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TESTING POWER TRANSISTORS 
The basic elec tric:d difference be­

tween a powe r transisto r and the 
conven tiona l junction transistor is the 
h igher current-hand ling capaci ty of 
the power uni t. In most instances, 
the d-c operating voltages are the 
same for both types. Jt follows that 
the p ower dissipa tion and heatin~ 
are higher in the power type. Be­
ca use the junctions in the power 
transisto r are la rger, internal capaci­
tances are higher, maximum oper­
ating frequency is lower, a nd input 
a nd output impeda nces a re lower 
than in conventiona l transistors. 

Power transisto r tests, while em­
bodying the same essential philosophy 
as those for conventiona l transi st~rs, 
must take into consideration these 
di fferences in e lectrical characteristics. 
For example, th e d-c power source 
fo r testing a sma ll transistor suitable 
fo r use in a hear ing aid or rad io 
receiver , low-level stages need supply 
unl y a few milliamperes, while 1 or 
mo re amperes will be required for 
the power transistor. T h e d-c mi lliam­
me ters and microa mmeters employed 
in the testing of general-purpose tran­
sisto rs according ly must be replaced 
with ammete rs. Similarly, an a-c sig­
nal source for th e dynamic ch ecking 
of small transistors furnishes only a 
few mi lliwatts a t the most, while a 
comparabl e source for testing power 
tra nsistors often must supp ly l watt 
o r mo re. 

Ma ny of the earl y t ra nsistor testing 
instruments, factory-built o r construct­
ed by the user, are unsuitabl e fo r 
power transistors because of a-c and 
d -c power de fici encies. Su itable new 
instruments are not appear ing on the 
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market in any gr eat number. Expen­
sive, laboratory-grade instruments pres­
ently are a head of service-type testers. 
Power transisto rs fro m many manu­
facturer s now are r eadily avail able 
a nd a re finding application in car 
rad ios, audio amplifiers, regu la ted 
power supplies, inverters, servo sys­
tems, so leno id operation, and moto r 
control. On the heels of this comes 
the need to test power transistors, 
eithe r to determine their cond ition or 
to ver ify their charac te ristics aga inst 
ma nufacturer's da ta. 

Th is a rticle descr ibes several test 
setups for checking the importa nt 
characterist ics. Po larities shown in 
the circuits a re for PN P transistors. 
When NPN transisto rs a re to be 
tested, reverse a ll power supply, 
meter, a nd electrolytic capacitor con· 
nections. 

Tesc Precautions 
Employ e very safeguard to prevent 

exceeding maximum ratings of the 
transistor under test. 1n most in­
st:rnces, maximum permissible current 
a nd vol tage may not be applied 
~imu ltaneous ly with out cxceedjng the 
maximum power dissipation rating. 

Except in temperatu re stud ies, tests 
are made at room te mp era ture (25 ° C, 
87 ° F, un less specified otherwise ) . 
Check the actua l ambient temperatu re 
and when it exceed s 25 ° C, a pply any 
derating facto r recommended by the 
transistor ma nu fact urer . M ost data 
tables g ive power :ind dissipa ti on 
ratings bo th for frec air and with 
hea t sink. Dissipation a nd operating 
po we r are higher for the heat-sink 
cond ition. When operating at these 
maximum levels, provide the transisto r 
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with the heat sink specified bi• the 
manufacturer, used forced-a ir ventil­
ation, or both. 

When checking power gain and 
power output under a-c signal con­
ditions, the test ci rcuit must not be 
operated without a suitable load de­
vice rated to handle safely twice the 
maximum outpu t power expected. 

Because of the h ig h di rect current 
levels involved, especially in check­
ing co ll ector and emitter currents, the 
ammeters or milliammetcrs employed 
must have the lowest obtainab le in­
terna l d-c resistance to minimize volt­
age drop across the ins trument. A 
conventional ammeter will be used 
in most instances and no problem 
will be in troduced, since the instru­
ment resistance will be less than 0.1 
ohm. H owever. some improvised cur­
rent meters ( e.g., a v-t voltmeter 

adapted fo r current measurement) have 
an interna l ( shunt ) resist..rnce of I oh m 
or higher. Such an instrument would 
introduce a vo ltage drop of I vo lt 
per ampere. 

