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Specifications

Microvoltmeter

Accuracy: T (20% of Tull scale + 10UV

Ranges: 50-0-B0UV and BOO-G-B00LV

input impedance greater than 100 ohms
Differential protection between probes 15 volts
D¢ Current Source

Compliance: TV dc max., open circuit

Ouiput current: 10mA $20% into short circuit
Current-Sensing Probe

Source drive signal; 800k Hz £20%, 1V Peak max, into open circuit
20mA p-p square wave into short circult

Detector probe; sensitive to source if probe held within 1/8" of
copper track

Connectivity Test

Detects resistance less than 68 ohms £10%

Power Requirements

100 to 175 or 200 10 250V

50 or 60Hz

Power consumption less than 5 watts

Mechanical

Dimengions: 85" W=x 312" Hx 12.258" D
21.8cm W x 84em Hx 31.1em D

Weight: 2.5 kg (5.6 Ibi net.

Warranty

GenRad

WARRANTY

We warrant that this product is free from defects in material and workmanship and,
when properly used, will perform in accordance with applicable GenRad specifications.
If within one year after original shipment it is found not to meet this standard, it will
be repaired or, at the option of GenRad, replaced at no charge when returned to a
GenRad service facility. Changes in the product not approved by GenRad shail void
this warranty. GenRad shalf not be liable for any indirect, special, or consequential
damages, even if notice has been given of the possibility of such damages.

THIS WARRANTY IS IN LIEU OF ALL OTHER WARRANTIES,
EXPRESSED OR IMPLIED, INCLUDING, BUT NOT LIMITED
TO, ANY IMPLIED WARRANTY OF MERCHANTABILITY OR
FITNESS FOR A PARTICULAR PURPOSE.

GenRad policy is to maintain product repair capability for a period of ten years after
original shipment and to make this capability available at the then prevailing schedule
of charges.




Introduction— Section 1

1.1 INTRODUCTION | .
1.2 GENERAL DESCRIPTION .

1.1 INYTRODUCTION.

The GenRad 2220 Bug Hound is a smali bench-tep in-
strument designed to aid in the determination of the physi-
cal location of printed-circuit board short and open circuits,
and certain types of component faults. Several technigues
can be used to achieve this end, depending on the nature
of the fault. The Bug Hound is most compatible with, and
a logical extension to, digital togic-circuit test systems.
Frequenthy, a shorted node can be electrically resolved
using a test system designed for that purpose, but the physi-
cal location is not readily found (as with hair-line etch-
circuit board shorts or opens}. Also, as is the case with
many of the higher-density and multi-layer boards used
today, even if the faulty node is known, it can be very
difficult to locate the physical fault by visual inspection.
Close visual tracing of a track is not a necessity with the
Bug Hound. The 2220 design is such that the electrical
path of a shoried track can be followed and “'sniffed’” out
by audio and visual means, A speaker emitting 1 of 2 audio
tones and 2 LED diodes indicate that the probe is in close
proximity to the track. If no indications are emitted, the
probe is not near the track of interest. In addition, no
power 1o the board under test is required.

The Bug Hound is intended for use after a board fault
has been diagnosed by a logic-circuit test system. The util-
ity of the message defining the fauit depends on the so-
phistication of the system. GenRad manufactures high-
resolution fogic-circuit test systems that can utilize the GR
Diagnostic Resotution Module (DRM) with the Fault 1sola-
tion Nodal Diagnostic Software {FINDS) package. With
DRM/FINDS, it is possible to resolve the fault from the
nodal level down to a specific fault type or a bad 1C pin.
Having found the faulty node, an investigation using DRM/
FINDS is made to resolve a fault to one of the following
fault types:

1. Shorts/opens between an 1C pin and power or
ground,

2. Shorts/opens between adjacent IC pins.

3. Faulty IC's.

4. Shorts between tracks on a board.
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Even without the optional DRM/FINDS package, GR test
systems generally provide more information than most
other testers. For example, along with the node definition
the comment NODE LOW BUT ACTIVE may be added
instead of just BAD NODE AT XXX. This comment indi-
cates that the node is not shorted to ground, but rather

1o another node.

1.2 GENERAL DESCRIPTION.
1.2.1 General,

The 2220 has three basic modes of operation; a signal
trace mode, a connectivity mode, and a microvoltmeter
mode. The unit is self-contained and supplied complete
as a bench-top instrument.

1.2.2 Signal-Trace Mode.

The principal application for the signal-trace mode is in
locating a short between 2 nodes when both nodes are
known, When the Bug Hound is operating in this mode,

a 600 kMz trace-current is connected between the two
shorted nodes. Two c¢lip feads are attached, at any point
on each node. The current-tracing probe is then utilized
to track down the physicat fauit focation by visual (LED
indicators} and audio (speaker-tone} means,

1.2.3 Connectivity Mode.

The signal-trace mode can only be used when two or
more shorted nodes are known. If a diagnostic message
identifies one node that is shorted to another unidentified
node, the connectivity mode is used to physically locate
the second node. Two probes are used; one is placed on
any point of the known node, while the other is swept
across the etch track. When an audible tone is heard, the
aother node {or another point of the known node} is fo-
cated. Probing is continued until the second unidentified
node is found. The actual short is then located by either
visual means, or by using the signal-trace mode.

This mode is also used to locate open circuits.
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1.2.4 Microvoltmeter.

The microvoltmeter has a zero-center meter with fuil-
scale sensitivities of either +/—50 or +/—500 uVdc. As with
the signal-trace mode, the microvoltmeter mode also re-
guires that two shorted nodes be identified previously. A
10 ma de current souree is then connected between the
nodes to provide a potential gradient along the tracks
carrying this current. This very small IR drop is sensed
by the microvoltmeter as an increasing or decreasing poten-
tial as one probe is moved along the track. The moving

probe is visually followed to the point where the short is
located.

The microveltmeter is especially well-suited for finding
shorts between power bus and ground tracks. In this situa-
tion, the signal-trace mode is ineffective because the power-
bus bypass capacitors 1ook like short circuits to the
600 kHz trace current.

The microvoltmatar can aiso be used in lieu of the signal-
trace mode as an alternate means of finding board shorts.

R2EACK B PO

Figure 1-1. Front panel conirols and indicators.
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Table 1-1

CONTROLS, iNDICATORS, AND CONNECTORS

Figure 1-1
Ref. No. Mame Description Function

1 voiume Knob control. Adiusts audio level of speaker tone in Signal-trace
Rotary cw adj. and Connectivity modes.

2 meter Microvoltmeter. Indicates reading in microvolts of either 50 or
Minus-zero-plus, 500 uV full scale {see Fig. 1-1 items 7 and 8).

3 signal clips Red and black tn Signal-trace mode these clips provide a
push-type clips. 800 kHz trace current for the probe (Fig. -1,

itern 10} to follow; in the microvoltmetgr mode a
10 ma de signal is clipped to two track points and
the test probes (Fig. 1-1, item 4) are used to
detect the signal,

4 test probes Red and black In Connectivity mode these probas are used to
probes, find a point on an unknown node. 1n the micro-

voltmeter mode these probes are used as the
meter input probes.

5 signal-trace 1 of 4 Operating Sets instrument to Signal-trace mode. activating
Mode interlocking the current-trace probe (Fig. 1-1, item 10) and
pushbuttons producing a 600 kHz signal acrossthe ¢lips

{Fig. t-1 item 3).

6 connectivity 1 of 4 Operating Sets instrument to Connectivity mode. The
Mode interlocking probes {Fig. 1-1 item 4} are used to probe for
pushizuttons two points with a resistance <68 ohms.

7 migrovoitmeter 1 of 4 Cperating Sets instrument to Microvoltmeter mode with &

500 uV Mode interiocking full-scale reading of +/—500.
8 microvoitmeter 1 of 4 Operating Sets instrument to Microvoltmeter mode with a
50 uv Made interlocking full-scate reading of +/—50.
pushbuttans
g garphone Earphone jack. Listen to Signai-trace tones or Connectivity mode
tone instead of speaker, in noisy environments
or without disturbing others.
10 current-trace Probe containing In Signal-trace mode this probe enables the
probe wined circuit, 600 kMz stimuius 1o be tracked.
11 meter set Microvoltmeter Mechanical zero-adjust of microvoltmeter.
adjust screw.
12 off-on Taoggle-switch, Turns instrument power on and off.
Table 1-2
REAR PANEL CONTROLS, INDICATORS, AND CONNECTORS
Name Description Function

Power Connectar
{labeted 50-60 Hz).

Fuse {labeled
0.1 A SLOW
BLOW)

Line Voitage
Switch

Safety recessed 3-wire

plug.

Fuse in extraction
post holder.

Stide switch, Horiz
motion: left pos,
100-125V; right
pos, 200-250V.

Ac power input. Use with appropriate
power cord such as GR 4200-9625 or
equiv,

Short circuit protection. Use Bussman
wpe 250V Q.1 A or equiv, rating.

Adjusts power supply for the appro-
priate input range.
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Installation—Section 2

2.1 UNPACIKING AND INSPECTION
2.2 DIMENSIONS.

2.3 TILTING o
2.4 POWER-LINE CONNECTION

2-1
2-1
2-1
2-1

U315 mm
12.25 in

Figure 2-1. 2220 Dimensions.

2.7 UNPACKING AND INSPECTION,

If the shipping carton is damaged, ask that the carrier’s
agent be present when the instrument is unpacked, inspect
the instrument for damage (scratches, dents, broken parts,
ete.}. If the instrument is damaged ot fails to meet speci-
fications, notify the carrier and the nearsst GenRad field
office. {See list at the back of this manuai}. Retain the
shipping carton and the padding material for the carrier’s
inspection.

2.2 DIMENSIONS.
The instrument is supptied in a cabinet with resilient
feat for placerment on a table, The overall dimensions are

given in the figure.

Figure 2-1.

2.3 TILTING.

The unit can be tilted back for easier panel viewing.
Pult the central part of the bail, which is pivoted at the
front feet, down and forward. Let the bail support the

front of the instrument. To return the bail to its siorage
position, push it back and up against the bottom of the
cabinet.

2.4 POWER-LINE CONNECTION,.

The power transtormer primary windings can be
switched, by means of the line-voltage switch on *he rear
parel, to accommodate fine voltages in either of two rangss,
as tabeled, at a frequency of 50 to 80 Hz, ac. Using a small
screwdriver, set this switch to match the normal voltage
of your power line.

Connect the 3-wire power cable (P/N 4200-8625) to the
tine and to the power connector on the rear panel. The
instrument is fitted with a recessed 3-wire powar receptacle,
The contacts are recessed to eliminate the possibifity of
electrical shock whenever the power cord s being un-
plugged from the instrument. In addition, the center
ground pin is longer, which means that it mates first and
disconnects fast, ensuring user protection. The connector
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is rated for 250 V at 18 A. |t meets the requirements of
Underwriter’s Laboratories in the U.S. and the Canadian
Standards Association. The receptacie accepts power cords
fitted with Belden type PH-386 connector.

