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TRANSISTOR
amH Some of 9U Potentialitiei.

Although transistors are a comparatively new invention, they are beginning to 
play an important part in the electronics art. Moreover, it appears that this trend 
will continue in a manner even more rapid than the evolution of the vacuum tube.

This article has been prepared with the thought that a brief, not-too-technical 
discussion of the how and why of transistors and what they seem to offer for the 
future might be of timely interest.

One of the most dramatic de
velopments which has taken place 
in the communications art since 
the advent of the vacuum tube is 
the discovery and evolution of the 
transistor. This device, which is 
now being used at a substantial 
and rapidly increasing rate, of
fers many new and important pos
sibilities in circuit and equipment 
design. Among these are such 
things as small space require
ments, marked economy in power 
consumption, ruggedness making 
for potentially long life and little, 
if any, maintenance.

In common with most other in
strumentalities, particularly during 
the earlier stages of their develop
ment, the transistors now available 
also possess some disadvantages. 
Among these are sensitivity to 
temperature effects, variable char
acteristics, some limitations with 
respect to high frequency usage, 

limited load carrying capacity and 
susceptibility to noise effects. Not
withstanding their disadvantages, 
many of which will probably be 
overcome or reduced to tolerable 
proportions as the art progresses, 
transistors are being used satis
factorily in amplifier, oscillator, 
regulator and many other types of 
circuits. They are even being used 
as photosensitive devices.

Since the transistor is expected 
to become such an important instru
mentality in the communications 
art, it is interesting to consider, 
briefly, what these versatile de
vices are and how they operate.

Characteristics
Transistors employ materials 

known as semiconductors. Among 
these are germanium and silicon 
crystals which, at present, are the 
principal materials used. Several 
types of transistors are derived
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FIGURE 1. Experimental model of a transistorized, print wired, line amplifier compared to 
equivalent vacuum tube type. Pointer indicates transistor raised above its normal 
position.

from such crystals. These are the 
point contact, junction, field effect, 
intrinsic barrier and photosensi
tive types. Since it is not feasible 
to treat all of these in an article 
of restricted scope, the discus
sion which follows is confined to 
the junction transistor because it 
serves adequately for a general
ized qualitative treatment of the 
subject.

In considering the operation of 
a transistor without going too deeply 
into the general subject of semi
conductors and the realms of solid 
state physics, it is desirable to 
first call attention to certain re
lated phenomena. In a state of 
purity semiconductors such as ger
manium are relatively nonconduc- 
tive. However, when certain kinds 
of impurities are present and form 
a part of the crystal structure, it 
becomes a relatively good conduc
tor. Moreover, the particular type 
or types of impurity present im

part definite and important char
acteristics to the crystal.

If, for example, antimony or 
arsenic are present in a germa
nium crystal there will be an ex
cess of electrons free to move 
about within the crystal struc
ture. By virtue of the negative 
charges which they bear, current 
can flow within the crystal. Impu
rities which result in an excess of 
free electrons are known as "do
nors” and crystals containing such 
impurities are termed n-type.

The addition of a different type 
of impurity to a germanium crystal 
—aluminum or gallium, for ex
ample--results in a distinctly dif
ferent situation. In this case, each 
impurity atom creates a positively 
charged region into which a free 
electron can flow. The accep
tance of electrons by these re
gions in effect creates the flow of 
an electric current. Impurities of 
this type are referred to as "ac
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ceptors.” Germanium crystals in 
which they are present are termed 
p-type.

Either type of crystal conducts 
current equally well in either di
rection. However, when a crys
tal contains both n and p regions 
within its structure, current can 
flow in one direction only. This 
accounts for the operation of the 
crystal detector used in the early 
days of the radio art. One detec
tor crystal was more efficient than 
another because it contained im
purities and therefore n and p re
gions to a greater or lesser extent. 
Although such crystals were con
ductive, they did not amplify.

