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PATENT NOTICE

Circuits shown in this book are provided for informational and
educational purposes only—to provide the design engineer with prac-
tical circuit information and to provide the experimenter and student
with simple construction projects to aid him in his work. The inclu-
sion of any circuit in this book does not constitute an automatic license
to manufacture and/or sell equipment using said circuit where a valid
patent exists covering the circuit or modifications thereof. Therefore,
neither author nor publisher can be responsible for possible infringe-
ment of issued or pending patents caused by disclosures contained in
material published in this volume, and readers are advised to investi-
gate the possibilities of such infringement before making, using, or
selling articles or techniques described.

Printed in the U.S.A.

AUTHOR’S PREFACE

After the invention of the triode early in the year of 1906,
the vacuum tube ruled unchallenged as an amplifying device for
several decades. When a semiconductor amplifier, the transistor,
was announced in 1948 by Messrs. Shockley, Bardeen and Brattain
of the Bell Telephone Laboratories, it seemed to offer the first
real challenge to the undisputed supremacy of the vacuum tube.
And that challenge has been justified! For in less than a decade
since its announcement as a successful laboratory experiment, the
transistor has passed from the experimental stage to mass produc-
tion as a practical commercial device. Today, the transistor has
virtually replaced the vacuum tube in some types of instruments
and is seriously challenging it in other fields.

The advantages of the transistor as an amplifying device are
numerous . . . it is, at one time, more compact, lighter in weight,
longer lived, more rugged, fantastically more efficient, and, poten-
tially, less costly than its older competitor, even though just as
versatile in circuit application. With all of these desirable char-
acteristics, it is no wonder, then, that the transistor is finding
increasing uses in military and civilian electronic equipment,
that home experimenters and hams are starting to use and to
work with it in their basement laboratories, and that electronic
engineers are given more frequent assignments to transistorize
existing gear or to design new equipment efficiently utilizing the
unique physical and electrical characteristics of this fabulous
semiconductor amplifier.

In the early days of the transistor, published technical papers,
magazine articles, and books were concerned primarily with the
Rhysics and mathematics of semiconductor operation, with tran-
sistor construction details, and with predictions of future uses.
‘Today, with transistor design starting to crystallize, the emphasis
is shifting to practical applications, to transistor circuit design,
and to production and test techniques. This is as it should be, for
any new development, marvelous as it may be in the laboratory,
and as intriguing as it may be as an experiment, becomes of real
value only when it can be utilized in down to earth practical de-
vict‘?s. Until a new invention can be put to work in day-to-day
activities, it can be classified as little more than a curiosity as far
as the mass of humanity is concerned.



AUTHOR’S PREFACE (Continued)

The author, realizing the value of actual circuit information in practical
laboratory work, felt that a collection of transistor circuits would be welcomed
by the design engineer and home experimenter alike. Hence the present
volume. In this book, the author has included as many transistor circuits as
is practicable within the space and economic limitations imposed. An effort
has been made to show not only basic circuits, such as might be used in the
design of complex equipment, but also complete circuits for simple instru-
ments, controls, and transistorized equipments.

In line with the purpose of providing a maximum number of_ circuits,
theory and mathematics have been minimized, if not eliminated altogether.
Where the reader requires theoretical information, it is suggested that he
refer to one or more of the publications listed in the Bibliography.

This book is not intended to be read as a novel nor studied like a textbook.
Instead, it should serve the reader as a reference source of practical circuit
information . . . to be referred to when needed, and to be glanced through
occasionally so that the owner might be familiar with its general contents.
To simplify the use of this volume as a true Handbook, the contents have
been divided into four relatively independent parts.

PART I covers, briefly, basic Laboratory Practice as far as transistor cir-
cuitry is concerned. It is not intended to be all-inclusive nor complete to the
last detail, for this is a circuit handbook, not a laboratory manual. However,
it is intended that this section will point up some of the more important
factors to remember and to outline many of the basic techniques which will
prove helpful when working with transistor circuitry.

PART II is devoted to Basic Circuits. These are circuits which may be
used alone for class work and experimental study, or which may be used as
“building blocks” in various combinations in the design of complete instru-
ments and equipments. The design engineer should find this part of the
book of especial interest.

PART III covers circuit applications. In some cases practical construction
hints will be given. In all cases, parts vlaues will be shown and component
types specified. It is felt that the ham, gadgeteer, and home experimenter
will find this part of the volume particularly valuable in the pursuit of his
hobby.

PART 1V covers general Reference material of value in circuit work, but
not given elsewhere in the volume.

Some of the circuits given were worked out specifically for this volume.
Some were adopted from the author's many published magazine articles and
technical papers. Others were suggested by transistor and transistor component
manufacturers. Others represent transistorized versions of well known vacuum
tube circuits. Still others represent practical versions of theoretical circuits
described in patents or in advanced technical papers. No one source con-
tributed the majority of circuits shown, and hence individual credits have not
been given. However, general credits are listed in the Acknowledgements as
well as the Bibliography.

Louis E. GARNER, Jr.

Wheaton, Maryland
July, 1956
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PART | — LABORATORY PRACTICE ;

Chapter 1
INTRODUCTION

Amplifier vacuum tubes may be considered as a sub-group
within a large class of thermionic tubes, which includes
diodes, power rectifiers, phototubes, and special purpose
vacuum and gas-filled tubes. In an analogous manner, transis-
tors may be considered as a group within a general class of
semiconductor devices, including diodes, photo-cells, and spe-
cial purpose units. There are other analogies between these
two classes of electronic devices. With thermionic tubes, there
are triodes, tetrodes, and other types. Similarly, with transis-
tors, there are both triodes and tetrodes, with special purpose
types theoretically possible, and many now in a developmental
stage. With thermionic tubes, triodes, for example, may be
obtained with varying characteristics to suit them to particu-
lar applications . . . with high or low gain, with low inherent

BASIC AMPI.IFIER CHARACTERISTICS
(Junction Transistors)

T : Input Output Voltage Power

e i ‘Impqdance Impedance| Gain Gain it

Grounded-Emitter* | Moderate xogg;;;e High High Reversal
Very Low

Grounded-Base to High Moderate 1\:)0(}?;!}[16 In Phase
Moderate '8
|
Grounded-Collector | High l\'tlgdfgav:e L:)hv;n(lffss Low In Phase

*With high power transistors in the grounded-emitter configuration, both input
and output impedances are likely to be low.

TABLE A
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noise, and with other special characteristics. Similarly, with
transistors, special types are available having either high or
low gain . . . and low noise types are avaliable for critical
audio applications.

All transistors depend for their operation upon the electrical
properties of a class of materials known as semiconductors.
Among the semiconductors are both chemical elements such
as selenium, germanium and silicon, and compounds, includ-
ing certain metallic sulphides, such as cadmium sulphide and
lead sulphide, some oxides, such as copper oxide, and many
others. Almost all the semiconductors are crystalline sub-
stances which are neither good insulators nor good conductors,
but which may act as either, depending on the physical and
electrical conditions to which they are subjected. When a semi-
conductor acts as-a conductor, electrical current flow through
the substance may take place in two ways—by means of a
movement of free electrons, as in an ordinary conductor, or
by the gradual migration of positive “holes” through the
molecular structure. A “hole” is the absence of an electron
needed to complete the structure of a molecule or atom. This
deficiency can be made up by robbing a nearby molecule of
one of its electrons and the ‘“hole,” in this manner, can travel
slowly through a crystalline structure, just as if it were a real
particle. Since electrons carry a negative charge, semiconduc-
tors in which current flow occurs primarily by means of free
electrons are termed “negative” or N-type semiconductors.
Since a “‘hole” is the absence of an electron, it may be con-
sidered to carry the opposite charge and, thus, semiconductors
in which current flow occurs primarily by means of holes are
termed ‘“‘positive” or P-type semiconductors. Both N-type and
P-type semiconductors are needed in a transistor.

Semiconductor Materials: At the present writing, germa-
nium and silicon are the most popular semiconductor mate-
rials for transistor manufacture, but selenium, copper sul-
phide, copper oxide, and other semiconductors are used
extensively in the production of diodes, power rectifiers,

TYPES OF TRANSISTORS 3

hoto-cells and other devices. In practice, the conduction
characteristics of a semiconductor may be changed by adding
a2 small quantity of properly chosen impurity to the pure
material. If the impurity has the effect of increasing the
number of free electrons in the material, it will make the
semiconductor have N-type properties. Since the impurity
adds or “donates” electrons to the structure, such materials
are called donors. On the other hand, if the addition of the
impurity results in an increase in the number of “holes’” in
the crystalline structure, it gives the basic semiconductor
P-type properties, and, since these holes can accept free elec-
trons, this type of impurity 1s called an acceptor. As far
as germanium is concerned, typical donor impurities are
phosphorus, arsenic, and antimony, while typical acceptor
impurities are indium, aluminum, boron and gallium.

TYPES OF TRANSISTORS

Today, transistors are available in a wide variety of styles
and types (see Fig. 1-1), each with its own individual elec-
trical characteristics. An even greater variety of types may be
expected in the future. Subminiature types are available for
compact wiring, larger types for power work. A hearing aid
transistor and a power unit are compared in Fig. 1-2. Some
transistors are designed primarily for switching and control
operations, others for audio work, and still others for high
frequency circuitry. Experimental transistors have been used
In R.F. circuits at frequencies as high as several hundred
megacycles. However, regardless of their individual electrical
Fharacteristics, all transistors may be classed in general group-
Ings based on (a) their type of construction, (b) number of
elecFrodes, triodes, tetrodes, etc., and (c) the arrangement of
siimconductors used. Let us discuss each grouping individu-
ally.

Type of Construction: The four basic types of transistor
construction currently employed are illustrated schematically
In Fig. 1.3. Only triode transistors are shown in this illustra-
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Fig. 1-1.—A collection of typical transistors. A match book is included

for size comparison. Transistors shown include units manufactured by RCA,

GE, CBS-HYTRON, SYLVANIA, RAYTHEON, RADIO RECEPTOR, AMPEREX,
TRANSISTRON, and GERMANIUM PRODUCTS.

tion, with the emitter, base, and collector electrodes roughly
analogous to the cathode, grid, and plate, respectively, of a
vacuum tube. Of the types shown, the point-contact transistor
is the oldest, having made its first public appearance in 1948
at the Bell Telephone Laboratories in New York. The junc-
tion transistor was not announced until three years later, in
July of 1951. The surface-barrier transistor is the newest type,
having, at this writing, just been released in commercial
production quantities (1955). All four types may be used in
circuit work but the point-contact transistor appears to be
rapidly approaching obsolescence, for almost all major transis-
tor manufacturers contacted by the author have indicated

TYPES OF TRANSISTORS 5

Fig. 1-2.—A TRANSISTRON hearing aid type transistor compared to a SYLVANIA
power transistor to show relative sizes. Pencil gives an idea of true size.

that they have discontinued or are planning to discontinue
the production of point-contact units.

In construction, the point-contact transistor consists of a
minute block of N-type or P-type semiconductor material,
with two fine, closely spaced ‘“cat’s-whiskers”” or point elec-
trodes making pressure contact against its surface. The semi-
conductor may be a small square measuring only 1/20 of an
inch on each side by about 1/50 of an inch thick. The cat’s-
whiskers are separated by only a few thousandths of an inch.
One electrode serves as the emitter and the other as the col-
lector, with the small block of semiconductor material itself
serving as the base. The enlarged photograph of a point-
contact transistor given in Fig. 1-4 clearly illustrates the type
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N Type Material

Emitter “Cats-Whiskers” /~ Callector {
¥ Point Confacty ™ ’ 7 =2
F PTy PType
23 ype &Y/Ph———-,
N A/ 1
|
Emitfer Collector
Base Base
POINT- CONTACT TYPE GROWN JUNCTION TRANSISTOR

Indium Pellets
. N Typ

Q

Flot Etched Ouf
Region

\5 /Pla‘l’ed Indium Dofs

/

Emitter Collector

P Regions
Emitter

Collector

Base Base
DIFFUSED JUNCTION TRANSISTOR SURFACE-BARRIER TRANSISTOR

Fig. 1-3.—The four types of transistor construction are shown schematically
in this sketch.

of construction employed . . . both cat’s-whiskers as well as
the small piece of semiconductor material are clearly visible.
During the manufacturing process, small regions are formed
under each electrode’s contact point with a conductivity type
opposite to that of the base. Where the base is N-type material,
as in Fig. 1-3, these regions are given P-type properties, and
vice-versa. The characteristics of the base material identifies
the transistor. Thus, we have both N-base and P-base point-
contact transistors.

Junction transistors may be manufactured in two ways—as
either grown or as diffused junction units. Both types are
shown in Fig. 1-3. Their electrical characteristics are quite
similar and they may be used in much the same circuits. The
grown junction transistor is the more difficult to manufacture
and consists of a single crystal of semiconductor material
having alternate layers of P-type and N-type substances. The
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Fig. 1-4.—Enlarged photograph of a point-contact transistor. The two cat's-
whiskers and the small block of semiconductor material are clearly visible.

central layer of the “sandwich” formed is much thinner than
the outer layers and serves as the base. In practice this layer

may have a thickness of only only one one-thousandths of an

inch. To produce a grown junction crystal, certain impurities
are added to a semiconductor, such as germanium, while it is
in a molten state. These impurities are chosen so as to “dope”
the material to give it either N-type or P-type characteristics.
A large single crystal may then be grown by dipping a “seed”
crystal into the molten metal and slowly withdrawing it under
rotation. Additional impurities are added during the drawing
Process to produce alternate N-type and P-type layers in the
single crystal. Later, the large crystal may be cut into smaller
sections and leads attached at the proper points to produce
individual transistors. A diffused junction transistor is made
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by melting a button or pellet of proper substance on either
side of a small thin wafer of semiconductor material. If N-type
germanium is used for the wafer, the pellets might be of
indium, gallium or boron. The melted pellets diffuse into the
semiconductor from either side, changing it to the opposite
conductivity type in a limited region (thus, N-type is changed
to P-type). The final result is, again, alternate regions
of N-type and P-type semiconductor material. One pellet
(usually the smaller) serves as the emitter connection, the
other as the collector, with the thin wafer becoming the base.
The surface-barrier transistor bears a superficial resem-
blance to the diffused junction unit in that small dots or
pellets of a selected material are deposited on either side of a
thin wafer of semiconductor crystal, but, regardless of this
resemblance, the two types are not alike. No diffusion takes
place. Instead, the dots are simply plated on the surface of the
semiconductor. In manufacture, two fine streams of a metallic
salt solution are played against opposite faces of a thin semi-
conductor wafer. At the same time, a direct current is applied
to the streams of salt solution and the wafer so as to electro-
lytically etch away the sprayed areas. After this etching process
has been carried on until the center of the wafer is only a few
ten-thousandths of an inch thick, the polarity of the applied
D.C. is reversed, stopping the etching process and electro-
plating metallic dots on directly opposite faces of the wafer.
These dots serve as the emitter and collector of the completed
transistor, with the semiconductor wafer becoming the base.
Where the wafer is N-type germanium, an indium sulphate
solution might be used for the etching process, with indium
dots electro-plated on the surface in the final steps.
Generally speaking, point-contact transistors are capable of
operating at much higher frequencies than junction units. In
addition, they have a longer history, being the first type to
be manufactured; they are just as small as junction units
physically (see Fig. 1-5) and may have much higher alpha
(current amplification factor in a grounded-base circuit). In

TYPES OF TRANSISTORS 9

Fig. 1:5.—As this photograph shows, point-contact transistors are no larger

than junction units. The cylindrical unit is an early point-contact transistor,

the other two are junction units. All three are produced by the same
manvufacturer—RAYTHEON.

view of these facts, it may appear strange that point-contact
units are becoming obsolete. However, since the cat’s-whiskers
used in point-contact transistors must be very accurately
Placeq, these units are more difficult to manufacture than
junction transistors from a production viewpoint and hence
are more costly. In addition, junction transistors have the
edge as far as efficiency, operating voltage, ruggedness, noise
level, and power handling capabilities are concerned. It is for
these. sound economic and technical reasons that junction
transistors predominate at the present writing, and, because
Of. this predominance, the circuits given in this handbook
will refer specifically to junction transistors unless otherwise
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stated. It is possible, of course, that modified point-contact tran-
sistors will again be manufactured in production quantities
in the future, perhaps for use in special purpose applications.

