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1. GENERAL
1.1 This section contains precautions and 

instructions for handling and testing 
either individually, or in circuits con­
taining the following devices:
Integrated Circuits 
Transistors 
Diodes 
Varistors 
Thermistors 
Dry Reed Relays 
SCR (Silicon Controlled 

Recti fier)
1.2 Transistors, diodes, varistors, ther­

mistors, SCR's and IC's are solid state 
devices. Precautions in testing, hand­
ling and continuity testing equipment 
for these devices and circuits contain­
ing these devices are covered in Para­
graph 2.

1.3 Dry reed relays are covered in Paragraph 
3 with respect to precautions in testing 
handling and continuity testing either 
individually or in circuits where these 
devices are present.

1.4 Paragraphs 2 and 3 are to be followed 
unless the handbook sections contain 
specific requirements to the contrary 
which obviates the need for a particular 
precatuion.

1.5 In general, all of the devices men­
tioned in Paragraph 1.1 are particu­
larly sensitive and may easily be 
damaged by:
Heat
Mechanical Shock or Strain 
Transient Currents
All of the precautions outlined in 
this section are aimed to prevent dam­
age to the devices by the three factors 
named above.

1.6 Printed Wiring and Amp!as Assemblies:
Obtain Special Method No. 45 where 
modifications on printed wiring boards 
or amplas assemblies are authorized.
A modification Tool Set R-3640 is 
listed in the method.

2. SEMICONDUCTOR DEVICES
2.1 Basic Diode, Varistor, Transistor,

?CTT'”and’ T(TFacts-----------------
2.11 Diodes
2.111 Diodes are semiconductor devices which 

have a low resistance to the flow of 
current when a voltage of one polarity 
is applied across the terminals and a 
high resistance when the polarily is 
reversed. Figure 1 shows battery con­
nections for low and high resistance 
conditions.
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2.112 Diodes are made with various vo ltage 
and current limits. Excessive reverse 
vo ltage  wi l l  cause the d iode to break 
down and permanent damage will result. 
Excessive forward voltage may cause 
too much current to flow and may re­
sult in damage.

rtH---- v W -----

2.133 Figure 3 shows an example of a s im p li­
fied amplifier c ircu it containing a 
transistor, and rigure 4 shows a compar­
able c ircu it containing an electron 
tube.

2.134 The bias voltage in both c ir cu it s  de­
termines the amount o f co l le c to r  or 
plate current flowing when there i s  no 
input. Variations in bias voltage 
caused by an input such as voice cur­
rents will result in an amplified c o l ­
le c to r  or plate current variation.

LOW RESISTANCE HIGH RESISTANCE
(FORWARD VOLTAGE) (REVERSE VOLTAGE)

FIG. 1 - DIODE CIRCUIT FUNCTIONS 
2.12 Varistors
2.121 Varistors are semiconductor devices 

having a resistance that varies with 
changes in voltage. In general, an 
increase in voltage wi l l  result in 
a decrease in resistance.

2.122 Varistors are made with various vol­
tage and current limits. Exceeding 
these limits may result in permanent 
damage.

2.123 A varistor can be thought o f as two 
diodes connected together as shown 
in Figure 2.

FIGURE 2

2.13 Transistors

2.131 Transistors are semiconductor devices 
that have characteristics which can 
be compared to those of electron 
tubes. They are used in applications 
such as amplifiers, o sc i l la to r s, and 
electronic switches.

2.132 In its simplest form, a transistor 
has three leads which are designated 
emitter, base, and collector, which 
can be compared to the electron tubes 
cathode, grid, and plate terminals, 
respect ive ly .

2.135 Transistors are made with various
voltage and current limits which if 
exceeded will result in damage to the 
transistor. The polarity of the volt­
ages applied is also very important; 
for example, reversing the bias voltage 
will result In excessive collector 
current.

2.14 SCR's
2.141 SCR's are semiconductor devices that 

have characteristics which can be com­
pared to a switch and a diode as shown 
in Figure 5.

2.142 The SCR has three leads which are 
designated anode, cathode, and gate.
Figure 6 shows an example of a simple 
c ir cu i t  containing an SCR.

2.143 The switch is open until the gate vo lt­
age and current exceed spec i f ied limits 
known as the tr igger voltage and current 
respectively. The switch is closed un­
t i l  the gate current and voltage fall 
below the turn o f f  level. Usually the 
turn o f f  level is l e s s  than the tr igger 
l e v e l .

2.144 The construction of SCR's usually allows 
higher currents and voltages but the 
gate current and voltage l im it s  are 
much lower. The l im its must not be 
exceeded or the SCR wil l be damaged.

