1.051 X }1F, the "X" might fl icker
between 2 and 8 (or a smaller range I. If, for example, "X"
is flickering between 7 and 13, it will of course cause a
fl!rkpr'inn of the preceding digit (1.0517 to 1.0523L In such

a case, the correct readout is the larger 4-digit number
(1.052) and the 5th digit is acceptably stable.

Tolerances. Acceptable performance of the instrument
is bracketed by the set of display "extremes" in Table 5-2.

These are defined as the nominal !ideal) measurements
plus-or-minus the sum of the instrument accu racy tolerance
and the OUT accuracy tolerance (or slightly more). If the
accuracy of your OUT 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

normally flicker and change if they are not significant
for the specified accuracy of the instrument. Refer to

para 3.3.

Nominal Tolerance
Value (%l

49.9 S2 0.1
499 0.1

4.99 kS2 0.1
49.9 kS2 0.1

499 kS2 0.1

0.0033 pF 0.5
0.033 pF 0.5
0.33 J1F 0.5
0.5,uF 0.5

1.0 flF 5
10 pF 5

1000 pH 5
100 mH 10

L-R-10509C
Style RN60

.I\rco: 1PJ-332J
1PJ-333J

PJ-334J
1PJ-504J

Type*

Table 5-1

RESISTORS, CAPACITORS, AND INDUCTORS

Resistors,
metal fHm

Nama

Capacitors.
polystyrene

Inductors, J.IN. Miller:
9220-28

ferrite core 9250-107

... metalized GE: 8A-14A105C
polyester BA-19A106C

'* Equivalents may be substituted.

nprf,lrrr);lrlrp as follows:

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

be, Press the MEASURE RATE button as many times as

necessary to select SLOW. For that the
VALUE light is on; for EOUIVALENT CIRCUIT, the SERIES

(I f necessary, operate the buttons.!

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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Table 5-2

PERFORMANCE VERIFICATION

Check
Number

2
3
4
5

6
7
8

9
1
11

2
13
14

15
16

Parameter;
Frequency

R/Q; 120 Hz'

C/D;1 kHz
120 Hz'
1 kHz

120 Hz'
both freq
both freq

both
1 kHz
120 Hz'

L/Q; 1 kHz

DUT

49.9 n
499 n

4.99 Hl
49.9 kn

499 kn

.0033,uF

.0033,uF

.033,uF

.033 f.l.F
0.33 f.l.F
0.5 f.l.F

1.0 f.l.F
10,uF
10 f.l.F

1000 f.l.H
100mH

R lC Display Extremes

049.8010 050.00 £1

0.4980 to 0.5000 kn
04.980 to 05.000 kn
.04980 to .05000 Mn
0.4980 to 0.5000 Mn

03.280 to 03.320 n F
03.280 to 03.320 nf
.03280 to .03320 f.l.F

032.80 0.3320 nF
0.3280 to ,uF
0.4970 "F

0.9480 to 1.0520 mH
.08980 .11020 H

DQ Display Extremes

(,0000 to .0100)

(,0000 to

(,0000 to

{03.00 to 300.0}
103.00 to 300.01

'120 or 100 Hz.
'" "Refer 'to paragraphs headed "Tolerances" and "!nsignificant figures," in the accornpanying text.

Table 5·3

EQUIPMENT FOR ACCURACY VERIFICATION AND TROUBLE ANALYSIS

Name

Extender cable

Resistors

Capacitors

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

Four-terminal,1 n, 0.02%
10 £1, 0.01

Decade, 100 to 11 111000 n, 0.01%

Three·terminal, 100 pF, 0.02%
1000 pF, 0.02%

Decade, 3-terminal, 1 pF to 1 (+) "F, 0.05% 0.5 pF.

Recommended

GR 1657-9600

GR 1440-9601
GR 1440-9611

GR 1433-9719 I-Yi

GR 1403-9704 I-D)
GR 1403·9701 I-A)
GR 3-9700

Four-terminal, 1 ,uF to 10 mF, 7-9700

Inductors

Adaptors

Shorting link

Scope' •

Scope probe * *

Voltmeter *"*

Counter' *

Pulse generator**

Resistor * *

Dc blocking, 500 ,uF, 0 V.

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

GR874® (for 1413 capacitor) and bindlflg-post pair Itwo required).

Ground jumper connection.

General purpose, 100 MHz, dual trace.

Capacitance less than 10 pF, X 1O.

Digital, general purpose, with probe.

Dc to 35 MHz, 10 V rms.

General purpose.

200 ohm, 114 watt.

GE 69F22 4G2

GR 482-97121--Ll

GR 0874-9870 (-Q2)

GR 0938-9712 (-Ll

Tektronix 465

TektroniX P6053B

Data Precision 3400

Tektronix DC504

Tektronix PG501

,. Equivalents may be substituted.
* ,. Required for trouble analysis (Paragraph 5,8); not required for Paragraph 5.5.
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Verify that the instrument meets performance specifica­
tions as follows.

Calibration of Standard" The acceptable R LC readout
(min to max range) may have to be modified if the actual
(calibrated) value of your standard - Zx - or its accuracy ­
Zx accuracy - (either or both) is different from the tabu­
lated value(s).

For example, if your 10-n standard is known to be
10.006 ± .002 n, then add .005 n to the lower acceptable
extreme and add .007 n to the upper one. (I n Table 5-4,
2nd line, substitute the numbers 09.994 to 10.018.1

Insignificant Digits. The right-hand digit(s) of the dis­
play normally may flicker and change if they are not signif­
icant for the specified accuracy of the instrument. Refer to

para 3"3.
Cable Capacitance. Because the cable adds capacitance

in parallel with the OUT, it is sometimes necessary to obtain
a "corrected readout" from the numerical display on the
instrument. Do this for all checks involving small capaci­
tance (less than about 1000 pF). The equivalent correction
for large inductance (above 30 H at 1 kHz or 3000 H at
120 Hz) is not applicable in the recommended inductance
check procedure. For capacitance measurement, obtain the
corrected readout by subtracting the cable capacitance from

the visible readout, as described in para 3.2. Because Cis
large compared to cable capacitance and 0 is small, the
simple calculation (subtraction) is applicable whether the
measu rement is "parallel" or "series,"

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

5.5.2 Resistance Measu rement Accu racy.
Make the test setup and verify instrument performance

as follows.
a. Set the line voltage switch, connect the power cord,

and depress POWER button, as described in para 3.1.
b. Connect the extender cable to the Oigibridge test

fixture, as described in para 3.2.
c. Connect a standard resistor (1-n initially) to the

extender cable, as follows:
REO,I+: left front terminal of resistor
RED & WHITE; P+: left rear terminal
BLACK,I-: right front terminal
BLACK & WHITE, P-: right rear terminal
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 n 1 kHz SERIES SLOW .02 0.2 0.9978 to 1.0022 n
10.00 n 1 kHz SERIES SLOW .01 0.1 09.989 to 10.011 n
10.00 n 1 kHz SERIES MEDIUM .01 0.2 09.979 to 10.021 n
10.00 n 1 kHz SERIES FAST .01 0.5 09.949 to 10.051 n

100.0 n 1 kHz SERIES SLOW -.01,+.02 0.1 099.89 to 100.12 n
100.0n 1 kHz SERIES MEDIUM -.01, +.02 0.2 099.79 to 100.22 n
100.0 n 1 kHz SERIES FAST -.01, +.02 0.5 099.49 to 00.52 n

1.000 kn 1 kHz SERIES SLOW .01 0.1 0.9989 to 1.0011 kn
1.000 kn 1 kHz SERIES MEDIUM .01 0.2 0.9979 to 1.0021 kfl
1.000 kn 1 kHz SERIES FAST .01 0.5 0.9949 to 1.0051 kn

10.00 kn 1 kHz PARALLEL SLOW .01 0.1 09.989 to 10.011 kn
10.00 kn 1 kHz PARALLEL MEDIUM .01 0.2 09.979 to 10.021 kn
10.00 kn 1 kHz PARALLEL FAST .01 0.5 09.949 to 10.051 kn

100.0kn 1 kHz PARALLEL SLOW .01 0.1 .09989 to .10011 Mn
100.0 kn 1 kHz PARALLEL MEDIUM .01 0.2 .09979 to .10021 Mn
100.0 kn 1 kHz PARALLEL FAST .01 0.5 .09949 to .10051 Mfl

1.000 Mn 1 kHz PARALLEL SLOW .01 0.1 0.9989 to 1.0011 Mn
1.000 Mn 120 Hzt PARALLEL SLOW .01 0.1 0.9989 to 1.0011 M.II
1.000 Mn 1 kHz PARALLEL MEDIUM .01 0.2 0.9979 to 1.0021 Mn

1.000 Mn 120 Hzt PARALLEL MEDIUM .01 0.2 0.9979 to 1.0021 Mn
1.000 MD 120 Hzt PARALLEL FAST .01 0.5 0.9949 to 1.0051 Mn
1.000 MD 1 kHz PARALLEL FAST .01 0.5 0.9949 to 1.0051 MD

'" If the calibrated value of your resistance standard is slightly different from the nomina! value or if the standard's accuracy is different frOTil

the typical accuracy, correct the "acceptable extremes" accordingly.
1120 Hz or 100 Hz, depending on model of Digibridge.
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5.5.5 Limit Comparison Bins.

the Digibridge performance with regard to limit

comparison and bin assignments as follows. The test

setup is from the previous one.

a, Confirm or select measurement conditions on the
ni"ih,Yirlnp as listed:

DiSPLAY - ENTER LI MlTS condition)

,vl<-./;vvllE RATE SLOW

VALENT CIRCUIT - PARALLEL

labeled 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 - CaNT

HOLD RANGE - autorange (RANGE HELD light off)

Parameter - C/O (capacitance units light on)

EXT BIAS - OFF

Interface Option TALK ONLY.

Table 5-5, 1st row.

arrange the cable

Determine
and associated (;nnnA(;j'IOins

the red stacked cable tips free from

the post the 1st adaptor. Hold them about 0.5 em (1/4 in.)

above the post where they belong. DO [\JOT re·

arrange the cable branches or change their spacing more than

is absolutely necessary to follow these directions. Hold the

plastic tips (not the wires or conductors) and firmly touch a

finger to the guard (G) circuit, to minimize the effect of

capacitance in your body.

Read the capacitance Co on the RLC display. Then plug

the stacked pair of cable tips into the 1st adaptor as described

before.

d. Read the R LC display, with the capacitance standard

connected, Correct the by "zero" capac-

itance, shown in the table as Co." that this result is

within the specifications.

e. Proceed down the

neces;sal'V and rlp.tArminirHl

row in the

mr!3SIJremfmt rate as 'dL'UI<He,-"

!rrlrr<wt,prll meets

different values

each capacitance standard with 100pF,

Co' with 1000 pF, and Co with the decade capacitor are

shown the table), When the decade capacitor is connected,

determine Co with the decade switches all set to zero and

the extender cable connected. (In this case, do NOT hold

any extender-cable tips in the lifted position.)

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 (initially)

MEASURE MODE - CaNT

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 the R LC readout as shown; refer to the next

step.

f. For values of resistance standard, use the decade

resistor, connection as follows.