Common Emitter Amplifier
In the case of the junction tran

sistor, amplification is obtained 
through the use of a crystal struc
ture consisting of two layers of 
n-type material separated by an 
intervening thin layer of p-type 
crystal or two p-type layers sep
arated by an n-type layer. In the 
first case the transistor is desig
nated n-p-n; in the second p-n-p. 
Also, the outside layers are termed 
"emitter” and ’’collector,” respec
tively. The intervening layer is 
referred to as the ’’base.”

Figure 2 shows a greatly sim
plified amplifier circuit containing 
an n-p-n junction transistor. In 
the particular arrangement shown 
the input and output circuits are 
connected to the base and collec
tor, respectively. Since the emit
ter connection is common to the 
input and output circuits, the ar
rangement shown is known as a 
’’common emitter amplifier.” Two 
other configurations, the ’’common 
base” and the ’’common collector” 
are also used, depending upon the 
particular manner in which the 
amplifier is required to function. 
The fundamental way in which the 
transistor itself operates is the 
same in all three cases. All of 
these configurations have their cor

responding vacuum tube analogies.
Referring to Figure 2, assume 

for the moment that the voltage of 
the generator e is zero. Battery A 
causes a d-c current I a to flow 
into the base and through the emit
ter, which is comparable to the 
cathode of a three-element vacuum 
tube. Under the influence of IA 
and its negative biasing effect, a 
stream of electrons flows from the 
emitter into the base, which can be 
compared to the grid of a vacuum 
tube. Since the base is composed 
of a relatively thin layer of crystal 
of opposite type to that of the emit
ter, the electron stream from the 
latter passes through it and into 
the collector, which is compar
able to the plate of a vacuum tube. 
The collector is receptive to the 
electron stream from the emitter 
because of the biasing effect of 
battery B upon it. Moreover, the 
flow of electrons in the collector 
permits the passage of a relatively 
large d-c current Ib through it and 
the load impedance Zl.

Assume now that e (Figure 2), 
which is impressed upon the base, 
is not zero and that it is, for ex
ample, an a-c sine wave voltage. 
During its positive half-cycle, e 
will add to the voltage of battery A 
and subtract during its negative 
half-cycle. The potential of the 
base, with respect to the emitter, 
will vary in a like manner and 
cause the flow of electrons passing
FIGURE 2. Simplified Common Emitter Am-
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from the emitter to the collector, 
via the base, to vary with the in
stantaneous magnitude of e. As a 
result the current Ib and the power 
delivered to the load impedance 
Zl have the characteristic wave 
form of e (which may be very com
plex in the case of speech) super
posed upon them.

This indicates in a general way 
how the output of an n-p-n common 
emitter junction transistor can be 
made to have the characteristic 
wave form of the input through the 
action of the base as a control 
valve. At the same time, amplifi
cation takes place because small 
base power inputs can control rel
atively large amounts of power in 
the output circuit. As a result, the 
magnitude of the voltage variation 
across the output resistance Zl 
can be many times greater than 
that of the variation in e.

Ap-n-p junction transistor could 
have been considered in the pre
ceding discussion with the same 
end result. However, the polarities 
of batteries A and B would have 
been reversed. Also conduction 
through the emitter and collec
tor would take place by virtue of 
the flow of electrons into posi
tively charged regions. Current 
flow through the base would result 
from an excess of free electrons 
within that portion of the structure.

Although the foregoing is true 
for purposes of generalization, the 
n-p-n and p-n-p transistors differ 
in detail with respect to each other. 
Different methods are used in their 
production. Moreover, n-p-n tran
sistors are, at present, somewhat 
more adapted to high frequency 
usage, whereas p-n-p transistors 
possess potentially greater power 
dissipation characteristics.

Potential Benefits
While further progress in tran

sistor technique is necessary be
fore they can be applied as readily

and as generally as vacuum tubes, 
they offer many advantages even 
now and they open up new horizons 
for the not-too-distant future.

