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Condensed Operating Instructions

NOTE

The 1686-P1 Test Fixture is by far the most convenient device for connecting the parts
to be measured. Insertion of the DUT is as easy as child’s play; true “Kelvin” connections
are made automatically. All common shapes and sizes are accommodated; adaptors

are used for axial-lead parts, no adaptors for radial-lead parts, “either way" for pigtail
leads. Colored lights show GO/NO-GO results of main-instrument limit comparisons. Sys-
tem interface connectors handle bias and ““start’’ circuitry. Refer to Figure 3-1. We highly

recommend that you obtain this fixture.

To operate the 1686 Digital Capacitance Meter:

a. Connect the cables and/or test fixture to the instru-
ment (paragraph 3.1). If using externally connected equip-
ment for control and/or data recording, refer to paragraph
2.4, Set the BIAS switch to OFF.

WARNING
For safety of the operator, we recommend that
external bias be limited to a maximum of 30
volts. If necessary, with suitable precautions,
a maximum of 100 volts may be used. When
greater than 30 volts is used, exercise great care
to avoid dangerous electrical shock. Full bias
voltage appears on test-lead or test-fixture termi-
nals and on the leads of the component under
test. Capacitors remain charged after measure-
ment. The user must follow safe procedures to
assure proper discharge of measured capacitors.
See the WARNING in para 3.7. For safety, all
personnel operating the instrument must be
aware of the potential hazard involved in exter-
nal biasing. Do not leave the instrument unat-
tended with external bias applied.

b. On the rear panel, set the LINE VOLTAGE switch to
match your measured power-line voltage; set the TEST
VOLTAGE control fully cw.

c. Turn the POWER switch ON. Set the FREQUENCY
switch for 1 kHz (or for the desired test frequency). Set the

RANGE switch to the applicable range, determined as fol-
lows. Express the desired midrange capacitance as 10X uF.
The range is x+5 for 1-kHz measurements; it is x+4 for
120-Hz (100-Hz) measurements. (See para 3.3.)

d. To use the limit comparator, set the HIGH- and/or
LOW-LIMIT thumbwheel switches to the desired limit(s)
and set the LIMIT switch to LIMIT. Otherwise flip this
switch OFF.

e. Set the MODE switch to REPETITIVE, and adjust
the interval as desired, commonly about 0.5 s. For SINGLE-
MEASUREMENT MODE, refer to para 3.6.

f. Leave the BIAS switch OFF in general. However, to
make measurements with bias, turn the BIAS switch to
INTERNAL, or EXTERNAL, as appropriate. Refer to
para 2.6 for details on supplying an external bias voltage.
Be careful not to touch the lead or fixture terminals if a
high external bias is applied to the instrument. See WARN-
ING in para 3.7.

g. Insert a capacitor to be measured in the test fixture;
or make the equivalent connections with the elementary
test cable (para 3.1). Observe the CAPACITANCE display,
range lights and D lights.

h. Adjust the RANGE, if required (para 3.3). Notice
that the RANGE lights will guide you quickly to the
optimum range.

i. To measure dissipation factor, turn the D dial until
the D lamps change state. If D is of secondary importance,
leave the dial set to about .01 and watch the associated
lamps for indication of a lossy capacitor.



Specifications

Ranges: Full-scale capacitance readings, accuracy multipliers (M),
and applied voltage multipliers (A) are tabulated.

Switch  Full scale Full scale

position at 1 kHz M at low f M A
1 199.99pF 3 1.999 nF 2 5
o 1999.9pF 1 19.99 nF 1 1
3 19.999nF 1 199.9 nF 1 1
4 199.99nF 1 1.999 uF 1 1
5 1999.9nF 1 19.99 uF 1 1
6 19.999 uF 1 199.9 uF 1 1

7 199.99 uF 3 1.999 mF 2 0.1
8 1999.9 uF 10 19.99 mF 3 0.1
9 —_— 199.9 mF 5 0.1
Note* —_ (1000.0 mF) 5 0.1

*This extension of range 9 is useful even though range light indi-
cates measurement exceeds full scale.

Range lights indicate correct range setting. Dissipation Factor:
D=0to 10.

Accuracy: Basically 0.1% for 1-kHz measurements. 0.5% for low-
frequency measurements. For temp 15 to 35°C, relative humidity
0 to 90%:

CAPACITANCE error at 1 kHz:

Ctull scale D2 % of % of :
-_t_EOJ +0.2D + Creaging 20 Tesding +.01 £011 scate] M)

CAPACITANCE error at 120 Hz:

Csyull scale P2 1% of % of
1E0.25 + 02D+ i Ea)reading +.05 ¢ iscale (M)

also on range 9 only, add:

C .
+ (25 iad—"—'-g-) % of reading;
1 Farad

DISSIPATION FACTOR error:

£.001 +.0002 _tullscale 4 oe (1 4D)) M

reading
also, on range 9 only, for C up to 200 mF, add D error term of
+Creading/1 F- For C above 200 mF, D readout may be invalid.
TEMPERATURE: for At°C above 35°C or below 15°C, increase
multiplier M by factor (1 + 0.1 At).
Speed: 250 msec, for complete measurement.
Display: CAPACITANCE: 4% digits, LED display with decimal
point and over-range indication, Full-scale reading 19999 at 1 kHz
and 1999 at jow freq. DISSIPATION FACTOR: colored lights indi-

cate whether D is above or below dial setting. (Dial can be used to
determine D.)

Applied Voltage (Variable): Max ac test voltage, applied to capaci-
tor being measured, is 1 V x A. (A=Voltage multiplier; see Range
table). Applied voltage is variable from max. to 1/20 max. Maximum
power is 1/8 W.

Frequency: 1 kHz +2% and 120 Hz, normally synchronized to
60-Hz power line (100 Hz is the low frequency for 50-Hz line).

Bias: For capacitors, 2 V internal and 0 to 100 V external.

Measurement Mode: SINGLE: on command. REPETITIVE:
adjustable rate, 0.25 s to 10 s per measurement. Previous readout
is displayed during period of new measurement.

Data Outputs (TTL Logic): Open collector, active low. Each of the
following outputs will sink 40 mA (max) from an external source
of +30 V (max); low output = +0.4 V (max). BCD measurement
value, decimal points, high D, reset, strobe, over-range.

Data Inputs: REMOTE START: A positive transition in < 1 us,
from0OV <V <0.4Vto+2V <Vy <+30V, initiates a meas-
urement. LAMP TEST: A connection to ground lights all segments
of the four principal digits of the LED display (8 8 8 8) to check
operation.

Limit Comparator: CONTROLS: high- and low-limit digital switches.
Limit enable/off toggle switch. DISPLAY LIGHTS: Go, high D, low,
high. DATA OUTPUTS (TTL LOGIC): Open collector, active low.

Each of the following outputs will sink 40 mA (max) from an external

source of +30 V (max); low output = +0.4 V (max). Busy, go, high
D, high limit, low limit, fail. SUPPLEMENTARY QUTPUTS:
(Clamp), This line is to be tied to the external supply (+30 V max)
to suppress inductive transients from external relay coils.

(Tone) To drive a miniature speaker (or headphone) tied between
this output and ground. Signal gives 1/4-sec audible burst (250-Hz
tone) when measured value falls outside the selected high and low
limits. (Not activated by D failures). (/nterface) Lines for inter-
facing with a digital printer (i.e., GR 1785), a component sorter,

a component handler for a specific application, and/or to interface
with a multiple limit comparator. DATA INPUTS: (Remote Start)
A positive transition of <1 us from OV < V| < 0.4V to +2V < VQ
< +30V initiates a measurement. (Limit Disable) Performs the same
function as the toggle switch. Vi input turns limit comparator off.
Open circuit is equivalent to V|, which turns it on.

Environment: TEMPERATURE: 15 to 35°C normal operation, 0
to 50° operation at slightly reduced accuracy, —40 to +75° storage.
HUMIDITY: O to 95% at 35° C.

Supplied: Power cord, measurement cables, 30-pin and 36-pin con-
nectors.

Available: Test fixture (with 4-terminal clips, start switch, and
go/no-go lights for use with limit comparator). GR 1784 Multiple-
Limit Comparator for multiple category sorting. Standard capaci-
tors.

Power: 90 to 127 or 180 to 253 V, 48 to 440 Hz, 40 W.

Mechanical: Bench or rack models. DIMENSIONS (wxhxd): Bench,
17.00x5.59x16.25 in. (432x142x413 mm); rack, 19.00x5.22x16.63
in. (483x133x422 mm). WEIGHT: 23 1b (10.5 kg) net, 32 Ib

(14.5 kg) shipping.

1686 Digital Capacitance Meter Catalog Number

60-Hz Line Freq (120-Hz Test), bench 1686-9700
50-Hz Line Freq (100-Hz Test), bench ~ 1686-9800
Rack Hardware Kit 0480-9703
1686-P1 Test Fixture with Kelvin Clips 1686-9600
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Warranty

- GenRad

This product is warranted to be free from defects in material and workman-
ship and, when properly used, will perform in accordance with specifications. Any
GR-manufactured instrument, module, or part found not to meet this standard
within a period of one year after original shipment will be repaired or replaced at
no charge when returned to a GR service facility.

GR policy is to maintain repair capability for a period of ten years after the
original shipment and to make this capability available at the then prevailing
schedule of charges for any product returned to a GR service facility. Changes in
the product not approved by GR shall void this warranty. GR is not liable for
consequential damages.

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

The 1686 Digital Capacitance Meter is an all solid-state
instrument that automatically measures series capacitance
at two frequencies, 1 kHz and 120 (or 100) Hz. These
measurements can be made on command or repetitively,
with measurement repetition interval variable between
0.25 s and 10 s. Results are displayed on a digital readout.

The basic accuracy is 0.1% + 2 counts for 1-kHz measure-
ments and 0.25% + 1 count for low-frequency measure-
ments. For 1-kHz measurements, the full-scale digital read-
out indication is 19999; for low-frequency operation it is
1999. The decimal point and units are also displayed.

The range is manually set. The meter measures capaci-
tance from .01 pF (one digit) to 200,000 1F (200 mF) or
more and automatically indicates whether the range being
used is optimum, too low, or too high.

The dissipation factor, D, is also indicated. The value of
D is obtained by a manual dial adjustment. However, if this
dial is set to the desired D limit, there is an automatic indi-
cation if this limit is exceeded.

Data outputs are also furnished for the measured capaci-
tance and whether the measured D is within the limit set at
time of measurement, to allow data recording, limit compari-
son, or process control. A built-in, two-limit comparator
facilitates go/no-go sorting. Multiple-limit comparators,
data printers, card punches, and handlers are also available
from GenRad, separately or as a system. The data output
(digital signal) levels are standard TTL, open-collector,
for total interface flexibility.

The instrument’s analog circuit provides for low impe-
dances to be measured by means of a four-terminal connec-
tion to the “unknown” capacitor being measured. (Impe-
dances of test fixture and leads have a minimal effect.)
Guarded, three-terminal measurements can also be made
with negligible error, regardless of substantial stray capaci-
tance to ground.

The analog-to-digital conversion of the measurement
result is made by an ac-dc ratio meter capable of high accu-
racy and stability.

A built-in limit comparator is provided. It compares the
measured capacitance and dissipation factor, D, with limits

you set on the front panel. Any upper and lower limits of
C within the range of the meter can be selected on thumb-
wheel switches, up to 199.9 mF. Any upper limit of D can
be set on the D dial.

The comparator is a module that enhances the operation
of the meter, making it particularly useful for manual, semi-
or fully-automatic selection and sorting applications, as
well as intricate laboratory measurements. Visual indications
of comparison results as well as respective control signals
available for use by external equipment permit these various
operations to be easily performed with a minimum of opera-
tor involvement.

Comparisons of quantities usually requiring laboratory
techniques can also be easily made, such as: small impe-
dance differences, semiconductor capacitances, capacitance
drift with temperature, etc. And, with suitable recorders
such as the GR 1785 Line Printer or other recorders,
records of all types of data can be kept, including changes
in measurements as a result of environmental effects.

A GR 1784 Multiple-Limit Comparator that makes
comparisons of up to 4 pairs of limits is also available.

See para 1.6.

1.2 FUNCTIONAL DESCRIPTION.

Refer to Section 4 for a general and detailed functional
description of the instrument.

1.3 GENERAL PHYSICAL DESCRIPTION.

The instrument is supplied in a bench configuration. It
can be set in a tilted position on a bench, for easy viewing
of the front panel, by use of the bail under the front of
the cabinet. For mounting in an EIA standard 19-inch
relay rack, a kit of hardware is readily available and easy
to use.

The 4 connections to the capacitor being measured, as
well as data and control signal connections are made at 2
rear-panel connectors. A cable, supplied, connects to a test
fixture or set of test leads (stackable, with alligator clips),
also supplied. ]

INTRODUCTION 1-1
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Figure 1-1. Front-panel controls and indicators.

The unit has its own power supply, including a 2-V in-
ternal bias supply for capacitors under test. The instrument
requires ac power, 48 to 440 Hz, and can be switched to
accommodate line voltages of 90 to 127 V and 180 to 253 V,
in 5 ranges selectable at the rear panel. Proper fuses for these
ranges are provided in fuse holders on the rear panel.

In the center of the instrument are 2 large circuit boards,
the bridge board across the bottom and the logic (control)
board above, hinged for convenient access. Behind the limit
comparator panel are 2 smaller boards for circuitry asso-
ciated with it. The power supply is at the far left. Further
details are given in Section 5.

Physical characteristics of the unit are described further
in the specifications at the front of this manual. Complete
dimensions for the bench and rack -mount configurations
are given in Section 2.

1.4 CONTROLS, INDICATORS, AND CONNECTORS.

Figure 1-1 shows the front panel controls and indicators.
Table 1-1 identifies them, with descriptions and functions.
Similarly Figure 1-2 shows the rear panel; and Table 1-2
identifies and describes the rear-panel controls and con-
nectors.

1.5 SYSTEMS.

Because additional equipment can expand the basic
capabilities of most GR instruments, including this one,
facilities are available to supply complete systems; inquiries
are invited. Each system, custom tailored to individual

1-2 INTRODUCTION

requirements and including only equipment necessary to
perform the required task, is completely assembled and
checked as a unit. Generally, such systems have wide appli-
cation and can be used for laboratory development, produc-
tion monitoring, final quality assurance, production-lot
sorting, incoming inspection, environmental testing, reliabil-
ity evaluation, etc., typically providing semi- or fully auto-
matic operation.

1.6 ACCESSORIES
1.6.1 Accessories Supplied.

Refer to Table 1-3 for a list of accessories supplied with
the instrument. The test-fixture cable is always used, whether
you have a test fixture (such as GR 1686-9600) or whether
you use the elementary measurement cable to make banana-
plug or alligator-clip connections to the capacitor being
measured.

1.6.2 Recommended Test Fixture. Figure 1-3.

The GR 1686-9600 Test Fixture is highly recommended
as an accessory. Employing Kelvin contacts for both radial-
lead and axial-lead components of all common sizes, it
effectively and conveniently provides a 4-terminal measure-
ment connection for components and parts under test. The
fixture permits rapid manual measurements of components
while providing high accuracy by reducing the effects of
stray impedances on measurement accuracy.

The figure shows the fixture in use. It is connected by
cable to the rear-panel TEST FIXTURE connector. If you
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Table 1-1

FRONT-PANEL CONTROLS AND INDICATORS

Figure 1-1
Ref. No. Name Type Function
1 POWER Switch, S504 Rotary switch; 2 positions: ON applies power; OFF disconnects both wires of
OFF, ON. ac power line from internal circuit, including fuses.
2 DISSIPATION FACTOR Continuously adjustable Indicates dissipation factor D over range 0 to 10,
dial (D dial), R501 rotary dial and associated two ways: (1) Pass/fail. Dial is set to D limit and
indicator lamps. Scale 0 to left there; lighted arrows indicate pass (green light)
oo, with divisions from or fail (red light), for each measurement. (2) D
0.001 to 20. (Green lamp measurement. After any measurement of C, the
DS504; red, DS503.) dial can be rotated to the point where the indication
passes from one arrow to the other; corresponding
dial reading is the measured D.
3 CAPACITANCE display, Numerical readout, LED Gives visual indication of measured capacitance to
1685-4710 display, 4% digits. 5 places at 1 kHz, to 4 places at low frequency.
First digit becomes a blinking “E" if measured C
C exceeds full scale for the range selected.
4 RANGE switch, S501 Rotary switch with asso- Selects 9 capacitance ranges; see Table 3-2. The lamps
ciated indicator lamps indicate that the correct range is set when both lamps
(DS502, left —; DS501, are out. If one lamp is lit, turn the switch in the indi-
right <). Positions cated direction to reach the proper range. In position
| < 3 8 (or lower), the capacitance range is a decade higher
for low-frequency measurement than for 1-kHz measure-
ment. In position 9, only low-frequency measurement
can be made; this range has (in addition to the normal
decade in which the range lights stay out) an extension
(higher) decade of capacitance that is useful even
though the range light indicates —. There is no par-
ticular low-capacitance limit for range 1.
5 FREQUENCY switch, Rotary switch; 2 positions; Selects the test frequency, as indicated. The lower
S502 1 kHz, 120 Hz (or 100 Hz). frequency is normally twice the power-line
frequency.
6 HIGH LIMIT switch, Thumbwheel switch, 5 Selects the upper limit for comparison.
$6...510 digits
7 LOW LIMIT switch, Thumbwheel switch, 5 Selects the lower limit for comparison.
81,58 digits
8 HIGH light, DS4 Indicator lamp, red. Lights if measured capacitance exceeds selected
HIGH LIMIT.
9 LOW light, DS3 Indicator lamp, red. Lights if measured capacitance falls below
selected LOW LIMIT.
10 HIGH D light, DS2 Indicator lamp, white. Lights if measured dissipation factor D exceeds

the value set on the D dial at the time of measure-
ment. >
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Table 1-1 (Cont)
FRONT-PANEL CONTROLS AND INDICATORS

Figure 1-1

Ref. No. Name Type Function

11 GO light, DS1 Indicator lamp, green. Lights if measured parameters are within the limits

(inclusively) as set by LIMIT switches and D dial,
at time of measurement.

12 LIMIT/OFF switch, Toggle switch, 2 positions. When set to LIMIT, enables limit comparator;

S11 OFF disables it.
13 BIAS switch, S503 Rotary switch; 3 positions; When set to INTERNAL 2 V, furnishes 2-V bias
OFF, INTERNAL 2V, for the capacitor under test. The EXTERNAL
EXTERNAL. position allows an external bias voltage of up to
100 V to be applied to the capacitor under test,
via the rear-panel TEST FIXTURE connector.

14 MEASURING light Red LED indicator, CR1. When illuminated, indicates meter is making a

measurement.

15 MEASUREMENT Continuously adjustable When set to REPETITIVE and adjusted between
MODE control, control with switch, 0.25 and 10 s, the meter makes repetitive measure-
S506/R500 labeled: SINGLE, REPET- ments at approximately the indicated rate. If the

ITIVE, 0.25...10s. switch is set to SINGLE, a single measurement is
made, initiated by an external device such as a test
future, component handler, recording device, etc.
connected to the rear panel.

1R 2R 3R 4R 5R

Figure 1-2. Rear-panel connectors and controls. (The cover is removed from item 4R.)

1-4 INTRODUCTION



Table 1-2
REAR-PANEL CONTROLS AND CONNECTORS

Figure 1-2
Ref. No. Name Type Function
1R Comparator con- Socket, 24 contacts, Supplies results from the internal limit comparator
nector, labeled S05 accepts Cinch or Amphenol to peripheral equipment such as parts handler and
no. 57-30240. speaker. Accepts a start signal and comparator
disable signal. (Refer to Section 2.)
2R TEST FIXTURE Socket, 36 contacts, Cable connection for test fixture, printer, and
connector, SO10 accepts Cinch or Amphenol other peripheral equipment. (Refer to Section 2.)
no. 57-3060.
3R Power connector, Safety shrouded 3-wire plug Ac power input. Use appropriate power cord,
S504 (labeled conforming to International with Belden SPH-386 socket or equivalent.
48-440 Hz) Technical Commission 320.
4R Data output board- Set of 30 contacts on edge of  Supplies measurement data, status and timing
edge connector, L-S01 Logic Board, recessed behind  signals to (and accepts a start signal from) asso-
a cover plate. ciated equipment such as multiple-limit compara-
tor, parts handler, computer. (Refer to Section 2.)
5R Fuses, F1 labeled Fuse in gxtraction post Short-circuit protection. The lower current fuse
1A, F2labeled %2 A holder. acts only on the 3 highest-voltage settings of the
LINE VOLTAGE switch. Use Bussman type MDL
or equivalent fuses.
6R LINE VOLTAGE Screwdriver operated Adapts power supply to line-voltage ranges as
switch, S505 rotary switch, 6 positions: indicated.
OFF, 90-110, 104-127,
180-220, 194-236, 207-
253 (no stops).
7R TEST VOLTAGE Screwdriver operated Adjusts level of voltage applied to capacitor under

control, R510 potentiometer. Max posi-

tion is cw.

test, from A (max, normal; see Table 3-2), con-
tinuously down to .05 A volts rms.

select SINGLE MEASUREMENT MODE, measurement is checks, calibration and testing. Table 1-4 lists GR manu-

started when the bar across the front of the fixture is
pressed down. Indicator lamps mounted on the fixture give
GO/NO-GO indications (green and red lights) unless the
limit comparator is turned OFF. For details, refer to para
3.

1.6.3 Other Accessories Available.

Other accessories that are available enhance this capaci-
tance meter with data printing, card punching and externally
applied bias voltages, and also aid in performing operational

factured accessories available. Consult GR for other items
available, such as component handlers, other data recorders,
and environmental test equipment that can be supplied
separately or on a system basis.

NOTE
Some of the standards shown in this table are
recommended for calibration and other pro-
cedures in the service section. Refer to Table
5-1.
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Table 1-3
ACCESSORIES SUPPLIED
Quantity Description GR Part Number

1 Power cord, 210 cm (7 ft) long, 3-wire AWG 18, with molded connector 4200-9625
bodies. End with Belden SPH-386 socket fits instrument. Other end is
stackable (hammerhead) conforming to ANSI standard C73.11-1966.

1 Measurement cable, 140 cm (55 in.) long, with 36 pin connector at 1686-0291
each end. Fits TEST FIXTURE connector.

1 Elementary measurement cable, 20 cm (8 in.) long, fits the cable above, 1686-9602
has 5 stackable banana plugs for connection to the capacitor being
measured and ground, when a test fixture is not used.

1 Connector for your cable, 36-pin. Fits TEST FIXTURE connector. 4220-3036*
Cinch ““Micro-ribbon’’ or Amphenol No. 57-30360.*

1 Connector for your cable, 30-pin. Fits board-edge contacts (S01) 4230-1023

at rear of Logic Board. Interior portion of connector is Amphenol
No. 225-21521-401-117.*

*For replacement, the commercially available part is recommended.

1-6 INTRODUCTION

Figure 1-3. Test fixture in use, with adaptors for axial-
lead capacitors. The elementary test cable is shown at
the left.



Table 1-4
ACCESSORIES AVAILABLE

Type or Part No.

Function

Test Fixture

Data Printer

Multiple Limit
Comparator

Standard Capacitor

Reference Standard
Capacitor

Standard Capacitors

Decade Capacitor

Precision Decade
Capacitor

Decade Capacitor
Precision Decade
Capacitor

Rack Adaptor Set

GR 1686-9600

GR 1785

GR 1784

GR 1417 Four-Terminal Capaci-

tance Standard; 1 ufto 1 F.
Ratio accuracy: +0.1%.

GR 1404-A (1000 pF).
1404-B (100 pF).
1404-C (10 pF).

GR 1409-9706 (.001 uF)
1409-9712 (.01 uF)
1409-9720 (0.1 uF)
1409-9725 (1.0 uF)

Accuracy +.05% of nominal

capacitance.

GR 1412-BC Decade Capacitor,
50 pF to 1.11115 uF, accuracy
+0.5% *5 pF.

GR 1413;0to 1.11111 uF,
.05% basic-accuracy.

GR 1419-K; 100 pF to 1.10 uF,
accuracy 0.5%

GR 1423; 100 pF to 1.111 uF,
+.05% basic accuracy.

GR 0480-9703

Convenient 4-terminal test fixture for manually inserted axial-lead
and radial-lead capacitors. Adjustable to accomodate all common
sizes. Base contains start switch and supplementary GO/NO-GO lights.

Precise, compact, and economical means of recording measurement
data. Has up to 21-column capacity with a printing rate of three lines
per second minimum. A two-color ribbon can be controlled to print
red or black on roll and/or fanfold paper.

Designed for use with the 1686 Digital Capacitance Meter, 1685
Digital Impedance Meter and 1683 Automatic RLC Bridge. Makes
comparisons-with up to 4 pairs of limits, each containing a high and
low value. Lamps (and electrical TTL open-collector, active-low
outputs for external use) &re furnished for high, low and go indica-
tors for each set of limits. Indicator lamps and output signals are

also furnished for priority sorting (indication of first “go’ in set

of 4 limit pairs), total limit failures, and loss-limit failures. Unit is
also stackable, with all data available as output via a 50-pin connector
and all comparison results on another connector.

Instrument check and test.

Instrument check, calibration, and test.

Instrument check and calibration.

Instrument check, calibration and test.

Instrument check, calibration and test.
Instrument check, calibration and test.
Instrument check, calibration and test.

Provides the hardware for mounting the instrument in a standard
19-in. rack. (Refer to Section 2.) ;
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Installation—Section 2

2.1 UNPACKING AND INSPECTION .

2.2 DIMENSIONS.
2.3 MOUNTING

24 EXTERNAL-DATA CONNECTIONS .
25 TEST-FIXTURE CONNECTIONS .

2.6 EXTERNAL BIAS .
2.7 POWER-LINE CONNECTION
2.8 LINE-VOLTAGE REGULATION
2.9 ENVIRONMENT. -
2.10 STORAGE AND SHIPMENT .

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 knobs,
etc.) If the instrument is damaged or fails to meet specifi-
cations, notify the carrier and the nearest GenRad field
office. (See list at back of this manual). Retain the shipping
carton and the padding material for the carrier’s inspection.

2.2 DIMENSIONS.

Figure 2-1 shows the overall dimensions in bench- and
rack-mount configurations.

2.3 MOUNTING.

The instrument is supplied in the bench configuration,
i.e., in a cabinet with resilient feet for placement on a table
and with a tilting feature for convenience. A conversion kit
supplies the hardware for rack mounting, as described below.

2.3.1 Bench Mounting.

The bench cabinet is made of formed and welded 1/8-in.
aluminum, finished in baked-on, medium gray crackle paint
and has a bail to allow easy viewing of the instrument. The
instrument is retained in the case by four rear-panel screws
held in place by 0-rings to prevent loss. To remove the in-
strument from its case, loosen the four rear panel screws
and withdraw the instrument. To insert the instrument into
the case, carefully push it all the way into the case, making
sure to keep all cables and connector-retainer clips clear of
interference. Secure the four rear-panel screws.

2.3.2 Tilting.

A convenient bail can be pulled down to raise the front
of the instrument and provide a better view of the front-
panel indicators. The bail is a 1_J-shaped metal bar, with
its ends retained and pivoted in the front feet, under the
instrument. To tilt the instrument, pull down on the bail.

2-1
2-1
2-1
2-1
2-5
2-7
29
2-10
2-10
2-10

2.3.3 Rack Mounting. Figure 2-2.

To install the instrument in an EIA standard RS-310
19-in. relay rack with universal hole spacing, proceed as
follows:

a. Obtain a GR 0480-9703 rack adaptor set.

b. Disconnect any cabling from the rear panel of the
instrument. Loosen the 4 Phillips-head screws in the rear
panel of the cabinet (the screws are held in place on the
cabinet by rubber 0-rings to prevent loss), and slide the
instrument out of the cabinet.

c. Push out the 4 knockouts (C), as shown in the figure.
Use a punch or similar tool and push out from the inside
of the cabinet.

d. If the instrument is to be mounted directly above
another instrument, push out the 4 feet from the bottom
of the cabinet.

e. Attach the rack adaptors (Q) with the 4 screws (L)
as shown.

f. Replace the instrument in the cabinet and secure in
place with the Phillips-head screws.

g. Place the instrument in the rack and secure it with
4 dress-panel screws (N), inserted through holes in the
handles, as shown. No rear support is necessary.

2.3.4 Reconversion to Bench Mounting.

To convert from rack to bench use, remove the rack
adaptor hardware (brackets Q and screws L, N) and replace
the feet in the bottom of the cabinet. The rigid feet with
slots go in the front positions, holding the bail for optional
tilting.

2.4 EXTERNAL-DATA CONNECTIONS.
2.4.1 General.

The external-data connections are made via Data Output
and Comparator Connectors. (Refer to para 1-4.) Each of
them, in this order, are dealt with in the following paragraphs.
If your peripheral equipment requires measurement results
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BENCH

A = 387mm = 15.25in.
B =412mm = 6.2in.
C =133 mm = 5.22in.
D = 142mm = 5.6 in.

(At front, when tilted, D

extends to 194 mm = 7.6 in.)

TOP VIEW
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P = 500 mm = 20 in.
Q = 381 mm = 15.0in.
R = 422mm = 16.6 in.
S=41mm = 1.63in.
T =133 mm = 5.22in.

FRONT PANEL

]

END VIEW

END VIEW
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Figure 2-2. Rack-mount assembly.

Figure 2-1. Dimensions of the instrument in bench and rack-mounting configurations.



in BCD form for printing, computation, or limit comparisons,
refer to para 2.4.2. If it requires comparison results from the
limit comparator within this instrument, refer to para 2.4.3.

NOTE
External-data connections are NOT essential for
operation. For initial setup and demonstration
of the instrument, skip to para 2.5.

All data outputs (including limit-comparator outputs) are
standard TTL (T2L) logic, open-collector, active low. Each
output is capable of sinking up to 40 mA, maximum, from
an external source of up to +30 V. The low output is +0.4
V, maximum. Open-collector circuitry furnishes total inter-
face flexibility. If Data Output signals are used to drive peri-
pheral logic circuits, the user must add pullup resistors to the
logic devices (if not already present). They are not required
for the Limit Comparator outputs. Each set of output signals
can be inverted (as a group) to be open-collector, active high,
by a simple plug-in substitution of the output IC. For exam-
ple, substitute a type 7407 hex buffer/driver for a type 7406
hex inverter buffer/driver or vice versa, if desired.

Provisions are made for two control inputs, remote start
and lamp test. For the former, a positive step input initiates
a measurement cycle; withOV < V. <04 Vand +2V <
VH < +30 V. (Open-circuit is equivalent to the V|_ input).

A ground at the lamp-test input lights all segments of the four
right hand digits of the CAPACITANCE display (8888),

to check operation of the LED indicator. This lamp test does
not check decimal points.

2.4.2 Data Output Connector, L-S01. Figure 2-3.

Output signals available at this board-edge connector
allow the recording of measurement data by external data
printers and recorders. Available data includes the capaci-
tance readout numbers and location of decimal point, but
not the units of capacitance. The connector also provides
for the input of some control signals furnished by peripheral
devices. Figure 2-3 shows the connector and lists its signals
by corresponding pin numbers. Table 2-1 is a more infor-
mative listing, with brief descriptions of the signals. This
information is useful as a guide in the assembly of a cable to
tie into your peripheral equipment.

This cable connector (P/N 4230-1023), supplied with
the meter, consists of a socket and cover assembly. The
socket alone is commercially available (Amphenol no. 225-
21521-401-117); it is a 15-position, 30-contact board-edge
connector with solder terminals for connecting cable wires.
The cover fits over the wiring side of the connector. It con-
nects to SO1, on the logic board, recessed in the instrument’s
rear panel. The connector is keyed so that it will seat pro-
perly only if it is oriented properly on the circuit-board edge.

BCD DATA OUTPUTS PIN
Spill DATA 17 8
Most-significant DATA 16 8 14
digit DATA 15 4 M
DATA 14 2 D
DATA 18::i11 B
DATA 12 8 P
DATA 11 4 L
DATA 10 2 (o
DATA 9 1 A
DATA 8 8 N
DATA 7 4 K
DATA 6 2 F
DATA 5 1 1
Least-significant DATA 4 8 R
digit DATA 3 4 J
DATA 2 2 H
DATA 1= A 2
DECIMAL-POINT OUTPUTS"
4th decimal ADP 9
3rd decimal BDP 12
2nd decimal CDP 13

*Examples of displays: 04.321 UF (4th decimal
point is lit), 0432.1 UF (2nd decimal).

SIGNAL OUTPUTS PIN
STROBE (after measurement) 3
E (overrange or error) 4
RESET 10
HID (high D, low Q) 1

SIGNAL INPUTS

LT (lamp test) 6
REMOTE START 7
GND (ground connections) S&15
SPARES
Connected only
INTERFACE 1 for external E
applications,
INTERFACE 2 as required 5

IFT4567§9||||T!3I:4’15(;\
@ JEE D

Figure 2-3. Data output board-edge connector,
seen from rear of instrument.
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Signal Name

Table 2-1
SIGNALS AT THE DATA OUTPUT CONNECTOR, L-S01

Pin No.

Function and Description

BCD DATA OUTPUTS*

STROBE*

=
o
*

INTERFACE 1,
INTERFACE 2

LT (lamp test)*

REMOTE START

GND

*Negative true logic.
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As identified in Figure 2-3

9, 12, 13, respectively

1"

E, 5, respectively

S.15

Measurement data in BCD form. All data outputs are open-collector,
active low. Details on logic levels are given in the text. If the test
frequency is 1 kHz, the most significant digit (0 or 1) is on pin 8;

if 120/100 Hz, on pin B.

Decimal-point indicator signals for display components DS4, DS3,
& DS2 respectively. (For identity refer to footnote in Figure 2-3.)
Logic O is active function. Refer to Table 3-2 for usage of decimal
points for various ranges.

Transition to logic 0 indicates data is available for recording; the
measurement has been made and the limit comparator in this
instrument has made its comparison. Refer to timing diagram,
Figure 6-9, if necessary.

Logic 0 indicates measured capacitance exceeds full scale on the

selected range (19999 counts if test frequency is 1 kHz, 1999 counts

if otherwise) and the letter E appears in spill-digit position (left)

in CAPACITANCE display. Subsequent transition to logic 1 occurs when
meter circuits reset for new measurement sequence (although previous
displayed value remains displayed until just before STROBE occurs).

\

Logic 0 indicates measured dissipation factor exceeds setting of D
dial (D limit); associated fail arrow is lighted (red).

Available connections for external equipment, to be used as required.
Provide hardware connections between peripheral equipment connected
to this Data Output connector and any connected to the Comparator
connector, (with possibility of connection within this instrument).

See also Table 2-2.

Input connection for testing the CAPACITANCE display. When this
pin is grounded, the display should be 8888, to check operation of
all segments of the four least-significant digits. Does not light the
decimal points, nor the spill-digit.

Input connection for remotely starting a measurement sequence.
Positive input step initiates measurement: 0 V < V|_< 0.4 V to

+2 V < VH < +30 V (Open circuit is equivalent to V|_.) For use

in single-measurement mode.

Ground-reference connections.



2.4.3 Comparator Connector, A-S05. Figure 2-4.

General. The Comparator connector, labeled S05 on the
rear panel, is a 24-pin connector, as shown in the figure.
The mating cable connector is Cinch or Amphenol 57-
30240. (Refer to para 1.6.) Most of the signals at this con-
nector are outputs from the built-in limit comparator. Be-
cause these signals are useful for automatic handling equip-
ment, there is also provision for connecting a measurement-
start (input) signal here. A key to pin numbers and func-
tional descriptions are given in the list of signals, Table 2-2.

Comparator Outputs. The 6 main outputs are those driv-
ing inductive loads in the simplified circuitry of Figure 2-5.
This represents a typical application, in which it is impor-
tant to use the “‘clamp” connection, as explained below.

The clamp is a protective circuit, for use with inductive
loads (such as relays) or when spikes are present, to pre-
vent voltages from exceeding +30 V and reaching the break-
down voltage of the hex buffer-drivers that provide these
output signals.

The clamp is internally connected to six diodes, whose
anodes are tied, one each, to the six data-output lines. The
line called “CLAMP" is to be tied to the external supply
(+30 V, max.) to suppress inductive transients from external
relay coils or similar devices.

CAUTION
For proper operation, when using the clamp
feature, use only one positive-voltage power
supply for any or all 6 loads, keep its voltage at
or below 30 V, and connect it directly to

CLAMP.
-
% ~
= w
0w - 0
wg&
’—
O %&
=
>|§ gz & Tk
o x T z

[13]14]15]16]17]18]19]20]21 |22|23]2—?|

[TzTsTaTsTe[7 e s Tio[i1]ie]

L.
CLAMP
GND

GND

LIMIT DISABLE
F
TONE

Figure 2-4. Comparator connector, S05, seen from
rear of instrument.

For the 6 main outputs, the TTL open-collector feature
allows high-voltage output for interfacing with high-level
circuits (such as MOS) or for driving high-current loads,
such as lamps or relays, up to 30 V. Three other outputs
are also furnished: TONE, INTERFACE 1, and INTER-
FACE 2.

The audio output “TONE" can be used to drive a minia-
ture speaker or headphone tied between this output and
ground. The signal gives a 1/4-s burst of 250-Hz frequency
when the measured C value is outside the established limits.

The INTERFACE lines allow external devices such as
printers, multiple-limit comparators, component handlers,
etc. to be connected for specific applications. These lines
can be tied internally to various control signals available
on the comparator or logic boards in the instrument. The
connections are also paralleled with 2 pins in the Data Out-
put connector. Refer to the schematic drawings in Section
6, if necessary.

NOTE
Two other outputs from the comparator are
available on the TEST FIXTURE connector.
They are PASS and FAIL (respectively the
inverse of GO and of FAIL). See para 2.5.

Data Inputs. These 2 include REMOTE START, a signal
that initiates a measurement cycle on a positive step input:
OV<VL<+04Vto+2V < VH< +30 V. (Open is equiva-
lent to V| input.) The other input signal, LIMIT DISABLE,
performs the same function as the LIMIT/OFF switch on
the front panel. Logic high (VH) turns the limit comparator
off; open circuit or V|_ turns the comparator on.

2.4.4 Interchanging Active Levels.

The active levels of digital-logic output signals can be
reversed by internal change. That is, active lows can be
substituted for highs, and vice versa, by the substitution
of 7407 hex buffer-drivers for 7406 hex inverter buffer-
drivers, and vice versa. (For example, if you want the 6
main outputs from S05 to be active high and if you are not
using the BCD data outputs from SO01, the type 7407 on the
comparator ‘A’ board, can be interchanged with any of the
3 type 7406's on the logic board. This will reverse the active
outputs of the comparator board and certain outputs — not
needed — from the logic board.) Full substitutions can be
made to change all levels. In addition, type 7404, 7405,
7416, and 7417 IC packages can be substituted for any
7406 or 7407 output circuit.

2.5 TEST-FIXTURE CONNECTIONS. Figure 2-6.

The rear-panel connector labeled TEST FIXTURE makes
connection, via cable, to the test fixture or equivalent
devices. Typically, the cable is GR 1686-0291 and the test
fixture, GR 1686-9600. (See para 1.6.) Instead of this test
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Signal Name

Table 2-2

SIGNALS AT THE COMPARATOR CONNECTOR, A-S05

Pin No.

Function and Description

CLAMP

BUSY

Low*

FAIL*

INTERFACE 1,
INTERFACE 2

REMOTE START

LIMIT DISABLE

TONE

GND

*These signals convey comparison results after BUSY goes to logic low.
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13

14

17

15

16

19, 20, respectively

1112

A protective circuit. Connection to dc power supply of devices
(relays) driven by the 6 circuits shown in Figure 2-5 provides
diode protection against damage by switching-transient voltage
spikes. Connect to positive dc supply, +30 V max.

Logic high (open collector) indicates meter and comparator busy.
Goes high at time of reset and goes low when comparison com-
pleted (both low and high limits).

Logic low if measured C is lower than low limit. LOW lamp lights
at same time, FAIL output goes low, and GO lamp is held
extinguished.

Logic low if measured C is higher than high limit. HIGH lamp
lights at the same time, FAIL output goes low, and GO lamp
is held extinguished.

Logic low if measured dissipation factor exceeds D limit. Fail
arrow (red) associated with D dial is also lit. The GO lamp is
held extinguished.

Logic low if measured C and D values are at or within limits
established at time of measurement. Accordingly, the GO lamp
is lit and the BUSY signal is logic low.

Logic low if measured C violates either of its 2 limits or D exceeds
the D limit.

Connections for use with peripheral equipment to perform specific
operations. They can be connected to various points in this instru-
ment, as required. These interface lines lead between this connector
and the Data Output connector. (See also Table 2-1.)

Input. Identical with REMOTE START at Data Qutput connector;
see Table 2-1.

Performs same function as front-panel LIMIT/OFF switch. Logic
high turns limit comparator off.

Audio output for use with external speaker or headphone connected
between this and ground. Gives approximately 1/4-s burst of 250-Hz
tone when measured C value falls outside either or both limits. Not
activated by high D.

Ground connections for both digital and analog signals at this
connector.
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Figure 2-5. Elementary circuitry for the 6 comparator
output signals that can be used with the “"clamp”
function. The area enclosed in the dashed-line block
is peripheral; area to left represents part of the
Comparator A Board.

fixture, you can use the elementary measurement cable
(supplied) or a more elaborate fixture, which could be part
of automatic handling machinery.

The 5-terminal connections for the capacitor being
measured are of primary importance — a “potential’ and
a “current”” connection to each end of the capacitor and
a ground. (The use of 5 terminals instead of only 2 has to
do with eliminating the effects of cable and test-fixture
“stray’’ impedances from the measurements; refer to para
3.1.) Also found on this connector are outputs for “pass”
and “fail" lights, and input to start the measurement cycle
if you are using single-measurement mode, input from an
external bias voltage source, and a dc output for possible
use in active circuitry, Refer to Table 2-3.

For special equipment, the following connectors should
be used. Mount an Amphenol No. 57-40360 connector on
a test fixture, to receive the GR 1686-0291 cable. For a
special cable, use an Amphenol No. 57-30360 cable con-
nector (like the one supplied) to fit the TEST FIXTURE
connector directly.
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Figure 2-6. Test-fixture connector, S010, rear view.

2.6 EXTERNAL BIAS.
2.6.1 Application of Bias.

Up to 100 V can be applied externally to the instrument,
to bias the capacitor under test. As described above, the
connections to the instrument are included in the TEST
FIXTURE connector. In the typical situation, with a test
fixture connected to that connector, the external bias power
supply must be connected “through’ the test fixture. If
you are using the 1686-9600 Test Fixture, connect the bias
power supply (with bias network described below) to the
smaller connector on the fixture.

A low-impedance, regulated power supply is recommended
as the external bias supply. It should have an output impe-
dance low enough so that the applied ac test voltage will
not be appreciably changed compared to the normal condi-
tion with the BIAS switch OFF. The output-impedance
requirement depends on the measurement range being used,
as illustrated. On range 1, the supply can have a rather high
impedance. On the 5 middle ranges, the output impedance
should be small compared to 10 ohms, and on ranges
7...9, it should be small compared to 1 ohm. Of course, a
low impedance can be used for all ranges. If a shunt capaci-
tor is used to obtain this low impedance, its reactance can
be as large a one-half the above values. Output impedance
is generally not a problem for “hard-regulated” supplies.
However, such supplies generally do not operate properly
with reverse current flowing into them.

One method to prevent a negative dc regulator current
is to load the regulator with a bleeder resistor such that the
dc current is greater than the peak ac current (142 mA).
Refer to Figure 2-8. A bleeder current of at least 150 mA
is recommended; thus, with a given resistor, there is a mini-
mum permissible bias voltage. Power dissipation in the
bleeder sets a limit on the maximum voltage. In order to
make a full range of bias voltages available, you need a set
of bleeder resistors; Table 2-4 lists a possible set. However,

Figures 2-7, 2-8, 2-9.
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Table 2-3

SIGNALS AT THE TEST FIXTURE CONNECTOR, G-S010

Signal Name Pin No. Function and Description

XHC 1&2 High, current connection (I+) to capacitor under test.