2.15 Integrated Circu its

2.151 Integrated Circuits are semiconductor 
devices which contain many t ran s i s t o r s ,  
diodes, resistors, and capacitors.
They are used in amplifiers, osci l la­
tors, and electronic switches.

2.152 The same precautions which are used 
for diodes, varistors, and transistors 
must be used on the IC’s. If the 
voltage or current limits are exceeded 
damage will result.
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long nose pliers between the bending 
point and the device. See Section 333, 
Handbook 9 for details.

2.24 Inspection for Mechanical Damage:
Before replacing a semiconductor device 
examine the new device carefully for 
dents in the can, nicks in the tubula- 
tion or cracks in the glass seal. Re­
je c t  all devices exhibiting these 
defects.

2.25 Handling: Handle semiconductor devices
individually. Do not dump together 
since this may cause mechanical damage. 
Dropping or jarring these devices is 
prohibited. Limit handling because 
residual body o i l s  increase soldering 
d if f icu lt ies.

I t

FIGURE 5

o ANODE
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FIGURE 6

2.3 Electrical Precautions
2.31 Currents: The primary precaution dur­

ing test is the prevention of the 
generation of currents which may harm 
the device. Under test conditions, 
voltages and ground will be provided 
to the device by the c ircu it of which 
i t  is a part. Voltage or groung applied 
to any other part of the circu it may 
cause excessive currents to pass thru 
the device causing it to be damaged.

2.2 Mechanical Precautions
2.21 Cutting of Leads: Diagonal cutters 

shall not be used to cut the leads of 
semiconductor devices. The shock wave 
created along the lead is sufficient to 
damage or destroy the internal crystal. 
Use a cutting tool which has a shearing 
action (such as a pair of scissors): 
Where a cutting tool with a shear action 
is not available, nick the semiconductor 
lead with a diagonal cutter and then 
hold the semiconductor lead with a pair 
of long nose pliers between the device 
and the place where lead was nicked. 
Twist the lead back and forth until i t  
breaks off.

2.22 Wire Wrapping of Leads: Wire wrapping
of semiconductor device leads may cause 
injurious residual stresses. Therefore 
avoid wire wrapping unless spec if ica lly 
authorized.

2.23 Bending of Leads: When placing pigtail
apparatus, particular care should be 
exercised in the bending of leads to 
prevent rupturing the glass seal. Al­
ways seize the lead with the tip of a

2.311 Shorts: Exercise caution in dressing
leads and taking measurements with 
a test probe to avoid shorting any part 
of the circu it or connecting leads.
A fiber spudger or orange stick should 
always be used to check contacts, sold­
ered connections, leads etc. The test 
receiver, o f course, shall not be usedT.

2.312 Test Probe: Ground the test probe on
metal framework before taking each 
measurement. The charge retained by 
the test probe after measuring a voltage 
may be sufficient to damage a semi­
conductor device.

2.313 Electrostatic Discharge: The static
charge which the human body may accumu­
late, such as by the rubbing of leather 
shoes on a rug, may be suffic ient to 
damage a semiconductor device. There­
fore, before touching such a device 
ground your body by touching metal 
framework to dissipate any static 
charge.

2.314 Soldering Tip Voltage: Check the
soldering copper per Section 321. 
Handbook 9 to verify the absence of 
voltage leaks. The leak test per these 
requirements will not verify the ab­
sence of voltages which may damage 
these devices.
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NOTE: Inorder to verify that no more
than 5VAC exist on the soldering cop­
per, repeat the voltage leakage tests 
using the lower voltage ranges.

2.315 Component Replacement: Check the re­
placement component as specified in 
Paragraph 5 before placing in the c ir ­
cuit.

2.32 Continuity Test Sets to be Used: Only 
the following continuity test sets 
may be used:

Continuity
Test Set ITE NO.

Tone Buzzer 4002
Volt- OhrmoXQA 444 2 on 4442A
Tone Buzzer 4525 Electronic

Switching
Only

3. CIRCUIT PACKS
3.1 Precautions
3.11 Electrostatic Discharge: In general,

c ircu it packs are sensitive to static
charges, which the human body may ac­
cumulate. These static charges should 
be discharged from the body before 
handling a circu it pack by touching the 
metal framework.

3.12 The power should be turned o f f before 
inserting or removing a plug in circuit 
pack, unless otherwise specified by 
test requirements. All terminals on 
the connector should be checked for 
false potentials before replacing a 
circu it pack.

3.13 Avoid unnecessary removal of c ircuit 
packs.

The. ITE-4442 on ITE 4442A Vott-Ohm- 
meter is to be used on its RxlOO or 
RxlOOO scale. The Rxl0,000 scale is 
not to be used because the internal 
battery voltage for the meter is too 
high on this scale.

