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SIMPLE METHODS OF MEASURING 
TRANSISTOR IMPEDANCES 

By nature the transistor has the con­
figuration of an active network. Jn the 
equivalent network, t!:e impedances 
d iffer markedly in magnitude from 
comparable vacuum-tube impedances. 
Furthermo re, certain of the transistor 
imped:inces have no counterpart in 
rhe tube. 

A know ledge of the magnitude of 
each transisto r impedance aids in the 
effi cient trnnsistoriz:ition of circuits. 
While the average v:i lues of these para­
meters and their spreads are o btain­
able from some manufacturers' litera­
ture, exact va lues for an individual 
transistor often are required and must 
be measured by the user. 

Transistor test sets are offered by 
several instrument manufacturers. 
However, these complete instruments 
ordinarily are to be found only in 
labo ratories do ing the large amount 
o f t ra nsistor wo rk which would justify 
their cost. In :i ll other instances, the 
circuit designer is expected to measure 
transistor impedances with conven­
tional test equipment. This article 
d iscusses some of the methods which 
may be used. 

Resistive Parameters 
At lo w audio frequencies, the prin-

see how these internal resistances, o r 
low-frequency imped:rnces, in combin:i­
tion affect the magnitude of the input, 
output, and transfer resistances. 

Since d ifferent pairs of transistor 
electrodes nre used fo r input and out­
put in common-b:ise, common-emitter, 
and common-coll ector circuits, it is 
readi ly apparent th:it different intern:il 
resistances will be involved in the 
determination of the parameters. Jn 
highl y-simplified form , inpu t resis­
tance (Ru) is equ:i l approximately 
to r.+rb in the common-base and 
common-emitter circuits, and c.+r. 
for the common-collector. Output 
resistance (R:,) is approximately rb+ 
r." in the common-base; r.+r. in the 
common-emitter and common-collec­
to r. Forward transfer resistance (R:i) 

EMITTER COLLECTOR 

cipal transisto r parameters closely ap· BASE 
proximate the d-c resistive values. 
So metimes, it is more convenient and Fig. I. Simplifiod 3-Torminat Equivalont 
always it is sirnplier to measure these of Transistor. 
d-c va lues. 

When the equi valent circuit of the 
transisto r is considered as a T-network 
(Figure I), input, output, and trans­
fer resistances a re determined in terms 
of internal base resistance (rb). collec­
tor resistance (re), and emitter resis· 
tance (r. }. To understand the methods 
of measurement, it is necessary to 
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is approximately n,+rm for the com­
mon-base (where rm= arc, a being 
the emitter-to-collector current amp· 
lification fac to r), r.-rm fo r the com­
mon-emitter, and re ( 1--'<1) fo r the 
common-collecto r. Reverse transfer 
(or feedback} resistance (R.,) is ap­
p roximately rb fo r the common-base, 
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Fig. 2. Setups for Checking R,, and R.,. 

r . for the common-emitter, and re for 
the common-collector. Exact formulas 
may be obtained from transisto r theory 
textbooks. 
Measuremem of Resistive Parameters 

The resistive impedances may be 
measured with simple combinations 
of d-c vacuum-tube voltmeters, mil­
liammcters or microammeters, and ad­
justable constant-current d-c supplies. 
In the following examples, the polari-
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ties shown arc correct for PNP tra ns­
istors. When checking N PN trans­
istors, reverse the polariti es of all 
meters and power suppli es. 

Input Resistance Ru. The test circuits 
are shown in Figure 2. In the com­
mon-base circuit (Figure 2A) , emitter 
current i. is varied while holJing col­
lec tor current ic constant. The resulting 
emitter voltage v, is indicated by the 
vtvm. A curve of v. vs. i. is plotted. 
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The s lope of lhis cur ve is Ru. A 
fami ly of curves m:iy be p lotted for 
various constant va lues of i •. 

Jn the common-emitter c ircu it 
( Figu re 2B) and common-co ll ecto r 
(Figure 2C) , base curre nL i., is va ri ed 
while ho lding collector cur rent i . 
constant. T he resu lting base voltage 
v• is indica ted by the vtvm. A curve 
of Vb vs. i• is plotted. T he slope of 
th is curve is R... A fami ly of cu rves 

CONSTANT­
CURRENT 
SUPPLY A 

ma)• be p lo tted fo r va rious constant 
values of i •. 