A GND 4 Shield for XHC.

XHP 20 High, potential connection (P+) from capacitor under test.

A'GND 22 Shield for XHP.

XLC 17 & 18 Low, current connection (I—) to capacitor under test.

CGND 14 & 15* Shield for XLC. Guard. Ground return for external bias circuit. General-
purpose analog ground.

XLP 36 Low, potential connection (P—) from capacitor under test.

C'GND 33 Shield for XLP.

BIAS+ 9 Connects external bias supply, positive side.

START 7 Negative step (typically by switch closure to B GND) starts a measurement
cycle if instrument is in single-measurement mode.

PASS 30 Logic high if measured C and D values are at or within the limits established
at time of measurement. Inverse of GO (Table 2-2). Will drive a lamp.

FAIL 28 Logic high if measured C violates either of its 2 limits or D exceeds the D
limit. Inverse of FAIL (Table 2-2). Will drive a lamp.

+5V 26 Dc bus providing +5 V (0.1 A max) for external circuitry.

B GND 1 & 12* Digital ground. Ground return for START, PASS, FAIL, and +5V.

*Pins 12 and 15 are NOT connected in the measurement cable 1686-0291.

for a fixed bias voltage, this method is simple and has the requirement, for Rg = 1 £2, you need C >> 1.6 mF. At
advantage of lower time delay than the method described any one bias voltage, R, is bounded by the “negative
below. regulator current”” requirement and its own dissipation

limit; thus, wR; CE/0.15>R, >E2/P. If you want E = 100 V,

el then wR; C > 3; and if you want any given value of R,
BIAS-SUPPLY BLEEDER RESISTOR to be usable over a range of voltage, choose wR; C even
Resistance Bias range Dissipation larger. For example, take C = 6.8 mF and R; = 1.5 Q (or
3 1.8t0 11V 1ow 4.7 mF and 2.2 Q); then wR; C = 6.3 at 100 Hz. If the
1$ ;g.tzotzam :g power rating P of Ry is 5 W, then a set of 3 resistors R,
270 41t0 77 22 can be used for 3 ranges of bias voltage E as follows:
500 75 to 100 20 R, =68, 680, 2200 Q; for 1.7-18, 17-58, 53-100 V, respec-
tively. If you prefer a single value of R,, take R; 45 times
Another practical method is to use the circuit illus- larger than the example above and use R, = 2200 €2 for
trated in Figure 2-9, where the ac current is attenuated any bias in the range E = 1.2 to 100 V. (However, this
before reaching the regulator, so that the dc bleeder cur- simpler circuit will require a noticeably longer time to
rent can be substantially less. From the “ac voltage” charge large capacitors.)
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The instrument is fitted with a reliable power connector
that is inconformance with the International Electrotechni-
cal Commission publication 320. The 3 flat contacts are
surrounded by a cylindrical plastic shroud that eliminates
the possibility of electrical shock whenever the power cord
is being unplugged from the instrument. In addition, the
center ground pin is longer, which means that it mates first
and disconnects last, ensuring user protection. This panel
connector is a standard 3-pin grounding-type receptacle,
the design of which has been accepted world wide for
electronic instrumentation, and is rated for 250 V at 6 A.
It also meets requirements of Underwriter’s Laboratories in
the U.S. and the Canadian Standards Association. The
receptacle accepts power cords fitted with the Belden type
SPH-386 connector. Its GR part number is 4240-0210.

The associated power cord for use with that receptacle
is GR part no. 4200-9625. It is a 210-cm (7-ft), 3-wire,
18-gauge 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 C73.11-1963.

2.8 LINE-VOLTAGE REGULATION.

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

The GR 1591 Variac® Automatic Voltage Regulator is
a compact and inexpensive equipment capable of holding
ac line voltage within 0.2% accuracy for input ranges of
+13%. It will assure, for example, that an instrument rated
for 100-125 (or 200-250) V can be operated reliably in
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spite of varying input voltages in the range 85-135 (or
170-270) V. The 1 kVA capacity of the GR 1591 will handle
a rack full of solid-state instrumentation with no distortion
of the input waveform. This rugged electromechanical
regulator comes in bench or rack-mount versions, each with
sockets for standard 2- or 3-wire instrument power cords.

2.9 ENVIRONMENT.

The 1686 Meter can be operated in bench- or rack-mount
configurations. Keep it and all connections to the parts under
test away from electromagnetic fields that may interfere
with measurements.

Refer to the Specifications at the front of this manual
for temperature and humidity tolerances.

2.10 STORAGE AND SHIPMENT.
2.10.1 Packaging.

To protect valuable electronic equipment during storage
or shipment, always use the best packaging methods avail-
able. Your GR field office can provide packing material such
as that used for original factory packaging. Contract pack-
aging companies in many cities can provide dependable custom
packaging on short notice. Here are two recommended
packaging methods:

Rubberized Hair. Cover painted surfaces of instrument
with protective wrapping paper. Pack instrument securely
in strong corrugated container (350 Ib/sq in. bursting test),
with 2-in. rubberized hair pads placed along all surfaces of
the instrument. Insert fillers between pads and container
the ensure a snug fit. Mark the box “Delicate Instrument”’
and seal with strong tape or metal bands.

Excelsior. Cover painted surfaces of instrument with
protective wrapping paper. Pack instrument in strong corru-
gated container (350 Ib/sq in. bursting test) with a layer of
excelsior about 6 in. thick, packed firmly against all surfaces
of the instrument. Mark the box “‘Delicate Instrument’” and
seal with strong tape or metal bands.

2.10.2 Special Reshipment Instructions.
For service/repair shipment, refer to para 5.1.
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POWER SUPPLY
E2 REGULATOR E
POWER = — No—e
N— R R2 +
TO KEEP ACV CORRECT: el 2 SO0
ZO << RB RESISTOR) —‘

WHE RE

Rg = R9 (1 ©, THE CHAIN RESISTOR).
TO PREVENT NEGATIVE REGULATOR CURRENT:
E - V2
R2 ~ 10
Figure 2-8. Factors in the choice of bleeder resistor
connected across the bias power supply to keep its
electronic regulator in operation, for a limited range

of voltage. Do not overlook the charge/discharge
switch, external to the 1686.

WARNING
Charged capacitors are hazardous. Be sure
external bias supply and network do not en-
danger operator. Refer also to WARNING
in Condensed Operating Instructions and
para 3.7.3.

2.6.2 Discharge.
It is important to provide a discharge switch in the
external bias circuit for discharging the capacitor under
L test and the capacitor “C** described above (if used).

e S

E? =
DC POWER = l
CPOWER = — 7

TO KEEP ACV CORRECT

1
—— R
oG << Rpg,

WHERE
Rg=R8 AND R9ORJUSTR9 (1 Q).

TO PREVENT NEGATIVE REGULATOR CURRENT
2
6 V2

R2

A
10 V1 4 2R12C?
OR APPROXIMATELY

E N3

R2” 10 wR,C

Figure 2-9. Addition of a series resistor and shunt
capacitor to the circuit of the previous figure enables
the use of lower-power components. The switch shown
previously is still required.

Perhaps turning off the bias power supply will do this,
but it is generally necessary to have a sturdy switch, as
shown in Figure 2-8.

There are several reasons for not using the BIAS switch
on the front panel for discharging. Turning that switch
from EXTERNAL to OFF when a large capacitor charged
to high voltage is attached to the test fixture is liable to
damage the internal-bias circuit components as well as the
BIAS switch itself. However, as a safety precaution, the
BIAS switch can be turned to OFF after the discharge
has been accomplished, before the operator removes the
capacitor from the test fixture. Refer to para 3.7.

2.7 POWER-LINE CONNECTION.

The power transformer primary windings can be switched,
by means of the five-position switch on the rear panel,
(Figure 1-2), to accept line voltages of 90-110, 104-127, 180-
220, 194-236, or 207-253 V, alternating current, at a fre-
quency of 50 to 60 Hz. Using a small screwdriver, set this
switch to match the measured voltage of your power line.

Operation is satisfactory with power-line frequencies up
to 440 Hz, with lower line-voltage limits increased by 5%,
or down to 45 Hz, with upper limits reduced by 5%. How-
ever, if the line frequency is much different from 60 Hz
(for the 1686-9700) or 50 Hz (for the 1686-9800}, some
simple internal changes are required. Refer to para 3.5.

Be sure the fuses have the current ratings shown on the
rear panel, regardless of your power-line voltage.

Connect the 3-wire power cable (P/N 4200-9625) to the
line and to the power connector on the rear panel (Figure
1-2).

INSTALLATION 2-9



Operation—Section 3

3.1 CONNECTIONS . 3-1
3.2 ELEMENTARY OPERATION . e er 1S andsarn RO
3.3 CAPACITANCE RANGES AND DISPLAYS G cagieq oy own iy s wibEinOt0
3.4 DISSIPATION-FACTOR DIALANDLIGHTS . . . . . . . . 37
3.6 TEST FREQUENCY 3-7
3.6 MEASUREMENT MODE . 3-8
3.7 APPLIED VOLTAGES . 3-8
3.8 LIMIT COMPARISON . 39
3.9 ACCURACY ; C om ow owmos m o m & S0
3.10 TYPICAL USESWITH EXTERNAL DEVICES N <
3.11 CORRECTION FOR CABLE . 3-14

3.1 CONNECTIONS.

CAUTION
Be sure the LINE VOLTAGE switch on the rear
panel is correctly set before connecting the power
cord.

3.1.1 Power and Data Connections.

Connections for power, external control and for data
outputs are described in Section 2. Para 3.5 gives details for
changing the instrument’s “low"’ test frequency. This is
normally 120 or 100 Hz, synchronized to the power line
(mains), depending on which version of the instrument
you have. (Refer to listing at the end of specifications,
at the front of this manual).

The rest of para 3.1 is concerned with connecting the
capacitor to be measured.

3.1.2 General-Purpose Test Fixture.

The GR 1686-P1 Test Fixture (catalog no. 1686-9600)
is highly recommended for its convenience and reliability.

It accommodates every common size of axial-lead and radial-

lead capacitor, with true 4-terminal connections made auto-
matically. It also has colored lights to indicate go/no-go
results (duplicating these on the 1686 front panel) and a
“start’’ bar to press if you're using the single-measurement
mode. Connect the fixture to the instrument and insert the
capacitor under test as follows:

a. Plug the measurement cable 1686-0291 (supplied) —
either end — into the TEST FIXTURE connector on the
rear panel. Use the clips that are alongside the panel con-
nector to secure the cable connector.

b. Connect the test fixture to the other end of that
cable, similarly.

c. To connect radial-lead capacitors, insert one capacitor
lead into each test slot, endwise (like pushing a 2-pin plug
into a socket).

d. Bias is applied, if you choose (with the BIAS switch),
in the polarity labeled on the fixture. Refer to para 3.7.
Therefore, be sure to orient polarized capacitors accord-
ingly.

WARNING — DANGER
Electrical energy stored in charged capacitors
can be dangerous to the operator. Full bias
voltage appears on test-lead and test-fixture
terminals and the leads of the capacitor under
test when an external bias source is connected
and the BIAS Switch is set to EXTERNAL.
Never leave the instrument unattended with
external bias applied.

Provide adequately for discharge in the external circuit,
if you use external bias. (Refer to para 2.6.) Establish and
follow safe procedures to assure proper discharge of meas-
ured capacitors and the bias circuit. Be sure all personnel
operating the equipment are aware of the potential hazard
involved in external biasing.

e. To connect axial-lead capacitors, insert the adaptors
supplied with the test fixture, one into each slot, far
enough apart to allow the body of the capacitor to come
between them. Insert one lead of the capacitor into the
slot of each adaptor, sidewise (like placing a matchstick
between the blades of scissors). Observe the preceding
comments about bias.

f. Observe the following information:

The test fixture receives the capacitor leads with a wiping
action that cuts through a film of wax. However, avoid
inserting dirty wires into the fixture.

The basic test slots accomodate a pair of parallel 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 wire must be
at least 1 cm long (0.4 in.). The divider between the test
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slots contains a shield, at guard (ground, bias zero) potential,
with its edges slightly exposed.

The adaptors (for axial-lead components) accomodate
wires of any diameter up to 1.5 mm (.06 in., AWG 15). The
body of the capacitor that will fit between these adaptors

can be up to 80 mm long and 44 mm diameter (3.1 x 1.7 in.).

Each wire must be at least 3 mm long (0.12 in.).

Measured values of electrically small capacitors depend
somewhat on test-fixture geometry. Refer to ““3-terminal
use’ in para 3.1.3.

3.1.3 Elementary Measurement Cable.

This short cable, 1686-9602, is supplied for general use
if you do not have a test fixture and to accomodate any
capacitor that does not readily fit the general-purpose
test fixture. This cable is useful in early stages of developing
a special test fixture or probe that you may need, a project
that is beyond the scope of this manual. The 5 elementary
terminals are explained and some uses of the cable outlined
below. References to the bridge-circuit signal names can be
better understood by reference to the theory, Section 4.
Characteristics of multi-terminal capacitors are illustrated
in following paragraphs.

Identification of Terminals. In Table 3-1, the 5 terminals
are listed, each with the corresponding signal name as labeled
in this instrument and the appearance of the cable tip.

Non-Critical Use, Moderate Capacitance. For common
2-terminal capacitors, with values in instrument ranges
4,5, 6, the elementary measurement cable is easily con-
nected by stacking its terminals as follows:

a. Plug the [I+] tip into the [P+], and connect the lat-
ter, with or without a slip-on alligator clip, to one terminal
(or lead) of the capacitor being measured.

b. Plug the [I—] tip into the [P—] and connect this
similarly to the other terminal of the capacitor.

Table 3-1
MEASUREMENT TERMINALS
Signal Description Signal Name
High, current connection. If XHC
bias used, WARNING: HAZ-
ARD, both terminals with
red plugs are positive with
respect to 3 with black plugs.*

Terminal Cable Tip
I+ Red

P+ Red & white High, potential connection. XHP
Bias hazard, when connected
fo I+.

I— Black Low, current connection. XLC

P— Black & white Low, potential connection. XLP

G Black & green  Guard connection; analog C GND
ground.

*Notice that, in use, 1+ and P+ must be connected to one side of
the capacitor being measured; |— and P—, to the other side.
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Three-Terminal Use, Small Capacitance. For capacitors
that have 3 terminals (one being case, shield, or ground,
see para 3.1.5), typically with capacitance values in ranges
1 ... 5, use this procedure:

a. Stack [I+] and [P+] as above and connect the latter
to one insulated terminal of the capacitor being measured.

b. Stack [I-] and [P-] as above and connect to the other
insulated terminal.

c. Connect the [G] tip to the case, shield, or ground
terminal of the device being measured and to any nearby
floating conductors including bench-top ground plane if
there is one, not otherwise grounded.

NOTE
Small-capacitance 2-terminal capacitors can be
measured with high precision only if the effects
of fringing and capacitances to conductors in
the environment are brought under control. In
practice, the test-fixture geometry must be
carefully specified. The smaller the capacitance,
the more difficult it is to maintain this geometry
as required for precise, repeatable measurements.

Electrically small 2-terminal capacitors can best be meas-
ured in a guarded test fixture with specified geometry (see
para 3.1.4). To approximate such definite geometric
requirements with the elementary measurement cable,
use a procedure like this:

Decide on a guard or ground-plane geometry that is
reasonable in light of typical applications of the capacitor
and can be specified for comparison and for other measure-
ments. For example, a cylindrical capacitor with axial leads,
and a non-conducting outer surface can be laid directly on
a ground plane, a flat metal sheet. (Lead geometry is impor-
tant too; in this example, the leads should be straight and
truly concentric.)

Decide on connector geometry that can be specified and
conveniently kept unaltered as the measured capacitor is
removed. Connect to the capacitor as in steps a and b above
and to the ground plane as in step c. It may be necessary to
apply a correction to the displayed capacitance to account
for characteristics of this geometry (or any test fixture).

“Zero” Correction for Cable Capacitance. The elemen-
tary measurement cable adds capacitance, effectively in
parallel with the capacitor being measured, because shielding
of the leads is imperfect. The 1686-9602 cable adds about
6 pF in a typical application, but because the physical
arrangement and spacing of the cable branches and tips are
significant, a correction should be determined for each
measurement setup.

To measure the cable capacitance directly, first make the
setup to measure a capacitor. (The measurement is then
Cx + Cg, that is, the sum of the capacitance to be measured
and the cable capacitance.) Then disconnect the stacked



combination of cable tips |+/P+ from the capacitor terminal
and hold them about 0.5 cm from the capacitor terminal. Do
this with a minimum of relocation of the cable branches.
Ground yourself by touching the G terminal. The instrument
now measures the cable capacitance C¢ that should be sub-
tracted from the previous result to obtain Cx. For a more
detailed description of this procedure, refer to para 3.11.

Four-Terminal Use, Large Capacitance. For capacitors
that have 4 terminals, typically with capacitance values in
ranges 5. . .9, connect the elementary measurement cable
tips as follows:

1. [I1+], red, to high current terminal

2. [P+], red & white, to high potential terminal

3. [I-], black, to low current terminal

4. [P—], black & white, to low potential terminal

5. [G], black & green, to capacitor case, if this 5th termi-
nal is provided. Otherwise, the guard connection can be
omitted.

NOTE
Large-capacitance 2-terminal capacitors can be
measured with high precision only if the effects
of lead and contact impedances are brought
under control. In practice, 4-terminal connec-
tions must be used and the geometry of the
test leads specified.

Electrically large 2-terminal capacitors can best be meas-
ured if 2 connections to each terminal can be made very
close to the capacitor body, at mechanically fixed, defin-
able places (not at the ends of long insulated pigtails). The
requirements can be met adequately with the elementary
measurement cable as follows. Use a slip-on alligator-clip
adaptor on each of the banana-plug tips if it is convenient.

a. Connect [P+] to one terminal or lead of the capaci-
tor, close to its body.

b. Connect [I+] to the same terminal or lead, nearby,
NOT to the other cable tip directly.

c. Connect [P—] to the other terminal or lead of the
capacitor, close to its body.

d. Connect [I—] to the same terminal or lead, nearby,
NOT to the other cable tip directly.

e. The guard connection is not needed for capacitance
larger than 10 uF. (Nevertheless, connect [G] to the frame
or shield, if any exists that is NOT tied to either of the 2
main terminals.)

Figure 3-1 illustrates the use of this cable in making 4-
terminal connections. Sketch "a’’ shows schematically that
the 4 cable leads always join in 2 junctions (A, A’). Itis
essentially the device between these junctions (length R)
that is being measured (Zy in a following discussion).

Sketch “‘b** shows the attachment of 4 measurement-
cable terminals (using alligator clips) to the 2 ends of an
axial-lead capacitor. Notice that the “potential’’ connections
are closer to the body of the capacitor than the “current”
connections. This is the recommended arrangement (but

a ' .
b I+ Ip P 11-
TEST TERMINALS
BLACK LEAD
———— WITHWHITE
"
BAND
\ P
P
RED LEAD o '
WITH WHITE — JACK-TOP
BAND BINDING POST
WITH CLAMP
AT BOTTOM
FOR SPADE
OR WIRE
C TERMINALS

REN LEAD — } BUS WIRE
BLACK LEAD
ALIGATOR CLIPS
— (SLIP OVER
BANANA PLUGS)

JACK-TOP
BINDING POST
WITH REMOVABLE
BANANA PLUGS
BELOW

ALIGATOR CLIPS

Figure 3-1. Four-terminal connections to a part being
measured.

valid measurements can be made with one or both “current”
connections closer to the body). The important points are:
1. Both I+ and P+ connect to one end,
2. Both I— and P— connect to the other end, and
3. The instrument measures whatever is included
between the closest clip on one side of the capacitor
and the closest clip on the other side.
Sketch “c** shows 4-terminal connection to 2 binding
posts (of a capacitor not shown). A short length of wire
is clamped in each binding post and connection made by
a “current’’ terminal (using an alligator clip) to each wire.
The “potential’’ terminals of the measurement cable are
plugged into the binding posts. Observe that the P+ (red
& white) and I+ (red) terminals must connect together —
at the binding post that should be positive if bias is used.
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Sketch ““d*’ shows 4-terminal connection to 2 binding
posts (of a capacitor partly shown), these binding posts
having attached plugs below. The potential terminals go
" into the tops of the binding posts, as mentioned above.
The current terminals are easily attached to the plugs below
either with the help of alligator clips as sketched or directly
if convenient.

3.1.4 Two-Terminal Capacitors.

The concept of an ideal 2-terminal capacitor is well known
and appropriate for capacitors of moderate electrical size
(near 1 uF). However, physical devices and their connec-
tions to measuring equipment are liable to have stray impe-
dances that must be recognized. In the following discussion,
strays that could affect measurements by 0.1% are con-
sidered to be significant, because that is the basic accuracy
of our measurements.

Shunt Capacitance or Terminal Capacitance. Whether
the stray capacitance is primarily between terminals or
from each terminal to some object (ground) in the environ-
ment, it is probably significant for most capacitors smaller
than 1 nF (.001 uF) and for many smaller than 10 nF (.01
uF). Therefore any measurements on ranges 1. . .3 should
be made with attention to the treatment of the guard con-
nection, preferably in a test fixture. For in-circuit measure-
ments, refer to para 3.1.5.

Any shunt capacitance as large as 0.1% of the principal
value is significant and causes error in measuring an “ordi-
nary” 2-terminal capacitor.

Series Impedance. Whether the series impedance is pri-
marily in contact resistance, wire resistance, or inductance
of connecting wires, it is probably significant for most
capacitors larger than 10 uF measured at 100 Hz, or 1 uF
measured at 1 kHz. Therefore, any measurements on ranges
6. . .9 should be made with 4-terminal connections, even if
the capacitor has only 2 terminals.

Coaxial capacitors. The coaxial capacitors are true 2-
terminal devices that can be measured with very high preci-
sion even though electrically small. To measure them with
this instrument would require a special test fixture, which
itself would be a 3-terminal device. Description of such a
fixture is beyond the scope of this manual.
3.1.5 Three-Terminal Capacitors. Figure 3-2.

Although an ideal capacitor has only 2 terminals, every
physical capacitor has stray capacitance between each termi-
nal and one or more conductors in the environment, generally
including ““ground”. In order to be of any use, or to be
measured, a capacitor must be reasonably close to such out-
side conductors, close enough so that these stray capaci-
tances (if not rigidly controlled) cause errors in the measure-
ment of small C values. One part of the approach to mini-
mizing these errors is to make measuring equipment that is
relatively insensitive to impedance between either of the 2
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Figure 3-2. Three-terminal capacitor, with impedance
Z, is shown at (a) by itself, at (b) connected to ideal
voltage source and current meter, and at (c) connected
to elements of the measurement circuit.

main terminals and a guard (ground) terminal. The other
part is to make 3-terminal (guarded or shielded) capacitors.
An electrically small 2-terminal capacitor has no intrinsically
true value. (Because of strays, its value must be defined with
respect to test-fixture geometry.) On the other hand, a
shielded (3-terminal) capacitor has a true value that is easily
defined, is practically independent of test-fixture geometry,
but requires a 3-terminal bridge or measuring instrument

to evaluate it.

A 3-terminal capacitor, represented by in the figure,
has a shielding enclosure around it. Zy represents the basic
capacitor. Za and Zp are stray capacitances from the termi-
nals to the enclosure, which serves as guard. The structure
is made so that the stray capacitance due to fields outside
the enclosure between the terminals is negligible.

Sketch “b* illustrates how Zx can be measured. Voltage
source E (having zero internal impedance) impresses E volts
across Zx. No current flows through Zg, being shunted by
the zero-impedance circuit that measures | coming through
Zy. Of course, Zx = E/I.

Sketch ““c’’ illustrates, in essence, how the 1686 circuit
accomplishes the measurement. The voltage E across Zy is
measured, via potential connections rather than at the source,
so we have in effect a zero-impedance source of E volts. The
voltage across Zp is kept practically zero by current feedback
so we have in effect a zero-impedance shunt across it. The

1
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output voltage from the amplifier “—K"’ is a measure of
the current I. As before, Zy = E/I.

In-Situ measurements. A capacitor can be measured ““in
situ’’ (i.e., while connected in a passive network), with accu-
racy, under the following conditions. Refer to figure.

1. No significant current path in parallel with the branch
to be measured Zy. (Any such path is included in the meas-
urement.)

2. Impedance Zp is appreciably larger than the meas-
uring-voltage source impedance, which depends on range
as follows: for ranges 1. . .9 source impedances are 47 k,
20 k, 2 k, 200, 22, 10, 1, 1, and 1 £ respectively.

3. Impedance Zpg is 1000 X larger than the detector
input impedance (Rg/K), which depends on range as fol-
lows: for ranges 1. . .9, input impedances are: 100, 100,
10, 1,0.1 2, 10 m, 1 m, and 0.1 m£2, respectively.

Notice that the in-situ circuit is a generalization of the
3-terminal-capacitor circuit. In general Za and Zp are
likely to contain resistors, inductors, and capacitors (not
only stray capacitances). Therefore you need to verify that
the above conditions are satisfied, even for large-valued
capacitors.

3.1.6 Four-Terminal Capacitors. Figure 3-3.

Every physical capacitor, to be used or measured, must
have connections (leads or wires). The ideal capacitor has
2 terminals, but if a real capacitor has 2 leads, they add
impedance to the device. This series impedance causes errors
and uncertainty in the measurement of large C values. One
part of the approach to minimizing these errors is to make
measuring equipment that (using 4 terminals) can measure
the impedance between 2 junctions remote from the instru-
ment. The other part is to make 4-terminal capacitors.

Such capacitors have the 2 junctions built in (rather than
being formed by clips or plugs as described in para 3.1.3),
so they have easily defined ‘‘true’’ values, practically inde-
pendent of test-fixture geometry, but require 4-terminal
bridges or measuring instruments to evaluate them.

In the diagram, sketch ““a’’ represents a capacitor with
impedance Zy and leads with resistances R. (The lead self
inductances, not shown, can be considered similarly.)

If lead impedances are significant (and they are liable to be
significant if Zy is 200 2 or less) they introduce error and
uncertainty.

Sketch “‘b* represents a 4-terminal capacitor with value
Zx defined between 2 junctions. The impedances of the 4
leads are of secondary importance, so they can be extended
beyond the 4 terminals, through cables (and a test fixture
perhaps) to the measuring instrument.

Sketch “c’’ illustrates, in essence, the 1686 “potentia
measuring circuit connected to such a 4-terminal capacitor.
The differential amplifier draws no current through R2 and
R4; therefore it measures the voltage E across Zyx. The test
signal is applied as shown in Figure 3-2, ¢, which also shows

l"

m
N
x

DIFFERENTIAL

Zy Oe,
AMPLIFIER

Figure 3-3. Four-terminal network. In (a), Zy is the
impedance to be measured, with test lead resistances

R. In (b), 4 leads are shown, a “current’’ pair and a
“potential’’ pair. In (c), the potential pair is shown
connected to a component of the measuring instrument.

how the current | through Zy is measured (using amplifier
“—K".) As before, Zy = E/I.

Zy in general includes self inductance in the heart of the
capacitor, inductance that is intrinsic and should be con-
stant. However, mutual inductances are more elusive sources
of error. They should be minimized within the 4-terminal
capacitor by good design and in the test cable arrangement
(or test fixture) by keeping the coupling between the current
and potential leads as small as possible. The 1686 test cable
has very low coupling because of the geometry of the leads
in the cable. Additional inductance at the end of the leads
can be reduced by keeping the loop formed by the current
leads and the loop formed by the potential leads: 1) as small
as possible, 2) separated from each other, and/or 3) at right
angles to each other. (See para 3.9.6 and 3.9.7).

If the leads are to be extended, the current leads should
be twisted together, and the potential leads should be
twisted together.

3.1.7 Five-Terminal Connections.

The 5 connections from the capacitance meter to the
capacitor being measured are enumerated in para 3.1.3.
Although they are not all necessary for every measurement,
they should all be connected as a matter of course. Essen-
tially, this means a 4-terminal connection to the capacitor
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proper and a guard connection to the case, shield, ground,
and/or test-fixture chassis. These 5 connections are made
conveniently and unobtrusively when you use the 1686-
9600 Test Fixture.

3.1.8 Tiny Capacitors Without Leads.

Measurement of chip capacitors quickly and easily
reguires a test fixture and/or pair of dual probes. Detaiis of
their design zre beyond the scope of this manual. However
the basic requiremments for connections and the importance
of stray impedances vs the value of the capacitor being
measured are exactly as discussed above.

3.2 ELEMENTARY OPERATION.

This is both the starting point for those unfamiliar
with the instrument and a reminder for more experienced
operators. These procedures are basic and brief, For greater
detail, refer to whole of Section 3.
a. Set the controls initially as follows:
LINE VOLTAGE {rear}. . tomatch your power line
TEST VOLTAGE {rear)

; max clockwise
MEASUREMENT MODE

REPETITIVE 0.255

POWER. . . . . . . . . . . . . . ON
DISSIPATION FACTOR . . ., . . . . . .0}
RARGE, . ¢ » = = 2 w & = & 2 w0 g 5
FREQUENCY by e i 1 kHz
BIAS . . . s o8 o @ & = o6 o  CIBE

LIMIT/OFF switch & s . OFF

b. Insert the capacitor to be measured in the test fixture
{or see para 3.1},

¢. Turn the RANGE switch if necessary to extinguish
the associated indicators (arrows).

d. Read the measured C on the digital CAPACITANCE
display.

e. Above the DISSIPATION FACTOR diai read "satis-
factory” {green light) ar “high D' {red) with respect to the
dial setting.

3.3 CAPACITANCE RANGES AND DISPLAYS.
3.3.1 Ranges.

The 1686 Digital Capacitance Meter automatically shows
which range is suitable, by the 2 white arrow-shaped indica-
tors above the RANGE switch, Seiect the proper measure-
ment range by turning the RANGE switch in the direction
indicated by the arrows. Allow the instrument time for at
least one measurement, so you can see the results, before
turning this switch another step. Turn the switch until the
lights extinguish. This sets the range so that the measure-
ment result will be approximately between full scale and
1/10th of full scale, for best resolution and accuracy.

Oniy occasionally, for values very close to full scale or
1/10 of full scale, are these arrows fiable 10 be in error.
Best resolution is obtained between 2000 and 19999 for
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Tabie 3-2

FULL-SCALE CAPACITANCE FOR EACH RANGE AND TEST
FREQUENCY; MULTIPLIERS M AND A

Switch p——1 kHz —— —Low fr-guency =1
position Full-scale C M Full-scale C M A
1 199.99 pF 3 1.999 nF 2 5
2 1993.9 pF 1 19.99 nF 1 1
3 19.999 nF 1 199.9 nF 1 1
4 198.99 nF 1 1.89G »F 1
5 1999.9 nF 1 19.99 uF 1 1
6 19.999 uF 1 199.9 pF 1 1
7 199.99 uF 1 1.989 mF 2 0.1
B 19939 pF 10 19.99 mF 3 0.1
9 e 199.9 mF ) 0.1
Note*® —— {1000.0 mF) 5 0.1

*This extenslon of range 9 is useful aven though ranga Hght indlcstes
measurament axcaeds full scate, '

1 kHz, and 200 and 1989 for 120-Hz test frequency. An
arrow may indicate that a measurement of 19895, for
example, should be made on the next range, when in fact
the measurement is valid.

The range must be increased if possible whenever the
letter E appears in the digital display, indicating that the
measurement exceeds fuli scale. On Range 0 at 120 Hz
{100 Hz), valid measurements are possible up to 5 times
"full scale.”

If you know the value of the capacitor being measured
or have a reason to select a particular range, refer to Table
3-2. This gives, for each range and test freguency, the full-
scale capacitance that can be measured and multipliers M
and A. Multipltier M appears in the accuracy formula. {See
para 3.9 and the Specifications.) Multiplier A gives the rela-
tive level of the test voltage applied. (See para 3.7 and the
Specifications.) As given in the accuracy formula, accuracy
on range 9 (and 9 extended) suffers from an error term
proportional ta Cy, reaching 25% when Cy = 1F.

3.3.2 Displays.

The main CAPACITANCE display is the digital readout,
which is complete with decimal point and units {shown by
iliuminated letters to the right of the digital window).

During measurement (for about 250 ms) the small red
MEASUREMENT light is on. When it goes out, the CAPA-
CITANCE display is updated. This display remains un-
changed until it is updated again, after the next measure-
rment.

If the display is fess than full scale, it is valid, even though
a rangechange arrow may be |it. However, if the display is
less than 1/10 full scale, you can obtain better resolution
by switching to a lower range {if there is one). On range 1,
measurements below 1/10 of full scale will not light a range-
change arrow, because there is no lower range.



if the display inciudes the ietter E, at the left, it is in-
valid {the measurement has exceeded full scale) except on
Range 9, for low-frequency measurements. To obtain a
valid measurement, turn the RANGE switch 1o a higher
range. {Occasionally the instrument may be so far “off
range’’ that is does not ‘"recover” promptly. Normal opera-
tion is most quickly restored if you turn MEASUREMENT
MODE switch momentarily to SINGLE, then back to
REPETITIVE.)

3.4 DISSIPATION-FACTOR DIAL AND LIGHTS.

The dissipation-factor lights indicate immediately after
each measurement whether the measured capacitor 15 more
fossy [red light) or less lossy (green light) than the setting
of the DISSIPATION-FACTOR diat, f you set the dial
properly for the type of capacitor being measured, this
kind of indication is usuaily adequate.

However, ta measure D for each capacitor, simpty turn
the dial {in the direction indicated by the associated light}
to the point where the lights change. Read D from the dia!
at that point, Notice that the instrument can be either
remeasuring the same capacitor, any number of times, or
holding the desired measurement while you determine D
in this way. The dissipation-factor indicaters relate the
previous measurement to the present-time setting of the
dial. {In contrast, the HIGH D and GO lights of the limit
comparator relate the previous measurement to the D dial
setting at the time of measurement.}

3.5 TEST FREQUENCY.
3.5.1 Frequency Selection.

Set the FREQUENCY switch to the desired test frequency.

The choice of test frequency is often specified in formal
test procedures for capacitors, 1f not, the choice depends to
some degree on the value to be measured.

In general, use 1 kHz for greatest accuracy unless the
capacitor being measured is liable to have a self resonance
as low as 32 kHz. {This will cause a 0.1-% error. For example,
a series inductance of .05 uH, which can be expected in 5
cm or 2 in. of wire, will resonate with an ideal 500-uF capa-
citor at 32 kHz. However, for the same error contribution
at 100 Hz, resonance at 3.2 kHz, the ideal capacitor is 100
times larger, i.e., 80 mF.)

Setect 120 Hz {100 Hz) for very large capacitors. In par-
ticular, the instrument requires this selection for all meas-
urements above 2 mF {on ranges 8, 9, and 9 extended).

Notice that the D of any capacitor depends on test freguency.

As shown in Table 3-2, a change from 1 kHz 1o 120/100
Hz increases the full-scale C of any range by a factor of 10
{while at the same time reducing resolution and accuracy}.
See also para 3.9.

3.56.2 Changing the Low Test Frequency (120 or 100 Hz).

The low test frequency {selected when the FREQUENCY
switch on the front panet is not set to 1 kHz2) is normally
120 Hz or 100 Hz, as labeled, for instrument type number
1686-9700 or -9800, respectively. Normally, the low fre-
quency is synchronized with the power line {60 Hz or 50
Hz, respectively). The choice between 120 and 100 Hz and
synchronization to the power line can be implemented in
either instrument by changing a few connections on the
Bridge Board, as follows:

a. For 120 Hz, insert {solder) a jumper across R144 and
another across R279. For 100 Hz, cut or remove these
jumpers. There is 2 pair of holes in the circuit board for each
jumper, which should be U-shaped, about 10 mm {0.4 in.}
between legs.

b. For 120 Hz, remove (Lift out} a jumper between
WT33 and WT34 and another between WT35 and WT36.
For 100 Hz, insert these jumpers, Each of these wire-tie
points is a slotted terminal that will receive and grip a wire
pressed into the slot (as one might press a pencil between
the blades of partly opened scissors}, Each jumper should
be straight, about 15 mm {0.6 in.) long.

¢. For synchronization, connect {leave connected) the
white-green-brown wire of the power-supply cable to WT7
at the left rear corner of the Bridge Board, For asynchronous
operation {test-frequency accuracy about 22%)}, disconnect
this wire from WT7 and insulate the loose end.

NOTE
Be sure to disconnect this wire if you have selec-
ted 120 Hz and the power line is NOT 60 Hz or
if you have selected 100 Hz and it is NOT 50 Hz.

Refer to para 5.5 and 5.6 for disassembly procedures
and an illustration of the Bridge Board showing the perti-
nent locations.

3.5.3 Power-Line Frequency.

The instrument operates on ac power with a line fre-
quency of 45 to 440 Hz. {See para 2.7.) Most users have
either 50- ar 60-Hz power and are expected to purchase
the corresponding instrument by type number (see above
and the listing with Specifications) or make the appro-
priate wiring changes to convert from one to the other.
The changes have to do with test frequency and synch-
ronization, not the instrument's power supply. ! your
power line is neither 50 nor 60 Hz, £2%, be sure to let
the instrument’s oscillator run asynchronously {step c
above).
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3.6 MEASUREMENT MODE.
3.6.1 Repatitive.

Seiect this mode, by turning the MEASUREMENT MODE
control away from the cew position, and the instrument
will make one measurement after another endlessty at
intervals of 0.25 to 10 s per measurement. Sefect the desired
interval by turning the control; an approximate scale is
provided on the front panel. A short interval is usually
preferred, especially if capacitor values are random unknowns,
so the correct range can be selected quickly with the help
of the RANGE lights.

Use of a long measurement interval is appropriate in some
situations, such as measurement of capacitor that is changing.
The measurements should be made at the desired rate for
recording data, without the distraction of extra measure-
ments between data points,

3.6.2 Single.

Select this mode by turning the MEASUREMENT MODE
control 1o the cew stop and the instrument witl make one
measurement per “'start” command, This mode is convenient
10 use when you have the 1686-9600 Test Fixture because
you can start a measurement at an appropriate moment
{after the capacitor is in place} and the dispiay will remain
fixed for observation and recording even while the capacitor
is being removed. There is a convenient “'start”” bar on this
test fixture and each of the 3 rear-panel connectors has a
“start'’ circuit. Refer 10 para 2.4 and 2.5.

3.7 APPLIED VOLTAGES.
3.7.1 Test Voltage.

Maximum, Normal; automatically applied when the rear-
panet TEST VOLTAGE control is fully cw. This voltage is
A volts, where Ais 5, 1,or 0.1 onranges 1,2...6,0r7...9
respectively. {See Table 3-2.}

Reduced, Optional; selected when rear-panel TEST
VOLTAGE control is not fully cw. Using that control, reduce
the tevel as desired on ranges 1. . .8, as may be necessary for
measurement of nonlinear components or may be required
by certain forma! test procedures that restrict the signal
voltage applied to the capacitor under test. The reduced level
can be as low as 5% of maximum.

Operation at a low test voltage, however, results in a less
accurate measurement. Thus, the maximum signal level
(control fully cw) should be used whenever possible. At
lower tevels, the accuracy specification should be rultiplied

by:
1/2 [l +
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maximum signal level
actual signal leve!

NOTE
Do not reduce the fevel appreciably on ranges 7. . .9,
because doing so can resuit in improper meter
operation. Normal test voltage is so small on
these ranges that reduction should rarely be
necessary. Always check that the TEST VOLT-
AGE adjustment is set for a maximum test
voltage level under normal conditions.

3.7.2 internal Bias Voltage. Figure 3-4.
The easiest way to apply bias to the capacitor being meas-
ured is to turn the BIAS switch to INTERNAL. The 2-V
bias is automatically applied; the polarity is indicated on the
1686-9600 Test Fixture and tabulated in para 3.1.3. To
discharge the capacitor when internal bias is used, turn the
BIAS switch slowly to OFF. Notice that both charge and
discharge processes require time, as explained below.

Charging Time for Internal Bias. The figure shows the
bias-supply switch configuration, with a capacitor (Cyx) under
test in the circuit. This capacitor is connected to the internal
bias supply when the BIAS switch is set to INTERNAL or
when the switch is already set to INTERNAL and the capaci-
tor is connected to test terminals. For capacitors under 20
1F, the charging time constant TC; is less than 3 ms. The
voltage will be within §% of the final value in a period of
three time constants.

The figure also shows an approximation of the charging
time (TC; ) when a capacitor greater than 20 uF is connec-
ted to the bias supply. As shown, the charging time using
the internal bias is TC; = 72 {Cy + 2000} ps, for Cy in pF.
The minimum time is 8.144 s, and the maximum can be
1.6 s for a 20,000-uF capacitor. However, for Cx < 20 uF,
the charging time is much less than this formula indicates
{because the internal capacitor Cg provides most of the
charge}.

Discharging Internaily Biased Capacitors. Internally
biased capacitors can be discharged within the instrument,
by siowly turning the BIAS switch to OFF. The switch
connects a 10-0) discharging resistor across Cy as you
rotate it from INTERNAL BIAS to OFF (between detent
positions). The corresponding time constant is less than
{Cx 11 2} + 3 ms, assuming the switch is turned off
slowly, for range 7, 8, or 9. For example, {20,000 jF)

{11 £2) + 3 ms = 250 ms. Finally, in the OFF position,
the switch connects a short circuit, which guickly completes
the discharge.

3.7.3 External Bias Voltage.

For bias other than 2 V, use an external bias supply.
Refer to para 2.6 for a2 complete discussion of requirements,
including external RC circuitry and discharge provisions.
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Figure 3-4. Bisa circuitry and, capacitor charge-time
formulas, Between INTERNAL and OFF positions of
the BIAS twitch, the capacitor being od dis-
charges through » 10-00 resistor.

WARNING
Electrical energy stored in charged capacitors
can be dangerous to the operator. Full bias
voltage appears on test-lead and test-fixture
terminals and the leads of the capacitor under
test when an external bias source is connected
and the BIAS switch is set to EXTERNAL. Never
leave the instrument unattended with external
bias applied.

Establish and follow safe procedures to assure proper
discharge of measured capacitors and the bias circuit.
Be sure all personnel operating the equipment are aware
of the potential hazard involved in external biasing.

Do NOT use the BIAS switch to charge or discharge
capacitors with external bias. Use a switch in the external
bias circuit, with a resistor that can dissipate the full
amount of energy stored. Leave the BIAS switch set to
EXTERNAL while any external bias voitage is applied to
the test circuit.

Do NQOT raise the external bias level above 100 V, max.
For safety, a limit of 30 V max is recommended.

Charging Time for External Bias. The time it takes to
charge externally biased capacitors depends on the bias
supply used. If the supply has zero internal resistance, then
TC, (see figure} will be less than 3 ms, up to 2000 uF,
and less than 30 ms at 20,000 uF. Generally, TC, = (Cy)

{1 Q) + 3ms, for ranges 7. . .9,

If the supply has a capacitor output as shown in Figure
2-9, then the charge time is the same as that of the internal
supply, except TCy = R, C. Similarly, V5 = {C/C+Cy} (supply
voltage). If the supply is current-limited, t = CxV/lmax is
added to the charging time.

Discharging Externally Biased Capacitors. Do not turn
the BIAS switch to OFF while an externally charged capaci-
tor is connected to the instrument. This may damage it.
The user should supply a switch or device to discharge the
capacitors, as mentioned above. Alsc, observe the warning
at the beginning of this paragraph.