The associated power cord for use with that receptacte
is GR part no. 4200-9625, It is a 210-cm (7-ft.), 3-wire,
18-gauge cable with connector bodies molded integrally

2.2 INSTALLATION

with the jacket. The connector at the power-line end is a
stackable hammerhead design that conforms to the
“Standard for Grounding Type Attachmeant Plug Caps and
Receptacles”, ANSI-C73.11-1966. (Specifies 125V, 15 A}
If the fuse must be replaced, be sure to use a “'siow blow”
fuse of the current and voltage ratings shown on the rear
panel, regardless of the line voltage.




Operation—

Section 3

3.1 BASIC PROCEDURE.
3.2 SIGNAL TRACE

3.3 CONNECTIVITY .
3.4 MICROVOLTMETER

3.1 BASIC PROCEDURE.

For initial familiarization perform the following pro-
cadure. Then refer to the application information con-
tained in this section for details on obtaining the maximum
use from each mode.

a. Before connecting the line cord, slide the ling-voltage
switch (rear panel) to the position that corresponds to your
power-line voltage. Power must be nominally either 120 or
220 V (50 to 60 Hz).

tf the fuse must be replaced, be sure to use a “'slow
blow"™ fuse of the rating shown on the rear panel.

b. Push the interlocking OPERATING MODE push-
button switch to the desired mode; press either Signal
Trace, Connectivity, or 80 uV (Microvoltmeter),

¢. Set the power On/Off switch to On.

_ d. Connect the earphone to the front panel earphone
jack if desired,

¢. Proceed depending on the mode selected to the
appropriate paragraph as foliows:

Signal Trace . ........ para. 3.2
Connectivity . , . ... ... para. 3.3
Microvoltmeter . .. .. .. para. 3.4

3.2 SIGNAiL TRACE.

The signai trace mode utilizes the current-trace probe
and two clip leads for injecting a 600 kHz trace signal.
Typically, the 600 kHz signal is clipped across two nodes
that have been diagnosed by a test system as being shorted
together. One of the nodes can be a ground bus. Perform
the following steps:

a. Press the OPERATING MODE Signal-trace pushbut-
ton switch.

b. Unclip the current-trace probe and red and black sig-
nal ¢lips from the probe tray.

3-1
3-1
3-2
3-2

¢. Attach the signal clips to the identified nodes.
{Either signal clip can be clipped to either node.)

d. With the current-trace probe (largest black probe}
in hand, start from one of the clips with the probe nose
held within approximately 1/8 inch of the track.

2. Move the probe from one side of the clipped track
to the other using a zig-zag motion., Note that the LED
indicators alternately flash on-and-off as the probe is moved
from one side to the other.

£, As the probe is being swept from one side of the
track 1o the other, adjust the front-panel volume controt
cw for an audible tone of the desired level.

g. Next, proceed along the track following it with the
probe. [f, as the probe is moved down the track the LED
indicators do not flash on and off, and the audio tones
stop, back up the probe to the point where the indicators
are active again. Investigate the reason for the stoppage.
Either the node branches at this point, or the physical
fault has heen encountered.

Example

Figure 3-1 illustrates the signal trace mode. This ex-
ample assumes that a test system diagnosis has stated that
2 nodes U1-13 and U3-12 are shorted together. The red
and black signal clips are placed on these two IC pins a3
shown (either clip to either point). The path of the
600 kHz ac signal is iilustrated by the dotted arrow. Note
that it passes through the short. The current-trace probe
is then moved along the track starting from one of the
identified pins (U1-13). As the probe is moved to point A,
the signal is lost. The probe is backed up and moved
through a plated-through-hole. The signal is lost at point B
on the frack located on the other side of the board. As
the probe is zig-zagged back toward the hole, the signal
ra-appears and the short is observed.
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CURRENT-TRACE PROBE
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Figure 3-1. Signal

3.3 CONNECTIVITY,

The connectivity mode is used in instances where a test
system diagnosis identifies only one node. The other node
miust then be found manually.

Perform the following steps:

a. Push the OPERATING MODE Connectivity pushbut-
ton switch,

b. Unclip the red and black probes {not the signal clips)
from the probe tray. '

¢. Touch the 2 probe tips together and an audible tone
is heard as the front-panet VOLUME control is adjusted.
Set for desired level.

d. Place one of the probe tips on the identified node,
then slowly and lightly sweep the hoard etch with the other
probe untii the tone in Step ¢. is heard. This indicates a
path of less than 68 ohms.

¢. The tone indicates that either a point on the same
node has been located, or an unidentified node has just
beers found, With both nodes identified, the signal trace
maode is used to resolve the fault.

Figure 3-2 illustrates the use of the Connectivity mode.
Note that if one probe is placed on U1-3 the tone is heard
if the other probe tip contacts either U2-3, U2-b, U2-2 or
U3-2. Oniy the latter two points are on the other node.

3-2 OPERATION
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trace mode.

2.4 MICROVOLTMETER.
3.4.1 General.

The microvoltmeter uses a 10 mA dc current source as
a stimulus along a path between 2 identified nodes. The
microvoltmeter indicates both the polarity and the ampli-
tude of even a few microvolts drop along the path through
which the current is forced. There are two ranges; 50 and
500 uV. Normally, the 50 uV range is used as described
below. The 500 uV range is usefut wheneveyr the potential
gradient along a track is large because of a narrow track
width,

Perform the following general steps to use the micro-
voltmeter, and then refer to the detailed techniques for
use depending on the type of application.

a. Press the OPERATING MODE 50 uV pushbutton
switch.

b. Unclip the black and red signal clips and the red and
black probes from the probe tray.

NOTE
The following procedures are intended for use
with an unenergized board. To use the micro-
voltmeter on an energized board refer to
para. 3.4.3.
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Figure 3-2. Connectivity mode.

c. Place sither signal clip onto one of the nodes; place
the other clip at a point on the other node.

d. Place and hold either probe at one of the ctips, and
with the other probe press lightly on the track and move
the second probe afong the track.

a. A deflection should gradually be observed. The
polarity of the deflection is not important, and depends
on which clip and which probe is placed on which end of
the track. ¥ the deflection approaches full scale, move
the stationary probe to the vicinity of the other probe to
bring the meter reading back to zero, then continue the
search for the short.

f. When an increase in the distance between the probes
on the 50 uV range does not produce a corresponding
increase in the meter deflection, either the point of the
short has been passed, or the short is on a node branch
that has just been passed. Back up the probe until a de-
crease in deflection occurs, then investigate.

3.4.2 Veo-To-Ground Shorts.

Figure 3-3 iliustrates a principal application for the
microvoitmeter. A shorted capacitor is not an uncommon
fault and can be easily found as itlustrated. With the signal
clips connected as shown, the de current source flows
through the shorted capacitor to ground. As the probe is
moved atong the power bus the deflection increases. As

the point-of-short is passed no further IR drop occurs
since there is no current flow through this path; the voltage
point is at the same potential as the short {ground poten-
gal}. Thus the deflection remains constant past the point-
of-short.

3.4.3 Use of Microvoltmeter on Energized Board.

The microvoltmeter can be used on an energized sys-
tem (power applied to the board-under-test} to resolve
a short when system analysis pin-points a bad node. The
following technigues itlustrate the most common appli-
cations and can be used to determine, for example, if an
1C driving 2 node is bad, or if one of the IC's receiving a
signal from the identified node is bad {such as having an
internal short to ground, Vee, or another node.

Figure 3-4 illustrates current flow and level for standard
TTL logic 0 and 1 states under normal conditions. Under
fault conditions current is sourced to the short from ail
other points on the node, regardless of whether or not
the point is an output or input (though the level will vary).
Trouble-shooting using the microvolimeter is easy if this
concept is kept in mind. 1f current is flowing from an 1C
pin to a short, it is sourcing current. 1tis easily determined
if any given IC pin is soureing or sinking current. Simply
place the positive (red) probe closer to the 1C pin than the
black {negative} probe. Place the black probe elsewhere
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Figure 3-5. Probing an energized board.

on the node, H the meter deflects upscale, current is
being sourced by this IC point; a down-scale deflection
indicates it is sinking current.

Figure 3-b illustrates an example of the most common
type of probing on an energized board. In this example
assume that U2-1 has an internal short to ground, and be-
cause of this the node “fails to go high”. The board-under-
test must be set-up by the test system to the failing condi-
tion. Figure 3-56 shows the node both from physical and
efectrical viewpoints. When U1-3 is probed, the positive
deflection indicates that the pin is sourcing current. Simi-
tarly, when U2-8 and U2-4 are probed, positive indications
are indicated, though of a much smatler magnitude. When
U2-1 is probed as shown the deflection is negative indi-
cating it is sinking current. This principle, carried one step
further, is used if the short is somewhere in the track. Place
the positive probe on the driving output {as with U1-3).

Follow the track using the other probe. The deflection in-
creases and is at a maximum at the short. If the short

is passed the deflection will stay at approximately the same
level or start moving down-scate as & result of the current
being sourced from the node IC inputs {as from U2-4, and
uz-8).

Open-Collector Logic. The technigue just described
applies to open-collector logic with cne difference. in the
logic high state a logic output of this type does not source
current to the track. [f, for example, a short to ground
holds a node low, and a microvoltmeter measurement made
at the pin driving the node indicates 0 uV, this output has
not failed. Ifitis determined that this output is good,
probe the other points on the node using the techniques
previously described in para. 3.4.3 to trouble-shoot the
short,
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Theory—Section 4

4.1 GENERAL e %
4.2 CURRENT-TRACING PROBE (SIGNAL TRACE MODE} . . . . 41
4.3 CONNECTIVITY TEST ., 4-3
4.4 MICROVOLTMETER 4-3
4.5 SYSTEM POWER . 4-4

4.7 GENERAL. Figure 6-2.

This section describes the theory of the current-iracing
probe, the connectivity tester and the microvoltmeter. The
theory for the microvoltmeter also includes the 10 mA de
current source. An understanding of this theory is helpful
in performing any trouble analysis on the unit.

4.2 CURRENT-TRACING PROBE (SIGNAL-TRACE
MGDE]).

4.2.1 Background.

The current-tracing probe is designed to detect the
polarity (direction) of the magnetic field that is induced
around a wire (etch) when a current is applied through the
wire, Figure 4-1 illustrates the field relative to current flow
and also shows that the induced voltage in the probe pro-
duces a current flow in a direction depending on which side
of the track the probe lies on,

PROBE
INDUCED
CURRENT
FROM
B-A

PROBE
INDUCED

CURRENT
FROM

Figure 4-1. Magnetic field resulting from current flow
through a wire.

Figure 4-2 is a simplified functional diagram of the
probe. The signal clips are used 1o connect the ac current
source {800 kHz} to two shorted nodes. The current-trace

probe containg a coil that is tuned to detect the 600 kM2
stimulus, A small ac voltage developed in the probe coil is
amplified and applied to a phase detector. The phase de-
tector compares the phase of the signal induced into the
probe with the 600 kHz stimulus signal, From the phase
detector it is determined whether the probe coit lies inside
or outside of the current-carrying track. Two LED indica-
tors are associated with the phase detector, Additionatly,
one of two audio tones indicates the phase.

