
CONSTRUCTION BY SAMUEL LYLE 

CURVE TRACER Checks 

Semiconductor Quality 


from Breakdown Voltage to Beta 


A SIMPLE go/no-go tester will tell 
you if a transistor will operate, but 

it will not tell you the qualfty of opera
tion . For this, you need a curve tracer, 
which is usually an adapter designed 
to be used with an oscilloscope. The 
Experimenter's Assistant tracer/tester 
described here can test virtually any 
type of discrete semiconductor de
vice, classify it according to type (npn 
or pnp) and material (silicon or ger
manium), and check reverse and for
ward breakdown voltages and leak
age. It can also provide a rough indica
tion of a t ransistor 's beta. 

In addition to semiconductor de
vices, the tester can also check 
capacitors and inductors . With a little 
imagination , it can also be used for 
in-circuit testing. To make testing 
conditions as safe as possible , the 
maximum test current is limited to 
slightly less than 4 mA. 

Circuit Operation. The tester pro
vides a simple means of depicting the 
voltage/current behavior characteris
tic of the component under test, 
graphically displaying the characteris
tic on an oscilloscope screen . The 
basic circuit shown in Fig. 1 consists 
oftransformerT1 , resistors Rt andR2, 
switch St , and component attach
ment jacks Jt and J2. Note the three 
connections that must be made from 
the tester to the oscilloscope 's hori
zontal and vertical inputs and ground . 
The remainder of the circuit is used for 
actual semiconductor testing and is 
connected to the basic circuit by 
plugging Pt into Jt and P2 into J2 . 

With St open , the 12.6 volts rms at 
Tt 's secondary provides the sweep for 
the scope. Because the input impe
dance of the scope is virtually infinite, 
relative to the value of Rt, the full 
transformer swing of ± 17.82 volts 
peak-to-peak is applied to the horizon
tal input of the scope. Since no effec
tive current flows through Rt, no sig
nal appears at the scope 's vertical in
put . The result is a horizontal trace on 

the CRT, with the right and left ends of 
the trace representing + 17.82 and 
- 17.82 volts , respectively . 

If test leads are connected to Jt and 
J2 and their test tips are shorted to
gether, the full secondary voltage of 
T1 will appear across Rt , while no 
voltage is applied to the scope's hori

J3 J4 J5 

f.1\SOI 
TO TO\_j) 
P2 Pl 

<f> ~ @@ 
R5 J2 JI 

SI 

A typical layout 

for the curve tracer. 


zontal input. This results in a vertical 
trace on the CRT, with the top of the 
trace representing a current of 3.8 mA 
(17.82 volts/4800 ohms = 3.8 mA) . 

Removing the short between the 
test leads and depressing St places 
Rt and R2 in the circuit. Now, the 
scope will d isplay a 45° trace, assum
ing the horizontal and verti cal input 
channel gains of the scope are prop
erly set. Resistor R2 and switch St are 
used for balancing the channel gains. 
Once the channel gains have been set 
to display a 45° trace, any component 
whose resistance is greater than 4700 
ohms will produce a more nearly hori
zontal trace, while component resist
ances of less than 4700 ohms will pro
duce a more nearly vertical trace. The 
actual slope of the trace is directly re
lated to Rt /RTEST• where Rt = 4700 
ohms and Rn :sT is the resistance of the 

component connected across the 
Jt /J2 test probes. 

Construction. You can assemble the 
tester in any enclosure of a convenient 
size using a point-to-point wiring 
technique . Use a terminal strip to 
mount the five resistors . The best 
place to mount SOt , St , S2, Jt, and J2 
is on the cover of the enclosure . 

Connect one end of a 12" (30.5-cm) 
length of flexible test lead to the CI ug 
on SOt , tie a knot in it to serve as a 
strain relief , pass the free end through 
a rubber-gr;:immet-lined hole in the 
top of the case, and terminate the 
cable with a banana or tip jack (to 
mate with J1) . Repeat this procedure 
with a cable connected to the E lug on 
SOt . These two cables, when plugged 
into Jt and J2 , allow transistors plug
ged into SOt to be tested . For in
circuit tests of transistors and diodes 
and out-of-circuit tests of transistors 
that do not fit into SOt , separate test 
cables must be plugged intoJt andJ2 . 
Prepare these with appropriate plugs 
at one end and standard test probes at 
the other end . 

MountJ3, J4 , and J5 on the rear wall 
of the case . Prepare three 36" (about 
1-meter) test cables with plugs (P3, P4, 
and P5) to match these jacks on one 
end and plugs to match the input con
nectors on your scope at the other 
end . These last jacks and cables are 
for interconnecting the tester with a 
scope. Alternatively , you can connect 
the cables directly to the appropriate 
points in the tester circuit and have 
them ex it the case through grommet
lined holes and eliminateJ3, J4, J5, P3, 
P4 , and P5 . 

After wiring the circuit and assem
bling the case, label the jacks, plugs, 
switches, and test socket. 