3.8 LIMIT COMPARISON.

The limit comparator provides a convenient means for
screening a lot of capacitors, to accept those with C values
on or between 2 limits and D value below a limit, to reject
those that fail any of the 3 limits, Proceed as follows. {It is
helpful to first put one of the lot in the test fixture, select
the appropriate range, and obtain a sample display).

a. Set the HIGH LIMIT thumbwheel switches to the
highest acceptable C value as it would appear on the
CAPACITANCE display. Disregard the decimal point.
{Exampie: if the Jargest acceptable capacitor would meas-
ure 150.00 uF, set the HIGH LIMIT to 15000.}

b. Set the LOW LIMIT thumbwheel switches to the low
C limit, similarly, remembering that the range switch will
NOT be changed during this set of measurements. {Example:
if the smallest acceptable capacitor would measure 017.00 uF,
set the LOW LIMIT to 01700, compatible with the above
example.}

c. Set the DISSIPATION FACTOR dial to the D limit
{the largest acceptable value). See para 3.4.

d. Flip the LIMIT/OFF switch to LIMIT.

e. After any measurement, observe the comparator
lights: GO indicates satisfaction of the limits; any of the
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ACCURALY

other 3 lights, failure. (HEGH D means high dissipation factor;
LOW, tow capacitance; HIGH, high capacitance.} If you

have the 1686-9600 Test Fixture, notice that its green light,
GO, duplicates the GO light on the 1686 front panel. The

red light, ND-GO, on this test fixture shines when the
measured capacitor ““fails”, regardless of the limit failed.

3.9 ACCURACY.

The specified accuracy of the 1686 Digital Capacitance
Meter is given in Specifications at the front of this manual.
if the following explanations, graphs, or examples differ
from the Specifications, assume the latter to be correct
{and the following tex1 to be in need of revision).

To see at a glance what accuracy can be expected with
various parameters, refer to the following graphs.

3.9.1 Accuracy vs Dissipation Factor
The graphs of accuracy vs D show that capacitance meas-
urernent accuracy is affected only by D greater than 0.1.For
negligible D, these curves flatten out at accuracy levels that
reflect the 22 or £1- count uncertainly in the digital readout
{(.01% of full scale for 1 kHz, .05% of full scale for 120 Hz)
and the fraction of readout/full-scale C. Thus {for 1 kHz
measurements} the 2-count uncertainty, which is .01%

Figures 3-5,3.6.

of full scale adds only .01% to the uncertainty ot a full-scale

reading (a slight effect compared to the basic D.1% accuracy].

But the same uncertainty is 0.1% of a tenth-of-full-scale

reading, in effect doubling the “basic” number,
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*NOTE: Multiply this sccuracy scale by M,
which is 1 for middle ranges. See Table 3-2.

Figure 3-5. Cspacitance accuracy #s a function of dissi-
pation factor, [test frequency 1 kHz}.

Notice that the purpose of these 2 graphs is to show the
effect of D, principally between 0.1 and 1.0. The effect of

reading C less than full scale 1s better shown on another
graph; see below.

Figure 3-7A. Accuracy as a function of meassured capacitance, for each range, for low dissipation

factor ibelow .03).
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wa < - 3.9.2 Accuracy vs Capacitance, Range, and Test Frequency,
(- 0.25% - 05N FunSeate - 0.20% - =T 1}‘\) am ;' i Figure 3.7.
I f Refer to the graph for a panoramic display of the overall
>
z /1 accuracy of C measurements (for smal! D} over the entire
§ ," ;‘ multiple-range capacitance spectrum for this instrument.
. £ 7 g This graph illustrates, for exampte, that measurements of C
5 c reaoing |7
< d = 10 PEACENT y / less than 1/10 of full scale on any range are iess accurate
o OF FuLL scmt/ Fi .
g§E o o than the same measurement on a lower range (if any}. It also
B - P illustrates why a test frequency of 1 kHz is generally pre-
g e o ferred. This graph does not include the effects of iarge D
K e W nor the error contributions described befow.
B I C READING
< 03 = 1OPEACENT =
. ) 3.9.3 Three-Terminal Circuit Errors.
in para 3.1.6, Za and Zg represent stray or extraneous
ot (in situ) impedances between each terminal of Zy that is
0001 001 o o 0 100 being measured and guard {ground). We now consider the
e e effects of these on accuracy.
*NOTE: Multiply this accurscy scals by M, High-side Impedance to Guard. Zp,, it small enough,
which:is:1. for.middie ranges. Sen Taniw 4:2, loads down the test-signal source and has the effect of
Figure 3-6. Capacitance sccuracy as a function of dissi- reducing the test voltage. The effect on accuracy is this
pation factor (test frequency 120 Mx). factor:
ZAt Ro
Y [ 1 ——
ZA

where Rg is the source impedance, which depends on range
as follows: for ranges 1...9, Ro = 47 k, 20k, 2 k, 200, 20,
8. 1,1, and 1 §2, respectively. For exampie, if Z 5 = Rp, this
factor is 1.5; therefore if accuracy would otherwise be 0.2%,
the effect of 24 is to make accuracy 0.3%.
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Figure 3.7B. Accuracy chart, continuwed from part A.
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Low-side impedance to Guard. Zg, if small enough, shunts
current around the detector circuit, which has an input impe-
dance of Rg/K. The effect on accuracy is this term:

Zg

For ranges 1...8, R¢/K 2 100, 100, 10, 1,0.1 22, 10 m,
1m, and 0.1 m§2, respectively. For example, if Cg = 1000
pF, range 2 in use at 1 kMz, this term is .06%; therefore if
accuracy would otherwise be 0.14%, the effect of 2g is to
make accuracy 0.2%. This effect is generally less of a pro-
blem at lower test frequencies.

{100%) = {100%)

3.9.4 Four-Terminal Circuit Errors.

In para 3.1.6, R; and Ry represent series impedances
through which the test-signal current passes but which are
not supposed to contribute voltage to the potential measuring
circuit, a differential amplifier. We now consider the effects
of having Ry large enough to affect the accuracy of measure-
ments. The voltage IR; is a2 “common mode’* voitage that
idealiy should have no effect on the measurement of E, but
is in fact rejected by a finite factor, greater than 1000 for
test frequency of 120 Hz,

Effect on D Measurement. Estimate the D error as fol-
lows. Rj reduced by the common-mode rejection factor
“appears’’ to be in series with Zx. For example, if Ry =1 £,
@ phantom resistor of 1 m{2 (or less) is in series with the
measured capacitor; if its reactance is 2 §1, the effect of A3
is & dissipation factor of .0D0E; if the measuraed D is .0015,
there is a possible error of 33%; and finally, the effect of
R; can be subtracted, to yield a corrected D = .001. (This
approximation is useful only if the effect of R5 is small
compared to the measured D.}

The common-mode response of the differential smplifier
is not only finite (though smell}, it is also phase-shifted.
Thus, to include the worst case, one should use the magnitude
of the impedance in the "R leg” for Ry {not only the
resistance}, For D-accuracy estimates, assume the common-
mode rejection factor is 1000.

Effect on C Measurement. Estimate the C error as foliows.
A reactance refated to R, (in a somewhat more compiex way
than above) “appears’ to be in series with Zx. As a ruie of
thumb, for R; use the magnitude of the impedance in the
“R3 leg"” and for the common-mode rejection factor use
1000 or 333, depending on whether the test frequency is
the low frequency or 1 kHz, respectively. For example, if
R3 = 1§, at 1 kHz, a phantom reactance of 3 mi2 (or less)
is in series with the measured capacitor; if its reactance is
2 82, the effect of Ry is a possible error of 0.15%; finally, it
the readout and accuracy (except for R3} is 70 uF * 0.4%,
the effect of R; can be included by writing 70 uF = 0.55%.
The value of R3 for the 1686 instrument with the measure-
ment cables supplied is 0.1 £2. However, R could be larger
in some test setups.
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3.9.5 Corrections for Geometry.

Accuracy in measurement of electrically small 2-terminal
capacitors requires close attention to the geometry of con-
nections {preferably in a test fixture), as discussed in para
3.1.3. One or both of the following corrections may be
necessary, to maximize the usefulness and reproducibitity
of results.

a. Correct the measured value of the capacitor under
test by subtracting a ‘‘zero correction”, i.e., a measure-
men? made with the capacitor removed (test terminals,
ground plane, fixture, etc. stationary). Be sure that there
is a connection between [+ and P+ and another between |-
and P—. {if the 1686-9600 Test Fixture is used, put s
short length of bare wire into each slot where capacitor
leads normally go).

b. If you are concerned about agreement between meas-
urements made with maore than one instrument, use the
following correction also. {A different correction is required
for each type and physical size of capacitor, for each meas-
uring setup.) Obtain a known-valued capacitor, electrically
the smallest available in the given type. {If you have no better
way of determining its value, use an average of measurements
by the best available methods.) With each instrument and
measuring setup, measure this known capacitor (making the
zero correction described above), Subtract the known capaci-
tance to obtain what we’lli call “fixture correction.” Now,
for every capacitor of that physical type and size measured
in this particular setup, subtract this *fixture correction”
as well as the ‘zero correction”.

3.9.6 Lead Inductance.

The inductance of any lead wires included as part of the
measured capacitor {length A A or R in Figure 3-1) will
cause the measured capacitance to be larger than it would
be ideally {with o inductance). The measured capacitance
is C/(1 — w?LC), where w = 27f, Therefore, the correspond-
ing accuracy term is 100%/{{1/w? LC) —1}. This is significant
only for very large values of C and/or extremely lang leads.

3.9.7 Mutual inductance in Cables.

The mutual inductance between the “current” circuit
and the “potential” circuit has a similar effect on measure-
ment of very large values of C. Measured capacitance (the
displayed value) is C / (1 — w?MC), where M is the mutual
inductance, which can be either positive or negative. It is
this phenomenon which accounts for much of the error in
Range 8 at 1 kHz and Range 9 at low frequency. (See Fig-
ure 3-7.}

A typical vatue on M is a fraction of +1 uH, for this
instrument with the recommended cable and test fixture,
For exacting work, M of your equipment can be measured
as follows. Using a standard capacitor of large, known value
C, obtain the CAPACITANCE dispiay, Cmeas. Then: M =
{1 = C/Cmeas}(1 / w3 C).



Knowing M, at least approximately, you can easily
correct measurements of large capacitance to obtain more
accurate values. The corrected value of Cis: Cmeas /

“ + (-l)2 MCmeas’.

3.10 TYPICAL USES WITH EXTERNAL DEVICES.

Figure 3- 8 is a block diagram application drawing illus-
trating the use of the rear-pane! data and contro! signals in
conjunction with external equipment. A digital printer is
shown connected to the rear-panel connector of the main
instrument, and a mechanical parts handler is shown con-
nected to the rear-panel connector of the limit comparator
“A" board.

The digita! printer, in addition to the BCD and decimal
point data input lines, has two additional input lines (for
contrel), plus one output line, One of these contro! inputs
is the PRINT START command and the other is the RED
SELECT line. The latter, when activated, causes the printer
to print out in red {rather than black}). The one printer out-
put tine, designated BUSY at the printer, is a line that goes
high at the end of the print operation, signifying that the

printer has finished printing the measurement value (PRINTER

DONE).

The mechanical handler is a device designed {or pur-
chased) by the user for use in an incoming inspection opera-
tion where many parts of the same value are to be measured
and checked against the comparator high- and low-limit
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Figure 3-8. Application in s system with a parts
handter and printer.

values, The handler is shown receiving the comparator out-
put data signals, as well as two control signals, BUSY and
FAIL.

Use of the REMOTE START, INTERFACE #1, INTER-
FACE #2, BUSY, and FAIL lines available at the rear are
clearly illustrated. Switch $1 in the handler, iabelled PRINT
ALL/PRINT ON FALL is strictly an optionat feature.

The sequence of operations for the configuration shown
would be as follows:

First, all BCD and decimal point data are produced on the
1686 logic board and impressed upon the data output lines.
The FAIL, GO, HID, LOW, and HIGH signals are then pro-
duced con the limit option A" board.

Then signal BUSY is issued from the limit option “A"
board. This signal is used to start both the handler and the
printer. The handier proceeds to mark or to sort the just-
measured component into the correct line, and to begin
moving a new component mechanically into place whiie
the printer proceeds to print out the value of the compo-
nent, depending upon the position of switch S1 and the
state of the FATL line from the A" board.

When the printer has completed its operation, it turns
off transistor Q1. And when the handier has finished its
operation, it turns off transistor Q2. Since the printer and
the handier operate at independent rates, transistors Q1
and Q2 will shut off at different times. Therefore, the last
one to turn off is the one that produces the low-to-high
logic transition on the REMOTE START line required to
initiate a new measurement.

Having initiated a new 1686 measurement cycle, the
above sequence of operation is then automatically repeated.
Note that the MODE switch on the front panel of the
1686 must be in its SINGLE MEASUREMENT position
in this application.

An alternative configuration employing the GR 1784
Multiple Limit Comparator is fast and convenient to use.

It enables, for example, sorting of components into £20%,
$10%, 5%, and 1% categories, as desired. All of the sig-
nals required to run such a comparator are available from
the DATA OUTPUT connector. Figure 3-9 is 8 block dia-
gram showing this configuration.

COMPONENT
- — HANDLER
r- - AN
| SORTER
COMPONENT
UNDER
TEsT
BRIDGE BOARD :‘:‘":"'“ BHCITAL
AND PAINTER
LOGH BOARD COMPAAATOR

Figure 3-8. External multipledimit comparator
application.
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3.11 CORRECTION FOR CABLE.

The elementary measurement cable adds capacitance in
paraliel with the DUT (because shielding of the leads is
imperfect). The 1686-9602 cable adds about 5 or 6 pF.
Because the physical arrangement and spacing of the cable
branches and connectors is significant, a correction should
be determined for each measuremnent setup. The following
procedure applies 1o connection with a precision 3-terminal
capacitor, GR 1404 or 1413, for example:

2. Install an adaptor, GR B74-Q2, on each of the two
coaxial connectors, L and H, of the capacitor.

b. Connect cable branch G to the ground post of the
“low"™ terminal adaptor. With 2 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”
adapter and stack |- on top of P-, as described above. Similarly,
connect P+, with I+ stacked on top of it, to the main post of
the “high adaptor.

d. Measure this total capacitance, the sum of the desired
measurerment and the cable capacitance, Cy + Cg.

e. Carefully lift the stacked pair of cable tips, 1+/P+,
from the “high” adaptor and hold them about 0.5 em (% 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 (rather than the wires) and touch the guard (G)
circuit firmly with a2 couple of fingers, to minimize the effect
of capacitance in your body.

f. Measure the cable capacitance, C¢. Subtract this result
from that of step d, to obtain the desired measurement, Cy.

314 OPERATION




i

Theory—Section 4

4.1 INTRODUCTION

4.2 CARCUIT DESCRIPTIONS
4.3 LIMIT COMPARATOR
44 POWERSUPPLY . . .

4.1 INTRODUCTION.

The 1686 Digital Capacitance Meter measures series
capacitance and dissipation factor, D at two frequencies:
1 kHz and 120 {or 100} Hz. With the front-panel MODE
switch, the instrument can be controlled for measurement
at intervals of 0.25 s to 10 s. The front-panel digital readout
gives readings of C, and the front-panel dial reads D. A limit
comparator is provided for making C-high and low and D-
high comparisons, furnishing pass-fai! indications as well as
indicating the limit{s) the measured capacitor exceeded in
case of any failure.

e ;15 v
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SWITCH < ?EH-'[;;CH

EXTERNAL BIAS
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o o ow ow & a o A2
i % B G W o os . . 416

Figure 4-1 is a block diagram of the meter. The meter is
comprised of an amplifier, or “half-bridge”, circuit and an
AC-DC ratio meter capable of high accuracy with good
noise immunity. The ratio meter is a combination of a
dual-slope integrator and an integrating phase-sensitive detec-
tor. The bridge and ratio meter circuitry is mounted on the
1686-4720 bridge board on the floor on the instrument. A
logic board {(P/N 1685-4700), located above the bridge
board {on hinges that allow easy access to board compo-
nents), furnishes all control and counting circuits for the
ratio meter.
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Figure 4-1, Digitsl Capacitance Meter block disgram.
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A power supply board [P/N 1686-4730) furnishes all
DC voltages to all the circuit boards, including the inter-
nal 2-V bias vottage for capacitors under test. The board is
at the left front of the instrument, under a metal cover.

The bridge board contains:

1. A wien-bridge osciltator that produces a 1-kHz or
120- {or 100-} Hz, 6V rms, maximum, a-C test signal.

2. A linear measurement circuit that has two arms, or
networks, One of these detects the voltage across the part
under test. The other has a ratio arm resistor of various
decade values, selected by the RANGE switch, that produces
a voltage directly proportional to the current through the
part under test. For ac measurements, the signats are phase-
shifted so that the outputs are inphase {actually — Ep, and Eg
are exactly 180° out of phase) when a pure reactance is
being measured.

3. A ratio meter circuit that comprises 3 main AC-DC
integrator and comparator, an auxifiary integrator, ang a
dual-stope integrator and comparator.

4. A circuit for detecting high and low dissipation fac-
tor values for capacitors. The circuit is used i conjunction
with the front-panel D dial, which sets the D limit, and
with the D lights that indicate if the limit has been exceeded.

5. A range-finding circuit that detects overrange and
underrange conditions and indicates these by illuminating
the lamps associated with the front-panel RANGE switch.

There is a small potentiometer board (P/N 1686-4740]
mounted on the back of FREQUENCY switch $502. This
board contains adjustable resistors used to calibrate the
bridge at both test frequencies and to align the D measure-
ment circuit. The resistors are factory adjusted.

The logic board contains:

1. A circuit that determines, by means of a one-shot
flip-flop and the front-panel MODE switch, the mode of
measurement {single or repetitive) and the time interval
{if repetitive).

2. A circuit that produces 20 or 200 burst {BST) pulses
for the ratio meter. The pulses are derived from the ref-
erence signal.

3. A circuit that produces the correction signal, CTN, if
the main integrator output exceeds the established threshold.

4. A counter comprised of 4 decade stages and one flip-
flop. The counter counts BST pulses; strobes denominator
{CTN) pulses, if any, into the third decade counter; and
counts while upcount {UPC) and down-count {DNC} pulses,
are produced, storing the counts, which are a measure of
the value of the impedance under test.

5. A B0-kHz oscillator that serves as a clock for the
counter and for furnishing UPC and DNC timing pulses,

6. Logic circuits that produce, under control of the
above mentioned circuits, switching signals {(UPC, DNC,
SUD, STC) for the ratic meter,

7. Circuit that detects the count-complete signal {CP2)
from the ratio meter.
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8. Quadruple bistable latches and 2 dual 4:1 multiplexers
that furnish data stored in the counter to the readout dis-
play and to the rear-panel DATA connector and the compara-
tor. '

9. Scan oscillator and associated flip-flops and IC gates
that produce time-state and timing signais for reading out
measurement data from the iatches and multiplexers to the
appropriate fight-emitting diode’s (LED's} in the readout dis-
piay. These same signals are furnished to the comparator,
for various timing operations,

10. Transistor drivers for signals applied to all the read-
out LED segments and for enabling the LED's.

11. Provision for supplying instrument timing and status
signals to peripheral items, including the limit comparator,
and for accepting external control signals.,

The power supply consists of a transformer and rectifier
assembly and a power supply board, P/ 1686-4730. The
transformer is mounted at the left-hand rear of the instru-
ment as viewed from the front. The rectifiers are mounted
just to the rear of the board, in front of the transformer,
on the transformer terminal board. The board is mounted
in front of the transformer, under a metal cover. Three
filter capacitors are located beneath the circuit board. The
power supply furnishes +5V and 15V to all circuit boards
in the instrument.

The limit comparator is comprised of two circuit boards
and a front-panel assembly. These units are instalied
separately in the unit. The front-panel assembly contains
digit-switches, for establishing the high and fow limits for
comparison, and lamps that indicate the status of the
comparisons.

The circuit boards are designated A and B (P/N's 1685
4750 and -4760, respectively}. The B board contains four
dual multiplexers that, under control of logic-board timing
signal, switch the status of the digit-switches, first the
low-limit switches then the high-lirmnit switches, to the A
board where the switch settings are compared with the
measured value,

The A board contains 8 number of timing circuits that
sequentially compare each digit of the measured value with
the BCD dsata from each limit comparator switch, beginning
with the low-limit switch. When the measured value fails to
compare with any limit digit, the appropriate lamp(s} fight.

The comparator has provisions for furnishing status
signals to peripheral equipment and allowing external con:
nections to be made to the logic board for unique operations.

4.2 CIRCUIT DESCRIPTIONS.
4.2.1 General,

The following paragraphs contsin descriptions of the
1686 circuits in the signal-flow order shown in Figure 4-2.
To obtain a general overall view of how the instrument
operates and how it functions in comparison to other
bridges, refer to the diagram.
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Figure 4.2, Dwtailed block diagram of the 1686 Digital Capacitance Meter,

SEQUENCE OF OPERATION

1. 51,52, AND 53 CLOSED {INITIAL CONDITIONSI,
2. PRESS MODE SWITCH (START),

3. DELAY AND CLEAR CIRCUITS (RESET},

4. OPEN S1 AND S2 (BY MEANS OF SIGNAL STC).
5. “APPLY N1 BURST {BST) PULSES (20 FOR 120.-Hz OPERATION: 200 FOR 1.kHzl TO §,, AND S,

‘Dﬂ‘ﬁlﬂ!

{DECADES “UNIT' AND "“TENS' AUTOMATICALLY RESET.)
10. OPEN Sy ANO CLOSE S;.

DISPLAY. THIS IS MEASUREMENT YALUE.
ALSO REFER TO TIMING DIAGRAM, FIGURE §-9.

. COUNTER COUNTS N3 DOWN-COUNT {(DNC) PULSES {60-kHz RATE].
. COUNT N3 PULSES UNTIL E, CROSSES ZERO LEVEL (PRODUCES COUNT COMPLETE |, CP2.)
. STROBE COUNT OUT OF ALL COUNTERS INTO LATCHES AND THROUGH MULTIPLEXERS TO LED

IE CPI HIGH, APPLY N2 PULSE(S) CTN TO Sy AND COUNT PULSES. (USE '"HUNDREDS' DECADE COUNTER.)
. COUNT BST PULSES WITH COUNTER. {USE 'UNITS’ AND ‘TENS' DECADES.)
AFTER 20 DR 200 BST PULSES, OPEN S3. "UNITS' AND 'TENS' DECADES AUTOMATICALLY RESET.|

CLOSE S, FOR TIME IT TAKES COUNTER TO COUNT 100 UP-COUNT (UPC) PULSES, TIME=100/60 kMHz.




4.2.2 Component identification and Definitions.

Component ldentification. In the following paragraphs,
references are made to components shown in the schematics.
Since many of the logic integrated circuits referenced on the
schematics have several components in a single package that
has a single reference designator, it is necessary to use a
scheme that identifies, where necessary, the particular
circuit in the package. Packages are identified on the sche-
matics either by numbers or by numbers preceeded with
the letter U,

To identify most circuits in a package, the ocutput pin
or terminal is used in the text, in addition to the letter
designation. [For example, a NAND gate can be referenced
IC5-9 or US-9, where 5 is the package reference designator
and 9 is the output terminal of a particular gate in the
package.)

In the case of flip-flops {F-F’s}, the Q terminal is refer-
enced to identify the particular F-F in the package. (For
example, US-6, where UB is the package designator and 6
is the Q terminal of the particular F-F.] Reference desig-
nators for other components such as transistors, resisiors,
etc., are standard.

Logic Definitions. In the text, a “*high” ievel {or a logic
1) is defined as positive TTL-compatible logic, +3.5V to +5V.
Where open-collector circuits are used, the high, or logic
1, can be a maximumof 30V (or +2 V < V < +30 V).

A “low" {or logic D) is approximately 0 V. Where open-
collector circuits are used, the low isOV < VL < 04 V,
where the “open’ is equivalent to V.

4.2.3 Bridge Board. Figure 6-4.

General. Figure 4-2 is a fairly detailed block diagram of
the instrument. This description follows the signal path
shown in the Figure.

Osciliator snd Dec Source. Figure 4-3 shows the equive-
tent circuit of the Wien-bridge osciliator. The oscillator can
be considered to be two parts, a frequency-getermining net-
waork (Ca, Cg and Ra), that supplies positive feedback to sus-
tain oscillation, and a voltage divider {Rf and Rg) that fur-
nishes negative feedback to stabilize the amplitude. The
oscillator has two frequencies, 120 Hz (or 100 Hz} and 1
kHz, selected by means of front-panel FREQUENCY switch
8502, which changes the vaiues of R a and Ca by switching

ON
FOR 1 ka R‘B LEVEL ﬁ.DJ.
(w16
R25  1-kHz ADJ
RF
0 Qs
1
R1 c fwa3)
. Ra Ca QUTPUT
POWER
Py TS !}E o AMP |
A2 o6
Cp
SYNC &sin ‘:f-n [ 2
— >
w7} b < (w18} c T~ $FE
‘-—-"——M—-—J ON FOR

s 120 (100) Hz

4 L

‘F

*OPEN LINKS FOR 100 HZ

Figurs 4-3. Oscillator equivalent circuit,
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in either Q5 or Q6, respectively. Figure 6-4 shows the connec-
tions. Rg is a thermistor that adjusts itself to the value needed

' to maintain a constant amplitude. The circuit oscillates at

frequency F = 1/2nRC. R25 is a 1-kHz frequency adjustment.
The osciliator can furnish low frequencies of either 120 or
100 Hz. The latter is obtained by removing the shorting wires
across R144 and R279 to increase the resistance values. |f
the desired oscillator signal is twice the line frequency {50

or 60 Hz), the synchronization signal to WT7 should be
solder<onnected. If the oscillator signal is not twice the

fine frequency the synchronization line should be discon-
nected, in which case the frequency will be accurate to $2%.

The input to the power amplifier comprised of Q1-0Q4
is a 5-V, rms, 120-Hz or 1-kHz signal from the bridge oscilla-
tor. The amplifier can supply 0.1 A rms of current with low
distortion. The circuit is short-circuit proof.

The 5-V oscillator-amplifier output is applied to 9-posi-
tion RANGE switch 5501 which divides the open-circuit
signal level, to give 5 V on range 1, 1 V on ranges 2. . .6,
and 0.1 V on ranges 7. . .9. Series resistors are also added
{R1-R6) to limit the short-circuit current.

De Bigs Circuit. As shown in the circuit schematic,

Figure 6-4, the internal DC bias is derived from the instru-
ment’s DC power supply that furnishes +15 V to a voltage
divider network on BIAS switch $503. The voltage divider
is comprised of R10 and R11. There are 4-switch paositions
shown on the schematic. Switch position 3 supplies 2 V to
the part under test. Switch position 4 allows an external

bias of up to 100 V to be applied to the part under test,

Switch position 1 removes the bias; switch position 2 is
undetented and is used to discharge C502 when the switch is
between positions 1 and 3.

Amplifier Circuit. The cireuit contains amplifiers that
furnish voltage outputs proportional 1o the voltage across and
the current through the unknown, two phase-shift networks

DIFFERENTIAL

for the ac measurements for bringing the signals in phase
for purely reactive unknowns, and an AC-DC ratio meter
that indicates the ratic of the vector components of two
voitages obtained from the amplifiers, to obtain the desired
measurement value.

The voltage and current-sensing amplifiers are illustrated
in Figure 4-4, The circuit is described as a "half-bridge”
because of the similarity in function to the unknown and
ratio arms of a passive four-arm impedance bridge. The sec-
tion that furnishes the output proportional to the voltage
across the unknown can be considered the Zy arm; the
section that furnishes a voltage that is proportional to the
current through the unknown can be considered the Rg arm.

In addition to furnishing the voltage proportional to the
current through the unknown, the Rg arm also furnishes a
reference for the ratio meter for the capacitance measure-
ments (Reference signals are via the logic board.}

Figure 4-5 shows the “"half bridge” configuration for
capacitance measurements. For capacitance measurements,
the signals are phase shifted so that the signals are inphase.
{—Ep and €4 are sctually sxactly 180° out of phase.}

Bandpass networks are used to perform the phase shifting,

DIFFERENTIAL
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Figure 44, Basic "half-bridge’” contsining two arms, Zx and Rs.
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Zyx Arm. Figures 4-8 and 4-9 are more detailed equiva-

lent diagrams of the Zy arm. A d

ifferential amplifier com-

prised of operational amplifiers U2 and U3 is employed

to detect the voitage drop across
of both amplifiers is determined

the unknown. The gain
by the resistors in thejr

feedback network, as shown in Figure 4-8. Each input is

amplitied by the same factor (as

determined by the resis-

tors}, so that the output is proportional to the difference
between the input voltages.

The attenuator, comprised of components mounted on
RANGE switch 5501, determine the amplifier's overall gain,
as shown in Figure 4.9, which identifies the components and
Hlustrates how the gain is obtained for the various ranges,

NOTE
Figures 4-6 and 4-7 have been deleted from this
manual.
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There is a gain of 1 for the middle ranges {2. . .6), a gain of
- 0.1 for range 1, and a gain of 10 for ranges 7. . .9.

RAg Arm. As shown in Figure 4-10, the Rg arm is com-
prised of operational amplifier U4 and 2 power amplifier
comprised of transistors Q7-Q10. The arm resistapce is
selected by means of RANGE switch $501, which switches
in various values for Ry in the amplifier feedback loop.
Tabie 4-1 lists the resistors (R51-R57} in the ratio arm for
the 9 instrument ranges.

OIFFERENTIAL
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Ey = VOLTAGE TO DIFFERENTIAL AMP

Eq =1x2x

Zx = UNKNOWN

Za = SHUNT RESISTANCE

R; = RATIO ARM [SELECTED BY RANGE SWITCH!}

Figurs 4-10. Ry arm squivalent circuit.

Table 41
Ry VALUES AND DIFFERENTIAL AMP GAIN

Differential
Rangs Raesistor Amp Gain
1 100 k3 o1
2 100 kD) 1
3 10 ki 1
4 1k 1
5 100 1 1
6 ion 1
7 1050 10
8 10 10
a o1 10

U4 is followed by 8 push-pull, unity-gain power amplifier
{Q7-Q10} required to obtain the higher currents used on
the jower impedance ranges. The ratio-arm resistor, Ry, and
the differential amplifier gain determine the impedance
range.

The bandpass network acts to phase-shift the signals
s0 that they are inphase when s pure reactance is being
measured. Figure 4-5 shows the equivalent ¢ircuit. The
ratio of the transfer functions of these two circuits is
jwR4C,, giving the required 90° phase shift. {Since only
the ratio E, /E, is desired, the transfer functions of each
separately is not critical.}

H the unknown capacitor in Figure 4-5 has loss, and
the effective series value of capacitance C, is desired, then
the unknown in Figure 4-5 should be represented as a
series resistance, R, and a series capacitance, Cy,.

Then, E;~1 Ry + jwhRaCa f (wi,

H
JwCyxs
Esz~tRs f{w).

If Eaph is defined as the component of E, inphase with Ep,
then

Ea
Eaph = Real B Ep

It is easy to see that
E.p, - RsCxs
Eip: RaCa

Note that the f {w) terms cancel out, Thus, the series value
of Cy, is measured.

Ratio Meter. The principle of the ratio-meter operation
is described below. Refer also to Figure 4-2 in this section
of the manual, The meter makes a ratio measurement in two
steps. First, the main integrator {U7) determines the first
digits of the result by a pulsecounting technique; then the
auxiliary integrator {U8) and the dual-slope integrator {U10)
determine the remaining lesser digits.

The main integrator is a combination of a phase-sensi-
tive detector and integrator. To start its operation, its capa-
citor {C40 for 1-kH2;  C40 and C41 for 120-Hz operation)
is unshorted, and a train of pulses N1 {200 for 1-kHz, 20 for
120 Hz} is applied to the switch {Q20) that connects the
numerator voltage to the input. These pulses are square
waves inphase with the reference signal. Each pulse will cause
an increase in the integrator output that is proportional to
the size of the vector components of the numerator voltage,
which is inphase with the reference.
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The output of the integrator is connected 10 a compara-
tor (U9} that is ofiset by a threshotd voliage derived from
the denominator signa!, Whenever this thresheld level is
exceeded, the next pulse in the train is aiso applied to the
denominator switch {Q21). At the end of the burst, a total
of N2 denaminator pulses will have been applied; the num-
ber of pulses depends on the relative size of the numerator.

At the end of the burst, the output of the integrator,
which is termed the remainder voitage, is

E _ N1 Enp[ d.NZ Edpr
TeM " "pR1C11y 7R2CYE1fy”

(1}

where Enpr and Edpr are the vector components of the
numerator and denominator signals inphase with the refer-
ence signal, and f, is the frequency

MNote the same capacitance appears for dc resistance
measurements

N1En N2Eg4

= -— 2
Erem = SrR7c ~ ZFRIC 2
where fis 1 kHz.
Thus,
Enpr  n2 R1 | #RICH,  Erem i

INT O Eape

The first term in this expression for the ratio is used to
determine the first digits of the measurement. The count
N2 is injected into the third digit of the display counter,
thus giving 2 reading of N2x100.

To determine the remainder count, the ratio Eram/Edpr
is taken into account. The value of Eqpr is determined by
the auxiliary integrator, U8, to which the burst of N1 pulses
is applied. At the end of the burst, the integrator ouiput

EqprN1

Baux = R3CI7, ()

ar
Edpr = gR3C2f 1 Eaux - [5}

Substituting this in (3)

Enor N2 RI , Rict  Erem
Edpr N1~ R2 R3C2 Eaux

(6)

Erem/Eaux is measured in a dual-slope integrator (U10).
Erem is applied to this integrator through R4 for time t,,
which is the time for 100 cycles of the 60 kHz (f; ) oscillator.
This t, = 100/, and this produces an cutput voltage

Erem 100
f; R4 C3 ’
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Eaux fof opposite sign) is then applied until the output of
the integrator is returned to zero, as determined by a com-
parator {U11]. The time it takes to return the output to
zerp, 1y, is determined by counting the cycles of {; during
this period. This t; = N3/1,.

Since the positive {up) voltage due to Eem, equals the
negative (down) voltage due to Egyx

Eaux N3 Epem {100)
C3RG ¢ R4fC3
or
Erem . N3 R4
Eaux 100 RS
Substituting this in {6)
~Enpe o M, B, CLRIRS N3

The count, N3, is displayed as the last two bits of the display
{which can spill into the more significant bits, if necessary).

At 1 kHz, N1 =200, C1 R1 R4/R3C2 R5=1/100
and R1/R2=%

5o that
Enpr - 100 N2 + N3 8)
Edpr 10000 f

and a full-scale reading is 19999.
And at 120 Hz, N1 =20, Ct R1 R4/R3 C2 R6 = 1/10,

s0 that

Enpr _ 100N2+N3
Eor 1000 ’ (9)

-

and a tull-scale reading is 1999,

An important advantage of this circuit is that the critical
main integrator uses the same capacitor {C1) for integrating
both the numerator and denominator signals; therefore, it
need not be highly precise. The components (including that
of C2) are important in determining the remainder count,
N3, as shown in equation 7, but the N3 count is only a small
percent of the total reading.

D Circuit. Figure 4-11 shows the equivalent D cir-
cuit. The circuit is comprised of a NAND gate and FET
switch; an inverting arplifier {U17}; RC fitters; the front-
panel D potentiometer, R501, and associated filter net-
work: a comparator; and a bistabte flip-flop comprised of
Q34-037 that controls the state of the front-panel D
lamps.

The dissipation-factor is obtained by using the phase
angle difference, ¢, between the numerator and denomina-
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Figure 4:11, Simplified D

tor signals, as shown in Figure 6-4. Both of these signals are
converted into pulses which are applied 1o the NAND gate.
This gives an output pulse whose length is proportional to
the phase angle difference. If the phase angle, and not dissi-
pation factor were desired, the RC network shown in Figure
4-11 would just comprise a resistor, which would pass a
fixed current for the length of the phase-difference pulse.
U17 and the RC network at its output would then filter the
signal to give a DC current proportional to the phase angle
{@) difference. Normally, this dc current would be balanced
by the DC current furnished from the D potentiometer to
produce a high or low ‘D’ indication,

Since the measured value is dissipation factor however,
which is tan @, and not @ in characteristic, and since it is
desirable to have the D meter scale nonlinear (approxi-
mately logarithmic over the middle part of the scalel, an RC
network is used at the input 10 U17 instead of a single resis-
tor so that the current flowing through the network is not
constant, but time dependent. This gives greater sensitivity
to low D reading, and compresses the scale at high D readings.

Two input RC networks are used, one for each test fre-
quency. Each differs in the capacitor used, and the appro-
priate network is selected for the test frequency being used.
The proper RC current-source network and FET gate is
selected by means of front-panel PARAMETER switch

e

$502. When set to a 120-Hz position, for example, the
switch furnishes a negative voltage to wire-tie (WT) 27 and a
positive voltage to WT25. The negative voitage, which passes
through diode CR33, holds FET Q27 and, therefore, the
1-kHz section of the D circuit, turned off. A negative
voltage is also furnished by transistor Q30, via diodes CR30
and CR31, 10 both 31 and Q32, If O30 is turned on, the
cathodes of CR30 and 31 will go to ground, and the FET that
has the positive voltage applied to it via the PARAMETER
switch will be turned on, since the FET gate input will also
go to ground. {The negative voltage already at the gate of
Q31 will remain negative, since the negative voltage is also
apptied to the anode of CR30 and cannot go to ground
through the diode.)

Note that jumpers must be added to the 120-Hz current-
source network if the instrument is to be operated in the
100-H2 test frequency mode. {Refer to Section 2 of the
meanual.}*

To ensure that the circuit operates when the D factor is
zero, the offsets {the B adjustments) on the potentiometer
board {P/N 1686-4740} are adjusted slightly so that there
is 2 minimum puise at the FET gates. This allows the D

circuit,

"The instrument is purchase connected for a 50- or 60-Hzx line frequency

and, therefore, 100- or 120-Hz st frequency, respectively.
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switch to be adjusted through zero to a negative value to
obtain a balance around zero for a capacitor with a D factor
of zero. To do this, a certain amount of pulse is required
through the NAND and FET gate so that the circuit can
operate; the slight adjustment in lead or lag of the @ poten-
tiometers will allow this to occur, The full-scale reading is
set by R238, which varies the voltage on the D poten-
tiometer,

When the output of U18 is positive, which means that
the input is negative and, therefore, the measured D exceeds
the value set on the dia!, Q34 is turned on and Q37 is turned
off. Q34 turns on Q35, which causes approximately +6 V
10 be applied, vis WT24, 10 lamp DS504, turning on the
lamp. This indicates the dial should be set to 3 iarger value if
it is desired to obtain the exact reading. If the output of
U1B is negative, indicating a positive input to U18 and,
therefore, 2 setting on the dial larger than the measured value,
Q34 is turned off and Q37 is turned on. This, in turn,
turns on (36 and lamp DS503 on the front panel. This indi-
cates that the dial should be set to a lower value if it is
desired to obtain the exact reading.

It the exact setting is set on the dial, a slight amount of
ac on the input U18 causes both D lamps to be illuminated.

Range Circuits. The range circuits detect signai levels
that indicate that the range selected by means of the front-
panel RANGE switch may either be too high or too low,
or is within the proper range. If the selected range is too
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high or too low, the circuits furnish signals that light direc-
tion lamps on the front panel, to indicate the direction that
the diat should be turned to obtain the correct range. To do
this, a high-range detector and & low-range detector circuit
are employed to sense by means of comparing at a junction
the dc level of each “half-bridge" signal (e and egd). If signal
ep is greater than twice signal eg, the high-range lamp will
light, indicating that the measurement is teo high for the
range and the range should be increased. If signal e is less
than 1/5th eg, the low-range lamp will light, indicating

the range should be decreased.

Figure 4-12 shows the equivalent range circuits. The
numerator and denominator signal are each applied to iso-
lation amplifiers and summed in a weighted resistor network.
The summing point is shunted to ground by an FET gate
{Q44) driven by the reference signal. This results in phase
detection of the signals.

The two signals are of opposite polarity; therefore, if
En/R1 > E4/R2Z, the output, e;, will be positive, and the HIL
famp will light. The value of Epn/Eg at which this occurs de-
pends on the ratio R1/R2, and is set just befow a full-scale
reading. If the HIL famp is lit, it indicates a higher range
should be used.

The LOL lamp is actuated in the same manner if
En/R3 < E4/R4. R3 and R4 are chosen to light the lamp if
the reading is just below 1/10th fuil scale, where a lower
range should be used for better resolution.

AT FULL SCALE, BOTH CURRENTS ARE EQUAL:

SUMMING JUNCTION

FILTER

HIL

LOL

Figure 4-12, Equivaleat range circuit,
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The range lamps function continvously and do not re-
guire a start pulse. They are, however, only approximate.
The actual digital reading may indicate that the range that
is set is not exceeded {no E readout), even though the HIL
iamp is illuminated, or that a lower range is preferable
{one reading less than 1/10th full scale), even though the
LOL lamp is not illuminated.

Range 9 should not be used at 1 kHz. If one attempts to
do so, there will be no units indicated for the CAPACI-
TANCE display.

RANGE and FREQUENCY Switches. Figure 6-8 is the
schematic of the front-panel RANGE and FREQUENCY
switches, S601 and S502 respectively. Figures 6-7 and 6-6
are the respective layout drawings of the switches.

S501 is a 9-position rotary switch having six wafers on
which are mounted capacitors and resistors. The layout

drawings identify and show the locations of the components.

The schematic of the ratio meter and “haif-bridge” circuits
{Figure 6-4) shows the components and illustrates their
functions in the circuits. Besides their main function of
establishing the analog measurement, the RANGE and
FREQUENCY switches are aiso used for other purposes.
As shown in switch schematic, Figure B-8, the high and low
range-direction lamps are activated {or disabied} via S502
and S501. Note that for certain switch positions no range
tamp(s) will light. In Figure 6-8, the RANGE switch is
shown set to range 1; the FREQUENCY switch is shown
set to 120 Hz (100 Hz).

The range famp indication that normally occurs to
indicate that the measurement is less than 1/10th full
scale will not occur on range 1 {signal LOL is disabled at
S$501).

The +5 V used to illuminate the range direction lamps
is applied to contact 201F of §502. By tracing this signal
through the various switch contacts, it will be seen that
the range direction lamps are heid illuminated for the
ranges mentioned above. For other ranges, the lamps are
illuminated by signals LOL and HIL when the measure-
ments are less than 0.1 full scale or within 5% full scale,
respectively. '

The same +5 V used to hold the lamps illuminated in
ranges 1 and 8 is also used to activate the D-Q circuit by
turnishing via contact 218F of S502, the +5 V to WT23
on the bridge board. An effective high signsal is applied
1o WTS on the bridge board by means of the same +5-V
source, This selects the reference signal for the range circuits
from the "'lag” (numerator} section of the "half-bridge.”

The decimal point selection for the readout display is
made by means of $501 and S502, as shown in Figure 6-8.
A +5-V dc signal is furnished over either line A, Bor C to
the logic board via connectors J502 and S02. Table 3-2 in
Section 3 gives the decimal-point placement for each of
the eight ranges for the selected ranges. Lines A, B and C

are for decimal points DP4, DP3 and DP2, respectively,
as shown in Figure 6-11, the schematic diagram of the
display board. Lines A, B and C are also avaiiable at the
rear-panel data output connector, L-S01, for use

by external equipment.

5502 also selects the units symbol lamps for use with the
RANGE switch. The switch also is used for the test.fre-
quency selection, for D circuit frequency selection, and
for selection of an additional capacitor in the main inte-
grator circuit, for the 120-Hz mode of operation.

When S502 is set to the 120-Hz position, a positive
voltage is applied to WT's 8, 26, and 13 to enable the 120-
Hz {or 100-Hz2) oscillator, enable the 120-Hz {or 100-Hz)
section of the D circuit, and select the additional
sampling capacitor in the integrator, respectively. These
connections are also shown on the bridge board schematic.

When set to the 1-kHz position, the switch furnishes
a pasitive voltage to WT's 6 and 27 to enable the 1.kHz
oscillator and 1-kHz section of the D ¢ircuit. The alternate
switch furnishes a negative voltage 1o the WT’s not con-
nected to the positive voltage.

Figure 6-5 shows the layout of the BIAS switch, S503.
The switch schematic is contained in the bridge board
schematic, Figure 6-4.