Number of Electrodes: The majority of present day transis-
tors are triodes, although both point-contact and junction
tetrode units have been manufactured in moderate produc-
tion quantities. Light sensitive phototransistors, in general,
have only two electrodes, the third electrode being replaced
by the light sensitive surface, and thus they may be considered
as a type of diode. A number of specialized transistors have
been suggested as theoretical possibilities, and some have even
been hand-assembled for laboratory tests. Such units include
the analog transistor, PN “Hook” transistor, and various
multi-purpose transistors. The analog transistor is a theoretical
type utilizing a special construction to obtain electrical char-
acteristics similar to those obtained with vacuum tubes (i.e.,
high input and high output impedances) . The PN “Hook”
transistor is a special type junction transistor using three
junctions instead of the usual two (such asa PNPN transistor)
and, theoretically, may have a gain many times greater than
that obtained with conventional junction units. Multi-purpose
transistors are roughly analogous to multi-purpose vacuum
tubes, in which several relatively independent tube assemblies
are contained within a single envelope, often with a common
cathode. As far as transistors are concerned, one possible type
might be a unit combining a PNP and a NPN junction
transistor into a single unit, for application in push-pull
stages using the complementary symmetry principle.

Arrangement of Semiconductors: As we have seen, most
transistors are made up of alternate regions of N-type and
P-type semiconductor materials. Even the point-contact trans-
istor falls within this category, because small regions under
each electrode point are converted to a conductivity type
opposite that of the base material during the manufacturing
process. The exact arrangement of semiconductor materials
within the transistor determines the polarities of the D.C.
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power supply voltages applied to the electrode terminals when
the transistor is connected in a practical circuit. The applica-
tion of incorrect voltages may very easily ruin the transistor.
Hence it is extremely important that the worker be familiar
with the semiconductor arrangement in the transistors he
employs and, further, that he know the proper D.C. supply
voltages for each basic transistor type.

Junction ‘transistors are identified as PNP or NPN, with
the middle letter designating the conductivity characteristic
of the base material. The schematic symbol employed is
similar for both types and consists of a heavy straight line
representing the base, together with slanting lines to the base
representing the emitter and collector terminals. An arrow-
head identifies the emitter terminal. It points towards the
base in the case of PNP transistors, as shown at (a) in Fig. 1-6,
and away from the base in the case of NPN units, as shown at
(b) in Fig. 1-6. Proper power supply connections for both
types of transistors, connected as grounded-emitter amplifiers,
are given in Fig. 1-6. Note that with the PNP transistor, both
the base and collector are negative with respect to the emitter.
With the NPN unit, the base and collector are positive with
respect to the emitter.

Poipt-contact transistors are identified by the type of base
material used in their construction rather than by the three
letter designation employed to identify junction units. Thus,
we have both N-base and P-base point-contact transistors.
However, as far as the schematic symbols and D.C. power
SuPpl.y polarities are concerned, the N-base point-contact
transistor may be considered as equivalent to the PNP
junction transistor, while the P-base point-contact unit is
equivalent to the NPN junction transistor.

. CIRCUIT CONFIGURATIONS
In Fig. 1-6, the basic circuit arrangement for a grounded-
émitter transistor amplifier stage was used to illustrate the
Power supply connections for PNP and NPN transistors.
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Actually, there are three basic circuit arrangements that may
be employed, depending on the way a signal is applied to a
stage, the location of the output load impedance, and on how
the output is obtained from the stage. These are roughly
analogous to the three basic vacuum tube amplifier circuits,
with the grounded-emitter circuit approximately equivalent

PNP TRANSISTOR S @ NPN_TRANSISTOR e
i n Base |
R, R
Emitter s
R
! R,
) —— _]_ :H-[——+
(a) (b)

Fig. 1-6.—The schematic symbols and D.C. power supply connections for PNP

and NPN transistors are shown here. The only difference in the schematic

symbols is .in the direction in which the arrowhead points on the line
representing the emitter electrode.

to the grounded cathode tube circuit, the grounded-base to
the grounded-grid, and the grounded-collector to the grounded
plate or cathode follower. All three circuits are shown in
Fig. 1-7, together with the corresponding vacuum tube circuit
arrangements. In each case, the power supply connections
are for PNP junction transistors. With NPN units, supply
polarities would be reversed. Each stage is identified by the
transistor element (or tube electrode) that is common to
both the input and output circuits. This is generally called
either the “grounded” or the ‘“common” element but, in
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actual practice, this element need not necessarily be connected
to circuit ground.

Referring to Fig. 1-7, with the grounded-emitter circuit
arrangement (a), the input signal is applied between the base
and emitter, with the output signal appearing between col-
lector and emitter. The emitter is thus common to both
circuits. In the grounded-base circuit (b), the input signal is
applied between emitter and base, with the output appearing

Collector o = Emitter Collector out

Emitter Out
In Base | Base
Ry - N == R
R, Emitter : Base i R R 4
1
o - ]
Grounded-Emitter J_ Grounded-Base —,l- Grounded-Collector L
Transistor Circuit = Tronsistor Cireuit Transistor Circuit ~
Ou:
Plate i
Grid
n o0 = | Cathode In
o R, ik o =
3 Ry Ry
i b P

&) ¢ it
Tube Circuit (%'\rl%“cng:rdc.ﬁ?d

(a)

Grounded Plate Tube Circuit ..

=
(Cathode Follower) P
(c)

Fig. 1-7.—The three basic transistor circuit configurations with the roughly

equivalent vacuum tube circuit arrangements. Power supply polarities shown

are for PNP transistors . . . polarities would be reversed for NPN units. See
TABLE A for a comparison of their basic electrical characteristics.

between collector and base, and the base is common to both
the input and output circuits. Finally, with the grounded-
collector cricuit (c) , the input is applied between base and
collector and the output appears between emitter and col-
le.ctor, with the collector becoming the common element.
Signal phase reversal occurs in the grounded-emitter, but not
In the grounded-base and grounded-collector configurations.
A single battery may be used to supply all D.C. operating
voltages or a separate “bias” battery may be provided in the
base circuit, at the option of the individual designer. Two




14 TRANSISTOR CIRCUIT HANDBOOK

batteries are shown at (a), a single battery at (c). The basic
characteristics of the three standard transistor circuit con-
figurations are summarized in Table A. The characteristics
listed are based on currently available transistor types.

PART | — LABORATORY PRACTICE

Chapter 2
TECHNIQUES

Experimental transistor circuit work may be undertaken
with many of the same tools, laboratory test instruments and
mechanical skills that are used in the assembly and test of
conventional vacuum tube circuits. Except where fundamental
semiconductor research is involved, the individual or labo-
ratory contemplating transistor circuit experiments need not
anticipate more than a modest expenditure for special tools
or laboratory equipment, nor need the worker have to spend
a long training period to acquire new skills or to learn new
techniques. In most cases, any special skills that are needed
may be acquired on the job, simply by approaching early
projects with care and forethought, following the advice given
in an old proverb . . . “to make haste slowly!”

Perhaps the most important practical skill the laboratory
technician or home experimenter need acquire is the ability
to work with components many times smaller than those used
in conventional electronics work. There is no question that
somewhat greater skill, and certainly greater patience, is
required when working with subminiature components than
when working with ‘full-sized” parts. In addition to sharpen-
ing his mechanical skills, if the technician has worked with
vacuum tube circuits exclusively for a long period of time,
he may have to rechannel his thinking somewhat so that he
can readily accept and work with voltage, current and im-
pedance values of a different order than those with which he
may have been familiar. When working with vacuum tube
circuits, for example, D.C. operating voltages in the neighbor-
hood of several hundred volts are the rule—but with transis-
tors, high voltages are seldom used, even in higher power

15
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circuits. Supplies of a fraction of a .volt may be encountered
in some circuits. Then, too, when dealing with the usual
transistor circuits, he will have to pay close attention to power
supply polarities . . . reversed plate voltage may seldom
damage a vacuum tube, but reversed D.C. supply voltage is
almost sure to ruin a transistor. To complicate matters, dif-
ferent types of transistors may require exactly opposite supply
voltage polarities (i.e., PNP and NPN units), and, in some
cases, both types may be used in the same circuit (i.e., com-
plementary symmetry push-pull amplifiers) . In using transis-
tors for the first time, the worker will be faced with the
seeming paradox of working with components that are
simultaneously more rugged mechanically, yet more easily
damaged electrically than vacuum tubes.

TOOLS AND LABORATORY EQUIPMENT

Transistor circuits may be wired into either “full-sized” or
subminiature equipment. But even if no special attempt is
made at subminiaturization, since transistors and most transis-
tor components are much smaller than conventional electronic
components, they are a little awkward to handle with full-sized
hand tools. For this reason, the technician planning appre-
ciable transistor circuitry work should be outfitted with
scaled-down tools. Jeweler’s pliers are ideal for this type of
work and are now stocked by many Electronic Parts Distribu-
tors. A typical assortment of hand tools especially selected
for transistor circuit work is shown in Fig. 2-1. Included are
a cased set of jeweler’s pliers, an ORYX subminiature solder-
ing instrument, a scribe, tweezers, small brush, pocket magni-
fier, and a set of jeweler’s screw-drivers. The small screw-
drivers are not essential to wiring, of course, but are useful
when working with the miniature assemblies in which transis-
tors are frequently installed. Additional tools which would be
useful in subminiature assembly work, but which are not
shown in the photograph, would include a small hand or
bench vise, fitted with smooth soft-metal jaws, a penlight,
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Fig. 2-1.—Hand tools useful when working with transistor circvits.

miniature socket wrenches, a set of Swiss Needle Files, and a
power tool kit, including the power unit, small drill bits,
rotary brushes, and similar accessories.

Techniques: Although the majority of small tools are han-
dled and used in the same way their conventional sized
counterparts are employed, there are a few special techniques
which the worker may wish to learn. The use of a jeweler’s
screwdriver is illustrated in Fig. 2-2. The cap on the screw-
driver’s handle is free to rotate and is held lightly with one
finger, which both applies pressure and guides the tool. The
body of the handle is rotated gently by the thumb and another
finger. This technique makes it difficult to apply excessive
torque, thus minimizing the danger of damage to the screw-
driver’s blade or any tendency to “strip” the threads of small
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Fig. 2-2.—Proper technique for using a jeweler's screwdriver.

machine screws. When wiring transistorized circuits, a small
pencil-type soldering instrument is preferable to a full-sized
tool. The tip should be kept clean and well-tinned so all
soldering operations may be completed as quickly as practi-
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cable. The use of a heat sink is recommended (see section on
CARE OF TRANSISTORS and Fig. 2-9). In subminiature
wiring, simple lap joints are frequently employed in prefer-

ance to the “wrap-around” connections common in conven-

tional electronic assemblies. In some instances, the worker
may find it easier to clamp his soldering instrument in a vise,
holding the components to be wired in his hands, as shown
in Fig. 2-3. While resistors and small capacitors may be held

Fig. 2-3.—Some technicians prefer to clamp their soldering instrument in a vise.

in place by their leads, transformers and other large com-
ponents are frequently mounted either by cementing in place
or by clamping in position with small spring or wire clips.
Other special assembly techniques employed in transistor
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circuit work include the use of etched or printed circuits and
the potting of sub-assemblies in plastic. These special topics
will be discussed in Part IV of this volume.

Test Equipment: Audio and R F. Signal Generators, Oscillo-
scopes, VT VMs, Impedance Bridges, in fact, almost every type
of electronic test equipment found useful in vacuum tube
circuit work will find similar applications in experimental
transistor work. Some test equipment items are especially
important. A good assortment of individual meters is highly
desirable and, for circuit development work, almost manda-
tory. If voltmeters are sometimes considered a shade more
valuable than current meters in vacuum tube work, with
transistors the reverse is true. Thus, while the meter assort-
ment should include several D.C. microammeters for check-
ing base current values and milliammeters for collector and
emitter current measurements (or, in the case of high power
transistors, D.C. ammeters), one or two D.C. voltmeters
should be ample for general work, especially if multi-range
instruments are provided. Since battery power supplies are
used extensively in transistor circuitry, a good Battery Tester
would be a desirable addition to the lab. The tester chosen
should be designed to check the batteries under load condi-
tions. If precise circuit tests and transistor parameter measure-
ments are to be made, one or more adjustable output Constant
Current power supplies are desirable. However, for general
experimental work, any standard adjustable voltage D.C.
supply will be found almost as useful, provided its output
can be reduced to near zero and that low voltages can be
obtained without difficulty. Where circuit development is
undertaken with a view towards eventual mass production,
enviromental test chambers are a desirable addition to the
laboratory’s complement of test equipment, to permit the
thorough checking of compensation circuits under actual
conditions. At this writing, commercially available transistors
are somewhat more sensitive to temperature and humidity
variations than are vacuum tubes and a thorough enviro-

TOOLS AND LABORATORY EQUIPMENT 21

mental test of circuits contemplated for production is good
engineering practice.

Breadboarding: It is standard engineering practice to bread-
board or to “rough assemble’” new circuits, not only as a
double-check on the validity of a theoretical design, but also
for determining circuit values that are difficult either to
calculate or to estimate in advance. Breadboarding may be
used for checking mechanical and electrical layouts and for
locating unforeseen “bugs” in a design. In addition, a bread-
board assembly, once checked out, is useful for determining
the practical effect of component tolerances on circuit opera-
tion. Many experienced practical electronics engineers prefer
to work up a new circuit design right on a breadboard chassis,
keeping mathematical calculations and other paper work to a

Fig. 2-4.—A “Universal” Breadboard chassis designed for transistor tests.
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minimum. With transistors, the breadboard check of a circuit
design is, if anything, more important than with vacuum tube
circuits. Unfortunately, the small physical size of transistors
makes them a little difficult to handle conveniently on the lab.
bench. For this reason, the individual laboratory worker may
find it worthwhile to assemble a ‘‘breadboard” chassis specifi-
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fig. 2-5.—Detail of transistor socket mounting.

cally for checking transistor circuits. One such “universal
breadboard” chassis is shown in Fig. 2-4. A subminiature
in-line tube socket serves as a transistor socket, and is mounted
on three small stand-off terminals. A detail view of the socket
mounting is given in Fig. 2-5. Several terminal strips are
provided on the chassis to permit the easy mounting and
wiring of resistors, capacitors, and other components. The use
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of a breadboard chassis is illustrated in the typical lab. bench
set-up shown in Fig. 2-6. For maximum utility, the basic
chassis is used in conjunction with clip type test leads and

anel meters. In addition to home built chassis, commercial
“preadboards” are available—see Part IV. Other useful acces-
sories, not shown in the photograph, would include Resistance

Fig. 2-6.—A typical experimental set-up for checking a breadboarded
transistor circuit.

fi‘nd 'Capacitor Substitution Boxes, and an assortment of small

universal” transformers and inductors. Proper electrode pin
connections for a standard triode transistor are shown at (a)
n Fig. 2.7, for a tetrode junction transistor at (b) in the same
‘l‘llustration. However, not all manufacturers adhere to this

Stan.dard” pin arrangement. Pin connections for certain
transistors of three popular manufacturers are shown at (a),
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(b), and (c) of Fig. 2-8. The pin arrangement shown at (a)
is used on TRANSITRON subminiature types 2N88, 2N89
and 2N90. The connections shown at (b) are employed by
PHILCO on their types 2N47, 2N49 and SB-100. And the
pin arrangement used by RAYTHEON on their types CK721,
CK722, CK725 and CK727 is shown at (c).

4
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Fig. 2-7.—Pin connections for standard triode (a) and tetrode junction (b) transistors.
Red line < Red dot
E c
| |
Base i [Rw line Base
Emitter @ Collector ‘/ Red dot
Red dot asz Emitter Collector

Collector Emitter
(b) (©

(a)
Fig. 2-8.—Special transistor pin connections used by some manufacturers.
TRANSITRON (a); PHILCO (b); RAYTHEON (c).
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CARE OF TRANSISTORS

It is unlikely that transistors will ever be “given away” in
quantities, and therefore, regardless of how inexpensive they
may become, they still represent a financial investment,
whether their cost is borne by the Research Account of a
Jarge corporation or the “hobby budget” of a home experi-
menter. And any investment should be handled with care. It
has been mentioned that transistors are many times more
rugged than vacuum tubes as far as mechanical shock is
concerned. Some transistors may successfully withstand an
acceleration of 20,000 to 30,000 g,* whereas an acceleration
of 750 g is about the upper limit as far as vacuum tubes are
concerned. But this inherent ruggedness is no excuse for de-
liberate abuse. Although mechanically rugged, transistors may
be easily damaged by electrical overload or excessive heat.
Therefore, the laboratory worker will find it profitable to
adopt a few “rules of practice” to follow when working with
transistors. Later, as he gains experience, he will find himself
following these rules almost subconsciously. For ease in refer-
ence, the basic rules are listed below in numerical order . . .
but remember that the order of listing does not indicate the
order of importance—all are equally important.

1. Avoid Excessive Heat — High temperatures, whether
applied externally or internally generated, may cause perma-
nent damage to a transistor or permanent change in its
electrical characteristics. Excessive heat may be avoided by
taking care in soldering (see comments under WIRING
TECHNIQUES, as given below), by avoiding operation
close to hot vacuum tubes, power resistors or other com-
Ponents likely to dissipate quantities of heat, and by avoiding
Operation at near maximum ratings under conditions of high
ambient temperatures. When transistors are used at higher
‘t‘han normal temperatures, their operational specs should be
derated” accordingly refer to the manufacturer’s
Specification sheets for specific suggestions.