Output Resistance R,,. T he test cir­
cu its are shown in F igure 3. Jn the 
common-base ci rcuit (Figu re 3A), col­
lecto r current ie is va ried while ho ld­
ing emitte r current i. constant. The 
resulting collector vo ltage Ve is in­
dica ted by the vtvm . A curve of ve 
vs. ie is plotted. The slope of lhis 
curve is Rn. A fami ly of cu rves may 

CONSTANT­
CURRENT 
SUPPLY B 

--~~---0 (A) COMMON-BASE 

CONSTANT­
CURRENT 
SUPPLY A 

0-C VTVM 

Mz - + 

( 8) COMMON-EMITIER 

0-C VTVM [£] 
M2 + -

Fig. 3. Solups for Checlcing R
11 

and a,.. 

P2 

CONSTANT­
CURRENT 
SUPPLY B 

CONSTANT­
CURRENT 
SUPPLY B 
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be plotted for various constant values 
of ie. 

In the common-emitter (Figure 3B) 
and common-collector (Figure 3C) , 
collector current ie is varied while 
holding base current i,, constant. The 
resu lting collector vol tage Ve is in­
dicated by the vtvm. A curve of v. vs . 
ic · is plotted. The slope of this 
curve is R.,. A fami ly of cu rves may 
be plotted for various constant va lues 
of ib. 

Reverse Transfer (Feedback) Resis­
tance R12. The test ci rcuits are shown 
in Figure 1. In the common-base 
circuit (Figure IA), col lector current 
i. is varied whi le ho lding emitter 
current ic constant. The resulting 
emitter voltage v. is indicated by the 
vtvm. A curve of i, vs. v. is p lotted. 
The s lop e of this curve is Ri:. A 
fami ly of curves may be p lotted for 
various constant val ues of i •. 

Jn the common-emitter (Figure lB) 
and co mmon-collector (Figure lC) , 
co llector current ie is vari ed whi le 
h o l<ling base current i,. constant. The 

Rs 

resu lting base voltage vo. is ind ica ted 
by the vtvm. A curve of i,. vs. v,, is 
plotted. The slope of thi s curve is R,,. 
A family of curves may be plotted for 
various constant values of i,,, 

Forward Transfer Resistance R,. . The 
test circuits are shown in Figure;: 3. 
In the common-base circuit (Figure 
3A), emitter current i. is varied wh ile 
holding coll ector current i. constant. 
The resulting collector voltage "• is 
indicated by the vtvm. A curve of 
" • vs. i. is p lotted. The slope of this 
curve is R21 • A family of curves may 
be plotted for various constant values 
of i •. 

In the common-emitte r (Figure 3B) 
and common-collector (figure 3C) , 
base current i" is varied whil e holding 
co ll ector current ic constant. The 
resulting co llector voltage v. is in­
dicated by the vtvm. A cu rve of "• 
vs. ib is plotted. The slope of th is 
curve is R,, . A family of curves may 
be plotted for various constant values 
of ic. 

Relationships between Parameters. For 

INPUT ---ouTPUT 

Fig. 4. Circuit for Input Impodanc:o Measurement. 
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the common-base configuration, Ri:= 
r•; therefore, r.=Ru-R12• Al so, R21= 
ro.+ rm, and r,.,= ar •. Alpha (a) is the 
s lope of the curve ic ·vs. i. for constant 
Ve. For the common-emitte r config u ra­
tion, Ri:=r. ; therefore, r.=R11- R ... 
H ere, R,. = r.-r..,, and beta (B) is the 
slope of the curve i. vs. ib fo r constant 
v. . For the common-collector con­
figuration, R,,= r, ; therefore, r.= R21-

Ru. Also, R21 = rc( l -a). H ere, beta 
(D) is the slope of the curve ic vs. i,. 
for constant v •. 

Bas ic A-C Measurements 

T he resistance values obtained by 
d-c measuremen ts in the manner just 
described wi ll be approximately cor­
rect for impedances at low aud io fre­
quencies. H owever, the input and 
output impedances and amplification 
factor undergo s ig n ificant changes at 
higber frequencies. In th e common­
collector circuit, for example, when the 
load resistance is consta nt, R11 often 
shows a redu ction of 90 percent be­
tween 100 cycl es and 50 kc with con­
ventional audio-type transistors. and 
voltage ampli fication may undergo an 
8 per cent dec rease between 10 anJ 
50 kc. 

Frequency-sensitive p:irameters other 
than the internal resistances o f the 
tran sistor include a lpha, beta, :ind 
collector capacitance. la one high-fre­
quency transistor, power g:ii n decreases 
from its low-frequency value ( 45 db a t 
1.5 Mc) to unity at 132 M c. 

When a transistor is to be employed 
at h igh frequ encies, its input an<l out­
put impedances, which a re extremely 
important in circuit design, sh ou ld be 
measured under a-c cond itions, pre­
ferab ly a t the actual frequency of 
operation . 