RED,I+: stack on P+

RED & WHITE, P+: resistor H

BLACK, 1-: 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 su bsequent R LC display is acceptable,

as before, (Repeated starts will yield different display values

but they should be within the acceptable extremes, inclu­
sively.)

c. Set the Digibridge to:

MEASURE MODE - AVERAGE

d Press START.

e. that the R LC display is as

after 5 s (time for the instrument 10

measu . Repeated starts will yield different displ ay

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,I+: stack on P+

RED & WHITE, P+: center post of 1st adaptor

BLACK, 1-; stack on P-

BLACK & WHITE, P-: center post of 2nd adaptor

BLACK & GREEN, G: side post of 2nd adaptor

When the standard is the 1403 type of connect

each adaptor to one of the coaxial ports. When it is the 1413

(decade box) connect the 1st to the port
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Table 5-5

CAPACITANCE ACCURACY CHECKS

Typical Standard Digibridge
Standard Test Measure Accuracy* Accuracy* Corrected 0 isplay *
as DUT* Frequency Rate (%) (%) Correction Acceptable Extremes

100.0 pF 1 kHz SLOW .03 0.2 ~Co" .09977 .0023 nF

1000.pF 1 kHz SLOW .02 0.1 ~Co' 0.9988 to 1.0012 nF
1000. pF 120 Hz! SLOW .02 0.2 --Co' 0.9978 to 1.0022 nF
1000. pF 120 Hz! MEDiUM .02 0.4 -Co 0.9958 to 1.0042 nF
1000. pF 1 kHz MEDIUM .02 0.2 ·-Co' 0.9978 to 1.0022 nF
1 pF 1 FAST .02 0.5 ·-Co' 0.9948 1.0052 nF
1000.pF 1 Hz! FAST .02 1 ~Co' 0.9898 to 1.0102 nF

10000 pF 80th FAST .05 0.5 -Co 09.945 to 10.055 nF
10000 pF 80th MEDIUM .05 0.2 -Co 09.975 to 10.025 nF
10000 pF 80th SLOW .05 0.1 -Co 09.985 to 10.015 nF

00 j.lF 1 SLOW .05 0.1 ~Co .09985 .10015j.lF
0.100 j.lF 120 Hz! SLOW .05 0.1 ··Co 099.85 to 100.15 nF
0.100 j.lF 120 Hz! MEDIUM .05 0.2 -Co 11J99. 75 to 100.25 nF
0.100 j.lF 1 kHz MEDIUM .05 0.2 -Co .09975 to .10025 j.lF
0.100 j.lF 1 kHz FAST .05 0.5 -Co .09945 to .10055 j.lF
0.100 pF 120 Hz! FAST .05 0.5 -Co 099.45 to 100.55 nF

.000 j.lF FAST .05 0.5 -Co 0.9945 1.0055 j.lF
1.000 j.lF 80th MEDIUM .05 0.2 ~Co 0.9975 to 1.0025 j.lF
1.000 I1F 80th SLOW .05 0.1 -Co \').9985 to 1.001511 F

0.500 11 F 1 kHz SLOW .05 0.1 -Co 0.4992 to 0.500811F

DO Display
Maximum

.0010

.0010

.0010

.0010

.0010

'" If the calibrated of your capacitance standard 1s slightly different from the nominal value or if the standard's accuracy is different
frorn the accuracy, correct the "acceptable extremesU accordingly.

t120 to 100 Hz. depending on model of Digibridge.

FREQUENCY 1 kHz

MEASURE MODE - CONT

HOLD RANGE - autorange
Parameter - C/O

Units selected IlF

EXT BIAS - OFF

b. Refer to Table 5-6. After making the sequence of key-

strokes the limit entry 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 5-6

ENTRY OF LIMITS

RLC 00
Entry Display Display

(blank) (blank)
[.J [5J H [NOM VALUE] .49999 (blank)
[.] [0] [OJ [1 ) i-1 (BIN No.J [0] (blank) .0010t-,

[1] [%J [~] [81N No.] [1] .50499 .4949
[2] i=j [BIN No.] [2J .50999 .4899
[3] [%J [~] [BIN No.J [3J .51499 .4849
14] [BIN [4] .51999 .4799
[5J [BIN No.] [5J .52499 .4749
[6J (%] [~J [BIN No.] [6] .52999 .4699
[7J [%] [~J [81N ~~o.] [7] .53499 .4649
[8] [%] [~] [81N No.1 [8] .53999 .4599
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c. Select on the Digibridge:
DISPLAY - VALUE,

that the GO is on. RLC DO riisnl;l'v>

should be with in the extremes given in Table 5-5, as
checked previously.l

d. Select on the Digibridge:
DISPLAY BIN No.

e. Refer to Table 5-7. For each of the capacitance
standard, verify that the DO display is blank, the bin iR Le)

display is a single digit as tabulated, and the GO/NO-GO
Iights work as tabulated.

f. Select on the Digibridge:
DISPLAY - ENTER LIMITS.

g. Make the following entry (as in step b):
[=] [NOM VALUE].

Verify that the R LC display is five zeroes.

h. Select on the Digibridge:
DISPLAY VALUE

Notice that the R LC and DO displays are normal Oast

entry in Table 5-5) Verify that both of the GO/NO-GO
ligh ts are off.

i. Select on the Digibridge:

DISPLAY BI NO.

that both R LC and DO are blank.

j. Select on the Digibridge:
DISPLAY - ENTER LIMITS.



show

determine

nl<ln!;riVf'( mea-

c, the standard is
1 = +.0006 in is

is 1.0024; then 02 = -.0024 . The

factor therefore ·-.0018 {no units reltUlrelJI
h. Reset the capacitance-standard dial to:

CAPACITANCE - 10

Read the RLC display and correct it by 10K.

(For example, if display is 10.023 ,corrected measure-

ment lfor K = -.0018] is 10.005 jJF.) th at the

corrected measurement is within the acceptable extremes

of Table line 2.
J. the capacitance standard and D,n,J"Y"~n,,

iU"~"L"U, continue to iine 3 in the table.

5.5.7 O-Measurement Accu racy. F igu re 5-1.

Verify D-measurement accuracy with the proce-
dure checks will be made using both series

and paraliel equivalent circuits, with corresponding connec­

tions of resistance and capacitance standards.

a. the ex tender cable and plain bus wire, connect

the decade Rand C standards in series, as OUT to the Oigi­
as shown in the diagram and tabulated below. (Use

the coaxial connectors, as before,)

stack on P+
P+: resistor

BLACK & P-: POTENTIAL L

BLACK & GREEN, G: standard, uninsulated terminal.
c;. Set the dials on the capacitance standard thus:

TEST FREQUENCY - 1 kHz

CAPACITANCE -

NOTE
For detailed information on the GR 1417

4-Terminal refer to

its instruction manual.

results as above.
j. Set the lJ'nirH·'r1nc tn,qLlerlcy

FREQUENCY -- 120 Hz {or 1

band c. {See line
a this trerJlJem~\i

and set the caipac;it,mce-starld"lrc
ID1 OJ"1,P frequency

EQUENCY ­

1
steps f and g, value of K

for this (Call it K'.l
m. Continue down Table 5-8, the settings, cal cui a-

and verifications indicated there.

Table 5-7

BiN ASSIGNMENT CHECK

OUT GO/NO-GO Bin

0.5000 GO
0.5057 GO 2
0.5107 GO 3
0.5157 GO 4
0.5207 GO 5
0.5257 GO 6
0.5307 GO 7
0.5357 GO 8
0.5407 NO-GO 9
0.0000 NO-GO 0
0.5000 GO

area, as

resistance
the

Iast parameter

C/D.

5.5.6 Measurement Cl.
Continue the procedure as follows:

a' Confirm or select measurement conditions as listed:
DISPLAY - VALUE (new condition)

MEASURE RATE SLOW

EQUIVALENT CI RCUIT - SER IES {new conditionl
FREQUEI'~CY - 1 kHz

MEASURE ~j100E - CaNT

HOLD RANGE - autorange
Parameter - C/O

EXT BIAS - OFF

b. Remove the decade capacitor and connect the 4-

terminal capacitance standard (GR 1 as follows.

This be certified to an ac(:ur,acy

B

B ITE, P-: capacitor
BLACK & GREEN, G: capacitor G.

c. that the R LC agrees the certified

value of the standard (corrected for temperature if appropri­
ate) within ±.0013 jJF 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 01 = measurement)
(value of standard), for future use. Units of D 1 are jJF.

d. Remove the 1-jJF standard and connect the 4-terminal
ratio-type capacitance standard (GR 1417) as follows. Be

sure the dc blocking capacitor is fully before con-

necting it. Notice that only the left-hand terminals of the
standard are used.

REO,I+: end of bl (500
other end to ,..",n"'·';-"nr·Q standard, CUR RENT H

P+: standard, POTENTIAL H

-: standard, CURR
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5.6 DISASSEMBLY AND ACCESS.

observe

Refer to page 5-0 for details. The tnllrHAfir", ,r,t'",r,,'rorl

circuits are known to require these precautions.
1658-4700: MB-U2, -U3, -U4, -U6,
-US, -U19 through -U24, -34 through
-U37, -U41, -U42, -U45, -U46, -U52,
-U53. 1658-4715: DB-U47 through

-U55.
Notice that it is safe

HANDLING PRECAUTIONS

FOR ELECTRONIC DEVICES
TO BY STATIC LECTR

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

The next step, removal of display board, is recommended
(though not absolutely necessary) before removal of the

main circuit board.
c. Remove the 2 support 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 board its original plane until

WARNING

If dis;aS!ienlbly or is necessary, it should
be by qualified personnel

electrical shock hazards inher­
!1lCiIl-'volta(le circuits inside the cabinet.

5.6.1 Disassembly.

Use the procedure for access to replaceable
parts and contact points used in trouble analysis.

a. Disconnect the power cord.
b. Remove the top-cover screws from the rear panel of

the main chassis. See F 1-2. Slide the top cover forward
about so that corners unhooked.

. Reassembly note: 2

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:
R +: stack on P+
RED & WHITE, P+: inductor HIGH

BLACK, 1-: 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 00 Hz)
MEASURE MODE - CONT
HOLD RANGE - autorange
Parameter - LlQ.

c. Verify that the R LC display is within ±0.1 0 mH of
the certified effective 1OO-Hz series inductance of the
standard.

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

Q =6.2832 f LlR

where f is the measurement L is certified
series and R is dc resistance, also given on
the certificate. (Notice that the 100-Hz Q is given on the
certificate; but not the 120-Hz QJ

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 R LC display is within 0.10 mH
of the certified effective 1OOO-Hz series inductance of the
standard.

h. Calculate the Q of 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 its test fixture as follows.

a. Remove the extender cable from the Digibridge.
b. Confirm 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).
c. Verify that the R LC display is less than .002 nF

(i.e., 2 pF).
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Figure 5-3. Removal the display

to

are 6 mm,

"j rmnrt by

Turn the instru-

keyboard IIlL}ULll",

the module directly

Reassembly note: very

at 0 and ""'-PT'''!\!

main

2

657-0200) from power

. Notice that the

cable is

6mm

d.
supply
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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. AI! except F are accessed from
this side.