4.2.2 1.2 MHz Oscillator and Clock Divider.

The 1.2 MHz oscillator (U3 and associated components}
is the heart of the "current-sniffing” probe. The 800 kHz
source stimulus is derived from this oscillator through a flip-
fiop frequency divider {JB}. The divided output is also
applied to the phase detector circuitry to synchronize it as
described in para. 4,2.8,

The oscillator is tuned by L2, C15 and C16 1o a fre-
quency of approximately 1.2 MHz, C17 provides a fine-
tune oscillator adjustment, C47 is a blocking capacitor
required to prevent L2 from shorting U3-7 (base) to the
gate {U3-3). C18 prevents L2 from shorting the gate (U3-3}
to the source. U3 buffers the oscillator output and converts
the oscillator sinewave to & square wave.

The OSC OFF signal to the osciliator {U3-5) is tied to
either +5 V or —5 V through the OPERATING MODE
switch section S5. When the Signal-Trace mode is selected,
+5 V is switched in to enable the oscitlator. For all other
modes —5 V is switched in to disable the osciliator. This
prevents oscillator pick-up from affecting the other modes
of operation.

The clock-divider flip-flop Ub divides the osciliator
frequency by 2, supplying a 600 kHz (approx.) signal from
US-1 to driver Q7. The output of UB-2 is applied to U4,
The ather input {U4-2) is approximately 1.2 MHz. The
output of U4 provides the toggle for the phase detector.
The timing relationships for the above signals are illustrated
in Figure 4-3. The toggie (U4-3)} is thus delayed one-fourth
of a period from the probe excitation signal.
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Figure 4-2. Current-trace probe simplified functional diagram. !
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Figure 4-3. Oscillator and divider timing,

4.2.3 600 lkHz Source Drive.

The 600 kHz signal from UB-1 is appiied to the Q7/Q1
driver stage through B13/C12. The current is limited
through R13. C13 minimizes the effect of stray capacitance
both in the track and Q7 from attenuating the 600 kHz
signal, Q7 and Q1 provide the source driver {20 ma
nominal) required to force a current through a pc-board
track to produce the magnetic field {para. 4.2.1). The
800 kHz output is protected from overioad (accidental
connection to 2 voltage source) to +/-16 V {max}. CR20
is back-biased for +15 V.,

4.2.4 - Probe and Preamplifier.

The probe nose contains the tured cireuit L1 and c4,
This circuit is resonant at 600 kHz. U1 is an ac-coupled
amplifier with a gain of approximately 80 at 600 kHz, The
amptified phase information is then applied to comparator
UZ. The comparator has a switchable hysterisis, Initially,
the hysterisis is set at 100 mV pk-pk {R5/R11). When this
threshoid level is reached, the hysterisis is changed to
50 mV pk-pk by Q8/R48. The change of hysterisis ensures
that the drive level is sufficient to produce positive startup

4-2 THEORY

and shutdown of U2, The comparater output {TP2) pro-
duces a +/—5 V signal swing when sufficient excitation
{greater than 100 mV pk-pk) is applied to U1. The com-
parator output is applied 1o the phase-detector flip-flop.

4.,2.5 Thresheld Detector.

The comparator output is also applied to a threshold
detector. The detector ensures that the tones and LED
indicators are extinguished when the probe is not near the
track being probed. C11 passes the comparator output 10
the detector. The positive-half of each 600 kHz cycle is
conducted through CR18. This charges €30 positive.
During the negative hatf-cycte CR23 conducts and C30
attempts to discharge through R10, The time constant is
such however, that the next positive half-cycle is received
before C30 is discharged. This maintains U4-5,6 positive
which enables phase detector U5, When the comparator
output is not active, C30 discharges through R10 and
U4-5,6 are at a low logic level. The phase detector is then
disabled.

4,2.5 Phase Detector.

The phase information is received by US-9 and this flip-
flop is clocked at UB-11 {para. 4.2.2}, The logic levei from
the amplified induced signal from the probe is clocked to the
the UB-13 output {PHASE 1) on the leading edge of the
toggle pulse (UB-11}. The LEDs CR14 and CR15 alter-
nately blink back and forth as long as a phase difference is
being detected. The current to the LEDs is limited by R12.
QF and Q6 are drivers for CR14 and CR15, respectively.
R16 and R40 timit the current that U5 is required to sink.

The complementary phase detector outputs PHASE 1
and PHASE 2 are applied to analog switches U1b-b and
U15-6. PHASE 1, when high switches PULSE 2 through
speaker drivers Q4/Q2 to the speaker. Simiiariy, PULSE 3
is switched through by PHASE 2, The PULSE 2 and
PLULSE 3 signals are produced as described in para. 4,4.2.
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Figure 4-4, Microvoitmeter simplified diagram.

4.3 CONNECTIVITY TEST.

U10 and associated civeuitry form the connectivity
tester. The test probe leads are connected to a resistance
divider consisting of R31, R32, and R42 on the U10-3
input. U10 is a comparator, and because of the divider on
the input, the comparator output U10-7 (TP8) goes high
when the test probes are connected to a resistance of less
than 68 ohms. When this occurs analag switch U15-13 goes
high and closes. The PULSE 2 signal on U15-1 is then
applied through the Q4 and Q2 puise amplifier stage to the
speaker and earphone jack, The PULSE 2 tone {385 Hz) is
generated by the U1 osciliator and U12 divide-by-zight
counter {refer to para. 4.4.2) and is also used in the micro-
voltmeter mode.

4.4 MICROVOLTMETER.
4.4.1 General.

Figure 4-4 is a simplified block diagram of the micro-
voltmeter. The probed voltage is applied to overload pro-
tection circuits and then to the input amptifier, The
amplifier is chopper-stabitized and provides gain. Chapper
stabilization is a technique that minimizes the effects of U7
offset drift resuiting from temperature variations. With
this method the microvoltmeter input and ground are
alternately sampled. Any offset voitage in U7 is stored in
C23 during the time that ground is being sampled. The
input voltage is then sampled and algebraically summed
with the stored offset voltage. The two offset voltages
cancel, leaving only the amplified input voltage which is
stored on C25. When this voltage reaches +/—25 and
+/~250 mV the microvoltmeter will be reading +/— full
scale on the 50 and 500 uV ranges, respectively.

4.4.2 Input Stage.

The input stage has a low-input impedance of 100 ohms.
This low impedance stabilizes the chopper switches at the
input of U7 so the meter will remain at zero when the micro-
voltmeter is not being used. The input is protected against

voltage overload to +/—15 V. Lamp DS1 provides this pro-
tection because its resistance increases and Himits the current
as the voitage across the lamp increases. Diodes CR16 and
CR17 clamp the voitage to +/-1 V max. C41 along with
DS1 form a low-pass filter designed to attenuate computer-
clock frequencies and prevent an erroncous meter offset
when the microvoltmeter is used on an energized board
{para. 3.4.3}. The filter cutoff is approximately 10 MHz.
DST and R21 also form a voltage divider. Approximately a
sixth of the input voltage is droppad by this network, This
loss is compensated for by the gain of U7, C43 across the
input of U7 shunts high frequencies to minimize switching
transients produced by U8, C44 reduces 80 Hz pick-up
from floating ground to case ground. U7 is configured as
an ac-coupled amplifier. A gain of approximately 800 is
developed by feedback resistors R23 and R24,

Analog switches UG-5, and -13 in the input stage are
used for chopper stabilization, described in the next
paragraph,

4.4.3 Chopper Stahilization - Oseillator and Counter.

The timing pulses for chopper-stabilization control are
developed through oscillator Ut1, and divide-by-8 counter
U12. The oscillator frequency of 3080 Hz is controtled by
C29, R41, and R43 (adiustable). R43 s variable to adjust
the chopper frequency away from any 50 or 60 Hz
harmonics 10 avoid undesirable meter pulsation. R46
minimizes frequency drift resulting from any power insta-
bility. The oscillator output is applied to a divide-by-8
counter U12 to produce the PULSE 1,2,3 and PULSE 4
timing outputs as iliustrated on the schematic (Figure 6-2).
The timing pulses are applied to the UG analog switches. A
high puise tevel closes a switch. As shown in the schematic,
the input is opened (UB-b) when PULSE 1 goes low. At the
same time PULSE 3 goes high to ground the microvoit-
meter input {UB-13), This references U7 to floating
ground. After the switching transients have decayed away
and the operational amplifier has settfed, the output voltage
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of U7 will be in error by its output offset voltage. This set-
tling time is the interval between the leading edge of
PULSE 3 and PULSE 2. When PULSE 2 goes high anatog
switch UB-12 closes and provides a charging path for C23
to store the output offset voltage error on C23. PULSE 2
then returns low, opening switch UB-2. The microvolt-
meter input switch is then closed (PULSE 1 high to U6-5)
and the ground switch is opened (PULSE 3 low to U6-13},
The input voltage is now amplified by U7. The output
voltage including its offset error is algebraically summed
with the stored offset on C23. The two offset errors
cancel, leaving only the amplified field input voltage as the
input to UB. This voltage is buffered by U8B and is ulti-
mately stored on C25 when PULSE 4 closes UG-G,

4.4.4 Meter Amplifier.

Amplifier U9 converts the stored voltage on C25 to a
current suitable to drive the +/—500 uA meter movement.
Capacitors C19 and C26 filter out any switching noise that
appears at the input. The meter itself is in the UD feedback
lcop. R8 at the output of U9 limits the current to the
meter to protect it from any overload presented to the
microvaitmeter input, The output is inverted from the
input and the stage has a unity dc gain with respect to the
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range resistors R29 and R30. The current through the
range resistor is essentially equal to the meter current. R29
is setected and switched in by 52 when the front-pang!

50 uV range Operating Mode is pressed. Similarly, R30is
switched in by 53 when the b00 uV range is selected,

4.4.5 10 MA Current Source.

The source of constant current is provided by transistor
03 and associated components. This cireuit is fully floating
50 that either current-source lead can be referenced to the
microvoitmeter returtt. Zener diode CR9 and current diode
CR10 {1 ma} estabiishes a fixed voltage drop across the
base-emitter of Q3 and R1. This voltage is unaffected by
power line fluctuations, therefore the cutput current re-
mains constant, The source is applied to the signal clips
whenever the microvoitmeter is selected.

4.5 SYSTEM POWER.

System power requirements are mat with +6 Vand -5 V
potentials. These voltages are supplied to the unit through
0.5 A regulators U13 and U14, respectively, The unregu-
lated 5 Vdec power is developed through a bridge rectifier
{CR1-CR4) on the secondary of step-down transformer T1.
C1 and C2 filter the unregulated dc power.
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CAUTION

AN

For continued protectidn against fire hazard,
reptace fuse only with the same type and rating
as shown on rear panei and in parts list.

WARNING — SHOCK HAZARD
Dangerous voltages are present inside this instru-
ment. Refer all servicing to qualified personnel.