4.2.4 Logic Board.

General, The following is a description of the sequence
of measurement operations, and includes primarily the
operation of the logic circuit board, which furnishes the
timing and control signats for the measurements. Figure 4-2
is a block diagram of the ratio meter and a portion of the
logic board circuitry. Included in the figure is a brief se-
quence of operations of the unit. The following paragraphs
expand on this brief description, 1o explain the reasons why

and how the control signals produce this operational sequence

for ail measurements.

Refer to Figure 6-10 for the logic board schematic. It is
suggested that the reader aiso refer to the timing diagram
of Figure 6-9, when reading the following description.

Reset, Burst and Time Signals. The logic circuit opera-
tion up through the period designated BURST at the top
of Figure 6-9 is described in this paragraph. When power is
initially applied to the instrument, transistor Q27 turns
on momentarily. This triggers U38, which produces 8 RE-
SET pulse at U38-1 and U38-6 to initialize {reset) all logic
storage elements.

When the START switch is pressed, one-shot 1038 is
triggered by signal START at pin 4, The one-shot produces
a 15-ms pulse at pins 6 and 1 that is used to reset decade
counters U2, U3, U8, U13 and U26. These counters are
used to count burst pulses {20 or 200}, comparator pulses
{CP1) that correct the integrator threshold, up-count {UPC)
and down-count {DNC}-time pulses, and display, via their
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outputs which are applied to other devices, the value of the
part under test. The CP1 count X100 and DNC-time counts
comprise the value of the part under test.

1C38 can also be triggered by an externat REMOTE
START signal applied to its input pin No. 3 via either the
rear-panel MEASUREMENT-DATA connecter or the Limit
Ogption module, allowing external devices to initiate meas-
urements. Figure 6-10 shows the MODE switch set to
SINGLE MEASUREMENT. If repetitive measurements
are being made (MODE switch set to REPETITIVE)}, timer
U338 wili be triggered at pin 2, since its input at pin 4 is
switched to a logic 1 (high) to enable U39 in this mode.
The triggering will occur after data is made available for
display and/or recording. U39 is automatically re-triggered
by pulse SD3 atter counters U2, U3, UB, U13 and U26 have
achieved a new value and have stopped counting. U39
causes the output of NAND gate U16-8 to go low for a
period determined by timing resistors R500 and 501 on the
MODE switch. The low {signal TIME) at the output of gate
U16 is applied to pin 5 of IC38, inhibiting U38. When signal
TIME goes high after the controiled time {approximately
0.25 s min, 10 s max.}, the combination of the low at pin 4
of U28 and the positive-going edge at pin 5 automatically
triggers one-shot U28 to produce a RESET pulse at its pin
6 output {and a RESET pulse at its pin 1 output}, and a
new measurement cycle is therefore automatically initiated.

The RESET puise from [C38, pin 1, hoids STC low, but
aliews STC to go high when it (RESET) goes high, {The
input to U37-12, designated CC on the timing diagram, stays i
high during the time period.] When STC goes high, it opens
switches 51 and 52 shown in Figure 4-2 (Q23 and Q24,
respectively, in Figure 6-4}. These FET switches then remain
open unti! the measurement is completed.

The RESET puise from 1C38 also sets crosscoupled flip-
flop U29-6, which, at the encd of the pulse, causes pin 9 of
ot J-K flip-flop U28 to go high and pin 12 10 go low, allow-
ing the next falling edge of signal REF to change the state of
U38. {Signal REF is the reference signal produced by the
osciliator on the 16854720 bridge board.)

The high now at pin 11 of U2B enables NAND gate U29-
11, allowing the next and subsequent REF pulses to pass
through the gate as signal BST. The signal is then designated
signat BST.

Signal BST, or “burst,” is fed back to the bridge board,
via S02-C, where it is used as the pulse train for gating of the
main AC-DC integrator circuit, as described in paragraph 4.2.3.

The burst is 20 counts when making 120-Hz measure-
ments and 200 counts {or pulses), when making 1-kHz
measurements. These puises must be counted, and decade
counters U2 and U3 are employed for this purpose, as well
as for other counting functions. Signal BST is applied to
NAND gate U32-8. Since J-K flip-flop 1136 is held reset by
the O output of J-K flip-flop U34-15, there is a high at pin
10 of U32. This allows BST puises 1o pass and be counted
by decade counter U3,
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For 120-Hz measurements, U3 counts 20 pulses. On the
10th and 20th pulses pin 11 goes low {goes high at the B
count and again at count 18). If measurements are being
made at 120 Hz, pin 5 of U37 is low, since the front-panel
FREQUENCY switch, shown connected to the base of Q20,
keeps Q20 turned off, which in turn keeps a high at pin 9
of U37. Since pin 10 {signal S} of U37 is high during this
time, there is a low on pin 5 of U37. The cutput of the
decade counter therefore does not pass through either U35-6
or U37-6, but it causes U37-3 to go to T and U35-3 to go
to 0. This clocks J-K flip-fiop U34, causing its Q output to
go to 1 at pin 11, On pulse 20, pin 11 of U3 again goes low.
This results in pin 6 of L34 going low, causing U34 1o
change state again, its Q side going low. This in turn causes
JK flip-flop U34-15 10 change state, its O output going
high and its 8 output going tow. Q going low resets cross-
coupled flip-flop U298 and J-K flip-flop U28, which termi-
nates the BST signai. It aiso causes flip-flops U34 to be dis-
abled, since the J and K inputs are now 0, via signa! S from
U33-8. However, Ui34 remains in the same state untif reset
at the start of a new measurement cycle.

Note that if the instrument was in the 1-kHz mode of
operation, pin b of U37 would be high, since Q20 would be
conducting. LJ37, under this condition, aliows the output of
the first decade counter, U3, to be coupled to U2, Since
pin 5 of U37 is now high, pin 5 of U35 is atso high. The
other input of this NAND gate is connected to pin 11 of
Uz, the output of the second decade of counting.

In the 1-kHz mede, U3 counts to 10, then U2 counts,
via U376, until a count of 100 is reached, at which time
J-K flip-flop U34-11 is set via U35-6 in a manner similar
to that of the 120-Hz mode. The counting process continues
in U2 and U3 until U2-11 again goes low (200 puises have
now been counted}, thereby causing U34-11 to go low.

This causes U34-15 to be set. The outputs at U34-15 and
U34-14 perform the same functions described in the previous
paragraph.

After full counts, the decade counters are back at their
original states {reset state), so that there is no need to actually
force a reset in the counters, Note that U34 is reset by a
low signal STC {see timing diagram) at a time somewhat
after BST is completed, but long before the start of a new
measuremnent cycle (leading edge of the RESET signal),

During the time that the BST pulses are being counted,
CP1 pulses can be produced on the bridge board, depending
on the value of the unknown. These pulses are fed to the
logic board, which produces pulses, as shown in the timing
diagram of Figure 6-9.

Pulse CP1 enables J-K flip-fiop U28 that produces
pulses P and CTN. Pulse CP1 is produced on the bridge
board by the comparator {UJ9) connected to the main AC-
DC integrator, When the integrator exceeds the established
threshold level, as described in para. 4.2.3, pulse CP1 is
produced by the comparator. CP1 ultimately produces a
pulse (CTN) that is time-synchronized to the next BST pulse
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and is ted back to the main integrator to tum on an FET

gate (Q21) that samples the denominator signat {Eg) from
the bridge circuit, to perform an arithretic decision function
by a fixed amount. The CTN pulse(s} is also counted by
counter UB, via U31-3, which represents the third most
significant digit of the readout display. Each CTN puise,
therefore, has a value of 100 counts in the counter chain

of U3, U2, UB, U13, and U26.

CP1 going high asynchronously enables the J and K inputs
of U28. U35-11, driven by U28-15 and U33-12, then pro-
duces the desired CTN pulse in time synchronization with
a BST pulse, as mentioned above and as shown in Figure
6-9. CPI goes low as the result of the effect of CTN on the
snalog circuitry of the bridge board. (U7 slews, causing the
output of comparator U9 to go tow,}

This completes the description of logic circuit operation
vp through the time period designated BURST {at the top
of the timing diagram of Figure 6-9}. At this point, the
counter comprising U3, U2, U8, U13, and U26 is in the
following condition: U3 and U2 each contain zero, and the
section UB, U13, and U26 contains the count of the number
of CP1 (or CTN) pulses that have occurred,

The up-down integration portion of the measurement
cycle is described next. (See interval designated INTEGRATE
at the top of the timing diagram of Figure 6-8). Note that
signal “S", going low at the end of the BURST, forces U37-
B high, thereby enabling U37-6 to pass pulses from U3-11
to U2-14,

Counting Cycles of UPC and DNT (fHz). Signal UPC is a
dc logic signal established by a fixed count of 100 ¢cycles of
60 kHz from U27 and is used to establish the fixed time
[T} in which the gate {QQ026) for the positive, variable slope
of the remainder dual-sicpe integrator is closed (Q26 is on).
Signal DNC is a time-variable pulse count for the fixed fall-
ing slope of the integrator output. When the faliing slope
crosses the zero threshold, the count stops, and the pulses
counted during this period, T,, together with the previous
CTN count, constitute the measurement result. DC logic
signal DNC enables FET gate Q27 of the integrator circuit.

Decade counters U3, U2, UB and U13, and J-K flip-flop
U26-15 keep count of the puises that determine the UPC
and ONC time periods. U3 and U2 are only used for UPC-
time counting. The J-K flip-flop indicates the "“spill”’, or
most-significant-digit +1 count, for the 1-kHz measurement
mode of operation, to indicate a 19999 count on the read-
out display,

For the 120-Hz mode, pin 12 of counter U13, which is
the 1-count output of the counter, serves as the “spill”’ bit
for a maximum count of 1999 on the display in this mode
of operation,

At the conclusion of the BST count, J-K flip-flop U36
is enabled by J-K F-F's 34, which put a logic 1 on the reset
{R} input of F-F386, allowing the F-F to be synchronized
and clocked by the next B0-kHz pulse from the oscillator,
u27-6.

The faliing edge of this pulse causes.the Q side of U36
10 go to 1. This enables NAND gate U32, which is also
connected to the B0-kHz oscillator. This operation syn-
cronizes the oscillator so that a full width 680-kHz pulse,

and not part of a pulse, is passed through U32 to the decade
counters,

F-F U36, when set, defines signal SUD as going high. This -
signal enables F-F U26, the UPC and DNC output NAND
gates (U31), and the CP2 (zero threshold crossover signal}
input gate, U32-3. Signal SUD also tums on FET gate 83
shown in Figure 4-2 {028 in the schematic, Figure 6-4).

Signal UPC is forwarded to the bridge board and applied
to FET gate Sy, {Q26 on the schematic). The duration of
the UPC pulse is determined by 100 counts of the 60-kHz,
as counted by U3 and U2, When the 100th pulse is counted,
pin 11 of U2 yipes low. Since pin 11 is connected to the
clock input of F-F U2B, and the J-K inputs of this flip-flop
are enabled by signal SUD, which is now high, F-F U26 is
set, its Q output going 10 1. This resufts in a number of
things: It disables UPC NAND gate U31-11 (which was
previously activated by the Q output of U26 and the Q side
of U36) and enabies DNC NAND output gate U31-8,
causing signa! DNC to go low. |t also enables the count-com-
plete (CC} NAND gate {U32-6) and also ailows the coupling
of decade counter U2 to counter U8, through NAND gate
U31-6.

U31-6 is enabled by the Q side of U386, which goes high
after pin 11 of U2 goes low. This particular negative-going
edge of the 100th UPC pulse at U2-11 does not introduce
a count into U8B, Immediately thereatter, however, U31-6
is enabled for counting DNC pulses from U2-11. Note that
U3 and U2 are automatically in their reset state at the
conclusion of the 100th UPC pulse, ready to count DNC
pulses (60-kHz pulses from U32-8}. '

When U26 is set, signal DNC, a dc leve!, goes low at the
output of U31-8 {TP13}. DNC stays low until the downward
ramp of the integrator {U10) output crosses zero volts, at
which time signal CP2 goes low, producing a count complete
{CC] logic-low signal at U32-6. This DNC time period is
designated T, in Figure 4-2,

When CC goes low, the actual measurement process is
completed, and the measured value is contained in counter
chain U3, U2, UG, U13, and U26. No further counting will
take place in this chain until a new measurement is initiated.

All of the remaining timing in Figure 6-8, and the remaining
circuitry in Figure 6-10 is involved with the processing of
the measured value, synchronizing it with the display timing,
comparing it with the selected limits of the limit option, etc.

The occurance of the negative edge of CC is, therefore, the
point at which an entirely new sequence of operations is
initiated on the logic board.

Note that CC going low brings STC low via U37-11 and
U33-6. This closes S1 and S2 on the bridge board, thereby
discharging C1 and C2 of Figure 4-2. Atso, STC [ow resets
F-F's U34; and the resulting low at U34-15 resets U36 at
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tnat no furtner 60-k Hz pulses can reach U3-14, thereby
terminating the counting process (note the resulting low
of SUB in Figure 6-9}.

Signal CC is also delivered to cross-coupled pair U186,
which, when set, signifies that a new value {NV} is now
present in the counter chain. Signal NV is actually setin
time-synchronization with signa! DT, via U16-11 {see
Fig. 6:9), where the timing for 57 (and also 5Z, D3, and
D#) originates from scan osciilator U27-8 (1 kHz}. (The
60-kHz from U27-6 and the 1-kHz from U27-8 are
asynchronous with each other.) Signal NV is now used to
enable the generation of strobe pulses SD3 (strobe data
during time D3] and SOL {strobe data into latches U15,
U10, U9, U114 and 25},

When SDL goes high {U4-2, U4-4, U4-6, U4-10}, the
measurement value contained in the BCD counter chain is
strobed into latches U15, U10, U9, U14, and U25and is
presented to the inputs of the two dual 4:1 multiplexers,
U20 and U23, ready for display, The BCD latch output is
&lso available for data output. (See U18, U189, and U22
at the lower right of Figure 6-10.)

The proper BCD digit is passed from the latches to 7-
segment decoder U24, via muitiplexers U20 and U23,
whose multiptexing contre! is derived from scan oscillator
U27-8 via U21. The outputs of U21 are also decoded in
U17 1o produce the 4 time states designated D, 02, D3,
and D4. {See Figure 6-9 and 6-10.) These time states are
ultimately fed to Q1, Q2, G3, and Q4 to activate respective
display digits 1, 2, 3, and 4, {Digit 4 is the least significant-
right-most digit.)

Error Signal E. In the 120-Hz measurement mode (Q20
not conducting), if a count 2 2000 DNC pulses is achieved
prior to CC going low, an over-range error, or 'E’, condition
has occurred. In this case the spill digit, taken from pin 12
of counter U13 (which is high for a count of 19989, and
goes low for a count of 2000), causes IC5-B to go from a
low 1o a high condition. This in turn produces a negative-
going edge at US-B that sets and latches F-F UG, thereby
producing signal E at UB-15.

If measurements are being made in the 1-kHz mode {Q20
conducting}, an over-range, or ‘E’, condition occurs when
20,000 is counted prior to CC going low, In this case the
spill digit, occurring at U26-15 {which is high for a count of
19,999, and goes low for a count of 20,000), causes IC5-3
to go from a low 10 a high. As in the 120-Hz rmode, signa!

E is agein produced at U6-15. (See Note 2 of Figure 6-8.}

Signals E and E are used for a number of different
applications, as follows:

1. To produce an £ readout in place of the spill, or 1,
digit on the left-most readout display digit, through tran-
sistor drivers Q24 and Q11, which are turned on. (Q9 on,
holds Q10 off, to inhibit the display of spilf 1.)

4-14 THEORY

UREMENT.DATA connector, for use by peripheral equip:
ment 10 signal an over-range condition,

3. To furnish a high E signal for use by the optional
limit comparator to signal an overrange condition and
inhibit the comparisan. (F-F UB-15 is reset at the start
of a new measurement, disabling the overrange-inhibit
condition.)

Display Readouts. As mentioned previously, the BCD
counter chain U3, U2, U8, U13 and U26-15 counts the
DNC pulses untit the zero crossover signal, CP2, occurs,
After this, in time synchronization with the leading edge
of the first D4 pulse, which occurs after the negative edge
of CP2, the contents of the counter are strobed into latches
Ug, U10, U14, U15 and cross-coupled pair U25by pulse
SDL. F-F 26-15 contains the spil! digit for the 1-kHz
measurement mode.

Cross-coupled flip-flop U25, when set, turns on Q22
directly. This causes 10 to be turned on, activating the
one-digit {spil!) indicator. Hf, in this case, the DNC count
exceeds 19,999, the E signal is produced, as previously
described, which causes Q10 to be turned off by Q9 and
Q117 to be turned on, This causes the E symbol to be dis:
played in place of the 1" digit. Note that the output of
pair U25 does not pass through multiglexers U20 and U23.

The BCD values stored in atches U9, U10, U14 and U156
are presented to the inputs of dual 4:1 multiplexers U20
and U23, which comprise four 4:1 multiplexers, The four
ocutputs of each latch are applied 1o the 4 sections of the
multiplexers, one output 1o each section. The multiptexers
furnish 4 output signals simultaneously, corresponding to
the 4 BCD bit outputs of a latch. The 4 multiplexers
are strobed separately and sequentially by the states of
address signals CTR1 and CTRZ2, so that each numeral is
displayed sequentially at the correct digit position of the
readout display. {The correct display digit is selected by
decoding CTR1 and CTR2 in U17 1o produce signals D4,
D3, D2, and D1, which are applied to digit drivers Q4, Q3,
Q2, and Q1, respectively.) The multiplexer outputs are
applied to BCD-to-seven-segment decoder/driver U24,
which decodes the four inputs, 7{A), 1(B), 2{C), 6{D),
as shown in the truth tabie below. input pin 3 of the decoder
is the lamp test {LT) input, and pin § is the ripple blanking
input {RB1), The latter pin is held at logical 1 at all times.

The decoder outputs for the desired numerals to be dis-
played are logic 0's. {Refer to Figure 6-10, which shows the
association between the decoder letter-designated outputs
and the display numeral .} When the outputis) go to 0, the
associated transistors Q12-Q18 are turned on, activating
the letter-designated, or numeral-segment, lines.

Each line is applied to all LED’s of the display. Therefore,
it is necessary to enable a particular digit position at the
sppropriate time, as mentioned previously, to display the
stored data correctly. The digit display order is 4-3-2-1, 3s
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defined by signals D4, D3, DZ, and D7 from U17. (See
Figure 6-9.) Lines K4, K3, K2 and K1 at S03 are activated
in this order. These lines strobe the cathodes of the asso-
ciated LED's.

The timing established by F-F's U21, which produce
signals CTR 1 and CTR 2, is shown in Figure 6-13, the
comparator schematic diagram. F-F’s U21 are simply wired
as a divide-by-four count down pair.

In addition to producing signals that enable the appro-
priate LED's, signals DT thru D4 are also used for some other
functions, as illustrated in timing diagram, Figure 6-9. Sig-
nal D3 is apptied, through inverter 1{C12-2, to NAND gate
U11-8, 10 produce strobe signal SD3 (strobe data during
D3 time}, under the following conditions. Since signal CC
and D7 have set cross-coupled flip-flop U186, signal NV.is a
logic 1 level at pin 11 of U11-B. F-F UG-11 was set (at pin
7) when signal up-count (UPC} went low during the count-
ing of UPC pulses (Figure 6-9}. U6 remains set, with its O
output at 8 logic 1 level, enabiing pin 9 of U11-B so that
the next inverted D3 pulse can produce signal SD3.

F-F U6 gets reset when pulse D7 goes low, which occurs
after D3 goes low. D2 is inverted and applied 1o gate U11-
12. Since a logic 1 leve! (signal NV) is applied to pin 2 of
the gate, the next pasitive pulse from the scan oscillator
{signal SCAN], which is one-half the pulse width of the “D"
signals, causes the output of U11-12 to go to O and reset
F-F UB-11. The flip-flop remains reset until 8 new measure:
ment cycle occurs.

Signal SD3 is applied to U39, triggering the timer which,
in the REPETITIVE MODE, produces 8 “TIME "’ signal at
UJ16-8, the duration of which is determined by timing
resistors R500 and 502 on the MEASUREMENT MODE
front-panel switch. Signal *TIME," while low, inhibits one-
shot IC38. The positive-going trailing edge of signal TIME
triggers one-shot U38 to initiate a3 new measurement se-
guence. {See Note 3 in Figure 6-9.) The duration of signal
TIME is the time allowed for a value to be displayed and
for a limit comparison 10 be made. This time can be varied,
as desired, to aliow data to be recorded, etc. The time can
be varied from approximately 1/4sto 10s.

Signal SD3 also serves as a strobe signal for external
equipment to signify that data is available for recording,
actuate handiers, e1c.

Signals D4 and SDL are also forwarded, via S04, to the
limit comparator to provide gating and timing signals for
the comparator. At the time that multiplexers U20 ang
U23 read out data for the selected digits, the data is also
made available to the comparator, via S04, as signals AQ thru
A4, A4 being the “"spill” digit for 1-kHz operation.

Decimal point indications for the readout display are
established by the front-panel RANGE switch, The switch
applies +5 V via $02-12-13, and - 14 to the appropriate
75-Qcurrent fimiting resistor, R56, RE8 and RE9, and to
the readout digits via the appropriate decimal-point line
(DP2-DP4). The switched +5 V is also routed through tran-
sistor drivers Q23, Q26, and Q25 to the rear-panel DATA con-
nector, via non-inverting buffers U30-12, U308, and U30-
10, respectively. When the 45 V is applied to one of the 3
transistors, the transistor is turned on, producing a low
output at the/DATA connector.

Output Signals. In addition to providing timing signals
for the bridge board, signals produced on the logic board
are also furnished to the optional limit comparator, if
installed, and to the rear-panel DATA connector,

Limit Comparator Signals. The signals furmished to the
limit comparator are shown at the top of Figure 6-10,
at connector S04.

As described previously, signals AQ thru A4 are the
measurement-value data bits obtained from the muitipiex-
ers when they are strobed at the desired time. Signals CTR
end CTR2, which are used on the logic board to establish
the timing of signals D1-D4, are also supplied to the com-
parator where they are used to establish and initiate addi-
tional sequenced timing events, For example, when CTR1
and CTR2 are both high on the comparator logic board
{1685-4750) they signify that time state 1 {the time during
which signal D1 is active} has just been completed and that
time state 4 (defined by D4 active) is just beginning. See
Figures 6-9 and the timing diagram on Figure 6-12.
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Signal SUL at connector S04, as mentioned previously,
defines that the measurement is completed and that data
is now available for display. Timing signal D4 is also for-
warded to the comparator, for gating purposes.

In addition, the overrange, or error, signal “E*'; scan oscil-
lator signal "SCAN"; and the "RESET " signal are also sup-
plied to the comparator. These signals were described pre-
viously,

A signal designated DCL is also sent to the comparator
via S04, This signal is a logic 1 level if the D> measurement
exceeds the selected limit determined by the setting of
the front-panel D dial. Signat DAL is taken from the high-D
lamp.

The "REMOTE START" signal at 504 is an input
signat from the comparator, the positive-going edge of -
which turns on Q21 to initiate 2 new Mmeasurement at
U38.

There are two other connections. These are designated
INTERFACE 1 and INTERFACE 2. These are through
connections from 501 to S04 that allow peripherat equip-
ment connected externally to the comparator. (e.g., a
mechanical parts handler} to interface directly to other
peripheral equipment; for example, a GR Type 1785 printer
conhected to the rear-pane! DATA output connector.

Output Data Connections. The data and control output
signals available to run peripherial eqguipment and the con-
trol-signa! input provisions available from peripheral equip-
ment are described in Section 2 of the manual.

fNote that the BCD data outputs shown on the lower
right on the schematic (Figure 6-10} are taken from jatches
us, U10, U14, U115, and Ui25-2. Therefore, the least-signifi-
eant-digit output at S01-2 is derived from U155, and the

mastsignificant-digit output at 501-14 is taken from Li14-16:

the MSD+1 output is taken from U25-2. It is important 1o
note that U8, U9, and U22 are plugged into sockets on
the board, so that these IC’s can be easily replaced if posi-
tive-true output logic levels are desire instead of the nega-
tive-true logic output supplied with the instrument. All
DATA output lines are open-collector, with a 30-V break-
down limit.

4.3 LIMIT COMPARATOR
4.3.1 General

The optional Limit Comparator is comprised of two
circuit boards, the type 16854750 limit option board A’
and the type 16854760 {imit option board ‘B’; a front-panel
assembly; and various cables {both separate and attached to
the front-panel assembly) that pfug into the comparator
boards and connectors mounted on the chasses. The cables
interface the panel, comparator boards, and the meter logic
and bridge boards. Figure 6-3 is a block diagram showing the
interconnections between the comparator's components and
the meter,

The general principle of the comparator is to take data
from the meter after the measurement is completed and
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then compare the data, first against the low limit (estab-
lished by means of the comparatar LOW LIMIT digi-
switches) and then against the high limit {established by
means of the HIGH LIMIT switches).

The comparison is first made for the two-most-significant
digits, MSD+1 and MSD. This involves a 5-digit comparison
for the first compare operation. Four-digit comparisons
are made for the following 3-numeral comparisons {3 right-
most readout digits). Although comparisons are made for
each digit, the results of the particular comparison are not
used if a more significant digit is found to be outside the
selected limits.) The comparisons are done during time
state signals D4, D3, D2, and D1, respectively. {These sig-
nals, or time-states, are described in para. 4.2.4, and are
shown in Figures 6-9 and 6-12.)

Both the low-limit comparison and high-limit compari-
sons are made even if the low-limit comparison, made first,
is unacceptable. Multiplexers on the ‘B” board switch the
selected high- and low-limit vaiues to a b-bit comparator on
the ‘A’ board in which the limit comparisons are made.
The centrat part of the limit-comparator option is the 5-bit
TTL/MSI 9324 IC comparator. The I C makes the compari-
son for both the low and high limits, with the correct limit
data for each digit being switched to the iC comparator at
thé prgper time by the multiplexers,

4.3.2 Comparator Board B {P/N 1685-4760)

Figure 6-13 shows the schematic of the ‘B’ board and
inctudes the wiring representations of the LOW- and HIGH-
LIMIT front-pane! digi-switches, including the BCD outputs
{1-2-4-B) of each switch.

The board includes a puli-up resistor for each line, and 4
SN74153 dual 4-line-to-1-line multiplexers that switch their
inputs to the 5-bit comparator on the comparator "A° board.

The leading edge of pulse SDL activates the comparator.
{See Figure 6-12.) When SOL occurs, the output of cross-
coupled pair (U15-11 (designated signal GATE), enables
strobe pulses for comparator U2, These pulses, designated
COMPARE, are initiated in time synchronization with the
positive transitions of the SCAN signals. Details on the
actual comparison operation are given further on in this
paragsraph.

Although U6 is enabled by the leading edge of SDL,

U6 will not change state until the next time CTTH2 goes low
at U11-8. From the timing diagram, it is obvious that the
first 4 of the 8 COMPARE pulses occur before U6 changes
state {before signal COMP-4 goes high). Then the last 4 COM-
PARE pulses occur, Referring to Figure 6-13, the inputs to
the muitiplexers from the LOW-LIMIT digit-switches are
selected when COMP-4 is low. {A low at pin 15 of each multi-
plexer enables input pins 10,11,12, and 13.) Conversely,

the inputs to the multiplexers from the RHIGH LIMIT digit-
switches are selected when COMP-4 is low. (A low at pin 1 of
each multiplexer enables input pins €, 5, 4, and 3.} Figure
4-13 shows a functional block diagram of the multiplexer.
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Figura 4-13. Multiplexer functional block disgram.

From the timing diagram in Figure 6:12, it is clear that
SDL goes low in time synchronization with TTR 1 and TTR2

going low {during time state 4, when D4 is active}. These
two signals are applied to pins 14 and 2 of each muttiplexer;
when these two pins are low, multiplexer input pins 10 and
6 are selected. {The levels at pins 1 and 15 then determine
which of the levels (pin 6 or 10} is passed to U1.)

Thus, the first digit to be multiptexed after the arrival of
501 is the MSD from the LOW-LIMIT digitswitches. This
MSD is strobed into the comparator {2 on the ‘A’ board)
by the first COMPARE pulse. As signals CTRT and CTR2
continue, successive digits from the LOW-LIMIT switches
are selected, the LSD being strobed into the comparator by
the fourth COMPARE pulse.

Signal COMP-4 changes state after the fourth COMPARE
pulse, o that the second time that CTR1 and CTR2 go
through their sequence 1o enable the muttiplexers during
time periods D4, D3, D2, and D1, respectively, the digits
from the HIGH-LIMIT switches are selected (MSD first;
LSD last). All 4 multiplexers are strobed in the same man-
ner, providing four data outputs to the A board via U1.

Note that signals CTR1 and CTR2 are always in the
process of exciting the multiplexers, 50 that the multiplexers
are always producing an output of some type; however, in
the absence of any COMPARE pulses, any such outputs are
ineffective and produce no results.

The MSD+1 line from the digit-switches {high and low}
are not multiplexed, They are applied directly to the 5-bit
comparator {U2) via NAND gates U16-12 and U18-6, where
they are strobed through only during time state D4,

4.3.3 Comparator Board A (P/N 1685.4750}

Inputs. Figure 6-12 is the schematic of the A board.
This board performs the comparison between the measured
value and the high and low limits established by means of
the respective comparator digitswitches.

The RESET pulse that occurs at the beginning of a
measurement sequence resets the board circuitry. After the
component under test is measured, signal DL is produced
on the meter s logic board. This signal strobes data stored
in the decade counters into the associated latches for use by

multiplexers on the logic board. Signals CTR1 and CTR2 on
that board sequence the data out of 2 multiplexers similar to
ones used on the comparator B board. This data is strobed
out on 4 parallel lines. The data on the lines is the BCD equi-
valent of one numeral of the display. The 4 NAND gates of
each of the 4 multiplexer sections on the logic board are
strobed sequentially, once each during times D4, D3, D2,

and D1 by the various interactions of signals CTR1 and CTR2
as described previously. This provides BCD equivalents sach
time for one display digit, for a total of 4 digits.

In addition to furnishing these data to the readout dis-
plays, the logic-board data are routed to the A board, via
S04, over lines designated AD thru A3. Another line, A4, is
the most-significant-digit +1 line, or “spill” line, taken
from a cross-coupled F-F on the logic board. These lines
are applied to 5-bit comparator U2 on the A board,

The lines from the low and high-limit multiplexers on
the B board are applied to pins B0 thru 83 of the 5-bit
comparator, via connector S03. The MSD+1 digits from
the high- and low-limit digit-switches are applied to com-
parator input B4, via NAND gates 1C16-12 and -6 and IC
156.3. These lines are not multiplexed, but are selected
via the NAND gates by the same signals that enable the
B-board multiplexers for high- and low-limit comparisons,
as described earlier.

Signa! GATE enables one-shot 1C12, which allows signal
SCAN from the comparator logic board to produce pulses
approximately 1 s wide that are fed to U5-6 and U5-8.

If there is no overrange condition (signal E low) and the
limit comparator is not disabted either by its front-panel
LIMIT-OFF enable-disable switch or by a logic 1 applied
to the rear-panel connector LIMIT DISABLE pin, 1C-5-8
enables the 5-bit comparator by applying a logic 0 pulse
to pin 1 of U2, This is signat COMPARE shown in Figure
6-12. Eight COMPARE pulses are applied to the compara-
tor, as described previously.

When the 5-bit comparator is enabled by the COMPARE
puises from gate 1C5-8, corresponding digits of the measured-
value-data and the digit-switches data are compared with
each other in the IC.

Five-Bit Comparator. The 5-bit comparator is a Fair-
child 8324 {ar equivalent) high-speed expandable, 5-bit
comparator that furnishes a comparison between two 5-bit
words and gives three outputs: “'iess than”, “greater than,”
and “"equai 10", A high ievel at pin 1 forces all three out-
puts low. A low level enables the comparison function.

Figure 4-14 shows the schematic diagram of the com-
parator. The measured-value inputs come in on the "A”
pins; the digit-switch limits come in on the "B’ pins. Sig-
nal £ input (active low enable) is signal COMPARE, which
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goes low eight times during a comparison, The first com-
parison {during D4 time} is a 5-bit comparison consisting

of the MSD+1 digit and the 4 bits that comprise the MSD
Then 4-bit comparisons are made for the 3 remaining digits.
(This makes a total of 4 comparisons for the tow-level Iimit.)
A comparison is then made in the same manner faor the

high limit {regardiess of whether the iow-limit was acceptable
or not) for a total of 4 high-limit comparisens, or a tota!

of 8 comparisons for the low and high limits.

The low-limit operation compares A inputs [data) against
the B {limits), normal!ly to find if A is greater than 8 {A >
B}. Then the high-limit comparison is made to find if A is
iess than B (A < B).

The A>B {pin 15} and A<B (pin 2) outputs of the com-
parator are fed to 4 cross-coupled pairs via NAND gates US-
B, U10-8, US-6, and U3-8B. These gates feed, respectively,
cross-coupled pairs U5-12 and U4-8, U10-11 and U10-3,
U10-6 and U4-8, and U3-11 and U3-6, Qutputs from these
crosscoupled pairs are used to light appropriate lamps and
produce status signals indicating the results of the compari-
son process. Pins 2 and 15 of U2 normally reside at logic
zero {low). A positive-going pulse occurs at pin 15 if
A>B; a positive-going pulse occurs at pin 2 if A<B. The
width of the pulse is defined by the width of the COMPARE
pulse at U2, pin 1,

The cross-coupled pairs driven by the A>B and A<B
outputs from U2 are mandatory in the circuit because
U2 performs only a digit-by-digit comparison of its two
BCD input numbers, Thus, if A=1.719and B = 1,284,
and the values are compared from MSD to LSD (in this
order), the first {(MSD} comparison will produce no pulse
at either output of UZ. The second digit comparison will
obviously produce an A>B pulse, the third an A<B pulse,
and the fast {(LSD) comparison an A>B pulse. Since an
A > B output is produced prior to any A < B output, it
clearly signifies that the overall number A is greater than the
number B, The cross-coupled pairs driven by U2 store this
type of information during the comparison process.

Low-Limit Comparison. The iow-limit process can be
followed through on the logic diagram, Figure §-12. At the
beginning of a measurement sequence, the RESET pulse
sets U4-6, U10-3, U4-8, and U3-6 high. During the low-
limit comparisan, signal COMP-4 is law, inhibiting U39-8
and U10-8, leaving only U9-6 and U3-8 capable of respond-
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ing to A>B and A<B output pulses from U2, Clearly, if an
A>B pulse occurs before an A<B pulse, the low-going puise
produced at U3-8 sets cross-coupled pair U3-11 and U3-5,
so that U3-6 goes low, thereby inhibiting any subsequent
A<B pulse from getting through gate U3-8. {The cross-
coupled pair driven by U9-6, when set, signifies that the
overaii number A is less than the number B, and that a low-
limit failure has in fact occured.) Thus, since the cross-
coupled pair driven by U-96 cannot be set when AZ>>B occurs
before A<B, the failure condition cannot be produced; the
low-limit comparison operation is a success.

If, however, an A<B puise occurs before an A>B pulse,
US-6 goes low, setting cross-coupled pair U10-6 and U4-8,
1o produce the low-limit failure condition. Note that any
subsequent A> B pulse from U2 wili set cross-coupled pair
U3-11 and U3-6, thereby preventing U3-6 from passing any
more A<B pulses; however, this action is meaningless since
the failure condition has already been produced.

High-Limit Comparison. The high-limit comparison opera-
tion is performed in a manner similar to the low-limit com-
parison. The only significant difference is that after the 4

low-timit COMPARE pulses, signal COMP-4 goes high. {There-

fore, COMP-4 goes low.) Under these conditions, NAND
gates U9-6 and U3-B are gated off, and NAND gates U9-8B
and U10-8 are eriabied. The high-limit failure condition is
produced by an A>B pulse occuring before an A<B pulse,
and the status is stored in cross-coupled pair U5-12 and U4.-6.
Note that U5-12 has an additiona! input at pin 2. This in-
put, from UG-8, is normally dc high, thereby enabling gate
Ub-12. 11 there is 2n over-range condition, however, signal

E. applied 10 the A board at S04, pin 4, from the logic board,
goes from a logic fow to logic high, This action disables U5-8
via U1-10, s0 that no COMPARE pulses can be produced.
However, a negative going pulse is produced at U5-6, which
forces the high-limit failure condition to be set at U5-12

and U4-6. -

Resuft of the Comparison Process, Note that if neither
a8 low-limit failure condition or a high-limit failure condition
is produced, U4-B and U4-8B will reside high at the conciu-
sion of the overail comparison process; U5-12 and U10-6
wil! be fow. The resutts of the comparison process are fed
from these 4 outputs to the various output functions of the
board.
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Consider the function of one-shot U8. A faijure condi-
tion at U4-8 will produce a negative-going edge at UB-3;

similarly, a failure condition at U4-6 will produce a negative-

going edge at U84, In either case, one-shot UB will be
triggered, to produce an output pulse at UB-6 that enables
U3 at pin 1 for approximately 6.25 s. During the 0.25 s,
U3-3 delivers a 250-Hz signal {1 kHz + 4) to transistor Q7,
and subsequently 1o pin 6 of the rear-panel ocutput connec-
tor {SO5) threugh a 10-£2, 1/2-W resistor. Pin 6 is intended
to drive some type of audio alarm (e.g,, a miniature B-02
or 10-§1 speaker} connected between pin 6 and ground of
the instrument. Thus, in 3 manual sorting operation where
an operator may be testing a farge number of parts of the
same value, the great percentage of which are good, the
occasional failure will be vividly brought to attention so
that the operator responds accordingly. The 10-£2, 1/2-W
resistor feeding pin € renders the pin short-circuit proof to
ground (i.e., prevents the burn-out of Q7). Diode CR2 pre-
vents any possible inductive transients at pin 6 from reach-
ing and damaging transistor Q7.

The TOW and HIGH output functions at the rear con-
nector (at S05 pins 14 and 17 respectively), as well as the
LOW and HIGH front-pane! indicator iamps {DS3 and DS4),
are activated in the following manner. A low-imit failure
produces a high at Ut0-6. This turns on @1, which brings
S05, pin 14, iow and lights the red LOW-LIMIT faifure lamp
on the front of the Limit Option module. Similarly, a
high-limit failure sets U5-12 high, thereby turning on Q2 to
activate the HIGH output functions. Normaliy, on a failure,
either a high-limit failure or a low limit failure is expected,
but never both. However, both failure conditions can and
will be produced if the low-limit value dialed in on the digit-
switches is higher than the dialed-in high-limit value, and
the measured value lies in between these two limit values.

The results of the comparison process at U4-8 and U4-6
are fed 10 two of the inputs to NAND gate U14.6.
Therefore, if either of these lines is low, signifying a failure,
the output of L}14-6 wilt be a guaranteed high, thereby
forcing U1-6 tow and ensuring that Q4 is off. This inhibits
the front-panet GO indicator lamp from being it anc pre-
vents the GO output line at S05 pin 16 from going low.

{A low signifies the “GO" condition — negative-true logic.)
The Q4 output is also fed to the base of Q9; if Q4 is off,
Q9 is also turned off. Q9 drives the PASS lamp on the P1
test fixture, via SO06, pin 4, from the A board.

If, however, a failure condition is not produced, then
U4-8 and U4-6 remain high at all times during and after the
compare operation. Therefore, one-shot U8 never fires, and
the inputs at U14-3 and U14-4 keep gate U14-6 in an
enabled condition. Note that this does not produce a GO
candition; it merely enables a GO condition. There are two
other conditions that must be met before a GO condition
can be produced {before Q4 can be turned on). First, the
DQL line input 1o the board must be low. {A high, signify-
ing a H1D failure on the bridge board, would turn on 05

via latch 1C15-8, and, therefore, hold Q4 turned off,) Second,
if the above conditions are met, Q4 is allowed to turn on

via U14.5 only after UB-B goes low (i.e., after signal DONE

is produced — see the timing diagram in Figure §-12}. Thus,
only after the full completion of the comparison operation
can a ""GO" indication, if any, be produced.

Note that signal DQL, in addition to operating Q5, via
latch 1C15-8, also turns on O3 in the presence of a HID
fault condition, thereby turning on the front-panel HIGH-D
famp {DS2} and bringing the rear-panel H1D line low at
S05, pin 15. Also note that the base of Q3 is gated by the
DONE signal, via U1-12. Therefore, even though the high-D
information is available from the bridge board long before
the comparison operation takes place, this information is
not made available externally until the comparator results
are also available.

An asynchronous failure condition, FAIL, (i.e., not gated
by signal DONE} is available at rear-panel connector S05,
pin 2 {a low signifies a failure condition}; this signal (pro-
duced at U14-8 by a low on any one of its 3 input lines} is
also fed to Q8 which, when turned on, lights the FAIL
lamp on the P1 test fixture.

Output signal BUSY is normaily high and goes low soon
after signat DONE is produced {when both inputs to U7-11
go high—see timing diagram). Therefore, signal BUSY, when
low (negative true), can be used to signal externally con-
nected equipment that the resuits of the comparison process
are now complete and are available as dc levels at the rear
pane! output connector, and that these signals will not change
while BUSY is fow. Signal BUSY is reset {goes high} when a
new measurement sequence is initiated.

The line designated CLAMP, at S05, pin 5, is not an out-
put signa!l. Pin 5 is to be tied to the V+ terminal of an exter-
nal voltage source, where this source is the one used to power
the relays that may be connected to $05-14, S05-17, etc.
{The negative side of the source is connected to instrument
ground.) Refer to Section 2 for detaiis.

External Signals. Two connectors are available for the
transfer of data and control signals between the comparator
and external equipment devices. The PASS and FAIL signals
are furnished to rear-panel TEST FIXTURE connector for
use with the Test Fixture PASS-FAIL indicator lamps {or
other applications, as desired; refer to Section 2). The signals
are not routed directly to S010 from the circuit board, They
are routed via connector JOG, on the side of the chassis.

Other signals are available via connector S05 at the rear
of the comparator. The connector is a 24-pin Amphenol-
type connector available to the user.

Most of the signals available via the connector were
described in the previous paragraphs. Section 2 contains
a list of the signals and describes their functions. Details are
also given on mating connectors,

Lines INTERFACE 1 and INTERFACE 2 at the rear-
panel comparator connector comprise two independent copper
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paths between this comparator connector and the rear-panel
connector of the main instrument. This provides a means
whereby external equipment connected 1o each can directly
interface with one another. A positive-going transition of
signal REMOTE START can be used as an alternate means to
start a measurement operation via an external device con-
nected to comparator. The LIMIT DISABLE signal at S05,
pin 1, is an input signal to the A board which, when pulled
high, turns on Q8, thereby perfarming the same function as
switch S11 in its OFF position — that is, inhibiting the
generation of COMPARE pulses at U5-8.

4.4 POWER SUPPLY.

The instrument’s power supply furnishes regulated +15
and - 15 V for the analog circuits and regulated +5 V for
the logic circuits. The power supply is comprised of a trans-
former rectifier bridge assembly (5 V), mounted in the left
rear of the chassis; 4 separate rectifiers on a transformer
terminal board; a power supply board, P/N 1686-4730, con-
taining two regulators; {+15 V and —15 V), and a 5-V regu-
lator. The power supply board is mounted in front of the
transformer and rectifier {bridge) assembly, under a metal
cover secured by 3 screws, The 5-V voltage regulator pack-
age (U501}, which is 2 part of the +5-V supply, is mounted
on a heat sink at the rear of the chassis. The bridge recti-
fier (CR501-CR504) for the 5-V supply is mounted at the
rear of the power suppiy board.

The rectifiers for the £15-V section of power supply
are mounted on a termina! board assembly on top of the
transformer, The assembly contains rectifiers CR6-CR10
and some resistors. Filter capacitors (C501, C503, and C504)
for the supplies are below the power supply board.

A capacitor (C505} connected to the input of the -V
regulater and one (C506] connected to the output are
soldered to the requlator-package pins.

