
Project 

An In- Circuit 
Transistor Tester 

A low -cost bench /portable instrument 
for testing bipolar transistors in- and out -of- circuit 

By Jules H. Gilder 

Even if you have good elec- 
tronic troubleshooting skills 
and can zero in on a defec- 

tive circuit section, you are still faced 
with confirming your suspicion that 
a transistor is bad. To do this, you 
will likely have to remove the device 
from a crowded area and test it with 
either a transistor tester or an ohm- 
meter. If your guess proves wrong, 
you will have to solder the device to 
the printed- circuit board land, risk- 
ing excessive -heat damage to the 
transistor and possibly to the pc foil 
... then repeat the process with an- 
other suspect. 

A much better way to trouble- 
shoot transistorized circuits is pro- 
vided by an in- circuit transistor test- 
er, which eliminates the foregoing 
problems and saves a lot of time and 
frustration. You can build the one to 
be described for about $25 or less, in- 
cluding the enclosure. It is worth its 
weight in gold. 

Our In- Circuit Transistor Tester's 
test clips make it easy to connect it di- 
rectly to the leads of any bipolar 
transistor, even if the transistor is on 
a densely packed pc -board assembly. 
Using a pair of light- emitting diodes, 
one each for npn and pnp transis- 
tors, the Tester indicates when a sus- 
pect transistor is good or bad and si- 

multaneously identifies it by type. If 
either LED lights, the transistor is 

good. On the other hand, if the two 
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LEDs alternately flash or do not 
flash at all during a test, the transis- 
tor is bad. 

About the Circuit 
Shown in Fig. 1 is the complete sche- 
matic diagram of the In- Circuit Tran- 
sistor Tester. Its simple, straight- 
forward design makes use of a single 
CMOS NAND -gate Schmitt trigger 

integrated circuit, identified as ICI. 
This 4093 IC is a bistable device that 
does not respond directly to an input 
signal. Rather, its snap action re- 
sponse, known as "hysteresis," 
creates a dead band that is useful 
for cleaning up slow and noisy digi- 
tal signals. 

The dead band is the result of the 
fact that a Schmitt trigger's input 
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PARTS LIST 

BT1 -9 -volt battery 
C1 -1 -µF, 25 -volt electrolytic capacitor 
D1 thru D4 -1N914 switching diode 
D5,D6- Miniature red light -emitting 

diode 
IC1 -4093 CMOS quad 2 -input NAND 

Schmitt trigger 
RI- 100,000 -ohm, '/B -watt, 10% tol- 

erance resistor 
R2,R3,R4- 330 -ohm, Y.-watt, 10% tol- 

erance resistor 
SW1- Momentary- action, normally - 

open spst pushbutton switch 
Misc.- Printed -circuit board or per- 

forated board with holes on 0.1 -inch 
centers and suitable soldering or 

19914 19914 

R4 
w 
330 
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Wire Wrap hardware (see text); suit- 
able enclosure (see text); 14 -pin DIP 
socket for ICI (optional); snap con- 
nector for BT1; three ball -type or 
miniature alligator -clip test connec- 
tors (see text); three small rubber 
grommets; double -sided foam tape; 
adhesive -backed clear plastic lami- 
nate (see text); test cable and hookup 
wire; solder; etc. 

Note: A complete kit of parts (less 9 -volt 
battery, IC socket, plastic laminate and 
grommets) is available for $19.95 from: 
Redlig Systems, Inc., 2068 79 St., Brook- 
lyn, NY 11214. 

Fig. 1. Complete schematic diagram of In- Circuit Transistor Tester. 

voltage must rise above a certain lev- 
el, known as the high trip point, be- 
fore the output voltage can change. 
Similarly, the input voltage must 
drop below a certain level, which is 
lower than the high trip point, before 
the output can change once again. 
Any change that occurs within the 
dead band itself has no effect on 
the output. 

Built -in hysteresis makes it possi- 
ble to design and build an astable os- 
cillator with just a single gate, as 
shown for the gate at the left, capaci- 
tor Cl and resistor RI in Fig. 1. Fre- 
quency of oscillation is calculated us- 
ing the formula f = 1 /(1.4RC). With 
the component values shown in the 
schematic diagram and specified in 
the Parts List for RI and Cl, oscilla- 
tor frequency is approximately 7 Hz. 