Ful I protectio n of the test circuit 
suggests the adequate fu sing of supply 
leads aga inst cu r rent overload. How­
ever, the resistance of the fuse must 
be accounted for if it is significant. 

All coupling transformers or chokes 
must be capable of handling the high 
di rect currents without core saturation 
or damage to the windings. 

Static Leakage Current 
Stat ic leakage current (a lso call ed 

cumff current) may be measured with 
the circuits shown ia Figu re I. The 
common-base leakage current, i... is 
measured with the setup shown in 
Figure 1 (A) , and the common-emitter 
leakage current, Lebo, w ith Figu re 1 (B). 

EMITTER 
OPEN \ 

0-C MILUAMMETER 

+~ VARIABLE D-C 
POWER SUPPLY 

(A) 
ico 

BASE 
, Qp£N 

( B) 
icbo 

Pnge 4 

~~~~~--1 t-~~~...., 

o-c 
VOLTMETER 

0-C MILLIAMMETER 
v 

Fig. I. Static D-C Leakage Current. 
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VARIABLE 0-C VARIABLE 0-C 
POWER SUPPLY POWER SUPPLY 

R CURRENT-
LIMITING 
RESISTOR 

I 
I ~~ I EJ 

V1 
0-C VOLTMETER 

Vz (A) COMMON- BASE 

D-C AMMETER M1 OR MILLIAMMETER -,, + 

VARIABLE 0-C Mz VARIABLE 0-C 
POWER SUPPLY POWER SUPPLY 

I 
I ~~ I 0 

V1 
D-C VOLTMETER Vz 

(B) COMMON-EMITIER 

Fig. 2. Input a.nd Output D-C Cbaracloristics. 

In each case, the in put electrode is 
left floa ting. 

The d-c power supply voltage, :is 
indicated by M,, is adjusted to the 
leve l at which the transistor i, to be 
operated in its own circuit. The static 
current is indicated by a d-c milliam­
meter, M,. 

T hese tests shou ld be made as 
rapidly as pr:1cticable, since an up­
ward drift of the stat ic cu rrent can 
lead to col lector - cu rrent runaway 
which will destroy the transistor. If 
the ambient temperature is constant 
and there is no excessive internal 
heati ng of the transistor, i •• and icbo 
should be constant. Dri fting or jump· 
ing of the cu rrent when temperature 
is constant reveals a faulty transistor. 
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Both i •• and icbo have low values with 
respect to the no rmal operating col­
lector current. 1. 0 wil I have a va lue 
of severa l tens to severa l hund reds 
of microampercs, JepcnJing upon 
make and power rat ing of the tran· 
sistor . le"• wi ll be from JO to 50 
times higher than ico. The measured 
va lues of i,. and icbu should be re· 
ferred to the trnnsistor manufacturer's 
specifications. lco will double approxi­
mately for each LO degrees increase of 
junct ion temperature. 

Input and Output 0-C Characteris tics 
Figu re 2(A) shows a setup for 

checking the input and output d-c 
characteristics of a power transistor 
in the common-base connection . H ere, 
a constant d-c voltage, indicated by 
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M ;, is applied between collector and 
base. The emiu er current, indicated 
by M,, th en is varied between zero 
and a selected maximum, and the 
correspo nding co llector current values 
(indicated by M: ) noted. The pro­
cedure is repeated at a numbe r of 
collector voltage steps to obtain data 
for a fami ly of cur ves showing io vs. 
i. for constant v.. Emitte r-curren t 
variatio n is achieved by varying the 
voltage ou tput of supply V ,. A h igh 
limiting resistance, R, per mits V , to 
simulate a constant - curren t supp ly. 
Bo th V, a nd V, must be ca pab le of 
suppl ying the high direct currents de­
manded by the power transistor. 

Figu re 2 ( B) shows a setup for 
simi lar ly checking a power transistor 
in the common - emitte r connec tion. 
Here, a constant d-c voltage, ind icated 
by M J, is applied between collector 
and emitte r. T he base current, indi­
ca ted by M,, is va ried between zero 
and a selected maxi mum, and the 
corresponding va ria tion of co ll ector 
current, ind icated b)• M:, noted. Th t: 
procedure is repeated at a number of 
co llecto r voltage steps to obta in data 
fo r a fami ly of cu rves showing ic vs. 
i. for constant v.. Because of the 
inherent ly high base-to ·co ll ector cur­
rent amplification in the common­
emittte r c ircuit, the base curre nt is 
mu ch lower than th e coll ector cu rrent. 