The tapped power transformer (T 1} and associated
selector switch permit selection of a wide range of operat-
ing voltages. The switch positions and selections, in order,
are OFF, 80110 V, 104-127 Vv, 180-220 V, 184-236 V,
and 207-253 V. Figure 4-15 shows the transformer config-
uration for each voltage range.

A connection from a full-wave rectified output of the
transformer is made to the oscillator on the bnidge board.
This is done via WT's 7 and 18 and allows synchronization
of the oscillator with the line voltage, when the desired
oscillator 120- or 100-Hz oscillator frequency is twice that
of the line frequency.

Regulation for the +5-V supply is furnished by a National
Semiconductor type LM 323K 3-A, 5-V positive regulator,
mounted on the heat sink at the rear of the chassis. The
reguiator is a 3-terminal regulator and is virtually blowout
proof; it provides current limiting, power limiting and therma!
shutdown. A 1-uF capacitor is used on the input, since the
regulator is mounted more than 4 inches from the filter
capacitor. A capacitor at the output reduces load transient
spikes that may be created by fast switching logic; it also
can swamp out stray load capacitance. Maximum output
voltage is 5.25 V, minimum 4.75 V.

The main efement in the £15 V supply is a Silcon General
type SG3501 dual-polarity tracking regulator that furnishes
balanced *15-V outputs. The regulator is factory-set and
provides thermal shutdown, current limiting, and power
limiting. &

The package regulates the negative voliage, and the posi-
tive output tracks the negative. Negative regulation is accom-
plished by providing a constant-voitage reference for the
negative error amplifier in the package; the reference input
1o the positive error amplifier is grounded. This latter
amplifier forces its other input, which is the center-tap
between equal resistors, to also be at zero volts, thus re-
quiring the positive output to be equal in magritude but
opposite in polarity to the negative output. The tracking
will hold ali the way from approximately 1 V above the
reference voltage 1o 2 maximum value of about 2 V iess
than the input supply voltage.

Power transistors Q1 and Q2 are connected to the package,
along with other components in the configuration shown
in the schematic, 10 allow additional current handling
capability. The 100-chm base-to-emitter resistors, R1 and
R2, provide a path for the regulator standby current; base-
to-ground capacitors C5 and C6 minimize the risk of
oscillation, The WT s designated at the outputs of the sup-
plies are located on the power supply board.
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Figure 4-15_ Elementary transformer primary schematic.
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WARNING
Dangerous voltages are present inside the case of
this instrument. For safety, do not remove instru-
ment from its case. Refer sli servicing to quali-
fied personnel.

5.1 GR FIELD SERVICE.

Qur warranty (a1 the front of this manual) attests the
quality of materials and workmanship in our products.
When difficulties do occur, our service engineers will assist
in any way possible. If the difficulty cannot be eliminated
by use of the following service instructions, please write or
phone the nearest GR service facility {see back page},
giving full information of the trouble and of steps taken to
remedy it. Describe the instrument by type, serial, and
ID numbers. {Refer to front and rear panels.)

5.2 INSTRUMENT RETURN,

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

For return shipment, please use packaging that is ade-
quate to protect the instrument from damage, i.e., equiva-
lent to the original packaging. Advice rmay be obtained
trom any GR office,

5.3 REPAIR OF PLUG-IN BOARDS.

This instruction manual contains sufficient information
to allow the repair of faulty circuit boards by an experienced,
skillful electronic technician. If for any reason the boards
cannot be repaired, the instrument or boards can be returned
to GR for repair.

For prompt replacement of etched-circuit logic, display
and comparator board(s), a replacement can be ordered,
and the fauity board returned after receipt of the replace-
ment. Contact your nearest GenRad Repair Facility (see last
page), supplying them the type, serial number and identifica-
tion number of the instrument; the board part number (refer
1o the parts list for the number; the number etched in the
foil is generally NOT the part number) and letter designa-
tion [if any); and a purchase order number. The P.O. num-
ber aliows for billing if the unit is out of warranty and/or
tor identificztion of the shipment. The repair facility will
arrange for the prompt delivery of a replacement.

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

5.4 MINIMUM-PERFORMANCE STANDARDS.
5.4.1 General.

The following paragraphs contain information to deter-
mine that the 1686 is performing within specifications. The
procedures enable instrument-standards faboratoriet and
suitably equipped service facilities to perform checks at
petiodic intervals and after repair, to determine that the
instrument is operating properly. These procedures are
bench checks that can be done with the use of front-panel
controls and externally available test points. {Instrument
disassernbly is neither required or recommended).

NOTE
Aliow 10 minutes warm-up time before per-
forming check and calibration procedures.

Table 5-1 lists the test equipment required or recom-
mended to perform the system minimum-performance
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Instrumant

Table 5-1

TEST EQUIPMENT

Requirement

Recommended *

Standerd capaci-
tors

Capacitance
standard

Decsede resistor

Adaptors (2
requirsd)

Resistors, 1 sach

Capacitors, 1 each

Decada capaci-
tor

Variabis suto-
transfarmar

Variable suto-
transformer

Volt/ohm/
meter

Digital voltmater
Oscitloscope
Oscilloscope plug-

m

Freguency counter

100 pF : 001%
1000 pF 2.001%
D1 uF £.05%
0.1 uF £.05%

1 uF 2.05%

GR 1404-9702 (1404-8)*"
GR 14049701 {14D4-A)"*
GR 14099712 {1409-L}**
GR 1409-9720 {1408-T)**
GH 1403-9725 {1409-Y}**

Four-terminal connec- GR 1417-9700° "

tions, C values in de-
cade steps from 1 pF

to 1 F. Direct-resding

sccuracy +0.25% for

frequencies of 100, 120,

and 1000 Hz, Ratio
sccuracy +0.1%.

Up to 11 MfY in 1-
£l steps. Accurecy
+.01%, except 1 02,

which is 0.1%. Known

zero resistance and
calibration data
on the 1-k, 10-k,
100-k, 1-M, and
10-M£2 positions,

cR874® 1o binding
posts

100 2 £10%
240 1 £10%
a10 £ £10%
Tk +10%

3.3k 210%

30 pF t5%

70 pF 25%

Upto 1 uF in 1pF
steps, Accuracy;
0.05%

For power line, with
maeters, 0 10 140 V

Similer, 0 to 280 V
Ganeral purpose

0.1% accuracy or
better, general pur-
pose

50 mV/cm sansitivity,

10 MHz bandwidth,
See above

Frequency range
100-Hz to 10-kHz;

sensitivity 10 mV rms;

impedancs 100 k2
B-digit readout

*Or squivalent.

GR 1433-9733 {1433-H)**

GR 0874-9870 {874-02)°*

Decade resistance box
may be used.

GR 1413-9700

GR Variac® wsmTaw
GR Variac W20HMT3A**
Weston 661

Date Precision 2440

Tektronix 547
Tektronix 1A1T

GR 1182

**Requlred for para 5.4, except the 1417-8700 is optional.
**2Omit If instrument is atways used on line voltages lass than 127 V,
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checks, calibration procedures, ar;d trouble ana}vsisf Only
the equipment indicated by double asterisk is required for
the minimum performance checks. Troubie anaiysis should
require only a DVM, oscitloscope, and possibly a frequency
counter. However, al!l of the equipment listed in this table
is required for a complete unit check and calibration.

Make the following checks using the standards tisted in
the table of test equipment, where applicsble. Use the
1686-9602 Elementary Measurement Cable, supplied, to
connect directly to each standard. Refer to para 3.1 for
details on connections, Allow 10 minutes warm-up before
making checks.

5.4.2 Cspacitance Check.

Make the checks listed in Table 5 2. Be sure to take into
account the accuracy of the standards used to perform the

_ checks, The tabulated low and high limits are the acceptable

range of measurement readouts for C standards that have
exactly nominal values. If, for example, your 100-uF
standard has nominal value £0,.25%, the acceptable low
and high limits of C readout are 100 £ 0.6, i.e., 099.4
and 100.6 uF.

Generally, it is preferable 10 use a standard whose value
is known to considerably better accuracy than the specifi-
cation of the instrument being checked {the fast column in
this table). It is not necessary that the standard C be exactly
nominal, For example, a 0.01-uF standard capacitor can be
calibrated, i.e., measured on a precision bridge, such as the
GR 1615 or 1616. If you calibrate one to be 10.0031 nF
+50 ppm, thernt you can use it to check the 1686 fully to
its specified accuracy at 1 kHz on Range 3. However, the
acceptable low and high limits are increased by .003 nF
in this example, from 9,988 and 10.012 nF 10 9.991 and
10.015 nF, respectively. Because the recommended standard
for large values of C contains a ratio transformer, some
special comments are appropriate; see below.

NOTE
On ranges 1, 2, and {usually) 3, it is necessary
to subtract @ “zero™ correction from the
CAPACITANCE display, to compensate for
cable capacitance. Refer to para 3.1.3.

$.4.3 Optimal use of the 1417 Four-Terminal Capacitance
Standard.

Although the direct-reading accuracy of this C standard
is poor compared to the instrument being checked, on
ranges 5, 6, and 7, the ratios are much better {about £.03%)
at any given signal voltage. Refer to the 1417 instruction
manual for a procedure for obtaining precise values of high
capacitance. In brief the essential steps are as follows:

a. Set the standard to 1 uF and measure it accurately
at each frequency of interest and several signal {evels. {The
capacitor has special terminals for a voltmeter.)
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Table 5-2

CAPACITANCE CHECK

Frequency (Hz} C Standard  Range Low Limit High Limit Accuracy (+%}
1k 100 pF 1 99.65 pF 100.35 pF 0.35
120 1nF 1 0.893 nF 1.007 nF 0.70
1k 1nF 2 998.8 pF 1001.2 pF Q12
120 10 nf 2 09965 nF  10.035nfF 0.35
1k 10 nF 3 5.988 nF 10012 nF 0.12
120 100 nF 3 09965 nF  100.35 nF 0.35
1k 100 nF 4 89.88 nF 100.12 nF 0.12
120 1 uF 4 0.9965 uF  1.0035 uF 0.35
1k 1 uF 5 998.8 nF 1001.2 nF 0.12
120 10 pF ] 09.965 uF  10.035 uF 0.35
1k 10 uF 6 9.988 uF 10.012 uF 0.12
120 100 uF 6 099.65 uF 10035 uF 0.35
1k 100 uF  § 99.65 uF 100.35 pF 0.35
120 1 mF 7 0.992 mF 1.008 mF 0.75
1k 1mF 8 0S88.0 uF 1012.0uF 1.20
120 10 mF 8 0S89 mF 10.11 mF 1.05
120 100 mF* g9 095.7 mF 104.3 mF 4.25

*This last check can be omitted, If the C standard is not svailable.

b. Make a set of calibration curves of capacitance vs
voltage. (The curve for 1 kHz is usually flat enough so that
a singie number is sufficient.}

¢. For checking the 1686, set the C standard to the
nominal vaiue shown in Table 5-2, measure the signal
voltage on the standard during 1686 measurement, and
determine a C correction from the calibration curve, as a
percentage of 1 uF.

d. The eftective value of the C standard is the same
percentage above or below its nominal setting. Use this
effective value to determine low and high limits as
described above.

5.4.4 Dissipation-Factor Check.

Make the checks listed in Table 5-3, by connecting {as a
2-terminal device to be measured) the decade resistor in
series with the 0.1-uF standard capacitor. in this check
of D accuracy, the recommended standards are accurate
enough so that it is not necessary to account for their
accuracy.

However, the measurement frequency generated in the
1686 should be measured at each setting of the FRE-
QUENCY switch and if the error is 1% or more, the corres-
ponding D values from Table 5-3 corrected accordingly.

For example, if the ""1-kHz" frequency is 1010 Hz, D will
be 1% higher than is shown in the first 4 rows; the limits
4.5 and 15.5 should be corrected to 4.6 and 15.6, respectively.

Of course, if your instrument measures at 120 Mz, ignore

the 100-Hz portion of the table, and vice versa.

5.5 PARTS LOCATIONS AND TEST POINTS.

Most of the parts and internal adjustments are on the
etched-circuit boards, Figures shown below identify the
parts. Test points are on the circuit boards; the test points

are shown on the schematic diagrams and they are identified
on the circuit boards by the designation TP,

Other points for monitoring signals are at wire-ties,
identified on the schematics and cireuit boards by the desig-
nation WT. The legend on the schematic denotes if the
wire-tie called out on the schematic is located on the asso-
ciated circuit board or on another board or chassis compo-
nent, Wire-ties on chassis components are not identified in
all cases. Use the schematic diagram to locate these ties.

Filter capacitors for the transformer assembly are located
beneath the power supply board, on the left-hand side of
the instrument.

Reference designations for test points, wire ties, and
electrical parts generally include a prefix, before a hyphen,
to indicate subassembly as follows: G, chassis; L, logic board;
M, display board; P, bridge board: V, power supply; W,
potentiometer asm; A, B, comparator boards. Notice also
that most of the chassis-mounted parts are numbered in the
range 500, . .5689.

5.6 REMOVAL-REPLACEMENT PROCEDURES.
5.6.1 Chassis. Figures 5-1, 65-2, 5-3

Turn off the power before removing or installing sny
parts. For chassis-removal procedures, refer to para 2.3.

WARNING
When the instrument it energized, there are high
voltages present at the power switch, transformer,
and transformer and bridge assembiy at the rear
of the power supply board, under the power
supply’s protective cover. High voltages are slso
present at the terminals of filter capacitors C501,
€503 and C504, located beneath the power sup-
ply board.
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Table 5-3
DISSIPATION-FACTOR CHECK

r— Dissipation Factor ——t

Range  Frequency Series R™ Nominal Low Limit High Limit
4 1000 Hz 16,92 k2 10, 4.5 18.5

4 1000 1592 i 1. 09 1.1

4 1000 159 12 01 0.093 0.107

& 1000 %N .01 0.008 0.012

3 120 Hz 132.7 k&2 10. 45 165

3 120 13.27 k&2 T 0.9 1:1

3 120 1327 N 0.1 0.093 0.107

K 120 1330 c.01 D.008 0,012

3 100 Hz 159.2 k2 10. 4.5 165

3 100 15.82 k2 1= c.s 11

3 100 1692 02 o 0.093 0.107

3 100 159 0 o.m 0.008 0,012

“Connect 0.1-uF standard cepacitor In series with sccurate decads resistor set 10 tabu-

Isted value ot A,

CAUTION

Make sure no foreign matter, especiaily metal,
fails on the bridge or togic boards when the
chassis is out of the cabinet. This may short

_ circuit board signal lines, Also, take care to

" prevent any short-circuit to the chassis by any
test point that protrudes from the logic hoard
close to its hinges, Carefully bend any test point
that is liable to touch, before turning power on.

. NOTE
Keep POWER OFF during disassembly or
reassembly.

5.6.2 Logic Board.

For access below the logic board, remove the 4 screws
from periphery of the board {2 on the right side and one each
at the front and rear). The left side of the board is mounted
on hinges. Push the board back toward the rear as far as it
will go {1 c¢m, 0.4 in.) and then swing the right side up with
care that the attached display components are free and
clear. Be sure the board is kept back while being lowered
again, to prevent bending the MEASURING display light.

To remove this board, remove the 2 screws from the rear
underside of the board, unplug the board from the connector
J502, and disconnect the cable from 1.-S04.

6.6.3 indicator Lamps.

tf 2 front-panel tamp fails, carefully remove and replace
it as follows:

a. With long-nose pliers {or a paper clip} lift the terminal
end of the clip that retains the lamp in its socket; refer to
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Figure 5-1B. Remove the clip from the sacket.

b. Tip the chassis (front panel up) so the lamp dreps out.

c. For replacement, use Chicago Miniature Lamp number
CM.377, General Etectric type 377, or equivalent. (For
contirmation, see parts list in Section 6).

d. To replace the ciip on the socket, first put the hook
end into the notch on the side of the socket; and then press
the clip across the end of the lamp until the terminal end
of the clip snaps into position.

To gain access to the limit-comparator indicator tamps,
carefully turn the instrurment on its side, Replace the lamps
as described above.

If necessary, replace either lamp in the 1686-9600
Test Fixture as foliows:

8. Remove 4 screws and feet. Slide the cover off.

b. Remaove 4 screws from comers of etched board and 3
from rear panel, Lift etched board assembly out carefully,

¢. Unsolder and replace one indicator {LED) at a time,
so that the spacer between them remains in position. The
red indicator is Hewlett-Packard 5082-4650; the green,
5082-4950. (Confirm by reference to test.fixture instruc-
tion sheet.} Reassemnble the test fixture.

5.6.4 Capacitance Display Digits.

The LED display can be checked by means of the lamp-
test input at the rear-panel data output connector S01;
see para 2.4. Grounding this input circuit (LT, pin 6)
will light all of the segments, causing the display to read
8888. The most-significant digit {the “tens-pf-thousands”
digit 1) will not be lit, however.

I7 a digit requires replacement, the display board M can
be removed from the logic board L-S03 by removing the two
screws from the front of the board. The display board can
be replaced or the defective digit can be removed from the
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board and replaced with a new one. To reptace the board,
follow the instructions given in para 5.3.

For replacement, the digital indicator (10 pins} must
be unsoldered from the board and the replacement must
be soldered in its place. Take care not to darnage the board
or the indicator; make sure that none of the tracks on the
board are damaged or short-circuited. Replace with a Fair-
child type FND 357 digital indicator.

It the light-emitting diode M-CR1 mounted below the
display requires replacement, carefufly unsolder the faulty
diode and replace it with a Fairchild type FLV102 red
light-emitting diode, or equivalent.

5.6.5 Limit Comparator.

To remove any parts of the [imit comparator, observe
how the parts are secured by retaining screws. Remove the 4
screws at corners of the B board and lift it aside. Disconnect
the cabies from the circuit boards. Figure 6-1 identifies the
dual in-line connectors. To remove the A board, remove
4 corner screws and 4 screws around the rear-panel connec-
tor S05. Do not force the boards to remove them.

The front panel {switch assembly) of the cormparator
{with limit switch, 4 lights, and permanently fastened
cables) is held by only & screws. Two of these are the smaller
pair seen at the right side, just behind the front panel.
{Loosen the larger pair for clearance.) The other two are
symmetrically located on the left of this assembly, passing
through the bracket that supports the FREQUENCY and
BIAS switches. Remave the retaining screws and remove
the assembly and associated cables.

B.6.6 Power Supply.

To gain access to the power supply and its components,
remove the 3 screws from the protective cover on the left-
hand side of the instrument; remove the cover. Power supply
parts can be removed by unfastening the screws that secure
the paris.

5.6.7 Knobs and Switches.

CAUTION
Do not use a screwdriver or other instrument to
pry off the knob if it is tight. Do not lose the
spring clip in the knob when it is removed.

To remove the knob from a front-panel control, either
1o replace one that has been damaged or to replace the
associated control, proceed as follows:

a. Grasp the knob firmly with dry fingers close to the
panel ang pull the knob straight away from panel.

b. Observe the position of setscrew in bushing when the
control is fully cow.
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¢. Release the setscrew with an Allen wrench; pull the
bushing off the shaft.

NOTE

To separate the bushing from the knob, if for
any reason they should be combined off of the
shaft, drive @ machine tap a turn of two into
the bushing to provide sufficient grip for easy
separation. If the retention spring in the knob
falls out, reinstall it in the interior notch with
the small slit in the inner diameter of the wall.

d. If the switch is to be removed, remove the dress nut
exposed after step c. {Also refer to instructions below, to
gain access to the switches inside the instrument.}

install the switches by reversing the removal procedure
and performing the following steps to replace a knob:

a. Slip bushing on shaft and rotate to correct position as
observed in disassembly of knob.

b. Keep bushing away from panel by at least the
thickness of a filing card. Pull it out farther if necessary to
prevent tip of shaft from protruding.

¢. Tighten the setscrew in the bushing.

d. Place knob on bushing with retention spring opposite
setscrew,

e. Push knob on until it bottoms and pull it lightly, to
check that the retention spring is seated in groove in
bushing.

5.6.8 Other Parts.

To gain access to various front-pane! switches or parts of
the switches, jt may be necessary 1o loosen the bridge board
at the bottom of the instrument. This wili allow the board to
be moved over to obtain space to work on the switches.

To do this, unplug the two ribbon cable assemblies
from sockets S02 and S03 on the bridge board. These are
the ribbon cables connected to the switches. {Refer to
Figure 5-2 for the locations.) Then carefully turn the instru-
ment on its side and remove the 8 screws from the bottom
of the bridge board. Only remove those screws that hold
the board on the chassis brackets, i.e., the set of B similar
screws at front, left, and right edges. This will allow the
board to be moved a few inches away from the instrument,
exposing the front-panel switches. Do not pull the board
out too far, since the board is still connected to other cables
that cannot be unplugged.

5.7 REFERENCE DESIGNATIONS,

Refer to Section &, if necessary, for a description of the
reference designators used on drawings and the instrument.



5.8 PERIODIC MAINTENANCE .

Keep the instrument cover, panels, controls and connec-
tors ciean and make sure connections to the instrument are
clean. The limit-comparator digit-switches require special
cleaning precautions. To prevent damage to the plastic parts
used on the digit-switch assembly, it is recommended that a
solution of 40% isopropy| alcohol and 60% distilied water be
used to clean the face of the switch. Freon TF can aiso be used.
Wipe the switch face lightly using a Q-Tip, Kimwipe or soft
cloth maoistened in the cleaner approved for this application. If
the aicohol and water mixture is used for cleaning, wipe the
switch face dry immediately with a dry wiper, Do not blow the
switch face dry or allow the cleaner to run inside the switch.

To remaove solder flux near Lexan plastic, isopropy! alcoho!
{99%] is recommended. Apply the solvent to the terminal area
with a brush or Q-Tip. Atiow the solvent 1o act for 30 to 60 sec-
onds, using brushing action as required. Wipe the solvent and flux
off with a clean Q-Tip or Kimwipe. Repeat if necessary. Do not
use excess sofvent, and hold the assembiy with the printed circuit
boards oriented so the solvent will flow away from the switch.

5.9 CHECKS AND ADJUSTMENTS.

NOTE
Perform the “Minimum-Performance Checks’™”
first to determine whether complete recslibra-
tion is required. Check and recalibrate only
those areas that appear to be out of tolerance
from the measurements made in the “Mini-
mum-Performance’” checks of para 5.4, Except
for the non-powered checks (para 5.9.1, 5.9.2),
provide at feast 10 minutes warmup time before
making any check or adjustment.

5.9.1 initial Checks.

Refer to para 5.6 for details as how to remove the assemn-
bly from the instrument case and how to gain access to the
instrument’s circuit boards.

To check whether the instrument (referred to below as
“the 1686} is ready for application of ac power, proceed
as follows:

a. Disconnect power cord from rear-panel power connec-
tor. Turn the POWER switch ON.

b. Measure by ohmmeter the resistance across the power-
connector input terminals. Note that the resistance increases
as you rotate the LINE VOLTAGE switch (Table 5-4A),
Rotate the switch through two sequences {one complete
revolution} since there is no stop. There are two rotor posi-
tions {180° apart) for each marked position.

c. Remove the fuse F1 (1A). Check by ohmmeter that
there is a direct connection between the end terminal of
the fase holder (F1) and the corresponding terminal {L)

of the power connector. {The terminal nearest the fuses.)

Tuble 544
OHMMETER MEASUREMENTS AT POWER CONNECTOR

{S505) Line Sslector Nominal
Sw. Position Hesistance
OFF "o
90-110 480
104-127 550
180-220 19.2 11
154.236 204 0
207-253 21810

After this check, verify that the fuse is good and reinstall
it in its holder.

d. Set: LINE VOLTAGE switch..... ... . 180-220,
Remove fuse F2 (%2A}. With the ohmmeter check between
the end terminal of the fuse holder (F2} and the same (L)
terminal of the power plug. The resistance should be
between 8.8 and 11.3 ohms.

e. Verify that the fuse (F2) is good and reinstall it.

Make certain the insulating boots cover the side terminals
of both fuses.

f. Set: LINE VOLTAGE switch..... ENTT RO o 1 o5 o1
With the high ohmmeter range, measure between the center
(ground) and each other terminal of the power plug. Verify
that these are open circuits.

g. Set: LINE VOLTAGE switch
Measure:

1. Left terminal of power plug to chassis —— open circuit

2. Right terminal of power plug to chassis — open circuit .

5.9.2 Power Supply Checks.

a. Connect the 1686 power connector via the power
cord 10 the output of the 120-V metered autotransformer,
which is set to zerg; connect this to a nominalty 120-V
source of ac power. Its meters should monitor line voltage
and power supplied to the 1686.

b. Slowly increase the line voltage to 115 V. The line
power must be between 32 and 38 W,

. With the digital voltmeter {DVM], measure the 1686-
4730 power supply (V) board [Table 548, columns 1,2,3).

Table 5-48
POWER SUPPLY QUTPUT CHECKS

Asference  Test Point  Voitmeter reeding Scope display

WT6 WT? +4.75 10 +5.25 V (de) <200 mV pkpk
WT9 wTS +14.5104155V  <30mV
WT9 WT10 —~14510-156V  <30mV

d. With the oscilloscope, check the power-supply noise
at the same test points (columns 1,2,4 of the same table).
Observe that there are no oscillations on the +15 snd —15-V
test points.

e. With the DVM connected as in step ¢, momentarily
short each power supply to ground {one at a time), making
sure that they turn back on.
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f. Slowly range the line voltage from 8C to 127 V
{changing the LINE VOLTAGE switch S505 as required,
at about 107 V). Note that each of the 3 power-supply
voltages {+5, +15, and —15} is constant within £25 mV,
over that range.

g. Do this step only if the 1686 is likely 10 be used with
line voltage in the range 194 1o 253 V. Connect the higher
voltage autotransformer {initially set 1o zero) as in step a,
to a nominally 240-V power source. With appropriate change
in settings of the LINE VOLTAGE switch, range the line
voltage from 180 to 253 V. The 3 power-supply outputs
should be constant as in step f.

h. Set the line voltage to 115 V and the LINE VOLTAGE
switch to 104-127. {Atternatively, use the available tine
voltage, measure it, and set the switch accordingly.} This
will serve for the rest of para 5.9.

NOTE

1. Tolerances given in most of para 5.9 are
“‘tighter’” than absolute!y necessary to meet
specified performance of the instrument.
The given tolerances indicate what is pre-
ferred. Whenever reasonable, it is good prac-
tice to make any adjustment to the center
of the tolerable range,

2. It is important to have calibrated standard
capacitors and (if appropriate} to use the
known vaiues to modify the limits stated
in these instructions. Example: if a "1000-
pF" standard, known to be 1000.1 pF, is
used in procedures that specify readings of
999.5 to 1000.5 pF, modify this require-
ment to the range 999.6 to 1000.6 pF instead.

5.9.3 Oscillator Checks and Calibration. Figures 5-3, 54,

Make the following oscitlator checks and adjustments,
if necessary: '

a. Connect the measurement cable {1686-0291}) and
elementary measurement cable (1686-9602) together and
10 the TEST FIXTURE connector. (See para 3.1.) Connect
the + current {+!) and + potentisl {+P) leads (red) together
at the end of the cable, and then connect the — current
and — potential leads (biack /white) together.

b. Connect an oscilloscope and a frequency counter both
high leads to the plus {+} junction and both low (ground)
leads to ground {black/green}. Set the RANGE switch to 1.
Ensure that the rear-panel TEST VOLTAGE control is set
for a maximum test voltage (fully cw).

t. Set the FREQUENCY switch {§502) to 1 kHz, and
MEASUREMENT MODE switch to REPETITIVE.

d. Verify on the counter that the frequency is 1 kHz
*1 Hz; and on the scope observe a clean sine wave. If
necessary, adjust P-R25 to obtain the correct frequency.
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Figurs 54, Locations of adjustments on Bridge Board
{P], top view. *Tilt the Logic Board for access to
adjustmaents with asterisks. The other adjustments are
accessible from below or right sids.

e. Turn the FREQUENCY switch to 120 Hz {100 Hz).
The frequency should be 120 Hz 2 0.2 Hz {or 100 % 0.2},
being synchronized to the power line, The scope shouid
show a clean sine wave.

f. Temporarily short-circuit P-WT7 to ground (P-WT1).
These are on the bridge board, left rear corner, accessible
from above or below, The frequency and waveform should
hardly change; frequency tolerance, $2 Hz.

g. Remove the short circuit, thus reestablishing synch-
ronization.

h. Connect the DVM (high} to any termina! of the TEST
VOLTAGE control {rear pane!); connect the low to chassis
ground. Be sure this control is set fully cw.

i. Setthe FREQUENCY switch to 1 kHz and measure
signal level. Adjust P-R18 if necessary, for s reading of 5.0
V.05V rms.

j.- Setthe FREQUENCY switch to 120 Hz {100 Hz).
The DVM should indicate 5 V + 0.13 V rrmns.

k. Reconnect the DVM 1o measure the test voltage at
the test terminais, that is, ““high’’ to the plus {red) junction,
“low™ to the minus {black) junction at the end of the
measurement cable.

L. Verity that the test voitage is within the limits shown
in Table 5-4C, Disconnect the VTVM.



Table 5-4C

%._ TEST VOLTAGE
Range Voltage (rms)

4,80 to 5.20V
0.90101.10
0.90 10 1.10
0.90t0 1.10
09010 1.10
05010 1.10
0.08 10 0.12
00810012
0.08 t0 0.12

O AN

5.9.4 Capacitance-Measurement Adjustments {1 kHz).

To check and adjust the 1-kHz C bridge circuits:

a. Internal Zero. Set the 1686 RANGE switch to 5 and
set the FREQUENCY switch to 1 kHz. Connect measurement
cables and make 2 separate junctions: positive (red leads} and
negative (black/white) as in step 5.9.3.a.

b. Connect the oscilloscope to P-TP6, and set its
VERT SENS control 1o .05 V/DIV and TIME control to 5
ms. P-TP6 is near the rear, to the right of a row of 7 wire
ties {below the power plug and TEST VOLTAGE contro!).

c. Temporarily short-¢circuit P-U14, pin 3, to ground. U14
is just to the rear of the right end of the metat reinforcing
bar that crosses the middle of the board. {I1s pin 3 connects
to R120, a rather Jong resistor.) Ground to any point that
connects with the broad ground planes on this board, such

p as WT2 near the left rear corner. Adjust R128 so that the
‘ output at TP, as seen on the oscilloscope, is zere (no slope}.
Remove the short-circuit from U14.

d. Remainder Adjustment . Connect the 1686 as shown
in Fig. 5-5. Set the "'C" value to 0.1 uF and the 1686 to
RANGE 6. Adjust W-R107 for 2 1686 reading of 0.100;
center the adjustment. (The W Board is directly behind the
FREQUENCY switch.)

€. AC Numerator Adjustment. Connect the 1686
as shown in Figure 5-6, Set the 1686 RANGE switch
to 5. Observe display and adjust P-RB5

if necessary so that the 1686 C display indicates 000.0,
with a 30-pF capacitor cornected and 000.1 with a 70-pF
capacitor connected. Notice that it is possible for R191 o
affect this adjustment, If R181 is near one extreme, it will
be impossible to complete this step, R191 will be set in
step 5.9.6, g.

f. AC Denominator Adjustment. Connect the 1686 as
shown in Figure 5-5, with a decade capacitor for "C"’. Set
the 1686 RANGE switch to 4 and the FREQUENCY switch
1o 1 kHz.

g. Set “C’ to 0.1 uF. tf necessary adjust P-R82 so that
the 1686 indicates the same value {100 nF} with the rear-
panel TEST VOLTAGE control set for maximum and for
minimum test voltage levels; return the control to the maxi-
mum-voitage position (fulty cw); Disconnect the capacitor.

h. Set the RANGE switch to 9 and the FREQUENCY
switch to 120 Hz {100 Hz). Make sure the BIAS switch is
OFF. Separate the measurement-cabie terminals and con-
nect them to the § binding posts at the left of the 1417
Capacitance Standard (Posts iabeled potential H, potential
L, plain, current H, current L correspond to cable terminals
P+, P—, ground, i+, I—, respectively.)

Set the CAPACITANCE of the 1417 to 100 mF.

i. Observe display and readjust P-R92 if necessary so
that the 1686 indicates 100 mF £ 3% {300 counts),

i. Reconnect the 1686, as shown in Figure 5-5. Connect
a 0.1-uF eapacitance standard, for **C”, using the GR 1409-T.
Set the 1686 RANGE switch to 4 and FREQUENCY switch
to 1 kHz.

k. Check that the 1686 indicates the same value {100 nF
nominal) with the rear-panel TEST VOLTAGE switch set
for maximum and for minimum test voltages. Set the TEST
VOLTAGE control for maximum test voitage (fully cw].

I. Insert a 240-S resistor in series with the —| lead (at
the capacitor “high’’ terminal}. Check that the C values
measured with and without the 240-8 resistor do not differ
by more than D.2% (20 counts). Remave the 240- resistor.

+|

+P .

J =1 Hi \ LO

GR 1886 METER

T—Ioe 0d

g
Sh

Figure 5-5. Test setup for C-messuremant checks and adju The capacitor is ususily »
pracision standard. Uss 1686-0291 and 1686-9502 cables (supplied].
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GR 1686 30 pF

or
METER 70 pF

Figure 5-5. Test setup for C-measuremant chacia and
adjustments not requiring standard capacitors.

m. Low-D Check. Observe display and adjust W-R105 if
necessary so that the 1686 indicates the calibrated value of
the 1409-T 0.1-uF standard, with no resistor in series between
the —1—P junction and the high terminal of the 1409 (see
below}.

n. High-D Check. Insert a 3.3-k{2 resistor in series between
the high side of the capacitance standard and the junction
of the —1—P leads. Observe dispiay and adjust W-R110 if
necessary so that the 1686 indicates the same calibrated
“C" value (7 counts).

©. Because R105 and R110 interact, repeat steps m and
n until the readings are the same. Remove the 0.1-uF
capacitor and the 3.3-k{2 resistor.

NOTE
A “zero’ correction is required for the cable,
on ranges 1,2 3. Refer to para 5.4.2 and 3.1.3.

p. Set the 1686 RANGE switch to 1. Verify that FRE-
QUENCY switch is at 1 kHz. Connect the 1686 to the 100-
pF standard (GR 1404-B}. The connectors on this
capacitor require the use of twn adaptors (874-Q2, see
Table 5-1} in this a2pplication. Check that the 1686 indicates
between 99.93 and 100.07 pF. if not, pad R279 (55601,
601R to 603R) to obiain the correct reading. (To decrease
reading, increase R279 resistance.) Notice that this resistor
is mounted on the rear of the RANGE switch, above the left
strut, between the 1st and 3rd terminals, in paralfel with a
precision 1-k§2 resistor,

q. Set RANGE switch to 2. Connect the 1686 to the
1404-A 1000-pF standard. The 1686 must indicate between
939.5 and 1000.5 pF. {See note in para 5.9.2.}

r. Set RANGE switch to 3. Connect the 1686 to the
1405-1. 0.01-iF standard. The 1686 must indicate between
9.995 and 10.005 nF.

5. Set RANGE switch to 4. Connect the 1686 to the
1409-T 0.1-uF standard. The 1686 must indicate between
99.95 and 100.05 nF.

t. Set RANGE switch to 5. Connect the 1686 to the
1409-Y 1.0-uF standard. The 1686 must indicate {the cor-
rected value of the 1409-Y} £5 counts, Note the difference
between the 1686 reading and the corrected value of the
standard capacitor,
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u. Connect the 1686 to the 1417 high-capacitance standard
Set the 1417 CAPACITANCE switch to 1 gF and the
TEST FREQUENCY switch to 1 kHz, Determine the exact
vaiue of the 1417 at these settings by reading the 1686 display
and correcting that by the difference noted in the preceding
step.

Exampie: |f the 1686 reading was 2 counts low in step t,
add 2 counts 10 the present 1686 reading. If the reading is
1001.5 nF, the exact value of the 1417 is 1001.7 nF.

NOTE
Refer to para 5.4.3 and to the 1417 instruction
sheet,

v. Set the 1686 RANGE switch to 6. Set the 1417 to the
10-uF position. The 1686 must indicate the corrected 1417
value =5 counts.

Example: If the exact value of the 1417 was 10017 nF
in the preceding step, it is now 10.017 uF and readings in
the range 10.012 to 10.022 are satisfactory.

w. Set the 1686 RANGE switch to 7. Set the 1417 1o the
100-uF position. The 1686 must indicate the corrected 1417
value 7 counts.

Example (continuation of previous example}; For exact
value of 100.17 uF, readings in the range 100.10 to 100.24
are satisfactory.

Otherwise, change the value of P-R271 {nominatly 510
k<2), found between P-WT37 and WT38. To increase the
readout, increase resistance; to decrease 1686 readout, decrease
or pad R271. These wire ties are just to the left of P-S03
{about 15 cm, B in., back of a point on the front panel below
the CAPACITANCE display).

x. Set the 1686 RANGE switch to 8. Set the 1417 to
the 1-mF position. The 1886 must indicate the corrected
1417 value 50 counts.

Example (continued): For exact value of 1001.7 uF,
readings in the range 996.7 to 1006.7 pF are satisfactory.

y. If you changed or padded R271, above, it is necessary
to repeat all of para 5.9.4, so that all its requirements are met.
5.9.5 Capacitance-Measurement Adjustments {120 or 100 Hz).

To check and adjust the 120-Hz (100-Hz) C bridge circuits:

a. Set 1686 RANGE switch to 3 and FREQUENCY
switch to 120 Hz (100 Hz). Cennect the 1686 as shown in
Figure 5-6.

b. Check that the 1886 indicates 000.0 with 8 30-pF
capacitor connected and 0D00.1 with a 70-pF capacitor
connected.

c. Set the 1686 RANGE switch to 4 and the FRE-
QUENCY switch to 120 Hz.

d. Connect the 100-nF standard capacitor, as shown
in Figure 5-5, without any resistor, Observe display and
adjust W-R106 if necessary so that the 1686 indicates
100.00 nF. Set R106 in the center of the range over which
this display is seen.
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e. Change the 1686 RANGE to 3. Observe the display
and adjust W-R104 if necessary so that the 1686 indicates
the calibrated value of the 1408-T 0.1-uF standard.

f. Add a 27-k§2 resistor in series between the high side
of the 0,1-uF standard capacitor and the junction of the
—]-P leads. Adjust W-R 108 so the CAPACITANCE display
is the calibrated value of the standard. The measured D
should be approx 2.

g. Set the RANGE switch to 1. Connect the 1686 to
the 1000-pF capacitance standard {1404-A), The 1686 must
indicate the corrected value of the standard + 5 counts.”

h. Sat the RANGE switch to 2, Connect the 1886 to
the 0.01-uF standard (1409-L). The 1688 must indicate the
corrected value of the standard 3 counts.”

i. Set the RANGE switch to 3. Connect the 1886 1o
the 0.1-uF standard (1409-T). The 1686 must indicate
the corrected value of the standard, * 1 count.®

j. Set the RANGE switch to 4. Connect the 1686 to the
1-uf standard {1409-Y). The 1686 must indicate the cor-
rected value of the standard * 3 counts. Note the difference
between the 1686 reading and the corrected value of the
standard capacitor.

k. Turn the BIAS OFF. Connect the 1686 to the 1417

capacitance standard. Set the 1417 switches to 1-uF and 120-Hz

(100 Hz) positions. Determine the 1417 value by correcting
the 1686 reading by the amount of the difference reading
determined in the previous step. {Refer to the calibration
of the 1417 in para 5.9.4.)

Example: tf the 1686 measurement of the 1409-Y (pre-
vious step) was 2 counts low, then the 1417 vatue is deter-
mined by sdding 2 counts to the 1686 measurement of the
1417 {present step}.

I. Set the RANGE switch to 5. Set the 1417 1o the 10-uF
position, The 1686 must indicate the corrected 1417 reading
* 3 counts.

m. Set the RANGE switch to 5. Set the 1417 to the 100-uF
pasition. The 1686 must indicate the corrected 1417 reading
% 3 counts.

*Rafer to NOTE In para 5.9.4,

n. Set the RANGE switch to 7. Set the 1417 10 the 1-mF
position. The 1686 must indicate the corrected 1417 reading
% 6 counts.

0. Set the RANGE switch to 8, Set the 1417 to the 10-mF
position, The 1686 must indicate the corrected 1417 reading
* B counts.

p. Set the RANGE switch 10 9. Set the 1417 to the 100-mF
position. The 1686 must indicate the 1417 reading £ 100
counts.

5.9.6 D-Measurement Checks and Adjustments {1 kHz). Figure 5-7.

8. Set the 1686 RANGE switch to 2 and FREQUENCY
switch to 1 kHz. Connect the 1686 to the 0.01-uF standard
1409-L. Connect an oscilloscope to P-TP15 and set the scope
time base to 0.1 ms/div. {TP15 is 3rd from the left in a row
of 4 test points about 6 em {2 1/4 in.) back from the center
of the stiffener across the Bridge Board.) M necessary, adjust
the nearby R261 for a square wave as seen on the scope.
Disconnect oscilioscope from TP-15.

b. Set the 1686 RANGE switch to 3. Connect the 1686
as shown in the figure indicated above, so that both “R"
and "“C" are decade boxes, in series.

c. Set “C* to 01592 uF and set “R* to 10 £2. Measure
dissipation factor and adjust W-R113 if necessary to obtain
a D reading of .001 (the point where both left and right
“D* lights biink).

d. Change “R" to 50 £2. Check for 2 D reading of .005
on 1686 D dial; if not correct, repeat the procedure starting
at step c. Notice: There are two positions of R113 that will
satisty step c. Be sure to choose the one that also satisfies
step d. :

e. Set "R to 20 k{2 and adjust P-R236 if necessary for
a D reading of 2.

f. Set "R’ to 100 Q; measure D and record the D dial
reading.

g. Change the 1686 RANGE switch to position 4 and
adjust P-R 191 if necessary for same D reading as in the pre-
ceding step. Repeat steps b thru g.(These adjustments interact.)

GR 1433
DECADE

“R" BOX

GR 1686 METER

GR 1423 ®0
DECADE

“C” BOX

—p
Sh '

Figurs 5-7. Test setup for D rement chacks and adjustments. Both “A" and "C*' are
wsually dacade boxes. Uss 1686-0291 and 1686-9602 cables isupplied),
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See also para 5.9.4 “Numerator Adius_tment" for possible

interaction.
h. Change the RANGE switch to position 3. Check severel

D measuremnents for accuracy (to be within the specified limits)

as tabulated in Table 5-5. For each row in the table, set "R"

as listed for “1433". Notice that “C" should remain .01592 uF.

Yabie 5-5
DISSIPATION-FACTOR CHECKS, EXTENDED, 3 FREQUENCIES

GR 1433 Setting D Nominal Low Limit  High Limit
1080 001 000 002
50 0 005 0035 0085

100 2 01 0082 .01ns
200 Q2 .02 018 022
500 &2 .05 .046 .054
1k82 0.1 093 0.107
2k 0.2 0.187 0.213
5kf2 05 0.46 0.54
10 k§2 1 0.80 1.1
20 k§2 2 1.7 2.3
100 k$2 10 45 16.5

i. To take advantage of the setup, it may be convenient
to check the operation of the D Limit” function of the
comparator now. Refer to para 5.9.8,

5.9.7 D-Measurement Checks and Adjustments (120 Hz or
100 Hz).

Use the same setup as before and perform the following
steps:

a. Set the 1686 RANGE switch to 3 and the FRE-
QUENCY switch to 120 Hz (100 Kz). Set “R" to 10 £
1¥ measurement frequency is 120 Hz, set “C" to 0.1327 uF.
If measurement frequency is 100 Hz, set “C* to 0.1592 uF.

b. Adjust W-R112 if necessary for a D reading of .001.
{Set the D dial to ,001 and adjust R112 for a balance as
indicated by the green and red D lamps.)

c. Check several D measurements for accuracy {to be
within the specified limits} as tabulated in Table 5-5.