‘

32 ft'/gsec=2 Acceleration due to gravity; the standard unit for measuring acceleration ; equal to
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2. Avoid Electrical Transients — Voltage or current surges
which exceed the transistor’s maximum ratings, even if only
momentarily, may cause permanent damage. When working
with new transistor circuit designs, transient pulses may be
minimized by avoiding the sudden application of supply
voltages—use a variable supply and adjust slowly to final
values. Avoid the use of circuits which involve extensive
switching of high level signals or D.C. voltages. When working
with assembled circuits or built-up equipment, do not insert
or remove transistors from their sockets with the power ON
unless absolutely necessary.

3. Always Double-Check Transistor Type and Voltage
Polarities — Remember that different types of transistors re-
quire different D.C. supply voltage polarities for operation,
and that the application of an incorrect voltage may damage
the transistor. Before wiring a circuit, make sure you know
whether the transistor is a PNP or NPN unit (or a P-base
or N-base type, if it is a point-contact transistor) , and check
to see that all supply voltages are applied with the proper
polarity.

4. Observe the Maximum Ratings — Although some elec-
tronic components are conservatively rated and may be
slightly overloaded without damage, the Absolute Maximum
Ratings specified by transistor manufacturers mean exactly
that. Even a momentary overload may cause irreparable dam-
age. When breadboarding or testing new circuits, it is a good
idea to connect D.C. current meters in series with each
electrode to maintain a constant check on emitter, collector
and base currents. The meters should be by-passed with ap-
propriate capacitors when working with A.C. amplifiers,
oscillators, and similar circuits, of course.

WIRING TECHNIQUES: In order to avoid possible heat
damage, all transistor circuit wiring should be carried out as
quickly as possible, using a hot, clean, well-tinned soldering
instrument. Do not solder to transistor socket terminals with-
out first removing the transistor, and allow ample time for
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Fig. 2-9.—Proper use of a heat sink in soldering a transistor lead,

the joints to cool before reinserting the transistor. Where a
transistor is wired directly into a circuit by means of its leads,
use the maximum lead length consistent with good electrical
layout and circuit design, protecting the bare wire with
spaghetti tubing. For maximum protection, use a heat sink
on the transistor lead between the soldered joint and the body
pf the transistor itself. The proper use of a heat sink is clearly
illustrated in Fig. 2-9. The transistor lead being soldered is
grasped with a pair of long-nosed pliers, which act to conduct
heat away from the transistor proper. When installing surface-
barrier transistors, care should be taken to avoid voltage
surges derived from soldering irons operating from A.C. lines.
As a precaution against such surges, the use of gun-type sol-
dering instruments or isolation transformers is recommended.
. POWER TRANSISTORS: High-power transistors present spe-
c1al problems in practical circuit work. First, because they
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are designed to handle watts instead of milliwatts, they gen-
erate a good deal of internal heat. Most commercial power
transistors are designed to dissipate as much of this heat as
possible. Two techniques are used. One is to design the
external case to act as a heat radiator by providing cooling
fins. Another is to make provision for mounting the transistor
directly to a metal chassis, which then acts as an external heat
sink. Often, both techniques are used at the same time, as
shown in Fig. 2-10. Another problem encountered with high-
power units, especially with germanium transistors, is that
of “runaway.” This generally occurs at high ambient tempera-
tures when the internal power dissipation through self-heating
lowers the resistance of the semiconductor, materially increas-
ing collector current, thereby increasing power dissipation

Fig. 2-10.—High-power transistor mounted on a chassis for maximum heat dissipation.
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and raising the temperature still further. This can lead, even-
tually, to serious damage, if not complete destruction, of the
transistor. Even if the transistor itself is not seriously damaged,
the circuit becomes unstable. To guard against the possibility
of collector current runaway, stabilization of D.C. operating
points is strongly recommended in all applications involving
the use of high-power transistors.

TESTING TRANSISTORS

The practical laboratory worker has several testing tech-
niques at his disposal. First, he can use a laboratory-type Tran-
sistor Test Set. These instruments are currently produced by
a number of manufacturers and, for the most part, incorporate
facilities for completely evaluating all important character-
istics and parameters of both point-contact and junction tran-
sistors. T'ransistor Testers are discussed in Part IV.

If the worker does not have a commercial Transistor Test
Set available, he can duplicate most of the tests by using
individual instruments. The basic instruments needed for
most tests include a high-impedance VTVM, individual cur-
rent meters and at least two adjustable output constant-
current D.C. power supplies—one for each transistor electrode
in the standard configurations. Where an especially built
constant-current supply is not available, a satisfactory substi-
tute may be assembled by connecting a high value resistor in
series with a conventional adjustable B voltage supply. For
best results the series resistor should have a value at least 100
(apd preferably 1000) times higher than the expected load—
this means the D.C. output current will be virtually inde-
pendent of load and the assembly will act like a true constant-
current supply. The expected load may be determined by
referrmg to the manufacturer’s specification sheet for the
transistor to be tested; the load is the D.C. resistance of the
electljode in question. Referring to the data sheet on the
transistor, the equipment is set up to supply specified currents
to the various electrodes and the D.C. electrode voltages are

_ —C— = =
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measured using the VI'VM. These are actual electrode volt-
ages . . . not source voltages, for a considerable drop will
occur across the series resistor. A series of tests may then be
made, with one electrode current kept constant and the other
electrode current varied in small steps. These measured values
may be plotted on a graph and compared to the characteristic
curves given in the transistor manufacturer’s data sheet. Es-
sentially the same technique is employed to make tests of
both grounded-base and grounded-emitter circuits, and to
obtain data to plot such curves as emitter current vs, emitter
voltage for a constant collector current (grounded base con-
figuration), collector current vs, collector voltage for a con-
stant emitter current (grounded base), collector current vs.
collector voltage for a constant base current (grounded emit-
ter) , etc. When making tests of this nature, all the precautions
mentioned in the section CARE OF TRANSISTORS should
be observed.

Detailed tests of transistor characteristics, as important as
they may be in a complete over-all evaluation of the compo-
nent, are much too time consuming for most types of practical
circuit work. A simpler and much more rapid test may be
made by setting up a basic amplifier stage, applying a known
input signal and proper D.C. operating voltages to the transis-
tor, then checking over-all gain and individual electrode cur-
rents. While such a test does not give a quantitative evaluation
of the transistor, it does give a qualitative “Good-Bad” check.
If the gain is unusually low, or if the various electrode currents
run high, or both, the transistor may be considered defective.
This test is more effective in those cases where the transistor
manufacturer has supplied “Typical Operating Character-
istics” as part of his specification sheet, for the measured values
may be compared directly to known standards. However,
when making such a comparison, a one-to-one correspondence
should not be expected, for all transistors are manufactured
within broad tolerance limits . . . only where the measured
values are far different from expected values should the tran-
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sistor be considered defective. The “Typical Operating Char-
acteristics” may also be used as a guide in setting up the orig-
inal test circuit.

Where a transistor is to be used in a fairly critical circuit,
such as a high-gain, low noise audio amplifier, or as a high
frequency R.F. oscillator, there is no really satisfactory test
other than that of substitution. That is, the suspected transis-
tor is actually tried in the desired circuit. If it fails to give
satisfactory performance, it is considered *“Bad,” at least as
far as the one circuit is concerned. Of course, transistors failing
this test may still be satisfactory for other, less critical, appli-
cations. A modification of this test technique, sometimes used
by manufacturers of transistorized equipment, is to set up a
test circuit which electrically duplicates the equipment being
produced. Al transistors are first checked in the test circuit
and individually selected for best performance in various
stages of the equipment. As an example, in the manufacture
of a transistorized superheterodyne receiver, some units may be
selected to give their best performance as local oscillators,
others as L.F. amplifiers, and still others as detectors and
audio amplifiers.

CIRCUIT MODIFICATIONS

Although all the circuits given in this volume have been
“bench-tested” in the laboratory, economic considerations
have prohibited their production .engineering. It is to be
expected, therefore, that the individual experimenter who
assembles the circuits may, in some instances, find it necessary
to make minor changes in component values when working
with transistors or other components having characteristics
different from those used by the author, even if due only to
normal tolerance variations. In addition, since any circuit
design generally represents a compromise between different,
often conflicting, situations, if the individual builder or ex-
perimenter wishes his circuit to excell in one special character-
1stic, such as having maximum battery life, maximum gain,
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minimum distortion, minimum noise, maximum selectivity,
or maximum power output, he will find it necessary to make
experimental changes in the circuit to emphasize the desired
characteristic. In some cases, the change may be little more
than the adjustment of one or two component values. In other
cases, considerable modification of the basic circuit may be
necessary. Unless otherwise indicated, special temperature
and humidity compensation or D.C. stabilization circuits have
not been included as part of the experimental circuits shown,
for the use of such circuits is largely a matter of individual
need and, therefore, is best left to the individual designer.

Several general rules should be followed when making
experimental circuit modifications. First, of course, the worker
should adhere to all the suggestions given in the section
CARE OF TRANSISTORS. In most circuits, NPN junction
transistors may be substituted for PNP units with corres-
ponding characteristics, provided power supply polarities are
reversed. Before changing components or connections in any
transistor circuit, the experimenter will find it desirable to
connect D.C. current meters in series with the various transis-
tor electrode leads, so that he can monitor changes in current
values at all times, making sure that no circuit or component
change permits the maximum ratings of the transistor to be
exceeded. For additional information of value in modifying
and re-designing circuits, the reader will find it worthwhile to
refer to the general Reference Data given in Part IV of this
volume and especially to the reference sources listed in the
Bibliography.
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Chapter 3
COMPONENTS

Many of the electronic and hardware components used in
transistor circuitry are simply scaled-down versions of con-
ventional parts. This is not too surprising, for these semi-
conductor amplifiers almost naturally call for subminiature
components to match their own minute physical size. But the
mere desirability and need for subminiature components is
not, in itself, enough to insure their design and production.
They must be feasible as well, both from an economic and a
production engineering viewpoint. Fortunately, the unique
electrical characteristics of transistors almost ideally fit them
for the design of subminiature components.

It is an established fact that the physical size of electronic
components is dependent, to a large extent, upon their power
hgndling capacity and voltage breakdown characteristics. A
high-capacity, high-voltage capacitor must be large physically
because a comparatively thick dielectric is needed to with-
stand high voltage stresses and the thick dielectric, in turn,
reduces capacity, necessitating a larger unit to obtain high
capacity. A high wattage resistor must be large to obtain
sufficient surface area to dissipate a quantity of heat. And,
similarly, high power transformers are large because heavier
conductors are required to carry large currents, thicker insula-
tion is needed to withstand high voltages, and more iron is
needed in the core to handle the strong magnetic fields
Produced without reaching saturation. With the majority of
transistor circuits, powers are measured in the milliwatts and
currents in the micro- and milliamperes; operating voltages
are low—but a fraction of those found in vacuum tube circuits.
Hence, the subminiaturization of components designed spe-
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cifically for transistor circuitry is not only desirable, but
economically feasible as well—and such subminiaturization
may be considered good engineering practice.

RESISTORS AND CONTROLS: Several subminiature resistors,
a volume control and a selector switch well suited to transistor
circuitry are shown in Fig. 3-1. A transistor and a package of
bookmatches are included for size comparison purposes. The
transistor is a GE PNP junction triode, the resistors are
manufactured by FORTIPHONE, LTD. of England, the
volume control is a CENTRALAB item and the selector
switch is a standard GRAYHILL unit. Subminiature resistors
and controls, like a number of other subminiature compo-
nents, were manufactured commercially long before transis-
tors became practical commercial items. Prior to the practical
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development of the transistor, such components were used
principally in vacuum tube hearing aids, in miniature instru-
ments, and in specialized types of military equipment. In
general, except for their physical size and minor refinements
in construction, subminiature resistors are similar to their
larger counterparts.

CAPACITORS: The low input impedance of the average
transistor amplifier stage necessitates the use of fairly 'large
interstage coupling capacitors in R-C and impedance-coupled
transistor audio amplifiers. In the past, large capacity and
small size were not considered compatible features, but with
the development and successful commercial production of
low voltage aluminum and tantalum electrolytic capacitors,
it is now possible to obtain fairly large capacities in units

f i Fig. 3-1.—Subminiature resistors, volume control, and selector switch. f

| Transistor and bookmatches included for size comparison. Fig. 3-2.—Subminiature electrolytic capacitors compared to a standard paper unit.
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which, in some ratings, are smaller, physically, than the
transistors with which they are used.

A typical assortment of subminiature capacitors is illus-
trated in Fig. 3-2, with a GE PNP triode transistor and a
normal-sized paper capacitor included for size comparison
purposes. The large capacitor shown is a standard 0.25 Mfd.,
600 volt paper capacitor manufactured by GUDEMAN. One
aluminum and two small tantalum capacitors are shown; all
three are rated at 2.0 mfd. or more, with working voltages
from 6 to 18 volts. Three manufacturers are represented—
BARCO, MALLORY, and GE. Also shown is a miniature
metallized paper capacitor, made by AEROVOX. Although
rated at 0.5 Mfd., 200 volts, the unit is considerably smaller
than the standard paper tubular item. In spite of their larger
size, miniature metallized paper capacitors are sometimes
used in transistor. circuits in place of electrolytics where
special characteristics are needed for critical applications.

Some idea of the comparative sizes of commercially availa-
ble capacitors may be obtained by comparing their relative
volumes in terms of units having the same capacity and work-
ing voltage. Taking a 1Mfd., 150 volt foil-type capacitor as
the “standard,” if a paper unit has a volume of 1009, a
metallized paper unit will have a volume of 409, an alumi-
num electrolytic a volume of 159, and a tantalum electrolytic
a volume of 109,. Of course, low working voltages are the
rule rather than the exception in transistor circuitry, and, in
low voltages, the size differential between the different ca-
pacitor types is even greater.

Application-wise, aluminum electrolytics are less costly
than tantalum units, but the tantalum units have the edge as
far as life and temperature characteristics are concerned.
Tantalum electrolytic capacitors are manufactured in two
forms. One employs the conventional foil construction and is
made by winding two paper-separated foil electrodes into a
cylindrical unit. The electrolyte is held by the absorbent
paper. During the manufacturing process, an oxide film is
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formed on the foil, and this serves as the dielectric, just as in
a conventional electrolytic capacitor. Non-pqlarized designs
are possible if both foils are ﬁlmed with oxide. The other
form employs an electrode of sintered powdered tantalum.
The anode is made by compressing the powdered tantalum
into the proper shape, then welding the particles together by
sintering in a vacuum furnance. The final result is a very
porous mass which has a large surface area for dielectric oxide
formation. In the foil type of construction, the outer case
serves simply to contain the wound foil capacitor, but in the
sintered anode type, the case, generally made of silver, serves
as the cathode.

In transistorized R.F. circuits, small paper as well as both
ceramic and silver mica capacitors are employed. Variable
capacitors may be compression trimmers, conventional rotat-
ing air dielectric units, or a newly introduced type which
employs a teflon dielectric. Other types are in a developmental
stage and may be available in the near future.

R.F. COILS AND TRANSFORMERS: The subminiaturization
of R.F. coils presents special problems to the design engineer.
As coils are made smaller, finer wire must be used in their
construction, increasing both D.C. and A.C. resistances. In
addition, more compact construction generally means higher
distributed capacities and greater losses. All of these factors
tend to reduce coil “Q” and efficiency, both at high fre-
quencies where distributed capacities are important and at
low frequencies which require larger inductance values. As
if these problems were not discouraging enough to the de-
signer, the transistors with which the coils and transformers
are used offer a low impedance loading, coupled with fairly
high internal capacities . . . additional factors to reduce
over-all circuit “Q.” Nonetheless, R.F. coil manufacturers
have been able to design successfully and to produce in
production quantities R.F. coils and transformer suitable for
subminiature transistor circuitry.

A selection of commercially available coils is shown in Fig.
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3-8, together with a RAYTHEON type CK722 PNP junction
transistor and a package of bookmatches for size comparison
purposes. Included are two shielded LF. transformers and a
local oscillator coil for a broadcast band superheterodyne re-
ceiver. One of the LF. transformers is manufactured by

Fig. 3-3.—Subminiature R.F. coils and LF. transformers.

AUTOMATIC MANUFACTURING CORPORATION,
the other I.F. transformer and the oscillator coil are products
of the VOKAR CORPORATION. In all three units, pow-
dered iron cores are used, both for tuning and to help main-
tain good stability and a reasonably good “Q” in a small
volume coil. As an example of the specifications encountered
in this work, the smaller I.F. transformer (FOKAR) is
permeability tuned, incorporates a 200 Mmf. capacitor within
its shielding case, and is designed to resonate at 262 Kc with
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an unloaded “Q” of not less than 80. The mechanical design
is such as to permit installation on a printed circuit wiring
poard, with final connections accomplished through a dip
soldering process.

