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1.2 GENERAL DESCRIPTION. 
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Figure 1-1 
Item 

16 

17 

18 

19 

Name 

HOLD RANGE key 

Parameter keys 

Limit-entry keys 

Reference card 

3R 4R 

Table 1-1 ICont.l 

FRONT CONTROLS AND INDICATORS 

Key associated with RANGE HELD 
light. (See item 2.) 

Set of 3 keys, labeled: R/0, L/0, C/D. 

Group of 16 keys 
other labels. 

Captive pull-out card. 

5R 

numbers and 

Function 

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 any one key selects measurement 

limits), as displayed in item 1. 

of limits that define go/no-go 
categories and 0 assignments, and selection of 

displays on items 1 and 3. Functional only 
ENTER LIMITS has been selected by item 11. 

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

6R 7R 

SCREWS FOR INTERFACE OPTION 
OR COVER PLATE 

Figure 1-2. Rear controls and connectors. 

the performance of the Digibridge. 

manual and the brochure of 
Impedance Standards and Precision 
Gen Rad request. 

available from 
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CONDENSED OPERATING INSTRUCTIONS 

GenRad 1658 Digibridge® 

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

installation, operation, and service. 

MEASUREMENT RANGES 

Parameter; Minimum Basic Ranges, Maximum 
Frequency (Reduced Ace) Full Accuracy (Reduced Ace I 

0.0001 n 2 n to 2 Mn 99.999 Mn 
0.0001 " 2 n to 2 Mn 9.9999 Mn 
.0001 9.999 

L; 1kHz .00001 mH 0.2 mH to 200 H 999.99 H 
L;120Hz* 0.0001 mH 2 mH to 2000 H 9999.9 H 
Q (with U 00.01 999.9 

C; 1kHz .00001 nF 0.2 nF to 200 999.99 
C; 120Hz* 0.0001 nF 2 nF to 2000 99999 
D (with C) .0001 9.999 

* 120 Hz or 100 Hz, depending on model. 

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

COLOR CODE OF EXTENDER CABLE 

Colors Signal OUT Digibridge 

Red I+ "High" end Signal source (hi) 
Red and white P+ "High" end Potential sense (hi) 
Black 1- "Low" end Current sense Oo) 
Black and white P- "Low" end Potential sense (lo) 
Black and green GND Shield only Guard 

3. EXT BIAS SWITCH 
Keep this switch OFF (regardless of whether any bias 

source is connected) for all measurements except when 
applying de 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/0, L/0, 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 t>: Overrange; 

better accuracy is I (both arrows lighted) \ R LC value is too 
available on a WRONG PARAMETER for basic range of 
lower range.* R/0, L/Q, or C/D. currently used range.* 

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

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

i. If limits have been entered and enabled (para 6), to 
see display of bin number instead of measured values, use 
[DISPLAY] key to select Bl N No. and remeasure the DUT. 
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5. INTERFACE OPTION, USE OF IEEE-488 BUS 
Set the TALK as follows: 
TALK ONLY is not in use and while 

"listen-only" devices. 
enable use in a 

controller device, e.g., Refer to 
device-dependent messages control Digibridge. 

PROGRAMMING COMMANDS 

Command Code Command Code Command Code 

mode Data output** 
00 Single L0 None X0 

Bin 01 L1 Bin number X1 
Value D2 L2 DO X2 

Measurement rate no. X3 
Fast S0 M0 X4 
Medium S1 X5 
Slow S2 M2 X6 

circuit X7 
R0 

Series R1 Start*** G0 
R2 Manual start 

F0 R3 Enable switch E0 
F1 R4 Disable sw E1 

*Enables of bin 
Must be before of measurement. 

"***An alternative command is given in manual. 

6. ENTRY MODE 
Entry-mode keys (left rear block of 16 keys) are 

effective only when selected DISPLAY is ENTER LIMITS. 

LIMIT ENTRY PROCEDURE 

With [FREQUENCY] select: 
With [DISPLAY] select: 
Use [R/0] [L!O] or [C/D] to 

select units keying 
{X) [BIN 

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

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

(for symmetrical limit 
(S is number to 
{Z is 1. 2, 3, ... 

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

To change nom val, reenter. 
To change bin I imits, reenter. 
To close a use zero for S. 
To see, VALUE] 
Tosee, [BI (Z) 
Inhibit: [NOM VALUE] 
Enable: [=] [NOM VALUE] 

DISPLAY 

120Hz (100Hz) or 1kHz. 
ENTER LIMITS. 
Mr2, kr2. r2, H, mH, nF, 

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

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

max 5 digits and dec pt. 
Upper limit RLC area, 

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

Upper I im it in R LC area, 
!ovver limit in DO area, 
(values, not percents.) 

(Y) R LC display area. 
Both values. 
Identical imit values. 
(Y) in R LC display area. 
Limit values (as above). 
0 in R LC display area. 
(Y) in R LC display area. 

BIN No. GENERAL ASSIGNMENT 

Bin 0 
Bin 1 
Bin 2 

Bin 8 
Bin 9 

DO failure 
R LC pass, tightest tolerance 
R LC pass, next looser tolerance 

looser tolerances) 
pass, last available bin 

R LC fail (default bin) 

·"use numerical and decimal-point keys in sequence to enter 
5 digits decimal pt valid. even if display 

affect bins already set up. 

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



Installation -Section 2 

2.1 UNPACKING AND INSPECTION 
2.2 DIMENSIONS 
2.3 POWER-LINE CONNECTION 
2.4 LINE-VOLT.,(\GE REGULATION 
2.5 TEST-FIXTURE CONNECTIONS 
2.6 EXTERNAL BIAS 
2.7 HANDLER INTERFACE (OPTION) 
2.8 IEEE-4881NTERFACE (OPTION) . 
2.9 ENVIRONMENT 

2.1 UNPACKING AND INSPECTION. 

If the shipping carton is damaged, ask that the carrier's 
agent be present when the instrument is unpacked. Inspect 
the instrument for damage (scratches, dents, broken parts, 
etc.). If the instrument is damaged or fails to meet specifi
cations, notify the carrier and the nearest 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 (P/N 4200-9625) to the power connector 
on the rear panel (Figure 1-2) and then to the power line. 

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

The instrument is fitted with a power connector that is 
in conformance with the International Electrotechnical 
Commission publication 320. The 3 flat contacts are sur
rounded by a cylindrical plastic shroud that reduces the 
possibility of electrical shock whenever the power cord is 
being unplugged from the instrument. In addition, the center 
ground pin is longer, which means that it mates first and dis
connects last, for user protection. This panel connector is a 
standard 3-pin grounding-type receptacle, the design of 
which has been accepted world wide for electronic instru
mentation. The connector is rated for 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. 

FRONT 
SIDE I I _1...-------1-------1 '!!: 

37.5 em 
14.8 in. 

Figure 2-1. Overall dimensions 

34.3cm 
13.5 in. 
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Refer to Figure 2-2A for timing guidelines. Notice that 
START must have a duration of 1 JlS (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 

Clean 
START 

Bouncy 
START 

a 

_j 1 11s minimum 

a c 

_jllllntll 
L 

b 

1 11s minimum 

e 

ACO OVER _j Refer to Table 2-1A. I 

BIN 

EOT 

I 
• l I Same as EOT. __ ..J 

I g 

_j Refer to Table 2-1 A. I 
Figure 2-2A. Handler interface timing diagram. 
External circuitry must keep a-b > 1 1-'S, b-a > 1 1-'S, 

and {if START is not "debou need") a-c < 20 ms. 
The OUT can be disconnected after "e." The 
selected "BIN" line goes low at "f"; the others stay 
high. Refer to Table 2-1 A for the values of ACQ 
OVER and EOT. 