Figure 4 illustrates one method of 
de termining transistor input imped­
ance (Z1) in te rms of a lterna ting volt­
age and current. The config uration 
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may be either common-base, common­
emitter, o r common-collector as re­
quired , hence the transistor is shown 
h ere as a block with three terminal s. 
Batteri es B, and B, represent the d-c 
bi:is vo ltages required by the input 
and o utput electrodes, respecti ve ly, to 
set the transistor opera ting point. A 
low-impedance g enerator , G, supplies 
a test-signa l vo ltage a t the operating 
frequ ency and this vo ltl!ge a lternates 
between peak va lues slig htly higher 
and lower than the <l-c voltage of 
B,. Thus, the input sig nal to th e 
transistor fluctuates over a sma ll in­
c rement. Usually, thi s generator is 
an a- f or r-f signal generator having 
low output impedance. H igh capaci­
tances, C, and C,, bypass the d-c 
sources at the generato r frequency. 
The a-c input voltage (E, ) is indicated 
by a high-impedance vtvm, M,. An 
a-c vacuum-tube mi lli vo ltmeter, M,, is 
shunted by resistance R. wh ich is much 
lower than the input impedance of any 
transistor to be tested. Jts deflection 
th erefore is proportional to the a-c 
signal-input current. Thus, meter M, 
effectively is an a-c milliammeter. The 
a-c input current is equa l to E,/ R, , 
w here E, is the deflection o f meter M,_ 

The transistor is terminated in the 
norma l load impedance, RL, into wh ich 
it is to operate in the circuit to which 
it wi ll be applied. This is :1 necessary 
condition, since input impedance is 
sensitive to load impedance. 

Si nce Z= E/ I, the input impedance 
Z1 of the transistor is calcu lated from 
the d eflections of M, and M:. Thus, 
Z 1= E,/ (E,/ R, ) = (E,R, ) / E,; where 
R, and z, are in ohms, and E, and E, 
in volts. 

Figure 5 illustrates a simila r 2-meter 
method of determin ing transistor out­
put impedance (Zo) . As in the pre­
ceding example, batteries B, and B, 
represent the d-c bias vo ltages required 
by the input and o utput e lectrodes, 
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Fig. 5. Circuit for Outpu t lmpodanco Mea suromont. 

respectively, fo r the desired operating 
point of the transistor. The . low. 
impedance generntor, G, supplies a 
test-signal voltage which alternates 
between peak values s lightly higher 
and lower than the d-c voltage of B:. 
Thus, the test signal ::pplied to. the 
output electrodes of the transistor 
fluctuates over a small increment. Re­
s istor R, provides an input impedance 
path equal to the impedance out ?f 
which the transisto r will operate m 
the circuit to which it will be appl ied. 
High capacitance C bypasses d-c source 
Bo at the operating frequency. Tht: 
a-c test voltage (E,) is indi cated by 
a high-impedance a-c vtvm, M,. An 
a-c vacuum-tube millivoltmeter, M,, is 
shunted by resistance R, which is much 
lower than the output impedance of 
any transistor to be tested . Its deflec­
ti on therefore is proportional to the 
test-signa l current. As in the preceding 
example, meter M, effectively is an 
a-c milliammeter. The a-c test-signal 
current is equa I to E,/R,. 

Usi ng Ohm"s Law, output impedance 
is ca lculated from the deflections of 
M, and M:: Zo= E,/(E,/ R,)=(E,R:) 

P~gc 8 

/ E1; where R: and z. are in ohms, and 
£ 1 and E, in volts. 

It shou ld be noted that considerable 
c:i. re is required fo r successfu l measure­
ments using the schemes illustra ted 
by f igures 4 and 5, especially at radi o 
frequencies. To begin with, meter 
M, in each instance is operated above 
ground , hence it shou ld be of t~e 
self-contained battery type co a void 
power line complic:icio ns. All leads 
in tl;e test circuit must be as short 
as practicable, but stray cap:1citan_ces 
and incer:iccion due to close spacing 
of instruments must be avoided. The 
shu nt resistor (R, in Figu re 4; R: in 
fig ure 5) must be non-inductive. !he 
load (Rr. in Figure 4) and the equ iva­
lent d riving impedance (R,, Figure 5) 
must be che identica l impedance de­
vices which will be used in the final 
circuit, although they arc represented 
here as simple resistances. The d-c 
electrode bias currents must be set 
exactly to the desired levels (by adjust­
ment of 6 1 and B,) to maintain the 
transistor at the desired operating 
point. A d-c milliammeter or microam­
meter, inserted tempora ril y in serie~ 
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with B, and then B., may be used 
for this purpose. 