AUDIO COILS AND TRANSFORMERS: The size of the copper
wire used in the winding and the amount of iron in the core
laminations of an audio transformer are both dependent on
the direct current which flows through the winding as well
as on the power handled by the unit. The amount and type
of insulation required between individual windings and
between the winding and core depends on the voltages
applied to and developed within the transformer. All three
factors . . . core size, winding, and insulation . . . affect the
over-all size of the transformer. Except for special “high-
power” applications, in the majority of transistor audio cir-
cuits D.C. currents are small, on the order of one or two
milliamperes; D.C. voltages are low, from 1.5 to 12 volts or
so; and, of course, powers are small, perhaps from a fraction
of a milliwatt up to 20 or 30 milliwatts. In the ‘“high-power”
circuits, D.C. voltages may run from 6 to 60 volts, or more,
and currents from 100 Ma. up to several amperes. How-
ever, in the low power circuits, subminiaturization of audio
input, coupling and output transformers is both feasible and
desirable.

Several typical miniature iron-core audio transformers are
shown in Fig. 3-4, together with a GE PNP junction transistor
and a package of bookmatches. The largest unit shown is an
English-made audio choke, designed primarily for hearing aid
applications. The remainder are American-made audio trans-
formers. The two middle units are, respectively, a ‘““Sub-
Ouncer” and a ‘“‘Sub-subouncer,” both manufactured by
UTC. The smallest transformer shown is not appreciably
larger than the transistor itself and is one of a series of the
smallest iron-core transformers currently manufactured for
commercial use. Some of these units weigh only about 1/10
of an ounce. They are manufactured by the CHICAGO
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Fig. 3-4.—Subminiature iron-core audio transformers and choke.

STANDARD TRANSFORMER CORPORATION. Not-
withstanding their small size, they are quite well made and
have a frequency response more than adequate for their
intended applications.

AUDIO TRANSDUCERS: Hearing aids and other types of
audio amplifiers require some kind of electromechanical
transducer to convert acoustic energy into electrical signals
and vice versa. When dealing with transistorized circuits, it
is often desirable to use audio transducers which are com-
parable in physical size to the transistors and their related
subminiature electrical components. A selection of typical
units especially designed for transistor circuitry is shown in
Fig. 3-5 along with a SYLVANIA transistor. Again, a package
of bookmatches is included for size comparison purposes.
The loudspeaker is a miniature, high-efficiency PM unit
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Fig. 3-5.—Subminiature audio transducers . . . loudspeaker, microphone,
and earphone. Bookmatches and fransistor give some idea of relative sizes.

designed and manufactured by the JENSEN MANUFAC-

TURING CO. of Chicago, Illinois. Measuring only 114”
deep by 234” in diameter, the unit weighs less than 23
ounces, yet has a power rating of 150 milliwatts and a useful
frequency range from 250 to 3000 cps. In the center of the
photograph, next to the transistor, isa SHURE BROTHERS
magnetic microphone cartridge. With good sensitivity and
an output impedance of only 1000 ohms, this unit provides
an excellent match directly to the input of a junction transis-
tor connected as a grounded-emitter amplifier. Also shown
in the illustration is a magnetic hearing aid type earphone,
together with its matching miniature cord. Manufactured by
FORTIPHONE, LTD. of England, this item is available in
a number of impedance values to meet almost any desired
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output circuit. In most cases, hearing aid earphones are used
in conjunction with a plastic earpiece custom molded to fit
the individual user. Because of the comparatively low im-
pedances encountered in transistor circuits, electromagnetic
transducers are used to a greater extent than piezoelectric
units, as demonstrated by the sample units described.

SOCKETS: There is an increasing tendency on the part of
manufacturers of transistorized equipment to permanently
solder or to weld transistors in their circuits. This is reason-
ably good practice, both from an economic and an engineer-
ing viewpoint. Economically speaking, it requires less labor
and time, not to mention the cost of a socket, to permanently
wire a component in position than to first wire a socket in
place, and then to insert a component in the socket. Where
printed circuit boards are used, coupled with the automatic
assembly of components and dip-soldering techniques, the
savings are appreciable. Engineering-wise, if the transistor
ratings are carefully observed in the design of the equipment,
and if quality units are used, there is no reason why the
transistor should not be considered as permanent a compo-
nent as the resistors, coils, and capacitors which make up
the balance of the circuit. But even if the permanent installa-
tion of transistors in circuits becomes universal practice,

sockets are still useful for the assembly and test of experimental

circuits.

Several typical transistor sockets are illustrated in Fig. 3-6,
together with an RCA type 2N104 transistor and a standard
paper clip, included for size comparison. The flat sockets are
“inline” units designed for use with transistors employing
the standard linotetrar 3-pin base (Fig. 2-7). The socket
design was adapted from the 5-pin inline socket used with
subminiature vacuum tubes. The larger socket shown is for
a point-contact transistor of the type shown in Fig. 1-4.

HARDWARE: As of this writing, only a limited amount of
especially designed ‘“‘transistor circuit hardware” is available
commercially. It may be expected, however, that the variety
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Fig. 3-6.—Transistor sockets. Paper clip shows small size.

will increase as time goes by and as transistors are used in
larger and larger quantities. Among the items currently avail-
able are battery boxes, transistor clips, and subminiature
plugs and jacks, as well as small machine screws, nuts, lock-
washers, and similar assembly hardware. The battery boxes
are, for the most part, units adapted from battery clips and
boxes originally designed for battery operated vacuum tube
equipment, such as R/C models, portable receivers, Geiger
Counters, etc., but modified to handle the types of batteries
used primarily in transistor circuitry. The transistor clips are
small spring metal clips designed to hold a transistor firmly
against a metal chassis or a mounting board. They are useful

for reducing mechanical strain on the transistor leads and

also serve to improve the transistor’s performance by provid-
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ing a heat sink against the transistor’s case which helps
conduct away internally generated heat.

POWER SUPPLIES: Since the operating voltages needed by
transistor circuits are low, with current requirements minute,
both A.C. line-operated units and batteries are practical for
use as transistor power supplies. With the exception of special
“high-power” transistor circuits, A.C. power supplies, where
used, are generally much simpler, more compact, and con-
siderably lighter than their vacuum tube counterparts. R-C
filter networks are practical because of the low currents
needed and, therefore, are used extensively in place of the
more costly L-C filters favored for vacuum tube power
supplies. Constant current power supplies are needed for
measuring transistor parameters and for other laboratory tests
and, theoretically at least, should always be used for bias
current purposes in transistor circuits. Nonetheless, in actual
practice more conventional power supplies are generally em-
ployed, with a large value series resistor serving to limit
current flow and to give the practical effect of a constant
current supply. Although line-operated power supply systems
are quite practical for transistor work, and may be used in
laboratory development and in “high-power” non-portable
applications, by far the most popular transistor power supplies
are chemical batteries, even though the transistorized equip-
ment in which they are employed is subject to almost
continuous use.

Both zinc-carbon and mercury batteries are used extensively
in transistor circuitry. An assortment of typical commercial
transistor batteries is shown in Fig. 3-7, together with a GE
PNP junction transistor, included for size comparison. The
RCA Transistor Battery shown at the left is a special unit
designed primarily for experimental work. It is made up of
fifteen individual 1.4 volt cells stacked to give a total of 21
volts, yet so designed that it may be cut into smaller sections
to give any voltage desired, from a minimum of 1.4 volts
from a single cell up to a maximum of 21 volts, in 1.4 volt
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Fig. 3-7.—Battery-type transistor power supplies. See text for detailed
description' of the units shown.

increments. Grouped close to the transistor itself are four
MALLORY mercury batteries. The smallest unit, seen from
the end in the photo, is a single cell which measures only a
little over 14" in diameter by less than 14” high, yet has a
rated life of 250 Milliampere-hours (MaH) . The largest unit
shown in the photograph is only slightly larger than a con-
ventional penlight cell, yet has a capacity of 3600 MaH. ‘Two
“stacked” mercury batteries are also shown, both with a
capacity of 250 MaH, but rated at 2.5 and 6.5 vo!ts, respec-
tively. When it is remembered that a transistor circuit may
require less than 1 milliampere for operation, these life ratings
become significant. Some circuits have been designed which
will operate continuously from a single battery for several
years. To the left in the illustration is shown a collection of
four BURGESS zinc-carbon batteries which are especially
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popular for transistor work. Included are a standard No. 7
penlight cell, a compact 30 volt battery, and two 2214 volt
batteries employing different physical construction. In gen-
eral, mercury batteries have a greater capacity and much
longer shelf life than zinc-carbon batteries of comparable
physical size. Because of this, mercury cells are frequently
preferred in low-voltage transistor applications where their
longer life justifies their considerably higher initial cost. On
the other hand, zinc-carbon batteries are generally preferred
for higher voltage, low-current applications because of their
more compact size. And with comparatively recent improve-
ments in mechanical and chemical design and construction,
pioneered by BURGESS and others, the shelf and operating
life of zinc-carbon batteries is quite adequate for many
applications.

Transistor amplifier and oscillator circuits are marvelously
efficient. Class A transistor amplifiers may closely approach
the theoretically ideal figure of 509, efliciency, while Class C
circuits may hit 98 to 999%,, almost reaching the “perfect”
figure of 1009,. Oscillator circuits run somewhat better than
709, eflicient. Because of this high efficiency, the engineer
called on to design a power supply for a transistor circuit
will find it easy to determine total power requirements. He
need only design the supply to have a little over twice the
power capacity of the total wattage rating of all Class A
stages, plus a little more than the total of all Class C stages.
Where gain, rather than power, stages are used, overall power
requirements may be measured in micro- or milliwatts. This
means that heretofore untapped sources of power may well
be used to operate certain specialized transistor circuits. Such
special power supplies may include “Solar Batteries” (self-
generating photocells) , thermocouples, or, theoretically, elec-
trical power from bio-chemical sources. Experimental light-
and heat-powered oscillators, amplifiers, and receivers have
been built and demonstrated in the past, and may well become
commercial reality in the future.

PART Il — BASIC CIRCUITS
Introduction fo PART i

Chapters 4, 5, and 6 which, together, make up Part II of
this Handbook, cover Basic Transistor Circuits. These are,
for the most part, one and two stage circuits which may be
used individually, if desired, but which will generally be used
by the engineer and circuit designer as “building blocks” in
the design of more complex circuits and complete equip-
ments. In the interest of space conservation, only transistor
circuits are covered. Subsidiary circuits made up only of
R, C, and L parameters, such as filter networks, differentiation
and integration networks, etc., will not be covered as such,
for detailed information on such circuits is readily available
in other texts. Nor will design formulae be given at this time.
Although design techniques and formula derivation fall
within the province of more conventional textbooks, some
basic design equations will be given as part of the General
Reference material found in Part IV of this volume.

Virtually all the basic circuits shown have been bench-
tested in the laboratory. Except for a few of the more critical
circuits, typical component values are specified in order to
aid the practical engineer and the experimenter to wire a
“breadboard” circuit with a minimum of calculation. Circuit
values are not necessarily optimum for all types of transistors,
for although each circuit for which parts values are listed has
been checked out with a number of transistors, minor adjust-
ments in circuit parameters may be desirable for best opera-
tion with specific units. Unless otherwise stated, all parts
values given in Chapters 4, 5, and 6 are based on the use of
medium to high gain, low power transistors, including such
PNP units as AMPEREX 0C70, 0C71, CBS-HYTRON
2N37, 2N38, GENERAL ELECTRIC 2N76, 2N107,
RADIO RECEPTOR RR34, RR20, RAYTHEON CK721,
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I
i}{ CK722, RCA 2N104, SYLVANIA 2N34, and TRANSIT-
§ RON 2N34, and such NPN units as GERMANIUM PROD-
1. UCTS 2N97, 2N103, and SYLVANIA 2N35. Most of the
i’“ R.F. amplifier and high frequency oscillator circuits were
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; l checked with RAYTHEON 2N112 (CK760) and 2N113 Chapter 4
i l"." (CK761) PNP transistors. The tetrode circuits given in AMPLIFIERS

| ki Chapter 6 were checked with GERMANIUM PRODUCTS |

" 3N23 (RDX 302) double-base NPN tetrode units. The S Transistor amplifier circuits may be classified in any one

"ij‘j‘.“ phototransistor circuits given in Chapter 6 were checked with of several ways. From a theoretical viewpoint, it is convenient ‘

1 i RADIO RECEPTOR RR66 PNP phototransistors. Either to group all circuits according to one of the three basic ‘
| 'd fl": batteries or AC-operated D.C. supplies may be used as power configurations . . . grounded-emitter, grounded-collector, or ‘

| “', sources for the circuits. grounded-base . . . then to treat circuit parameters and loads ‘
I, i, The individual experimenter should not hesitate to make : as complex impedances. It is then a comparatively routine,

i |1:j modifications in the basic circuits. However, in making
1 changes, he should follow the general suggestions given in
]yl the earlier sections CARE OF TRANSISTORS and CIR-

it CUIT MODIFICATIONS in Chapter 2 (TECHNIQUES)

of this volume. Perhaps the most common change will be

o the substitution of a different general type of transistor for

the type specified in the circuit diagram (for example, substi-

tution of a NPN transistor for a PNP unit). This type of
modification may be made if all D.C. polarities are reversed. |

Another modification may be the addition of a D.C. stabiliza-

albeit tedious and perhaps difficult, matter to analyze the
operation of the circuit in general mathematical terms. Both
a static and a dynamic analysis of each circuit may be made
and its theoretical response to varying conditions may be
determined in general terms. By substituting measured or
known values for the general transistor characteristics and
for independent variables in the derived equations, dependent
variables may be determined and the operation of the circuit
described in quantitative terms. Purely resistive or resonant
loads may be handled as special cases of a general problem.

tion circuit to a basic amplifier or oscillator to reduce opera-
tional variations with temperature changes and to improve
transistor interchangeability in a given circuit, thus better
suiting the circuit to commercial applications. Typical D.C.
stabilization methods are given in Chapter 4, and these may
be used with almost any basic circuit. Still another type of
modification is the adaptation of a particular circuit to a
different configuration. For example, a grounded-emitter
Hartley type oscillator may be modified for operation as a
grounded-base circuit. Such modifications are feasible if the
designer takes impedance and phase conditions into account.

While such an approach to circuit classification and descrip-
tion is possible, and has the advantage of reducing virtually all
transistor amplifier circuits to one of three basic types, the
practical engineer and technician can hardly afford the time
required to wade through pages of mathematical analysis to
obtain a final circuit design. From a practical viewpoint, it is
much more convenient to classify transistor amplifier circuits
according to the type of signals handled, and to describe the
circuits in terms of schematic diagrams and typical compo-
nent values. Therefore, it is this approach we will use in this
volume.

DIRECT-COUPLED AMPLIFIERS: In vacuum-tube amplifier
circuits using the popular grounded-cathode configuration
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the grid and plate electrodes are supplied with D.C. operating
voltages of exactly opposite polarities with respect to the
grounded electrode (cathode) . In addition, these two voltages
have different orders of magnitude . . . grid potentials are
measured in volts, plate potentials in hundreds of volts. Direct-
coupling between successive stages becomes quite difficult.
With transistors, on the other hand, the base (analogous to
a vacuum tube’s grid) and collector (analogous to a-vacuum
tube’s plate) electrodes are supplied with voltages having the
same polarity with respect to the emitter (corresponding to
the vacuum tube’s cathode) and, further, on the same order
of magnitude. Since the transistor is essentially a current-
operated device, contrasted to the vacuum tube, a voltage-
operated device, currents are of more importance in deter-
mining operating conditions than are voltages. And currents
may be limited or controlled quite easily by using resistors.
Therefore, from a purely practical viewpoint, it is somewhat
easier to direct-couple transistor amplifier stages than it is to
direct-couple vacuum tubes. Direct-coupled amplifiers may
be of two types . .. (a) D.C. amplifiers and (b) A4.C. ampli-
fiers. With D.C. amplifiers, the direct-coupling is carried out
throughout, from input to output, and the circuits are capable
of handling signals of essentially zero cycles per second. With
A.C. amplifiers, on the other hand, direct-coupling techniques
are employed only between succeeding stages, with capacitive
or transformer coupling employed at either the input or
output, or both. The frequency response of such an amplifier,
while it may be better than that of a conventional A.C.

amplifier, still does not extend down to zero cycles per second
(D.C).
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Fig. 4-1

D.C. TYPE DIRECT-COUPLED AMPLIFIERS — (a) Single stage amplifier;
(b) Two-stage amplifier utilizing the complementary symmetrical character-
istics of PNP and NPN transistors; (c) Two-stage circuit using transistors of
the same type . . . essentially a grounded-collector stage directly coupled to
a grounded base stage. In all three cases, the “Load” may be a meter, relay,
resistor, or similar device. In circuits (a) and (b), the application of D.C. to
the input, with the polarity shown, results in an increase in the current
through the load. In circuit (¢), the current through the Load is reduced with
the application of an input signal . . . it is at its maximum with zero input.