All remaining gates in ICI are used 
simply for inversion and buffering. 
The first of these gates following the 
oscillator isolates the latter from the 

rest of the circuit to prevent frequen- 
cy drift as a result of loading. The re- 
maining two gates are used to pro- 
duce the complementary outputs 
needed to enable testing of both npn 
and pnp transistors. 

Note that both inputs of each of 
the four gates that make up ICI are 
tied together. This is done because 
only the Schmitt trigger inversion - 
not the normal NAND -function is 
required in this project. Although a 
4584 hex inverter Schmitt trigger 
could have been used to accomplish 
the same results, a 4093 (with the cir- 
cuit modifications shown) is much 
more readily available from con- 
sumer sources. 

The complementary outputs pro- 
duced by the final two gates in ICI 
are connected to light- emitting di- 
odes D5 and D6 through current -lim- 
iting resistor R4. Only one current - 
limiting resistor is needed in this ar- 
rangement because only one of the 

LEDs will normally be on at any 
given time. 

The LEDs are connected in a re- 
verse condition that is often referred 
to as anti -parallel. That is, the anode 
of one is connected to the cathode of 
the other and the remaining two 
leads are tied together. With this ar- 
rangement, when a logic high voltage 
appears at pin 11 of ICI and the volt- 
age at pin 3 is at a logic low voltage, 
D5 is held in reverse bias while D6 
conducts and the LED lights. With 
no transistor connected to the cir- 
cuit, the outputs at pins 3 and i 1 of 
ICl change at a frequency of about 7 
Hz, allowing the LEDs to blink on 
and off alternately. 

In addition to being connected to 
the LEDs, the complementary outputs 
at pins 3 and 11 of ICI are applied to 
the resistor network composed of R2 
and R3. The junction of these two re- 
sistors is brought out as a test point 
and is connected to the base of the 
transistor under test. The emitter of 
the transistor connects directly to pin 
11 of ICI, while the collector con- 
nects to the DI through D4 parallel 
diode arrangement and D5 and D6 
anti -parallel LED arrangement. 

An important purpose is served by 
the strange diode arrangement. When 
a transistor under test has an internal 
short circuit between its collector - 
base or base -emitter junctions, the 
good half of the transistor acts like 
an ordinary diode and will normally 
conduct and indicate a "good" tran- 
sistor. When either DI and D2 or D3 
and D4 are conducting, a drop of 
about 1.2 volts appears across the 
operating pair. This voltage adds to 
the voltage dropped across the tran- 
sistor being tested. If the transistor is 
good, the drop will be about 0.1 volt, 
and the total drop across the LEDs 
will be 1.3 volts for the half cycle that 
the transistor is conducting. 

On the other hand, if the transistor 
being tested has a base -emitter or 
base -collector short, the 1.2 -volt 
drop across the diodes adds to an- 
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other 0.6 -volt drop across the bad 
transistor to produce a drop of 1.8 

volts. This is enough to turn on the 
LED. Therefore, internal short cir- 
cuits will cause both LEDs to alter- 
nately flash. 

Construction 
Because the circuitry for this project 
is very simple, just about any wiring 
technique can be used to build the 
project. For example, you can etch 
and drill your own printed- circuit 
board using the actual -size etching - 
and- drilling guide shown in Fig. 2 (or 
purchase a complete kit of parts that 
contains a ready -to -wire board from 
the source given in the Note at the 
end of the Parts List). Alternatively, 
you can assemble the circuit on per- 
forated board with holes on 0.1 -inch 
centers using suitable soldering or 
Wire Wrap hardware. The following 
describes pc construction. 

With the pc board component side 
up and oriented as shown in Fig. 3, 
start populating it by installing and 
soldering into place a 14 -pin DIP 
IC socket in the Ici location. Be care- 
ful to avoid creating solder bridges 
between the closely spaced copper 
pads on the bottom of the board. 
(Note: A socket is optional but high- 
ly recommended should the 4093 IC 
ever have to be replaced. If you do 
not use a socket for this IC, do not 
install the 4093 itself at this stage 
of construction.) 