1687-20 

20 ms (maximum) of the first transition to high. After 
completion of the measurement, ACQ OVER goes low, 

that the DUT can be changed. Then after 10 to 
50 ms, measurement results are available for sorting, i.e., one 
of the BIN lines goes A few microseconds later, EOT 
goes low (can be used to set a latch holding the bin assign
ment). ACQ the selected BIN line, and EOT then 
stay unti I the next start command. 

Be sure the TALK switch is set to TALK ONLY, if the 
IEEE-488 used. 

2.8 IEEE-488 INTERFACE (OPTION). 

2.8.1 Figure 2-3. 

If you have the interface option, you can connect this 
instrument into a system 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 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 INTERFACE 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", 

Ricci and Nelson, Electronics, Vol 47, No. 23, 
November 14, 1974. 

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

N.J. 08854. 

Table 2-1A 

HANDLER INTERFACE TIMING DATA 
Time from START signal to 

Test Frequency Line Frequency Measurement Speed ACQ OVER EOT 

1 kHz 50 Hz FAST 60 ms 185 ms 
MEDIUM 335 370 

SLOW 635 660 

1kHz 60Hz FAST 145 ms 70 ms 
MEDIUM 310 335 
SLOW 585 610 

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

100Hz 50 Hz FAST 255 ms 280 ms 

MEDIUM 425 450 
SLOW 710 735 
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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 c.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 capability. 

SH 1, source handshake (talker) 
AH 1, acceptor handshake (I istener) 

T5, talker (full capability, serial poll) 
L4, listener (but not listen-only) 

DATA BUS 
SIGNAL LINES! 

SR 1, service request (request by device for service from 
controller) 

R L2, remote control (no local lockout, no return-to-local 
switch) 

PPO, no parallel poll 

DCO, no device clear 
DT1, device trigger (typically starts measurement) 
CO, no controller functions. 
The handshake cycle is the process whereby digital signals 

effect the transfer of each data byte by means of status 
and control signals. The cycle assures, for example, that the 

data byte has settled and all listeners are ready before the 
talker "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 facilitate), have to be coded in a way that 

GENERAL 
MANAGEMENT BUS 
{5 SIGNAL LINES) 

--'lt!-ll+-- IFC - INTERFACE CLEAR 
ATN -

Q SERVICE REQUEST 
REN - REMOTE ENABLE 
EOI - END OR IDENTIFY 

'INDICATES THAT NEGATION 
IS REPRESENTED BY lOW 

ON THESE 
ONlY 

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

INSTRUMENT PROGRAM COMMANDS 

Category Selection Command 

Display Enter limits* DO 
Bin D1 
Value D2 

Measurement rate Fast so 
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 ( L/Q) MO 
Capacitance (C/D) M1 
Resistance (R/Q) M2 

Data output** None xo 
Bin number X1 
DO X2 
DQ, bin number X3 
RLC X4 
RLC, bin number X5 
RLC, DQ X6 
RLC, DQ, bin no. X7 

l nitiation * * * 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), 

is binary 0 001 000 in conjunction with ATN in the low state. 

is between talkers and listeners. They have to use 
the same Addresses have to be assigned, except in 
the case of a single "talker 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 
both talker and listener functions) is user selectable, as ex

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. 

the remote-control commands have no manual
control control includes the option of 

specific ranges. Data output commands enable 
selection of classes of measurement results, independ-
ently from the actual displays. 

Each command is 2 ·each byte is coded according 
the 7-bit ASCII code, [1] using the DI01 ... D107 lines. 

The bit is D107, as recommended by the 
Standard. Thus, for example, the command for -kHz test 
frequency" is F1, octal code 106 061. The 7-bit 

bytes are therefore: 1 000 110 and 0 1 0 001. (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 

01, 102, 103 . . 132. Refer also to the table the para-
about "Address", below. The ASCII code conforms to 

the 7-bit code ISO 646 used internationally.) Notice that 
the 8th bit (DI08) is ignored. 

Address. The initial setting of address, by the 
is binary 00011. Consequently, the talk-address 

command (MT A) is C in ASCII code and, simi the 
listen-address command (MLA) is#. If a different address 
pair desired, set it manually the procedure. 

WARNING 

Because of shock hazard and presence of electronic 
devices to damage by static electricity (con-
veyed by hands or tools!, is strictly a 
"service" procedure. 

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

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

c. Have him replace the interface option assembly 
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 S1. If S2 
is covereo, lift the cover off, exposing the "DIP" switch, 

has 2 rows of 6 tiny square pads with numbers 1 ... 6 
between the rows. To enter 1 's, depress pads nearest 
the end of the board. To enter O's, depress pads on 
the other side of the "DIP" switch, the side marked with a 

The address is read from 5 to 1 (not using 6). Thus, 

"X3.4- 1968, Code for Information Interchange", available 
American Standards Institute, 1430 Broadway, New York, 

0018. 
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A typical program might include these features: 2.9 ENVIRONMENT. 
• 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 send a GET, unlisten the Digibridge. 

• After CPU receives the SRO, necessary enabling of 

data transfer: with ATN true, "untalk, unlisten, my 
listen address (of CPU), my talk address (of 

then ATN false. 

Table 2-5 

nearly any environment 
operator. the instrument and 

the parts under test away from electro-

tolerances. To safeguard 
storage or shipment, use protective 

Section 5. 

RLC-VALUE DATA OUTPUT 

Character 
sequence 

2 

3 

4 

5,6 

7,8 

9.. 15 

16 
17 

Character 

1' 2 

3 

4 ... 9 

10. 15 

16 
17 

Purpose 

Status 

Format 

Parameter 

Format 

Units 

Format 

Number 

Delimiter 

Purpose 

Format 

Parameter 

Format 

Number 

Delimiter 

Allowed 
characters 

{space) 
u 
0 
w 

(space) 

R 
L 
c 

(space) 

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

{space) 

012345 
6789. 
(space) 

(CR) 
(LF) 

Table 2-6 

Meaning 

Under range 
Over range 
Wrong parameter or other 

Resistance 
Inductance 
Capacitance 

Ohms 
Kilohms 
Megohms 
Henries 
Millihenries 
Microfarads 
Nanofarads 

Measured number, right justified 
display except the zero before the decimal point is 
provided and this number can be as long as 7 characters. 

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

DO-VALUE DATA OUTPUT FORMAT 

Allowed 
characters 

{space) 

D 
0 

(space) 

012345 
6789. 
{space) 

(CR) 
(LF) 

Meaning 

Dissipation factor 
factor 

format field, like DO 
zero before the decimal point is explicitly 

can be as I ong as 6 characters. 

and "line-feed" characters, 
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and "line-feed" characters, 

of a "0" 

for service 



3.2 
3.3 D SPEED 3-3 

3.5 
3.6 
3.7 
3.8 

3.9 3-12 



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

NOTE 
actions or conditions abort 

measurements progress prevent measurement. 

3-2 





and dotted) represent 
re!:IU!~e<l·acclna,cv operation due to a 

120Hz 



Figure 3-4. Q 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 DQ accurany factor, shown in 
Figure 3-2. A. Q of resistors. B. Q of inductors. 