-

5.9.8 Comparator Checks,

a. Connect s 1413 Decade Capacitor to the 1686 (as
shown in Figure 5-5}. Set the RANGE switch to 3, FRE-
QUENCY to 1 kHz, MODE to REPETITIVE 0.5 s,
DISSIPATION FACTOR dial to 0.1, and LIMIT/OFF
switch to LIMIT.
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b. Low Limits, Set the HIGH LIMIT thumbwhes! switch
to 19000. Start with both LOW LIMIT thumbwheel switch
and decade capacitor at zero. The GO light should fiash
every 0.55s.

c. Check the 5th digit (LSD) by alternately advancing
the thumbwheel 1 step and then the 1-pF-per-step capacitor
knob 1 step. Verify that the limit lights respond as tabulated
in Table 5-B, i.e.: HIGH and HIGH D remain off, GO lights
when the CAPACITANCE display is equal-to or greater-than
the LOW LIMIT setting, LOW lights when the display is
less than the limit.

d. Check the 4th digit similarly, advancing the 10-pF-
per-step knob of the capacitor.

e. Check the 3rd, 2nd, and 1st digits similarly. it may
be necessary 10 set sormne of the less-significant digits to 1
on the capacitor to assure that the digit being checked on
the 1686 CAPACITANCE display tracks with the digit
being set on the capacitor. Notice that the 1st digit is either
0 or 1; check it in all § positions labeled 0 as well asalt &
positions labeled 1, as outlined in Table 5-7.

f. High Limits. Set the LOW LIMIT thumbwheel switch
to zero. Start with both HIGH LIMIT thumbwheel switch
and decade capacitor at zero. The GO light should fiash
every 0.6 s.

g. Check the 5th and then the other digits similarly to
the procedures above, except advance the capacitor first,

s shown in Tables 5-8, 5-9. GO should light when the
CAPACITANCE display is equal-to or less-than the HIGH
LIMIT setting; HIGH should light when the display is greater
than the limit, After checking the 5th digit {LSD), setitto

9 on the limit switch, but 0 on the capacitor, to assure that
the "go” conditions are met, while you check the higher
digits.}

h. D Limit. Connect series "'R" and *'C", as in pars 5.9.6.
Set the HIGH LIMIT to 19000, LOW LIMIT to zero, "R
to 1 k§2, and "'C" 10 01592 uF. Rotate the D dial through
its range and verify the following: whenever the dial is below
the measured dissipation factor (approx 0.1}, the HIGH D
light of the comparator is on; whenever the D dial indicates
gbove the measured D, the GO light is on.

5.9.9 Final Accuracy Checks.

Make the accuracy checks in the Minimum Performance
Standards, above {para 5.4,2, with tables), No adjustments
should be necessary, after you have completed the preceding
parts of para 5.9.



Table 5-6 Table 68

OMPARATOR LOW-LIMIT CHECK
g COMPARATOR HIGH-LIMIT CHECK

Mo o BRGSO LOW L 1886 High
0000(') 000000 pF ON T P Limit Switch GR 1413 GO Lamp  WIGH Lamp
00001 000000 pF — ON 00000 000000 pF ON o
00001 000001 pF ON — 00000 000001 pF —_ ON
00002 000001 pF — ON 00001 000001 pF ON -
00002 000002 pF ON s 00001 000002 pF e ON
00003 000002 pF — ON 00002 000002 pF ON —
00003 000003 pF ON s 00002 000003 pF — ON
00004 000003 pF — ON 00003 000003 pF ON i
00004  00C004 pF ON — 00003 000004 pF s ON
00005 000004 pF — ON 00004 000004 pf ON s
00005 000005 pF CN f— 00004 000005 pF _— ON
00006 000005 pF — ON 00008 000005 pF ON P
00006 000006 pF ON —_ 00005 000006 pF LB ON
00007  DOODDG pF — ON 00006 000006 pF ON —_
00007 000007 pF ON — 00006 000007 pF — ON
00008 000007 pF — ON 00007 000007 pF ON —_
00008 000008 pF ON — 00007 000008 pF - ON
00009  0O00DOB pF — ON 00008 000008 pF ON —
00009 000008 pF ON — 00008 000009 pF — ON
00000 000009 pF ON == 00009 000008 pF ON —
00000 000000 pF ON R 00002 000000 pF ON —
Table 5.7 Table 5.8
o E,OWAR”OR LEW-LIMET 1k HE CHECK COMPARATOR HIGH LIMIT 1-k CHECK
oW imit

Switth  GR1413 GO Lsmp LOW Lsmp HIGH Lemp 1000 HRh - GO Lamp  HIGH Lame

**00000 000000 pF ON —_— — **09999 00009 pF ON -

“*10000 000000 pF — ON - **09009 10008 pF —_— ON

**10000 010100pF ON i = **19999 10009 pF ON sz

**10000 020000 pF  —— —— ON* **19999 20009 pF i ON®

00000 000000 pF ON - — 00009 00000 pF ON —

*The 1686 must show ERAOR {E)
**Repeat at lsast flve times to check sach position of switch (& zero's,
§ one’s). Rotsta lsft wheel 0f 1888 LOW or HIGH LIMIT switch (as
applicable) through Its 10 positions.
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Fault

Table 5-10

TAOUBLE ANALYSIS

Probable Cause

Remady

Instrument fails to operate in
any mode of operation. '

Instrument operates for only
certain parameters and/or only
certain ranges.

Measurements stightly inaccurate

Limit Comparator not operating
properly, but meter operates
properly.,

Error reset time too slow

No down-count pulse at L-TP3

No reset pulse in repetitive mode.,

Only "hundreds’’ and above
readout digits operable.

Only “units’ and "tens™
readout digits operable.

Oefective power supply, bridge-board

oscillator; logic boargd BST-pulse

circuitry, oscillstors, or readout cir-

cuitry.
NOTE
If fauit appears tc be ane that

affects timing or averal! performance

of instrument, it is suggested that

logic board be checked using timing
diagram, Figure 6-9, and logic board
schematic, Figure 6-10. Also check that
the oscillator is operating. (Signal -

REF will be present.) If it appears
that the fault is related to instru-
ment accuracy (stightly inaccurate
readings, for example) eheck the

bridge board using the check and cali-

bration procedures in para 59,

No oscillator output for selected
parameter, bridge section faulty,
range circuitry fauity.

Bridge-board or oscillator out of
adjustment or has failed part,

Comparator boards and assemblies

and for interface signals, Cable
connections.

L-Q26 and associated circuitry

" CP2 pulse stuck low (L-TP14]

CP2 pulse stuck high

Display or logic board mal-
function or CP2 stuck law.

Bridge and logic board CP1 pulse

circuitry; togic board F-F U26,
gates U317 end/or counters,

Perform lemp test 10 see if readout display is working. If
display is not opersting, check for power supply or resdout
circuit faitura, Check at rear-panel SO1 data output
connector 1o see if measurement data is present. If it is,

it will help isolatz fault between logic board counters and
drivers and reagout meter and its associsted logic-board
circuits. Check power supply output {para 58} and/or
voltages on fogic board. Check oscillator output, if neces-
sary, at C2 on the bridge bosrd. If present, check the inputs
and outputs of the logic board (timing diagram, Fig. 6-9},
particulary signais HF, DNC, CP1 {may not always be pre-
sent) and CP2. Check at both circuit boards, If present,
check logic board counters and associated {stches and
multiptexers. Also check signal SDL on logic board,

which is used to strobe data out of [atches, Refer to the
diagram (Fig. 6-4} showing the bridge-board signal wave-
forms for each FREQUENCY mode of operation, 1o
isolate faults to the bridge-board circuitry.

Check the oscillator output 8t C2 {WT3) on the bridge
board (or signal AEF on the logic board}. Refer to the
pridge configuration diagrams in Section 4 and Figure

64 showing the bridge-board signa! waveforms for

each parameter. From thess and the perameter that is
faulty, check the appropriate bridge srmis} and parameter
switch circuttry 10 see if signals are present. |f not, chack
the ¢components and connections. Also check measurements
on various ranges to help isolate faults to the range cir-
cuitry on the RANGE switch, [f » range is defective,
refer 1o the bridge board schematic disgram snd RANGE
switch layout disgram 1o identify ang locate cornponents.

Refer to paragraphs 5.4 and 5.9; use the procedure for
the specific measurement parameter that is melfunctioning.

After ensuring that all conneciions are secured {Figure
6.3}, use the timing diagram on the comparator "A’ board
{Figure 6-12) end the logic board schematic and system
timing diagram {Figura 6-8) to check the signsls on and
between the comparator boards and instrument boards.
Signais between the comperator and the instrurmnent are
via connector S04 on the logic bosrd. Use the theory of
operation, if necessary, to determine the requirad states
of other signals on the comparator boards. Replace
boardis) or faulty pert.

Shortcircuit TP-6 to ground; if reset speeds up then (26
may be leaking,

Check and repsir associated circuit.

Check andf repair associated circuit.

Perform lemp test to check display. Check logic bosrd
circuitry, particularly inputs from the FREQUENCY
switch {signat AZLGC on board) and associsted gates and
flip-flops on board. Also check "coumt” oseillator and

sssociated circuits, Check “units” and "tens'” decade counters.

Check circuitry listed under “probable cause.'”
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Table 5-10 (cont)
TRAOUBLE ANALYSIS

Fault Probabie Cause

Remedy

Certpin indicatos lamps do not
operate.

Lamp or signal circuitry.

Lise the rear-panel connector or logic-board test points,
where applicable, to determine if the circuitry or lamp

is faulty. For exampte, the bridge and logic board
contains a significant amount of circuitry for high-
dissipation factor measurements. Signat HiD can be moni-
tored on the logic board or rear-panel data output
connector (SO1),

5.10 TROUBLE ANALYSIS.

Tabte 5-10 lists some faults that might occur in the instru-
ment, the probable cause, and gives suggestions on how to
isolate the fault. This information will help isolate a fault to
a general area on circuit boards or assemblies. integrated
circuits are mounted in sockets for easy replacement of
defective parts, Use the following aids to heip isotate the
tault to the part level.

1. Descriptions and simplified and equivatent drawings
in Section 4.

2. Adjustment and calibration procedures in para 5.9.

3. Timing and schematic drawings in Section 6.

4, Waveforms and voltage levels on drawings in Section 6.

5. Test points on the circuit boards,

6. Parts list in Section 6.

For major types of faults where it appears that the instru-
ment is not just out of calibration or adjustment {as indi-
cated perhaps by slightly inaccurate readings as opposed to
very inaccurate measurements), it is suggested that the
foliowing method be used to quickly check various parts
of the instrument.

It a selection of various standards or components are
available, make C measurements to see if the instrument
operates in all ranges. |f it operates in some ranges but not
others, it may indicate that the bridge section or RANGE
or FREQUENCY switches may not be operating properly
but the oscillator and logic board circuits are functioning
properly. {The check and calibration procedure in
para 5.9 for the specific function and the bridge board
waveform shown in Figure 6-4 can be used to isolate
faults.)

The rear-panel data outputs can be checked to see if
certain signals are present, indicating that the instument’s
circuits are functioning, (For example, the RESET signal,
data outputs, STROBE signal, etc.) The presence or
absence of these signals will indicate a minor or major
failure and help determine where a fault may lie. Remote-
start the instrument to see if it functions in this manner.

If no improvements are noted, check the osciliator output
{para 5-8). Then, if necessary, check the logic circuit-board
signals. Use the timing diagram (Figure 6-9} and the logic
circuit-board schematic (Figure 6-10) to check the logic
board,

Set the instrument in the REPETITIVE mode of opera-
tion and check al! the signals to and from the logic board,
as shown in Figure 6.9, Test points are furnished at all
board inputs and outputs.

i signa! REF is missing, check the oscillator output.
Signal REF is derived from the oscitlator and is routed via
the bridge board to the logic board, where it it used to
initiate most of the timing functions on the board and in
the instrument.

The osciilator can be checked by connecting an oscillo-
scope to capacitor C2 on the bridge board. If the signal is
present, isolation of the fault can be made by further
examination of the bridge board, using the bridge-board
schematic and the bridge-board waveforms shown in
Figure 6-4.

Al the test points on the logic board should be checked.
It any signal is missing, examination of the schematic
diagrams and the circuitry associated with the signal will
help determine the location of the fault.

In most cases it will be possibie to isolate faults bet-
ween the bridge and logic boards and the comparator
{if included in the instrument) in this manner.

If the instrument is making measurements but the
differences in.the measurement and actual component
values are quite large, the fault may be in either the bridge
or logic board, even if all the signals shown in Figure 6-9
are present. For example, the analog circuit could be
faulty, putting out a slope signal {CP2) sooner or later than
normal. Or it could fail to produce signal CP1, or perhaps
produce tao many CP1 signals {Although it should be
noted that in some cases signal CP1 may not be produced,
depending on the value of the part under test. In some
cases a range change will produce the signal and verify
its presence.) The logic board counting and associated
circuits may be faulty, resulting in improper readings.
This will require further troubleshooting of the board.

In any event, systematic checking such as described
above will result in isolation of the malfunction. Use the
equivalent diagrams in Section 4 to determine the bridge
configurations for the various FREQUENCY switch set-
tings, if required. Read Section 4 1o obtsin a good under-
standing of how this complex instrument operates. Use
this information to aid in troubleshooting.
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Parts Lists and Diagrams—Section 6

6.1 GENERAL , . . y & @
6.2 REFERENCE DESIGNATtONS v . ol

Figure 8-1, Front-Pans! View Identifylng P-m

Figure 68-2, Rear-Pene! View Identlfying Perts
Mzin instrument Assemnbiy Parts {(G-Prefix) .
Mechenical Parts.

Potentiometer Etchcd-Cnrcult Board IP}N 1&54740! Layout lw-prl‘flx

Potentiometer Board Parts List .
Figure 6-3,
Bridpa Board Parts Lists .

Bridge Etched-Circuit Board IP," N 1688—4720} Llyout (F-prahxl

Figure 6-4, Bridge Board Schematic Diagrams
Bias Switch Parts . . £l

Figure 6-5, Biss Switch 5503 vaout Drtwmn Shomng Parts "
Figure 6-6, Frequency Switch 5502 Layout Drewing . . . .
Figure 6-7, Range Switch S501 Layout Drawing . . . . .

Switch Parts .

Figure 6-8, Frequency and Hangs Switches 3502 md 8501 Schmu: Dmgmm

Figure 6-9, System Timing Diagram . . .
Federal Manufacturers’ Code .

Logic Etchad-Circuit Board {P/N 1'585-4700] Lwout {L-Pre‘hx} .

Figure 6-10, Logic Board Schematic Diagrem
Logic Board Parts

. Displey Elchud-ClI'C\;It éourd IPIN 1685-4?1 0} I..lvout [M-prsﬁxl' s
Figure 6-11, Displey Board Schemetic Diagram . . . 7

Comparamr Board ‘A’ Parts .

Comparator Etched Circult Boerd 'A’ (P;‘N 1695-4750} Lavout tA-praf:x! i
Figure 612, Comparstor Board "A’ Schemastic Diagram .

Comparator Board ‘B’ Parts .

Comparstor Etched-Circuit Board B H’J’N 1585-4750} Ljvnm {B‘Prlﬂx} o
Figure 8-13, Comparater Board ‘B’ Schematic Diagram . . . . . .
Power Supply and Transtormer and Bridge Assy Parts . . . . F
Transformer end Diode Assembly {P/N 1686-2020} Layout . .

Power Supply Etched-Circuit Board (P/N 16864730} Layout (V-Dreflxl

Meter and Limit Compmtor lmmnmion Duugram

81
6-1
&2
&2
83

- s 4 v 8 @
- & s = =
I S S
L )
R R
I T B

} 65
B-B
85
63 thru 6-6
67
6-7 thru 69
610
. &1
612

s & = & s o8+
.
= 4 4 ® ¥

- . = - . "

s = a2 3 » w e & 4 = ®
TR I R S

. 613
. 613
. 614
. 614

615
v R § B o @ o ow & & e a A
¢ w5 % s BB
617
617
618
619
619
. 620
. &2

621

S s s 4 # 8 8 & B & = o= u = ® 8

a m 4 s & a

8-22
623

TR T S S -

Figure 6-14, Power Supply, Transformer Assembly, and Line-Voltege Switch

Schematic Diagram .

Figure B-15, View of 1686-P1 Tnt leturt Idmtifymg Parts PR ST

1686-P1 Tett Fixture Parts.

Test Fixture Circuit Board (P/N 1636-4790] uvout tz-nroflxl ' .
Figurs 8-16, 1686-P1 Test Fixture Schematic Disgram . . . . . .

1.1 GENERAL.

This section contains the parts lists, circuit-board layout
disgrams and schematic and logic diagrams for the instru-
ment. Section 4 contains functional diagrams of the various
circuits shown in the schematic and logic diagrams, Section
5 contains photographs of the instrument, identifying various
parts. The heavy lines on drawings denote the major signal
fiow in the circuits and instrument.

Reference designation usage is described in paragraph 6.2.

6.2 REFERENCE DESIGNATIONS.

Each component on an assembly is identified on equip-
ment and drawings by means of a reference designator com-
prised of numbers and letters, Component types on an

623
624
6-24

v

.« s o o+ =

i
~
'y

6-25

assembly are numbered sequentially, the numbers being
preceeded by a |stter designation that identifies the com-
ponent (R for resistor, C for capacitor, etc.). Each assembly
(typically s circuit board) has its own sequence of designators
which can be identified by using prefixss, such as L- for
Logic Board.

Main-frame-mounted parts are identified by numbers
having three digits, the first of which is the number
{C501, R508, CR506, for example), and/or a prefix, G-.

The designation WT (wire-tie point} replaces the cus-
tomary AT (anchor terminal) designation. The purpose of
other references and symbols is given on the drawings in
this section.
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MECHANICAL PARTS LIST

FRONT PANEL

CESCRIPTION®
KNGB ASM MEASUREMENT MODE,S506LR500
INCLUDES
RETAINER
KNOB ASHM,S504
INCLUDES
RETAINER
CABINET ASHM
GASKET
WINDOW ASM
KNOB ASM,FREQUENCY,S$502
INCLUDES
RETAINER
SHITCH BRACKETY ASM
SWITCH, THUMBWHEELyHIGH LIMLIT,$6-510
SWITCH THUMBWHEEL 4LOW LIMIT,SE-55
HOLODER «LAMP ,LOW,HIGH,D53,D54
HOLDER.LAMP, HIGH Dy,D52
HOLDER 4. AMP,GO,051
SwiTLH, TOGGLE LIMIT OFF,511
KNUB ASM, BIAS,5502
INCLUDES
RETA INER
KMOB ASHM,RANGE.S501
INCLUDES
RETAIKER
KNOB ASM,D,R501
INCLUDES
RETAINER

REAR PAMEL

) DESCRIPTION®
CONNECTOR s TEST FIXTURE,(S010
DATA QUTPUT CONNECTOR,L-SQL
POST,FUSE EXTRACTOR,L/24,F2

SWITCH,POWER,LINE VOLTAGE OFF ON,5505

POST FUSE EXTRACTOR14A,F1
CONNECTOR  POWER , J1
POTENTIOMETER ,TEST VOLTAGE.R510
CONMECTOR  COMPARATOR,; 505

*Reference designator is given for

the electrical part associated with the

knot or other mechanical part, The
G- prefix 1s understood,

GR PART NO.
5520-5321

5220~-5402
5520-5321

5220~-5402
L605-2030
5331-3099
1685-7021
5500-5321

5220-5402
L665-2050
T9iT~-1014
7917~1014
5600~-1032
5600-1021
5600~-1035
7910-0790
5500-5321

5220-5402
$500-5421

5220~5401
5520-5420

5220-5401

GR PART NO.
4230-4036
42301023
56500100
Ta%0-1082
56500100
4240-0210
6050—1300
42304024

-

FMC NO.
24855

24655
24655

24455
24455
24655
24655
24455

24655
24655
24655
24655
24655
24555
24655
95146
24655

24655
24655

244655
24655

24655

NFGR PARTY NO.
5520-5321

3220-5402
5520-5321

5220-5402
1685-2030
5331-3099
1685-7021
5500-5321

5220-5402
1685-2050
19171014
1917-1014
5600-1032
56001021
5600—~1035
MTA=1060

5500-5321

5220-5402
5500-5421

5220-5401
5520-5420

5220-5401

FMC WOD. KFGR PART NO.

02640
244655
15915
24655
75915
245655
24655
02660

57—-403580-9
4230-1023
342-004
7890-1082
342-004
4240-0210
€050-1300
ST-40240



REFDES
(G~ prefix)
L 10
C S0l
C 502
{ 503
C 504
L 505
C 506
c 510
CR 501
CR 502
CR 503
CR 504
DS 5ui
DS %02
D5 503
0% 504
DS 505
DS 506
DS 507
DS 508
¥ 1
F 2
J 1
J 502
4 503
4 600
P 10
P 11
R 40
R 249
R 250
R 500
R 502
R 510
5 504
5 505
5 508
S0 io
U 501

CAP
CapP
Cap
CAP
CAP
CAP
CAP
CAP

ol fule
DI00
RI0D
o100

LAMP
LAMP
LAMP
LAMP
LANP
LAMP
LAMP
LANP

FUSE
FUSE

DESCRI

MYLAR .18
ALUM 22000UF
ALUM 2000 UF
ALUM 9700 UF
ALUM 9700 uF
TANT 1.0 UF
TANT 6.8 UF
TANT 180 UF

€ BRIDGE
€ BRIDGE
E BRIOGE
E BRIDGE

FLANGE BASE
FLANGE BASE
FLANGE BASE
FLANGE BASE
FLANGE BASE
FLANGE BASE
FLANGE BASE
FLANGE BASE

SLO-BLOW 14
SLO-BLOW 1/

ELECTRICAL PARTS LIST

CHASSIS MOUNTED PARTS

PTILON
UF  SPLT 1

&V

20PCT 35v
207CT év
20PCT &V

6.3V 0T34
6.3V .075a
b.3Y Q754
6.3V L0754
5.3Y .0T54
4.3V L0758
6.3V .075A
5.3V L0754

250V
2A 250V

oQv
15v

3ov
oy

10090
1000
1000
1000
ipocC
1uo0
1000
1000

RECEPTACLE POWER I£C STO 64 250V

CONNECTOR PC 15 POS DR

«156

P

CONNECTOR 21 CONT.O050 5P 80/80D
RECPT MIN HEX 5 CONT FEMALE

PLUG MICRO RIB 35 CONT MALE
PLUG MICRCQ RIB 36 CONT MALE

RES
RES
RES
POT
RES
PQT

COMP S.1 M €
COMP 10 K
COoMP 10 K
COMP KNOB IM
COMP 1.0 M
We TRM LK O

LU 5PCT 1
SPLY /4w
SPLT 1/4MW
20PLT Sw
SPCT L/4W
HM 10 PCT

SMITLH ROTARY WhFER
SWITCH LINE VWODLTAGE SELECTOR
POT COMP KNOB (M 20PCT SwW

RECPT MICRQ RIB 36 LONT

IC L

INEAR L4323

AL

1T

PART KO,

“B60-THIT
4450-6509
4450-8106
4450=-6511
4450-6511
4©450-43u0
4450~-4800
4450=-5617

6081-1032
6081-1032
60B1~-1032
6081-1032

5600-031%
5600-0319
5600-0319
5600-0319
5600~-031%
5600-0319
5600-0319
5600-0319

5330-1400
$330-14000

4240-0210
4230-5230
4230-T100
€230-5405

4220-3036
4220-3038&

6099-5515
60§95-310%
&£099%-3105
6045-5110
6059-5105
6050-1300

1890-6510
1690-1082
6U45-5110
423U-403¢6

5432-1048

FMC

56289
S6289
0201
56289
586289
56289
56289
56289

24655
24655
24655
244655

T1l744
TiT44
71744
TlTa%
T1T44
TLT44
T1T744
T1T44

72915
15915%

24655
02660
0692y
02660

D2660L
02660

B1349
B1l349
Bl349
24655
81349
24655

T6854

244655
24655

026460

12040

MFGR

PART

3602236015

NUMBER

4%410P Q.18 UF 5PCT

TT20ZNO06GLGLP

3609726030
3609126030

L500105X003542
1500685XUG064A2
150018 7XO006R 2

6081-1032
6081-1032
60081l-1u32
6081-1032

CH=-3T77
CH=-377
Cm=3717
CH-377
CmM=-377
CH=377
CM=377
CM-377

313 wvol
313 5w

4240-021v

225-21521-%01-4117

AZ202-021
126-218

57=30380
5T-303¢60

RCRUTGSL5y
RCROTGIU3 Y
RCROTG1034
6045-5110¢
RCROTIG105J
6050-1300

5-57132-011
T890~1082
6045-5110
571=40360-9

LM323xK

T e e s e
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REFDES
{P- prefix}
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cap
Cap
CAP
CAP
CaP
Cap
AP
CAP
cap
CAp
CAP

ELECTRICAL PARTS LIST
P/N 1686~-4T720

BRIDGE PC BDARD
DESCRIPTION

ALUM 125UF 10DV

AlyM 500 UF 20V

MICA 10Q0000PF 1PCY 300V

MICa 10Q0QPF 1PCT 30OV

MICA 1D0Q0PF LPCT 200V

CER .3 S0 .01 UF 20PCT 100V
CER .350Q 3300PF 10PCT 100V
CEr .1 SO 330PF 10PCT 100V
CErR 5Q «10UF 80/20PCT 100V
CErR SO «10UF BD/20PCT 100V
MICA 20000PF LIPLY 300V

CaPaCtTnR .02 UF

Cap
Car
CaP
CAP
cap
CAp
CapP
Cap
Cap
CAP
Cap
CaP
cap
Cap
CAP
Cap
CAP
Car
Cap
CAP
car
ChP
CAPr
cap
Car
CAP
Cap
CAP
Cap
CaP
CAP
CAP
Cap
cap
Cap
CaAP
Cap
CAP
CAP
Cap
CAP
CAP
CAP
cap
car
cap
Cap
(o 14
cap
cap
CAP
CaP
CAP
CAP
carp
cap
(o 1.3
CAP
CAP
CaAP
CAP

HMICA 324PF 1PCT SO0V
MYLAR L1UF 10 PLY loOOV
MYLAR L1UF 10 ®CT 10OV

CER 5Q +1OUF 80/720PCT 100V
CER S0 «10UF BO/20PCT 10OV
CER SQ@  J10UF BO/20PCT 100V

CER S0 «10UF 80/20PCY 100V
CER.155Q 680 PF SPCT 100V
POLY OSUF +0-0.5PCT 100V
POLY O.45UF D.5PCY 100V

POLY O.45UF 0.5PCT 100V

CER MHDND O.&TUF 20pLT SOVGP
CER MOND D.47UF 20°PCT SOQVGP
MYLAR .1UF 10 PCT 100V

CER MOND Q.4&TUF 20PCT SOYVGP
CER MONG O0.&4TUF 20PCTY SQVYGP
MICA 2000PF 1PCT SOOV

MICA 1200PF 1PCY SOOV

MICA 1200PF LPLY 500V

MiC& 10000PF L1PLT 300V

MICA 10000PF 1PLT 300V

MICA Z000PF LPCT SO0V

CER ®™ONO " 0.1UF 20PCY 5DVGP
TANT 4.7 UF 20PCY S50V

CER HMDNG D.22UF 20PCT SOVGP
CER .3 SQ .01 UF 20°CTY 100V
CER .4 50 .022 UF 20PCLT 100V
TANT 33 UF 20PLT 20V

CER .1 SO 33PF SPLT 100V
CER .1 SQ 33PF  5PCT 100V
CER 5Q 4.TPF SPCT 100¥NO3D

CER .1 SQ 33PF  SPLT 100V
CER .1 50 33PF  SPCY o0V
CER .1 SO 33PF  SPCT 100V
CER .1 SOQ 33PF  5PCT 100V
CER .1 SQ 33PF SPCT 10OV
CER .1 SO 33PF SPLT 100V
CER .1 SQ 33PF  SPCTY 100V
CEr .1 5Q 33PF  SPCY fOOV

CER MONO 0.1UF 20PCT S50VGP
CER WOND 0.1UF 20PCT SOVGP
CER MOND 0.1UF 20PCTY 50VGP
CER MOND  QO.1UF ZOPCY 50VGP
CER MONO 0.1UF 20PCY S0VGP

CER mMOND 0. lUF 20PCY 50VGP
CER MOND 6.1UF 20PCY SOVGP
CER ™OND 0. 1UF 20PCT 50VGP
CER ™DNC D« 1Uf 20PCTY 50VGP

CER MONO  0.1UF 20PCTY S0VGP
CER MONC  0.1UF 20PCY SOVGP
CER ®ONO  0.lUF 20PCY 5DVGP
CER MONO  DLIUF 20PCT 50VGP
CER MOND 0. 1UF 20PLT SOVGP
CER MDNO  DO.1UF 20PCT S0VGP
CER MOND  0,1UF 20PCT 50VGP
CER MONO  0.1UF Z0PCT SOVGP
CER MOND  O0.1UF 20PCTY S0VGP
CER MOND D, 1UF 20PCT SOVGP
CER MOND  D.1UF 20PCT SOVGP
CER MONO 0. 1UF 20PCT SQVGP
CER MONO  0.1UF 20PCT SOVGP

PART NOD.

4450~-6156
4450-6020
4560-0300
4%60-0300
%5%60-0300
4600=-6534
4400-6525
440D-8441
4403-4100
4403-4100
4560=-0400
0505-4413
4710-D470
48560-82%0
4860-8250
4403-4100
44034100
4403-4100
4403-4100
44006450
4872-1202
4872-1212
48T2-1212
44D0-2054
&400-2054
4350-2250
4400—-2054
#400-2054
4710-2620
4T10-1210
4T10-1210
4560—-0300
4560—-0300
4T10-2620
%400-205%0
&450-4990
4400-2052
4400-6534
4400-6536
4450-5613
4400-6485
4400-54385
4411-200%
4400-64B5
4400-6485
4400-6485%
4400-648%
&400- 6485
4400—-6485
“400-6485
A4400-6485
4400-2050
4400-2050
4£400-2050
4400-2050
4400-2050
4400-2050
4400-2050
4400-2050
4400-2050
4400-2050
44002050
4400-2050
4400-2050
&400-2050
4400-2050
4400-2050
4400~-2050
4400-2050
4400-2050
4400~2050
4400-2050
4400-2050

FuC

56289
55289
81349
81349
81249
12982
72982
72982
72982
72982
81349
24855
81349
56289
56289
72982
72982
12982
72982
72982
24655
24655
240655
72982
72982
56289
12982
72982
81349
B1349
81349
81349
81349
81349
72982
56289
72982
72982
72982
56289
72982
72932
72982
72982
72982
2982
72982
72982
12982
72982
72982
72982
12982
72982
72982
72982
72982
72982
12982
72982
72982
72982
72982
72982
72982
72982
72982
729682
72982
72982
72982
72982
72982

MFGR PART

NUMBER

430125G100GJ8
3005076020
CMOTF103F
CMOTF1D3F
CMDTFL103F
B111A100Y8F103)
BLILMICOE51332K
8111 A200-K35R0331IK
B13I%10065110412
8131K1004511042
CHOTF203F
0505-4413
CHOSFD3I24FN

410F 0.1 UF 10PCT
410F 0.1 UF 10PCT
S131M10065110042
8131M10065]11042
B131M1006511042
AL3LIMI006511042
B111A102Y5D0681)
4872-1202
4872-1212
48T2-1212
8131405065104 T4
8131H0SDA5104 TaR
410P 0.1 UF 1DPCT
B131MO5065104 T4M
8131M05065104T4H
CHO6FD2000FN
CHOSFODL1Z2FN
CHO6FD122FN
CHMOTF1D3F
CHOZFLO3F
CMOGFD2000FN
8131-M050-651-1048
15004 15X00508 2
B131-%050-651-224M
S11LAL00YSFIO3S
BLIIAL00Y5F2234
1500336X0020R 2
BLOIAIOOYSF330)
A101A100YS5F3304
B1l01A100BLGATSY
8101AL00Y5F330)
B101A100Y5F3304
AI01AL00YSF3I30)
B101A100Y5F330)
B10LA100YSF330)
B101A100Y5F3304
81014100YSF330J
81014100Y5F3304
B131-M050-651~-104M
B131-M050=-651=104M
8131-M050-651-104M
B131-MD50—651-104M
B131-MOS50-5651-104M
8131-M050-651-104M
B131-MD50-651-104M
B131-M050-651-104M
8131-MO50-651-104M
8131-MD50-651-104M
B8131-M050-651-104M
8131-MD50~651-104M
8131-M050-651-104M
8131-M050~-651-104M
B131-MO50-651-104M
8131-MOS0-651-104M
8131-m050-651-1041
8131-m050-651-104M
8131-M050-65]1=1048
Bl311-MO50-651-104M
BLIL-MO50-651—104M
BLl31-MOS50-651-104N
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ELECTRICAL PARTS LIST {cont)
BRIDGE PC BNARD P/N 16B6-4720
REFDES DESCRIPTION PART N0 FNC MEGR PART NUMBER

135 CAP CER MOND 0.1UF ZOPLY SOVGP 4400-2050 72982 8131-M050-651~104%
136 CAP CER ™MOND 0.1UF 20PCT 50VGP 4400-2050 72982 813]1-4050-651-104%
137 CaP CER MOND D.1ur 20PCT 5OVGP 4400-2050 72982 B13]-4050-651~104u
138 CAP CER MONO Q.1UF 20PCT SOVGP 4400-2050 T2982 8131-4050-651-104M
139 CAP CER MONO 0. 1UF 20PCTY 50V5P  4400-2050 72982 Bl11-¥05D0-651-104™
140 CaAP CER ®™OND 0.1UF 20PCT S0VGP  4400-2050 72982 8131-%050~-651-104M
141 CaAP CER MOND 0. 1UF 20PrT S0VGP  4400-2050 72482 8131-MO50-651-1LeM
142 CAP CER MOND 0.1UF ZOPCT 50VGP 4400-2050 T2982 Al3E=-H050-A651-104m
143 CaP CER #™ONO D. 1UF 20PCT S50VAP  &4400-2050 72982 BL31-%050-651-104m
145 CAP CER .3 S0 .01 UF 20PCT 100V 4400-6534 72982 B111A100Y5F103)
146 CAP CER .3 50 .01 WUF 200CT 100V 4400-6534 72982 B11LALOOYSFIDAY
148 CAP CFR .25Q 1000PF 10PCY 100V 4400-6519 T2982 B121M1u0Des51102x
149 CaAP CER MONO 1UF ZOPCT SO0VGP 4400-2070 72982 B131-MO5L-651-105%
150 CAP CER.1550Q &80 PF  SPCY 100V 44006450 72992 BL118102YS500681)
151 CAP CER .25Q 1000PF 10PCY 100V A400-6519 T2982 81214100651 102K

152 CAP CER MONO 1UF 20PLT S50VGP  4400-2070 72982 A131-4N5D-651-105~
153 CAP CFR .3 SO .01 UF 20PCY 10OV 4400-6534 12982 3111A100Y5FI03L
154 CAP TANT &7 UF 20PCY 20V 4450-5614 56289 15004 T6XNUZOR D

155 CAP TANT &7 UF 20PCT 20V 4450-5614 56289 15004 T6x002002

156 CAP CER MOND .0D68UF 10PCT 50V 4400-6356 T29R?2 Bl21-M05r=WSR«& T2
157 CAP LER MDND D.1UF 20PCT SOVGP  440N-2050 72982 ALIL-4DS0~E5]~ 104~
158 CAP CER .1 80 ZTOPF 1DPCT 100V  &400-6514 T729PR2 BlO12100651274¥
159 CAP CER .4 50 022 UF 20PCT 100V 4400-6536 72982 B1114100YS5F2231
160 CAP CER L3 5@ .01 UF 20PCY 100V 4400-653& 72982 Bl114100YSFlL3Y
161 CAP CER .3 SO .01 UF 20P(T 10OV 4400-6534 T29R2 Al114100YSF103)
162 CAP CER .18Q 100 PF SPCT 100V 4400-6442 T2982 BID1&10OYSFIDIY
163 CAP CER ,150 100 PF  5PCT 100V 4400~6442 T29R2 BlOLALOOYSFIOLY
164 CAP CER .4 SQ .0D22 UF 20°PCT 100V 4400-56536 72982 B1114100YSF223J
165 CAP CER .1 5Q 33PF  SPCT 100V 4400-6485 Y2982 BiD1a1OOYSF330U
166 CAP CER MOND 0.1UF 20PCT S0VGP  4400-2050 72982 B8131-4%050-651-1044
167 CaAP CER MOND C.1UF 20PCT S0VGP  4400-2050 12982 RII1-MN5O=-651=104M
168 CAP CER .1 SQ 3IPF SPCT 100V 4400-64RS  T29R2 RID1ALDNYSF3I3N.

aEaaNalalaNelalaFa s alalakaliaNalsEalalalala o lalalalaEnNaRalaNalsl

169 CAP CER .25Q 2700PF 1OPCT 100V 4400~6524 72982 B1214100651272K
170 CAP TANT 10 UF 20PCY 20V 4450-5S100 56289 150N 1nexLO200 2
171 CAP TANT 10 UF 20PCT 20V 4450~-5100 56289 150N1046X002Z0R2

Ccr 1 DIOBE IN&59A 175PTV IR.O2ZSUA SI 6082-1011 14433 ING594
ce 2 DIDDE INAS94 17SPIV IR.D25UA SI 6082-1011 14433 LN4594
CR 3 DIDDE IN&598 17S5PTV IR.025U4 ST 60B2-1011 14433 1NG5GR
Cr 4 DIDOE IN&59& 175PIV TR.025U8 SI1 6082-1011 14433 ING59A
ce S DINDE IN459& 175P1V IR.D25VU4& S1 6082-1011 14437 iNa594
(o & DIONE IN&592 175PTYV TR.02504 SI 50082-1011 14433 INES9Y
CR T DIODE LN459A 1751y IR.O25UA 5] 6082-1011 14433 1N459%
CR 6 DIDDE 1N4&59a 175PIV IW,.025U4 S1 6082-1011 14433 ING59A
ce 9 DIODE 1N459& 1T75PTv JR.O25UA §1% £082-1011 ~14432 INGESA
CR 10 DINDE 1N&59A 175PIV IR,025UA 51 60A2-1011 14433 LN&4592
CR 12 DIODE IN&S9A 175PTIV IR.02%U4 SI 6082-1011 14433 1N4 598
CR 13 DIDDE INAS9A 1TSPIV IR.025U8 51 6082-1011 14433 1N4594A
CR 14 DIDDE IN4AS59A 175FTV IR.025Ua ST 60RA2-1011 14433 IN4594

CR 15 DIDDE 1N&59& 175P1IV TR.O25U4 SI 6082-1011 14433 184594
CR 16 DTONE 1N&594 175P1IV IR.D25U4 SI 6082-1011 14433 IN45SA
CR 20 DIODE 1N4592 1T5PIV IR.0250U4& SI 60B2-1011 14433 IN4 594
CR 21 OIODE 1N4&5%4 175PIV IR.025U& 51 6082-1011 14433 1N4594
CR 22 OIODE IN4S9A 175P[V [R.O25Ua SI 608B2-1011 14432 IN6594
CR 23 DIODE 1N4594 175PIv IR.D250A ST 6082-1011 14433 IN4592
CR 24 DIONE 1N459a 175P1V IR.O25UA S! 6082-1011 14433 1N45GL
CR 25 DIDDE IN191 90PIVY IR 125UA GE 4082-1008 14433 LNL9L
CR 26 DIDDE 1N45%A 175PIV IR.0Z5UA S| 6082-1011 14433 LN4598
C® 27 ODIODE 1N459& 175P1v IR.D25Uk 51 6082-1011 14433 IN6598
CR 28 DINDE 1N4A594 175°IV IR.025U4 SI 6082-1011 16433 LN&594
CR 29 DIODE 1N4S9A L1TSPIV TR.025UA SI 4082-1011 14433 I1N&S59A
CR 30 DIODE IN4S9& 17SPIV IR.025UA ST 6082-1011 14433 IN&594
CR 31 DIDDE 1N&594 175PIV ITR.025U& ST 6082-1011 14433 IN455A
CR 32 DIODE IN4S9A 175PIV IR.0D25VA SI 6082-1011 14433 LN&594
CR 33 DINDE IN&594 175PIV IR.025U4 S1 6082-1011 14433 IN4594
CR 34 DIDDE 1M4594 175P1V IR.025U48 81 6082-1011 14433 INA504
CR 35 ODIODE 1N4AS9A 175PIv IR.D25UA 5% 6082-1011 14433 L4594
CR 36 ZIENER 1NT48A 3.9Y S5PCT  .4W 6083-1002 14433 INT&84
CR 37 IENER INT4&SA 3.5Y 5PCT  .4W &4083-1002 14433 INT484
CR 38 ZENER INTABA 3.9¥ SPCT  .4W 6083-1002 14433 INT4BA
CR 39 ZENER INTABA 3.9V 5PCT .4W  H0B3~1002 14433 INT4BA



.""

ELECTRICAL PARTS LIST {cont)

BRIDGE PC BOARD P/N 1686-4720

REFDES DESCRIPTION PART NO. FHC MFGR PART NUMBER it
&

] 1 TRANSISTOR 2M3447 B210-1233 04713  2N34467 1

qQ 2 TRANSISTOR 281503 8210-1132 Q#7133 2N3903 :

Q 3 TRANSISTOR 2NS189 8210-1163 02735  2NS189 §

Q 4 TRANSISTOR 2M3906 8210-1112 04713  2N3I9DS i

0 5 TRANSISYOR E-1123 8210-122% 1785& E-113 i

Q 6 TRANSISTOR E-113 8210-1229 17858 E-113 §

0 7 TRANSISTOR 2M3467 8210-1233 04T13  2M3447 !

Q B TRANSISTOR 2M1SD3 8210-1132 04713  2ZN3903 {

Q 9 TRANSISTOR 2N3904 8210~1112 04713 ZN3906 !