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 6. The vertical coord inates are A to E (top to bot­
tom); the horizontal coordinates are 1 to 8 (left to right).

8 0 o o

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

Figure 5-7. Removal of the M8 board. The ribbon
cable must be disconnected first. Prior removal of the
display board also is highly recommended. Because the
board is partial! y enclosed by the mai n 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 1657-2200 (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.

5.6.3 Reference Designations.

Refer to Section 6 for an explanation of these designa­

tions. For example, V-Tl 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 Multiple-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 IC 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 liquid 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.
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K1 K2 U43 J6 p- 1- U42 1+ p+

Figure 5-8. Main or MB board, top view. Functional conversion between 1658-9700 and
1658-9800 involves replacement of precision oscillator and depressing switch tabs; locations
indicated. Arrows A-A indicate approximately the area of analog circuitry.

c. Clean and check the 4 contact strips. Use a card wet
with isopropyl a Icohol for cleaning. Hold the board at an
angle so that any drip falls away from the circuits.

d. If 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 eye, looking directly
down on the board. Guide-block screws are 8 mm long,

with washers.
For best results and minimum maintenance effort, the

operator must remove any obvious dirt from leads of DUT's
before inserting them into the test fixture. Its contacts will
wipe through a film of wax, but they can become clogged

and ineffectual if the operator is careless about cleanliness.

5.7.2 Care of the 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



DIODE BRIDGE, CRl ... CR4

Y-C2-~--..",

Y-C1

D-U47
SUPPORT SCREW

o-U56 ... U64 ~"!""'''r

Y·U1 Y-Tl V-S2 Y-Fl

Y-WT1

Y-J101

POWER SUPPLY
IY) BOARD

Y·Jl
pins 1 ... 10

Y-S1

Y-U2
---".".... (PIN 1 +-)

Y-U3
(PIN 1 ....)

CABLE
1657-0200

. SUPPORT SCREW

DISPLAY
(D) BOARD

Figure 5-9. Power supply IV 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 liquid to drip or run.

If it should be necessary to place marks on the window,

use paper-based masking tape (NOT any kind of marking
pen, which could be abrasive or react chemically with the

plastic). To minimize retention of any gummy residue,
remove the tape within a few weeks.

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 block diagrams and discus­

sion there provide necessary background, which can gener­

ally save ti me 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 Von 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" IC. Notice, also, that the
resistor networks DB-Z2 ... DB-Zl 0 are simply compact
packages of 220-Sl resistors. If one resistor is open, itis not
necessary to replace the entire package. Use a 5% resistor,

Circuit board replacement. Refer to para 5.3 for recom­

mended procedures to obtain replacements.
Telltale symptoms. Scan the following group of symp­

toms for a preliminary analysis of trouble and suggestions

for more detailed procedures if applicable.
Display. A perpetually blank digit or decimal point may

be caused by a fault in the directly associated circuit on the

display board. (Refer to comments above.)

D Error. A large D error may be caused by faulty

"protection" diodes in the analog front end. Check

MB-CR 15 ... MB-CR26 (a total of 12 diodes).

SERVICE 5-13



Figure 5-10. Interface option assembly 1658-4020,
including the interface option board UOB) 1658-4720.

Reactance Error. If R measurements are accurate but
C (and L) measurements are not, the test signal source may

be at fault. In checking it, as in the following paragraph,
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Table 5-11

M8--· BOARD PARTS LOCATIONS

Part Layout* Schematic** Part Layout* Schematic**

Jl 04 6-B 05 U1B C5 6-3 E3
6-9 E- U19 C4 6-5 B6

J2 A5 6-7 Cl 6-5 D2
J3 D1 6-9 C7 U20 84 6-7 E6

6-9 E- 6-5 A6
J4 D7 6-5 3,5 U21 84 6-B C6
J5 86 6-5 E1 U22 83 6-B 85
J6 E4 6-5 B1 6-7 E4
J7 A7 6-5 81 U23 B2 6-8 B3

6-7 E3
K1 E2 6-5 B2 U24 B2 6-7 E2
K2 E2 6-5 C2 6-9 A6

U25 B1 6-9 B6
01 B1 6-7 82 U26 Bl 6-9 C6
02 D2 6-5 D3 un C1 6-9 C5
03 D2 6-5 D3 U28 C1 6-9 C3
04 E3 6-5 A2 U29 C2 6-9 B6
05 E2 6-5 D3 U30 C2 6-8 D2
06 E2 6-5 C3 U31 C3 6-8 C3

U32 C3 6-8 C4
5900 B5 6-3 B7 U33 C4 6-8 C5
S901t B5 6-3 85 U34 C5 6-5 C6

U35 C5 6-5 87
U1 A1 6-7 A4 U36 C6 6-5 C7
U2 A2 6-7 87 U37 C7 6-5 D7
U3 A2 6-7 85 U38 D7 6-5 D5
U4 A3 6-7 84 D7
U5 Al 6-7 A3 U39 C6 6-3 D4
U6 B2 6-7 E7 U40 D6 6-3 D5
U7 A4 6-7 B3 U41 C5 6-3 E5
U8 B4 6-3 C4 U42 D5 6-3 D6

6-3 D1 U43 D4 6-5 D4
U9 85 6-3 C5 U44 D3 6-3 D7
U10 B5 6-3 D3 U45 E3 6-5 E2
Ul1 86 6-3 D3 U46 E3 6-5 D5
U12 86 6-3 85 U47 D3 6-9 C4
U13 86 6-3 B3 U48 D2 6-5 Cl
U14 A6 6-3 81 U49 D2 6-9 C2
U15 B7 6-3 83 U50 D1 6-9 C1
U16 B7 6-9 B5 U51 El 6-5 E3

6-3 C6 U52 E2 6-5 D2
un C7 6-3 85 U53 A2 6-7 C5

'See Figure 6-4 for physical location,
**See indicated figure, 6-3~ 6-5 1 6-7, 6-8 r or 6-9, for location on

schematic diagram.
tNot present on standard models. {Used 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
1+ 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.

Analog Front End. To check the entire analog front end,
verify that the signal at MB-U3 pin 12 has the characteristic
staircase/sawtooth waveform illustrated in para 5.8.4, while
the instrument is measuring a DUT. If this is true for all



modes (EQUIVALENT CIRCUIT, FREQUENCY, param­
eter RIQ, LlQ, and C/O), skip to para 5.8.6. Otherwise,

check the test signal at the test fixture as outlined above.
Introduction to Detailed Analysis. The following trouble

analysis procedures will serve as a guide for localizing a fault

to a circuit area. In some cases, a 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, follow the

procedure strictly in the order given, doing the principal

steps (a, b, c, 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

Check the power supply (V ass;errlbl'{)

massive failure (nothing works) or as a

in any thorough analysis. Refer to Figure 5-9.

NOTE
If a voltage regulator (U1, U2, or U3) must be

replaced, be sure to spread silicone grease (I ike
Dow Corning compound no. 5) on the-surface

toward the heat sink. For Ul, coat both sides
of the insulating washer.

transformernnIMPr-Ii'/JP circuit

aa. If trouble is found at step a, check "+5 V" circuit:

A t outputs of Uland U2: +5 V de /requl'atc?cJj.

At WTJ of Ul and U2}: +10.8 V de.

Across input to diode bridge 10 V rms,

abo Check "-8 V" circuit:

A t de (rer;UI'ate;dJ.

At (center teonina/) of U3: - dc.
b. Make a check si mi lar to step a,

connected, ground reference at right

from below the board.
the power

a. Check the output voltages, usi ng a digital voltmeter,
with ground reference at V-J1, pin 9 (ribbon cable

unplugged), as follows:

Pin 1 = +5 V.
Pin 3 = +5 V.
Pin4=-8V.

ba. this is distorted or

present at MB-U42 2 or J4
... -CR23. To

press the

5.8.3 Sinewave Generator.

Check the MB-board circuits that supply the test signal
to the OUT, 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:

OUT: 0.1 jJF and 3 kD, connected in series.
MEASURE RATE-SLOW

EQUIVALHJT CI RCUIT - SERIES
FREQUENCY - 1 kHz

Parameter - C/O.
b. that the signal at test fixture, + side

is a 1-kHz sine wave, 490 mV pk-pk. Use an



c. If no fault appears in steps a, b, skip to para 5.8.4.

NOTE
The prefix "MS-" is the tollO\lIJlflO

text, where it is not necessary for clarity.

d. Verify that .4 RMS TEST SIGf\JAl" at
U42 pin 2 is a 1-kHz sine wave, approx 4.0 V pk-pk {±10%1.

e. Check at U42 pi n 6 for a 1-k Hz si ne wave, 4.0 V
pk-pk.

f. Verify that the output of U40, found at J4 pin 10 is

a l-kHz sine wave, 4.0 V pk-pk. (A "noisy" waveform is

normal.)

g. Remove U40. Connect a 200-0 resistor across its

socket between pins 2 and 3. (I\lote: if the resistor leads are

about 0.5 mm in diameter, they fit the socket

directly.) Check at U39 pin 4 for a l-kHz sine wave,

0.4 V pk-pk. If this is verified but step f is not, fault is in

U40. If neither is verified, reinstall U40 and continue.

h. Check that each input to the D/A converter U39

5 ... 12), is a digital about 4 V pk-pk. Each

of these 8 signals should repeat with a period of ms.

If these digital signals are NOT correct, continue the

analVSIS by 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 correct for
1658-9800 (the 1DO-Hz version). Frequency

tolerance is ±O.Ol %.

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, so as not to

load the high-impedance circuits being analyzed.

j. Oscillator. Check at U15 pin 4 a fast wave-
form (see schematic diagram) of the following frequency:

25.067 or 24.576 ± 0.003 MHz. If correct, skip to step k.

oscillator 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.

Check U13, pins 1 and 8 pulses (esserltiEilly

rectangular), with frequencies as follows:

Pin 1, 1.0445 or 1.0240 MHz.

Pin 8, 261 2 or 256.00 kHz.

Otherwise, U13 is faulty.

m. Check at U12 for similar pulses, with frequencies as

follows:

Pin 12, 522.24 or 512.00 kHz.

Pin 9, 276.00 or 216.12 kHz.

Pin 8, 22.80 or 156.00 kHz.
Pin 11,61.44 or 78.00 kHz.

