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Finding matching transistors is a highly 
unpopular and tedious occupation. 
Nevertheless, it is one of those jobs that 
just have to be done from time to time, 
as such transistor pairs are often used in 
differential amplifiers and in particular, 
of course, when they act as temperature 
sensors. Usually, it means improvising a 
test circuit, getting hold of a universal 
meter and spending the entire evening 
testing a whole pile of transistors while 
jotting down the resu Its. Better make 
sure there's nothing on the box that 
night! 
Elektor has now come up with a short
cut in the form of a transistor tester. It 
makes life a lot easier, as it actually 
compares two transistors. LEDs light to 
indicate whether their UBE and HFE 
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A transistor tester for finding matched pairs. 

I 
'Oh no, not another transistor tester!" may well be several readers' 
initial reaction. Don't worry, this article is designed to save you and 
your eyes hours of strain and boredom. The device is capable of picking 
matched transistor pairs from a whole pile of 'possibles', and all within 
seconds. Two transistors will be 'matched' if their base/emitter voltage 
and their current amplification are the same. The degree of accuracy 
may range from 'roughly the same' to 'identical' (1 %) and can be 
adjusted, as required. It really is an indispensable aid when suitable 
matched transistors are needed for differential amplifiers, or 
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correspond or not. The circuit does all 
the work - you just plug in transistors 
and watch the LEDs. There are three 
LEDs altogether: one to indicate that 
sample no. 1 is 'better' than no. 2, one 
to indicate the opposite and another to 
show the pair is a perfect match. 

Operation 
All this may seem rather complicated, 
but in actual fact the tester is based on a 
fairly straightforward principle. Figure 1 
shows a simplified version of the circuit 
to make matters clear. A triangular 
wave-shape is applied to the transistors 
under test (TUTs) . Any differences 
between their collector voltages are 
detected with the aid of two compara
tors and will be indicated by the LEDs. 
That, in a nutshell, is the theory . 
Now to put it into practice. As shown in 
figure 1, the two TUTs are driven by 
exactly the same control voltage, but 
their collector resistors are marginally 
different. R2a and R2b together are 
slightly greater in value thar-r, 1, 
whereas R2a alone is a little !., ... dller 
than R 1. And that is the whole trick of 
the tester circuit. 
Let us suppose the two TUTs are 
identical as far as their UBE and HFE 
are concerned. The rising slope of the 
input voltage will then switch them 
both 'on' at the same time and the 
voltage at their collectors will drop. If 
we were to freeze the action at any 
point, we would see that TUT2's 
collector voltage is a tiny bit lower than 
that of TUT1, due to its total collector 
resistance being slightly greater. Since, 
on the other hand, R2a is a little smaller 
in value than R 1, the voltage at the 
R2a/R2b junction will be slightly higher 
than that at the collector of TUT1. 

temperature sensors. 

As a result of this, the '+' input of 
comparator 1 will be positive with 
respect to its '-' input. This means that 
the output of K1 will be high and LED 
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Figure 1. The simplified circuit diagram of the transistor tester_ Comparators check the two 
transistors for differences in voltage and the result is indicated by the LEDs. 
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Figur,i 2. The final version of the circuit diagram. It is built around a set of four opamps. Two (A1 and A2) constitute the triangular wave 
gen or and the other two act as comparators. 

D1 will not light. At the same time, the 
'+' input of K2 is negative with respect 
to its '-' input and so its output will be 
low and LED D3 will not light either. In 
this situation, where K1 's output is high 
and K2's is low, D2 will light up as an 
indication that the two transistors are in 
fact identical. 
Now let us see what happens when 
TUT1 has a lower UsE and/or a higher 
HFE than TUT2. During the positive 
edge of the triangular signal, the voltage 
at the collector of TUT1 will drop 
sooner and/or faster than that of TUT2. 
Comparator K1 will react to this in the 
same manner as before, in that the 
'+' input will again be positive with 
respect to the '-' input and its output 
will therefore be high. Since TUT1 'slow 
collector voltage is also connected to 
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the '-' input of K2, that particular '-' 
input will now be lower than the '+' 
input connected to TUT2's collector. 
This will cause the output of K2 to rise. 
Since the two comparator outputs are 
high, D1 will not light; D2, like D1, will 
be connected between two high levels 
and thus unable to light either, and now 
there is nothing to stop D3 from 
lighting. D3's LED will therefore 
indicate that TUT1 is the 'better man ' 
of the two transistors. 
If TUT2 turns out to be 'better', this 
will of course cause its collector voltage 
to drop at a faster rate . As a result, both 
the voltage at the collector itself and 
that at the R2a/R2b junction will be 
lower than the collector voltage of 
TUT1. This means that the'+' inputs of 
the comparators will both become low 

Parts List 

Resistors : 
R1,R2,R8 .. . R11 = 10k 
R3 = 33 k 
R4 = 1 M 
R5=100k 
R6 ,R7 = 10 k 1% 
R12,R13,R14 = 680 n 
P1 = 1 k tandem potentiometers, linear 

Capacitors : 

C1=100n 
C2,C3 = 10 µ/16 V 

Semiconductors : 

IC1 = A1 ... A4 = TL084 
D1 . . . D3 = LED 
D4 = DUS 

The component overlay and track pattern of the tester printed circuit board . Reliable sockets should be used for the two TUTs. 
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with respect to the'-' input, so that the 
two outputs will be low. This prevents 
D2 and D3 from lighting and this time it 
is D1 that lights to indicate that TUT2 
is the 'better' choice. 