All three circuits may be used as A.C. Type Direct-Coupled Amplifiers if
proper bias currents are provided and if the inputs are isolated from external
D.C. voltages. Of the three circuits, (b) has the highest gain. The operation
of circuit (b) may be changed by interchanging the position of the PNP and
NPN transistors and reversing the polarity of the power source . . . with this
arrangement, the input signal should be positive with respect to circuit
ground. The operation of these circuits may be checked by connecting a
variable D.C. voltage source to the input through a current limiting resistor
(1 Megohm is satisfactory), then varying the input current in discrete steps,
checking the Load current at the same time.
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(@ (b
Fig. 4-2

A.C. TYPE DIRECT-COUPLED AMPLIFIERS — (a) Two-stage amplifier made
up of cascaded grounded-emitter stages; (b) Two-stage amplifier made up of
a grounded-collector stage direct-coupled to a grounded-emitter stage. Of
the two circuits shown, circuit {(a) has by far the greater gain, but circuit (b)
has a higher input impedance. -

The general arrangement shown at (a) may be extended to three or four
stages, if desired, provided proper collector load and emitter resistors are
chosen. In both circuits, a degree of D.C. stabilization is attained by the use
of a voltage divider (R, and R;) to provide bias for the first stage and the
use of by-passed emitter resistors. Total current drain, for either circuit, was
checked at less than 2.0 Ma. at the voltages specified. Small electrolytic
capacitors may be used for coupling and by-pass purposes.

Due to the differences between the input and output impedances of the
grounded-emitter stage, the gain of the direct-coupled amplifier (a) is con-
siderably less than could be obtained with a transformer-coupled circuit.
Either of these circuits, with modifications, may be used as D.C. Type Direct-
Coupled Amplifiers. Essential modifications are the removal of the input
blocking capacitors (C;) and a change in the input bias arrangement.

AUDIO AMPLIFIERS: Unlike Direct-Coupled transistor am-
plifiers, which are likely to be much simpler than their
vacuum tube counterparts, transistor audio amplifiers are,
in many ways, just as complex as related vacuum tube circuits.
This increase in complexity is the result of the differences be-
tween the input and output impedances of a single stage. With
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most vacuum tube amplifier circuits, both input and output
impedances are high, and no special techniques are needed to
match impedances in interstage coupling. With transistor
amplifiers, on the other hand, input impedances are generally
low and output impedances high. If maximum gain is to be
obtained from a given number of stages, special steps must be
taken to match these impedance differences. -Of course, a
similar problem exists in the case of the Direct-Coupled
amplifier, but the very nature of direct-coupled circuits pre-
cludes the possibility of obtaining maximum gain and thus
the problem is minimized. In addition to the problem of
impedance matching, transistor amplifiers differ from vacuum
tube circuits in another important aspect. In vacuum tube
circuits, the input and output of a single stage may be con-
sidered as completely isolated except at high frequencies (due
to small interelectrode capacities). With transistors, on the
other hand, there is a direct resistive connection between the
input and output terminals of the transistor. While this
interelectrode connection may be ignored in some types of
practical design work, it does exist, and may become of real
importance in critical circuits. Finally, vacuum tubes operate
as temperature-saturated devices and, for most practical work,
ambient temperatures may be ignored in circuit design. Such
1s not the case with transistors. Germanium transistors, espe-
cially, are quite sensitive to temperature variations. This fact
must be given consideration in the design of commercial (as
opposed to experimental) circuits.

In designing transistor audio amplifiers, in addition to the
special problems encountered due to the very nature of these
semiconductor devices, there are the usual problems which
are common to both vacuum tube and transistor audio cir-
cuits. These include the design of gain (volume) and fre-
quency response (tone) control circuits, feedback circuits,
phase splitters, push-pull circuits, and power amplifiers. Of
course, the Class of amplifier operation must be considered
also. As with vacuum tubes, single-ended transistor audic
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amplifiers are generally operated Class A, while push-pull
circuits may be either Class A, Class AB, or Class B. With
transistor amplifiers, it is bias current, rather than voltage,
that determine the location of the operating point and hence
the Class of operation.
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Fig. 4-3

BASIC AMPLIFIER CONFIGURATIONS — (a) Grounded-emitter; (b)
Grounded-collector; {c) Grounded-base. Resistive loads and capacitive
coupling are shown in all three circuits. Signal phase reversal occurs in the
grounded-emitter circuit (a), but not in the grounded-collector (b) and
grounded-base (c) circuits.

All three circuits can contribute power gain, but voltage gain can be
obtained only with the grounded-emitter and grounded-base circuits. The
voltage gain of the grounded-collector circuit is always less than 1.0 with
currently available junction transistors. The input impedance of the grounded-
base circuit is low; of the grounded-emitter circuit moderate; of the grounded-
collector circuit high . . . approaching the input impedance of vacuum tube
circuits.

There is considerable spread in both input and output impedances, how-
ever, depending on the characteristics of the individual transistor. As far as
output impedances are concerned, the grounded-base circuit has a fairly
high output impedance, the grounded-emitter circuit a moderately high
value, and the grounded-collector circuit @ moderate to low value.

It is interesting to note that the output impedance of the grounded-collector
circuit approximates the input impedance of the grounded-emitter circuit.
In all three circuits, either dual (“Bias” and “Power”) or single (“Power”) D.C.
supply sources may be used. A single D.C. source is shown at (a) and (b), a
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dual source at (c). To use a single D.C. source in the grounded-base circuit,
omit the “Power” source, connecting Rz directly to ground. Connect a suitable
resistor between base and ground, by-passed by a large capacitor (typical
value may be 150,000 ohm resistor, by-passed by 1 Mfd.). The “Bias” source
then serves as the power supply. Of the three circuits, the grounded-emitter
configuration supplies the greatest voltage and power gain.
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D.C. STABILIZATION AND TEMPERATURE COMPENSATION — Circuits
(a) and (b) do not provide stabilization and are included simply to illustrate
basic bias methods using a dual (a) and single (b) power source. In both
cases Ry determines base bias current and hence the D.C. operating point;
Rz serves as the collector load. The grounded-emitter configuration is used
throughout for purposes of simplification. However, similar techniques may
be employed in the grounded-base and grounded-collector configurations.
C}ircuits (c), (d), (e), and (f) all illustrate various techniques of D.C. stabiliza-
tion. With proper design, all the techniques shown will give satisfactory
results, but the circuits shown at (e) and (f) are probably the best for highly
critical applications.

The purpose of D.C. stabilization is to establish the transistor’s D.C. oper-
ating point in such a way that it is virtually independent of individual
transistor characteristics and of changes in those characteristics due fo fluctu-
gﬁons in ambient temperature conditions or in junction temperature due to
self-heating”” effects. The operating point is established by the bias current
and hence the basic method of D.C. stabilization is (1) to fix the bias current
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as independent of transistor characteristics and (2) to permit the bias current
to automatically adijust for changes in collector current as may occur due to
changes in ambient temperatures. With germanium transistors, as junction
temperature is increased, the collector current tends to increase. Thus, good
stabilization will require that bias current vary in such a manner as to keep
collector current constant. In this manner, the operation of the circuit will
remain essentially constant with temperature variations. In addition, transistor
interchangeability in the circuit is improved.

Since collector current is directly proportional to bias current, proper
stabilization will require that a tendency for collector current to increase
should result in a tendency for bias current fo decrease, restoring the circuit
to normal. In circuit (c) the D.C. stabilization is obtained by returning the
base resistor Ry to the collector electrode. Base current depends on the size
of R; and on collector-emitter valtage. As the collector current tends to
increase, the collector-emitter voltage drops, due to the increased voltage
drop across R, and this, in turn reduces bias current, restoring the circuit
to normal.

In circuit (d), essentially the same results are obtained by the use of a
by-passed resistor between emitter and ground (R, by-passed by C.); note
that base resistor Ry returns to the negative side of the power supply instead
of to the collector electrode. The voltage drop across the emitter resistor is
such as to oppose normal bias and since this voltage depends on the collector
current, the emitter resistor provides a good method of D.C. stabilization.
Circuits {¢) and (f) are similar in operation to the circuits just described,
except that the action is further improved by the use of a voltage divider
network (R; and Ry). Circuit () is especially well svited to transformer-coupled
circuits.

As mentioned elsewhere, D.C. stabilization is not always necessary, but
should be added to circuits intended for military or industrial applications.
Unless otherwise noted, D.C. stabilization has been omitted from the majority
of transistor circuits shown in this volume in the interests of circuit simplification.

The circuits shown here illustrate the use of D.C. stabilization methods as
applied to simple audio amplifiers. However, almost identical techniques are
used in the case of D.C. amplifiers, R.F. amplifiers, and A.F. and R.F. oscil-
lators. These techniques also may be applied to special purpose circuits such
as multivibrators, clippers, and flip flops. In the case of R-C controlled
oscillators, including relaxation circuits, D.C. stabilization is important for
maximum transistor interchangeability.

In extremely critical applications, such as instrumentation circuits, the
Design Engineer may find it worthwhile to consider the use of thermistors or
varistors in place of pure resistors in the D.C. stabilization network. Space
prohibits a detailed discussion of such techniques here.

AMPLIFIERS 57

PRP

(a) (G4

. o
Tap down for
Impedance

Match

() @
Fig. 4-5

INTERSTAGE COUPLING — Capacitive coupling is shown at (a); transformer
coupling at (b) and (c); tapped impedance coupling at (d). In all four cases
it is assumed that the grounded-emitter configuration is employed and that
the coupling is from the collector of one stage to the base of the following
stage. And in all four circuits the D.C. bias current is established by base
resistor Ry. In () the collector load Zi. may be a resistor, a choke coil, or a
complex impedance, while Cc serves as the coupling capacitor.

Because of the low input impedance of the following stage, the reactance
of Cc must be kept low to minimize signal loss and low frequency phase shift.
At audio frequencies Cc may have a value of several microfarads. In circvits
(b) and (c), a'small transformer, Ty, is used to match impedances. The primary
winding has a high impedance, matching the high output impedance of one
stage, while the secondary has a low to moderate impedance, matching the
input of the following stage. Circuits (b) and (c) are quite similar in operation.

.The chief difference in the two circuits is the method of supplying base
bias current. A shunt-fed system is shown at (b), with C; serving as a D.C.
b.locking capacitor to prevent a short of bias current by the low D.C. re-
sistance of the transformer’s secondary winding. This arrangement may be
used where it is desirable to keep D.C. out of the transformer’s secondary.
A series-fed system is shown at (c). Here Cy by-passes base resistor Ry and
keeps it from affecting the signal current. Circuit (d) is similar in operation
to circuit (c) except that a tapped impedance rather than a transformer is
used for impedance matching. If desired, Z; may be considered as a type
of auto-transformer, however. Of the four circuits, (a) offers the least gain
<« . (b), (c), and (d) have similar gain.
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Because of the low input impedance of a transistor amplifier stage, a

series type gain control is practical, as illustrated at (e). The series type

control has two minor disadvantages, however . . . (1) there is a change in '

the loading of the preceding stage as the control is adjusted and (2) the

signal level cannot be reduced to zero. i

Fig. 4-6

GAIN CONTROLS — An input gain control is shown at (a); an output gain
control at (b); two types of “constant impedance” controls at (c) and (d);
a series type gain control at (e). The actual control circuits are enclosed by
dotted lines.

In choosing a gain control for a transistor circuit, it is important that the
arrangement used not affect direct currents in the circuit and that variations
in circuit impedance values as the control is varied be kept to a minimum.
The control arrangements shown at (a) and (b) are probably the most
popular. Unfortunately, circuit (a) does permit a small change in the loading
of the transformer secondary as the control is adjusted and this change, in
turn, is reflected back into the primary circuit. With the control arm at ground
position (minimum gain), the transformer’s secondary sees a load equal to
the impedance of the control (R;), or approximately 1,000 ohms. On the
other hand, when the control arm is in its maximum gain position, the low
input impedance of the transistor is effectively shunted across the control
and the transformer secondary looks into this parallel load . . . the total
loading may drop from 1,000 ohms to 500 chms or less . . . that is, about
half the load presented with the control in its minimum gain position.

Circuits (c) and (d) are modifications of the basic gain control circuit (a)
in an attempt to equalize the loading of the transformer’s secondary with
minimum and maximum gain adjustment. The output gain control shown at
(b) is suitable where the circuit feeds a high impedance load. This control
circuit is not satisfactory if the load is the primary of a transformer, for
example.

(@) ®
Fig. 4-7

TONE CONTROLS — (a) Treble “losser” control; (b) Bass “losser” control.
In both circuits, the tone control network is enclosed by a dotted line. In
circuit (a), coupling capacitor Cc has a normal value, C; may have a value
as low as 0.01 mfd to as large as 0.5 mfd, depending on circuit requirements,
and R, may have a value from 5K to 50K. ‘

In operation, adjusting Rt reduces the collector-to-ground impedance at
high frequencies, reducing gain at these frequencies and lowering the high
frequency response of the amplifier. In circuit (b), coupling capacitor Cc is
.made much smaller than normal . . . it may have a value as low as 0.05 mfd
instead of the usual value of several microfarads; Cr may have a value of
from 1.0 to 20 mfd, and Rt a value from 1.0K to 20K.

In operation, the small coupling capacitor Cc permits the interstage
coupling of high frequency signals without appreciable attenuation. Low
fr.equencies, on the other hand, may be attenuated by the adjustment of Rr.
Circuits (a) and (b) are called “losser” type tone controls because their
Operation depends on reducing the gain of the amplifier over the desired
frequency range by “losing” the signals at those frequencies. Both circuits

g direct adaptations from their counterparts in vacuum tube amplifier
Circuits,
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FEEDBACK — (a) Degenerative feedback introduced into a single stage
grounded-emitter amplifier; (b) Degenerative feedback introduced into each
stage of a two-stage amplifier, with cathode-coupled positive feedback
between stages.

When an un-bypassed resistor is introduced between emitter and ground
in a grounded-emifter amplifier stage, several changes take place in the
circuit's operation. First, a degree of D.C. stabilization is introduced (see
Fig. 4-4). Secondly, the input impedance is increased. Thirdly, the over-all
gain of the stage is reduced as a result of the degenerative (inverse) feed-
back voltage developed across the resistor; this inverse feedback also reduces
distortion.

In addition to these effects, the output capacity of the stage is reduced,
extending the frequency response of the amplifier. The effects obtained are
thus analogous to those encountered in vacuum tube amplifiers where an un-
bypassed cathode resistor is used. In circuit {(a) emitter resistor Ro provides
degeneration; in circuit (b) emitter resistors Ro and Rg provide inverse feed-
back in their respective stages. However, in circuit (b) part of the gain loss
through degeneration is recovered by providing a positive feedback signal
from the second stage to the first. This is accomplished through resistor Ry
which serves to couple the two emitters together.

In both circuits the amount of degeneration is directly proportional to the
size of the emitter resistor. In circuit (b) the positive feedback between stages
is inversely proportional to the size of coupling resistor Rs.
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OVERALL FEEDBACK — (a) Series type base-coupled; (b) Emitter-coupled.
As with vacuum tube audio amplifiers, the over-all frequency response may
be improved and distortion reduced if inverse feedback is used between the
output and input stages of a multi-stage transistor amplifier.

In circuit (a) the feedback signal is obtained across the output stage’s load
impedance and fed back through blocking capacitor C; to resistive voltage
divider Rao-R;. The ratio of these two resistors determines the amount of in-
verse feedback. The feedback signal is coupled into the input stage in series
with the driving signal. In circuit (b) the negative feedback is coupled into
fhe' emitter circuit of the input stage, appearing across the un-bypassed
emitter resistor R . . . the amount of feedback is determined by the ratio of
the two resistors Ry and R4 in the voltage divider circuit.

In addition to the two methods shown, an inverse feedback signal may be
.coupled directly into the base circuit in some cases . . . that is, essentially
In parallel with the input signal. In both circuits Cs will normally be quite
large so as to offer negligible reactance at the lowest frequency to be
amplified. However, proper choice of this capacitor will permit a consider-
able boost in low frequency response of the amplifier . . ..to obtain this
boost, C; is made smaller so as to reduce the amount of inverse feedback at
lower frequencies. Depending on where the feedback signal is obtained, C;
may not always be necessary.