100% ,---~,..--~-,~---,-------,-------, 

1-
10~' --~~-~--+------+-----,.~~ 

5 

D 

fjgure 3-5. D basic accuracy as a percent of reading 
!for capacitors). Each curve applies to one measure
ment rate, as labeled. For measurements on any of the 
range extensions, multiply by the DQ accuracy factor, 
shown in Figure 3-2. 

true at the upper extension of a range. there are 

than one in a display, the least 
is noisy. appear icker at random 

over a range of values and should be 
For example, if you measure a 4-IVJD. resistor, the display 

ideally be 4.1234 IVJD.; but the one or two final 



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

Resistors, below about 1 k/.2: Series, 120Hz (100Hz). 

Usually the call for de resistance, so select a 
test frequency to minimize ac losses. Select "series" 

because the reactive component most likely to be present 
a resistance resistor is series inductance, which has no 

effect on the measurement of series R. If the 0 is less than 
, the measured Rs is very close to the de resistance. 

Resistors, above about 1 krJ: Parallel, 120Hz (100Hz). 
test frequency. Select 

a resistor is shunt capacitance, 
no effect on the measurement of R. If 

0 is less than 0.1, the measured is very close 

the de resistance. 
·~n"~'''"nr< below 2 nF: Series, 1kHz. Unless otherwise 

for special reasons, always select "series" for 
capacitors and inductors. This has traditionally been standard 

Select a high measurement for best ac-

curacy. 
above 200 Series, 120Hz (100Hz). 

Select "series" for the reasons given above. Select a meas-
for best accuracy and to enable measure-

000 F. 
1 kHz. Select "series" as 

measurement frequency for 

Inductors above 200 H: 720Hz (100Hz). Select 

"series" as before. Select a low measurement fre
to enable measurement of in-

3.4.3 Series and Parallel Parameters. 3-6. 

pure reactance nor a pure 
frequency by 

the same 

Dis 

3-6 

Resistance and Inductance 

z 

L =-s 

Q 

Resistance and 

Z= 

D 
0 

+ 

D 

D= 

z 

L = s 

= (1 + 

= (1 + 

=Ow 

z 

z 

D 

+ 

Equivalent circuits and mathematical relation
inductors and capacitors. 



and measure Rs. 
above 1, measure Rs first, select 

and then measure Cs. 
"Equivalent series resistance" larger than the actual 

resistance of leads and foils that are 
series the heart of a capacitor. ESR includes also the 
effect of dielectric loss. 
to actual series resistance for 

capacitance and/or 

3.4.5 Parallel 

equivalent circuit is appro
this is true at kHz should be determined 
of the DUT, but probably it is so if the 

at 1 kHz and at 
measure-

3.5 AND MODE. 

3.5. Parameter - R, l, or C. 

appropriate button: 
resistance, inductance, or 

to some degree, a poor choice 
reduced. The readout 

Notice the appearance of a device can be 
For example, a can be 

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

Table 3-1 

ONS OF PARAMETER 
Parameter 
selected* Indication 

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

C/D OUT OF RANGE, both arrows 

R/0 0 
0 

0 00.99 
0 

D 9.999 
D 

R/0 R= 

*The RLC 

OUT 

Significance 

for the measured DUT, 

poor 
as wrong choice 

Another possible 

Correct 
parameter 

R 







BIN 3 BIN 3 
- - - - - - - ----4oi 

BIN 2 BIN 2 

BINS: 
..,.__ ___ -- ---

Bl 1 

LIMITS: A B c E F G 

MEASURED 
VALUE 
AXIS 

ENTRIES 

BINS: 

Nom Value: y 

Percentages: 

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

BIN 1 BIN 2 BIN 3 BIN 4 BIN 5 

MEASURED 
VALUE 

LIMITS: A B c 0 E F AXIS 

Nom Values: v, y2 y3 y4 y5 

Percentages: ±s1% ±S2% ±S3% ±S4% -L% I +H% ... 
ENTRIES 

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 for 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 R LC and DO 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 Bl N 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 0 < .001, R = 33 krt ± 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/0, select RLC units: MQ. 
d. Enter 0 limit thus: [0] [0] [l] [=][BIN No.] [0]. 
e. Enter nominal RLC value: [.] [0] [3] [NOM 

f. Set bin 1 limits: [%] [BIN No.] [1]. 

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

3-10 OPERATION 

i. Set bin 4 limits: 
j. Close bin 5, by keying: 
k. Close bins 6, 7, and 8, 
Sequential Limits. To enter a set of 

operate the keyboard as described below for the 
capacitor sorting example: D < .005, C = 0.91, 
1.2, 1 .3 (the standard 5% series). 

a. With F R EOU ENCY key, select the desired test fre-
quency. 

b. With DISPLAY key, select ENTER LIMITS. 
c. With parameter key C/D, select R LC units: 
d. Enter D limit: [.] [0] [BIN 
e. Enter nominal RLC value: [9] [1] 

f. 
g. Redefine nominal: 
h. Set bin 2 limits: 
i. Redefine nominal: 
j. Set bin 3 limits: [5] 
k. Redefine nominal: 1] 

Set bin 4 limits: 

51imits: 
o. Close bin 6: 

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

... ... 



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

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 DO. For R it is 
0; for Cit is D, both upper limits. For L it is 0, 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. I 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 10 000%, 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 DO comparisons, set 
bin 0 to the "all pass" extreme, i.e., to 0000 for 0 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 

percentage entered for a bin will be 
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 in units of pF, in limits entry procedures. It is 
NOT necessary to select limit entry) the range that the 

will use in measuring. For example (see para 
3.6.4), it is valid to enter a nominal value of .033 MQ, 
33 or 33000 Q. 

3.6.6 Verification of Nominal and Limit Values. 

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

the Entry Process. A confirming display is auto-
matically provided after the final keystroke of 
each entry step. For example, after the [NOM VALUE] 

the entered value appears on the R LC display. 

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

Upon Demand. To see the current "nominal value", de-

press the VALUE] key (while ENTER LIMITS is lit. 
To see the limits in any particular bin (or to that it 
has been closed). depress [BIN No.] and the desired number, 

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 kQ, but the display units are Q, 
when you press the [BIN No.] [3] keys, the display go 
blank. Select either kQ or MQ (instead of Q} to obtain a 

of these limits. 

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

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

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

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

Bin. Alternatively, select BIN with the DISPLAY button. 
When measurement is completed, the bin assignment will be 
shown on the RLC display (a single digit), with the follow

significance: 
0 = No-Go because of D or 0 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 
BIN. GO means the measurement falls in bin 1 ... 8; NO-GO 
means bin 0 or 9. 

3.7 BIAS. 

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

ceed. 
• Bias voltage is present at connectors, test 

fixtures and on capacitors under test. 
e remain charged after measurement. 

• Do not leave instrument unattended with 
bias "on". 
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5.1 CUSTOMER SERVICE 

5.2 INSTRUMENT RETURN 

n 5 
5-1 

5-1 

5.3 REPAIR AND REPLACEMENT OF PLUG-I BOARDS 

5.4 PERFORMANCE VERIFICATION . 

5-1 

5-2 

5.5 MINIMUM-PERFORMANCE STANDARDS 

5.6 DISASSEMBLY AND ACCESS 

5-2 

5-9 

57 PERIODIC MAINTENANCE 5-11 

5.8 TROUBLE ANALYSIS _ 5-13 

WARNING 
These servicing instructions are for use by qualifi 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 as 

shown on rear panel and in parts list. 