5.1 CUSTOMER SERVICE.

Our warranty {at the front of this manual} attests the
quatity of materials and workmanship in our products. ¥
malfunction does occur, our service engineers will assistin
any way possible. 1f the difficulty cannot be eliminated by
use of the following service instructions, please write or
phone the nearest GenRad service facility (see back page},
giving full information of the trouble and the steps taken to
remedy it. Describe the instrument by name, catalog num-
ber, serial number, and 1D (lot) number if any. {Refer to
the front and rear panels.}

5.2 INSTRUMENT RETURN.
5.2.1 Returned Material Numbaer.

Befare returning an instrument to GenRad for service,
please ask our nearest office for a “Returned Material’’ num-
ber. Use of this number in correspondance and on a tag tied
to the instrument will ensure proper handling and identifi-
cation. After the initial warranty period, please avoid
unnecessary delay by indicating how paymaeant wil! be made,
i.e., send a purchase-order number.

5.2.2 Packaging.

To safeguard your instrument during storage and ship-
ment, please use packaging that is adequate to protect it
from damage, i.2., equivaient to the originzal packaging. Any
GenHRad field office can advise or provide packing material
for this purpose. Contract packaging companies in many

cities can provide dependable custom packaging on short
natice. Here are two recommended packaging methods:
Rubberized Hair. Cover painted surfaces of the instru-
ment with protective wrapping paper. Pack instrument
securely in strong corrugated container {350 ib/sq. in
bursting test), with Z-in rubberized hair pads placed along
all surfaces of the instrument, Insert fillers between pads
and container to ensure a snug fit. Mark the box “Delicate
Instrument” and seal with strong tape or metal bands,

5.3 MINIMUM PERFORMANCE STANDARDS.
5.3.1 General.

The following procedures are designed to verify the
accuracy and overall performance of the instrument, The
checks are controlied from the front panel, without the
need for disassembly. Table 5-1 lists the equipment recom-
mended for the following checks, trouble analysis, and
making the adjustments described in para. 5.4. Also listed
are the pateh cords and connectors that can be used to
make the connections described in the following paragraphs.
The connectors and patch cords for the equipment specified
ean be purchased through the GR Catalog Sales Dept.

CAUTION
Be sure the rear-panel ling veltage switch is cor-
rectly set for your power line voltage.

5.3.2 380 Mz Oscillator Check.

Fo perform this check it is necessary to connect two re-
sistors {a 1 £2 1% and a 10 K2 1%) in serigs, and then con-
nect both an oscillator and a frequency counter (to measure
period) across the resistors. The 2220 red and black test(:,mﬂé)
probes are placed across the 1 £2 {red lead to the ]unction'
of the resistors).

a. Turn the 2220 On and set it to the 500 uV range.

“b. Turn on the oscillator and set it to approx. 380 Hz,

with the output amplitude to approx. b Vpk-pk using an

oscitloscope.
c. Vary the osciliator frequency slightly untit the 2220
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Table 5-1

RECOMMENDED EQUIPMENT FOR MINIMUM PERFORMANCE,
TROUBLE ANALYSIS AND ADJUSTMENTS

Recommended T\,r;:&;6

Name Requirement
Resistors 101% -
100 1%
6195 1%
8250 1%
10 k2 1%
100 k2 1%
Cscilloscope General purpose, 100 MHz Taktronix 465
Oscillator Variable 500 Hz, 5 V pk-pk output GR$310-B
Freguency Counter 50 MHz, and period measurement GR1182-B

Connectors

Patch Cords

Adaptors

Power Supply Variable 0-5 Vdc

Voltmeter

*Equivaients may be substituted.
meter begins to swing back and forth. Continue adjusting
the frequency untif the 2220 meter swing rate is less than
1 Hz.

d. Turn on the frequency counter and set it to read a
time period. The period should be between 2.8774 and
2.6826 ms.

5.3.3 Microvoltmeter Accuracy Check.

To perform this check make the following equipment
connections, then change the setup as indicated in the
test procedure,

a Connect two resistors {100kE2 1% and 1 £2 1%) in
series,

b. Connect a2 0-5 Vdc power supply, and the voitmeter
across the resistors {supply and meter positive leads to the
100 k) resistor).

Perform the following steps:

a, Tumn the 2220 On and set to the 50 uV range.

b. With the 2220 test probes open circuited and then
sharted together, the meter should remain within £10 uV,

¢. Place the 2220 test probes (not the signal clips) s
1 £} resistor {red probe to the junction of the resistors),

d. Turn on and adjust the power supply until the 2220
metear reads full scale (b0 uV). The dvm should now read
from +3 to +7-V,

e. Interchange the test probes across the 1 {1 resistorto-

reverse the polarity and repeat step d. (Adjust meter to
minus f.s.).

{. Turn off the power supply.

g. Replace the 100 k resistor with a 10 k{2 1% resistor.

h. Set the 2220 to the 500 uV range.

. Repeat steps c. through f. for both polarities of the
500 uV range.

5-2 SERVICE

{3} Black Binding Post Assemblies

Banana plug, double in-line
{2} Banana plug, singh_a

GRB874% Connector and Binding Posts
(GRY87? Cennector o BNC

Digital, general purpose

GR 0938-8708

GR 02749860
GR 07768702

GR 0874-9810
GR 0874-8BCO

Kepco ABC 15-1 M

Data Precision 14580

5.3.4 10 mA De¢ Current Source Chack,

The dc current source is checked by connecting the load
resistor {10 £2) across the 2220 signal clips, The source is
turned on when the 2220 is placed in the microvoltmeter
maoade. The dc current drive is checked by measuring the
voltage drop across the 10 £2 resistor resulting from the cur-
rent applied through it,

Perform the following steps:

a. Turn on the 2220 and set it to the 50 vV range.

b. Connect the 2220 signal clips (not the test probes)
across a 10 £2 1% resistor,

¢, Turn on the oscilloscope and adjust it to observe a
voltage measurement that should be between 80 mV and
120 mV.

d. Set the 2220 to the 300 uV range and repeat step c.

e, Remaove the resistors and connect the oscilloscope
directly across the 2220 signal ¢lips, The voltage measured
should not exceed 1 Vdc max,

5.3.5 600 kHz Check.

The 600 kHz signal trace current is checked by con-
necting a load resistor {10 £2) across the 2220 signal clips.
The source is turned on when the 2220 is placed in the sig-
nat trace mode. The current drive is checked by measuring
the voltage drop across the 10 {2 resistor resulting from the
ac sighal current applied through it.

Perform the following steps:

a. Turn on the 2220 and set it to the Signal trace mode,

b. Connect the 2220 red and black signal ctips {not the
test probes) across a 10 £2 1% resistor,

¢. Turn on the oscilloscope and connect it across the




resistor. Adjust the scope such that a square-wave pulse
from 160 to 240 mV pk-pk with an approximate period of
1.7 us can be observed.

d. Remove the resistor. A pulse of approx. 500 mV
should be chserved.

5.3.6 Connectivity Mode Check.

A resistance of less than approximately 88 (2 detected
across the test probes results in a tone from the 2220
speaker when the unit is in the connectivity mode. This
thresnold is not griticat and is easity checked by piacing two
precision resistors with values that are near but above and
below the threshold.

Perform the foliowing steps:

a Turn on the 2220 and set it to the Connectivity
mode,

b. Turn the 2220 front-panel volume control up {cw},

¢. Touch the test probes {not the signal clips} together.
A tone should be heard. '

d. Touch the probes across a 61.9 £0 resistor. A tone
should be heard.

2. Touch theé probes across an 82.5 £ resistor. There
should be no tone,

54 ADJUSTMENTS.
5.4.1 General,

The 2220 has only a few factory-preset adjustments
that ensure peak performance. Before any of the following
adjustments are made check for a mechanical zero with the
unit turned off. Adjust this zero with the meter-face screw
adjustment. Then turn the unit on and let it warm up for
5 minutes before performing any of the following adjust-
ments, The adjustments referred to below can be loecated
by referring to Figure 5-1.

5.4.2 Microvoltmeter Adjustments,

380 Hz Oscillator Adjustment. The oscillatoris adjusted
through the setting of R43. Perform the following:

a. Connect a frequency counter to U11-10 (PULSE 1)

b. Adjust R43 until a reading of 3798 &7 Hz is obtained
{period measurement of 2.590 to 2.688 ms),

Microvoltmeter De Offset Adjustrnent.  Perform the
following steps to zero the microvoltmeter,

a. Set the Bug Hound to the BO-uV mode.

b. Touch the microvoltmeter red and black probes to-
gether (not the signal clips) to short the meter input. Do not
hold the probe tips with vour fingers because your body
heat can induce small thermal emf's in the probes that can
shift the meter zero,

¢. While observing the meter, adjust R25 for a zero
meter deflection.

5.4.3 1.2 MHz Oscillator Adjust {Signal-Trace Mode},

The proper oscillator setting from which the 600 khz
drive signal is derived is not exactly 1.2 MHz. The oscil-
lator frequency is set to the value that produces the
maximum probe pre-amplifier response {TP1) on the out-
put of U1, Perform the following:

a. Set the OPERATING MODE switch to Signal Trace.

b. Clip the red and black signal clips together,

c. Connect an osciltoscope to TP1.

d. Hold the wire of one of the joined signal clips against
the side of the current-trace probe at the probe tip.
Position the wire and probe for maximum response at TP1,
and hold them steady until step e. is completed.

e. While observing the oscilloscope, adjust C17 for a
maximum amplitude.

5.5 DISASSEMBLY AND ACCESS.

Perform the following to access and remove the 2220-
4700 Current-Trace Probe Board that contains most of the
Bug Hound cireuitry. The remaining circuitry incl{,lding the
meter, powaer transformer, etc, are easily accessed without
removal from the chassis.

CAUTION
Observe the following precautions whenever
you handle & circuit board or integrated cir-
cuit in this instrument.

MOS HANDLING PRECAUTIONS

@ Place the instrument and partson a
grounded, conductive work surface.

® Ground yourself {with a strap having
approx. 1 MO}

@ Ground the frame of any test
instrument or soldering iron used,

& If the circuit board is to be stored or
transported, enclose it in a conductive
(anti-static) envelope,

a. Turn the unit upside down and remove the 4 screws
from the chassis shell.

b. Slide the unit forward in the shell, and tip it up {toward
the bottom of the chassis) and out.

To Remove the board: .

c. Unplug the three connector blocks from their sockets
on the board. Also, disconnect the 4 probe leads from the
board {J27-Red, J28-Black, J20-Center, J21-Shield-Brown}.

d. Remove the 6 screws that hold the board to the chassis.
The board can now be carefully removed from the chassis.
Lift it up to the rear so that the Operating Mode switch
assembly clears the chassis holes.

e. Reverse the above procedure to re-assemble the unit,
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Parts Lists and Diagrams—Section 6

6.1 GENERAL ce

6.2 REFERENCE DESIGNATIONS

6.3 DIAGRAMS .

Figure 6-1. Replaceable mechanical parts
Federat Manufacturer's Code

Figure 8-2. Bug Hound schematic diagram
Figure 6-3. Bug Hound circuit board compaosite

6.1 GENERAL.

This section contains the parts lists, circuit-board layout
drawing and schematic for the instrument. {Section 4 con-
taing functional biock diagrams, Reference designation
usage is described below, ‘

6.2 REFERENCE DESIGNATIONS,

Each electrical part on an assembly is identified on
equipment and drawings by means of a reference designator
comprised of numbers and letters. Compenent types on an
assembly are numbered sequentially, the numbers being

6-1

6-1
83
64
68
6-9

preceded by a letier designation that identifies the com-
ponent {R for resistor, C for capacitor, etc.). Some of the
less obvious designators are: DS, lamp; Q, transistor; U,
integrated circuit; CR, diode; WT, wire tie point; J,P,
connector.