In general, the inverse feedback signal may be obtained from two places
- . (1) across the output stage’s load, (2) from the secondary of the output
transformer. However, regardless of the choice of feedback signal source,
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or the method of injection into the input stages, care must be taken that the
fed back signal bears the proper phase relationship to the input signal.
Otherwise, positive feedback and oscillation may result. Incorporating a
tuned circuit into the feedback path may result in a boost (or dip) of the
amplifier’s response at a specific frequency . . . such an arrangement may
be desirable for some specialized applications. Again, since a bass boost
may be given the amplifier by the adjustment of C; in circuits (a) and (b),
this provides a means of tone control.
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BASIC PHASE INVERTER — Using two transistors, the phase inverter circuit
shown is a direct adaptation of its vacuum tube counterpart. Component
values are not given for they will vary considerably with the characteristics
of the transistors used*. Both transistors are connected using the grounded-
emitter configuration. Voltage Divider R,-R, provides bias current and D.C.
bias stabilization for the upper transistor, while R3-Ry serves a similar func-
tion for the lower unit.

In operation, a signal applied through C; to the input of the upper tran-
sistor is amplified, appearing across collector load Rs-Rg, where it is applied
to the following stage through Cs. The portion of the amplified signal ap-
pearing across Rg is applied through Cs to the input of the lower transistor,

*NOTE: Where component values are given in PART Ii of this HANDBOOK, the circuits shown
have been checked with several transistors of similar types and the circuits have been found
reasonably non-critical . . . or only minor changes in values have been needed to obtain
operation. Where component values are not given, it means either that the valves are
similar to those given in related circuits or that the circuit appears to be critical on the
basis of tests with available transistors, and the author feels that listing specific values
might tend to lead the worker astray. In PART Il of this HANDBOOK, dealing with complete
“equipment”’ circuits, all component values as well as transistor types will be specified.
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where further amplification occurs, with the signal appearing across collector
load Ry applied to the following stages through C,. Since phase reversal
occurs in each grounded emitter stage, the signals appearing at C3 and C
are 180° out-of-phase. 4

For a properly balanced output, both transistors should have identical
gain characteristics and R; should equal the collector load of the upper
transistor. This load impedance is made up of Rs in series with Rg, with Rg, in
turn, shunted by the comparatively low input impedance of the lower fr;n-
sistor. The ratio of these resistors (Rs/Rg) approximates stage gain. If the two
transistors do not have equal gain, the ratio Rs/R may be adjusted until the
signals available through C3 and C, are of equal magnitude.
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PRACTICAL PHASE INVERTERS — (a) Transformer type; (b) Split-load type;
(c) Emitter-coupled type; (d) Split-load type direct-coupled to a grounded-
emitter amplifier.

In circuit (a), transformer Ty not only serves to provide a push-pull signal,
but also may be used to match the output impedance of the grounded-emitter
amplifier to the input impedance of the following stage.

. In circuit (b) voltage divider R;-R; establishes base bias current and pro-
V.ldes a degree of D.C. stabilization; collector (Rs) and emitter (R4) load re-
Sistors may have identical values with some types of transistors; with others
different values are needed to obtain a balanced output. ,

In circuit (c), resistors Ry and Ry provide base bias current and D.C. stabili-
Zation for their respective transistors; coupling between the two transistors-
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is through the common emitter connection. A reasonably well balanced out-
put can be obtained with circuit (c) if the transistors are well matched and
if the common emitter resistor (R3) has a value considerably higher than the

. emitter-base impedance. Circuit (d) is the split-load phase inverter shown at

(b) direct-coupled to a grounded-emitter amplifier. Of the circuits shown
(including the Basic Circuit given in Fig. 4-10), circuit (b) has the highest
input impedance.

Although all the circuits provide some gain, circuit (b) gives a voltage gain
of less than two. Circuit (a) provides the best impedance match when the
phase inverter is coupled to a push-pull transistor amplifier, and is mandatory
for driving Class B high power transistor circuits.
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PUSH-PULL CIRCUITS — (a) Conventional; (b) Complementary Symmetry;
(c) Cascaded Complementary Symmetry. Circuit (a) is a conventional trans-
former-coupled push-pull amplifier employing transistors of the same type.
The general arrangement is quite similar to its vacuum tube counterpart.
D.C. stabilization is not provided in the circuit shown, although it is recom-
mended in power applications (see Fig. 4-4).

Circuit (0) may be operated Class A, AB or B, depending on bias current
and drive requirements. It may be used as an output stage, with T2 driving a
loudspeaker voice coil or similar load; it may be used as a driver for another
push-pull circuit. The grounded-emitter configuration is shown, but a similar
arrangement may be employed -using either grounded-base or grounded-
collector circuits.

Circuits (b) and (c) utilize the complementary symmetrical characteristics
of transistors of different types to obtain push-pull operation with a single-
ended input and output; note that center-tapped transformers are not re-
quired. In operation, base-current changes in the same directions in PNP
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and NPN transistors cause the collector currents to change in opposite direc-
tions. If the collector current of the PNP transistor increases, that of the NPN
unit decreases.

In both (b) and (c) the “LOAD” may be a resistor, impedance matching
transformer, or similar device . . . or, in some cases, a high impedance loud-
speaker voice coil. Thus, these circuits permit a speaker voice coil to be
driven directly, without the need of a matching transformer. For best results,
reasonably well-matched transistors should be used in circuits (b) and (c).
Circuit (c) is the more critical of the two and, in some cases especially selected
transistors must be employed.
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POWER AMPLIFIERS — A typical mounting for a “high power” transistor is
shown. In order to improve heat dissipation, power transistors are frequently
assembled in a metal case which serves as a heat radiator. This case, in turn,
may be mounted on a metal chassis to provide a “heat sink”.

With some transistors, one of the electrodes (usually the collector) may be
internally connected to the outer case. Unless this electrode is to be grounded,
electrical insulation must be provided between the transistor’s case and the
metallic heat sink, while still permitting maximum transfer of heat energy.
Hence the mounting arrangement illustrated in the sketch. The mica washer
may be only 0.0015 inches thick and may be coated with silicone oil to
improve heat conductivity. The insulating shoulder washer may be fiber or
nylon.

The basic circuit arrangements used for power amplifiers are virtually
identical to those used in low power circuits (Figs. 4-3, 4-5, and 4-12). The
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maijor differences are in the operating currents and voltages employed and
in the magnitude of the impedances encountered. These values vary with
different transistors, of course, but for a typical high power transistor (1 watt
or more . . . up to 50 watts or higher), the input impedance of a circuit
employing the grounded-emitter configuration may be around 10 ohms,
compared to about 500-1000 ohms in the case of lower-power transistors.
The output impedance may be in the neighborhood of 50 to 100 ohms, and
collector currents may run from a hundred milliamperes to several amperes
. . . compared to a fraction of a milliampere for a low power amplifier. D.C.
operating voltages may run from three to twenty-four volts. In general,
Class A operation is employed with single-ended circuits, Class AB and
Class B operation for push-pull circuits.

D.C. stabilization is almost mandatory for high power circuits, especially
where the transistors are operated near their maximum ratings, to prevent
collector current “runaway” (see section on POWER TRANSISTORS, Chap-
ter 2). Properly designed Class B power amplifiers may have efficiencies
running between 75 and 80%. While there may be more distortion in a
transistor power amplifier than in an analogous vacuum tube unit, the dis-
tortion may be minimized and brought to acceptable levels by the use of
inverse feedback (see Figs. 4-8, 4-9).

VIDEO AMPLIFIERS: Except for degree, the problems en-
countered in the design of wide-band (video) transistor am-
plifiers are similar to those encountered in the design of audio
amplifier circuits. As with analogous vacuum tube circuits,
the designer must compensate for low frequency phase shift
and high frequency losses. Conventional techniques are used.
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VIDEO AMPLIFIER COMPENSATION (Fig. 4-14) — Wide-band transistor
amplifiers may employ the same circuit configurations used at audio fre-
quencies, but with special steps taken to compensate for the loss of gain at
the low and high frequency ends of the spectrum. Two major factors limit
frequency response . . . (1) the characteritsics of the transistor itself and
(2) related circuit characteristics.

In designing a transistorized video amplifier, then, the first step is to select
a transistor with a “good” high frequency characteristic. This may be a
junction triode with an alpha cut-off frequency of several megacycles, a
junction tetrode, a surface barrier unit, or the newly developed “field-effect”
transistor. In general, since electrons migrate faster than “holes”, NPN tran-
sistors have better high frequency characteristics than PNP units. As far as
basic circuit configurations are concerned, the grounded-base arrangement
is best for high frequencies because of its low output capacity (approximately
equal to the collector capacitance), but not as good for low frequencies due
to its low input impedance. The grounded-emitter arrangement has a much
higher output capacity, but offers higher gain and a higher input impedance.
By using an un-bypassed emitter resistor to provide degeneration, the high
frequency response as well as the input impedance of the grounded-emitter
configuration may be improved considerably (see Fig. 4-8) at the loss of
some gain. However, even with the reduced gain due to degeneration, the
grounded-emitter configuration may still provide more gain than the
grounded-base arrangement. Therefore, from a practical viewpoint, the
grounded-emitter configuration is probably the best.

The low frequency response may be extended by making coupling capacity
C: as large as is practicable and, where necessary, providing a standard
low-frequency compensation circuit-as part of the collector load impedance
(Rs-Cz in the diagram). In critical circuits, direct-coupling may be employed
to obtain the best low frequency response characteristic.

The high frequency response may be extended by using a fairly low value
collector load resistor (Ry), and by providing shunt (Ly) or series (Ls) peaking
inductances. In operation, L; can be chosen to resonate with the output
collector capacitance plus shunt distributed capacities (Cc) at a frequency
slightly higher than the desired upper frequency limit, raising the gain at
the upper end of the spectrum; L can be chosen to form a series resonant
circuit with the input capacity of the following stage (Cs). Both types of
peaking may be used in some circuits.

Both the high and low frequency response is improved by the use of an
un-bypassed emitter resistor to provide degeneration.
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R.F. AMPLIFIERS: Transistor R.F. and audio amplifiers share
many similarities but, at the same time, have a number of
differences. All three basic circuit configurations may be used
at either R.F. or audio frequencies. R.F., like audio, ampli-
fiers may be either single stage or cascaded multiple stages.
Both single-ended and push-pull circuits may be employed
with either type of amplifier. Both have similar problems of
interstage impedance matching and the need for D.C. sta-
bilization. Several Classes of operation may be employed
(Class A, AB, B, etc.). However, in other respects, the two
types of amplifiers are quite different. Component values
may be of a different order of magnitude, especially as far as
by-pass and coupling capacitors are concerned. In R.F. ampli-
fiers, resonant circuits are employed as collector loads, so that
the resulting amplifier has a frequency response limited to a
comparatively narrow band; neutralization may be necessary
to minimize circuit instability; especially designed or selected
transistors may be needed if reasonable gain is to be obtained
at higher frequencies.

Transistor R.F. amplifiers may be divided into three gen-
eral groupings: (a) narrow band, (b) moderately wide band,
and (c) wide band. As with corresponding vacuum tube cir-
cuits, as the bandwidth is increased, the gain is reduced. The
basic transistor R.F. amplifier, made up by the direct substj-
tution of a resonant R.F. circuit for a resistive load, has a
much wider bandwidth than an analogous vacuum tube am-
plifier. This results from the lowered Q of the resonant
circuit which, in turn, is brought about by the resistive load-
ing ‘of the transistor itself. To obtain a narrow band R.F.
amplifier, resonant circuits are tapped down at lower im-
pedance points to achieve a closer matching to the transistor.
Where an extremely wide band is needed, the usual tech-
niques of (a) resistive loading, (b) overcoupling, and (c)
staggered tuning of multiple stages may be employed to
achieve the necessary bandwidth.

o
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R. F. AMPLIFIER COUPLING METHODS — (a) Tapped coil; (b) Transformer
coupling; (¢) Tapped-primary transformer coupling; (d) “Tapped” capacitor;
(e) Tapped coil and tapped capacitor; (f) Transformer coupling with tapped
capacitor. In all the circuits shown, it is assumed that the grounded-emitter
configuration has been employed; however, similar techniques could be used
for the other configurations.

In (a), tuned circuit L1-C; serves as the collector load impedance for the
driving stage, while a tap on L; at a low impedance point permits a good
match to the input of the following stage. In circuit (b) a step-down R.F.
transformer Li-Lz provides the proper high to low impedance match; L; is
tuned by Cj; Lo may be left untuned, or may be tuned by C if desired.
Circuit (c) is similar to circuit {b) in that transformer coupling is used, but the
primary winding L; is tapped down to minimize the loading effect of the
transistor and thus to provide a higher Q circuit and better selectivity. Al-
though a tapped inductance coil is often used for impedance matching, a
“tapped” capacitor will do the same job . . . a “tapped” capacitor is made
by connecting two capacitors in series. In circuit (d), the collector load is
made up of L; tuned by C; and Ca in series. The ratio C2/C; determines the
impedance match; generally Cz will have from five to twenty times the ca-
pacity of C;, with correspondingly low reactance. Circuit (e) is similar to
circuit (d) except that the coil L is also tapped down to provide a higher
Q circuit. Finally, circuit (f) illustrates transformer coupling combined with a
series capacitor arrangement for impedance matching.
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All the circuits shown may be used both as I.F. or R.F. amplifiers and for
power circuits as well as receiver amplifiers. Circuits (c) and (e) permit the
best selectivity and highest gain with currently available transistors. Circuits
{b) and (f) are good where a wide-band response is desired and where over-
coupling techniques are to be employed.

From an economic viewpoint, circuits (a) and (d) are probably the least
costly. While it is possible to utilize the internal capacities of the transistor,
plus distributed wiring capacities, as part of the tuned circuit, it is generally
better practice to “swamp” these capacities with fixed capacitors, minimizing
tuning changes with changes in transistor characteristics. Swamping transistor
capacities will also result in better transistor interchangeability.

@© ®) (c)
Fig. 4-16

NEUTRALIZATION METHODS—(a) Grounded-base amplifier; (b) Grounded-
emitter amplifier with primary feedback; (¢) Grounded-emitter amplifier with
secondary feedback. In all three circuits, it is assumed that the transistors are
used as receiver R.F. or L.LF. amplifiers and hence a source of AVC current is
indicated; however, similar techniques may be used with power amplifiers.

In transistorized R.F. amplifiers, neutralization is needed to insure circuit
stability and interchangeability of transistors. In circuit (a), the feedback is
determined by resistor Rs, which is usually small (under 10 ohms); C; is used
only for D.C. blocking purposes and, for normal L.F. frequencies, may have
a value of about 0.01 mfd.; other circuit values will vary with the transistor
used and with the frequency of operation. In circuit (b), the feedback is
determined by the tap on primary coil L3 and by Cj. In circuit (c), feedback
is controlled by C; and Rs.
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In all three circuits, best results are obtained when the feedback is ad-
justed for the individual transistor. However, it is often possible to arrive at
a compromise figure that will work with the majority of transistors of a given
type. With currently available transistors in properly neutralized circuits,
power gains of from 20 to 35 db per stage are possible.
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PRACTICAL I.F. AMPLIFIER AND AVC CIRCUIT — (a) 455 KC I.F. Amplifier;
(b) R.F. Power Detector with AVC Output. In both circuits, component values
are for operation at 455 Kc using Raytheon’s 2N112 (CK760) PNP transistor.
Circuit (a) is arranged for use as a single stage experimental amplifier. If
used in a receiver, C; and R; would be replaced by the secondary of an LF.
transformer and the secondary of Ty (L2) would be coupled to the following
stage instead of to a dummy load (Rs).

For test purposes, the lower end of Rz may be connected to a 1 megohm
potentiometer (Rg) across the power supply instead of to an AVC current
source. The grounded emitter configuration is used; neutralization is obtained
by means of feedback capacitor Cn, which may be adjusted for best results
with the transistor used. A grounded-emitter power gain second detector
circuit is shown at (b); the circuit is basically a Class B amplifier, supplying a
gain of about 10 db; a small bias is supplied by divider net-work Rs-R; to
bring the transistor out of the low-gain region. Both the audio signal and
the AVC control voltage are obtained from the collector, with R and Cj
serving as the AVC filter network. The L.F. transformers shown in both circuits
are commercially available items.

T —
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SPECIAL PURPOSE AMPLIFIERS: Transistors are adaptable

to almost any number of special purpose amplifier applica-

tions. Even a partial coverage of the possibilities could easily
fill a volume. However, for purposes of illustration, two
examples are given.

i
I
Output

Input —1

Chicago Standard
Transformer Co.
L uma

SELECTIVE AMPLIFIER — The circuit shown provides maximum gain at a
selected audio frequency, sharply reduced gain at other frequencies. The
grounded-emitter configuration is employed. In operation, emitter resistor
R3 introduces degenerative feedback at all frequencies, lowering the gain of
the stage. The collector load impedance is a tuned circuit made up of the
primary winding of transformer T; and Capacitor.Ct. This alone would insure
a peak in the amplifier’s response. In addition, however, in-phase energy is
fed back from the secondary winding of the transformer through R; to the
input of the stage. This positive feedback partially cancels the degeneration
introduced by R, giving an added boost at the selected frequency.