Service personnel, observe the pre-

cautions whenever you handle a circuit board or 
;n,om~'c'rl circuit in this instrument. 

HANDLING PRECAUTIONS 

FOR ELECTRONIC DEVICES 

SUBJECT TO DAMAGE BY STATIC ELECTRICITY 

Place instrument or system component to be serviced, 

spare parts 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 a safety 

resistance of approximately 250 kilohms to 500 kilohms. 

Also, for personnel safety, the surface must NOT be metal. 

(A resistivity of 30 to 300 kilohms per square is suggested.) 

Avoid placing tools or electrical parts on insulators, such as 

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

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

earth ground. Accordingly, (to avoid shorting out the 

resistance) be sure that grounded equipment has rubber 

feet or other means of insulation from the work surface. 

The instrument or system component being serviced should 

be similarly insulated while through the power-

5-0 SERVICE 

cord ground but must be connected to the work sur-

face before, and after any disassembly or other pro-

cedure which the cord is disconnected. (Use a c!ip 
lead.) 

Exclude any tools and other items that can 

a static Examples of forbidden items are non-

conductive plunger-type solder suckers and rolls of elec

trical 

Ground yourself through a resistance, to the 

work surface; use, for example, a conductive strap or cable 

with a wrist cuff. The cuff must make electrical contact 

directly with your skin; do NOT wear it over clothing. 

{Resistance between skin contact and work surface 

a commercially available personnel 

typically in the range of 250 kLiohms to 
is 

If any circuit boards or IC are to be stored or 
transported, enclose them in conductive envelopes 

carriers. Remove the items from such envelopes only 

the above precautions; handle IC packages without 

the contact pins. 

Avoid circumstances that are to produce static 
charges, such as wearing clothes of synthetic material, sit

ting on a plastic-covered or rubber-footed stool 
ularly le wool), 

extensive erasures. These circumstances are most 
the air 

static-sensitive devices, be sure de power 

before, and after application of test Be 

pertinent voltages have been switched off 



5.1 CUSTOMER SERVICE. 

Our warranty the front of this manual) 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 facility (see back page), 

full information of the trouble and of steps taken to 

Describe the instrument by name, catalog num
ber, serial number, and 10 (lot) number if any. (Refer to 
front and rear panels.) 

5.2 INSTRUMENT RETURN. 

5.2.1 Returned Material Number. 

Before returning an instrument to GenRad for service, 

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. 

5.2.2 
your instrument du storage and 

ment, use that is adequate to protect it 

from i"e., equivalent to the original packaging. Any 

GenRad field office can advise or provide packing material 

for this purpose. Contract packaging companies in many 

cities can provide custom packaging on short 

notice. Here are two recommended packaging methods. 

Rubberized Hair. Cover painted surfaces of instrument 

with wrapping paper. Pack instrument securely 

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

test), with 2-in. rubberized hair pads placed along 

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 

board and the information: 

1. Instrument description: name and 

numbers. Refer to front and rear 

2. Part number of board. Refer to the parts 

manual. (The number etched the foil 

the part number.) 

3. Your purchase order number. This number facilitates 

billing if the unit is out of warranty and serves to iden 

the shipment. 

To prevent damage to the board, return the defective 

board the sup pi ied with the 

Please the 
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Name 

Scope** 

Check 
Number 

2 
3 
4 

6 
7 
8 

2 
13 

5 

Parameter; 
Frequency 

120 Hz+ 

l/0; 

EOU 

De 

F 

General purpose, 1 

De 

purpose. 

200 ohm, 1/4 

PER 

.0 

10 

1000 MH 

Table 

V IF 

Table 5-3 

ER 

0 

%. 

Display Extremes 

to 

to 

GE 69F22 

GR 



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-.Q 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. (In Table 5-4, 
2nd line, substitute the numbers 09.994 to 10.018.) 

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 
120Hz) 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 D is small, the 
simple calculation (subtraction) is applicable whether the 
measurement is " or "series," 

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

5.5.2 Resistance Measurement Accuracy. 

Make the test setup and instrument performance 

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

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

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

extender cable, as follows: 
RED, 1+: left front terminal of resistor 
RED & WHITE; P+: left rear terminal 
BLACK, 1-: 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 OUT* Frequency Circuit Rate (%) (%) Acceptable Extremes* 

1.ooo n 1 kHz SERIES SLOW .02 0.2 0.9978 to 1.0022 n 
10.00 n 1kHz SERIES SLOW .01 0.1 09.989 to 0.011 n 
10.00 n 1 kHz SERIES MEDIUM .01 0.2 09.979to 10.021 n 
10.00!1 1kHz 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 
100.0 fl. 1 kHz SERIES MEDIUM -.01, +.02 0.2 099.79 to 100.22 
100.0 n 1 kHz SERIES FAST -.01, +.02 G.5 099.49 to 00.52 

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 kn 
1.ooo 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 
10.00 kn 1 kHz PARALLEL FAST .01 0.5 09.949 to 10.051 kn 

100.0 kn 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 k£2 1kHz PARALLEL FAST .01 0.5 .09949 to .10051 Mn 

1.ooo Mn 1 kHz PARALLEL SLOW 0.1 0.9989 to .0011 Mn 
1.000 Mn 120 Hzt PARALLEL SLOW .01 0.1 0.9989 to 1.0011 Mn 
1.000 Mn 1 kHz PARALLEL MEDIUM 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 Mn 120 Hzt PARALLEL FAST .01 0.5 0.9949 to 1.0051 
1.ooo Mn 1kHz PARALLEL FAST 0.5 0.9949 to 1.0051 Mn 

"*If the calibrated value of your resistance standard is slightly different from the nominal value or if the standard's accuracy is different from 
the typical accuracy, correct the "acceptable extremes" accordingly. 

t120 Hz or 100Hz, depending on model of Digibridge. 
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d. Set up the measurement 
as tabulated below. (See para 3" 1.) 

e. 

DISPLAY VALUE 

EQUIVALENT Cl 
FREQUENCY- 1 kHz 

MEASURE MODE- CONT 

HOLD RANGE- autorange 
Parameter- R/Q (resistance 

EXT BIAS- OFF 

TALK 

between the extremes 

Proceed down the 

step. 

f. 

5.5.3 
Retain the 

as follows. Set the 
MEASURE 

a. 

as before" 

c. 

d Press START. 

5-4 
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FAST 

FAST 

Table 5-6 

ENTRY OF 

Table 5-5 

RLC DO 

0 
.4949 

.50999 .4899 
499 .4849 

.4799 
.52499 
.52999 .4699 
.53499 .4649 
.53999 .4599 

0,4 

-Co 

-Co 

if is 

DO Display 
Maximum 

0 

0 





stan-



5.5.8 Inductance Measurement Accuracy. 

accuracy of inductance 

the extender cable, connect the 00-mH 
as DUT, thus: 

P+ 
HIGH 

Hz) 

HOLD RANGE-





-------~ 
! 







Schematic** 

6-3 E3 
6-5 86 
6-5 02 
6-7 E6 
6-5 A6 
6-8 C6 

83 6-8 85 
6-7 E4 

82 6-8 83 
6-7 E3 

82 6-7 E2 
6-9 A6 

8 6-9 86 
6-9 C6 

C1 6-9 C5 
6-9 C3 

C2 6-9 86 
C2 6-8 02 
C3 6-8 C3 
C3 6-8 C4 

6-8 C5 
C5 6-5 C6 

6-5 87 
6-5 C7 

C7 6-5 07 
07 6-5 05 

07 
6-3 

06 6-3 05 
6-3 E5 
6-3 06 
6-5 04 
6-3 

E2 
6-5 05 

C4 

C2 

02 
C5 



check the test 

5.8.2 Power 

massive failure 
thorough 

5.8.3 Sinewave Generator. 
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e. Check U43 8 for a 1-kHz sine wave, 330 mV 

Otherwise U43 is faulty. 