3.14 When removing a circu it pack in an
operating system, the extracting tool 
should not be permitted to come in con 
tact with active components or connec­
tions which could ground or short com­
ponents on the circu it pack.

2.4 Heat Precautions
2.41 Semiconductor devices are especially 

sensitive to heat. Low wattage 
soldering irons (R-3007), heat sinks 
and low melting point solder (RM728226) 
are used for soldering operations on 
semiconductor devices, or circuits 
where these devices are present to 
reduce the heat absorbed.

2.42 Heat Sink: Where the length of the
pigtail lead is less than 1/2 inch 
use the R-3367 tool or grasp with a 
long nose pliers between the soldering 
point and the device. See Section 
333 of Handbook 9 for details.

2.5 In-Service Semiconductor Circuits
2.51 Where the semiconductor device cannot 

be removed from circuit voltages and 
grounds, unplug the soldering iron 
before preforming soldering operations. 
When wire wrapping is required use 
the manual wire wrapping tool. The 
power-operated gun cannot be used 
since the casing is grounded? See 
Section 333, Handbook 9 for details.

3.15 Premature wear of c ircu it packs can 
occur from dirt or other contaminants 
on the gold contacts. Once the gold 
plating has been worn o f f or scratched, 
an insulating film will form on the 
exposed copper. This film will cause 
electrical noise and eventually an open 
circuit. To avoid the above, do not 
allow the circuit pack to come in con­
tact with dirt, abrasives, or dirty 
hands.

3.16 Before replacing a circu it pack, check 
the identification code to insure the 
proper pack is being used.

3.17 When inserting a circu it pack, observe 
the following precautions:
a) Circuit pack should line up with 

guide.
b) Never force the circu it pack.
c) If unusual resistance is fe lt, de­

termine and correct the cause before 
inserting the pack.

d) Avoid letting any components of a 
circu it pack scrape the adjacent 
packs.
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5.

5.1
5.11

5.12

5.13

Testing: All testing of circuit packs
should only be performed following 
spec if ic procedures, such as given on 
the SD or in a handbook test section.
DRY REED RELAYS
Test Sets
Whistler Transistorized (1TE-4511):
This probe type whistler may be used 
for continuity tests on dry reed relays, 
if the function switch is retained in 
the REC position. It may not be used 
when the LR switch is operated since 
this action shunts out a 10,000 ohm 
series resistor. The probe may not be 
used on semiconductor devices.
Dry Reed Relay Test Fixture: The oper­
ate and nonoperate condition to the 
relay contacts of the 293 type relay 
may be determined by means of ITE-4546. 
This test fixture contains five carbon 
filament lamps (2Y type) in series with 
a resistor. It connects to the five 
test terminals on the 293 relay. The 
2Y carbon filament lamp will limit the 
current across the contacts to less 
than 0.05 amperes. Therefore, it  may 
be used to indicate operation of the 
contacts on dry reed relays when applied 
in a fashion similar to that of the 
ITE-4546 fixture. Only the 2Y type 
carbon filament lamp should be used.
Mechanical Shock: The same mechanical
precautions of Paragraph 2.2 apply to 
dry reed relays.
TEST OF TRANSISTORS, VARISTORS, DIODES, 
AND 'W S ------------------------ -- ---
General
Use of other than recommended test 
equipment or procedure may cause the 
voltage or current limits to be ex­
ceeded, and damage to the diode, var­
istor, or transistor will result.
A test receiver should not be used in 
circuits containing transistors, varis­
tors, and diodes.
The P-N junction of diodes and transis­
tors can be verified by using the ITE- 
4442 Volt-Ohmmeter. This tests whether 
the junction is opened or shorted and 
in some instances may show junctions 
that have excessive leakage. The Volt- 
Ohmmeter test is by no means complete. 
The test can only spot transistors which 
are defective and cannot give any quan­
titative information about the good 
transistors, i.e., gain, amount of 
leakage, etc.

If the test is to be made on an in- 
circuit basis, the associated circuitry 
must be analyzed to see what effect the 
surrounding components have on the ohm- 
meter reading. If similar circuits are 
available and at least one of them is 
known to be good, a comparison test be­
tween them may be helpful.
Diode Test .
Set the ITE-4442 ok ITE-4442A Vebt- 
OhmmeteK to the RxIOOO 6cate. Make the 
connection* ofi FiguKe 7A ok 78.

lTE-4442-The polaKity stamping an the 
teminal* o& the 1/-0-M Indicate the 
polaKity ofi the voltmeteK. The pvtcai- 
ity  o t h e  ohmmeteK is  opposite to 
that 0& the voltmeteK. The ohmmeteK 
polaKity, theKefioKe, is  the Keveue ofi 
the stamped polanity. FiguKe 7A and 
the instKuction* o^ the fro Homing paKa- 
gKaph* take this into account.
7TF-4442A - The polaKity Of$ the ohmmeteK 
is  the same a* the polaKity stamping 
on the tem inals. FiguKe 78 and the 
insinuations o£ the fio Homing panagnaph* 
take this into account.