5-16 SERVICE

ea. Check at U42 pin 3 for a 1-kHz sine wave, 3.4 V
If verified but step e is not, isolate the fault

to U42 or to U44.

ha. If these inputs are verified but step 9 is not, fault is in
U39 circuit. Check at the end of R46 closer to the test

fixture for +3 V de; if that is correct replace U39. Other­
wise, fault is in associated circuit.
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Figure 5-11. Integrator output waveform for the con·
ditions of para 5.8.4: VALUE, SLOW, SERIES, 1 kHz,
CONT, RIO, autorange; DUT is 1 n. The waveform
repeats every 570 ms, including 16 staircases, for a
complete measurement cycle. The expansion, B, shows
typical detail 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

each DUT in turn:
1 Q; test signal should be 60 mV pk-pk
1 kD; 330 mV
1 MD; 580 mV pk-pk.

c. Install a 1 k·D resistor in the test fixture. Check the
P+ circuit at U43 pin 1, for a l·kHz sine wave, 350 mV
pk·pk.

d. Check part of the ,- circuit at 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,(1-4) U48 Pin 10 U48 Pin 8

1 n open closed low
1 kr2 closed open low high
1MQ open open high high
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ba. If discrepancy is found in step b, check for continu-

ity through 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 c, but U43 pin 3 has a
330-mV pk-pk sine wave, then U43 is faulty.

da. If discrepancy in step d, check at U52 pin 14 for a

1-kHz sine wave, 330 m V pk-pk; and at pin 10 for a logic
(+5V).

db. Check U52 pins 12, 15 for presence of signal. If the
correct at 15 but missing at 12, check 05, 06,

and associated circuit, or U52.

de. Conversely, if the signal is correct at pin 12 but

rmssmg 15, replace U52.
dd. If both signals at U52 are correct, check at U51 pin 3

for a 1-kHz sine wave, 360 m V pk-pk. If discrepant, check
U45 pin 6,' replace U45.



e. Check at U43 pin 8 for a 1-kHz sine wave, 330 mV
pk-pk. Otherwise U43 is faulty.

Exch;an~je the OUT for a 1·f2 resistor. Check the out­
put of the signal selector, U46 pin 13 for a 1-kHz switched

sine wave, 580 and 60 mV pk-pk levels.

g. Check at output of differential U38

for a 1-kHz switched sine wave, 4 V and 0.4 V pk-pk, or

somewhat larger. The ratio should be 10 to 1.

h. Check the integrator output at U38 pi n 12 (or the

front end of C38) for the stai rcase waveform shown in the

accompanying figure. Notice that there are 17 steps for the
1658-9700, but 20 steps for the 1658-9800, if the test fre­
quency is "1 kHz." The amplitudes of the staircases depend

on the range as well as the impedance components of the
OUT. For details, refer to Table 5-13.

The waveform is more easily stopped on the scope
if 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 voltage,
near the negative peak.

Table 5·13

FREQUENCY SELECTION AND VARIOUS CHARACTERISTICS

OF STMJDARD MODELS

Characteristic -9700 -9800

Hi-f "1 kHz" 1020 Hz 1000 Hz
Lo-f"120Hz" 120 Hz 100 Hz
Crystal f IMHz) 25.0675 24.576

freq 60 Hz 50 Hz

DIP svvitch, set:
S900, 1
S900,2 ON OFF
S900,3 OFF ON
S900, 4 OFF OFF
S900,5 ON ON
S900,6 OFF ON

Steps' for H i-f: 17i1718 20/20/10
for Lo-f: 2/2/1 2/211

Staircases** 16/8/5 16/8/5

*Steps per staircase (pulses/burst, SST, Figure 5-12) stow/med/
rates.

"~;taircases {SST bursts; Figure 5-13) per measurement,
slo·w!rned/fast rates, either frequency.

5.8.5 Control Signal Checks. Figures 5-12, 5-13,

there is no stai rcase waveform at the integrator out-
in the phase-sensitive detector, as described above,

following procedure to determine whether the

faUlt is in the digital control circuitry.

de. Check at U51 pin 8 for a I-kHz sine wave, 360 m V
pk-pk. If discrepant, fault is in U51.

df. Check at U52 13 for a I-kHz sine wave, 330 m V

If check U43, and U52 for loading
or an open circuit.

fa. If step f, check the signal SSWI

at U46 pin 10 (or Jl pin 57, display-board connector). It

should be a slow rectangUlar wave, switching between 0 and

+4 V. Refer to timing diagram, below.

gao a Xl 0 scope 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 similarly. 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 logic high and low levels of +5 V and - 8 V,

If all of these signals are present, either U37 or U38 is
. replace both of them. Otherwise, check the quad

flip-flop U34. Also, refer to para 5.8.5.
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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 U20 pins 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.

they are normal, to step c. If they are inactive,
perhaps they can be stimulated by applying pulses to the

power-on reset circuit; see step ba.

c. Examine each of the following feedback sig-

nals and compare it with the timing diagram. If anyone 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 the edge of CMP and very qu 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 h

levels of 0 and +5 V; the last 6 signals,-8 and +5 V.l

PBST, at U19 pin 6;

PISW, at U19 pin 4;

PMSR, at U19 pin 2;

RES, 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);

DON E, 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).

any is abnormal, trace back to the source of the sig­

nal, with the help of the schematic diagram (to check for

poor connections or other interface problems). If 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. Preferably,
set up a pulse generator as follows:

Source resistance: 50 n.
Repetition rate {period}: 1 s.

Pulse polarity duration: positive, 0.5 s.
Dc levels: high = 4.5 V,' low = 0 V.
Connect from ground to U5 pin 1,.

bb. The alternative method is to short across C 1 momen·
tarily {and repeatedly} with a clip lead. Watch the scope
carefully for activation, perhaps for only 1 cycle, of PBST
and/or PMSR. after each application of the short circuit
Notice that this short must be momentary and that it
must not be applied while the pulse generator is connected.
Find Cl between Q1 and U25.

be. If PBST and PMSR 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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SSW1

aST

16.67 ms

ISW

MSR

HOLD

CTR RESET

Sm, 25 ms 35 ms,------,
I,
I

INTEGRATOR
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(STANDARD RESISTOR)

SETTLE I
~

"'1\ y-':
/ I
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& DISPLAY ,

(UNKNOWN IMPEDANCE} IE -~

Figure 5-13. Timing diagram. complete m'laSurement cycle a typical MEDIUM-rate
1-kHz measurement on a 1658-9700. There are 8 staircase cycles, one with each phase of
BST for the signal from the standard and one with each phase of BST for the signal from the
DUT.
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Figure 6-1. Front view, mechanical parts

Figure 6-2. Rear view. mechanical parts.

Federal Manufacturers Code . . . .

6.1 GENERAL . . . . . . .

6.2 REFERENCE DESIGNATIONS

6.3 DIAGRAMS. . . . . . .

6.1 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 5 con­
tains photographs of the instrument, identifying various
parts.) The heavy lines on schematic diagrams denote the

major signal flow.
Reference designation usage is descri bed below.

6.2 REFERENCE DESIGNATIONS.

U, integrated circuit; \NT, wire tie point; X, J, P, or SO,

connector; Y, crystal resonator; Z, network.

Each assembly (typically a circuit board) has its own

sequence of designators which can be identified by using
prefixes, such as A- for the main frame and V- for power
supply. Examples: B-R8 designates B board, resistor 8;

D-\NT2 = D board, wire-tie point 2; CR6 on the V schema­
tic is a shortened form of designator V-CR6 = V board,
diode 6. The instrument may contain A-R 1, B-R 1, C-R 1,
and D-R 1.

,

Each electrical component part on an assembly is identi-

fied on equipment and drawings by means of a reference

designator comprised of numbers and letters. Component
types on an assembly are numbered sequentially, the num­
bers being preceeded by a letter designation that identifies

the component (R for resistor, C for capacitor, etc.). Some

of the less obvious designators are: DS, lamp; Q, transistor;

6,3 DIAGRAMS.

Generally, each schematic diagram is located on a right­
hand fold-out page for conven ience. The associ ated Iay out

drawing and parts list are located on the same page, the
facing page, or otherwise nearby.
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Figure 6-1. Front view, showing replaceable mechanical parts.

4

2 3 4 5 6

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

FRONT

Figure
6-1 Quantity Description

GenRad
Part No. FMC

MEg r
Part No.

1 4 Foot 5260-2051 24655 5260-2051
2 1 Display panel (plastic) 1658-7032 24655 1658-7032
3 1 Actuator (push rod) 1657-2810 24655 1657-2810
4 1 Guide block assembly 1657-2200 24655 1657-2200
5 1 Card pan 1658-8200 24655 1658-8200
6 1 Instruction card 1658-0110 24655 1658-0110
7 1 Keyboard plate (120 Hz) 1658-8045 24655 1658-8045

or Keyboard plate (100 Hz) 1658-8046 24655 1658-8046

Figure
6-2 Quantity Description

REAR
GenRad
Part FMC

MEgr
Part No.

1 1 Power connector JI01 4240-0250 82389 EAC-302
2 1 Fuse extractor post Fl 5650-0100 75915 342-004
3 1 Slide switch 52 7910-0832 82389 llA-1266
4 1 Cover (safety) 1657-8120 24655 1657-8120
5 1 TOp cover 1657-8060 24655 1657-8060
6 Bottom shell 1657-8000 24655 1657-8000
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FEDERAL SUPPLY CODE

FOR MANUFACTURERS

From Defense Logist ics Agency Microf iche

H4-2 S8708-42 GSA-FSS H4-2

Ref FMC Coiumn

in Parts Lists

11377

17013
02703

53204

15857

Manufactufltf

Int'i
Chicago

Int'l

10801
Cont o''''c;".Bmok!\m,N'Y 11222

M,;Jliory
Ma!!ory
Gullon

Eiectra

94063

~H.:'U'd::;o~~;n:.~~:::~,;':,,~:,;;i~~i;~O,7032

North

Unit€"d

Pay;ofl
Prec Metal

Harhwll"Placentia,CA 92670
Meissner.,Mt CarmeJ,lL 628£3
Carr Fastener.,Cambddge,MA 02142
Victory Eng.,Springfield,NJ 07081
Parker SeaL,Cuhrer City.CA 90231
H.H.Smith.,BrDokNn,NY 11207
Searing SpcJt)'.,San Francisco,CA
Solar Elctrc.,Warr!On.PA 16365
Burroughs.,P1.aintield,NJ 07061
Union Carbide.,Ne-~.. York,NY 10017
Mass Engrg.,Quinci ,MA 02,71
National E!ctrcs.,Gene-"..a,1L 60134
TRW.,Ogal1aia,NB 69153
Lehigh Meta;s.,Cambridge.MA 02140
Sarkes 47401
TA

ficHes Labs.,Lansoo!e,PA 19446
R&C Mfg..Ramsey,.PA 16671
Cramer.,New York,NY 10Q13
Raytneon.,QuinCY,MA 02169
Wagner Eictrc.,Li..-ingston,NJ 07039
W~ton..Archiba!d,PA 18403
Tel Labs_.Manchester.NH 03102
Dickson ..Chicago,lL 60519
Magne-cri3ft.,ChicagoJL 60630
Atlas lnd.,BrookEne,NH 03033
Garde.,CumberJand,RI02864
Quality Comp.,S! Marys,PA 15857
Alco E1ctrcs.,Lawrence,MA 01843
Co-ntinental Conn"Woodsidg,NY , 1377
Vitramon"Bridgeport,CT 06601
GOfdos.,Bloomfield,NJ07003
Methode.;Ro!Jing Meadow,1 L 6000B
Amer Brass"TorririgtorLCT 06790
We-::k~sser.,Chicago;Jl60046

AefOVQx Hi Q..Oiean,NY 14760
Microwave Assoc.,BudingtQ1"l,MA 01801
Military Slandatm
linemaster Switch"W.ooostock,CT 06281