0 L0 TRANSISTOR 2NSi89 8210-1163 0273%  2N5189 i

Q 11 TRANSISTOR 2N3906 8210-1112 04713 N39O

0 12 TRANSISTOR 2N3904 8210-1112 Q4713  2H3I906

4] 13 TRANSISTOR 2ZN3IQD6 B210-1112 O4T13  2N3I906

0 14 TRANSISTOR 2ZN3906 8210-1112 04713  2N3906

Q@ 15 TRANSISTOR 2ZN3904 8210-1112 04713  2N3906

Q 16 TRANSISTORM 2N3I906 8210~1112 04713 243906

qQ 20 TRANSISTOR E-113 azio-1229 11856 E-112 i

0 21  TRANSISTOR £-113 8210-1229 17856 E-113 : ¢

Q 22 TRANSISTOR E-113 8210-1229 17856 E-113

0 23 TRANSISTOR E-113 8210-1229 178%  E~113

Q@ 24 TRANSISTOR E-113 8210-1229 17856 £-113 :

@ 25 TRANSISTOR E-113 8210-1229 17856 E-113 |

qQ 26 TYRANSISTOR E-113 8210-1229 17856 E-111 4

g 27T TRANMSISTOR €-113 8210~1229 17856 €-113 |

Q 28 TRANSISTOR E-113 8210-1229 17856 E-113 :

Q 30 TRANSISTOR 2N3906 8210-1112 04713  2N3905

Q 31 TRANSISTOR TIS-T4 8210-1202 01295 Tis-74

Q 32 TRANSISTOR TIS-T4 8210-1202 01295 TiS-74

Q 34 TRANSISTOR 2N3903 8210-1132 04713 2K33Q3

<] 35 TRANSISTOR 2ZK390é& 8210-1112 04713  2ZN3906 -

Q 36 TRANSTISTOR 2N39048 8210-1112 0&T13  2N3906

Q 37 TRANSISTOR 2M3903 8210-1132 04713  2N39G3

Q 38 TRANSISTOR ZN3903 8210-1132 04713  2N3903

Q 39 TRANSISTOR ZN3906 8210-1112 04713  2N3906

0 40 TRANSISTDR 2N3903 8210-1132 04713  2N3S03

Q 41 TRANSISTOR 2N3906 8210-1112 04713  2N3906

Q &2 TRANSISTOR 2N3906 8210-1112 04713  2N3906

Q 43 TRANSISTOR E-113 8210-1229 17856 E-113 i

0 44 TRAMSISTOR E-113 8210-1229 17856 E-113 :

Q@ 45 TRANSISYOR E-113 8210-1229 1785 E~113

Q 46 TRAWSISTOR E-113 8210-1229 17185  E-113

0 4T TRANS{STOR E-113 8210-1229 17856 E-113

0 48 TRANSISTOR 2N3906 B210-1112 04713  2N3904

@ 49 TRANSISTOR 2N39D4 8210-1112 04713  2N3906

R 12 RES COMP 10 OMM  SPCT 1/4M 6099-0105 #1349  RCROTG100J

R 13 RES COMP 10 OHM SPCT 1/4M 6099~0105 B1349 RCROTG100J

£ 14 AES COMP 47 K 5S5PCT 1/4M 6099-36475 Bl3&9 RCROTGATIY

) 15 RES COMP 3.0 X OHM  SPCT L1/4W 6099-230% B1349 RLCAGTGI02J

R 16 AES COMP 3,0 K OHM  SPCT 1/4wW 6099-2305 B1349 RCROTCID2J

R L7 RES CONP 4T K SPCT L/4w 6099-3475 81349 RCROTGAT3Y

R 18 POT We TAM 1K OHM 10 PCY LY 6056~0138 24655 6056-0138

R 19 THERMISTOR 100K OWHM 20PCT 6740-2021 15801 BA-51¥9

R 20 RES COMP 1,5 X SPLCT 1/74M 6099-2155 Bl349 RCRDTGLIS2J

R 21 RES COMP Z,0 K OHM  SPCT 1/4W 6099~2205 81349 RCROTG2024

L3 22 RES COMP 100 K SPCT L/&MW 6099-4105 B1349 RCADIGLO4S i

R 23 RES FLM 15.8K 1 PCT  1/8W 6250-2158 81349 RNSSDLS8ZF H

R 24 RES FLM 15K 1 PCT  1/8W 6250-2150 81349 RHNSSD1SQ2F g

R 25 POT wW YAM 1K OHM 1D PCT 1T 6056-0138 24455  6056-0138

R 26 RES COMP 100 X SPCT L/74W 6099-4105 81349 RCROTGI04S

() 27 RES FLM 133k 1 PCT  1/8% 6250-3133 B1349 RN5501333F

R 28 RES FLM 133 1 PCT  178% 6250-3133 81349 RNSSDL3I3IF

R 29 RES COMP 10 M SPCY 1/4W » 6099-6105 @81349 RCROTG106J

[ 41 RES FLM 1xX 1710 PCT S0 PPM  1/8W 6190-2330 75042 CEA 1 K D.IPCT T-2

R 42 RES FLM 10K 1710 PCT SO PPM 1/8W &190-%5660 75042 CEA 10 %X 0,1PCT T-2 ;

R 43 RES FLM 9K 1/10 PCT S0 PPM  1/8W 6190-5330 75042 CEA § K D,IPCT T-2 :

R 44 RES FLM 9K 1710 PCT 50 PP 1/8W 6190-5330 75042 CEA 3 K 0.1PCT T-2

R 45 RES FLM 1K 1710 PCT S0 #PM  1/B8W 6190-2330 75042 CEA 1 K D IPCT T-2

R 62 RES COMP 1,0 K SPLT L/4w 6099-2105 81349 RCROTGLOZJ

] TO RES WW AX LEAD 27 OHM % PCT Su 6660~0D2T5 15042 A5S-S5 27 OHM SPCT

R’ T1 RES COMP AT K SPCT /4w 5099=34T75 B1349 RCROTG4TIL

® T2 RES COMP 1.0 K SPCT L1/4W 6099-210% 81349 RCROTGLO2J

R T3 RES COMP 1.0 K SPCT L/4wW 6099-2105 81349 RCROTGI02J

e i e e
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ELECTRICAL PARTS LIST (cont)

8RIDGE £C BOARD
DESCRIPTION

COMP &7 X S5PLT 1/4w

WM AX LEAD 27 OHM 5 PLT 5
WW ®MOLDED 3.0 OH™ 10 PCT 2w
WM MOLDED 3.0 OHM 10 PCT 2W
FLr 5K 1710PCT 15PPM 1/4W
COMP 30 XK OHM SPCT 1/4M
FLM 30K 1/10PCT [S5PPM 1/4W
COMP 220 » 20PCTY 1/2w

CERAM TRM 100K OWM 10 PCTITS
FLM 5K 1710PCT 50PPK 1/8W
COMP 30 K DHM SPCTY 1/4W
FLM 30K 1/10PCY 15PPM ]1/4W
FLM 1K 1710 PCT S0 PPM  L/BW
FLM 9K L1710 PLT 50 PPM  1/8W
COMP 220 M Z0PCT 1/2W

CERAM TRM 100X OHM 10 PCTITS

FLM 20K S57100PCT 1SPPM  1/4W
FLM 10K S57/100PCTLISPPH]/ 4W
COMP 47 K SPCT L/4W

COMP 47 K SPCT | /4w

COMP 100 K B5PLT 1/74W

COMP 100 K SPCT L /4w

COMP 470 M 20PCY L /4W

COMP 39 X 5PCT 1/4wW

COMP TRM 100K OHM 20P(T 1T
FLM &4D2K 1 PCT 174w
FLM B&,.5K 1 PCT 1/8W
COMP 47 K SPLT 1/4u

COMP 140 K OHM SPCT 174w
COMP 100 X 5PLT L/4wW

FLM 10.0K 1 PCT  L/Bw
LM 100 K SPCT 174w
COMP 20 X DHM SPLT 174w
COMp 20 K CHM SPLT 174w
COXP 10 XK SPLTY 174w

COmMP 10 K SPLT L/74wW

COMP 100 OHM SPLT 1/4W
CoMP 27 K SPLY L/4M

COMP 10 K SPLT 1/4%

COMP 1D K SPCT L/4W
COMP 10 K SPLT L[/74W
COMP 20 K OHM SPCY 1/74W
COMP 10 K SPLT L/4W

COMP &8 K SPCT 174w

COMP L& K OHM SPCY 174
COMP 10 K SPCT L/74M

COMP 68 K SPCT L/74&wW

COMP 4. T X SPCT L/74M

COMP 10 K SPLT 1/4W

COMP 538 K SPLY L/74W

COMP 20 X OHM SPCT 1/4w
COMP 10 K SPCT 1744

COMP &8 K SPLTY 174w

CORP 20 X OHM S5PCT 1/74MW
COMP 10 X SPCT 174w

COMP 390 K SPLTY 1/74W

ComP 15 K SPCT 174w

COMP 200 X OHA SPCT 1/4W
COMP S,1 K OHM SPCT L/74W
COMP 10 K SPCT L/74u

COMP 100 OHM SPCT 1/74W
COMP 100 X SPCTY 1/74W

COMP 100 0HM SPCT L/4W
COMP 390 K SPLT L74wW
cCOoO%P 510 DH=R SPCT 1/64W
COmP 200 X DHM 5T 1/4M
COMP 10 X SPCT 1744

COMP TRM 100K DHM 20PCTY 1T
COMP 390 X SPCY 1l/4W
COMP 510 nHM SPCT 1/74m
COMP 7.5 K OHH SPLCT )/4M
COMP 48 K SPCY 174w

COMP 10 ¥ SPCT L/4w

P/N 1686~-4720

PART NO.
6099-3475
6660-0275
6760-9309
6760-9309
65619-3452
4$099-330%
6619-3453
6100~-7228
6049-0301
6619-1730
6099=-3305
6619-34%3
6190-2330
6190-5330
6100-7228
6049-0301
b6 19-3454
66 19-3450
6099-3475
6099-3475
6099~4109%
6099-4105
6099-7478
6£099-3395
6040~1000
6350-3402
6250-2845
6099-34T5
6099-4165
6099-4105
6250~2100
6099-4105
6099-3205
6099-320%
6099-3105
6099-3105
6099-1105
6099~3275
$099-3105%
6099-310%
6099-3105
6099-3205
6099~3105
6099-3685

6099-3165

6099-3105
6099=-3605
LD99-2475
6099-3105
6099-3485
6099-3205
6099-3105
6099-3685
6099-3205
6099-3105
6099-4395
6099-3155
6099~-4205
6099-2515%5
6099-310%
6099-1105
6099-4105
6099-1105
6099-4395
6099-1515
6099-4205
6099-310%
6040-1000
6099~4395
6099-1515
6099-2755
6099-3685
6099~310%

FMC

B1349
T5042
75042
75042
24655
81349
24655
81349
80294
24555
81349
244655
715042
715042
B1349
80294
240655
24655
81349
81349
81349
81349
81349
81349
olr12t
Bl13i49
81349
Bl34%
81349
81349
81349
81349
B] 349
81349
Bl 349
81349
B134%9
81349
81349
81349
Bl349
81349
81349
Bl3AG
81349
81349
81349
81349
81349
Bl349
81349
81349
81349
81349
81349
81349
81349
81349
81349
81349
81349
81345
Al 349
81349
81349
81349
81349
01124
81349
81349
81349
81349
8134%

MFGR PART NUMBER
RCROTGHT3Y
A5-5 27 OHM SPCTY
BWH 3 OHM 10PCT
BWH 3 NTHM 10PCT
66193452
RCROTG3I03Y
6619-3453
RCR20G227
3329w 1G-104
6619-1730
RCROTG3D3Y
6619-3453
CEA 1 K DWLIPCY T2
CEA 9 K 0.1PLY T=-2
RCRZ20G227
3329W-10-104
6619-3454
6619-3450
RCROTG4TIY
RCROTG4T3J
RCADTGLID6)
RCROTC104
RCROTG44T
RCROTG393J
YR1O4®
RN&ODSD23F
RNS55D8452F
RCROTG4AT2Y
RCROTGLE4Y
RCROTGI04J
RN5SD1002F
RCROTG104J
RCROTG203)
RCRO7G203J
RCROTG103J
RCROTG103J
RCROTGLOLY
RCROTG2T3 4
RCROTGLIO3 3
RCROTGIO3Y
RCAOTGIO3.
RCROT7G203J
RCROTG103J
RCROTGLAD S
RCADTGLL3Y
RCACTGLIO3Y
RCROTGEHEB3YS
RCROTGATZY
RCROTG103S
RCROTGAAZY
RCRO7G203J
RCROTGIO3Y
RCROTG6B3)
RCROT7G203.
RCROTG103J
RCROTGIGA L
RCROTG133y
RCAOTG2044
RCROTGS5124
RCROTGLI03Y
RCROTGIOLS
RCROTGI04J
RCROTG10LY
RCROTGIF4HY
RCROTGS1Y
ACROTIG2044
RCROTG103
YR1O4M
RCROTGIVS Y
RCROTGS11S
RCROYGTS2Y
RCROTGS82 Y
RCROIG103Y

NOTE: This parts list ia continued on page 6~6&

6-4 PARTS & DIAGRAMS
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BRIDGE BOARD SIGNAL NAMES

Signal Name Signal Location Signal Function

REF P17 REFERENCE PULSE to logic board. 1 kHz for C-1K,
120 Hz for C-120, Generates burst pulse,

S§1C $01-11 START COUNT. Enables main dual slope integrator (U7) and
denominator integrator (UB).

BST S01-2 BURST PULSES. 200 pulses for C-1K, 20 pulses
for C-120, Establish measurement time and gate input
to integrators.

CP1 U9-6 CLOCK PULSE 1. Comparator output signifies threshold crossover,
Generates i

CTN S01-1 COUNT N, Determines the number of 100’s count to logic board.
Enables Edn input to main dual slope integrator U7.

SUD S01-13 START UP-DOWN. Enables up-down dusl slope integrator {U10) for
remainder conversion (units and tens digits readout).

UPC S01-14 UP COUNT. Enables remainder input {Q26) to up-down integrator
for a specified time (100-count oscillator pulses).

DNC S01-12 DOWN COUNT, Enables deneminator input {(Q27) to up-down
integrator for units and tens digits readout on logic board.

CP2 501-7 CLOCK PULSE 2, Comparator output signifies DNC complete
{0-V threshold). End of measurement.

cC TP15 COUNT COMPLETE. End of measurement; enables NV flip-flop.

NV TP21 NEW VALUE. Signifies the new value is in counters U3, U2, U8, U9,
and U26.

SDL TP22 SET DATA LATCH. Loads counter outputs into latches U15, U10, U9,
U4, and U25.

DI TP20 DIGIT 1. Strobes LED readout No. 1,

D2 TPi9 DIGIT 2, Strobes LED readout No, 2.

D3 TP18 DIGIT 3. Strobes LED readout No. 3.

D4 TP17 DIGIT 4. Strobes LED readout No. 4.

RESET TPI RESET. Clear counters and starts new measurement,

&6 PARTS & DIAGRAMS




ELECTRICAL PARTS LIST

POT PC 8DARD P/H 1686-4T4AD

REFDES DESCRIPTIDN PART MNO. FML MFGR PART
(W= prefix)

R 104 POY ww TRM 1K OMme 10 ¢CT 207 6051-2109 8D294 3005P-1-102
R 105 POY wWw TRM 300 OHR 10 PLCY 207 4051~-1509 80294 3005P~1-501
R 1086 POT wWe TRM 10K DOHWM 10 PCY 207 6051-3109 BO294% 3005P-1~-103
R 10T POT wu TRM 10K OHM 10 PCT 207 6051-3109 80294 3005P-1-103
R 109 POT WW TRM 2% OHM 10 PCT 207 6051-~2209 80294 3005P-31—-202
R 110 POT MW TRM 2% OHM 10 PCTY 2071 4051-2209 BOZ29% 3DOSP-1-202
R 112 POT wWw TRM 5K OHM 10 PCT 20T 6051-2509 80294 3005P=3=502
R 113 POT WW TRM 2K OHN 10 PCT 207 6051-2209 80294 3005P~1-202

Potentiometer bdard (W) layout, P/N 1685-4740. {See Figurs 6-4.)

NOTE: Orientation: Viewed from parts side. Part number: Refer to caption.
Symbolism: Outlined area = part; black ckt pattern (if any) = parts side, gray
= other side. Pins: Square pad in ckt pattern = collector, 1-C pin 1, cathode
{of diode), or + end (of capacitor).

NUMBER



REFDES

200
201
202
203
204
203
206
207
208
209
210
211
212
213
214
215
2lé
217
zZ18
221
222
223
224
225
228
227
228
231
232
233
234
235
238
238
239
250
241
242
243
244
245
246
247
249
25%0
251
252
253
254
255
256
257
258
259
260
261
262
263
254
265
266
267
248
269
270
271
272
273
274
275
217
278
27%

e P bR B SR FE FEEESEBESESERERREESEERESEFSSERFEREFEEFEEERFSRELEDEEEESESEFEFEREDSEDRNFED N ]

RES
RES
RES
RES
RES
RES
RES
RES
RES
RES
RES
RES
RES
RES
RES
RES
RES
RES
RES
RES
RES
RES
RES
RES
RES
RES
RES
RES
RES
RES
RES
RES
POT
RES
RES
RES
RES
RES
RES
RES
RES
RES
RES
RES
RES
RES
RES
RES
RES
RES
RES
RES
RES
RES

RES

POT
POT
RES
RES
RES
RES
RES
RES
RES
RES
RES
RES
RES
RES
RES
RES
RES
RES

ELECTRICAL PARTS LIST (cont)
SRIDGE PC BOARD

DESCRIPTION
CONP 8.2 K SPCT L/74M
CONP 68 K SPCY L/4M
COMP 1D K SPCY L/74W
COMP 100 X SPCT 1/74M
FLM 10.0K 1 PCT  1/78W
FLM 18.7K 1 PCT  L/8W
COMP 100 K SPLY L/4W
COMP 100 %X SPCT L/AM
ConP 10 K SPCT 1/4W
CONP 1.0 K SPCT 1/4W
COMP &4.T X SPLT L/4W
FLH 10.0K 1 PCT 1/70%
FLM 55,6k  1/72PCT 1/8M
COMP 100 K SPCTY 1/74M
COMP 100 K SPLT L/4M
COMP 100 X SPLY L/4W
COMP 10 K SPCT 1/4M
COMP 1.0 K SPLT 1/74W
COMP &,7 K SPCT 174w
FLM 3,24K 1 PCT 1/8M
FLM 24.9K 1 PCT  1/BN
FLM 226K 1 PCT L1/BW
FLM 3,24K 1 PCT 178w
FLM 24,9 1 PCT 1/8MW
FLM 226K 1 PCY 1/8W
COMP 100 K SPLT L/74W
COMP 10 K SPLT L/4W
COMP 200 X QUM SPCT L/74M
FLM 200K 1 PCY 1/8W
FLM 49.9K 1 PCT 1/8M
FLR 49.9X 1 PCT 1/8W
COMP 10 OHM SPCT 1/74W
W TRM 2K DHM 10 PCT 1T
FLM 143K 1 PCT L/78W
FLM 49,9K 1 PCT 1/8M
COMP 4.7 K SPCT L/4M
COMP &7 X SPCT 1/4M
COMP 1.5 M SPCT 1/4M
COMP 1.0 X SPLY 1/4W
COMP 10 X SPCY 1/74W
COMP 10 K SPCT 1/4W
COMP 10 X SPCY 1/74W
COMP 1.0 K SPCT L/4W
COMP 4T K SPLY 1/4W
COMP 4T K SPCT 174
COMP &7 K SPCT L/74W
COMP 10 K SPLT 1/74M
COMP 91 X OHM  SPCT L/4MW
COMP B,2 X SPCT 174W
COMP 10 K SPLT L/74W
COMP 16 K OHM  SPCY j/ew
COMP 9] K OHM  SPCT L/ew
COMP 10 X SPLT 174N
COMP 20 X OHM SPCY 1/74W
COMP 100 K SPCY 174w
CONP TRM 100K DHM 20PCT LT
Wi TRM 20 OHM 10 PCY 1T
COMP LOD K SPLT L/74M
COMP 1.0 K SPCT 1/4M
COMP 1.0 X SPLT L/4wW
COMP 1.0 K SPCT L/74w
COMP 1.0 K SPCT 1/74W
COMP 1.0 K 5PCTY 1/é4w
COMP 20 X OHM  SPCT 1/4NW
We MOLDED 1.5 DHM 10 PCT 2w
‘COrP 510 K OHM SPLY L/4M
COMP 4.7 K SPCT L/74W
CORP 4.7 K SPCT 1/4W
COMP 4.7 K SPCT 1/4W
COMP 4.7 X SPCY 1/4M
COMP 200 X OHM  SPCT 1/4&W
COMP So1 M DHM  SPCT L/4¥W
COMP 27 K SPLY 1/4W

P/N loBb&~4720

PART NOD,

5099-2825
6099-3685
6099-3105
$099~4105%
&250-2100
£250-2187
6099-410%
&6099-410%
6099-3105
6099-210%
&099-24175%
6250-2100
8251-2556
5099-4105
4099-410%
H099-4105
&099-3105
&099=-2105
60992475
4250~-1324
8250-2249
6250-3226
6250-1324
6250-2249
6250-3226
6099-4105
6099~3105
&099-4205
&250-3200
6250~2499
6250-2499
&£099-0105
6056-0140
6250=3143
6250-2499
6099-2475
L099-347TS
6099-515%
40992105
6099-3105
6099-3105
6099-310%
6099=-2105%
6099-3475
H099-3475
6099=34T5
4099-310%
&099~-3915
£099-2825%
6099-3105
6099-3165
6099-3915
4099-3105%
&099-3205
6099-410%
&040-1000
6056-D128
8059-4105
6099-210%
&099-2105%
6099-2105
5099-2105
6099-210%
60993205
6T60-915%9
L009-4515
6099-24T5
5099-2475
6099=-2475
$099-247S5
6099-420%
6099-5515
5099-3275

FMC

B1349
81349
Bl34¢9
81349
81345
81349
8i349
81349
Bl 349
81349
81345
01349
81349
B134%
81349
81349
81349
01349
81349
B1349
81349
81349
81349
81349
81349
81349
81349
Bl349
Bl349
Bl1349
81349
81349
24855
81349
B1349
Bl3ag
81349
Bl3s49
81345
81349
81349
Bl349
813459
81349
Bl349
/813#9
T 81349
BL349
81349
81349
01349
81349
81349
81349
31345
01121
26655
81349
81349
81349
81349
81349
81349
81349
15042
81349
B13a9
8134%
81349
81349
81349
81349
Bl349

MFGR PART

RCROTGA220
RCROTG6BIJ
RCROTGIOD3J
RCROTGL04)
ANS5D1002F
RNS5D1872F
RCROTGLOAJ
RCROTGLI04S
RCROTGLODY
RCROTGLODZY
RCROTGHT2)
RN55D1002F
RN55055620
RCROTGLO4Y
RCROTGLOAY
RCROTGCLO4 S
RCROTGLOMY
RCROTGL102J
RCROTGAT2J
RN55D3241F
RNSSD2492F
RNS5D2263F
RN55D3241F
RNS5D2492F
RNS5D2263F
RCROTGLO4J
RCROTG103Y
RCROTG204J
RNSSD2Z2003F
AN550499 2F
RNS5D4992F
RCROTGLIO0J
6056-0140
RNSS501433F
RNS5S50D4992F
RCROTG4TZY
RCROTGATA
RCROTG155Y
RCROTG102J
RCROTGLO3Y
RCROTG103)
RCRO7G103Y
RCAOTGL02J
RCADTGCATIY
RCROTGATAD
RCROTGAT3Y
RCROTGLOZ)
RCROTGI134
RCAD7GB224
RCROTGL03)
RCROTGLE3Y
RCROTG9L34
RCROTGIO3 Y
RCRD7G203)
RCROTGIDAY
YR104M
6056~-0128
RCROTGLOS
RCRD7G102J
RCAOTGAID2)
RCROTGLD2Y
RCROTGIO2J
RCROTG102J
ACROTG202)

NUMBER

BWH 1.5 OHM LOPCT

RCROTGS144
RCROTCATZY
RCROTG4T2J
RCRDTGAT2U
RCRDTG4T2J
ACROTG204)
RCROTGS5154
RCROTG2734



REFDES
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ELECTRICAL PARTS LIST {cont)
BRIDGE PC BOARD

DESCRIPTION

RES COMP 2.0 K DHM SPLY 1/74W
RES COMP 220 X SPCT 1/4u
RES COMP 27T M SPCY 1/4W

SOCKET CABLE (4 CONTACTY PC
SOCKET CABLE 14 CONTACT pC
SOCKET CABLE 14 CONTACT PC

1c

L INE AR
LINEAR
LINEAR
LINEAR
L INEAR
LIMEAR
LINEAR
LIMNEAR
LTNEAR
LINEAR
LINEAR
LINEAR
LINEAR
LINEAR
LINEAR
LINEAR
LINEAR
LINEAR
LINEAR

LM301A
LM308

imM308

LH301A
LM3I0BA
LM308A
LHM308A
LM3I0BA
LM3014
LM308a
LM2014
tH3)l

LM3L]

LHM3014
LM2ZOLlA
LM301A
LM301A
LHIDLA
LM301A

PIN 1686=4T720

PART WNOD.

6099-2205
6099-422%
6099-6275

7540-1815
T540-1815
71540-1815

5432-1004
5432-1030
5432-1030
5432-1004
5432-1027
5432-1027
5432~-1027
5432-1027
5432-1004
5432-1027
5432-104%
5432-1023
$5632-1023
$5432-1004
5432-1045
5432-1004
5432-1004
5432-1004
5432-1004

ICD SNT4LS132N 140 Q ZIN NANDSCH $431-8732
ICD SNTALS132N 140 Q 2IN MNANDSCH 5431-8732

FMC

81349
Bl1349
81349

71785
T178%
71705

12040

12€°9
12040
12040
12040
12040
12040
12040
12040
12040
12040
10204
10204
12040
12040
12040
12040
120640
12040
0129%
01295

MFGR PART

PCROTG2024
RCROTG2244
RCROTG278)

133-51-02-003
133-51-02-003
133-51-02-003

LM301AH
LM3oaH
LMIOBH
LM3I0LAH
LMI0OBAH
LM3I0BAH
LM3084AH
LMIOBAH
LM3D1AH
LMIOBAH
LM201aH
LM31IH
LM3I11H
LM30LAH
LM2014H
LMID14H
LM3DGAH
L#30]1aH
LM30LAH
SNT4L5232N
SHTALSIA2N

NUMBER

4
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REFDES
(G- prefix)

R 10
R 1 81
R 249
S

503

ELECTRICAL PARTS LIST

SHITLH ASH

DESCRIPTION
RES FL® S38 OHm T PCY L1/2M
RES W MOLDED 82 OHM 5 PLT 2W
RES COMP 10 OHM SPLT 1/4W

SWITCH ROTARY &SN {BIAS SWITCH)

P/N 1685-2040

PART NO.
6450-0536
6T60-0825
6099-0105

T890~-5622

FHC
81349
15042
81349

24655

RFEGR PARTY NUMBER
RN&SDS340F
BwH 82 DOHM SPLCT
RCROTG100J

T890-3622

o~
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Rowary switch mchions are shuwn e veeved
fram the panet end of the shatt, The firs) gigit
ot the contact nuimbwr relers 10 the wetian,
The seciion nearest the panel 15 1, the next
wetion back 15 2, etc, The next twa digits refer
1o 1he contact. Contact 01 s the firit pontion
clockwise from @ strut scrmw lusually The screw
mbove the joceting keyl, and the other coniects
ere numbersd seaventatly (02, 03, 04, eic),
rocweding clockwise around the section. A
suffix £ or A wadicates that the contact B on
the front o feer Of Lhe BCTION, respectively.

N

S=5Q3

—

5-503, 1I03R TO $-503, 107R BY R269
$-503, 107R TO $-503,109R BY Rl
5-503,109R TO $-503, NOR BY RI0

NOTE

Figure 84 contains the switch schematic,

INDEX PIN

FRONT VIEW

Figurs 6-5. Bias switch S503 tayout drewing showing parts
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Rotary switch mections are shown a8 wviewsd
from the panel end of the shaft. The first digit
of the contsct number refers 1o the section.
The sction nesrest the panel is 1, the next
section back is 2, e1c. The next two digits refer
10 the contact. Contact 01 is the first potition
chockwise from 8 strut screw (usually the screw
sbove the locating key), and the other contacts
sre numbered sequentially (02, 03, D4, etch,
peocesding clockwise sround the wction. A
suftix F or R indicates that the contact i On
tha front or rasr of the section, respectively,

BRAIDED
CABLE

\Bﬁmm—r WITH

PoT BOARD

\ 5502
o TOP VIEW

Figurs §-8, Freg y switch $502 leyout drawing.
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UNLESS SPECIFIED, MAKE THE FOLLOWING CONNACT IONS 56
USING ESAMWN-30-29, INSULATE WiTH ESnip-2-44,

S5O, JOIE TO 5504, /03F 8Y RE Ji°

$IOBER o8ex 8y RY

1085 IOSF 8y R3

OSE o e OV BY &4

1O 78 e (08 By &6 (. —‘mﬁ )

tOBF & -— e I F 8y RS s -

FI-1-F dunmnm—— . ¥ 4

HtFE——————— TR 8y RS

IIE —————— /1B TO S&O!, IISF S

It?E——— o2 &Y R

—_— AMOUNT RZ79 ABOVE £50

:igfcm :3;;5»( CH S| (CATHODE TOIOIF) SHES R TO fFACHEITATE REAMOVAL
- 2088 e 28R AY LAS IS NECESSARY
s 20782 e ROSE BY CRFO(CATHODE 70 209F)
* 2OER — e Z/6R .

BOZR - JOZFRE TO 860/, 5025 & Ay R56

30X R dog SR e SORS, LAY KES

BOCR — - BOGER - — e BOG R BY BS54

e —HOIA R - SOILR BY R53 Fo ERONT TO REAR COM-

;2R o P B R e SizeR By 52 NECTIOMS , MAKE LOOP

K1Y= + 10, R Hig AR BY RS} APPROXN A5 SHOWMN USHG

TR ——— — — #ITER TO S50, 51758 8Y RE7ERSD g oarw-50-20.
PR T . V-4

sO05c— ‘soye 8y &£78

COIER———GlEE BY R2BO

GOoOPR ———————— tal 7S By LE8

coRe — - GOIT BY R43

GO — G ONER By £5o g 273

A EY GrGs BY Ci8
e F— . 1i1eR

Y zosg—— - 305F

S50/,20F TO S50i, 3IF

TAMMECT CABLE 1eR%-0270 T0O S50I
AS FOLLOWS:

YE WIRE TO %%0)  &ITF

aK wWIRE TO S50, 9I15F

BU WIRE TO 5901 &6

Rl wWIRE TO 5%01 508K

COMMECT ZOMTACT SFPMIMG S0 - IOCS(S){
T ORHE Emb: OF THE FoL LOWIRG
CONMECTOR LIMKS AMND THE OTHER
ErD T SO AS FOLLTWS

SOBO -ED5S TO S5O, 104

SoEe - GOST To 3501, 2IFF

5080 - pO%% To SO, Z1F

SO0 -G53 TD 5%01, 205F

SOR0O -2 TO S50, EF

Figura §-7. Rarpe pwitch 5501 “awheng
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: oK rox
| o e
tPONZ B .
k. —O—d — 1 e wTE, 27
2072 z209c ] % =2 ErTYd }m BRIDGE BGMED
el — =T G,!.".Z‘ o
e o5sc8 Bp
2008 CE4
jaH Sige S pr EFREQUENCY SELECTION
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Ti POTARY - oty

AR WAl PR [—— L ]
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Figurs 8-8_ Frarusncy snd rengs switches 5502 snd $8017 schematic diagram.
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Ll

4
REFDES
(G- prefix)
[+ 18
CR A0
CR 4]
R 1
R 2
R 3
R £y
R 5
R 7
R B
R 9
R 48
R 50
R 51
R 52
R 53
R 54
R 55
R 56
R 57
R 58
R 78
R 279
R 280
{
gb
REFDES
(G- prefix)
c 10
c 510
R %0
R 249
R 250
{

ELECTRICAL PARTS LIST

RANGE SWITCH, 8501

SWITCH ASH P/N 1686-2030
DESCRIPTION PARYT AOG. FMC

CaP CER CISC 5S10PF 10PCT S00V &%404~151% 12982
DIDOE 1N455 30PIv IR 3DUA GE 6082~1vl0 14433
DIODE 1N455 30PIV IR 3DUA GF 60B82-101U 14433
RES COMP &7 K SPLT L/74w 6099-3475 BL3I49
RES COMP 18 K SPLY 174w 6099-3185 @8l3a9
RES COMP L.B KK SPCYT 174w 6099=~21085 Bl349
RES COMP 180 OWM SPLT 1/4W 6099~-1165 B1349
RES COMF 12 OHM SPCY ) /74w 6099-0125 81349
RES WW MOLDED 39 OHM SPLT 2w 6T60-0395 T5042
RES COMP 9.1 OHM SPCT 1/2w 610U=5%15 Bl349
RES Ww POLDED 1 DHM 5 PCT 2w 6760~510% 75042
RES FLM iX 1/10 PLY 50 PPM 1/8w &190-2330 15042
RES FLM 1K 1/10 PLT 50 PPM  1/8w 6£190-2330 75042
RESISTOR ASM Q.1 DOHM 0.25PCT 161T-1180 24655
RES GR 1.000 OHM .02PCT 1w 69831006 24855
RES GR 10.000 OhH DZPCT Iw 6983-2005 24655
RES GR 100 OnM ,025 PCT LW 6983=3000 24455
RES GR IK OHM L0Z2 PCT 1w 6983~-4000 24655
RES GR 10K CwM D2 PLT 1w 6983~5039 24655
RES GR 100K OHM ,020 PLY 1w 6983-6udu 24455
RES COMP 1GO M SPCT L/74w 6099-T1G5 Bl 349
RES FLM S09 OHM 1 PCT  1/B# 6250~-06509 81349
RES COMP 510 X OHM SPLY Ll/4w 60599-4515 B81349
RES WW MOLDED 1.5 CHM 10 PCT 2u 6760~-5159 75C42

FREQUENCY SWITCH, 58502

SWITCH ASH P/N 1686-2120

DESCRIPTION PART NO. FuC

CAP MYLAR .18 UF  SPCT 100V 4860-T8%7T 96289
CAP TANT 1B0 UF 20PLT 6V 4450-5617 56289
RES COMP 5.1 M CHM SPCY 1/4W 6099-85515 B1349
RES COMP 1D K SPCT L/4wW 6099-310% 81349
RES COMP 10 K 5PCT Ll/4w 6US9-3105 81349

MFGR FART NUMBER

QB310822Z5F0LS1IN

1N&55
1N455

RCRUTGATIY
RCROTGIB3
RCRUTIGLAZY
RUROTIGLA LY
RCHQTIGIZud
BwWH 39 OHM
RCRZVGYR ] S
BiH 1 OHM EF(T

CES I K waiPlT T-2
CEA L K D.APCT T-2
l&lT-118B0
6933-1uv006
6583-200%
6983-30uu
6983-4000
6983-503%y
6983-600C
RCROTGIOTY
RNSSCUSOF
RCRUTGS14J

BWH 1.5 GHM 10PCT

SPLY

MFGR PART NUMBER

G 1uP Q.18 UF 5PCT
1500 LB 7X0OUULR 2
RCRLTGS1S5Y
RCRLTGLO3Y
RCAUZGL03)




Code

oo e
00162
BO1SH
20327
0 34

on? g
008
EIEEL]
o1288
B1395
01830
2R 1]
L2 t4

D4T1)

From Faderal Supply Code for Menutacturers Cataloping Handbooks H4-1

FEDERAL MANUFACTURER'S CODE

{Nema to Code) and H4-2 (Coda to Mame)] s supplamentsd through Augurt, 1968,

Manufacturer

ooy Emcironios Co., Wt Moty Sorings, PA 17088
dewvwn Wity Car. (g, 1L BOB07T
Walum Elecrronics Com.. Los Srgeien, CA POOLD
Wewvrrn Ihme nations|, Wartieks, OH & 148
Schwestoer Erctinnkcs, Wesburg, NY 11580
Anroeas Com., e Butlonl. b 02748
A, (1., Hartitmary, P& 17106
Adcmn Procucts Co., Broskiss, MA 0241)
Al B ey Co ERectronies Db bl vh s W BI04
Litson {nvarw Ing, Bewarty Hil, CA 80213
Tomr Inptrurmenty, ing., Dalies, TX 78227
Ameroo Corp, Roortorg, L I110Y
Spaevrpl Elactronics Com.. Ciy of Inoutry, CA 91746
Ferrpucube Corp.. Seupetiv, Y 13477
Foremtt Lot inc,, Movics Grow, |1 $0083
Amphenc! Electron Conp., Irosdvies, 1L 80151
Faman, Do Pinra_ i 80018
Carser ik Co., Cormbricge, Wb 07142
G. E. Semicon Prod_, Syrecuss, MY 13701
Graybrne, Yonkws, NY 10701
Y raeadiron Elacrrmnics. Wekarlid, MA 01880
Cuipdrw s Corp,, s Tork, HY 10001
Arrow Hen, Mo CT 8108
Digirronics Comp, Adbwrosn, MY 11807
Miciorole, Prosn:s, AZ BEOOE
Comporent Wiy, Sarvica e, Yam B wgews te | Ma 07379
Termime Elacmonsce, Baaningyon, VT 08 201
Comran Co. ol dme s, atrome Pars, 1L 80100
Wiking imdustres, ing . Chatmeerh A 31311
Bartes Colman Co, Aocktora, 1L 81101
Parran My, Lo, Menwrid, OH 40001
Wikt ubd Erguvessing Inc , Wakelwid, A 01880
Clrvire Com,, Chawminng. OH 84130
Cigriran Co., Pemcdens, CA 91108
Ewghs Sigrai (£ W, Blima Co.b, Reratuso, WE 83912
Clonch Graphin, City of Incsmry, CA 01 144
Aviart Cord,, Culww City, G4 PO
Fawrehid Semicontucton, Mounmin View, CA B4040
Birtcher Corn, Mo, Lot Angrie, TA BOOXY
Ama, Sembmnducier, Aringon His, 1L S0004
Bagkna Comp.. Bricyanoe, CT OSO06
Bodew Eleciric Lo, Chicego, 1L 80818
Smw Lota_ inc, Mew York NY 10003
Borg inetryment, Delswan, Wi B311E
Verairs Preducis Lo, Frams e Laker, NJ 07417
G. E. Sermcnnducto:, Bultsic, MY 14207
& K Componenis Inc., Wewiown, MA 07177
tm Trga Ing,. Gedrgricen WA 01830
Butgew Batiwy Co. Fresoor, IL 81037
Forewsl Elcironics, ke, Framinghem, MA 1701
B oty Corp. hew ma i, CT DEBST
CTS ol Berme, bnc. Benw, [W 46TH1
Crwncher Evars Corp., W, Herriorg, 7 D801
Moriionis Co_, bnd ., Mennampo i, MN 56477
hstions! Semconducion, Sants Ciars, CA §60% 1
twrum Tranpierors Torp, Flushing, Ny 11364
L o Wiew, CA Ba043

Hemiia, Ine., Laka Miilin, W1 63661
R.C. A Woosbrioge, W) 0M0S
Claronat My, Co, inc., Doer NH 00820
Dicnson § mctromicos Corp,, Sootmneie, AT BETST
Uniwods Comp., Weterwown WA 02172
Emxctromett Corp,, Hophint, MN BEJAD
Therreiiay, Ine., Dallas, T2 75734
Boirron Devies, Taooun, MY 10883
Bt Browen Femmreh Corp., Toann, A7 80708
Elmcrronic Contrah, (ne, Witron, CT DS0@7
1LT.T, Kamdoondueson, W. Feim Besch, FL 34000
Wmbking b Johmmos Co_ Paio A, CA DI04
Cornell Dol Elgctronics, Measek, i 87101
Cor ming Citmie W ke, Carmmg, NY 14830
Agooeen, Enmon P4 18047
Edeciro Cubra, joe., Sun Guivied, CA 81778
Gormrel Inwtrument Corp_, Meck reils, NY 11807
Ivhearinion iegrioties. I, Liw Angeied, CA SO053
1LT.7, Semimmnoucce, Lowrwncy, WA 08142
Digitsl Equipment Corp.. Muynard, WA 01764
Cuntiov Hawrwvsis , g Wb wamet ma, W1 53207
Houson inetrument Corp., Bwtins, TX 77401
prutn Pive Mice Co., Serrme Pine, NC 19777
Ol Boactra ich ik, Farmingion, Mi 40074
Computer Diode Covg., Lit, N 074
insieng Geraryl Corp., Dplenty, 1L, 81340
Dwice §wctronic Div., GMC, Kokoma, I 480
Prasision Dryneenics Corp., Burssak | CA B1504
A inn Micre Dwve, Ing., Bumveer dite, B 70483
t Moicing Cors., Bl
Singer Co., Diehi O, Somanditie, W DORT78
Zeiwen, Ire,, Conmed CA BE82I0
Sitmanin, i, Rean Chars, Ch 95084
'U"!lo,cﬂ'l Sunran, CA S4008

M Product Engine iy inc., Walweeh, | 48007
Rowrbw Wit achering Corp ., Bl Momos, CA #1731
Volwonics Corp,, Mamrv, M1 DT
Compumy Dwate Corp_, 5. Fairimwm, M) 0704
Qomgnnw Dhode Corp., B. Faulewn, MJ D740
Zwn Menetpcuring Co,, boneon, MA 01067
Esmron Corp ., Muvarhil, A 01830
ol Tool Works, Peiton D, Chigugo., || 80834
Cabiron Com.. O, |L B0ETY
LALC, Emctranicy, Horshesds, NY LB
Esmcrrs by Co, Intecenciencs, K5 7301
K MC. Seracontures, Loy Vatmy, N1 01961
Fotne Bamrag Co , Naw Brimin, CT OB0B0
Long 3. F uple £lwctronics, Waichwng, MJ 07080
WD Finroronws Div_ AMF inc, Holywood, FL 13077
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Manufactivie

Weswren Div.. John Fiuke, Sen Disgs, CA #2112
Avee Elcwonies Corp, Frpakiin Park_ 1L 80134
dhrwicy Deviess, Comir ign, WA 02147

Qurery Elecwric, Bamamdy, WY 17508

Ganerel Eveetric Eartron o Comp ., Syreouse, NY 13301
Qarretrnd Eiwcoric Lo Div., Chwwsland, OH 44112
EM.C Tochodomy, Chrry Hik, N (034
Ganversl Macio Co ., Congord, MA DV M2

£.G.8G. inc Bmior, MA VT30

A bown Dot b, Covs bimas, CA D282
Hamviet1 Pockare, Puic Ainc, CA OUI04

bowyrmmn W, Co., Kemilwores, N 07023
Hottmen €lerwanics Corp... El Momts, CA 3174
Bk men Irmtrugen, b, Cada: Grewe, NJ 07008
1B, Armeen. WY 10804

Jurvmn, Wity Co., Coicuge, 1L BOES

Genarsl Electric Camg.. Owerabors, KY 47301
Koshinr W5 Co_ inc., Merbors, MA D178
Communim, Co ., Mawvtrin Ot

P A, Mglory b o Inc, Indlerapolie, iN 48208
M | A ockwrdt Corp,, m NY 14701
Wi | | IN sa]

Immlc‘.e ., Inirou WA 02178
horme Hotfmen, Seetorc, CT OBO4
N CA Mo Yok, NY 10000

Bangemo Etecwic Co., Soringiins. 11 $2706
Shaliorom My Ca, Selerm, NC 27878
Bhwa Brothen, inc., Ewsrman, (| BO202

Ebmctric o Morth Adems, MA 01747
Thomes & Rees Co., Elesberh, NJ 07207
YAW, (0., (Ao bes Divi, Chrvaland, OH #4117
Torriagon iy, Co., Terrimpoea, CT (8 780
Union Cartriie Corp. Mew Yok, NY 10017
Linivmt-Corr Fasewr Corp , Bomon, A 03142
Wittorms e omen] Co., Quvsland, OH 44104
Ward Leonerd Emcyic, W, Vienon, WY |50
el ragreoims {Lamp Divi, Bloomdisld | M) OFD00
Waswon b rusmerecy, Pk, W) 07114
Arasrenst Copncivor Lo Sbee Sacford, MA 02743
Acecrs st Wewinke Co_ Efvhart IN &85 14
Allprtic (e Rt Warks, inc.. Dhiasgo, (L 80807
Amperits Co_ Union Chy, W OTET
Bicien Mty o, Chioagn, 1L BOB44
Broneon

Conilgtd Co., Ciifron Forge, WA 24477

Bramrmnn My, Co.. B Lown, MO 81107

TS Corp., Elchort, 1N 40514

(T Cannon Elctric inc.,, Los Angehe. CA BOO3 4
C.F. Clww & Co., Cricago, 11 BB

Canirsialy, bnc., Minamiivw, Wi E3312

Caninenm) Carbon Co., Inc, Mew York, WY 10001
Coto Col Co., Inc.. Prowowncs, A (G908

va Wiy, T CT perin
Comtivens! Barow Co., M Beciovd, MA 03743
Mywonia, 6, Berkaey Ho, N OYOT2
Ol gpht Co . Brocibyn, MY 11237
Ganerai (rwirwmn? Corp., Waspri, W 07 104 i
Dwwie birky. Ca ., Chboagn, (L SORY1
DB Fomenss Co., bac., W inin, uvn!ﬁ
Eby Co., Huph M, Prlisdsigshin, FA 19144
Eewic Srop hut Cop.. Union, NJ OTOR)
Erin Tochmolkopiosl Progucts, Eris, FA 1811
A € Corp., CLL MY 1480
Cartong Elmctric Co, W_Harfford, CT 08110
Elon Rasance Co e Yors NY 1001
JF.D. Esctromes Corp., Braokive, NY 11378