Next, install diodes Dl through 
D4 on the lower left of the board, 
taking care to properly orient each. 
Then flip over the board and solder 
all leads to the copper pads. 

Install and solder into place the re- 
sistors, once again clipping off ex- 

cess lead lengths. Making sure to 
properly polarize the electrolytic ca- 
pacitor as shown, plug its leads into 
the specified holes in the board. 

Prepare three 18 -inch lengths of 
miniature test -lead wire by stripping 
from both ends of each ''h inch of in- 
sulation. Tightly twist together the 

Fig. 2. Actual -size etching- and - drill- 
ing guide for fabricating printed - 

circuit boards. 

fine wires at both ends of each wire 
and sparingly tin with solder. Plug 
one end of these wires into the holes 
labeled E, B and c in the upper -left of 
the board and solder into place. 

Prepare four 6 -inch lengths of 
hookup wire as you did for the test - 
lead wires and plug these into the 
holes labeled LI, L2 and SW1. Crimp 
the anode lead of one LED to the 
cathode lead of the other and then 
crimp together the remaining two 
LED leads. Solder the crimped con- 
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Fig. 3. Wiring guide for pc board. 
Use this layout as a general guide to 
component placement if you build 

circuit on perforated board. 
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nections, making sure to use solder- 
ing heat judiciously, and heat sink 
the LEDs to prevent heat damage. 

Connect and solder the LED con- 
nections to the free ends of the Li 

and L2 wires. Then connect and sol- 
der the free ends of the SW 1 wires to 
the lugs of the normally -open spst 
pushbutton switch. 

Tightly twist together the fine 
wires of both conductors of the 
9 -volt battery snap connector and 
sparingly tin with solder. Plug the 
red -insulated wire into the hole la- 
beled +9V and the black -insulated 
wire into the hole labeled -9V. 

You can use any suitably sized 
project box as an enclosure for the 
project. An ideal enclosure to use is a 
project box that has an aluminum 
front panel and measures 5 inches 
long by 2.5 inches wide by 1.5 inches 
deep. Only the front panel requires 
machining to prepare it for housing 
the project. 

If possible, make a same -size pho- 
tocopy of the actual -size artwork 
shown in Fig. 4 to use as a machining 
template for the project's front pan- 
el. Trim the photocopy to the outline 
border and tape it to the front panel. 
Using a center punch or sharp nail, 
gently detent the metal panel in the 
locations indicated by the six dots to 
prepare it for drilling the holes for 
the LEDs, switch and exits for the 
test leads. 

Remove the template and use a 
' h4 -inch bit to drill the hole for the 
switch and test leads. Then use a 
h4 -inch bit to drill the holes for the 
LEDs. Deburr all holes to remove 
sharp edges. 

You can use either the actual art- 
work shown in Fig. 4 or a photocopy 
of it as a finished front panel for the 
project. The latter is recommended, 
since you will avoid any possibility of 
print on the opposite surface of the 
paper from "bleeding" through when 
the artwork is mounted to the panel. 

Trim the artwork to about ''h inch 
wider and longer than shown. Then 
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Fig. 4. Actual -size front panel art- 
work. Use this or a same -size photo- 
copy also as a machining template 

for front panel of project box. 

face it with clear adhesive -backed 
plastic laminate (available from pho- 
tographic, art- supply and most sta- 
tionery stores) to protect it from da- 
mage as you use the project. Work 
carefully to avoid wrinkling the art- 
work as you lay on it the plastic lami- 
nate. After the laminate is complete- 
ly down on the artwork, place the 
assembly laminate side up and solid- 
ly burnish it to the paper. Then trim 
the artwork to the exact dimensions 
of the metal front panel plate. 

Coat the rear surface of the art- 
work and outer surface of the front 
panel with rubber cement and allow 
both to dry until they are tacky to the 
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touch. Then very carefully place the 
artwork on the panel, starting from 
one corner. Once again, burnish the 
artwork to the panel. 