Both ci rcuits yield collector voltage­
vs.-collector cu rrent figu res which may 
be compar<:J with the transistor ma nu­
fac tu rer 's specificatio ns to evaluate the 
transistor . If curves are plotted, as 
suggested above, they may be com­
pared with the manufacturer's cu rves. 

At no time during the test should 
the maximum permissible va lues of 
either co ll ector vo ltage, collector cur-
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rent, i:mitter current, o r base curre nt 
be exceeded. Neither shou ld the 
product Ve l e exceed the maximum 
permissible power d issipation of the 
tra nsisto r. 

Cur rent Amplification 

The setu p shown in Figure 2(A) 
may be employed to measure the 
emitler-to-collector current amplifica­
ti on factor, a lpha; the setup shown 
in F igure 2(B) for the base- to-collec­
tor current a mplifica tio n factor, het;1. 

T o check a lpha (Figure 2A) : Wi th 
power supp ly V, set to zero output, 
Sl't the co ll ector vo ltage (indicated by 
M,) to the desired operatin~ level fo r 
the transistor under test. Next, in­
crt:ase the output of V, until the de­
Aection of meter M: shows the correct 
collcdor current fo r the selected co l­
lecto r voltage. (This value may be oh­
taincd from the manufacturer 's da ta .) 
Now. increase V, to shift the coll ecto r 
current s lig htl y higher than this va lue, 
.ind reco rd this new coll ector current 
val ue as i.,. Record the emitter rnr­
r<:nt (meter M,) as i.,. Finall)' . reduce 
V, un til the co llector cu rrent shift, 
the same amoun t below the o r iginal 
deflecti on, and record th is va lue as 
i.,. Record the correspondi ng emitter 
current as i.,. Cakulatc a lpha 
(iu-ic: ) / (i .,-i.,) . All c urre nt va lue' 
must b e expressed in th e sa me: unit>. 
Alpha will have a va lue be tween 0.95 
and 0.98 for most power t rans istors. 

To check be ta (Figur<: 2B): With 
power su pply V, set to zero <•utput, 
set the co ll ector voltage (indica ted h)• 
1\£.) to the desired operating volta.i.:e 
for the transistor under rest. Nex t. 
increase V, until the deflection of 
meter M: shows the co rrect co l lee wr 
current for the selected co l k·ctor vol t­
age. Next, increase V , to shift the 
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POWER 
A-F GENERATOR 

TRANSISTOR 
AMPLIFIER 

STAGE 

I INPUT 

I 
I 

Vertical Amplifier Input / 

OSCILLO­
SCOPE 

Fig. 3. Powor Output. 

co ll ec1or curren1 slight! )' h igher than 
thi s value, and record th is new co llel ­
tor cu rrent va lue as i.,. Record th e 
corresponding base current (meter 111,) 
as ib1. Now red uce V, unti l the 
co ll ector current shift- b)' the same: 
amount below the original deflection, 
and record thi s va I ue as i.,. Rt-cord 
the corresponding base cu rrent as i .. :. 
Ca lculate beta = (i . ,- i.: ) / (i .. ,-ib:). 
All cu rrent va lues must be: expressed 
in the same units. Beta will have a 
va lue between 25 and 50 for most 
power transistors. 

Uoth alpha and bt-ta niai• be mea.­

ured a t various collector voltage or 
co llc::ctor curren t levels. All measu red 
va lues of a lpha or beta shou ld be 
compared with the transistor manu­
factu rer's specification s. Beta decays 
very rapid ly in some defec ti ve power 
transistors. 

Collector Diss ipation 
Collc:ctor power dissipation is equa l 

to co ll ector d-c input power minus 
signa l output power. In power ou1-
put tests, the signa l output power i 
measured in a matched load imped­
ance, Jnd the co llector input power is 
calcul a ted as the product v,i.. The 

APRIL, 1958 

transistor is deli veri ng pow<:r 3Ctively 
to the load. Jn st:tt ic tests, however, 
the col lector is ca lled upon to dis­
sipate the entire inpu t powtr. 

Jn a ll static tests, the operator must 
be rnrcful that the product vcic, as 
determined from the deflect ions of 
the coll ector voltmeter and ammeter, 
a t no time exceeds the maximum d issi­
pation rating of the transistor, fo r the 
temperatu re at which the test i ~ made. 
Excessive power d issipa tion gives r ist 
to internal heating which, in a circuit 
such as Figure 1 (B) , causes the col­