Exchange the OUT 

Table 5-13 

IS TICS 

LS 

Characteristic -9700 -9800 

1000Hz 

24.576 
50 

Sf;Jitch, set: 

OFF 
F 
F OFF 

OFF ON 

7/17/8 20/20/10 
2/2/1 1 

5-12, 5-13. 



which 
by 

a scope 

a 
of CMP and very 

" ( CMP stays h 
) However, if reset pulses are 

step aa, and CMP is is 

are present, look at each 
and compare with the 

have low and h 
levels of 0 and +5 V; the last 6 signals,-8 and +5 

PBST, at U19 pin 6; 
atU19pin4; 

PMSR, at 19 pin 2; 

at U35 pin 8 normally only at 
SSW1, at U20 pin 14; 

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

at U34 1; 

at U37 
MSR at U37 
ISW, at U37 

12 

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

with the help of the schematic check for 
poor connections or other interface f the source 

go to para 5.8.6. If these control signals are all 
valid, the is functional; the fault is 

in the 
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to short across C 1 momen

/ead Watch the scope 
ntorn,>n< for only 1 cycle, of PBST 

each application of the short circuit 

be momentary and that it 
applied while the pulse generator is connected. 

1 and U25. 

bc.lf PBST and PMSR remain inactive in spite of the 

the is at 
fault: go to para 5.8.6. proceed to step b, con-

to use the reset pulses. 



BST 

REL 

CTR RESE I 
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BST 

HOLD 

CTR RESET 

16.67 ms 

Figure 5-13. 
1-kHz measurement on a 
BST for the signa! from 
OUT. 



6.1 GENERAL. 

6. GENERAL . 
6.2 REFERENCE DESIGNATIONS 
6.3 DIAGRAMS. 
Figure 6-1. Front 

Figure 6-2. Rear 

mechanical parts 

mechanical parts . 

Federal Manufacturers Code 

Figure 6-3. Analog Control 

Figure 6-4. Analog Control 

Figure 6-5. Analog and Control 

Figure 6-7. Analog and Control 

Figure 6-8. 

Figure 6-9. Board, -4700, keyboard 

Figure 6-10. Display (DB) Board, 1658-4715, 

Figure 6-11. 

Figure 6-12. Keyboard 

Figure 6-14. Keyboard (KB) Board, -4210, diagram 

Figure 6-15. 

Figure 6-16. 

Figure 6-17. 

Figure 6-18. 

6.2 REFERENCE DESIGNATIONS. 

6-1 

6-1 

6-2 

6-2 

6-4 

6-5 

6-6 

6-7 

6-9 

6-11 

6-13 

6-14 

6-15 

6-16 

6-17 

6-18 

6-19 

6-21 

6-21 

same page, the 
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MECHANICAL PARTS 

F ur 
Quantity Description 

l 4 Foot 
2 1 Display panel (plastic) 
3 l Actuator rod) 
4 l Guide assembl 
5 1 Card pan 
6 1 Instruct card 
7 1 plate ( l 

or plate 100 

Fig e 
6-2 Quanti Description 

1 l Power connector 1 l 
2 1 Fuse extractor Fl 
3 1 Slide switch 
4 1 Cover (safety) 
5 Top cover 
6 l Bottom shell 

55 
55 

2 55 
55 

2389 
759 5 

2389 
2 55 
24655 
2 55 

[ 

Part 

5260-2051 
6 -7 2 
657-28 0 

1657-2 
58-8200 

658-0110 
6 5 

46 

r 
Par No. 

EAC-302 
342- 4 
llA-1266 

657-8120 
1657-8060 

657-8000 

PARTS & DIAGRAMS 6-3 
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6-4 PARTS & DIAGRAMS 

FEDERAL SUPPLY CODE 

FOR MANUFACT RERS 

From Defense logistics Agency iche 

H4-2 SB 708-42 GSA-FSS H4-2 

Rei FMC Column 

in Parts Lists 

Code Manufactur!U 



MHz 
5 

,---------~~c_~~~~~~L-------------------------------------------------------------------~>~P CLOCK 
U7,37 

+SD 

R42. 

,-------------~CJ J I ,4 3 

8 

~-------------------------------+------------------------------------------~ FREQ SEL 
8F-----{> 8F 

F 
4F 

CS{ 

TE5T .SIGNAL F"JLT£R 

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, 1-C pin 1, cathode 

(of diode), or+ end (of capacitor). 
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board, 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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-4700, digital processor, memories, interfaces. 
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ELECTRICAl PARTS liST (contl 

ANALOG AND CONTROL PC BOARD MB PIN 658-4700 

REfDES DESCRIPTION 

CR 
CR 
CR 
CR 
CR 
CR 
CR 
CR 
CR 
CR 
CR 
CR 
CR 
CR 
CR 
CR 
CR 
CR 
CR 
CR 
CR 
CR 
CR 
CR 
CR 
CR 
CR 
CR 
CR 
CR 
CR 

CR 

J 
J 
J 
J 

JA 

JB 

l 
l 

Q 

Q 

Q 
Q 

R 
R 
R 
R 
R 
R 

2 
3 
4 
5 

1 

9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
21 
28 
29 
30 
31 
32 
33 

DIODE 
DIODE 
DIODE 
ZENER 
DIODE 
DIODE 
DIODE 
DiODE 
DIODE 

ODE 
DIODE 
DIODE 
DI E 
DIODE 
DIODE 
DIODE 
DIODE 
DIODE 
DIODE 
DIODE 
DIODE 
DIODE 
DIODE 
DIODE 
DIODE 
DIODE 

ODE 
DIODE 
DIODE 

ODE 
lODE 

ZENER 
ZENER 

HP50B2-2800 IR 200NA Sl 
1N415l 75PIV IR.lUA SI 
1N4151 75PIV IR.lUA SI 
1N746 3.3V lOPCT .4W 
1N4151 75PIV IR.lUA Sl 

4151 75PIV R.lUA SI 
1 51 75PIV IR.lUA 51 
HH15l 75PI IR.lUA SI 
1N4l51 75P R.lUA SI 

N415l 75PIV IR.lUA SI 
4151 75PI R.lUA SI 

51 75PIV !R.lUA SI 
1N4151 75PIV H<.lUA SI 

4151 75PI IR.lUA SI 
1N459A 175PIV lR.025UA SI 
1N459A 175PIV IR.025UA Si 
1N459A 175PIV IR.025UA SI 
lN459A 175PIV IR.025UA S 
1N459A l75PI IR.025UA S 
1N459A 175PIV IR.025UA SI 
1N459A l75PIV IR.025UA SI 
1N459A 175PI IR.025UA SI 
lN459A 75P IR.025UA SI 
1N459A 75PIV IR.025UA SI 
1N459A l75PIV IR.025UA SI 
1N459A l75PIV IR.025UA SI 
1N4151 75PIV lR.lUA SI 
1N415l 75PIV IR .. lUA Sl 
1N4151 75P!V I .lUA S! 
1N4151 75PIV IR.lUA SI 