10544

Code

80894
81030
8107381143
81312
81349
81350
81483
81741
8183,
81840
81860
82219
82227
82273
82389
825£7
82647
82807
82877

92519
92678
92702
92739
92966
93332
93346
93618
93916
94144
94154
94271
94322
94589
94696
94800
95076
95121

9j293

95275
953-48
95354
95794
95987
96095
96341
95906
97918
98291
98474
9882i
99-017
99117
993i3
99378
99800
99934
99942

83014
83033
83058
83186
83259
83330
83361
83587
83594
83740
83766
83781
84411
84835
-84970
84971
85604
86420
86577
86684
85687
86800
88140
882:04
88219
88419
88627
89265
89482
89665
89370
90201
90303
90634
90750
90952
91032
911413
912iO

O'3k
Dot

Quam
06110

06226

~~;,r',~~:~;:~~~:~S~~532i2C, York.NY
Coto Co1!.,Providence,RJ 02905
CreS~nt 19134

1'.-1;[1

"'Y·O·VO',YOO''''''',m 53703

rO'm'CLC,nc;nn"i,OH 45232
S!2ndard 47902
BDurns 92506
Syiv",n;a"Ne,·. 100i 7
Air FiI'er.,Mil"..aukee,W! 532i8

10010
Beckman 92634
TRW

71400
71450
714S8
71482
71590
71666
71707
71729
71744
71785
71823
72136
72228
72259
72619
72699
72765
72794
72825
729£2
72982

76487
76545
76684
75854
77132
77147
77156
77263
77315
77339
77342
77542
77530
77638
78189
78277
78429
78488
7B553
78711

75042
75376
753-32
75491
7560S
75915
76005
76149
76241

74970

73559
73690
73-803
73899
73957
74193
74199
74445
74545
74861
74B68

00103
80183
802'11
2-0251
80258
80294
80368
80431
80583
80740
80756

53202

Hi!!,CT 06067

01606

1470'1

08825

16801

55408

01730

Manufacturer

LRC ol""''',H''''''''a,J;,NY 14845

PaddL 60131
94010

Tri-Cour'l!y ,oo',,',,"o''',;,'Y 14517
am", 02154
A.m"ric2n

Koeh!er.)·.hriboro.MA 0:1752
Mesa.CA 92526

S,licon 92683
idvanced ,"'~icro 9408£

Marlin
McGiJl

N.ationai

Code

27014

18795
18911
19178
19209
19373
193:96
1%17
19644
19701
20093
20754
21335

15801 01701
15819
16037 28777
16068
16179 48024
16301
16352
16435 11040
166-36
16758
16950 Pr~;si'.)n 91504
16952 Amer Micro 29483
17117 ElClrc
17540 Spring.,SchWer Poel<" L 60176
17745 Angsuohm 21740
17771
17850
17856
18324
18542 46992

S~l1be.,EI

COffiouter

27545
2B48D
28520
28875
28959
30043

21588
21759
22526
22589
22753
23338
23342
23936
24351
24355
24444
24446
24454
24455
24602
24655
24759
25003
15289
26601
26805
25800

37942
38443

91745

elotco;,lo,IIewOO",CA 90302

Han .. Han!e-rd.CT 06106
'115-07

Fenw"i 01701

CiS
Ch-3r>d\er

& 5pohV ,"toe"h,m,"'. 02180

M",'om'tol'I"C,'Y of mOI""y,o," ""44
Dickson

Digital Eqvip.,Maynard,MA 01754

01121
01255
01281
01295
01526

Code

12040
12045
12498
12617
:2672
12£97
128&6
;2954
12969

14.752
14889
14903
14936
15238
15476
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Figure 6-3. Main (MB) board, -4700, clock and test signal sources.
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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 = collector, I-e pin 1, cathode
lof diode), or + end {of capacitor!.
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Figure 6-4. Main (MB) toard, 1658-4700, layout. (Refer to Table 5-11.)
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Figure 6-6. Main (MB) board, 1658-4700, integrated-circuit locator.
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ELECTRICAL PARTS LIST lcont)

ANALOG AND CONTROL PC BOARD MB PIN 1658-4700

llEFDE S DE5CRIPTION PART NO. FMC MfGR PART NUMBER

CR 1 DIODE HPSOB2-2800 Ii< 200NA 51 6082-1034 28480 HP-S082-2 BOO
CR 2 DIODE IN4151 7SPIV lR.lUA 51 6082-1001 14433 IN3604
CR 3 DIODE IN4l51 75P 1 V 1R.IUA 51 6082-1001 14433 IN3604
CR 4 ZENER 1N746 3.3V lOPCT .4101 6083-1005 14433 1 N746

ell. 5 DiODE IN4151 7SPIV 1R.1UA 51 6082-1001 14433 1N3604
ell. 6 DIODE 11'14151 75Pl V I R. lUA 51 6082-1001 14433 IN3604
Cll. 7 D10DE INit151 75PlV IR .LUA 51 6082-1001 14433 IN3604
CR 8 DIODE 1N"!5! 75P I V IR.1 UA 51 6082-1001 14433 IN36!)4
CR 9 CIODE IN415! 75P IV lR.lUA 51 6082-1001 14433 IN3604
CR 10 DIODE 1 N4151 75PIV Ill. .lUA 5 I 6082-100 1 14433 IN 3604
CR 11 DIODE 11'44151 15PIV I R. lUo4 51 6082-1001 14433 IN3604
CR 12 DIODE 1N't151 751' IV IR.lUll 51 6082-1001 14433 IN3604
CR 13 DIODE 1144151 75PIV II<.lUA 51 6082-1001 14433 IN 3604
CR 14 arooE IN 4151 751' I II II<.lUo4 51 6082-1001 14433 IN3604
CR 15 DIODE IN459A 1751'111 lR.025UA 51 6082-1011 14433 IN459A
CR 16 DIODE IN459A 115PI V IR.025Uo4 51 6082-1011 14433 IN459A
CR 17 DIODE IN459A 175Pl V IR.025UA 51 1>082-1011 14433 IN459A
CR 18 DIODE IN459A 175PIV lR.025UA 51 6082-10U 14433 IN459A
eR 19 DIODE IN459A 175PIII IR.025UA 51 6082-1011 14433 IN459A
CIl 20 DIODE IN459A 175PIV IR.025UA 51 6082-1011 14433 IN459A
CR 21 DIODE IN459A 175 PI V IR.025UII 51 6082-1011 14433 IN459A
ell 22 DIODE IN459A 175PIV IR.025Uo4 SI 6082-1011 14433 11'445911.
eR 23 OIODE 11'445911. 115PIV IR.025UA SI 6082-1011 14433 11'445911
CR 24 DIODE IN459A 175PIV IR.025UA 51 6082-1011 14433 IN45911
CR 25 DIODE IN45911 175PIV IR.025UA 51 6082-1011 14433 IN459A
CR 26 DIODE IN459A 175PIII IR.025UA SI 6082-1011 14433 IN459A
CR 27 DIODE 1 N4151 751'111 IR.IUA SI 6082-1001 14433 IN3604
CR 28 DIODE IN4151 15P I V I R.IUo4 SI 6082-1001 14433 IN3604
ell. 29 DIODE 11'44151 75PIV IR.IUA 51 6082-1001 14433 IN3604
CR 30 DIODE IN4151 15PIV I R.l UA 51 6082-1001 14433 11'43604
CR 31 aIODE 1N459A 17SpIV lR.025UA 51 6082-1011 14433 11'4 459A
CR 32 lENER IN746 3.3¥ 10P(;T .4101 6083-1005 14433 IN746
CR 33 ZENER IN 746 3.3V 10PC T .4" 6083-1005 14433 IN746

J 1 (ONNEC TOR PC 40 P05 DR 1657-0400 24655 1657-0400
J 2 CONNECTOR PC 25 P05 DR 4230-5008 24655 4230-5008
J 3 HEADER FEMAlE 30 CONT 4230-8048 3014<: 929850-30
J 6 HEADER FEMALE 6 CaNT 4230-8044 30146 929850-6
J 7 BIAS TERMINAL 1658-6002 24655 1658-6002

JA 2 HEADER FEMALE 27 (;ONT 4230-8045 30146 929850-21

JB 2 HEADER fEMAL E 27 W/IIT 4230-8045 30146 929850-21

K 1 RELAY REED DRY 5\1 fORM lA 6090-2080 14908 1192-1A-5
.2 RELAY REED DRY 5'1 FORM lA 6090-2080 14908 192-1A-5

L 1 CHOKE MOLDED 18.0 UH 10pCT 4300-2:>00 99800 1537-42
l 2 CHOKE MOLDED 18.0 UK 10pCT 4300-2500 99800 1537-42

Q 1 TRANSISTOR 2N3414 8210-1290 56289 21'43414
Q 2 TRANSISTOR 2N3414 8210-1290 56289 2N3414
Q 3 TRANSI5TOR 2/113414 8210-1290 56289 2N3414
Q 4 TRANSISTOR 2"15679 8210-1223 04713 2N5679
Q 5 TRANSISTOR 2N2904 8210-1014 0471.3 2N2904
Q 6 TRANSI5TOR 2N2904 8210-1014 04713 2N2904

R 1 RES COMP 10 K 5PCT 114\01 6099-3105 81349 RCR01GI03J
R 2 RE5 COMp 1.0 K 5PCT 1/4\01 6099-2105 81349 R(;R07GI02J
R 3 RES COMp 3.3 K 5POT 1/4101 6099-2335 81349 R(;R07G332J

4 RE5 COMP 10 K 5PCT 1I4W 6099-3105 81349 RCR07GI03J
R 5 RES COMP 3.3 K SPCT 1I4W 6099-2335 81349 RCR07GH2J
R 6 RE5 COMP 3.3 K 5PCT 1/4w 6099-2335 81349 RCRG7G332 J
R 7 RE5 COMP 3.3 K 5PCT 1/4101 6099-2335 81349 !I(.R07G332J
R 8 RE5 COMP 3.3 K 5PCT 1/4111 6099-2335 81349 R(;R07G332J
R 9 RE5 COMP 100 K SPCT 1/41'1 6099-4105 81349 RCR07G104J
R 10 RE5 COMP 3.3 K 5pCT 1/4W 6099-2335 81349 RCR01G332J
R 11 RES COMP 3.3 K 5PCT 1/4101 6099-2335 81349 RCR07G332J
R 12 RE5 COl'll' 10 K 5PCT 1/4101 6099-3105 81349 RCR07G 103J
R 13 RES COl'll' 51 K OHM 5pCT 1/4W 6099-3515 81349 RCR01G513J
R 14 RE5 CO'll' lOO K 5pCT 1/4>1 609~-4105 81349 RCR01GI04J
R 15 RES COMP 10 K 5PCT 1/4\11 6099-3105 81349 RCR07G103J



ELECTRICAL PARTS LIST (cont)