6.3 DIAGRAMS.

The diagrams in this section are listed above. The unit
consists of one board. The schematic for this board is
Figure 8-2. The electrical compcénents not mounted on the
board (including the power transformer, meter, and others}
are however shown in Figure 6-2.

Tabte 6-1
ACCESSORIES SUPPLIED
Quantity Description Part No.
1 Power cord, 210 cm (7 ft} long, 3-wire, AWG No. 18, 4200-8825
with molded connector bodies.
1 Red and black test probes (set of 2 probes) 8160-6700
1 Red and biack source clips {set of 2 probes) 2220-6220
1 Trace probe Asm. 22209710
1 Earphone 1935-9601
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Fig Guantity

Ref
1 1
2 1
3 1
4 1
& 1
8 1
7 1
8 1
1
9 1
10 1
11 1
12 2
13 1

6-2 PARTS AND DIAGRAMS

MECHANICAL PARTS LIST

Dascription
Shell
Current Source Clip Asm,
Power Plug Connector
MHandte
Mounting Clip
Test Probe Set
Fuse Holder
Mounting Clip
Earphone (P1}-(not shown)
Earphone Jack {J1}
Trace Probe Asm.
Bail
Foot, soft

Knob

GR Part No.

2220-8000
22200220
42400250
2220-8020
5640-2405
8160-0700
5650-0100
5640-2408
19359601
42601110
22208710
5250-2123
5260-2060

55206133

FMC No.
24655
24655
82389
24655
06915
24655
75815
08815
24655
82389
24655
24655
24655

24855

Mfgr. No.

2220-8000
22209720
EAC-302
2220-8020
v-1601
8160-0700
342.004
V1004
1835-0601
TR-2A
2220-4000
5250-2123
5260-2060

5520-6133




Figure 6-1. Repiaceable mechanical parts.
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Loda

40136
00192
00194
QU327
o434
Q065
00779
01048
grn
DI2ES
1281
01285
1626
{41930
01963
02111
G214
{12806
042639
02860
02736
02768
33047
03508
03580
03638
43877
pa88s
03a1t
04008
4643
04713
04219
02078
05245
45276
05402
OB574
08624
05748
08820
06383
fellos]
(6665
06743
06798
0BYTS
06928
0887E
Q7047
07128
ar1av
07233
fepri-]
o72683
G787
07595
07699
01707
orE28
47829
¢8to
01983
07988
08524
08568
Q6730
08113
09353
0s408
08823
OGBES
0sg22
10025
10389
11228
11088
11983
12040
12048
12498
12617
12672
12687
12056
12954
120688
13084
13103
13148
13150
13327
EETRL
13918
14010
14186
14196
1337
14443
4482
14608
14665
14874
14748
14752
14888
14908
14936
5B
15476

Manutacturer

MeCov Elotras. Mt bosv Sovinas PA 17065

Jones Mig, Chicago It 80181

Waisco Elotrns, Los Angeles,Ca 80018

Weluyn latndl, Westlake, GH 44148

Schweber Bictrns, Westburg WY 11580

Acrovox, New Bedford MA 02745

AMP fnc., Harrishurg PA 17108

Adden Produces., Broeiton MA 62413

Afisn Bradloy. Wilwaukee W 53204

Lltton tnds., Beverly Hills, 04 30213

TRW., Lawndale CA 0760

1, Dallas,TX 75222

GE.,Wayneshoro, VA 22080

Amerock. Pockford, il 61101

Cherry Elurc MWaukegar HL BR08BE

Specteol Blorens, City of Industry LA BT745

Farroxeube. Savgartias,NY 12477

Fenuwall Lab. Mortan Grove,t. 50053

GE, Scheneciady NY 12307

Amphenct, Braadview,| L 60183

ACA, Somerite N (8878

Faseex.,Desplaing, H., 60016

Carter knk, Cambridgs,MA 02142

Syraeuse, NY 13201

Vanguare Etctros,, laglewood, CA 0302

Grayburne., Yonkers Y 10701

Transitron Elcwrns, Wakefiakd MA 01880

KO Pyrofilm. Whippsny NJ 07881

Clzirax,, New York, 8Y 10001

mrew Hert., Hartiord £T 06106
Hoa,NY 11507

Phoenix AZ BS008

Componant, Mig, W.Bridgewatar, s 02378

Tansisor Blotrns, Beanington, VT 05204

Corcom., Ghicegs.! L 60838

ITT Eketrns. Pamona,CA 91786

Cantrols Co.0f Amer,Meliose Pi [L 60160

‘iking nds. Chatsworth CA 81317

Barber Cobman., Hockford.iL 61101

Barnes Mig. Mensiiete OH 448

Wakefisld Erig., Wakelield, MA 01850

Panduir,, Tinkey P L B0&7T

Truetoue & Maclesn. Waterbury CT 06708

Precision Moaalith Senta Clare GA 85050

Clevite,, Craveiand, OH 44110

WIS Stamgp,, Cleveland 01 44104

Richoo Plste, Ghicago,t L 60648

Teledyne Kntes. Sofand Beh.CA $2075

Aladin Shotrrs., Neshuille, T8 37210

Ross Mifton, Scothampton PA THIGE

Digitesn., Pasadena.CA 51105

£agie Signal, BersbooWi 53913

Cinch Graphik. City of industry CA §1744

Awnet, Culuar City, A S0Z30

Fairchiid,, Mounizin View, CA 94040

Hirteher, N, Las Angeles,CA BUD3Z

Amer.Semicond, Arlingeon HigiL 80004

Magnetic Core,, Mewburgh NY 12580

LISA Fastener, Shefton, CT 08484

Bodine., Bridgeport CT 08606

Sogine Eletre, Chisaga Ho B0618

Cont Device. Hawthorne, CA 80250

State Labs., New York NY 18003

Borg bnst,Oetavan, Wl 53115

Dewtsch Fastener_ bos Angelas,CA $0045

Beil Elctre. Chicago, L 60632

Vemaline Prod, Fronklin Lakes,NJ 07417

GE,Buffalo,NY 14220

L&R Components, Waterrown,MA 02172

Star-Tronics., Georgetown, MA (11830

Burgess Battery Freeport il 81632

Ferwai Elerrns., Framingham, MA G701

Burndy.,Nerwalk,CT 06862

Giasseal Prod., Linden Nd 07036

Chicage $witch. Chicago,fL 60647

CV% of Berne., Berng HN 46711

Chandler Evans. W Hartford 0T D181

Nortroties. Minneapolis, MN 55427

farionat., Sarta Clars CA 956061

Elatre Transistors, Flushing NY 113564

Teledyne. Mountain View,0A 84042

baredin, Lake Millig W0 53351

ACA. Woodbridge M DT0SE

Clarossat Dover, NH 03820

Micromerals,. Gity of tndustry CA 91744

Dickson Elctrne. Scottsdale AZ 85242

Uniitrade. Watertown MA 02172

Elscrrocraiil, Hopking MN 55343

Thermettay, Dallas, TX 75234

WVogue Enst, Richmond HIfLNY 11418

Verpiron, [Lacanka H 03248

Sotizren Devices., Tappan, NY 10983

Fairchitd, San Rafsel CA 94903

Burr Brown., Tucsen, AZ 85706

Anadex inst,Var Nuys, CA 51408

Eletre Controls. Wition CT 06897

Americen Labs, Fulferzon,CA 92634

Ratton, Arcadia CA 91006

ITT. W.Paire feach,FL 33402

Watkins & Johnson. Pale Alto, GA $4304

Carbin, Beriin, CF 96037

Carnetl Endrilier, Newet NI 9710

Corntng Giass., Corning,NY 14830

Acopian,, Easton PA 18042

Etactrocube., San Gatricl CA 91776

ARG Slosn., Sun Vailey, LA 91352

Eletre inst & Speby. Stoneham, MA 02180

Genersl Inst, Hicksvitie, NY 11802

FTT. Lawrence A 08142

Digitat Eoprip. Maynard MA DT 754

JANLARY 1878

6-4 PARTS AND DIAGRAMS

Code

16808
15782
16801
16519
jicixyy
16068
16179
18301
16352
16480
16638
16768
16640
16852
17417
17548
17145
17T
17EEG
1¥B56
18374
18542
18677
TETIB
18795
1ean
w|g
18208
19373
193496
18617
1uB44
19701
20063
20754
21336
1888
21758
22526
22585
22753
22338
23342
23434
24351
24385
24A54
24448
24454
24468
24607
24656
24789
28008
26283
266GT
26005
st
2rq14
27545
ZHABS
28520
28876
28955
30043
308486
0874
30985
31013
31614
3814
31951
32001
33095
33173
3414
34156
34333
34335
34848
J4BTT
18429
36462
37842
36443
izl
40821
a2t80
42498
43334
43991
49571
44958
50088
£0101
5(807
50522
507219
51187
1563
51642
2648
52678
52763
B30G21
53184
53421
54204
64297
54718