Working very carefully with a 
sharp hobby knife, cut the artwork 
away from all holes. Work on the 
artwork side of the panel as you do 
this and be as neat as you possibly 
can. Gently work small rubber grom- 
mets into the EMITTER, COLLECTOR 

and BASE holes in the front panel 
from the artwork side to avoid lifting 
the artwork. Then mount the push- 
button switch in its hole in the center 
of the panel. 

Tie a strain -relieving knot in each 
of the test -lead wires about 5 inches 
from the circuit -board end. Pass the 
free ends of these wires through the 
appropriate grommet -lined holes in 
the panel. Refer to both Fig. 3 and 
Fig. 4 to identify the test leads and 
the holes they are to exit the box. 

You have a choice of either ball - 
type connectors like those shown in 
the lead photo or ordinary miniature 
alligator clips with insulated boots 
for terminating the test leads. The 
ball -type connectors are preferable 
because they provide more positive 
electrical contact and a more solid 
mechanical grip and present very lit- 
tle bare metal to short against points 
in a circuit that should not enter into 
a test. 

Checkout & Use 

Snap a fresh 9 -volt battery onto the 
connector. Touch the common lead 
of a dc voltmeter, set to indicate at 
least 10 volts, to the pin 7 connector 
and the "hot" lead to the pin 14 con- 
nector of ICI's socket. Press the 
switch's pushbutton and note the 
reading on the meter. If you do not 
obtain a reading of approximately 9 

volts, release the switch and carefully 
check all components for proper ori- 
entations (diodes, LEDs and electro- 
lytic capacitor) and all soldering for 
bridges and poor connections. Cor- 
rect the problem before proceeding. 

Once you obtain the proper 9 -volt 
dc reading between pins 14 and 7 of 
the IC socket, release the switch's 
pushbutton and install the 4093 in 
the IC socket. Make sure you orient 
the IC as shown and take care to 
avoid having any pins overhang the 
socket or fold under between socket 
and IC body as you push the 4093 
home. Exercise the usual precautions 
for MOS devices when handling the 
IC. If you are soldering the IC direct- 
ly on the board, us a soldering iron 
with a grounded tip. 

With the IC installed, press and 
hold down the switch's pushbutton 
and observe the activity of the LEDs. 
If everything is working properly, 
the two LEDs will alternately flash 
on and off. If both LEDs flash in 
step with each other, the two are not 
properly connected in anti -parallel 
with each other. In this event, power 
down the circuit and transpose the 
leads of one LED. If neither LED 
flashes, you have an error in con- 
struction and must recheck your wir- 
ing to correct the problem. 

Having obtained proper flashing, 
release the switch's pushbutton and 
connect to the test leads a good tran- 
sistor (you can use either a pnp or an 
npn transistor). Once again, press 
and hold the switch's pushbutton 
and note which LED lights. Mount 
this LED in the appropriate hole in 
the front panel of the enclosure. 
That is, if you are using an npn tran- 
sistor for this test, the LED that 
lights goes into the NPN hole in the 
panel. The other LED then goes in 
the remaining LED hole. If the LEDs 
tend to fall out of their holes, secure 
them in place with either clear nail 
enamel or fast -set epoxy cement. 

Cut a piece of double -sided foam 
tape to the approximate length and 
width of the the circuit -board assem- 
bly and another to the approximate 
length and depth of the 9 -volt bat- 
tery. Peel the protective backing 
from one side of the larger piece of 
foam tape and affix the tape to the 

(Continued on page 90) 