lector cu rrent in turn to rise and 
exceed the dissipat ion ra ti n_g still 
further . The effect is cumula ti ve, is 
known as runaway, and ends in de­
structi on of the transistor . 

Power Oucpuc 
Power output should be checked 

wi th the transistor operating in its 
actual ampl ifier stage and with its 
normal signal drivi ng vo ltage and d-c 
bi:i. voltages appl ied. Check the out­
put of power transisto rs at t kc and 
a t as many additi onal frequencies as 
:1rt· of interest in the proposed appli­
cac ion. The amplifier stage should be 
terminated with a load resistor, the 
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POWER 
A-F GENERATOR 

I 

Vertical Amplifier Input / 

OSCILLO­
SCOPE 

Fig. 4. Power Gain . 

resistance of which is equal to the 
normal o utput impedance of the stage. 

Figure 3 shows the setup for power 
output measurement. The a·f signal 
sou rce must be capable of supplying 
with good regu lation t11e driving 
power required by the amplifier stage. 
The osci lloscope permits continuous 
monitoring of the output-voltage wave­
form so that distortion may be reduced 
to a minimum. In this connection, the 
input-signal amplitude must be held 

-----t-.~ ft-vel- low-enough-thilt e lippiAg 
o f the output wave is prevented. 

The l<:SL proccJurc is LO adj ust the 
input-s igna l level fo r maximum out· 
put-signal :implitude with lowest dis· 
tortion, as indicated by the osci llo· 
scope and V·L voltmeter. At this 
point, the ou tput voltage (E) is read 
with the vtvm. The output power 
P = E'/ R. 

Instead of the v-t voltmeter, an 
electronic output power meter ma y be 
used to obtain direct reaclings in watts. 

Power Gain 
Figure 4 shows a setup for check­

ing power gai n. This arrangement is 
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simi lar to the one shown in Figure 3, 
except that both input and output 
power arc measured and the power 
gain determined from the ratio of 
these two values. The power tran­
sistor is operated in its own amplifier 
scage. 

The input impedance or resist.mce 
(R1) and output impedance (Ro) of 
the transistor amplifier stage: mu>t be: 
known. The stage is terminated in its 
characteristic impedance b)' Rr, which 
is eqi,io-1-t&-R~Wi th-the-a-f- te&t..si.g.na I 
amplitude adjusted for maximum un­
distorted ou tput of the amplifier stage, 
the a-c vtvm is swi tched first to the 
input (Switch S in Position a) and 
its deflect ion recorded as E,. Then 
with Switch S in Position b, the vtvm 
deflection co rresponding to the output 
voltage is recorded as E,. Power in­
put P, = E,'/ R1, and power output 
Po = E,'/ Ro = E,'/ RL. Power gain 
(PG) = P./P1 . To express the power 
gain in db, PG = 10 log1o(P./P i). 

Jn both power- test setups (Figures 
3 and 4), any transformers in the 
amplifier circuit must be capable of 
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hand ling safely the h igh " direct cu r­
rents of the power transistor . In a 
Class-A ampl ifier stage the steady d-c 
LO ll ecto r current flowing through th e 
primary winding of the output trans­
fo rmer wil l be between I SO ma and 
severa l amperes, depend ing upon tran­
s istor type. The secondary winding of 
the input transformer must handle be­
tween S and several hundred milli­
amperes. 

Transistor Resistances 

Po wer transistor resistance parame· 
ters may be checked with the setups 
given in Figures 2 and S. 

Input Resistance, Common-Base. ee 
Figu re S( A). Input resistance (R,,) 
is the slope of the curve showing 
c:mitter voltage (read with M,) vs. 
emirter current (read with M,) for 
constant col lcctor cu rrcnt (read with 

M,) . To obtain the points for the 
l urvc, set the emitter cu rrent, by 
:1d justment of suppl y V ,, successively 
ro ;1 series of test points. At each 
point, set the collector cu rrent to the 
:.ame constant value by adjustmen t of 
supply V,. and read the corresponding 
emitte r voltage. For a fami ly of 
cu rves, repeat at selected va lues of 
constant collector current. 

Input Resistance, Commoa-Emiuer. Sec: 
Figure S(B) . Input resistance (Ru) 
is the slope of the cu rve showing 