FEDERAL SUPPLY CODE

FOR MANUFACTURERS
From Defense Logistics Agency Microfiche

B4-2 $B.708-42

Manufacturer

Cutiar Hammer., Mitvwaukee W 63202
Housten nst, BoHaire, TX 77401
Feawal Eictrns, Framingham MA 01701
Sincieir & fush. St Louis, M0 83111
Spruce Pine Mica, Sporuce Pine, NG 28777
intntl Diode, Jersey City, N 07304
O Spec: Farrnington M| 45024
Astreiab.,Lingen,NJ 07036
Codi,, Fabriawn, Nt 07410
Starling tnst. New Hyds Park,NY 11040
Irdians Genaral, Ogleshy 11 61348
tedto., Kokemo, 1N 46801
Pracision Dynsmics., Burbank,CA B1604
Amer Micro Deviges, Summervifle SC 20483
Elerre Molding. Woonsucket, 7 02895
Mohswik Spring. Schiller Park 1. 801718
Amgstrahm Proesn., Hagerstown, M 21740
Singer. Somarvilte,Nd 08876
Zehn,, Concord,CA 94520
& hix. Santa Clare, CA 95054
snetics., Sunnyvele, CA 54085
feew Prod Eng MWabesh 1N 46092
Scanbe., B Monte,CA 81731
Computar Diode, S, Fairlawn, M 07936
Cycon, Sunnyvale, CA 34086
Durany, Watsrtown, Wi 53004
Zero. Wonson, MA G1057
GE.,Batnesvile Fl, 32601
Eastron, Haverhiti A 91830
Paktren., Vienna VA 22180
Cobtron. Chicage i1, 60622
G Etetrns. Horseheads, NY 14845
otz i ndependence.
# Inds. Wurray HHI N 07874
KMC., Lorg Vailey,NJ D7853
Fatnir Bearing. New Hritisn, 0T 96080
Haytheon. Norwond WA 82062
1 enox Fugle, Watchuhg 8} 07060
Bery Elctrgs, Mew Cumberiand, PA 17070
Eizctro Space Febretrs, Topton PA 19562
UEE Eletres. Hoitywood, FL 33022
Wavetek. San Diego,0a 82112
Aunat Elcires, Franklin Perk, | L 80131
Pametar. Buiingham CA 54010
Indtana Gad Sletre, Keoshy NJ D832
Analog Devices Cambridos MA (12142
General Sernicond., Tarmpe AZ 85281
Sehenactady MY 12305
Syracuse NY 13201
{'t [Clevatand, OH 44112
EME Techhigy. Cherey Hill NJ 08034
{ien Rad. Concorg MA 01742
Lenox Fugle. 5 Prainfisid 8 67080
Wactite, Berkaley, O 34710
ECG&G. Bedford MA 01730
Tri-Coumy Tube., Nunda NY 14517
Ohoni Spectea, Waltham, MA 02154
American Zettfer, Gosta Mesa, CA 92626
Nationsf.Santa Clara,CA 95051
Hartford Universet Ball, Rocky HILET 06067
HP. Felo Al1o,CA 94304
Heyman Mig, Kendwort,Nd 07933
1ME Maghetics. Focheszer,NH 03867
Hoffman Elctres. B Monte,CA 81734
Sotid State Devices LaMirade,CA 80638
Heckman Inst, Ceder Grove, NS 07009
BM., Armonk,NY 10604
Peyrnag Magnetics., Toledo, OH 43609
Solid Smate Sentfo Montgomervite PA 18936
Standford Appid Engs., Costa Mesa, 4 92626
Analogic, Wakeflald MA G1880
Triridge. Pitzshurgh PA 15231
Jensen.,Chicago 1L 80638
Spectrum Contrel  Fairview,PA 16415
G Owershora, KY 42301
Koehler, Mariboro, MA 01762
Somicoa,Costa Mesa LA 82626
Sitieon Genrl. Westiminster CA 92683

o Micro Devices. yate CA 24006
Favtet. Santa Clars, CA 95051
Sofltron Davices., Jupiter, FL 33458
Censtanta, Montreat, GUE CAN
Nationa! Ltd, Moatresl, GUE,CAN
Matlory. tndianapolis N 48208
Martin Rockweit, Jamestows, NY 14701
MeGEH MEg, Valparisa FN 48283
Honeywali. Mindeapotis, N 85408
Wwter Chicago tL 60828
Mational. Melrose WA 02176
New Departure-Hyatt, Sandusky OH 44870
Norma Hoffmen, Stanford CT GBS04
ACA, few York NY 10020
fAaytheon. Wattham, MA (2184
Muostek., Carroliten, TX 75608
GHZ Pevices.,5.Chatrsford MA 81824
Micra Metworks. Worcester, MA 01606
Mansanto.,Paio Alo,CA 94304
Datgl Systems., Canton,MA 02021
Aries Elctres., Frenchtown NJ 08828
Diabhe Systems., Hayward,CA 94545
Cenwe Eng, State Cotlege P4 18801
Plessey 5. Ara.OA $2706
SKF inds. Phitadsiphiz,PA 19132
Sterinee Trush,, Cazenovia, NY 13035
Sangamo Elstre. Springfisfd,iL 62708
Xeiton_ Latam, NY 12110
Tyton, Wilwankes Wi 53209
Shalicruss, Selma NC 27576
Assoe Prac Prod, Huntsuilie, A L 38805
Shure Bras. Evsoston, |1 80202

GSA-FSS H4-2

Crdie

56289
177
6BGER
B8730
58875
50399
&1047
81837
61864
2060
63742
65083
650827
70106
70108
79417
TOA8E
70663
16t
70882
70803
T
TI2TG
1204
11400
71458
Al
71482
71580
71688
ERbiirs
71728
a4
71783
1823
12136
F2228
72259
72619
72689
72765
72704
72825
72562
72982
73445
73588
13680
13803
73688
73957
74143
74189
14445
T4545
74861
74868
74810
15042
53T
15382
THas
15608
TE91S
76006
15148
5241
76381
76385
76487
76548
16684
TEBE4
77132
77147
77166
TTE3
77318
77358
17342
FIB47
17630
TIB38
8189
FBIT7
78429
78438
18653
FCERR]
76088
12136
73497
18728
I
79840
79963
80008
80030
80048
BO102
0183
80211
ag256t
80258
80254
80368
#0431
80583
B4
80756

Manutactueer

Sprague., North Adns MA 01247
Stimpsan, Bayport,NY 11708

Superior Valie, Washingron, PA 15301
Themas & Bets,, Elizabeth N 07207
TRW. Cleveland OH 45117

Yorrington., Torriagon, OF 06790
Townsand, Braintree,MA 02184

Cininn Carbide New York,NY 10017
United Carr Fast, Boston,Ma

Victoreen, Claveland,OH 44104

Ward Leonaed, M1 Vernen NY 10550
Westinghouse, Bloumfield, N+ 07003
Wegron,, Rewark NEO?114

Acushngt Cop., Mew Bedford, MA (2742
Adams & Westlake,, B khact 1N 468514
Chrysier., Detroit M 48231

Ardantic tndia Rubber, Chicago, L S06067
Amperite., Union City, 8 57087

Ark-tes Switch, Waertown, MA 02172
fead Chaln., Bridgeps:,CT 06508
Belkden Chicage,lL 60644
Bronson.,Beasan Fatls,CT 06403
Cambridge Thermionie, Cambridge,MA 62138
Canfighd., Clitton Forge VA 24422

LS bouls MO 63107

tkbary,IN 46514

n.,Laos Angetes,CA 80051

Clare,, Chicago. 1L 83845

Centralat, Miwaukes Wi 53217
Comingnaut Carbon, New York NY

Coto Coil. Providence,RF 02905
Creseant Box, Philadeiphia PA 19134
Chicage Min 1amp. Chicago, | L 60640
Cinch_,Chicago,iL 50624

Barnell, Dowrey CA S0241
Bigurrarnotive, Willimaniic CT 08226
Sontinental Soraw, Now Bedford, bA 02742
Nytronics., Berkeley s NJ 07027
Lrigtight. Brooklyn,NY 11237

Generat inst Newark, N 07104

Drake. Chisago,ii. 60831

D205 Fastener. W.IsHD NY 11795
Eby..Philadeiphia,PA 19144

Ehsstic Stop Nt Lnios NJ 07083

i 2, PA 16512

Eletres, Hicksvitle NY 11801
. Hartlerd £F 05110

Elco Resistor,,Mew York, NY

T Ariebora MA 02703

SFD Rltros. Brooklyn, NY 11219
Groov-Pin., Ridgefiskd, NJ 07657
Hednamann., Frenton, M) 08602

CQuam Nichols, Chicago, |L #0637
Hole-Krome, Hartford T 06110
Hubbetl Stratford, CT 06497

industrial Codast, Chicano . 80618
Arnphenel,Banbury €T 06810

Jahnson., Wasacs MM 58083

PRCITRWIL Burdingtan 14 52601
¥urz-Keseh. Davion, OH 45501

Kuka. Mt Varmea NY 10651

tafoyerte, Syosat MY 11791
Lirden.,Providence,fi 92808

Litteifuse., Des Piains,1 L BOS

Lord Mfg. Erie,FA 16612

shaliory Elotrc, Detroit i 48204
Waurey, Chicage il 60618
3 M Co. 5t Pacl.mz 55101
Miser fubber. Bloorssiehd N,
Miller. Matdsn ABA 02148
Mustler Elotr, Cleveland (Ot 44114
Nationat Tube. Pittshurg,PA

Oak inds, Urystd Lake, il 60014

Dol Famener, Waterbury CT 08720
Patton MacGuyer. Providence Al 02806
Pags Seymour. Syracuse,NY 13209
Ploren Roberts Rubber, Trantor N 08638
Ptatt Bros. Watsrbury CT 08720
Positive Lockwashar, Newsrk,NJd
ABME, Princeton,iN 47570
flay-o-Vee . Madgison WI 53703
TRW.,Caman, N 08103

General inst,, BrooklymNY 11211
Shakeproof., Eigin il 03120

Sigma Inst. Braintres MA 02184
Alreo Shoer, St Marys,Pa 18867
Stacikpaie, St Marys. P A 15867
Tinnerman. Clevatand, OH
Telephonics. Huntington, NY 11743
RCA_ Harrison, MNJ 07026

Waldes Kohinoor, Now York NY 11104
Wastern Bubiber, Goshen i 46528
wiremaid. Hartford O 06130
Continental Wirt, Philadeiphia PA 19101
Mettory Cantrols. Frenktore, IN 46041
Ziertek Mt Kisco, NY 10548
Tektronix. Beaverton, O 87005
Prestole Fastener., T olede,OH 43605
Vickers. St Luuis,MO 63166

Lambda. Metville, Y 11746
Sprague., N.Adams, WA (3247
N‘otorn\:—t rranklm Pk 1L 6013

Rierivexd

Stdnda?a OH,, Lafeyette, IN 47902
Bourns Labs. Riverside OA 32808
Syhaniz, New Yori NY 186017

Adr Fitter. Milwaukes, Wi 53218
Hammariund, Naw York HY 10010
Beckman [ast, Fullerton, A 92834
THW Ramsey., $1 Louwis, WO 3166

Ref FMC Column
in Parts Lists

Mlanufacturer

Pure Carbon. 5y Marys.PA 16867

int'l knst, Oiangs,CF 08477

Girayhii, Lalirange 11 50528
Isokamite, Stirling, ) 97980
Winchester. OQakviile, CT 08775

tary Specifications

Joint Areny-Mavy Speeifications

|rt'l Rectifier, Bl Sequado CA G0245
Caieage Lock. Chicage, L 80641
Fiftron., Fiushing NY 11354

Letex., Dayton, O 45402

Barry Weight. Watectown MA 02172
Syivania, Ernparlum,PA 15834

Mo, Apaes Phifips., Cheshire, CT 06410
1M Pattern & Model.LaPort,IN 48380
Switchorafr, Chicage L 60639

Apeves Hotfmaa, Carlisle,PA 17013
Metals & Sontrols., Axtdeborn AtA 03705
tilwaukes Resistor, Mitwaukes, W1 53204
Aotron, Woodstock, MY 12468

I Gererel Magnet, Vatparaiso, i & 46382
Varo.,Garland, TX 76040

Hartwell. Placentia CA 92670
tdaissnar., it Carmel,il, 62863

Carr Festener, Cambricge, MA 02147
victary Eng. Sprinotiskd, bl 07083
Parker Seal., Cutver City,CA 90231

. H . Smith., Brooklym kY 11207
Bearing Spetty. San Francisco,CA
Solar Elctrc. Warren,PA 16365
Surroughs., Plainfield,NJ 07061