Use of Bridge 
The resistive and reactive compon­

ents of transistor input and output 
impedances may be evaluated separ­
ately by conventional a-c bridge meth­
ods. The input or output circuit of 
the transistor constitutes the unknown 
arm of the bridge. 

for this purpose, the transistor must 
be de-biased in a manner somewhat 
similar to the application of a polar­
izing d-c voltage to an electrolytic 
capacitor or iron-core choke during 
bridge measurements. Tht: bias cur­
rents must be measured accurately 
with suitable d-c mil liammeters or 
microammeters and set to the desired 
operating level. Both the input and 
output electrodes of the transistor 
should be de-biased during the meas· 
urement. Suitable choke coils or 
isolating resistors must be employed 
to block the flow of the a-c bridge 
currents into the bias supplies. The 
bridge signa l must be held low enough 
to prevent exceeding either the normal 

operating voltage or peak mverse 
voltage ratings of the transistor. 

Ampl ifier Impedances 

Figure 6 shows a simple setup for 
checking the input impedance (Z1) 

of a transi storized ampli fier. In this 
arrangement, the amplifier is termin­
ated in its normal load impedance, 
RL. The latter may be the actual 
load device, such as a loudspeaker, 
or may be an equiva lent resistance. 

The test signal is supplied by a 
suitable signal generntor or test osci l­
lator. A cali brated, non-inductive, vari­
able resistor (R) i s connected in 
series with the generator and the 
amplifier input terminals. An a-c 
vtvm is arranged with a spdt switch 
(S) to read signal voltage e1 before 
the resistor (Position a) or e, after 
the resistor (Position b) . 

In operation, swi tch S first is thrown 
to a and voltage e, observed. The 
switch then is thrown to b, and resis­
tor R is adjusted carefully to set e, 
equal exactly to l/2e1 . At this point, 
the resistance setting of R equals 

S~,(01-I L~J A-C VTVM 

- Calibrated Var iable Resistor 

SIGNAL TRANSISTOR 
AMPLIFIER GENERATOR a b / 

@~f~rl~e1~~t--i~.:I..-!~ 
"""""""'~~~""""' 

Fig. 6. Chocking TrClllSistor Amplilior Z1• 
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Fig. 7. Chocking Transistor Amplilior Z
0

• 

the in put impedance of the amplifier 
anJ may be rc:ad di rectl y from the 
resistor ca librarion. If the resistor 
is no t direct-ca librated, it may be 
removed from the circuit a nd its 
resistance settin,c: measured with an 
ohmmeter o r bridge. Throughout the 
measurement, the test voltage must 
be held to an amp litude: low enoug h 
to pr event overdriving of the amp li fier 
The tesr may be repeated at a number 
of frequencies to derermine the varia­
ri on of z, with frequency. 

Figure 7 shows a similar circuit for 
measuring the output impedance (Z.) 
of a transistorized amplifier. In this 
arrangement, the signal generator or 
test oscillator su pplies a signa l voltage 
to the inpu t of the ampl ifier. The 
amp litude of thi s vol tage must be 
restricted to prevent overdrivi ng the 
amp li fier. A calibrated, non-inductive, 
variable resistor (R) is connected to 
the amplifier output termin:lls through 
a spst swi tch (S). An a·C vtvm in­
dicates the amplifier output vo ltage. 

The output vol tage ( c,) is read wi th 
switch S open. The switch then is 
closed and resistor R ad justed to set 
the voltage to a new level e, equa l 
exactl y to l/2e1. At th is point, the resis-
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tance sett ing of R equa ls the output 
impedance of the amplifier which may 
be read clirel ll y from the resistor 
cal ibration. If an u nca lib rated r esistor 
is employed, it may be removed from 
the circui t and its resistance setting 
checked wi th an ohmmeter or bridge. 

When checking an amplifier em­
ploying a power-transistor output 
stage, resistor R must be rnted to 
dissipate safely at least twice the 
expected power output of the amp­
lifier. 

Additiona l, detai led data on transis­
tor impedance measurements may be 
found in the fo llowing sources. 

l. Principles of T ransistor C ircuits. 
Richard F. Shea, Editor. (John Wiley 
& Sons, Inc. ; New York, N. Y. ). 
pp. 485-503. 

2. Transisrors, T heory & Pracrice. 
Rufus P. Turner. (Gernsback Library, 
Inc.; New York, N. Y.). pp. 109· 12 1. 

3. Transisto r Characteristics at Low 
and Medium Frequencies. L. J. Gin· 
colctto. TELE-TECH & ELECTRON­
lC INDUSTRIES, March 1953. p. 97. 

4. Surface-Barrier Tranistor l\lfcasurc­
menrs and Applications. Roland ] . 
Turner. TELE-T ECH & ELECTRON­
IC IN D USTR IES, August 1954. p. 79. 
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