Using the Tester. If an " ideal " 
diode is connected betweenJt and J2 , 
it will act as a short circuit for one-half 
of the ac cycle when forward biased . 
During the other half-cycle, it will be 
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trace wil l be displayed as shown in Fig. 
20. 

For most transistors , 13 can be de
termined by rotating S2 until the trace 
is close to 45°. For the component val
ues shown in Fig .1, and a trace slope 
of 45°, the 13 is approximately 21 in 
posit ion 2 of S2 , approximately 100 in 
position 3, and approximately 213 in 
position 4. 

TE XT) 

Other Uses. If you connect a good 
capacitor across the test leads con
nected to J1 and J2, an elliptical trace

S I-Normall y-open push but ton sw itch 
PARTS LIST will be displayed. This trace will resultS2-4-pos ition, nonshorting ro tary switch 

SO I-Trans istor socket (chassis mount) because of the phase shift at 60 Hz 
JI to JS-Banana or tip jack (J 3, J4, 15 T 1-12.6-volt filament transformer between the vertical and horizontal

optional-see tex t) Misc.- Line cord with plug: flex ible test-

PI to PS-Banana or tip plug to match lead cable: cont ro l knob; tes t probes (2); 
 inputs of the scope due to the RC net

jacks (P3 , P4, PS-optional-see text) jacks fo r scope input (3); case (such as work . A trace shape approaching a 
R l.R2-4700-ohm , Yi-watt , I% res istor Radio Shack No. 270B098-6Ys" x 3'¥.\" circle is obtained when the capacitiveR3-100 ,000-ohm , Y.z-wa tt , 1% resistor x 2"): le ttering kit: machine hardware; 

R4-470,000-ohm , Y.z-watt, 1% re sistor rubber grommets: hookup wire: solder: value under test is approximately 0.5 

RS-I -megoh m , Yi-watt , 1% resistor etc . 
 µF . Inductors will produce similar 

reverse biased and will seem to be an 
I 
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I

open c ircuit. Hence, the trace ob
I 

.3V Ge-I
served on the scope 's CRT will form a 

Iright angle with one leg horizontal and 
the other vertical. The intersection of 
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Fig . 2 . Typical the two legs will be centered on the 
ZENER scope traces: (A) 

I 
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screen. 

ident~f'i,catio n ofFew things in nature are perfect , the I silicon orIdiode is no exception . A silicon diode genna11i11111 junction;
requires about 0.6 volt forward bias (Al (Bl ( B) zener diode 
before it begin s to conduct, ger cw·ve; (CJ 

Imanium about 0.2 volt. Illustrated in trans·istor w ith I BASE TO 
IFig . 2A are the differences in forward leakage, fen ward
I 
I breakdown voltage,conduction voltage as " offsets" in ex

reverse breakdown; panded horizontal traces. Hence, the 
(DJ transistor 
with a gain of JOO. 

-----~1: -- -tester can identify a diode under test 
as either silicon or germanium. 
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between the test probes co nnected to 
I 

J1 and J2 , the resultant waveform will (Cl (Dl 

appear as shown in Fig . 28. Note that 
the zener 's impedance and break in Fig . 1 must be p lugged into J1 and traces , and the tester can also be used 
down voltage can be obtained from an J2 or the separate test leads must be to match inductances of home-made 
expanded horizontal trace. Th e zener plugged into the jacks. Assuming the toroidal transformer coils. 
impedance is equal to the change in former, if a transistor is plugged into Since the current through the 
voltage divided by the change in cur S01 and S2 is set to position 1, the probes is limited to less than 4 mA, the 
rent within the linear breakdown re trace observed should be a co nt inu tester can be used to check most in
gion of the trace . Snap-recovery and ous horizontal line . (With no base cur circuit components. Connect the test 
tunnel diodes also produ ce their own rent , the transistor should have an in leads across an in-circuit semicon
characteristic traces . finite emitter-to-collector resistance .) ductor, and the resultant trace shape 

In testing transistors, it is usefu l to The trace will be off the horizontal only and slope will be determined by the 
visualize them as variable resistors if there is leakage current within the various resistances and reactances 
whose emitter-to-collector resist transistor or the transistor 's break associated with the semiconductor. 
ances are controlled by a minute base down voltage is exceeded . These Although the waveform displayed can 
current. Within a transistor's operat traces are depicted in Fig . 2C. be greatly distorted , you can check 
ing range , the collector curre nt will To perform a beta (13) measurement junction operation by looking for the 
approximately double if base current of a transistor, start with no transistor telltale junction discontinuity that is 
is doubled. The " resistance" of the plugged into S01. Depress S1 and ad typical at the zero axis. Not only can 
transistor, as " seen " by its associated just the scope 's controls for a 45° you check semiconductor junctions, 
circuit components, will decrease by a slope to the trace. Insert the transistor you can also check the qualities of 
factor of approximately two. in the test socket, observing the other co mponants such as resistors, 

To use the tester as a transistor proper lead basing, and set S2 to posi capacitors, and inductors that are 
checker, the S01 portion of the circuit tion 3. If the transistor's 13 is 100, a 45° common to the transistor stage. ~ 
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