ANALOG AND CONTROL PC BOARD

REFDES DESCR I;>T ION PART NO. FMC hiF-GR PAR T NU%ER

R 16 RES CaMP 270 OHf4 5PC T 1I4W 6Cl99- 1 :3 7G2 IJ
R 17 RES CaMP 15 K 5PCT li4W 6099-3155 81349 RCi< 07G 153 J
R 18 RES COMp 15 K 5PC T 1141> 6099-3155 8134<) RCR07G153J
R 19 RES CO'll" 15 K 5PC T 1I4W 6099-3155 81349 RCR07G153J
R 20 RES cm~p 15 K 5PC1 1141-1 155 7G 53J
R 21 RES COMP 3.9 K 5PCT 1141' 6099-2395 61349 RCR07G392J
R 22 RES COMp 15 K 5PCT 1/4W 6099-3155 81349 RCR07G153J
R 24 RES COMP 150 OHM 5PCT 1.I4W 6099-1155 8<349 RCR07G15lJ
R 25 RES COMP 3. K 5PC 1 1I4W 6 8 7G392
R 26 RES COMP 1.8 K 5PCT 1/4W 6099-2185 349 RC R07G 182 J
R 27 RES COMP 27 K 5PCT 112 W 6100-3275 8<349 RCR20G273J

R 28 RES COMP 56 OHM 5pCT 1141'1 6099-0565 81349 RCR07G560J

R 29 RES COMP l K 5pCT 1/41<1 7G l03J
R 30 RES CaMP 10 K 5PC T 1/4W 60'19-31 05 8U 49 RCR07Gl 03 J
R 31 RE S CaMP 10 K 5PCT 1/4W 6099-3105 8U 49 RCR07GI03J
R 32 RES cm~p 10 K 5pC T 1/4W 6099-3105 81349 RCR07GI03J
R 33 RES COMP 10 K 5PCT 1/4W 6099-3105 349 RCR 7G 1 03 J
R 34 RES COMP 3.3 K 5PCT 1/4W 6099-2335 349 RCROIG332J
R 35 RES Co,\p 3.3 K SPC r 1/4W 6099-2335 81349 RCR07G332 J
R 36 RES COl'll" 33 K 5pcr l/4W 6099-3335 81349 RCR OIG 333J
R 37 RES COl'll' 5.6 K 5pCT 4W 6099-2565 349 IG562J
R 38 RES COMp 33 K 5pC1 114101 6099-3335 3 RCR07G333J
R 39 RES COMP 10 K 5 PeT 1/4100 6099-3l.O5 81349 RCR07G l03J
R 40 RES COMP 3.3 K 5pCT 1I4W 6099-2335 81.349 RCR07G332J
R 41 RES COl'll' 3.3 K 5pCT l!4W 6099-2335 349 RCR07G332J
R 42 RES COMp 3.3 K 5PCT 1141' 6099-2335 349 RCR07G332J
R 43 RES COMp 15 OHM 5PC T 1.14W 6099-0155 81349 RCR07G150J
R 44 RES COMP 51 K OHM 5pcr 1/4W 6099-3515 8<349 RCR07G5l3J
R 45 RES COMp 1. K 5pC 1 114\; 6099-2105 81349 RCR07G102J
R 46 RES COMP 1.5 K 5PC T 14W 6099-2155 349 52 J
R 47 RES COMP 4.7 K 5 PeT 1/4\; 6099-2475 81349 RCR07G472J
K 48 RES FLM lOOK 1 PC T 118101 6250-3100 iH349 RN55DI003F
R 49 RES COI~p 410 OHM 5pCT 1141' 6099-1475 81349 RCROIG471J
R 50 RES COMP 100 K 5PCT 4W 6099-'+10 349 R 07G 104J
R 51 RE S Fl'l lOOK 1 PC 1 lIBW 6250-3100 d1349 RN5501 003 F
R 52 RES COMP 100 K 5pcr 1/4W 6099-4105 8L349 RCR07G104J
R 53 RES COMP 10 K 5PCT 1141-1 6099-3105 8L349 KCR07GI03J
R 54 RES COMp 3.3 K 5pCT 14101 6099-233 3 RCR07G332 J
R 55 RES FLM 39.2 K 1 per 11811 6250-2392 349 RN5503922F
R 56 RES FLi4 39.2 K 1 PCT 11814 6250-2392 8l.349 RN55039ZZF
R 57 RES COMp 220 OHM 5PC T Ii4W 6099-1225 8<349 RCR07G221J
R 58 RES COMP 220 5PCT lI4W 6099- 225 349 RCR 7G 221J
R 59 RES COMp 220 OHM 5Pcr 1I4W 6099-1225 81349 ?G221J
R 60 RES COMP lOO K 5PCT 1/4101 6099-- 4105 8<349 RCR OIGI 04J
R 61 RES COMP 1.0 K 5PCT 114" 6099-2105 81349 RCR07GI02J
R 62 RES PWR WW 10 OHr4 02PC T 10pPM 6620-1036 24655 6620-1036
R 63 RES FLM 1K .02 PC1 10pPM 6619-- 5070 24655 661 70
R 64 RE S FLM lOOK .02pCT 10ppM 6619-6000 24655 6619-6000
R 65 RES cm~p 3.3 K 5PCf 1I4W 6099-2335 8<349 RCR07G332 J
R 66 RES COMP 3.3 K 5PCT 1/411 6099-2335 81349 RCR 0 IG 332J
R 67 RES COMP 33 OHM 5PC1 114101 6099-033 81349 RC 70330J
R 68 RES COMP 10 OHM 5pCf 1/4W 6099-0105 81349 RCR07GI00J
R 69 RES FlM 2.15M 1 PCT 1I4W 6350-4215 8<349 RN60D2154f
R 70 RES Cm-lp 220 OHM 5pCT 1/4W 6099-1225 ili34 RCRO 7 G221 J
R 11 RES COMP 220 0 5PCT 1/4101 6099- 22 349 IGZZI J
R 72 RES COMp 220 OHM 5PCT 1/41' 6099-1225 81349 RCR07G221J
R 7J RES CaMP 220 OHM 5PC T 1/4"1 6099-1225 81.349 RCR07 G221 J
R 74 RES COMp 10 K 5PCI 1/411 6099-3105 8<349 RCR07GI03J
R 75 RES COMP 220 OHM 5PCT 1141' 6099-1225 349 7G221J
R 76 RES COMp 220 OHM 5PCT 1./4W 6099-1225 8<349 RCR07G221J
R 71 RES CaMP 220 OHM 5 PCT 1141' 6099-1225 81349 RCR07G221J
R 78 RES COI-IP 220 OHM 5PCT 1.141' (,099-1225 81349 RCR07G22lJ
R 79 RES COMp 220 OHM 5pCT 114" 6099-1225 349 RCR07G221J
R 80 RES CaMP 220 OHM 5pCT 1/411 6099-1225 1.349 RCR07G221J
R 81 RES COMP 220 OHM 51" CT 114\01 6099-1225 81349 RCR07GZZlJ
R 82 RES COMP 220 OHM 5PCT 1141<1 &0'19-1225 81349 RCR07G221J
R 83 RES COMP 220 OHM 5pCT 1/4" 225 3 21
R 84 RES COMp 4.7 K 5PCT 1/414 6099-2475 8<349 RCR07G412J
R 85 RES COMp 4. I K 5PCT 1/4" 6099-2475 81349 RCR07G472J
R 86 RES COl'll' 4.7 K 5PCT 114" 6099-2475 81349 RCRO 7G4 72J
R 87 RES COMp 10 K 5p(T 14W 81349 RCR07G103J
R 88 RES HM 2. 15M l PCT 1141>1 349 02 54F
R 89 RES COMP 300 K OHM 5PCT 114" 81349 RCR07G304J
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ELECTRICAL PARTS LIST (cont)

ANALOG ANC CONTROL PC BCAR0'18 PIN 1658-4700

REFD ES DE son PT iON PART NO. FMC c~FGK PART NUMBER

R
R
R
R
R
R
R
R
R
R
R
R
R
R
R
R
R
R

SO
91
92
93
9'+
S5
96
97
S8

104
105
106
107
108
109
110
111
112

RES COMP
R ES COc~P

RES CCMP
RE S COMP
RES CeM P
RE S COMP
RES COMP
RES CCI', P
RES OCl~P

RES COMP
RES C(MP
RES OOMP
RES CCI~P

RES ([MP
RE S COMP
RES COMP
RE S ccr~p

RES COMP

300 K [HM 5PCT 1/4"
2.0 K OHM 5PCT 1/4"
1.0 K 5 PCT 1I4W
4. 7 K 5 PC T 1/4W
4.7 K 5PCT 1141>
4.7 K 5PCT 1/4W
4.7 K SPOT l/4l-
4.7 K 5PCT 114\0/
10K 5 PC T 114 W

100 K 5PC T 114"
100 K 5PCT 1I4W
4.7 K 5POT 1/4\>
4.7 K 5PO T l/ 4\>
1.0 K 5PCT 114\0/
1. 0 K 5 PC T 114W
1.0 K 5PCT 1I4W

22 OHM 5PCT 11411
22 OHi'1 5POT 1I4W

6099-4305
6099-2205
6099-2105
6099-2475
6099-2475
60<;9-2475
6099-2475
6099-2475
6099-3105
60"9-'t! 05
609S-4105
6099-2475
6099-2475
6099-2105
6099-2105
6099-2105
6099-0225
6099-0225

81349
81349
81349
81349
81349
8134<;
81349
81349
81349
81:0 '+ 9
81349
81349
81349
81349

349
81349

34<;
81349

RCR07G304J
RCRO 7G202 J
RCR07Gl02J
ROR07G472J
RCR07G472J
RCR07G472J
RCR07G472 J
RCR07G472 J

ROW 7G 103J
RCR07Gl04J
RCk07GI04J
RCR07G472J
RCR07G472J
RCR07GI02J
RCR07 G102 J
RCR07Gl02 J
RCR07G220J
RCR07G220J

S

U
J
U
U
U
U
J
J
J
U
U
J
J
U
J
J
U
J
J
U
U
U
U
U
U
U
U
U
U
U
J
J
U
J
U
U
U
U
J
U
J
J
J
U
J
U
U
U
U
U
U
U

SOO

1
2

4
5
6
7
o
9

10
11
12
13
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
3B
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53