Very substantial savings in pow
er can be obtained with transistors 
in situations where their use is 
feasible. For example, a single 
tube amplifier employing a cur- 
rently popular miniature pentode 
vacuum tube requires about 1300 
mw of power for the plate circuit 
and 1000 mw for the heater circuit 
--a total of 2300 mw. The same 
amplifier using a transistor in 
place of such a tube would re
quire only about 200 mw of power 
--a reduction of approximately 90 
percent.

While the power economy po
tentially inherent in the transis
tor appears to be outstanding, it 
is enhanced by substantially re
duced space and heat dissipation 
requirements because of its small 
size and ability to function with
out a heater circuit such as is 
commonly employed with a vac- 
uum tube. These things facili
tate simplified assemblies and tend 
to reduce couplings which are an 
important factor in circuit de
sign, particularly at the higher 
frequencies.

Transistors are physically hardy 
and their characteristics appear to 
be subject to little change un
der the proper operating condi
tions. Consequently, they should 
tend to have indefinitely long life, 
particularly as production tech
niques improve. In addition they 
should require practically no rou
tine maintenance testing such as is 
necessary with vacuum tubes.

Although transistors possess po- 
tential advantages, difficulties re- 
main to be overcome to facilitate 
general usage. Among these are 
such items as temperature insta
bility, more ready adaptation to 
high frequency applications, and 
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the necessity for more uniform 
characteristics with quantity pro
duction. These difficulties have 
already been remedied to an extent 
which even now permits the lim
ited use of transistors. Further 
improvements will undoubtedly be 
made as the art evolves. For ex
ample, silicon transistors, which 
are coming into use, are much bet
ter with respect to temperature 
effects.

The first transistors were com
parable in price to the early vac
uum tubes. However, transistor 
prices are decreasing as manu
facturing techniques improve and 
production volume increases. At 
present one type of germanium 
transistor costs $1.95 as com
pared to a high quality vacuum 
tube (which it could replace) priced 
at $3.00. Another type of transis
tor is still in the $10 class. How
ever, volume use is expected to 
reduce its price to a point com
parable to a commercial type vac
uum tube. In the long run the price 
may be even less.

A further and equally important 
factor in cost reduction through 
the use of transistors is the sim
pler circuitry required. This is of 
particular interest in relation to 
the future possible uses of printed 
wiring, a technique which is being 
considered carefully in Lenkurt’s 

plans for the future.
In common with other segments 

of the electronics industry, Len
kurt ’ s development program is 
directed toward the use of transis
tors and printed wiring to the ex
tent desirable and as rapidly as 
it becomes practicable to util
ize them. As a part of this pro
gram an experimental model of 
a transistorized and print wired 
signal oscillator has already had 
an extensive field trial. Further 
applications of a similar nature 
to channel units, regulators and 
line amplifiers (see Figure 1) are 
among the things being investigated 
actively with a view to making 
better communication equipment 
available to the industry.

Conclusion
If present indications are born 

out--and there appears to be no 
reason why they should not be-- 
transistors can be expected to play 
an increasingly important role in 
the communications art. In ad
dition to being somewhat spec
tacular, as most epoch-making 
inventions usually are in their 
early stages, transistors can be 
expected to bring about, over a 
period of time, marked economy in 
the first cost, maintenance and op
eration of electronic equipment.

THE COMPANDOR
Some Special Application

A compandor, such as Lenkurt’s 
Type 5090B, is most frequently 
thought of as a device for reducing 
the effects of noise and crosstalk. 
While this is usually the primary 
function of a compandor, it can 
also be employed as a power- 
limiting device to reduce possible 
overloading effects and, with cer
tain limitations, to provide addi
tional gain.

The general characteristics of 

the 5090B compandor were de
scribed in the March, 1953, issue 
of The Demodulator. As outlined 
there, a compandor consists of 
two main elements. One of these 
is known as the compressor; the 
other as the expandor. These ele
ments, together with their general 
arrangement, are shown in Fig. 1.