In assembling such a circuit, care must be taken to connect the secondary
winding so that an in-phase rather than an out-of-phase signal is fed back
to the input. Ry may be adjusted to provide a greater or lesser feedback sig-
nal. If R; is made too small, the feedback may become excessive and the
circuit will become unstable . . . in some cases oscillation may take place.

If Ry is made too large, negligible feedback will occur and little peaking
will be obtained.

In some applications, the base resistor R; may be returned to ground in-
stead of to the negative terminal of the power source . . . such a connection
is illustrated by the dotted line. Cr is chosen to resonate the primary of T,
at the desired frequency.
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TRANSISTORIZED MAGNETIC AMPLIFIER — A number of approaches are
open to the designer wishing to transistorize a magnetic amplifier circuit.
One such arrangement is shown. Here, a transistor is connected in the
grounded-base configuration. In some other application, a grounded-emitter
or grounded-collector configuration might be preferred, although a different
circuit arrangement would be required.

It is beyond the planned scope of this volume to give a detailed discussion
of magnetic amplifier operation. The circuit shown above is included for
reference purposes only. For a more detailed discussion, the reader is re-
ferred to Richard H. Spencer’s excellent paper TRANSISTOR-CONTROLLED
MAGNETIC AMPLIFIER, on pages 136, 137, 138, 139, and 140 of the August,
1953 issue of McGraw-Hill's Electronics.
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Discussing the crystal structure of semi-conductive materials are these
scientists whose work resulted in the Transistor’s invention — Dr. William
Shockley, Dr. Walter H. Brattain and Dr. John Bardeen. It was through such
purely theoretical studies and extensive laboratory investigations that the
new physical principle on which the Transistor functions was discovered and
explained.

PART Il — BASIC CIRCUITS

Chapter 5
OSCILLATORS

Fundamentally, an oscillator is but an amplifier with re-
generative feedback. With this in mind, it is a comparatively
simple matter to set up the basic requirements of an oscillator.
whether it be a vacuum tube or a transistor circuit, and these
are:

(1) A signal amplier stage or stages.

(2) A feedback arrangement coupling the amplifier’s in-
put and output terminations having the following
characteristics:

(a) The feedback signal must be regenerative—that is,
a change in the output signal in a given direction
must result in a feedback signal which continues
the change in the same direction up to the limits
imposed by the amplifier’s operation.

(b) The feedback signal must be of sufficient ampli-
tude to overcome circuit losses, making the opera-
tion of the device self-sustaining. In general, this
means that the ratio of the output to the feedback
signal must approximate or be less than stage gain.
The lower the losses, the less feedback needed.

(3) Where a specific frequency of operation is required,
a tuned (resonant) circuit must be incorporated either
in the amplifier proper or in the feedback path. This
may be an L-C circuit, a piezoelectric crystal, or an
R-C network with a specific time constant.
In a way, the design of vacuum tube oscillator circuits
presents fewer problems than does the design of correspond-
ing transistor circuits. In a vacuum tube circuit, with both

75




76 TRANSISTOR CIRCUIT HANDBOOK

high input and output impedances, the problem of obtaining
a feedback signal with minimum loss is not generally a diffi-
cult one. Rather, the chief problem is that of obtaining a
signal with the proper phase relationship to insure regenera-
tive feedback. In a transistor oscillator, on the other hand, the
circuit designer is faced with the dual problem of obtaining
regenerative feedback and also matching the high output to the
low input impedances in such a way as to keep circuit losses
to 2 minimum. In general, this problem is attacked in one
of two ways— (a) by incorporating an impedance matching
arrangement in the feedback circuit, and (b) by accepting
the inherent losses of mis-matched impedances and depending
on circuit gain to overcome these losses. The designer working
with commercial or industrial circuits must also consider the
need for D.C. stabilization (see Fig. 4-4, Chapter 4), espe-
cially as it affects output amplitude, signal waveform, and
frequency stability.

Transistor oscillators, like transistor amplifiers, may be
grouped most conveniently according to the type of signal
handled (Audio, R.F., etc.). Hence, in presenting basic
oscillator circuits, we shall follow essentially the same outline
used in Chapter 4. However, the reader must remember that
transistor oscillators also may be classed according to the
basic circuit configuration employed.

AUDIO OSCILLATORS: Audio oscillators are generally con-
sidered to operate within the frequency range of 20 to 20,000
c.p.s. However, most of the oscillator circuits shown may be
used at ultrasonic, and even at R.F. frequencies, with the
proper choice of transistors and components. The special
problems encountered in the design of audio oscillators are
not far different from those encountered in the design of
transistorized audio amplifiers. In fact, small iron core trans-
formers designed for the interstage coupling of transistor
amplifiers often make excellent oscillator transformers.
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Fig. 5-1

MTICKLER” FEEDBACK CIRCUITS — (a) Grounded-base configuration; (b)
Grounded-emitter configuration with shunt-fed base; (c) Grounded-emitter
configuration with series-fed base. In these circuits, a small iron-core trans-
former (T,) serves the dual function of providing an in-phase feedback signal
and of matching the transistor’s high output to its low input impedance.

A step-down turns ratio between the primary and secondary windings is
used in each case. In general, a greater step-down is used with the grounded-
base configuration because the input impedance of this circuit is lower than
that of the grounded-emitter arrangement.

In all three circuits, the frequency of operation may be fixed by connect-
ing a small capacitor (Ct) across either the primary or secondary (or both)
windings to form a tuned circuit. Circuits (b) and (c) are virtually identical
except for the means of supplying base bias current. In circuit (b), a shunt
arrangement is used and no D.C. flows through the transformer’s secondary
winding; the series-fed arrangement used in circuit (c) permits a small D.C.
flow through the secondary. In circuit (b), the lower end of the secondary
winding may be returned either to the emitter or to the negative side of the
power supply, as shown by the dotted line. In circuits (b) and (c), capacitor
Ci should be large enough to prevent series tuning the secondary winding.
In all three circuits, if the best quality signal waveform (sinusoidal) is to be
obtained, the transformers chosen must properly match the transistors used,
and the D.C. resistances must be chosen for the supply voltages and tran-
sistors employed . . . these are Ry and Ry in circuit (a), Ry in circuits (b) and (c).

If oscillation is not obtained in an experimental circuit set-up, either the
primary or the secondary lead connections should be reversed.
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“HARTLEY” AND “COLPITTS” CIRCUITS — a) Hartley oscillator; (b) Col-
pifts grounded-emitter oscillator; (c) Colpitts grounded-base oscillator. In
all three circuits a tapped impedance is used to provide the feedback energy
necessary to start and sustain oscillation. In the Hartley circuit (a), a tapped
inductance coil is employed; in the Colpitts circuits (b,c), “tapped” capacitors
(two capacitors. in series) are used. Either the grounded-emitter or the
grounded-base configuration may be employed with both types of oscillator
circuits.

In circuit (a) the tap on the inductance coil should be located at the proper
point to provide an impedance match between the collector and base cir-
cuits—the coil (T1) then acts as a type of auto-transformer. With the proper
tap, a by-pass capacitor (C;) should be provided across the base resistor (R;).
However, in the circuit shown a center-tapped coil is employed and the base
resistor Ry is left un-bypassed to limit the base signal currents. Either a series
or a shunt-fed arrangement may be used . . . a series-fed circuit is shown.
The coil may be tuned by a parallel capacitor if desired. In circuits (b) and
(), an inductance coil (L1) is tuned by two capacitors in series (C; and Co).

The impedance ratio of these two capacitors should approximate the ratio
of the output and input impedances of the transistor. A good rule of thumb
is to make the “input” capacitor approximately ten times larger than the
“output” capacitor, although a more precise impedance match will insure
the best quality signal waveform. Since one capacitor is much smaller than
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the other, and the two are in series, the smaller capacitor (and coil) deter-
mines the frequency of operation. The fixed resistors (Ry and Rs) should be
chosen both to limit electrode currents within maximum ratings and to insure
a good quality signal.
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WIEN BRIDGE (R-C) OSCILLATOR — A transistorized version of a standard
vacuum tube Wien Bridge audio oscillator is shown. Only the basic circuit
is illustrated and, therefore, no provision has been made for D.C. stabiliza-
tion, output amplitude stabilization, or for minimizing waveform distortion
at different frequencies. However, such refinements would be desirable in a
commercial version of the circuit. The grounded-emitter configuration is
employed.

Since phase reversal occurs in a grounded-emitter stage, a two-stage
circuit is needed to obtain a positive (in phase) feedback signal. Conven-
tional R-C coupling is used between stages, with R; serving as the collector
load for the first stage, Cs as the coupling capacitor, and Rg as the base
resistor for the second stage. Ry is the collector load resistor for the second
stage and the signal appearing across this resistor is coupled back through
capacitor C4 to the input. As in the corresponding vacuum tube circuit, the
frequency of operation is determined by the R;C;-R2Cs combination. How-
ever, in choosing values for this network, the comparatively low input im-
pedance of the transistor must be taken into account. Fortunately, un-
bypassed emitter resistor Ry helps raise the input impedance of the stage,
although this resistor is part of the bridge circuit.

I\
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‘, The adjustment of Ry determines the quality of the signal produced . . .
that is, how closely the waveform approaches that of a “pure” sine wave.
Incorrect adjustment of this resistor may prevent oscillation or may result in
a badly distorted waveform. The circuit, as shown, operates at a single fre-
quency, but could easily be changed to a. variable frequency oscillator by
making the components in the frequency determining network (R;C;-R2Co) ,
variable . . . either continuously or by means of a switching arrangement. :
With the values shown, frequency is about 120 c.p.s. '

I
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collectors and bases. No attempt is made to match impedances, and hence ‘\
the series base resistors (R; and Rg) are left un-bypassed to limit base signal I
currents. A series-fed circuit is employed. 1“

Possible modifications in the basic circuit include . . . (1) Taps on the I
transformer to provide a better impedance match to the bases; (2) A shunt- il
fed arrangement; (3) “Tuning” Ty by means of a parallel capacitor; (4) L
Emitter-to-ground resistor; (5) Shunt capacitors across the base resistors. i r
Circuit (b) is quite efficient and capable of supplying considerable power

IH
1 , without overloading the transistors . . . in power applicaions, oscillator ii‘M
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j TWO-STAGE AND “PUSH-PULL”” OSCILLATORS—(a) Two-Stage oscillator; Fia. 5-5 |;“ |
I (b) “Push-Pull” Circuit. The audio oscillator shown at a) is simply a two-stage, | e ol
grounded-emitter, capacitor coupled amplifier with a series-tuned circuit SPECIAL AUDIO OSCILLATORS — (a) Phase-Shift Oscillator; (b) Grounded- |
(L1-C) providing the feedback path between the “output” of the second stage base Oscillator. In experimental tests, both of these circuits appeared to be
and the “input” to the first stage. The general arrangement is similar to relatively critical, with different component values needed to obtain oscilla- '1
x that used in the Wien Bridge Oscillator (Fig. 5-3). R and R; are the base tion with different transistors . . . and, in some cases, even with different I

resistors, R2 and R, the collector load resistors for the first and second stages, transistors of the same type. It is difficult to say whether this was due to

; . 1

\ respectively. tolerances in the transistors or in the components used. However, to avoid ”‘l{y i

!, Several mosilﬁc':u'hons g possible in the basic circuit, depending-on the misleading the worker, component values are not given and the basic circuits i
needs of the individual designer. A few of these are . . . (a) Adding un- I are shown for reference purposes only. {0
bypassed emitter resistors to provide degeneration, reducing distortion and

| The phase-shift oscillator (a) is a direct adaptation of the analogous
| vacuum tube circuit. The grounded-emitter configuration is employed. Since ’
phase reversal occurs in a grounded-emitter stage, a phase- shifting network !
is employed between the output (collector) and input (base) electrodes to
obtain the necessary in-phase feedback signal to start and sustain oscillation. l

i improving stability; (b) D.C. bias stabilization; (c) Using a second series-

tuned circuit between stages in place of coupling capacitor Cy; (d) Using a
i PNP-NPN direct-coupled circuit configuration; (e) Using a piezo-electric
A crystal in place of the series-tuned circuit. The “Push-Pull” oscillator shown

at (b) utilizes a center-tapped coil or transformer (T1) and two transistors in This network consists of three R-C circuits (RiC1, ReCs and RsCs) each of
! a grounded-emitter configuration, with a cross-feed arrangement between which provides a 60° shift, giving a total shift of 180°. The design is critical




82 TRANSISTOR CIRCUIT HANDBOOK

because of the high losses in the phase-shift network and the low input
impedance of the transistor. Emitter resistor Ry serves a dual function .
(1) It serves to raise the input impedance of the stage, and (2) it provides
degeneration which,.in turn, improves stability and reduces distortion; how-
ever, its size is fairly critical . . . too large a value here will provide too much
degeneration, preventing oscillation, while too small a value may result in
excessive distortion or, again, the failure to obtain oscillation (dve to the
lowered input impedance of the stage). In some cases, better results can be
obtained if the base resistor (R3) is returned to the negative side of the power
supply instead of to ground.

Oscillator (b) uses a grounded-base configuration with a series-tuned circuit
(Lt-Crt) coupling the input and output. Z; and Z; are the emitter and collector
loads, respectively. Since phase reversal does not occur in the grounded:
base configuration, a special phase-shifting network is not needed between
the input and output circuits. However, because of the great differences
between the input and output impedances of this circuit configuration, it is
often difficult to obtain sufficient positive feedback to overcome circuit losses
and to start and maintain oscillation. Since feedback losses are so great in
both circuits (a) and (b), best results can be obtained when high-gain tran-
sistors are employed.

R.F. OSCILLATORS: At the present time, the upper fre-
quency limit of transistor oscillators is set not so much by
practical circuit design considerations as by the character-
istics of available transistors. The majority of transistor R.F.
oscillators are quite similar to lower frequency (audio) cir-
cuits and analogous to corresponding vacuum tube arrange-
ments. Generally speaking, NPN transistors may be used at
higher frequencies than PNP units, and tetrodes and barrier
type transistors at much higher frequencies than conventional
triodes. At present, “field effect” transistors appear to be
the best as far as upper frequency limit is concerned. How-
ever, newly developed manufacturing techniques, including
GE’s new “meltback” process, as well as improvements in
basic transistor design, indicate that the eventual upper fre-
quency limit will be comparable to that of vacuum tubes . . .
at least into the thousands or tens of thousands of megacycles.
In fact, due to the inherent higher efficiency of transistors,
as compared to vacuum tubes, and the fact that extremely
small electrode elements and close spacings may be used due

N e e
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to the low operating voltages employed, it appears safe to
predict that the upper frequency limit of future transistors
may exceed that of present day vacuum tubes. From a practi-
cal design viewpoint, transistors appear to be useful as oscil-
lators at much higher frequencies than they can be used as
amplifiers, and it is not uncommon to use them as oscillators
well past their nominal “alpha cutoff”* frequencies. When
designing transistor R.F. oscillators, the engineer should re-
member that the factors which affect circuit operation at
lower frequencies are accentuated at higher frequencies. Stage
gain as well as interelectrode resistances and capacitances
change with changes in temperature and with variations in
D.C. supply currents. At lower frequencies, the gain and
resistance variations are the more important. At high fre-
quencies, the effects of capacitance variations predominate.
Hence, in designing transistor circuits for industrial or com-
mercial applications, D.C. stabilization is extremely important

. . unless specifically mentioned in the captions, D.C. sta-
bilization has not been provided in the basic circuits shown.
However, the techniques used in stabilizing oscillator circuits
are essentially like those used in amplifier design, as described
in Chapter 4 (Fig. 4-4) . Where the maximum in frequency
stability is desired, it may be necessary to ‘“‘swamp’ inter-
electrode capacities with external fixed capacitors as well as
providing D.C. stabilization.

*Alpha Cutoff Frequency: Frequency at which Alpha (current gain in grounded-
base circuit) is 0.707 its low frequency value.

“Alpha cutoff” is a relatively old term, used with the original point-contact
transistors. Although still specified by some transistor manufacturers in giving the
electrical characteristics of their products, it is gradually being replaced by newer
terms.

One term replacing “alpha cutoff” as indicative of a transistor’s frequency response
is “beta cutoff.” “Beta cutoff frequency” is similar to “alpha cutoff” in that it is
the frequency at which the beta (current gain in the grounded-emitter circuit)
is down 3 db from its low frequency value. “Beta cutoff” is especially useful when
referring to junction transistor circuits.