{Jnion Carbide, New York,NY 10017
fass £ngro., Guincy MA 82171
Nztianal Bictres., Geneve il §0134
TEW.,Ogaliaia, N8 63153

l.ehigh Metsis. Cambritge, MA 02140
Sarkes Tarzian. Blosminglon,IN 47401
TA Mig,Los Angeles,CA 30033
wepco., Flushing NY 11352

Payson Casters. Gurnee ti: 50031

Prec Metal Prod. Stonetam,MA 02180
RCAL Harrison, NS 07029

REC, New Rochefle, NY 10801

Cant Bictres Brooklyn,NY 11222
utler Harnaer, Lincoln,ii, §2658
GTE Sylvania. Hswitch,MA (11338
Gould Mat Batwery., Trantan, NS 08607
Corneli Dubiller. Fuguay Varins, NC 27526
K&G Mir, New Yark NY

Poster & Brumtisid, Princeron, IN 47671
Holtzer Cabot, Boston MA 02118
United Transtormer  Chicags, b
forkshirg Transformer.,Kent (T 06757
Matlory Cap. fadisnspelis,iN 46206
Maitery Bat. Yarrytown NY 10681
Gulton inds, Meruchen, NI 08840
Westinghause, Soston MA 92118
Hardware Prod,,Reading. PA 189602
Continental Wire , York,PA 17408
Cannon., Salem,MA 01870

Gerber, Mishawake,IN 48544
Johansen., Booron i) D005

Harrls, Metbourne,F L 32001

Augat Bros., Attleloro MA 02703
Chandier, Wethersfiekd, GT 08109

Daln Elctres. Cofumibus NE BEGOY
Elso., Willow Grove FA 19080

Ganeral !nst., Dablas, TX 76220

Kings £ictres., Tuckahoa, NY 11222
wiephisto Tool, Hudson, Y 12534
Honeywedi,Freegart il 61032

Ziectra bnsul Woodside NY 11377
fofgarton Germeshuasen. Boston,MA 02115
{0 Magnetics. Westoury NY 11531
Ampex. Pedwood Clty, CA 84062
Hudson Lamg.,[Cearny Mt 07032
Sylvaniz. Woburn WA 01301

Amer Elotres Labs. Lansdate, PA 19446
A&C Mg, Ramsey PA 16671

Cramer. New York,NY 10013
Aaytheon, Guincy MA 2168

Wagner Elezre, Living ERE G
Waston., Archibald PA 18403

Tef t.abs. Manchaster, NH 03102
Diexsan. Chicage, il 60019
Magnecrait, Chicago,tL BOG30

Adgigs ind. Brookling Mt 03033

Garde, ,Cumberiand, B (2864

Quaiity Comp., St Marys PA 15857
Alco Hotres. Lawrence MaA (11843
Cortinentat Conn, Woodside NY 11377
Vitrarnen. Bridgepar, CT 06601
Gordos, Bloomfield, N 07003
Mezhode, Rolling fteadow, L BOODE
Armer Brass., Torrington,CT DB780
Weckesser, Dhicago.i L 50846

Aerovox HE TL,Olean NY 14760
Microwave Assoc., Striington Ma 01801
biitary Slandards

Linemaster Switch Woodstock, CT 08281
Sealscera., Mamaranaek NY 10544
Compat., Buslingama,CA 24010

foreh b, Gien Cove NY 11547
Protective Closures. Buffalo, NY 14207
fdetavas., Flusking NY 11358
varian.,Pale Alto, CA 84303

Atlee. Winchestar i 1830
Delsvan;E. Aurera Y 14052
Kenbrandt., Soston,MA 02118
Centraian. Mifwaukes Wi 53201




ELECTRICAL PARTS LIST

BUL MOUND CHASSIS ASM

DESCRIPTION

FUSE SLO-BLOwW L/L0A 250V

MINATURE PHONE 2 CRT SH
RECEPTALLE POWER UL S5TD 15A250v

METER

EAK PHUNE

CORG 3WR 6A& 240V JEC TFT HMR-FEM
CONNECTOR MULY PLUG 5 CIRCUITS

RES CCMP 10 K 5PLT 1/4W
POY COMP KNDB 2.5K OHM LOPCT LIN

SWETCH TOG MIN 2PQS DPLY STEADY
SWETCH SLEIBE 2 POS BPDT STEADY

SPEAKER

TRANS FURMER ASH

P/N 2220-3000

PART NG
53300400

4260~-1110
4240~0259

5730-1445
1935-0409
4200-0220
4220-4454

6099~3105
6041-2259

T9L0~-0812
1910-0832

8000~0070

2220-2000

FMC
73915

82389
82389

24655
31487
24655
24655

81349
0ilzt

55146
82389

74199

24655

MFGR PART
313 L1G0

NUMBER

TR-2A
EAC-302

5730~1445
EXT RANGE 4660-54
4$200=0220
42204454

RCROTGLIOZ4
WALGO4052520U4

MTA-206N
11A~1266
ZR0O5Z100

2220-2000

REFDES
F 1
J i
J 2
] 1
P L
P 2
p 11
R 44
R 45
5 4
S )
SP 1
T 1
REFDES
C 4
CR 14
LR 15
L 1
4 i2

TRACE PROBE CABLE ASM

GESCRIPTEDN
CAP MYLAR .0C0%UF 5 PCT LOOV
LED RED
LED RED

CHOKE MUOLDED 8.2 UH LOPCT

CONNECTOR MULT PLUG 9 CIRCUETS

PART NO.
4860-7510

6084-1105
6084-1105

4300-7558

4220-4620

P/N 2220-4000

FHL
5628%

28480
28480

72259

24655

MFGR PART NUMBER
4L0P 009 UF S5PLY

5082-4494
50824494

DD~8.2

4220-4620

con

TETU




ELECTRICAL PARTS LIST

CURRENT TRACING PROBE PC BODARD

REFDES DESCRIPTION

C 1 CAP ALUM 660 UF 25V

C 2 CAP ALUM 660 UF 25V

c 3 CAP ALUM 150 UF 50V

L 5 CAP CER o1 5Q 15PF 5PCT LOOV
G T CAP CER -1 5Q 10PF  SPCT 100V
c 3 CAP TANY 4.7 UF 20PLT 1OV

< §  CAP TANT 4.7 UF 20PCT 0V

C 10 CAP CER DISL LOLUF BO/Z0PCT 100V
C 11 CAP CER DISL LOGOPF  5PCT 500V

C 12 AP LER .1 SQ 82PF SPLT LOOV
C 13 CAP CER DISC LOLUF 80/20PCT 100V
C 15 CAP MICA 130 PF 5PLT 500V

C 16 CAP MICA 470 PF 5PCY 500V

c 17 CAP CER TRIM 9-50 PF NT50

G 18 CAP CER 180 100 PF  5PLT 100V

C 19  CAP CER MOND 1UF 20PCT 50VGP
< 20 CAP LER 41 5Q 15PF  S5PCT 100V
C 21 CaP CER L1 §4Q 10PF  5PCTY 100V
= 22 CAP CER MONO 3.30F 20PLT SOVGP
= 23  CAP CER MONO  0,22UF 20PCY 50VGP
c 24 CAP CER .15Q 150 PF  SPCT LOOV

< 25 CAP CER MONG 0.22UF 20PLT 50VGP
C 26 CAP CER MOND 1UF 20PCT 50VGP
L 28 CAP CER ol 5Q 15PF SPCT LQOV
o 29 CAP CER DISC LOOGOPF  35PCT 500V

C 30 CAP CER .13Q 100 PF  5PCT 100V

4 31  CAP CER MOND 0. 1UF 20207 SOVGP
C 32 CAP CER MOND Q. 1UF 20PLT SCVGP
C 33 CAP CER MOND 0. 1UF Z20PCT 50VGP
" 34 CAP CER MONO G.LUF 20PLT 50VGP
c 3% €AP GER DISC .O1uf B80/20PCT 100V
< 36 €AR CER DISC .O0LUF BG/20PLT 100V
c 37 CAP CER DISC LCLUF 80/20#CT 100V
< 38 CAP CER DISC »-QLUF BO/20PCT 10OV
C 39 (AP CER MOND 0. LUF 20PCT 50V6P
. 40 CAP CER MOND 0. 1UF 20PCT 50VGP
[ 41 CAP CER MONG LGOGBUF LOPCT 50V
" %3 CAP CER DISC 620PF 5PCT 500V

9 && CAP CER DLISC -0luUF 80/20PCT 100V
C 45 CAP CER DISC .0LUF 30/20PCTY 10OV
c 46 CAP CEA DISC .O0LUF 80/20PCT 100V
C 47 CAP CER 153 180 PF  S5PLT LOOQV

< 48 CAP CER MONU 0. LUyF 20PCT 50VGP
4 49  CAP CER MOND 0. LUF 20PCY 50VGP
G 50 CAP CER DISC LOLUF 50/20PCT 100V
C 51 CAP CER DISC LOLUF BCO/20PCT 100V
c 52 CAP CER BISC .OQLUF BO/20PCT 100V
CR 1 DIODE RECTEFLER IN40O3

LR 2 OIGDE RECTIFIER IN4QOQ3

CR 3 DIQOE RECTIFIER IN40QO3

LR 4 DIOBE RECTIFIER LN4DO3

LR 5 OIJDE RECTIFIER IN4003

CR & DIODE RECTIFEER LN%003

LR 7 DIODE RECTIFIER IN4003

GR 8 DIOOE RECTIFIER 1IN40O03

cRr S ZENER INT53A b2V S5PCT  o4W
CR 10 TRANS J-505 €5 1MA TO-92

CR k1 DIODE 1N455% 20PIY IR 30UA GE

CR 12 CIODE IN&15F 75PIV IR.LUA Si

CR 16 DIODE 1N&151 75P)V IR.1ua S1

CR 17 DIOGDE IN&4L5L ¥Y5PIV iR.IUA SI

CR 18 UCIOBE 1N4lSt 75PIV IR.1UA SI

CR 20 DIODE IN455 30PIV IR 30UA GE

CR 21 DIGDE IN4LS51 T5PIV IR.1UA SI

CR 22 OI0DE 1N4LS51 T3PIV 1R.LUA SI

CR 23 ODIODE LN&L51 75PIV [R.1UA SI

CR 24 QIODE LN4LESL T5PIV IR.1UA 51

0s 1 LAMP BI-PIN BASE 6V .04A 10000H
J 10 CONNECTOR WAFER 9 CIRCUITS

J Ll CONNECTOR WAFER 5 CIRCUITS

J 12 CONNEGCTOR WAFER 9 CIRCUITS

J 21  FERMINAL PUSH-ON 187 BLADE PC

J 28 TERMINAL PUSH-0ON 4187 BLADE PC

L 2 CHOKE SHIELUED 120 uH 10PCT

W i TRANSISTOH 2N4125

Q 2 TRANSISTOR 2N4125

Q 3  TRANSISTOR MPS~-H54

6-6 PARTS AND DIAGRAMS

PART WO

%450-6125
4450-6123
4450-6050
4400-6%31
4430~6443
4450-4700
44504700
4401-3100
4405-210%
4400-6489
%401-3100
4 700-0433
4T020-0601
4510-2060
44900-6442
4400-2010
44006481
44l0-6443
4400-2082
44002052
4400-649]
4400-20562
%4G0-2070
4400~-6481
44052105
4400~6442
4400~2G50
4400-2050
4400~2050
%400-2050
4401~3100
4401-3100
4#401-3100
4£401-3100
4400-2050
44002050
44006355
4404~1625
4401~3100
4401-3100
4401~3100
4400-6491
4400-2050
4400~2050
4401-3100
4401-3100
4401-3:00