SWITCH TOGGLE 6STA SPST PC

IC DIG I T Al SN7'tl SOON
ICO {STATIC PRUTECT REQl
ICD {STATIC PROTECT REOl
ICD {STATIO PROlECT REOl
100 SI\74l514t\ HX SCHMT-TR INVERT
100 ISTATIC PROTEOT REOl
100 (ST Al IC PROT EO REQl
100 (STATIC PROTECT REOl
IC 0 IGI T Al SN74l SOON
ICO SI\74lS93N 4i:lIT BIN COUNTER
ICO (STA TIC PROTECT REOl
ICO SN74lS,,3N 4BlT BIN COUNTER
I COS N74l S93 N 4 B IT BIN Cau NT ER
IC DIGITAL SN74lS92
IC DIGIIAl SN74lS00N
IC) Sf\74lSS3f\ 4BIT BIN COUNT ER
ICO SN74LSS3N 4BIT BIN COUNTER
100 {STATIC PROT EOT REQl
ICD (STATIC PROTECT REQl
ICD {STATIC PROTECT REOl
ICD (STATIC PROTECT REQl
ICD (STATIC PROTECT REQ)
ICD {STAT IC PROT ECI REQ l
IC DIGITAL SN74LS04N
IC D IGI TAL SN74LS174N
IC 0 IGll Al SN74LS174N
IC DIGITAL SN74lS174N
ICO SN74LS20N 0 4IN POS NAND GA
lCO 9311 240 MSI 10F16 DECODER
ICD SN74LSS3N 48IT alN COUNTER
ICD SN74lS93N 48 IT B IN COUNT ER
leo SN14LS93t\ 4BIT BIN COUNTER
rco (STATIC PROTECT REOl
rCD {STATIC PROTECT RE)l
ICD (STATIC PROTECT REOl
ICD (STATIC PROIECT REQl
IeL (STATiC PROTECT REOI
O/A CONV B BIT MONOLITHIC
Ie 1ll\EAR l'1301A
ICD (STATIC PROTECT REQl
ICl (STATIC PROTECT REQl
IOL {STAHC PRCTEOT REQl
IC LINEAR LH0002CN
ICL {STATIC PROTECT REOl
ICD (STATIC PROTECT REOl
I C i) I GI TAL SN 74l S1 74 N
ICO SN7405N 140 HX INV COL 5V
IC DIGITAL SI\74LS174N
IC DIGITAL SN74LS174N
Ie LII\EAR LH0002CN
ICD I STATIC PROTECT REQl
lCO {STATIC PROTECT REQl

7910-2030

5431-8600
5627-1001
5627-0005
5627-0004
5431-8614
5627-1001
5431-2402
5431-7021
5,<31-i:l600
5431-8693
5627-0002
5431-8693
5431-8693
5431-8692
5431-8600
5431-8693
5431-8693
5431-7042
5431-2450
5431-7008
5431-2450
5431-2450
5,< 31-2450
5431-8604
5431-8774
5,+31-877,+
5431-8774
5431-8620
5431-9617
5431-8693
5431-8693
5431-8693
5431- 7041
5431-7042
5431-7009
5431- 7003
5432-7001
5429-50,+3
5432-100",
5431-7032
5432-7000
5432-7001
5432-1062
5432-7000
5431-7032
5431-8774
5431-8105
5431-8774
5431-8774
5432-1062
5431-7032
5627-0003

31514

01295
34649
24655
2",655
01295
34649
24655
86684
01295
01295
24655
01295
012<;5
01295
01295
01295
01295
12040
047 i3
04713
04713
04713
04713
01295
01295
01295
OU95
01295
18324
01295
01295
01295
12040
12040
86684
B6684
01295
50721
12040
86684
86684
01295
12040
86684
86684
01295
01295
01295
01295
12040
86684
24655

1006-692

SN74lS00N
P 2111A- 4
5627-0005
5627-0004
sr~ 74l S 14N
P2111 A-4
5431-2402
CD4049AE
SN74lS00N
SN 74l 5 93N
5627-0002
SN74LS93N
SN74lSS3N
SN74lS92
SN 74L SOON
SN 74lS 93N
SN74lS93N
MM74C907
MC6820A
MC 140248CP
MC6820A
MC6820A
'1(6820A
SN74lS04N
SN74lS174N
SN74lS174N
SN74LS 1 74N
SN74lS20N
9311/74154
SN74LS93N
SN 74LS 931'1
SN74LS93N
MM74C175
MM74C907
C04023 AE
004016AE
Tl084CN
OAC ICB8C
lM301AH
(04052AE
CA3130 T
TL084CN
LH0002CN
CA3130T
C04052AE
SN74lS174N
SN7405N
SN74l S 174N
SN74LS174N
LH0002CN
C04052AE
5627-0003



ELECTRiCAL PARTS LIST (cont)

ANALOG AND CONTROL BOARD MB piN 1658-4700

REF DES DESCRIPTION PART NO. FMC MFG PT. NO.

l 1 THIN FILM RF SI STOll. "If: TWORK 1658-080,)" 24655 1658-0800
l 2 RESIHCR NETWORK 5.6K 5PCT 0741-0104 24055 6741-0104
l 3 RE SI STOll. NETloIORK 1651-f}8W" 24655 1657-,)810
l 4 RESISTOR NETWO"K 1651-0810 24655 1657-0810

* NOTE: AN OPEN CIRCUIT IN A RESISTOR NETWORK 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 kG + 0.2%
1658-0800 pins 3-4 or 5-6: 35 kG + 0,2% -
1657-0810 (each section): 220 Q ..t5%.
6741-0104 has a common point (pin 1); each resistor is 5.6 kQ± 5%.
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Figure 6-9. Main (MB) board, -4700, keyboard and display-LED interfaces.
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ELECTRICAL PARTS LIST

DISPLAy BOARD ASM DB PIN 1658-4715

R EFD ES DE SCRI PT ION PART NO. FMC f-lFGR PART NUMBER

C 46 CAP CER MCNO O.IUF 20PCT 50VGP 4400-2050 72982 8131-~05U-651-104M

CR 3 LED RED
CR 4 L ED RED
CR 5 L EO RED
CR 6 LEO RED
CR 7 LEO RED
CR 8 LEO RED
CR 9 LED RED
CR 10 LED REO
CR 11 LED REO
CR 12 LED REO
CR 13 LED RED
CR 16 ED REO
CR 17 LED RED
CR 18 LED RED
CR ED RED

MV5023
MV5023
MV5023
MV 502 3
MV5023
MV 502 3
MV5023
MV5023
MV5023
MV5023
MV5023

MV5023
MV5023

6084-1104
6084-1104
6084-11 04
6084-1104
6084-1104
6084-1104
6084-1104
6084-1104
6084-1104
6084-1104
6084-1104
6084-1110
6084-1110
6084-1104
6084-1104

71744
71744
71744
71744
71 744
71744
71744
71 744
71 744
71744
71 744
726 <;

U14-23
[M4-23
[M4-23
[M'+-23
["14-23
["14-23
CM4-23
CM4-23
[~4-23

0',4-23
CM4-23
55')-3007
55')-3007
[M4-23
CM4-23

R 142 ES CCt~P 220 OHM 5PCT 1
R 143 RES CCMP 220 OHM SPOT 1/4W
R 144 ES COMP 220 OHM 5PCT 1/4W
R 145 RES COMP 3.3 K 5PCT 1/~w

R 146 RES COMP 3.3 K 5PCT 1/4w
R 147 RES COMP 3.3 K 5PCT 1/4w
R 148 RES CCMP 3.3 K 5PCT 1/4W

6099-1225
6099-1225
6099-1225
6099-2335
6099-2335
609<;-2335
6099-2335

8
81.
81349
81349
81349
81349

RCRO 7G221 J
RCR07G221J
R[RO 7G221 J
I«R07G332 J
RCR07G332J
RCR07G332 J
RCR07G332 J

u
u
u
u
u
u
u
U
U
U
U
U
U
U
U
U

l
l
l
l
l
l
l
l
l

47
48
49
50
51
52
53
56
57
58
59
60
61
62
63
64

2
3

:;
6
7
8
9

10

ICD ISTATIC PROTECT REO)
ICD (STATIC PROTECT REQ)
ICD (STATIC PROTECT REO)
ICD (STATIC PROTECT REO)
ICD (STATIC PROTECT REQ)
ICD (STATIC PROTECT REO)
ICD (STATIC PROTECT REO)
INDICATCR DIGITAL .300 CHARACTER
INDICATOR DIGITAL .300 CHARACTER
INDICATCR DIGITAL .300 CHARACTER
INDICATCR DIGITAL .300 CHARACTER
iNDICATOR DIGITAL .300 CHARACTER
INDICATOR DIGITAL .300 CHARACTER
INDICATOR DIGITAL .300 CHARACTER
INDICATOR DIGITAL .300 CHARACTER
INDICATCR DIGITAL .300 CHARACTER

RESI STOR NETWORK
RESISTOR NETWORK
RE Sr STOR NET "'ORK

ESISTOR NETWORK
RESISTOR I\EHIORK
RESISTOR I\ETWOHK
RESI STOI< NEhORK
RESISTCR I\ET"OHK
HE SI STOR NET"ORK

5431-7037
5431-7037
5431-7037
5431-7037
5431-7037
5431-7031
5431-7037
5437-1400
5437-1400
5437-1400
5437-1400
5437-1400
5437-1400
5437-1400
5437-1400
5437-1400

1657-0810
1657-0810
1657-0810
1657-0810
1657-0810
1657-0810
1657-0810
1657-0810
1657-0810

0,>713
04713
04713
04713
04713
04713
04713
2841:30
28480
28480
28480
28480
28480
28480
28480
28480

2,>65 '"
5

5
24655
24655
24655
24655
24655

MC14511 CP
"lC14511CP
MC 14511CP
MCl4511CP
~C14511CP

MC14511CP
MCl,+511CP
5082-7613
5082-7613
5082-7613
5082- 7613
5082-7613
5082- 7613
5082- 7613
5082-7613
5082-7613

1657-0810
1657-0810
1657-0810
657-0810

1657-0810
1657-0810
1657-0810
1657- 0810
1657-0810

" NOTE: AN OPEN CIRCUIT IN A RESISTOR NETWORK CAN BE REPAIRED BY SHUNTING
AN EXTERNAL RESISTOR ACROSS THE APPROPRIATE TERMINALS.
1657-0810 (each section); 220 Q± 5%.
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6-14 PARTS & DIAGRAMS



-.,
I
I
I
I
I
I
I
I

2

,5 I"

---- -1

>

®

10 0

I
I
I
I
I
I
I

EA(f...i k' ,:,-,7'J~ iN 7.2 The; )'jSH Z)i) is
220Jl ::::'~{}

12 i;

b

: .

U46 HP5082.7740

D1GITAL iNDICATOR rz--,
OP

1
-:::!::-

l-,-'O~-9~B~-5~"~-2-.,J3

'3

... LT

T
I I
I

DP

2 3

is i4.

3.3K
RI4-B

+5V I j
I-VVV-'! i

I~I'~~~ I

~
I 3.3 K

RJ47

••
•

3

U63 HP50eZ7740

10 9 5 '"

27

. ,
,> •

;:8

•
• • •

10 8 5 4 2

13 ,+,';::2+'.:,.'+'.:.O+9:.....,j-:8:.....j~'.:..' +,'3 ,+'.:2+'_'+'.:.O+9:.....jf.=-+'4.:..-jh'3 ,+'.:2+'_'+'.:.O+9_j.:.-+'4.:..-jh'3
Z,O

>
>

8 lJ

CRI2

(5)
l'3

>

1098542

Ubi H?50827740 DP

>

B 5 '"

>

UbO HP50827740 DP

10

RiLLL
22.0

2 3

(
\

5

12 jJlD 9 8 i4- 13 r+'::;2+'_'-+1:,-0+,-/-,=--+'4-;-,13 12 11 10

Z5 ~b ~7

iO

•
>

US9 HF50aZ7740 DP

•

J::Jrj HP505Z774Q
5'" ltc,' 'CO

24

liD 19 18 5 4 2 3

I'Z Ii 1;0 ') 14 13

>
>­

>,
>•

=.2.