N459A 75PIV IR.025UA SI 
1N746 3.3V lOPCT .4W 

746 3.3'1 lOPCT .4W 

1 CONNECTOR PC 40 POS DR 
2 CONNECTOR PC 25 POS DR 
3 HEADER FEMAlE 30 CONT 
6 HEADER FEMALE 6 CONT 
7 BIAS TERMINAL 

2 HEADER FEMAlE 27 

2 HEADER FEMALE 27 CONT 

2 REL 
REED DRY 5V FORM lA 
REED DRY 5V FORM lA 

CHOKE MOLDED B. UH lOPCT 
2 CHOKE MOLDED 16.0 lOPCT 

2 
3 

5 

STOR 2N3414 
TRANSISTOR 2N3414 
TRANSISTOR 2N3414 

SISTOR 2N5679 
ISTOR 2N2904 

STGR 2N2904 

l RES COMP 10 
RE 1.0 K 
RES COMP 3.3 K 
RES COMP 10 
RES CO"'P 3.3 
RES 
RES 
RES 
RES 
RES 

11 RES 
12 RES 
13 RES 
14 RES 
15 RES 

5PCT ii4W 
5PCT 114W 
5PCT 1/4W 
5PCT l/4W 
SPCT l.I4W 
5PCT l/4W 
5PCT l/4111 
5PCT 
5PCT 1/4W 
5PCT 
5PCT 1/410 
5PCT 1/4W 

5PCT 114W 
114W 
l/4W 

PART 

6082-1034 
6082- l 
6082-1001 
6083-1005 
6082- 1 
6082-
6082-
6082-
6082-
6082-

6082-
6082-
6082-l 
6082-
6082-10 
6082-1 
6082-
6082-1011 
6082-1011 
6082-1011 
6082-1011 
6082-1011 
6082-101 
6082-101 
6082-1011 
6082-1001 
6082-100 
6082-

2-100 
6082-
6083-1005 
6083-1005 

1657-0400 
4230-5008 
4230-8048 
4230-8044 
1.658-6002 

FMC 

28480 
14433 
14433 

14433 
4433 

14433 

14433 
14433 
14433 
14433 
14433 
14433 
14433 
14433 
14433 
14433 
14433 
14433 
14433 
14433 
14433 
14433 

24655 
24655 
3014<: 
30146 
24655 

4230-8045 30146 

4230-8045 30146 

6090-2080 14908 
6090-2080 1490 8 

4300-2::>00 99800 
4300-2500 99800 

8210-1290 
8210-1290 
8210-1290 
8210-1223 
8210-1014 
8210-!.014 

60'>9- 3 5 
6099-2105 
6099-2335 
6099-3105 
6099-2335 
609'1-2335 
6099-2335 
6099-2335 

6099-2335 
6099-2335 
6099-31 
6099-3515 

56289 
56289 
56289 

04713 

349 
349 
349 

81349 
349 
349 
349 

81349 

MfGR PART NU"l8ER 

HP-5082 -2 800 
3604 

1N3604 
I N746 
1N3604 
1N3604 
1N3604 
1N361J4 
1N3604 

3604 
3604 

1N3604 
3604 

1N3604 
lN459A 
1N459A 
1"1459A 

459A 
lN459A 
1N459A 
1N459A 
1N459A 
1N459A 
lN459A 
lN459A 
1N459A 
lN3604 
lN3604 
1N3604 
1N36i.l4 
lN459A 

746 
746 

1657-0400 
4230-5008 
929850-30 
929850-6 
1658-6002 

929850-27 

929850-27 

1192-lA-5 
192-U-5 

1537-42 
1537-42 

2N34l4 
2N3414 

3414 
2N5679 
2N2904 
2N29Cl4 

RCR07Gl03J 
RCR07Gl02J 
RCR07G332J 
RCR07Gl03J 
RCR07G3 3:<2 J 
RCRG7G332 J 
lltR07G332J 
RCR07G332J 
RCR07Gl04J 
RCR07G332J 
RCR07G332J 

103J 
RCR07G513J 
RCR07Gl04J 

07Gl03J 



REF DES 

R 

R 
R 
R 
R 
R 

R 

R 

R 
R 

R 
R 

R 

R 

R 

R 

R 

R 

R 

R 

19 
20 
21 
22 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
3& 
37 
38 
39 
40 
41 
42 
43 

55 
56 
57 
58 
59 

61 
62 

64 

75 
76 
71 
78 
79 
80 
81 
82 
83 
84 

R 85 

R 87 
R 88 
R 89 
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ELECTRICAL PARTS LIST (cont) 

ANALOG ANC CONTROL PC BOARD B 165 B- 4700 

REFO ES DE SCf(! PT I ON PART FMC 14FGk PART NUMBER 

R so RES CCMP 300 K CHM 5PCT l/4W 6099-4305 81349 RCR07G304J 
R 91 RES COI1P z.o K OHM 5PCT l/4W 6099-2205 1349 RCRO 7G2 02 J 
R 92 RES CCMP 1.0 K 5PCT l!4W 6099-2105 81340 RCR07G l02J 
R 93 RES COMP 4.7 K 5PC T l/4W 6099-2475 349 RCR07G472J 
R 9~ RES CCMP 4.7 5PCf ll4'r. 6009-2475 81349 RCR07G472J 
R 95 RES CGMP 4.7 K 5PC T l/4W bO'i9-2475 81340 CR07G472J 
R 96 ES CCMP 4. 7 K 5PC T l/41-. 6099-2475 349 RCR07G472J 
R 97 RES CCMP 4.7 K 5PCT l/4W 6099-2 75 8134'i RCRO 7G4 72 J 
R 98 RES CCI4P 10 K 5 PCT 1/4 6099-3105 81349 RCk07Gl03J 
R 104 RES p 100 K 5PC T l/4W 6099-4105 RCR07G104J 
R 105 RES CCMP 100 5PCT l/4W 0<;9-410'> RCk07G 104J 
R 1 C6 RES CCMP 4.7 K 5PC T li4W 6099-2.475 RCRO 7G4 72J 
R 107 RES CC1P :..7 K 5PCT l/41-. 6099-24,75 RCR07G4 72 J 
R 10d RES CCMP 1.0 K 5PCT l/4W 6099-210 5 81349 RCR07Gl02J 
R 109 RES COf1P 1. 0 K 5PC T 1/41-1 60'19-2105 3 't9 RCR07 G102 J 
R 110 RES CCMP 1.0 K 5PCT l/41-1 6090-2105 81349 RCR07Gl02J 
R 111 RES CCI~P 22 OHI1 ?PCT l!4W 6099-0225 349 RCR07G220J 
R 112 RES CCMP 22 OH''l 5P C T l/4W 6099-022 5 81349 RCR07G220J 