IAC Div. of TRAW, Burtivgion, 1A E2001

Wby Ewcrric Corp,, b, ernon, NY 10881
Lefeywtim |natusivie! Ehertroron, Sysme, NY 11791
Livwors b Co_ Proicmnca, N1 2808

Lierethum, tre., Dow Pigiegs, 1L 80018

Lord Mty Co., Brie, PA 10512

Wetiory §lecyic Corn., Dewrslt, Wi 48304
Mdnnsectn Mndng B Puud, kit 83107

s bty Cn. e, bniden, A 0248

Wheatier Elscyric Co., Cewndeng, DM 44114

mmmnnrw\rh Pringason, 1N 4TETO
Py O-ox Co., Meefivon. W1 3703

TAW. Elecoon Cornp . Comalen, ) OB 10

General inpttwwmnn Corp., Brpokibm, NY 11211

Pk apcoat [IF. Teol Wl Eign, fL 80120
[ [ Sy , A O
mm&.uhg FA 16877

k| Producn. ., O OH #4101
ACA Aac Tube b Samicona ., Herison, K 07079
Wpttion Kohlmmr Co., M York, NY 11101

#2739

Manufscturer
Weemeis Ca., Mertiord, CT 08110
Con WIRT E Corp., . PA IBICY

Ziwrian Mtty. Co, Mourt Kmexc, NY Iml
Tonranis, thc., Sawverwn, 08 §T008

Frovioly Fomenir, Tolato, OH 4 0808

Vhoars Inc., Bt. Lowh, MO £3180

LnTrbade § ecy Onbie Corp.. Mimhvilg, NY 5708
Berapus Proseuct Do, Morth Adins, BA 01747
Motorods dng,, Frpeklin Sk, L B0131

Fomwica Corp., Clncinnali, OM 48233

Smnded 0N Co.. Latersew, [N 47RO

B0 Liborawr i, Ing,, Aerside, CA B7808
Frhande §incoic Prosucn, nc., Wew Yerk, MY 18217
A¥ Fllver Cortr., Mitmguk e, W1 $3215
Hamvrariund Co.. Inc_ Mew York, MY 10010
Pure Carnon Co., $1. Mary's, PA 16867
Inmrretions | lnscwenen, Oreege, TT 08477
Gravhill tre., LaGrmger 1L SOLTH

Inolentiva ity Corp., Briring, MJ 07080
Winchevie: Elcwonies Co ., (., Osheliie, CT 08779
My Spaciion tone

Soini Army Nevy Rimcifstions

e rat bonal BactHler Corp., €l Sepundo, CA $0045
Codurmdris Eloctronia Corp., Yomken, NY 10701
Friron Co., Fhushing, MY 11304

Bacry Wrighi Corp . Waterwwen, WA 07172
Srivecis Edoc. Prod_, Eemor e, FA T0ELL
Ingians Paniern B Moce Works, Lafon, IN 48350
Searchers't, Inc.. Chicego, 1L BSOS

el & Cane i, Ing, Srrbebore, MA (2707
ek oo Pumaicr Co., Mol im, bv | 83204
Rormn Mg Co_ Inc Woodwocs, NY 1748
Voo bawnaenshacror Div,, Gariend, TX THOAD
Wokmrver Mfy_ b, Carrl 1L 87801

Cwrr Egmne Ca., Caviwicgs, WA 02142
Vicvory Enpines ing, Byriogl mld, N 07081
Buring Bpaciniry Co., San Franciean, CA #4101
Bokir Ebistuic Comp,, Women, PA VLS
Burroughe Torp.. Pbatiols, MJ 07081

Unlon Corbiow Corn., Mew Yark, NY 10017
TAW Capuchor Diviaion, Opstiels, B 8015
Lotaph Mww! Producn, Crmoraige, WA 07140
i Taezinn, inc., Bicomirgnon, IN 4 7801
TA. g Corp . Lot Angeim CA POMES
Prociakon Meust Prochecs, $Somham, MA 07100
ALA lEwe Comg. & Devl, Marrison, K 07025
R.E. C. Corp., Namy Rochaiie, MY 10801

Con, Elnctronics Corp.. Brockya, NY 11222
Custhar- e 1nc, Limatdn, | B06E

Gould Met. Batrerkm, nc_, Tremmn, MJ DR80T
Core | Ot bnge , F uatioatry-\f g ing, WC 2TE26

K& G Wy Co, W Yors, BY 10001

Holizw Cabot Corp ., Bomon, ba 07110

Uniteet T ransfor e Co,, Chioego, (L 80807
Barkphure Trarad ormae Corp., Kom, CT DETEY
blsBory Capmcitor Co.. hndimempolis, I S808

Cominenwg! wirs Carp., York, P4 17408
LT.T. (Cannonl, leiem_ WA 0Y970

Gerwryl inerwnenm Corp. Deles, TX 78220

K Elwcvronics, o, e, Tugkshos, NY 11723

bdagiint o Tl Con,, bnc_, Huglaon, NY 17834

Hotwrywet, inc., Freepon 1L 81037

. Corp., Weoccmace, L1, MY 11377

B Garrramtvmer, G garscench, WA 01020

LM.C. Magratics Corp_, Wamiury, WY 19081

Anrgen Corp., Ratwood City, A $0R3

uden Lemp Co., Kaerwy, HJ 07037

Bytwnls Eleci. Prode., bnt., Wobues, W 01801

A& C g Co.of Pens, ine, Mamasy, PA 18871

Cramar Products Co.. e Yert, N 10013

Aoytwon Co., Compenents Dy, Quincy, M O 8

Tung 8ol Bt ks Inc.. Mowark, S 07101

WRon | nsrusresm, [, Acohdteld, FA 18400

Tol Labe, Maracrame, HH 33182

Dickson £o .. Chimmgo. I 80818

Sagracrst] Flecwic Cs.. Ovcago, |1 S0830

At Aoty sl Carp.. Brockies §H 03000

Carste Wby, Co Corntaaripn, 1 (i

Cusitty Component, Inc., 31 Marys, PA HREE)

Mlmlﬂl Co., Lemrwnce, MA D1B43
Cop., NY 11377

Virsmon, b, Srlogaport, CT 08801

Gosvos Corp., Blaomtield, NJ 07002

Wathoos MWy Co_ Roting Memdow, 11 S0008

Americen fes Lo., Tarringma, CT (790

Wackansst Co., Inc., Chioago, |L BSOS

mabmam-m D, WY 14780

A L , WA DIBO1

Wiy Stencerce,

Taadario Corp., Mamaronscs, MY 10844

Commpas, Inc., Burlingura_ CA 94010

Nor® it Elacy owic. Glon Cowe, MY 11542

Miraac, in, Finshing. BY 11368

Wilen Amocetas, Pako Aho, CA B30

Atas Corp,, W inchertee, BiA O1880

Dobeven Eimnttreics, Eatt Aarors, MY 14087
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gray > other side. Pins: Square pad in ckt pattern =
collector, I-C pin 1, cathode (of diode), or + end {of

NOTE: Orientation: Viewed from parts side. Part
number: Refer to caption, Symbolism: Outlined
capacitor).

area = part; blsck ckt pattern {if any)
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Logic etched-circuit board (P/N 1885-4700) byour.
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REFDES
{L- prefix}

o la N a N YaNeNaaNalaNaXaNalaNs e dalalalaRsaNa o aRaNaNakaRal o)

n =

RAPRARRIRRN OOCO00O0ODODOOOODOOODOOODOODOOOODOODODOD

LR TR RN TR TR

io

12
13
14
15
1¢
17
18
19
20
23
22
23
&
25
26
27
22
29
30

ry

o e fr g P gt e e et g e
QU ALAP VI WN~O 0D~ WS WA~

ol
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NAMNMNNMN
- B

OO A AP W -

=

CAP
CaP
CaP
Cap
CAP
CAP
CAP
CAP
CAP
Cap
CAP
Cap
CAP
CAP
CAP
CAP
CaAP
CAP
CaAP
CaApP
car
CAP
cAP
CAP
CAP
CAP
cCap
o 13
car
CAP

TANT 4
CER WO
CER MO
TANT 2
TANT 2
{ER DI
CER D1
CER DI
CEA DI
CER OI
CER DI
CER DI
CER DI
CER DI
CER DI
CER DI
CER DI
CER DI
CER DI
CER DI
CER DI
CER DI
CER DI
CErR DI
CER DI
CER DI
CER DI
CER MWD
CER DI
CER MO

DIODE 1N4)
DICDE 1N4L

TRANSISTOR
TRANSISTOR
TRANSTSTOR
TRANSISTOR
TRANSISTOR
TRANSISTOR
TRANSISTOR
TRANSISTOR
TRANSISTOR
TRANSISTOR
TRANSISTOR
TRANSISTOR
TRANSISTOR
TRANSISTOR
TRANSISTOR
TRANSISTOR
TRANSISTOR
TRANSISTOR
TRARSISTOR
TAANSISTOR
TRANSISTOR
TRANSISTOR
TRANSISYOR
TRANSISTOR
TRANSISTOR
TRANSTISTOR
TYRANSISTOR

COMP 3
compP 2
COMP

come 2
o L |
come 2
COMP 1
comp 1
ComMp 2
CoMup 2

RES
RES
RES
RES
RES
RES
RES
RES
RES
RES

ELECTRICAL PARTS LIST

LOGIC PC BOARD
DESCRIPTIDN

T uUF 20PCT &Y

NO LO4TUF 20PCT SDVGP
NO 2 2UF 20PCT SOVGP
2 UF 20PCT 15V

-2 UF 20PCT 20V
SC .Q1UF B80/20PCT
SC .01UF BO/20PCT
$C O0lUF BO/20PCT
SC .0lUF BO/20PCTY
SC .0lUF 36/20PCT
SC .OLUF 8D/720PCY
SC OlUF 80/20PCT
SC .OLUF B8D/20PLT
SC 0lUF BD/20PCT
SC .O1UF BG/20PLT
SC .0lYF B80/20PCT
SC .01UF BO/20PCY
SC LOLUF BO720PCY
SC «Ol1UF BO/20PCT
SC .0lUF 80/720°PCT
SC OlUF 8D/20PCT
SC .0LUF BO/20PCY
SC .OlUF 80/20PCT
SC JO1UF 80/20PCT
SC .0lUF BO/20PCY
SC OIUF B8O/20PCT
SC .0lUF B0/20PCT 100V
ND .01 UF 1DPCY 50V
SC LOlUF 806/20PCT 100V
NO  Q.4TUF 20PCT SOVGP

100V
1pov
100V
100V
io0v
100V
100V
100V
100V
100v
100V
100V
100V
100v
100V
100V
100V
1ao0v
100v
100V
100v

51 TSPIV IR.1IUA 51
51 TSPIV IR.1UA SI

2N2218
ZN2218
2N2218
ZNZ218
2N4125
2N4125
ZN&125
2N4125
2N4125
284125
2N2904
ZN2904
ZN2904
242904
2H290+4
2N2904
ZN2904
2N2904
2N& 123
ZN34 14
2N33%91 A
2ZN3414
2N3414
ZN3IS1s
2N341l4
ZN3AL1S
2N3414

30
-0 X
10 K
-0 X
-5 K

1.3

K

OHM  SPLY Ll/4w
OoHM SPCT L74w
SPCT 174w
DHM SPCT
5PCT L/4W
OHM SPCT
SPCT 174w
OHM  SPLY L1/4W
X DHM SPCY L/&M
K OHM SPLY 174w

174w
'o
00
.o
-0

P/N 1685-4T700

PART NO.

4450-5500
4400~ 2040
44002080
4450-5300
$450-4500
4401-3100
4401-3100
4401-3100
4401-3100
4401-3100
4401-3100
4#401-3100
4401-3100
4401-3100
4401-3100
4401=-3100
4401~-3100
4401-3100
$401-3100
4401-3100
4401-3100
4401-3100
4401-3100
44D1-3100
4401-3100
4401-3100
4401-3100
44006351
4401-3100
4400-2054

&082-1001
4082-1001

az210-1028
8210-1028
8210-1028
8210-1028
8210-1125
8210-1125%
B210-1125
B8210-1125
8210~1125
8210-1125%
8210-1074
8210-1074
8210-1074
82101074
B210—-1074
B210-1074
B210-1074
8210-1074
8210-1123
B210-1047
8210-1092
B210~-1047
B8210-1047
8210-1047
82101047
B210-1047
8210=-1047

6099~-1335
6099-220%
40993105
6099-2205
4099-2155
8099-2205
6099-2105
6095~-1105
6099-2205%
6099-2205

FNC

56289
T2982
T2982
56289
56289
12982
72982
72982
72982
72982
72982
72982
12982
712982
72982
72982
T2982
72982
72982
72982
72982
T2982
12982
72982
12982
72962
72982
72982
72982
72982

14433
14433

04713
04713
04713
04713
04713
04713
D4TL13
04713
04713
04713
04713
04713
0MT13
04713
04713
04713
047123
04713
04713
03508
03508
03508
03508
03508
03508
03508
03508

81349
B1349
81349
81349
81349
B1349
B1349
81349
B1349
81349

MFGR PARY

15004 76X0008082
B12INOTIISUOATIN

8141-NOSD-65]1~225M1

1500226X001502

15002Z5X002042

080554023U0010317
080554025000) 032
0BO5540L 5U0010312
0B80554025U001032
©B805540150U001032
08055407 50001032
080554025U001032
0805540150001 032
OBOS54025U001032
080554015U001032
G80554025U001032
0B80354025U0001032
080554015U001032
080554025U001031
0805540Z5U001032
QBO55401I50001032
0805540Z5U001032
DBOS540I5U001037
080554025U001032
0305540250001032
080554075U001032
QBO554015U001 032

812]1-MO050-85R=103K

08055402Z5U00103Z
B131IMOS065104T4NR

1N3604
IN3604

2N2218
ZN2218
2N2218
ZN2218
2N4 125
ZN4125
2ZN&125
ZN4A125
2N4125
2N&125
2N2904
ZN2904
ZN290D4
ZN290D4
ZN2904
2N2904
2ZN2904
2N2904
ZN4123
2N3414
ZN3391A
2N3I4 14
2N3414
2ZN3& 14
ZN3&14
2N3414
ZN3R14

RCROTG331)
RCROT7G202J
RCROTG103J
RCROTG2024
RCROTG1S24
RCROTG2024
RCROTG1D2)
RCROTG1O1J
RCROTG2020
RCROTG2024

NURBER



ELECTRICAL PARTS LIST {cont)

LOGIC PC BODARD P/N 16854700

REFDES DESCRIPTION PART WNOD. FMC MEGR PART
R 11 RES COMP 1.0 K SPCY L1/74M 6099=-2105 81349 RCROTGI02Y
R 12 RES COMP 10 X SPLT l74% 6099=-3105 B1349 RCRDTGLO03Y
R 13 RES CDOMP 2.0 X DHM SPLT 1/4w 6099-2205 81349 RCRO7G202J
r 14 RAES COMP 330 OMM  SPCY 1/74W 6099-1335 81349 RCROTGIILY
R 15 RES COMP 2.0 K OHM SPCT L/&W 6099-2205% 81349 RCROTG202J
r 16 RES COMP 1.0 K SPCYT Ll/4W 6099-210%5 B1349 RCROTGLOZY
R 17 RES COMP 10 K SPCY 1/74W 6099-3105 81349 RCROTGI03J
R 19 RES COMP 10 X SPCT 174N 6099-3105 81349 RCROTGLD3Y
R 20 RES COMP 2.0 X OMM . SPCT 1/4W 6099-2205 81349 RCROTG202J
R 21 RES COmMP 750 OHM EPCY 1/4M 6099=1755 81349 RCROTGTS1J
R 22 RES COMP 330 OMM SPCY 1/4W 6099-1335 81349 RCROTG331J
R 23 RES COMP 330 OMM 5pPCT 1/74W 6099-1335 £]1349 RCRO7G331Y
R 24 RES COMP 330 OHMM SPCT 1/4W 60991335 61349 RCROTGAZLJ
e 25 RES COMP 330 OMN SPCY L/74W 6099-1335 81349 RCAO7G3314
» 26 RES COMP 330 OHM SPCT 1/4w 6099-1335 81349 RCROTG331J
R 27 RES COMP 330 OHM SPCT 174w 6099-1335 81349 RCROTG33LY
R 28 RES COMP 330 OHM SPCY 1/4W 6099-1335% B1349 RCROTG33ILY
R 29 RES COMP 2.0 X DOMM SPCY L/4MW 6099-2205 81349 RCROYG202)
R 30 RES COMP 1.0 X SPCT L74v 6099-21D05 81349 RCROTGIO2)
R 31 RES COMP 1.0 K SPLYT 1/aw 6099-2105 81349 RCROTGLl02y
R 32 RES COMP 1.0 K SPLY L/4w 6099-2105 61349 RCROTGLO2Y
A 33 RES COMP 1.0 K SPLY 1/4W 6099-2105 B134% ACRO7GLO2Y
L3 34 RES COMP 1.0 K SPLT 1/&aw 6099-2105 81349 RCROTGL02J
R 315 AES COMP 1.0 X S5PCT L/4w 6099-2105 81349 RCROTGI02J
" 36 RES COMP 3.0 K OHM SPLCT L/4M 6099-2305 81349 RCROTG302)
3 37 RES COMP 350  OHM SPCY 174w 6099~-1365 B1349 RCROTG3IS1J
R 38 RES CoMe 620 OHM SPCT 1/4M 6099-1625 81349 RCROTGH21Y
R 39 RES COMP 620  OHM SPLY 1/4wW 6099-1625 81349 RCROTGH214
R 40 RES COMP 620  OHM SPCT 1/4W 6099-1625 B1349 RCROTGE214
® 41 RES COMP &20 OHM SPCT 1/4wW 6095-1625 81349 RCROTGE21
R %4 RES COMP 1,0 K SPCT L/76M 6099-2105 81349 RCROTG102J
R 45 RES COMP 20 OHM SPCY 1/4W 6099-0205 BL349 RCROTGZO0J
R 46 RES COMP 39 DHM SPCT 1/2W 6100-0395 81349 RCRZ20G3IT0J
R 47 RES COMP 1.0 K 5SPCT 1/4W 6099—2105 B1349 RCROTG102J
R 4B RES COMP 10 K SPLY 1 /4w 6099-3105 81349 RCROIGIDAY
L 44 QES COMP Z,0 K OHM SPCT 174w 6099-2205 81349 RCRO7G202J
] S0 HES COMP 1.0 K SPCT 1/4M 6099-2[05 81349 RCROTGLO2J
R 51 RES COMP 20  OHM 5PCT L/4&wW 6099-0205 81369 RCROTG2004
R 52 RES COMP 2D OHM SPCT 1/4W 60590205 Bl349 RCROYIG2004
L} 53 RES COMP 39 OHM 5PCT L/2wW 6100-0395 81349 2CR205390J
] 54 RES COMP 1.0 X S2CT /49 6099-2105 B134% RCROTGLO2J
” 55 RES COMP 1.0 X SPLY L/4w 6099-2105 81349 RCROTGLI024
R 56 PES CONP TS  DOHM SPCT 1/4wW 6099-0755 Bl349 RCROTGTS50U
R 57 HES COMP 2,0 K Qu= SPCY 1/4wW 6099—2205 81349 RCROTG202J
R 58 RES COMP 2.0 K OHM SPCT L/4wW 6099-2205 81349 RCRDTG202J
R 59 RES COMP 2,0 X OvM SPCT 1/74W 6099-2205 81349 RCROTG202J
R 80 RES COMP 2.0 K OHM SPCT 1/4aw 60992205 #1349 RCRAOTG202)
L] &1 RES COMP S.1 K OHM S5PCY 1/4w% 6099—-2515 81349 RCROTGS5124
R &2 RES COMP 5.1 K QHM SPCT 1/4M 6099-2515 B1349 RCRO7GS1ZJ
R &3 RES COMP 20 OHM SPCT 1/4wW 6099-0205 81349 RCROTG20040
R 64 RES COMP 2D OHHM SPCT L/4w 6099-0205 B1349 RCROZG200Y
R 45 RES COMP 39 OHM SPCT 1/2W 6100-0395 81349 QCR20G390J0
R &6 RES COMP 1.0 K SPLT L/4&N 6099-2105 #1349 RCROTG102)
R 47 RES COMP 1.0 K SPCY 1748 6099-2105 81349 RCROTGI02J
R 6B AES COMP TS5  OHM SPCY L/4w 6099-0755 B1349 RCROTGTSO0J
® &9 RES COMP 75  DOHM SPLCT 1/4M 6099-0755 B1349 RCROTGTSOJ
R TO RES COMP 20 OHM SPCT L/74w 6099-0205 B1349 RCROT7G200J0
R 71 RES COMP 1,0 K SPCT ]/4&KW 6099-2105 81349 RCROTGLD2J
[ T2 RES COMP 20 OHM SPCYT 1/4w 6099-0205 B8LI49 RCROTG2004
R 13 RES COMP 39 DHM SPCT 172w 6100-0395 81349 RCRZDG3IF0Y
R T4 RES COMP 1.0 X SPCT 1/&w 6095-2105 81349 RCROTG102J
R TS RES COMP 1.0 K SPLT L7av 6099-2105 41349 RCROTGL02
R T& RES COMP 5,1 K OHM SPCT 1/4W 6099-2515 81349 RCROTGS512J
R T?7 RES COMP 2.0 X OHM SPLT L/4N 6099-2205 Bl349 RCAROTIG2024
L] 78 RES COMP 2.0 K DHM SPCT 174w 6099=2205 B1349 RCROTG2024
R 19 RES COMP 150 OHM SPCT 1/4M 6099-1155 81349 RCROTGLISLY
R 80 RES COMP  T5 CGHH SPCT L/4M 60990755 81349 RCROTGTS0.
R A1 RES COMP 10 K SPCTY /4w 6099-3105 8]349 RCROTG103Y
R 82 RES COMP 10 K SPCY 1/av 6099-3105 812349 RCADTG103Y
” B3 RES COMP 350  OHM S5PCT L7aw 6099=13465 BL349 RCADTGIGLY
R 84 RES COMP 100 OMM SPCT 1/74W 6095~1105 B1349 RCROTGIDLY
R 85 RES COMP 1,0 K SPCT 1/4W 4099-2105 81349 RCROTGLO2Y

NUMBER
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ELECTRICAL PARTS LIST {cont)

LOGIC PC BOARD
DESCRIPTIDN
RES COMP 2.0 K OHM SPCT 1/4W
RES COMP 2,0 X OHM SPLY 174
RES COMP 2.0 K OHA SPCT 1/4M
RES COMP 2.0 K OHM SPCT 1/4

SOCKEY CASBLE
SOCKET CABLE

16 CONTACTY PC
16 CONTACTY PC

1C DIGITAL SNT4OTN

ICD SNT4LS9ON DE OIV BY 12BINCTR
ICD SNTALSYON DE DIV BY L[2BINCTR
IC DIGITAL SHNT4LSOAN

IC DIGITAL SN74LSOON

1CD SNTAT6N 14D 2JK MASL FLIFLOS
JCO SNTALS9ON DE DIV 8Y 12BINCTR
[CO SNTALSTSN 16D Q BIS LATCH
ICO SNTALSTSN 14D Q BIS LATCH
IC DIGITAL SNT4LSION
IC DIGITAL SNT4LSO4AN
ICD SNT4LS9ON DE DIV
1CD SN74LS7SN 160 @
ICO SNT&LSTSN 16D 0
IC DIGITAL SNT4LSDON i
I1CD SNT4LSO3N Q ZIN PDS NAND GA
1CD SNT406N 140 HX INV COL 30V
1CD SNT4DSN 14D HX INV COL 30V
IC DIGIYAL SNT4LS153N

ICD SNTATON 16D 2JK MASL FLIFLD
1CD SNT40BN 14D HMX INV COL 30V
IC DTIGTTAL SNT&LS1S3IN

1CD 9317594 16D TSEG DECODER DR
IC DIGITAL SNT74LSOON

ICD SNTAT6N 160 2JK MASL FLIFLO
ICD SNTAL3IN 140 DU NAND SCHM TR
[CD SNT4T6N 18D 22K MASL FLIFLO
1C0 SNT4LS132N 14D @ 2IN NANDSCH
1C DIGITAL SNT&DIN

IC DIGITAL SNT4LSOON

IC DIGITAL SNT&#LSOON

IC DIGITAL SNT&LSO&N

1CD SNT4&T6N 16D 2JX MASL FLIFLOD
I1C DIGITAL SNTSLSOON

1CD SNT4THN 186D 20K MASL
IC DIGITAL SN74L500N

ICO SNT4LZIN 14D MN~STBL ML VIB
IC LINEAR NESSS

BY 12BINCTR
BIS LATCH
B1S LATCH

FLIFLO

6-16 PARTS & DIAGRAMS

P/N 1603-4T700

PARY NOD.

40992208
4099-2208
60992205
6039-220%

1540-1817
7540-1817

$431-8107
5431-8690
5431-8690
$431-2604
$431-8400
5431-8176
5431-8690
5431-8675
5431-8678
5431-8610
5431-8604
5431-8590
$431-8675
5431-8675
5431~8600
5431-8603
54313106
$431-8106
5431-8753
5431-8176
5431-8106
5431-2753
5431-9627
5431-8600
5431-8176
5431-8113
5431-8176
5431-8732
5431-3107
5431-3600
5431-8600
5631-8604
5431-8176
$431-8600
5431-8176
5431-8600
5431-8021
5432-1040

FMC

81349
81349
81349
81349

TLT8S
71785

01295
01295
01295
01295
01295
01295
01299
01295
01295
01295
01295
01295
01295
01295
01295
01295
01295
01295
01295
01295
01295
01295
07263
01295
01295
01295
01295
01295
01295
01295
01295
01295
01295
01295
01295
01295
01295
18324

MFGR PARY NUMBER
ACROTG202J
RCROTG202)
RCROTG2022

RCROTG202J

133-51-02-004
133-51-02-006

SHTADTN
SNTALSSON
SNT4LS9ON
SNTALSOMN
SNTALSOON
SNT4TEN
SNT4LSSON
SKRT4LSTSN
SNTALSTON
SNTALSLON
SNTALSOAN
SN74LSSON
SNT4LST5N
SNTALSTSN
SNTALSOON
SNTALSO3N
SNTAO6N
SNTHDON
SNTALSLIS3N
SNTHTEN
SNTA06N
SNT4LSLS3N
9317594
SNT4LSOON
SNT4TEN
SNT4L13N
SNT4TEN
SNTALS132N
SNT40TN
SNT4LSOON
SNT4LSO0ON
SNTALSDAN
SNTATEN
SNTALSDON
SHNT&TON
SNTALSOON
SNT4121N
NE555T
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REFDES
(M- prefix)

cR

0s
0s
DS
0s
oS

E R R B B

1

W N

-V e W —

ELECTRICAL PARTS LIST

DISPLAY £LC BOARD

P/N 14B5-4710

DESCRIPTION PART NO. FHC
LED RED FLv102 40A4-1099 13715
INDICATOR DIGITAL .27 CHARACYERS 5437-1230 07243
INDICATOR DIGITAL 427 CHARACTERS 5437-1230 07243
INDICATOR DIGITAL .27 CHARACTERS S$437-1230 07263
INDICATOR DIGITAL .27 CHARACTERS S437-1230 07243
INDICATOR DIGITAL .27 CHARACTERS 5437-1230 07263
RES COMP 150 DHM SPCT /4w 8099-1155 81349
RFS COMP 150 DWM  SPCT L/aw 6099-1155 81349
RES COMP 150 OHW  SPCY | /4w 6099=-1155 B1349
RES COMP 150 OHM  SPCT 174w 60991155 BL3I&9
RES COMP 1SO DOHM  S5PCT 1/4W 6099~-119% 81349
RES CLOMP 150 OHM SPCT /4w 6099-115% 81349
RES COM®P 15D OHM  SPCT 1/&wW 509941155 Bl349
£4 27
R6e-» _@_
-—‘R;"’Rl
el &4
Ds5S  »pse D53 XY
] @
CR/

MFGR PART

FLvioz

FND-357
FND-357
END=357
FND-1357
FND=-357

RCRDIGISLY
RCROTGLISLYD
RCAOTGLISTY
RCROTCISYEY
PCROTIGLISY1)
RCROTIGESYY
RCROTGIS1S

NOTE: Orientstion: Viewed from parts side. Part number: Refer to caption.
Symbolism: Qutlined area = part; black ckt pattern (if any) = parts side, gray
= other side. Pins: Square pad in ckt pattern = collector, I-C pin 1, cathode
(of diode), or + end {of capacitor).

Display #tched cireuit bosrd (P/N 1885-4710) layout,

NUMBER



ELECTRICAL PARTS LIST

Fed

Ref Des (A- prefix) Description GR Part No. Mig Code Mig Part No.
COMPARATOR BOARD A (P/N 16854750} PARTS

CAPACITORS

Cl Tantalum, 47 uF 220% 6 V 4450-5500 5628% 150D476X0006B2

C2 Tantalum, 22 uF £20%, 15V 4450-5300 56289 1500226X00135B2

C3 Ceramic, 100 pF 5% 100 ¥V 4410-1225 72982 8131, 100 pF 5% 100 ¥

C4 thru

Cll Ceramic, .01 uF +80-20% 100 V 4401-3100 72982 805, .01 uF +80-20%

DIODES

CRI1 thru

CR10D ING645 6082-1016 14433 NG4S

INTEGRATED CIRCUITS

Ul Digital, SN7405N 5431-8105 01295 SN7405N

Uz Digital, 9324PC 5431-9650 07263 9324PC

U3 and

Us Digital, SN7400N 5431-8100 01295 SN7400N

Us Digital, SN7410N 5431-81i0 01295 SN741GN

Us Digital, SN7473N : 5431-8173 01295 SN7473N

u7 Digital, SN7400N 5431-8]100 01295 SENT7400N

US Digital, SN744{21N 5431-8021 01295 SN74121N

ug Digital, SN7420N 54318120 01295 SN7420N

10 Digital, SN7400N 5431-8100 01295 SNT400N

U1l Dipital, SN7414N 5431-8114 01295 SN7414N

Ul2 Digital, SN74121N 5431-8021 01295 SN74121N

Ul13 Digital, SN7407N 5431-8107 01295 SNT7407N

Ul14 Digital, SN7410N 5431-8110 01295 SN7410N

uis Drigital, SN7400N 5431-8100 01295 SN7400N

Uls Digital, SN7410N 54318110 01295 SN7410N

RESISTORS

Ri thru

R3 Comp., 2 kilohms 25% 1/4 W 6099-2205 01121 RCRO7G202)

R4 Comp., 20 kilohms £5% 1/4 W 6099-3205 01121 RCRO7G203)

RS Comp., 2 kilohms 25% 1/4 W 6099-2205 01121 RCRO7G202)

Ré& Comp., | klohm £5% 1/4 W 6095-2105 01121 RCRO7G102]

RE& and

RS Comp., 10 kilohms £5% 1/4 W 6099-3105 01121 RCRO75G103)

R10 thru E

R12 Comp., 2 kilohms 5% 1/4 W . 6098-2205 o121 RCRO7G202]

R13 Comp., 5.1 kilohms £5% /4 W 6099-2515 ari21 RCRO7G512]

R14 Comp., | kilohm 5% /4 W 6099-2105 0121 RCRO7G102]

R15 Comp., 5.} kilohms #5% 1/4 W 6099-2515 01121 RCRO7G512]

R17 Comp., 3.9 kilohms 5% 1/4 W 6099-2395 01121 RCRO7G392]

R18 and

R19 Comp., 1 kilchm 5% 1/4 W 609%9-2105 01121 RCRO7G102]

R20 Comp., 5.1 kilohm 5% 1/4 W 6099-2515 01121 RCRO7G512)



ELECTRICAL PARTS LIST

Fad
Mig Cods

Ref Des Description GR Part No. Mtfg Part No.
RESISTORS (cont)
R21 Comp., 620 ohms £5% 1/4 W 609%-1625 01121 RCR07G621)
R22 Comp., | kilohm £5% 1 /4 W 6099-2105 01121 RCR0O7G102)
R23 Comp., 820 0hms 25% 1/4 W 6099-1825 01121 RCRO7GB21}
R24 Comp., 5.1 kilohms 5% 1/4 W 6099-2515 01121 RCR0O7GS512)
R25 Comp., 1 kilohm 25% /4 W 6099-2105 01123 RCR07G102)
R26 Comp., 620 ohms 5% 1 /4 W 6099-1625 01121 RCRO7G621)
R27 Comp., 820 ohms 5% 1/4 W 6099-1825 01121 RCR0O7G821)
R28 Comp., 20 kilohms 5% 1/4 W 6099-3205 01121 RCR0O7G203)
R29 Comp., 2 kilohms £5% 1/4 W 6099-2205 01121 RCRO07G202)
R30 Comp., 10 ohms +5% 1/2 W 6100-0105 01121 RCR20G100)
R31 Comp., 390 ohms 5% 1/4 W 6099-1395 01121 RCRO7G391)
R32 Comp,, 510 ohms *5% 1/4 W 6099-1515 01121 RCRO7GS11J
R33 Comp., 2 kilochms *5% 1/4 W 6099-2205 0112! RCRO7G202)
R34 Comp., 510 ohms £5% 1/4 W 6099-1515 01121 RCRO7G511)
R35§ Comp., | kilohm 25% 1/4 W 6099-2105 01121 RCRO7GI02)
SOCKETS
S03 and
S04 Cable, 1 6-contact, PC 7540-1817 71785 133-51-02-006
S06 Cable, 16-contact, PC 7540-1817 71785 133-51-02-006
TRANSISTORS
Q1 thru
Q4 Type 2N3414 8210-1047 (3508 2N3414
Q5 and
Q6 Type 2N3391A 8210-1092 Q3508 2N3391A
Q7 thru
Q9 Type 2N2904 8210-1074 04713 ZN2904
RECEPTACLES
505 Micro, Ribbon 24-contact 4230-4024 02660 57-40240
DISPLAY BOARD (P/N 1685-4710) PARTS -

INDICATORS

DS1 thru

DS5 Digital 5437-1230 072863 FND-70

DIODES

CR1 Light-emitting, red 6084-1099 13715 FLV102

RESISTORS

R) thru

R7 Comp., 150 chms£10% 1/4 W 6099-1159 01121 RCRO7GIS1K

18 PARTS & DIAGRAMS
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parts side,

gray = other side. Pins: Square pad in ckt pattern
collector, I-C pin 1, cathade (of diode), or + end (of

NOTE: Orientation: Viewed from parts side. Part
number. Refer to caption. Symbo/ism. Qutlined
capacitor).

area = part; black ckt pattern {if any)

/

4 iated

AL

Rt

Comparator etched circuit board “A° {P/N 7685-4750) layout.



ELECTRICAL PARTS LIST

Fed
Rel Des Description GR Part No. Mig Code Mig Part No.

SWITCH BRACKET ASSEMBLY PARTS

Switch bracket Assembly Complete 1685-2050 24655 1685-2050
LAMPS

DS thru

D54 63V 5600-0319 71744 CM-377
SWITCHES

S1 thru

SS Thumbwheel 7917-1014 24655 7917-1014
86 thru

S10 Thumbwheel 7917-1014 24655 7917-1014
S11 Toggle 76100790 95146 MTA-106D

—

AA

ekt



ELECTRICAL PARTS LIST

Fodt
Rel Das (B- Prefix] Dmacription GR Part No. Mg Cods Mig Part No.

COMPARATOR BOARD B (P/N 1685-4760) PARTS

CAPACITORS

Cl Tantalum, 47 uF 220% 6 V 4450-5500 56289 150D476X0006B2
C2 thru

c4 Ceramic, .01 uF +80-20% 100 V 4401-3100 72982 805, .01 uF +80-20%
INTEGRATED CIRCUITS

Ul Type SN7402N 5431-8102 (1295 SN7402N

U2 thru

Us Type SN74153N 5431-B053 01295 S5N74153N
RESISTORS

R1 thru

R32 Comp., 2 kilohms £5% 1/4 W 6099-2205 01121 RCRO7G202}
SOCKETS

$01 thru

803 DIP, 16-cont, PC 7540-1817 71785 133-51-02-006

6-20 PARTS & DIAGRAMS



- —— s

1685-4760

NOTE: Orientation: Viewed from parts side. Part number: Refer to caption,
Symboiism: Outlined area = part; black ckt pattern (if any) = parts side, gray
= other side. Pins; Square pad in ckt pattern = co!lector I-C pin 1, cathode
{of diode}, or + end (of capacitor). '

Compearator stched circuit board '8’ {P/N 1685-4760) yout.



" 4T9 SWVHOYIO 1 SiHVY

i Al . DY 7 CEL G el

AEMI4 GINIAND &0 LIWLY ROT [ J104

Trin
LRl

L L] 4 o

F s

—\...l.lllil||||||.l-|xtl..l||||||I.|...I.I.I...l....|||||I.I.I....lt..l!.l.|-i||||||||||||
_ ™
! I
ToLme- 0 _ { <Jhws ' P
LMl Hp T I ' s i o AAALIAE 08I0
i W 2y (EHES g i T i wo
- TiM &
QIS iy » u_.uo-W. . e !
== . ry—
Pl Gy s
ssalg p S 501 | A R e e ST WA a8
_ i nz
'] am
I nz o
‘t .
= “ A sz i va Ag [ |
- Tun 1] !
L » :..S»W i T T CCol [P ! i
mw @ 31 " ..u.unﬂﬂ o Mt il 25 OMHHM" M Ll O V”
A =T P il SERTPRCIN Y SN IS oy il e NS 1 3 Y
wimfy ] o.-o-m . o — YR S JM ﬁ _
S — ; = PR et TS B B BT B o [
i g LR R T ST
ai 4 o s £ “
! 26, T
i ey * ud u} ;
o e .. R ——
Ll e F1N30% ! >
8% @ ! btd ol AR (o e D A X
” 2 e r [ Z i1
s B 0 i = s 4 - @ %
LLLT L B s e N B _ R O 3 U iop A
| T 3 Y e g[uEm
I Wz 26M pazl |
| R B | 1] Fovu
S U Ly 2 fus !
. | itwd ol |
1S a8 ——- WE | 3
@ gt kiR . I e I zrzas 4 a5 25
i = m—— SR g £ s o 1 s L 1 I 4
tinjy— - WIS - : SO S P 0N A WO 7 (AP WY AN W - 4 208 &.|||m S
w2 Wy Ah_ LR B el
— ilw uz wTd b B
nE
| " o | |
_ =i |
L d o ¢ "5 lofa e jo sl uf w i koot oo fun T she o« CORETH T |
RN AN esoTr.....ﬂ.ﬁ.!l..!.._l. o - L LLL I L | L] L “ut iy
. “u.m .ur.....“u Py = M LI Taan i et e, e Ui ; {
S B cos T %- i ._-u_m..l et ot i i
LFLIFE T
i A - r W0 d Kdm LOMMI-» TR - - drn dnam-v W00 b i
= I
|
|

U A, - [, D Emﬂu w08
- = 4 o1cok
|||||||||| s SRR I,
can -




REFDES
(V- prefix)
C 1
C 2
C 3
Cc %
c -]
C 6
c T
C 8
CR 1
CR 2
REFDES
CrR -3
CR 6
ce 7
tr ]
cr 9
CrR 10
R S
L] &

ELECTRICAL PARTS LIST

POWER SUPPLY PC BOARD

DESCRIPTION

CAP CER MOND LUF 20PCT SOVGP
CAP CER MONO LUF 20PCT 50VGP
CAP TaNT 1.0 UF 20PCT 35V
CAP TANT L.0 UF 20PCT 35V
CAP TANT 1.0 UF 20PCT 35V
CAP TANT 1.0 UF ZOPCY 3Sy
CAP CER DISC .OIUF BO/20PCT 10OV
CAP CER OISC -OLlUF 8Q/20PCT 100V

RECT IN4i40 100PIV 34 SI AlXM
RECT 1IN4140 100PIV 34 SI AlXM

TRANSFORMER E BRIDGE ASM

DESCRIPTION

DIODE RECTIFIER 1N4003
DIODE RECTIFIER 1N&0OO3
DIDDE RECTIFIFR 1N4003
DIODE RECYIFIER LN40DD3
DIGOE 1NH4S9A 17S5PIV TR.025UA ST
DINNE 1N4594 1T75PIY [R.025U2 S1

RES COMP 10 K SPCT l/4W
RES COMP 1.0 K SPCY 1/4W

TRANSFORMER POWER

P/ 1686~4T730

PART NO.

4400-2070
44002070
4450-4300
4450-4300
4450~4300
4450-4300
4401-3100
4401-3100

6081-1014
6081-1014

PART NO.

6081-1001
6081-1001
6081-1001
6081-1001
6082-1011
6082~-1011

6099-3105
6099-210%

0485-4093

FrC

12982
12982
56289
56289
56289
36289
72982
72982

14433
14433

FMC

14433
14433
14433
14433
14433
14433

81349
81349

24655

MFEGR PART NUMBER

8131-M030-651~1058
8131-M050-651-105M
1500105X003%42
1500105X003542
1500105X003542
1500105X0035%42
0805540150001 032
0805540Z5U0010312

IN4140
IN4LAD

P/N 1685-2020

MFGR PARY NUMBER

1N&003
1N&#CD3
1N4002
1N4&D03
ING594
1N4&594A

RCROTGIG3)
RCROTG102J

04854093

St

G

o g P e . e et e =
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[ 1] [ RL3
Q985 - 4093~ &R
2@ @6

WI® Y0 WIs9 BY CAC (CAMHOPE 70 WTF )
WI® 7o wTi2 By CRY7 (CATHOOE T8 W7¥)
WTit 78 WIE BY CAS (CATHOPE 70 WI i)
WTE 7o W7Ii2 BY ERE [ CATHOPE To WT /Z)
PITIZL TO WT 17 BY CRIB] CATHIDE To W7/7)
WILE TEWT LT EYCAY [ ERTHNALE TOWTT)T)
WIsF Towr i78Y A5

WIi7 0 WrJ8 BY RE

Transformer and Diode Amembly {P/N 1685-2020) layout.
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c4

&P 1686-4130

(X -]

c7?

Rt

Pt e

NOTE: Orientation: Viewed from parts side. Part number. Refer to caption.
Symbolism: Qutlined area = part; black ckt pattern (if any) = parts side, gray
= other side, Pins: Square pad in ckt pattern = collector, 1-C pin 1, cathode
{of diode), or + end {of capacitor}.

Powsr<supply board (V] leyout, P/N 1686-4730.

A

ot
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Figure §-14, Power Suppty, Tronsfermer Assembly, and Line-Valuge switch schemstie disgram.
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ELECTRICAL PARTS LIST {cont)

TEST FIXTURE P/N 1686-3090

REFDES DESCRIPTION PARY NO. FMC MFGR PART HUMBER
c 1 CAP CER MOND  0.1UF 20P(T SOVGP &400-2030 72982 8131-M030-651-104M
cr I LED GREEN 6084-1055 28480 50802-4950

Ccr 2 LED RED 6084-1030 28480 5082-4650

4 1 RECPT WMICRD RIB 36 CONT 4230-4034 026860 S5T-40380

[ 4 2 RECPT MICRO RIB 14 CONT 4230-4014 02680 57-40140

R 1 RES COMP 270 DHM  SPCT 1/74M 6099-127% 81349 RCROTG2T1J

R 2 RES COMP 150 OHM SPCT 1/4W 4099-1155 B1349 RCROTG151J

® 3 RES COMP 100 OHM SPCT 174w 6099=1103 81349 RCROTGLOLY

R 4 RES COMP 100 Kk SPCT 174w 6099-4105 81349 RCROTGLO4J

R 5 RES COMP 100 K SPCY 174w 4099-4105 Bl349 RCROTG104AY

s 1 SWITCH PUSHBUTTON SPDT TETO0-1560 01963 $30-20P

TEST FIXTURE PC BOARD P/N 1486-4790

Includes all the above listed parts except
switch 5] and indicator diodes CRl and CR2,

ADAPTORS
For replacement of the adaptors {2 supplied), order GR part number 1686-1910.
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