60811001
6081-1001
5081-1001
6081-1001
608i-1001
6081-1001
608:-~1001
6081-1001
6083-1006
8215-0104%
6082~1010
6082-1001
6082-1001
6082-1001
6082-1001
6082-1010
6082-1001
6082-1001

6082-1001

6GB2~1001
5600-1200

4230-40611
4230-46103
4230-46)1
19260160
7320~016Q

4300-6366
82310-1125

8210~1125
8210-1273

FMC

56289
56289
56289
12982
72%82
56289
56289
72982
72582
72982
T2982
81349
81349
12982
72982
72982
72982
72582
72982
72982
12982
72982
72982
72982
r2982
72%82
72982
72982
72982
72982
12982
F2982
72982
72982
72982
12982
72982
72982
72982
72982
72982
72982
72982
72982
72982
12582
72982

14433
14433
14433
14433
14433
14433
14433
14433
14433
17656
14433
14433
14433
14433
14433
14433
14433
14433
14433
14433

11744

24655
24655
24655
0077S
007179

24759
04713

04713
04713

PN 2220~4T00

MEGR

3006676025
30D667G025
3001576050
8101A100YSFLS50U
81LZ1A200X5F 01004
1500475X0010A2
1500475 X0010A2
080554075U001032
080308225000102J
BLOL-ALOO-Y5F-82Q4
080554025U00103Z
CMOSFDLAL JUN
CHOSFD4TLIN
3192~000 E 9-50PF
8101A100Y5FLGLY
8131-M050~651-105M4
B101A100¥5FLS0J
8121A200X5F0LO0Y
8151-M050~651-335M
B131~M050-65 12244
BIOLALOQDYSFLESL I
8131~MO50-651~224M
B1l31~-MO50-651~105M
B101A100YSF150J
0801082Z50001024
81l0LALOQYSFLOLY
§131~M050-651~104K
8131-M050-65F-104M
B131-MOS0-651-104M
B131-M050-651-104M
0805540Z5U00103Z
080554075U001032
080554025U001032
0805540750001 037
B13i-MO50~651=104M
8131-MO50-65 L1044
8121~MO50~K5R~682K
083108275F006214
0805540Z5U00103Z
080554025400103Z
08055407Z5U001032
8E0LALOOYSFISLY
8131-M050-651-104M
B131-MO50-651~104HM
0B05540I50001032
080554075U001031
080554015001 032Z

PARY NUMBER

IN40QO3
IN%Q03
IN40D3
IN4003
1N40C3
1N4GO3
IN4QO3
1IN4003
[NTS3A
J-505
IN455
IN3604
INB6O4
INI604
1N3604
1N&55
iN3&OS
IN3604
IN3604
IN3604

CMT-T945

4230-4611
42304610
4230-46L1
61507-1
619071

AA-5-28 1Z20UH 10PCY
2N41Z5

2N4125
MPS—HE4
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ELECTRICAL PARTS LIST {cont}

CURRENT TRACING PROBE PC BOARD

DESCRIP

TRANSISTOR ZN4l24
TRANSISTOR 2N4l25
TRANSISTOR 2ZN&4E25
TRANSISTOR 2N41i24
TRANSISTOR(STATIC

510
Sto
200
2.2 £ 5
100 OHM
2.0 K CH
T.5 K On
820 OHM
30 K OH
200 K OH
8§20 (OHM

RES
RES
RES
RES
RES
RES
RES
RES
RES
RES
RES
RES
RES
RES
RES
RES
RES
RES
RES
RES
RES
RES
PaT
RES
RES
RES
RES
RES
RES
RES
RES
RES
RES
RES
RES
RES
RES
RES
RES
RES
paT
RES
RES
RES
RES

CCMP
Lome
CoMP
{omp
COMP
LomMP
CoMp
CGMP
coup
camp
CGMp
COMP
coMP 22 K 5
CCHME 220 OHM
coMP 18 K 5
LOMP LD M5
CoMP 10 M
COMP 3.0
CCMP 100 OHM
COMP 100 OHM
FLM 5.62M 1
FLM 9.31 K

CERM TAM
FLM 200K 1
FiM 200K i

0H
O

FLM 4%.9 OrM
FLM 499 OHM
CoMP 1.5 K

CCMP 390 OHM
come
Camp
Laue
LOMp
LoMmp
LCMP
COMP 10 OHM
coMp 18 K5
Fis# E15K 1
COMP 470 OHM
CERM TRM
COHP 390 K
COMP 2.2 K
CCMP 2.0 K
COMP 100 K

56 (HM

470 OHM

5
5

5

SRITCH PUSHBUTTON
SWEITCH PUSHBUTTON
SWETLH PUSHBUTTON
SWETCH PUSHBUTTON

TERMINAL PO
TERMINAL PC
TERMINAL PC
TERMINAL PC
TERMI NAL PE
TERMINAL PC
TERMINAL PC
TERMENAL PC

TEST
TEST
TEST
TEST
TEST
TEST
TEST
TEST

ICL (STATIC PROTE
IC LINEAR L3311

ICD (STAYIC PROTE
ICD (STATIC PROTE
ICD {STATIC
iCD €5TATIC
ICL ESTATIC
ICL {STATIC
ECL (STATIC PROTE
IC LINEAR LM311

ICD (STATIC PROTE
1CD [ STATIC PROTE
IC LINEAR
ICL L M320MP-5,0V0
LCD [STATIC PROTE

PROTE
PROTE

K HM

K OHM

OHM

PROTECT

PROTELT

TION

PROTECT

M 5PCT
M SPCT
5PCT
PCT L/4W
SPLT 1/4W

M SPLT L/ 4w
M SPCT 1/4W

S5PCT L/4d

M S5PCT L1/4W
M SPLT 1/4W

5RCT L/4wW

22 K B5PCY 174

PCT L/4u
S5PLT L/4W

PLT 1/4W

PLT L/4W

5PLT 174w
S5PCT L/4k

50T 1/44
SPCT L/74W
PCT  L1/84W
1 PCT 1/8wW

PCT
PLT

178w
1/8wW

COMP £00 K S5PCT L/4W

1 PCT 1/8W
1 PCT E/BW

SPCT L/4W

SPLY LW

4.7 K SPLY 1/4W
Lo K 5PCT 1744

SPLT i74W

22 K SPCT W/44

S5PLT L/74W

100 K 5PLT 1/4W

5PLF 174w
PLCT 1/4aW
PCT 178
50T 1w

S0K OHM 20 PCT

PLY 1/4W
PLY 1/4%W

PLT L/4W

MULT
MUL T
MULT
MULT

% SECT
% SECT
& SECT
4 SECT

PY
T
PT
PY
PT
3
T
PT
CT REQS
cr
T

REQ}Y
REQ)
AEQ)
REQ}
REQ)
REG}
REQ)

cY
(A

cT

cr
[3)

REQ)
REQ)

LM342P-5

[
[

3TERM REG
REQ)

REQ)
L7 4w

1744W
17 44

SPCY L/4W

100K OHM 10 PCT 157

LY

PART NG,

B210-115%
8210-1125
8210~-1L125
8210~115%
8210-122%

6Q99-1515
6059-1515
6096-4205
6099-2225
5099-1103
56099~2205
6099-2755
6099-1825
5099-3305
6{3%-4205
50%9-1825

.6099-3225

60G9~3225
6099-1225
4099-3185
6099-6105
60%9-6105
60%9-2305
6059=1105
6099-1105
62504562
6250-1931
6049-0192
6250~3220
&250-3200
60994105
6250-9499
62500499
60G%9-2155
61L0-1395
60552475
6099-2155
6099-0565
60933225
60%9~-14T5
60%9-4105
6099-0105
40%9~3185
6250-3115
6110-1475
6049-0320
6099-4355
6099-2225
60992205
6099-4105

1880~2038
7880-2038
T880-2038
Ta80-2038

T3 70-26120
TIT0-2600
7970-2600
T970-2600
T970-2600
19702600
1370-2600
T970-2600

5432-7000
5432~1023
5431-T012
5431-7004
54311014
5431-TC61
5432-T70069
5432-7030
5432~7000
5432-1023
5435-T034
54317024
5432-1058
5432~1061
5431-T061

FME

04713
04713
04713
04713
17856

81349
813493
B1349
81349
81349
81349
81349
81349
B134%
81349
Bl349
B1349
81349
81349
81349
61349
81349
81349

81349

Bl 349
8l34%
81349
80294
81349
81349
BL349
81349
81349
81349
41349
81349
81349
81349
81349
81349
81349
81349
B13a9
81349
81349
BO294
8l 349
81349
BL 3495
81349

24655
24655
24655
24655

24655
24655
24655
24653
24655
24655
24655
24655

86684
10204
36684
86654
846684
04713
86684
8568%
B&G6B4
13204
86684
BbL6B Y
L2040
12040
04713

P/N 2220-4700

MEGR

2N4124
2M6125
2N4125
2K412%
E-113

PART

RLROTGS1LY
RCROTG51LY
REROTG2044
RCROTGZ2ZJ
RCROTGLOL Y
RCROTG2024
RCROPGT52J
RCROTGB2LJ
RLCAOTG303
RCROTG204J
RCROTGB214
RCROTGZ23J
RCROTG 2234
REROTG2214
RCROTG1834
RCROTGLOGY
RCROTGLOG )
RCROTG30ZY
RCROTGIOLY
RCROTGLOLJ
RNB5D5624F
ANSS5093LLF
3006P~1~104
RNS5D2003F
RNSB3D2003F
RCROTGLIO4J
RNSBD4IRGF
RNSS5D4990F
RCROTG1S52J
RCR3IZAGIGLY
RCROTG4T24
RCROTGLS24
REROTGE600
RCROTG2234
RCROTG4T1S
RCROTGIO4J
RCROTGIOON
RCROTG1834
RNS501153F
RCR32G471J
33865~1~503
RCROTG3T4
RCROTG 2224
RCROTG2024
RCROTGLOAS

T880-2038
7880-2038
7880-2038
T880-2038

79706-2600
7970=2600
T970-2600
1970~2600
T9T0-2600
T970-2600
T970-2600
7o70-2600

CA3130T7
LM31LH
CO400TAE
CD4001AE
CO40L3AE
MHC14016BCP
CA31307
CA3L30T
CA31307
LM311H
Co4011AE
CD4022AE
LM342P =5
LEMIZOMP~5.0
MCL4016BLCP

NUMBER