s 000 S»!TCH TCGGLE 6 S TA S PST PC 7910-2030 31514 1006-692 

u 1 IC DIGITAL SN7'tl SOON 5431-8600 01295 SN74LSOON 
J 2 lCO !STATIC PRUT ECT REQ) 5627-100 l 34649 PZ111A-4 
'J ICD !STATIC PROTECT REQl 5627-0005 24655 5627-0005 
u 4 ICD !STAll( PROT ECT REQ l 5627-0004 2'"<655 5627-0004 
u 5 !CO Sf'..74LS141\ HX SCHMT-TR INVERT 5431-8614 1295 SN 74L S 14N 
u 6 !CD !STATIC PROTECT REQJ 5627-1001 34649 P2lll A-4 
u 7 !CD (STA1JC PRLT ECT REQI 5431-2402 24655 5431-2402 
J 8 !Cll !STATIC P?,OTECT REQl 5431-7021 86684 C04049AE 
u 0 IC 0 IGIT AL SN 74L SOON 5431-8600 Jl29 5 SN74LSOON 
u 10 !CD S ,\ 7 4 L S 93 N 4 f:l IT BIN COUNTER 5431-8693 01205 SN 74L S 93N 
u 11 ILl ! STATIC PROTECT REQl 562 7-0002 24655 562 7-0002 
IJ 12 !CD SN74LSS3N 4BIT BIN COUNTER 5431-8693 01295 SN74LS93N 
u 13 ICD Sf\.74LS93N 48!1 BIN COUNTER 5431-8693 129 5 SN74LS03N 
u 15 !C D !G! TAL SN 74L 592 5431-3692 0129 5 SN74LS92 
u 16 l( DIGITAL SN74LSOON 5431-8600 01295 SN 74LSOON 
u 17 !CJ s 11 7 4L s 93 11 4 e I r BIN CCUNT ER 5431-8693 01295 SN74LS93N 
u 18 !CD SN74LS93 4BIT BIN COUNTER 5431-8693 012 9 5 SN74LS93N 
J 19 lCD !STATIC PROl ECT REQl 5431-7042 12040 74C907 
J 20 ICD !STATIC PROTECT REQJ 5431-2450 04 7l3 MC6820A 
u 21 !CO I STAT !C PROTECT REQ l 5431-7008 0'+713 MC 1402 4BC P 
u 22 !CD !STATIC PROTECT REQl 5431-2450 04713 f'.C6820A 
u 23 lCfJ ! STA 1!C PROTECT REQJ 543i-245J 04713 MC6820A 
IJ 24 !CD !STATIC PR01 EC1 R EQ l 5't3l-2450 04713 'lC6820A 
J 25 IC DIGITAL SN74LS04N 5431-8604 01295 SN74LS04N 
u 26 !C D !G IT AL SN74LS174N 5431-8774 012 95 SN74LS174N 
u 27 !C 0 !Gil ill SN74LS174N 5't3l-877'"t 012 95 SN74LS174N 
u 28 IC DIGITAL SN74LS174N 54.31-8774 t295 SN74LS l 74N 
u 29 ICO SN74LS20N D 4IN POS NAND GA 5431-8620 01295 SN74LS20N 
u 30 !CD 9311 240 1451 lOF 16 DEC00ER 5431-9617 18 324 9311174154 
u 3l !CD SN74LSS3N 4BIT diN COUNTER 543l-8693 01295 SN74lS93N 
J 32 reo St-.7 4LS93 N 48 IT BIN CLJNT ER 543l-8693 01295 SN74LS93N 
u 33 ICLJ SN14LS93f\ 4B!T BIN COUNTER 5431-3693 01295 SN74LS93N 
u 34 ICD !STATIC PROTECT REQ l 5 431- 70 41 12040 MM74Cl75 
u 35 lCD l STATIC PROTECT REQI 5431-7042 12040 MM74C907 
u 36 !CD !STATIC PROTECT REQI 5431-7009 86684 CD4023AE 
u 37 !CO !STATIC PROTECT REQl 5431-7003 86684 CD4016AE 
u 38 ICL (STATIC PROTECT REQJ 5432-7001 01295 TL 084CN 
u 39 0/A CGNV 8i:llf MONOLITHIC 5429-5043 50721 DAC !CBBC 
u 40 IC LII\EAR L'1301A 5432-100"' 12040 LM30 lAH 
u 41 ISO !STA1IC PROTECT REQI 5431-7032 86684 CD4052AE 
:J 42 ICL !STATIC PROTECT REQl 5432-7000 86684 CA3130T 
J 43 ICL !STATIC PROTECT REQl 5 432-7001 01295 TLOB4CN 
J 44 IC LINt:AR LH 0002CN 5432-1062 12040 LH0002CN 
u 45 lCL !STATIC PROTECT REQ l 5432-7000 86684 CA3130T 
u 46 ICD ! STATIC PROTECT REQl 5431-7032 86684 CD4052AE 
u 47 IC Ol Gl TAl SN74LS174N 54 31-8 774 01295 SN74LS174N 
u 48 !CD SN7405N l4D HX !NV COL 5V 5431-3105 01295 S"l 7405N 
u 49 IC DIGITAL S1'.74LS174N 5431-8774 01295 SN74LS174N 
u 50 IC DIGITAL SN74L S174N 5431-8774 295 SN74LSl74N 
u 51 IC Lli\EAR LH0002 CN 5432-1062 12040 LH0002CN 
u 52 ISO !STATIC PROTECT REQl 5431-1032 86684 C04052AE 
u 53 ICO !STATIC PROTECT REQ l 5627-0003 24655 5627-0003 



ELECTRICAL PARTS LiST (cont) 

ANALOG AND CONTROL BOARD MB P/N 1658-4700 

REF DES DESCRIPTION PAI<.T NO. FMC MFG PT. NO. 

z 1 THIN FILM RFSISTOR "lf:TWORK l658-080J" 24655 l658-J800 

z 2 PESISTCR NETWORK 5.6K 5PCT 6141-0104 24655 6 741-0104 

z 3 RES IS TG R NE H<ORK 1 o5 7 -!) 81<)" 24655 1657-)810 

l 4 RES !STCR NETWOI\K 1657-0810 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 kQ + 0.2% 
1658-0800 pins 3-4 or 5-6: 35 k:J + 0.2% -
1657-0810 (each section): 220 Q +-5%. 
6741-0104 has a common point l); 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 

DISPLAY GCMW AS~<! 65 

EFDES DESCRIPTION 

c 46 CA CE o. lUf ZOPCT 5 1-1 

CR 3 LED RED MV5023 
CR 4 LEO REO V5023 
CR 5 lEO RED 5023 
CR 6 5023 
CR 7 5023 
CR 5023 
CR 9 023 

10 502 3 
CR 1 5023 
CR 12 LED MV5023 
CR 13 ED 5023 
CR 6 EO 
CR 7 LEO 
c 18 LEI) RED V5023 
CR ED RED MV5023 

R 142 ES CCI~P 220 
1 43 s CCMP 220 5P 

R 144 ES p 220 5PC 
R 145 RES COMP 3.3 5PCT 

146 3.3 K SPCT l/4W 
R 147 3.3 K SPC T 

3 .3 5PCT 11 

u 
59 
60 

u 61 
62 
63 
64 .300 CHIIRACT ER 

l 2 
l 3 
l 
z 5 
z 6 
l 1 
l 8 
l 9 
l 
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Figure 6·11. Display (DB) board, 1658-4715, diagram. 
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ELECTRICAL PARTS LIST 