In the operation of the compan
dor, the compressor can receive 
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a relatively wide range of input 
power and compress it into a much 
narrower range before transmis
sion to the line. As indicated in 
Fig. 2, power inputs of magnitudes 
above a given value, referred to as 
the focal point, are subjected to a 
loss, whereas power inputs below 
that value are amplified. Thus the 
compressor acts as a limiting de
vice for all levels of power above 
the focal point and as an amplifier 
for power levels below the focal 
point. In either case the incre
mental output is one-half of the in
cremental input, with respect to 
the focal point of the compressor.

As shown in Fig. 1, the com
pressor of the 5090B compandor 
contains a variable loss pad which, 
by optional strapping, can be omit
ted or inserted in either the input 
or the output portion of the circuit. 
This pad, whose loss can be varied 
from 7.5 to 25 db, is usually em
ployed to adjust the compressor 
for a nominal 0 db overall gain 
with respect to the desired focal 
point, which is -11 dbm in the case 
of -16 db level inputs. When the 
pad is inserted in the compressor 
output and adjusted for 12 db loss, 
the compressor output is -11 dbm 
for the same input and -13.5 dbm 
for a -16 dbm input, a gain of 
2.5 db.

Available Gain
If, in the example given above, 

the pad is omitted, the focal output 
of the compressor will be +1 dbm 

and a -16 dbm input will result in 
an output of -1.5 dbm, a gain of 
14.5 db instead of 2.5 db with re
spect to the -16 db input. The 
gains obtained with various mag
nitudes of input power, without any 
pad loss, are:

Input - dbm Output - dbm Gain - db
^13 0 13.0
-16 -1.5 14.5
-19 -3.0 16.0
-23 -5.0 18.0

The practicability of realizing 
all or a portion of the available 
compressor gain depends upon the 
compressor output level desired, 
the location and adjustment of the 
compressor pad or any other pads 
which are or can be made avail
able for the purpose and upon the 
following limitations:

1. The test power level input to vario
losser (see Fig. 1) should not be 
higher than -13 dbm or lower than 
-23 dbm.

2. The test power level at the com
pressor output should be such that, 
with any net gain from that point to 
the expandor, the input to the latter 
will not be higher than +10 dbm.

A Typical Example
Fig. 3 shows, schematically, an 

arrangement employed recently for 
channelizing a radio system in 
which the 5090B compandor was 
used as a power limiting and gain 
device. As indicated, a terminat
ing set consisting of a hybrid coil 
and associated pad was used to 
provide for 4-wire transmission 
and reception at the compres-

EIGURE 1. Block diagram of a compandor. Both compressor and expandor consist of a vari-



FIGURE 2. Compression and expansion of various signal intensities in a typical compandor for 
telephone applications. The compressor is at a —16 db level point. The expandor is 
at a +7 db level point.

sor input and expandor output, 
respectively.

With the terminating set pad 
and compressor adjusted for the 
usual input and output levels, as 
shown by the dotted line in the 
level diagram of Fig. 3, the test 
power level at the compressor 
output is -13.5 dbm or +2.5 db 
above the input. Under this condi
tion the pad in the compressor 
would be located in the output por
tion of the circuit and would be ad
justed for a loss of 12 db.

The transmitting channel termi
nal used in this particular arrange
ment requires a -4 db input level, 
which corresponds to a test power 
level of -1.5 dbm. As adjusted ini
tially the compressor output level 
is 12 db lower. Instead of provid
ing 12 db gain, by adding an ampli

fier, for example, the pad in the 
compressor output can be removed. 
The compressor output is then -1.5 
dbm, as required by the channel 
input. The carrier and radio chan
nels are lined up to give the re
quired levels at the various points 
shown in Fig. 3 and the pad in the 
terminating set at the receiving 
end is adjusted to give the desired 
receiving level, that is, -6 dbm at 
a -6 db level in this instance.

There are, of course, a number 
of details involved in the special 
use of compandors. Individual cases 
require specific consideration with 
respect to the desired levels, the 
gain available and the pad arrange
ments which can be employed for 
the purpose. Information of this 
character can be obtained readily 
through Lenkurt’s distributors.

FIGURE 3. A channel arrangement and levels, in one direction of transmission, with com-
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