> >

,.1

42
"'J

lREi10J E CON) HOl I~ IBiAS ON I

(DB) board, 1658-4715, diagram.

PARTS & DIAGRAMS 6-15



ELECTRICAL PARTS LIST

KEYBOARD ASM PC BOARD KB PIN 1658-4710

REFDES DESCRIPT ION PART NO. FMC MFGR PART NUMBER

CR 1 lED RED t~V5023 60B4-110'~ 71 744 OM4-23
CR 2 lEO RED MV502 3 6084-1104 71744 OM4-23
CR 3 LED RED MV5023 6084-1104 71744 CM4-23
CR 5 LED RED 1'11;5023 6084-1104 71744 CM4-23
CR 6 LED REO ,'W5023 6084-1104 71744 CM4-23
CR 7 LED RED MI; 5023 6084-1104 71744 CM4-23
CR 8 LED GREEN 6084-1055 28480 5082-'> 950
CR 9 LED RED MV 502 3 6084-1104 71744 OM4-23
Ok 10 LEO kED MV5023 6034-1104 71744 CM4-23
CR 12 LED RED MV5023 6084-1104 71744 01'14-23
CR 13 LED REO MV5023 6084-1104 71744 CM4-23
CR 14 lED RED MV5023 6084-1104 71 744 CM4-23
CR 16 L EJ RED MV5023 6084-1104 71744 C1'14-23
CR 17 LEU RED MV5023 6084-1104 71744 0/<'4-23
OR 18 L Ell RED MV5023 6084-1104 71744 CM4-23

P 1 CONN 30 PIN .025 SQ POST 4230-8095 30146 929647- 02- 30
p 10 CONN 6 PIN .025SQ POST 4230-8096 30146 929647-02-06

S 1 SwITCH PLSH MOME NT oPST 7870-1571 31918 TYPE SR BLACK
S 10 SwITCH SLI DE 2POS DPOT STEADY 7910-0470 10389 23-021-118

ZS 2 SwITCH PLSHBUTTON MULT KEY BOARD 7880-3200 24655 7880-3200
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Figure 6-12. Keyboard module assembly, 1658-4200.
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CONNECTIONS

-_.. WTPUT LEAVES SUBASSEMBLY !
... JMPUT fROM DIFfERUH SV6ASSEYSL'l' I
-=:=::t> OUTPUT REMA1NS ON. SuBASSEMBLY I
\>. lNPVT FROM SAME SUBASSEMBLY I

BIAS
r-

6
----------<J P 10-'

o SIG
~--------_<lPIO-2-

GND
L::.----------(]PID -3

BIAS----------<] 1"10 - 4

SIG...---------<1 P 10 - 5

GNP----------<J' PI 0 - f,

RES1$TANCE 1$ IN OH"'5, 1\'10', "',10£
CAPACITANCE IS IN FARADS,.,\I"10"6,p'!O·12
VOLTAGES EXF'LA1NED1N 1NSTRVCTJON BOOI< SERVICE NOTES
c...~_----=:J'PANEL CONTROL ::=:::_-_-_'": "REAR CONTROL

t')-SCREWOR1YER CONTROL WT'W;R£ Tit TP·rEST POINT
; COMPLETE REfERENCE DESIGNATION INCLUDES SUBASSEMBLYL L£ HER" C-Hi ,8 _~,1__E~ ~ ~._,, ~,,_""" ~ .._~
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Figure 6-14. Keyboard IKBI circuit board, -4110, diagram.
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ELECTRICAL PARTS LIST

I NTERFACE OPT lOr-. ASM PIN 1658-4)20

REFI)ES DESCRiPTION PART '11<0. FMC PAFT

J
J

1 PECpT MICRO PIB 24 ceNT
2 ceNN PNL 24FEM CONT MICRO RI8

4230-4024 02660
4230-4824 02600

57-41240
57-2J240-2

NOTE: THIS ASSEMBLY INCLUDES THE 1658-4720 CIRCUIT BOARD; SEE BELOW,

I NT ERFACE 'JpTION PC BOARD lOB PIN 1658-4720

REFDEs DES(RIpnON PA~T NO. FM( f~FGR I' A" T NUMflEk

C I CAP CEI< MONO O.lUF 20PCT SOVGp 4400- 2 050 72982 8131-M050-651-104M
C 2 (AI' CEll. MONO v.IUF 20pCT saVGp 4400-205J 72982 8131-'10 SO-651-104M
C 3 CAP CEF MONO O.IUF 20D C T 50VGp 4 ..00-20~O 72982 8131-~OSO-651-I04M

C 4 CAP CEI< MONO o .IUF 20PCT 50VGp 4400-2050 7291:12 8131-MOSO-651-104M
C S CAP CEP MONO O.IUF 2·jPC T saVGp 4400-205J 72982 8131-M050-D51-104M

OR I DI0e'E RECTIFIER IN4003 60lll-1001 14433 1'44003

II 1 PES COMP 3.3 K 5pC T 1/4.. 6099-2335 81349 RCR07G332J
R 2 RES COMP 3.3 K 5PCT 1/4W 6099-2335 81349 RCP 07G 332 J
R 3 °ES CCMP 3.3 K 5PCT 1/4.. 6099-2335 81349 RCR07G332J
R 4 RES COM I' 3.3 K 5PCT 1/4w 009<;-2335 81349 RCR07G332 J
R 5 ReS COMp 3.3 K 5pCT 1/4W 6099-2335 81349 RCR07G332J
R 6 RES Ci)Mp 10 K 5PCT 1/4.. 6099-3105 813,<9 RCR07GI0,;J
R 7 RES COMP 10 K 5P(T 1/4101 00<;<;- 310:; 8134<; R.CP07Gl 03 J
R 8 RES LOMP 3.3 K 5pCT 114101 6099-2335 81349 RCR07G332J
R 9 RES COMP 3.3 K 5ReT 1I4w 00<;9-2335 81349 PCR07G332J

S 2 SWITCH TOGGL~ 6STA S PST PC 7910-2030 31514 1006-692
S 12 SwiTCH TOGGLE PC 2CK T STEADY 7910-1920 05402 T8001

U 1 lCO "'C6820A 40C PIA FOR I.IPU 5431-2450 0 .. 713 ".Ct:820A
U 2 ICD 01.\8097 5431-9685 12040 0,",0097
U 3 lCO DM8097 54':1-9685 12040 01'8097
U 4 IC OIGI TAL SN74lS04N 5431-8604 01295 SN74LS04N
U 5 1(0 M( 3441 5431-9684 0.. 7.1.3 MC3441
U 6 leo 110441 5431-<;684 04713 MC3441
U 7 rco MC3440 5431-9680 04713 '1(3440
U 8 Ie 0 MC 3441 5431-<;684 0" 713 ,'4(3441
U 9 IC DIGITAL SN74L S02N 5431-0602 01295 S"l74L S02N
U 10 ICD SN7406N 140 HX IN\I COL 31\1 543t-3106 .)1295 SN74)b'l
U 11 IC !' SN740l:N 140 HX INV COL 30\1 5431-8106 012<;5 SN7416N
U 12 ICO I'C6820A 400 I'll. FOR MPU 5431-2450 04713 MC 6820~
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BOARD-EDGE CONNECTOR

TOP BOTTOM
Pin Signal Pin Signal

2 RES 1 GND
4 R/W 3 GND
6 D(l) 5 GND
8 Dl 7 GND

10 D2 9 GND
12 11 GND
14 13 GND
16 IRQ 15 GND
18 17 +5D
20 +5D 19 +5D
22 A(l) 21 NMI
24 Al 23
26 25
28 27
30 29
32 31
34 A6 33 (l)2
36 A7 35
38 37
40 39
42 41
44 43 A14
46 D3 45 A15
48 D4 47 D7
50 D5 49 D6

to >-'I
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>-'1'1:1
>-'I"
os:
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Interface option 1I0B) board, 166&4720, diagram.
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ELECTR!CAL PARTS LIST

RE FOES

POWER SUPPLY AS~ V

DE SCRI pTION

PIN 1658-40:>:>

PART NO. PART NUMBER

C
C
c
r

1 CAP ALUM 18000 VI' 20'1
2 P ALUM 4500 UI' 40'1
5 T~Ni ~O UF 20P(T 35'1
6 CAP TA~i .0 UI' opeT 35'1

4450-6231
4450-6221

24655
90201
502
56289

4450-6231
CGS 4500UF 40'1
450D 5X0035A2
150D105X0035A2

Cil
CR
CR
CR

1 DIODE SR leGE
2 DIODE BI< lOGE
:0 DIODE BR HJGE
4 DiODE BRIDGE

b081-10n
1.>081-1032
b081-1032
6081-1032

24(;55
24655
24655
24655

6081-1032
6081-1032
6081-1032
6081-1032

F

101

FUSE SlO-BlOW lIlA

EpTAC POWER

250'1

STD 51.250\1

5330-1000 75'115

82

313 .500

EAC- 2

S 2 SwITCH SLIDE 2 POS OPDT STEADY 7910-0832 82389 1lA-12b6

T TRANSFORMER POWER 0485-4095 24655 0485-40<;5

u 1 Ie LINEAR LM323 5~32-104tl 12040 lM323K

NOTE; THIS ASSEMBLY INCLUDES THE 657-4720 BOARD; BELOW.

PQwER SUPPLY PC 80ARD PIN 1<:>57-4720

PART NUMBER

1500105;';:0035142
1500105X00354.2
1500105X0035A2
6121-M050-W5R-I03K
8121-M050-w5R-10JK
B121-MrySQ-w5R-103K
1:> 1;1\.11. I.':> A 1;1 v,,:> •• ;;

MFGRFMC

56289
56269
56289
72982
72982
72982
56289

14433
14433
14433
14433

7870-1570 (4655 7870-1510

2-1'5 12a4ry LMI42P-!
2-1 1'040 LMI20 MP-8

T

4450-4300
4't50-4300
4450-4300
'>400-6351
4400-6351
4400-6351
4,,+50-4300

$1 UXM
H 51 AlXM

IEIi,
lEI<
IEI'

FIER
lOOP
100P111

OESCR!PT

SwITCH PUSH PUSH AC VI.. btl

Ie LINEAR lM342P-5
L INU 320MP-

REel
R
R

OIeDF i<
REer IN
PECT 1N4140

CAP TANT 1.0 Uf 20PC T 35V
CAP TANT 1.0 UF 20PCT 3511
CAP TANT 1.0 UF 20P(T 35V
CAP CEil MONO .Jl UF 10PCT 50V
CAP CER ~QNO .01 UF 10P(T 50V
CAP (Ell MONO .01 UF 10P(T 50V
CAP TANT 1.0 UF 20P( T 3511

RHDES

C 3
C 4
C 7
C 8
C 9
C 10
C 11

:>
CR b
ell 7
CR 8
eR s
ell 10

S

U 2
U J
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Figure 6-17. Power supply (V) board, 1657-4720, layout.
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2855 Bowers Avenue, Santa
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"NEW YORK
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Tel: 312/884-6900 1lI TWX: 910291-1209

DALLAS
Arkansas, Louisiana, Oklahoma, Texas

"CHICAGO
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