The circuit diagram and the 
printed circuit board 
Figure 2 shows the complete circuit 
diagram of the tester. All it consists of is 
a single IC, type TL 084, which contains 
four F ET opamps. Schmitt trigger A 1 
and the integrator built up around A2 
combine to form a simple triangular 
wave generator. This provides the 
transistors under test with an input 
voltage. The other two opamps (A3 and 
A4) act as comparators and it is their 
outputs which control the LED indi
cations, D1 ... D3. 
A closer look at the conglomeration of 
resistors in the collector leads of the 
two TUTs will explain why we used a 
simplified version of the circuit to 
clarify the principle. The final circuit 
looks much more complicated, as a 
tandem pot (P 1 ) has been added to 
preset the range within which the 
transistors may be considered to be 
identical. If P1 is turned left as far as it 
will go and the middle LED (D3) lights, 
the two TUTs will be identical within 
about 1 %. The 'matched pair' criterion 
is relaxed to about 1 0% tolerance when 
the pot is turned fully clockwise. 
The maximum possible accuracy is 
limited by the tolerance in R6 and R7, 
by the offset voltage of the T L 084 and 
by the tracking accuracy of P1 a and P1 b. 
In addition, the transistors under test · 
will react to changes in their tempera
ture, which is something to watch out 
for. If, for example, a transistor is held 
in the hand and then inserted in the 
tester, the results of the test will be 
affected, and so it is better to wait until 
it cools off again before jumping to 
conclusions. 
The tester requires a symmetrical power 
supply. The level of the supply voltage 
is not critical and the circuit will not 
only work well at the indicated + and 
-9 V, but also at+ and -7 V or even at 
+ and -12 V. The circuit can easily be 
powered from two 9 V batteries, as its 
current consumption is only 25 mA 
and, in any case, the tester is hardly 
likely to be switched on for hours on 
end. Being battery fed, the circuit can 
be constructed into a neat, compact 
device and is therefore easy to work 
with. 
Figure 3 shows the tester's printed 
circuit board. It is difficult to see how 
anything could go wrong (touch wood!), 
considering the small amount of 
components required. All that it needs 
are a single IC, two transistor sockets 
for the TUT's, a few resistors and three 
LEDs. Make sure resistors R6 and R7 
are 1 % types. M 

universal power supply 

An adjustable power supply can, of 
course, be designed in a number of 
ways. To start with, it could be con
structed with discrete components only 
and there are many standard recipes 
which cater for this. The problem is, 
however, that a reasonable-size power 
supply requires quite a few discrete 
components, so that such circuits end 
up being highly complicated. Quite 
unnecessary, in the chip age. 
A quick and inexpensive solution, 
provided the supply only has to deliver 
fairly low currents, is to use integrated 

unimrsal 
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As regular readers will agree, 
ample space and attention has 
been devoted to power supplies on 
Elektor's pages in recent years. 
They have become one of the 
designer cuisine's specialities, so 
to speak. Our September '80 issue, 
for instance, featured the 
precision power unit, a very neat, 
accurate device that can also act as 
a reference voltage source. 
This time Elektor wishes to cater 
for more universal tastes and has 
therefore produced a less exclusive, 
but highly popular power unit: 
a cheap, straightforward, multi
purpose experimental supply that 
can be adjusted between O and 
20V. 

• output voltage: 0 ... 20 V coarse 
and fine adjustment 

• output current: 2 A maximum 
• short-circuit current: about 2.3 A 
• ripple< 1 mV (at full-load) 

voltage regulators. As soon as r')her 
currents are involved, however, the price 
of integrated regulators also tends to go 
up ... which brings us back to square 
one. 
That ·is why a compromise must be 
sought: a reasonable quality power 
supply without breaking the bank. This 
particular power supply is a step in the 
right direction. It combines a few cheap, 
integrated low-power · regulators and 
several series transistor 'heavies'. The 

· ICs stabilise and control the voltage, 
without complicating matters, and the 
transistors provide the required number 
of amps. 
Since the supply voltage of most circuits 
rarely exceeds 18 ... 20 V, the upper 
voltage threshold has been chosen at 
20 V. If a higher voltage is required (to 
test amplifiers, for instance) two power 
supplies may be connected in series. 
We'll come back to how that is done 
later. Besides, a double power ' ply 
has considerable advantages, as more 
and more circuits nowadays need both 
a positive and a negative voltage. A 
double version is therefore to be 
recommended for experimental pur
poses. 
One of this circuit's greatest attributes is 
that its lower voltage threshold is really 
and truly O V - a commodity which 
very few other circuits can boast. 
Because of the large voltage range, 
provision has been made for both coarse 
and fine adjustment of the output 
voltage. Any experimental power supply 
will, of course, have to be short-circuit 
proof and this is certainly the case here. 
However, no arrangement was made for 
a presettable current I imitation, as this 
would only serve to complicate matters 
and, in any case, experience has shown 
that this 'luxury item' is hardly ever 
used. 
The supply can deliver up to 2 A -
plenty for most applications. Further
more, the power supply features a very 
low ripple voltage due to the IC's high 