base voltage (read with M,) vs. base 
cu rrent (read with M,) for constan t 
co ll ector cu rrent (read with M. ). T <J 
obtain the: points for the curve, set 
the: base current, by adjusting suppl )' 
V., successively to a series of test 
points. At each point, set the collec­
tor current to the: same constant va lue 

VARIABLE, 
CONSTANT-CURRENT 

D-C SUPPLY 

(A) VARIABLE, 
CONSTANT-CURRENT 

D-C SUPPLY 

D-C AMMETER 
OR MILLIAMMETER 

V1 

VARIABLE, 
CONSTANT-CURRENT 

0-C SUPPLY 
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COMMON-BASE 

O-C VTVM 

( B) 
COMMON-EMITTER 

Fi9. S. Input B .. i.atOJlce. 

VARIABLE, 
CONSTANT- CURRENT 

0-C SUPPLY 
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by adjusting supply V:, and read the 
corresponding base vo ltage. For •I 

fa mily of curves, repeat at selected 
va lues of constant co llector current. 

Output Resistance, Common-Base. See 
Figure 2(A) . Output resistance (R.,.) 
is the s lope of the cu rve showing col­
lector voltage (read with Ma) vs. col­
lector cu rrent (read with M.) for 
constant emitter current (read with 
J\•! ,) . To obtain the points fo r the 
curve, set the collector curren t, by 
adjustment of suppl y V,, successively 
to a series of test points. At each 
point, set the emi tter current to the 
same constant value by adjustment of 
supply V ,, and read the correspondi ng 
collec to r voltage. For a family of 
t urves, repent at selecte<l va lues of 
emitter current. 

Output Resistance, Common · Emitter. 
See Figure 2(8) . Output resistance 
(R.,) is the slope of the curve show­
ing co llector voltage (read with M,) 
vs. collector current ( read with M:) 
fo r constant base current (read with 
M, ). To obta in the points for the 
curve, set the co ll ector current, by 
ad justment of supply V,, successively 
to a series of test poin ts. At each 
point, set the base current to the 
same constant va lue by adjustment of 
supply V ,, and read the correspond ing 
collector vo ltage. For a fami ly of 
, urves, repeat at selected va lues of 
base current. 

Temperarure Coeflicieni 
Each of the transistor parameter> 

exhibits some sensiti vity to temper­
ature. Jn applications in which tran­
sistorized equipment must operate at 
elevated or reduced temperatures, it is 
necessary to determine the extent to 
which these parameters vary. 

T o study the effect of temperature 
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on a particular electrical characteristic, 
use the applicable test setup fro m 
Fig ures 1 to 5. M ount the transistor 
solid ly inside an adjustable tempera· 
tu re chamber, bringing the leads o ut 
from the base, collector, and emitter 
terminals to the external test circuit. 

In tests involving a series of tern· 
perature levels o ver a given tempera­
tu re range, measurements should be 
made at all po ints descending, as well 
as ascending the temperature scale. 
Any variations in figures obtained at 
the same temperatures indicate hys­
teresis effects. A p lot of the data will 
have the characteristic two-route sha pe 
o f the h ysteresis loop. 

Operating Temperature 
Unlike their low-powered counter­

parts, power trans istors generate ap· 
preciable amounts of heat <l uring nor­
mal operation. If the opera ting tem­
peratu re beco mes excessive, the d-c 
input must be reduced. T ransistor 
manufacturer's data specify maximum 
temperatures. 

The: operating tc:mpc:ralure of a 
power transistor should be checked 
with thermocouples attached to the 
metal envelope of the unit. T he 
thermocouple must be measured with 
an accurate millivolt poten tiometer . 

Matching 
For maximum power ou tput and 

minimum d istortion, power transistors 
which are to be used in pushpull 
stages should be matched. The main 
characteristics to be matched are static 
leakage current, current amplification. 
collector current:, input and output 
resistance, and power gain. When 
only the minimum of matching oper­
ations can be permitted, static leak­
age, current amplification, and collec­
tor cu rrent are suggested . 
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