FIGURE 7A

FIGURE 7B

5.14

5.2
5.21

MOTE:
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5.22 The meter should read on the low end of 
the resistance scale (about 10 or lower 
note that this is not an ohm reading, 
but rather a scale reading).

5.23 Reverse the connection shown in Figure 
7.

5.24 The meter should read in the high por­
tion of the scale.
NOTE: Generally a defective diode will
show either a high reading in both 
directions (open diode) or a low read­
ing in both directions (shorted diode). 
This is the most common sign of a 
defective PN junction.

5.3 Varistor Test
5.31 Set the ITE-4442 on. JTE-4442A volt- 

ohmmeter to the RxlOOO scale.
5.32 Take scale readings for the varistor 

in both directions, by connecting
the. pnobeA oh the ITE-4442 on. JTE-4442A 
to the leads of the varistor then re­
versing the probe connections.

5.33 Both readings should be approximately 
equal (about 10 or lower, note that 
this is not an ohm reading but rather 
a scale reading.)
NOTE: Generally a defective varistor
will show one of the following com­
binations of scale readings.
One direction Other direction
10 or lower high reading
10 or lower low readinq
high reading high reading
high reading low readinq
Excessively low 
reading

Excessively low 
reading

5.4 Transistor Test
5.41 Voltage measurements should only be 

made using a vacuum tube voltmeter 
(VTVM), such as an ITE-4509.

5.42 Resistance measurements should only 
be trade uAlng an ITE-4442, TTE-4442A 
or VTVM such as an ITE-4509. These 
types of meters are satisfactory since 
they limit the voltage applied to the 
test probes to 3 volts on the higher 
ohms scales. Use only the RxlOOO 
scale.

5.43 The test of a transistor is similar to
that of a diode in that most of the 
transistors consist of two PN junctions 
and each of the junctions is teste:! as 
i f  i t  were a diode. Two junction ^ n s -  
istors are of two types: PNP ano NPN.
The test of a PNP transistor will be 
explained here, for the NPN transistor 
the test is the same except the leads 
connecting the volt-ohmmeter to the 
transistor are to be reversed in each 
connection.

5.44 Set the ohirimeten. to the RxlOOO tcale. 
Connect the positive pnobe oh the ITE- 
4442 on. the negative pnobe o{) the 1TE- 
4442A to the ba&e lead oh the tian^Uzon 
taking cane not to touch the c.oac of the 
tn.am>l6ton. Connect the. othen oivnmten 
lead to the collecton and m itten lead* 
In twin. Meten should n.ead on -low end 
oh the nex-Utance 6 cole. See h'idime 9 
hon lead annangementA and the dihh£/l(incc> 
In 4>ymbolt> between NPN and PNP tn.an- 
A-utonA.
NOTE: This is not a good qualitative
test of the PN junctions; however, this 
test will indicate a shorted PN junction 
(zero reading) and an open PN junction 
(infinite reading).

ANODE

FIG. 8A (ITE-4442) 
ANODE

FIG. 8B (ITE-4442A)
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5.5 SCR Test
5.51 Set up the c i r c u i t  as shown in Figure 8. 

The meters should be ITE-4442 or equiv­
alent.

5.52 Set meter A on the RxlOO resistance 
scale. Check between the gate and 
cathode, a high resistance in one 
direction and a low resistance in the 
other direction.

5.53 Set meteA A on the RX1000 Aeiditance
6 cole. and meteA B on the. RXJ net>-c& tance 
6cate.. The. potafuty 6tamplngf> on the:
mete.fi oewe cute. faoA the. voltmeten. The. 
okmmeteA polaAlty may be cU.fi fieAent. The 
afiA.ange.ment ofi filguAe SA oa SB taket> 
thU tnto account. MeteA B U u*ed to 
pn.ovtde an appAoxtmate one volt po6lttve 
gate. Mete A A should Indicate, a low 
ne^db tance.

EMITTER
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Lines presented in Script indicate 
new or changed information.

Manager, Crossbar Product Engineering 
Control Center

Reason for Reissue:
To include reference to ITE-4442A in Test Section.