March 1988 / MODERN ELECTRONICS / 57 



ADVERTISERS' 
INDEX 

RS# Page # 

41 ARRL 17 

2 AMC Sales 39 

5 All Electronics 75 

46 C&S Sales 67 
11 CTM 58 

89 Cable Distributors 69 
98 Cleveland Institute of Elec Coy. III 

Command Productions 58 

151 Communications Elec 9 

7 Communications Specialists, Inc 88 

112,113 Competitive Computer 6, 7 

6 Consolidated Electronics 88 

9 Cook's Institute 89 

42 Daetron 68 

4 Deco Industries 86 

76 Digi -Key Corp 87 

50 Digital Research 75 

Electronic Devices 88 

Grantham College of Engineering 59 

44 Jan Crystals 79 

47 Jensen Tools 52 

49 Kelvin Electronics 45 

LT Sound 88 

38 MCM Electronics 85 

McGraw Hill Continuing Educ 83 

3 Micromart 86 

Midwest Electronics 88 

39 Movie Time 39 

48 NRG Electronics 45 

NRI Schools 10, 13 

45 National Technical Schools 79 

8 OptoElectronics Cov. 11 

Pacific Cable Co., Inc 3 

43 Radio Shack 5 

TV Scope 58 

Visitect Inc 86 

Free Product Information 

Readers can obtain free information on 
products advertised by the above corn - 
panies, as well as for some editorially 
mentioned products. Simply circle the 
appropriate number printed below an 
advertisement onto the Modern Elec- 
tronics "Free Information Service" 
card bound into this issue. After filling 
in your name and address, just mail the 
postpaid card. Your request will be for- 
warded directly to the advertiser with a 
mailing label prepared by our reader - 
service department to ensure speedy re- 
sponse. 

Surface Mount (from page 53) 

Step 1 in the repair process is to re- 
move most of the solder on the IC 
connections. (Caution: Prior to do- 
ing repair work, make sure that your 
soldering iron is properly grounded 
and that your electrostatic- discharge 
control wrist strap is properly con- 
nected.) Using a soldering iron and 
desoldering braid, slowly remove the 
solder from connections on all sides 
of the IC, as illustrated. 

Next, using a fine -pointed hobby 
knife and a cone -tip soldering iron, 
gently free each IC connection from 
the circuit card. Once all connections 
have been freed, the IC can be re- 
moved. 

When replacing the surface -mount 
IC, first align the IC's leads with the 
printed- circuit card traces. Holding 
the IC in place with your finger, sol- 
der a lead at each corner of the device 
to the board's pads. This will hold 
the IC in place until all connections 
are soldered. AE 

Transistor Tester(from page 57) 

bottom of the board. Peel the protec- 
tive paper from the other side of the 
tape and mount the board assembly 
in the enclosure flush with one end of 
the box. Then mount the battery to 
the other end of the box with the 
other piece of foam tape. 

Place the front panel on the box 
and secure it in place with the four 
screws that were provided. 

Using the In- Circuit Transistor 
Tester is almost self- explanatory. 
You simply determine the base, emit- 
ter and collector leads of the tran- 
sistor to be tested, clip the test -lead 
connectors to them accordingly and 
press the PRESS TO TEST pushbutton 
while observing the LEDs. If the 
transistor is good, either the NPN or 
the PNP LED will light, simultan- 
eously identifying the type of transis- 
tor under test and verifying that it is 
good. If both LEDs or neither LED 
lights, the transistor is almost cer- 
tainly bad, regardless of type, and 
should be replaced. AE 

Mixing Frequencies (from page 33) 

to intermediate frequencies and even 
individually checked there with a fre- 
quency counter. 

The examination revealed one of 
the unsung marvels of the superhet: 
the intermediate frequencies main- 
tain proper relative amplitude and 
phase relationships and thereby 
mimic the shape of the signal at the 
antenna very nicely. This test yielded 
the photo shown in Fig. 9, confirm- 
ing the result shown in Fig. 8. A con- 
siderable improvement was realized 
when the amplitude of the sideband 
was reduced to half that of the carri- 
er, shown in Fig. 10. 

Further reducing the sideband for 
a 1:3 amplitude ratio gave additional 
improvement, but the modulation 
envelope never actually became sinu- 
soidal, and the percentage of modu- 
lation decreased even more. Perhaps 

at near 0- percent modulation a sinu- 
soidal variation in the envelope may 
almost be there. 

This single sideband information 
may be of use to someone who is at- 
tempting to modify a conventional 
receiver. However, the secret to 
whatever success SSB operation en- 
joys is in an additional heterodyning 
step that is not found in, for exam- 
ple, the AM broadcast -band receiv- 
er. There is simply no way to recreate 
a good modulation envelope by lin- 
early mixing carrier and one side - 
band. Acceptable audio more likely 
comes from generating a proper car- 
rier and heterodyning it with the out- 
put from the final intermediate-fre - 
quency range. By filtering out all au- 
dio frequencies, only the difference 
frequency remains, and that is the 
audio. AE 
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