KEYBOARD ASM PC BOARD KB PIN 1658-4710 

REf DES DESCRIPTION PART NO. FMC MFGR PART NUMBER 

CR 1 lED RED I~V5023 6084-1104 71744 CM4-23 
CR 2 LEO RED M V502 3 6084-1104 71144 CM4-23 
CR 3 LEO RED MV5023 6084-1104 n 744 CM4-23 
CR 5 LED RED Mv5023 6084-1104 71744 CM4-23 
CR 6 LED RED 'IV5023 6084-1104 71744 CM4-23 
CR 7 LEO RED M\i 502 3 6084-1104 71744 CM4-23 
CR 8 lED GREEN 6084-1055 28480 50 82-'t 950 
CR 9 LED RED 'IV502 3 6084-1104 71744 CM4-23 
Ck 10 LEO KEO ,'!v soz 3 6084-1104 71744 CM4-23 
CR 12 LED RED MV5023 6084-1104 71744 CM4-23 
CR 13 LEO RED MV502 3 6084-1104 71744 CM4-23 
CR 14 LED RED MV5023 6084-1104 71744 CM4-23 
CR 16 LEO RED MV5023 6084-1104 71744 CM4-23 
CR 17 LED RED MV5023 6084-1104 71744 CM4-23 
CR 18 LED RED M V 502.:! 6084-1104 71744 CM4-23 

p 1 CONN 30 PIN • 025 SQ PUST 4230-8095 30146 92964 7-02-30 
p 10 CONN 6 PIN • 02 5SQ POST 4230-8096 30146 929647-02-06 

s 1 SwiTCH PLSH I'OME NT D PST 7870-1571 31918 TYPE SR BLACK 
s 10 SwiTCH SLIDE 2PO S OPDT STEADY 7910-0470 10389 23-021-118 

zs 2 SWITCH PLSHBUTTON MULT KEY BOARD 7880-3200 24655 7880-3200 



fl eo 7- 4 I 0 7 ( 2) 

0@ 

~00 
~®J0:~~ 
(;Q ~9 ~~ 

--~ o----/o· ~\,/ 
-/ \_ / ,_/ 

/0~ -..__ / 
\ \ 

J J 
/ ' - '-- -

I 
I·~- ----4 



i?..S 2 
/ 

Figure 6-12. Keyboard module assembly, 1658-4200. 
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Figure 6-14. Keyboard IK B) circuit board, -4710, diagram. 
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----------z sz 
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-----------z sz' 
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PJ·S -----------zsz, 

¢ 
-9 

I 
-10 

----------z sz, ~ 
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SEN 2. 
PI· II -----------Z52, 

SEN 3 
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SEN 4 
PI·IJ ---------- Z 52, 

SLOW 
PI- 17 

ME.D 
1"1·18 

FAST 
Pi-1'3 

PARALLEL 

~-t~ ~------------------------
NOGC 
PI· Z3 

LO 

I kHz_ FREQ PI·2S ~------------------------~~~1 

s 

SPARE 
PI- a<. ~--------------------1 

CONT 
PI·Z-7 

START 
Pl-2 

START 
Pl-3 



CR3 

CR12 

CRHl 

Figure 6-13. Keyboard IKBl 



ELECTRICAL PARTS LIST 

INTERFACE OPTlOh ASM 

REFI)ES DESCRIPTION 

J 
J 

l PECPT MICPO RIB 24 CCNT 
2 CCNN PNL 24FEM CONT MICRO RIB 

PART · t.O. FMC 

4230-4024 02660 
4230-482.4 026c0 

PAFT 

57-4)240 
57-23240-2 

NUMBtR 

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

INTERFACE 'JPT ION PC BOARD lOB PIN 1658-4720 

REFDES DESCRIPTION PA'l.T NO. FMC MFGR PAf< T NUMBEk 

( l CAP CEI< MONO o.lUF 20PCT 501/GP 4400-2050 72982 8l31-M050-65l-l04M 
c 2 CAP CER MONO v.lUF 20PCT 501/GP 440C-205J 72982 8131-MO 50-65l-l04M 
c 3 CAP CH MONO O.lUF 20"C T 501/GP 't<t00-20:>0 72 982 8l3l-M050-65l-l04M 
c 4 CAP CER ~o!ONO 0 .lUF 20PCT 501/GP 4400-2050 72982 8l3l-M050-65l-l04M 
c 5 CAP CER MONO O.l 1JF ZOPC T 501/GP 4400-205J 72982 8131-~050-a5l-l04M 

CR l DIODE RECTIFIER 1N4003 60i:ll-l00l 14433 1'44003 

~ l PES CO~P 3.3 K 5PC T l/4W 60'19-2335 81349 RCR07G332J 
R 2 RE~ CGMP 3.3 K 5PCT l/4W 6099-2335 81349 RCl'C7G332J 
R 3 t\ES CCMP 3.3 K SPCT l/4W 6i)99-2335 tll349 RCP07G332J 
R 4 RES COI'P 3.3 K 5PCT l/4W o09S-Z335 81349 RCR07G332 J 
R 5 ReS CCMP 3.3 K 5PCT l/4W 6099-2335 81349 RCR07G332J 
R 6 PES CiJMP 10 K 5PCT l/4n 6099-3105 813<t9 RCR07Gl03J 
R 7 RES COMP 10 K SPCT l/4W 60S<;- 310:i 81349 RCP 0 7Gl 03 J 

R 8 RES <.Cio!P 3.3 K 5PCT l/4W 6099-2335 ill349 RCR07G332J 
R 9 PES CO~P 3.3 K SPCT l/'tW 6099-2335 81349 RCR07G332J 

s 2 SWITCH TOGGL': 6STA SPST PC 7910-2030 31514 l006-t:92 
s 12 SWITCH TOGGU: PC 2CK T SH:.ADY 7910-1920 05402 18001 

u l ICD MC6820.A 40C PIA FOR MPU 5431-2450 O<t713 "'Ct:szoA 
u 2 ICD 0~8097 5431-9685 12 O<tO OMi:i097 
u 3 ICD DM8097 54~l-9c85 12040 OM8097 
u 4 IC DIGITAL St-.l74LS04N 54::1-8604 01295 SN74LSIJ4N 
u 5 ICO MC 3441 5431-9684 o .. 7 !3 ~C344l 

u 6 ICD MC344l 5<tH-9c84 04713 MC 3441 
u 7 ICD 1'(3440 543l-968c 04713 '1(3440 
u 8 ICD MC 3441 5431-9684 O<t7l3 1-1(3441 
u 9 IC DIGITAL SN74LS02N 543l-tl602 01295 SN74LS02N 
u 10 ICO SN1406N 140 HX I IIIII COL 3311 5431-3106 ,)1295 SN740cN 
u ll !( f' SN740tN 141) HX !Nil COL 30\1 5431-SlOc 01295 SN74')61-4 
u 12 ICD "(6820.6 400 PIA FOI< MPU 5431-2450 04713 6820b. 



P2 

BOARD-EDGE CONNECTOR 

BOTTOM 
Signal Pin Signal 

2 RES 1 GND 
4 R/W 3 GND 
6 D\Zl 5 GND 
8 D1 7 GND 

D2 9 GND 
11 GND 
13 GND 
15 GND 
17 +SD 

+SD 19 +5D 
A\Zl 21 NMi 
Al 23 

25 
27 
29 
31 

A6 33 02 
A7 35 

37 
39 
41 

3 A14 
D3 45 Al5 
D4 47 D7 
DS 49 D6 

"l1 
<.E' 
!;; 
"' 
~ 
s.n 
E" 
$ 
:::. .. 
g 
0 
'tl ... 

t:p 
g' 

.... 
(X) 



TOP: 
JZ BOTTOM: 

~rface option \lOB} boarr!, 1658-4720, layout. 
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InterfaCE~ option (lOB) board, 166&4720, diagram. 
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JIOI 
BK -------v 

COM 
T 0 BOARD: 

101, Fl, 52, Tl, C.RI CR4 1 

C , C I; C 5, C6 

I 

~ I 

LM323K 



OUT 

2 

Cl 

VOLTAGE 
REG LATORS 

U2 
LM342 P -5 

0 

t5 

-8 

C8 

supply assembly, 
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