Still another term coming into use is the “Figure of Merit.” This is approximately
the frequency at which the power gain of the transistor is reduced to unity (1.0).
In general, the “Figure or Merit” will have a much higher value than either “Alpha
cutoff” or “Beta cutoff.”

All three terms are expressed in kilocycles (kc) or megacycles (mc).
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BASIC R.F. OSCILLATOR CIRCUITS — (a) “Tickler” Feedback; (b) TBTC
Circuit (Tuned-Base-Tuned-Collector); (c) Colpitts; (d) Hartley. All four cir-
cuits are suitable for use over a wide range of frequencies, provided suitable
component values and transistors are used. Although most transistors will
serve as oscillators at frequencies well past their nominal alpha cutaff values,
for best results and maximum interchangeability, “high-frequency” transistor
types should be used. Suitable types are Raytheon’s types 2N112 (CK760),
2N113 (CK761), 2N114 (CK762) and Sylvania’s types 2N94 and 2N94A,

The Raytheon units are PNP transistors and may be used in the circuits as
shown, The Sylvania units are NPN transistors and may be used only if the
D.C. polarities are reversed. The component values given are suitable for
use in the AM Broadcast Band (550-1600 Kc); at other frequencies, minor
changes may be necessary. Either permeability or capacitive tuning systems
may be employed. Although the grounded-emitter configuration is used in
the four circuits shown, only minor modifications are necessary to permit the
use of the grounded-base arrangement.

Circuit (a) utilizes a small feedback coil (Lo} to provide the positive feed-
back signal needed to start and maintain oscillation; for fixed frequency
operation in the Broadcast Band C; may have a valve of 50 mmf. and 1;
may be a high-Q antenna coil such as a Miller No. 6300 unit; Ly may consist
of 15-50 turns of #24 enamelled copper wire, close-coupled to Ly; if oscilla-
tion is not obtained with the first connections, reverse the leads to either
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L; or La. Circuit (b) represents a direct adaptation of the well-known TPTG
(tuned-plate-tuned-grid) vacuum tube oscillator circuit to transistor operation;
a tap is provided on L; to prevent excessive loading of the L;-C; tuned
circuit by the low input impedance of the transistor; for fixed frequency
operation within the broadcast band, C; and C2 may be rated at 270 mmf.,
L1 may be a tapped antenna coil similar to the Miller No. 2000 unit, and a
Miller No. 6300 coil may serve for Ly; in some cases it may be necessary to
connect a small “gimmic” capacitor (about 5 mmf. or so) between the base
and collector electrodes to obtain oscillation.

Circuit (c) represents a transistorized R.F. version of the familiar Colpitts
circuit; capacitors C; and C; are chosen to match the input and output im-
pedances of the transistor. as well as to tune the coil (L) to the desired
operating frequency; for Broadcast Band operation, C; may be rated at
1000 mmf,, C; at 50mmf., and L; may be a Miller No. 6300 coil. Circuit (d)
is similar to circuit (c) except that a tapped coil (L;) rather than a “tapped”
capacitor is used for feedback and impedance matching, thus forming a
Hartley circuit; C; may be rdted at 50 mmf. and L; may be a tapped coil
such as a Vokar C-801 or a Meissner 14-1033.
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Fig. 5-7

CRYSTAL-CONTROLLED OSCILLATORS — (a) Basic circuit; (b) Complemen-
tary-Symmetry circuit; (c) Modified grounded-emitter circuit; (d) Grounded-
base configuration. The circuits shown represent but four of a large number
of possible crystal-controlled transistor oscillators. Almost every vacuum
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tube oscillator circuit may be adapted to transistor operation if impedances
are taken into account.

Circuit (a) is a basic oscillator circuit and is suitable for a wide range of
frequencies, depending on choice of crystal, transistor and R.F. choke (RFC).
Circuit (b) is a modified form of circuit (a), but with a direct-coupled
amplifier stage added. It is capable of considerably more output than
circuit (a).

Circuit (c) represents a “Colpitts-type’ oscillator in that capacitors C; and
C, form an impedance matching network between the collector and base
circuits. Best results are obtained if L; is adjustable. 10 MHy is a nominal
value for 100 Kc operation.

Circuit (d) is a “Clapp-type” oscillator using the grounded-base (common-
base) configuration. The crystal is connected between collector and ground
and a capacitive signal divider network (C2 and Cs) is between collector
and emitter. The base is held at A.C. ground potential by C;. In circuit (d),
if too much inductance is used (Li), the crystal may lose control. If not
enough, oscillation may not occur. D.C. stabilization is shown in circuit (d)
but not in the other circuits, and is provided by the R;-Rs voltage divider
network, aided, to some extent, by emitter resistor Rs.
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SPECIAL R.F. OSCILLATORS — (a) Grounded-Base oscillator with tuned
feedback; (b) Grounded-Base oscillator with capacitive feedback; (c) Shunt-
fed “Clapp” oscillator; (d) Series-fed “Clapp” oscillator. Although the base
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electrode is connected directly to ground only in circuit (a), all four circuits
employ the grounded-base configuration, for in the remaining three circuits
the base is held at A.C. ground potential by means of appropriate by-pass
capacitors.

In circuit (a), a series-tuned circuit (L;-C;) provides the feedback path
between the emitter and collector loads of the transistor. Circuit (b) is quite
similar to circuit. (a) except that a capacitive (C;) feedback arrangement is
used and the RF. chokes used as emitter and collector loads have been
replaced by adjustable inductances (L; and Ly); in addition, the basic circuit
has been modified to permit operation from a single D.C. source instead of
the dual supply generally used with the grounded-base configuration and
shown in circuit (a). Circuits (a) and (b) both represent practical versions of
the basic circuit shown and described in Fig. 5-5.

Circuits (c) and (d) are almost identical except for the D.C. feed arrange-
ments used; both represent modified “Clapp” circuits, with feedback obtained
across a capacitive voltage divider . . . C2-C3 in (c), and C;-Cs in (d); both
circuits are D.C. stabilized—by voltage divider Rs-Ry and emitter resistor Ro
in (c), and by voltage divider R:-R; and emitter resistor Ry in (d).

The component values listed for all four circuits are suitable for operation
at frequencies within the A.M. Broadcast Band or slightly above or below
these frequencies. For operation at much higher or lower frequencies, minor
changes in values may be necessary. As with the other R.F. oscillator circuits
described, best results can be obtained if “high frequency” transistors are
employed.

SPECIAL PURPOSE OSCILLATORS: As with vacuum tube
circuits, there are a number: of transistor oscillators which
are not properly classed ecither as “Audio” or as “R.F.”
oscillators, either because they may operate in either fre-
quency range with but minor changes in component values,
or because they are not generally used to produce sinusoidal
signal waveforms. Although virtually every vacuum tube
oscillator circuit has a transistorized counterpart, there are
some transistor oscillators for which there is no corresponding
vacuum tube circuit. The number of possible transistor oscil-
lator arrangements is limited only by the imagination of the
individual circuit designer. Space limitations prevent our
illustrating more than a few of the more basic types.
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EMITTER-COUPLED MULTIVIBRATORS — (a) Basic Emitter-Coupled circuit;
(b) Sawtooth waveform circuit; (c) Adjustable stability circuvit; (d) Direct-
coupled circuit. The emitter-coupled transistor multivibrator is roughly analo-
gous to the cathode-coupled vacuum tube multivibrator.

The basic emitter-coupled circuit is given at (a). Circuit (b) represents the
basic circuit modified to supply a sawtooth output signal; the essential
modification is the addition of a standard R-C “charge-discharge” circuit
(R3-C3) as part of the collector load of the second transistor—in operation,
C; is charged slowly through Rs, then discharged rapidly as the second tran-
sistor switches from a non-conducting to a conducting state. Circuit (c) is
another version of the basic circuit, but with an adjustable emitter resistor
(R5) to permit a control on circuit stability. Circuit (d) is similar to circuit (c)
but illustrates the use of direct-coupling between stages.

In all four circuits, the first transistor is connected using the grounded-base
configuration, the second transistor using the common-emitter arrangement;
note that the base of the first transistor is heavily by-passed to ground in
every case. Thus, with the exception of circuit (b), all the circuits shown oper-
ate in essentially the same fashion . . . several versions are given simply to
illustrate a few of the many modifications possible. Basic signal waveforms
are shown.

Component values may be varied to change the frequency of operation
as well as the symmetry and exact waveform of the signals produced . . .
operating frequencies are not listed, since they will vary with the transistors
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used. If desired, any of the circuits may be “locked-in” with an external
signal by applying an appropriate sync pulse to the ungrounded collector
or base electrodes (collector of first transistor, base of second) or to the
emitter circuit.
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Fig. 5-10

COLLECTOR-COUPLED MULTIVIBRATORS — (a) Basic Collector-Coupled
Circuit; (b) Complementary-symmetry circuit. Circuit (a) is a transistorized
version of the familiar plate-coupled vacuum tube multivibrator, but circuit
(b) is unique to transistor circuitry—there is no analogous vacuum tube ar-
rangement, for circuit (b) utilizes the complementary symmetrical character-
istics of transistors of different types.

The grounded-emitter configuration is used in both circuits. Either circuit
may be synchronized with external signals; the sync signal may be applied
either to the base or collector electrodes of either transistor in circuit (a); in
circuit (b) the sync signal may be applied to the common collector-base con-
nection between stages.

In circuit (), if the collector load resistors, base resistors, and coupling
capacitors are made equal (i.e., Ry = R3, R = Ry, C; = C,), and similar
transistors are used, the resulting signal will have a symmetrical time division;
a non-symmetrical signal (pulse) will result if corresponding parameters are
not equal, with the degree of non-symmetry proportional to the differences
in values between corresponding components. In circuit (b), the comple-
mentary symmetrical properties of PNP and NPN transistors are utilized to
provide direct interstage coupling, resulting in a multivibrator circuit with a
minimum of components.
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In all transistor multivibrator circuits, whether collector or emitter-coupled
(see Fig. 5-9 also), both the frequency of operation and the signal waveform
depend, to a large extent, upon the transistors employed as well as on ex-
ternal circuit parameters. Therefore, if reasonably good stability is desired,
as in commercial applications, D.C. stabilization is mandatory; in some cases,
to provide maximum transistor interchangeability, it may be necessary to
“swamp” the transistor parameters with fixed value external impedances.

Since multivibrator circuits, by their very nature, are dependent on re-
sistance-capacity values both for their frequency of operation and type of
signal (waveform), it is not too surprising to find that individual transistor
characteristics have a very important effect on circuit operation . . . much
more so, in fact, than is the case with L-C or crystal-controlied oscillator
circuits. In designing transistor multivibrator circuits, therefore, it is well to
remember that, unlike vacuum tubes, there is a direct resistive connection
between all electrodes.
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OTHER SPECIAL PURPOSE OSCILLATORS — (a) “Blocking” Oscillator; (b)
Emitter-Coupled |-g Oscillator; (c) Emitter-Coupled Crystal-Controlled Os-
cillator; Circuit (a) is a direct adaptation of a “tickler feedback” audio
oscillator circuit; the grounded-emitter configuration is employed, and a
shunt-fed arrangement is used in the base circuit. As in the analogous
vacuum tube circuit, the repetition frequency is dependent primarily on the
R;-C, time constant for any given oscillator transformer (T,), with the input
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impedance of the transistor taken into account. In a practical circuit, if
oscillation is not obtained, either the primary or secondary leads of trans-
former T; should be interchanged.

Since a pulsed signal is produced, circuit (a) may be used to develop
sawtooth waveforms by connecting a standard R-C “charge-discharge” circuit
in the collector D.C. supply lead—a fixed resistor is inserted between the
negative lead of the power supply and the “red” lead of the transformer,
with a capacitor connected between the junction of the resistor and the
transformer lead and ground; the time constant of the R-C network thus
formed should be several times the repetition rate of the circuit . . . the
sawtooth signal appears across the capacitor.

Circuits (b) and (c) represent adaptations of the emitter-coupled multi-
vibrator circuits to L-C and crystal-controlled operation, respectively. In cir-
cuit (b}, the collector load inductance L; may be tuned by a parallel capacitor
(Cr) or by distributed capacities. In circuit (c), L1 should be adjustable for
best results . . . with the values given (L; has a nominal value of 10 MHy)
and with the crystal specified, the operating frequency is 100 Kc. These
three circuits represent only a small portion of the many possible special
purpose transistor oscillator arrangements. '

¥
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L
Credit: RCA Victor, Division of Radio Corporation of America.
FINAL EXAM — Highly sensitive and exacting electronic test instruments
pass on RCA transistors before they are graduated from the company’s Rlom.
Above, a skilled technician is surrounded by layers of finished transistors
which are to be put over the final production hurdle.

PART Il — BASIC CIRCUITS

Chapter 6
SPECIAL PURPOSE CIRCUITS

Like the vacuum tube, the transistor is by no means limited
to amplifier and oscillator circuit applications. There are a
large number of transistor circuits which cannot be grouped
conveniently with either Amplifiers or Oscillators. These in-
clude such circuits as detectors, clipper-limiters, mixers, and
flip-flops, as well as circuits for special transistor types such
as phototransistors and junction tetrodes. For convenience in
listing, all of these circuits are grouped together in this chap-
ter as SPECIAL PURPOSE CIRCUITS, even though the individual

circuit types may not be related; a number of Test Circuits
are included also.

In referring to these circuits, it is well to remember that the
transistor is basically an amplifying device and that virtually
all practical circuits utilize this characteristic in some way.
Hence, the three basic amplifier configurations — grounded-
base, grounded-emitter, and grounded-collector — are funda-
mental to all transistor circuits. For example, a good many
amplifier circuits are shown in Chapter 4, but any of these
may be classified as belonging to one of the three basic con-
figurations, with the only real difference between circuits re-
siding in the nature of the loads used, in the Class of operation
(A, B, etc), in the interstage coupling methods used, and
whether or not degenerative feedback is employed. Again, the
oscillator circuits illustrated in Chapter 5 are but amplifiers

with regenerative feedback between their input and output
terminations.

In an analogous manner, the “Special Purpose” circuits
shown in this chapter might be classed according to the three
basic amplifier configurations and discussed as amplifiers or

93

i




'l
1‘ 94 TRANSISTOR CIRCUIT HANDBOOK

4 SPECIAL PURPOSE CIRCUITS 95
H oscillators with special characteristics. A limiter then becomes , T PNP , |
an overdriven amplifier, a detector or mixer a non-linear —/PC J' Audio OQutput
i amplifier, and a flip-flop an oscillator with insufficient feed- | s 8 g I
| back to maintain oscillation. However, for purposes of illus- L—‘-‘- 4 T°-°°’
tration and discussion, we will follow conventional terminol- o ul -ﬂl .H,__
ogy in labeling and grouping the circuits. B
DETECTORS, CLIPPERS AND LIMITERS: In a broad sense, de- =
tectors, clippers and limiters are all non-linear amplifiers, Fig. 6-1

although the gain, in some cases, may be less than unity. If
the term “amplifier” is restricted only to those circuits which
provide a gain greater than one, then the expression might be
changed from ‘“‘non-linear amplifiers” to “non-linear devices.”
Almost every amplifier circuit is non-linear to some degree,
and it is this non-linearity which introduces distortion. From
the viewpoint of fidelity, a ““good”” amplifier is one which has
a close approach to perfectly linear operation; from the view-
point of the circuit designer requiring detection or clipping,
the opposite may be true. Thus, a “poor” amplifier may be a
“good” detector or clipper. A single-ended Class B or Class C
amplifier makes an excellent clipper, for example. Detectors,
clippers, and limiters all employ similar circuits and are simi-
lar in operation. The chief difference in these three devices is
in their application. A detector is a non-linear device used to
demodulate an R.F. signal; it generally accomplishes this
function by removing either the positive or the negative-going
half of the modulated R.F. signal, allowing a pulsating D.C.
to flow through its load impedance; the average value of the
pulsating D.C. varies with the modulation. A clipper serves to
“chop oft”” or remove a portion of an applied A.C. signal—it
may be either the positive or negative-going half of the signal,
or one or both peaks. A limiter is a specialized type of clipper
used to limit the positive and negative peaks of an applied
signal.

e ——

SIMPLE R. F. DETECTOR — The detector circuit shown is essentially a
grounded-emitter amplifier stage operated without base bias current. In
operation, with no signal applied, D.C. through the collector load is at a
minimum. A modulated R.F. signal, supplied by R.F. transformer Ty, is applied
to the base; with a PNP transistor, the positive-going half cycles of the ap-
plied signal have relatively little effect on the transistor, since they are of
the wrong polarity to produce base current flow; the negative-going half
cycles, on the other hand, do produce base current flow and this, in turn,
permits the collector current to increase. Without collector capacitor C;, the
collector current would consist of a series of half-wave pulses, with a repe-
tition rate equal to the frequency of the applied R.F. signal, and an instan-
taneous amplitude proportional to the peak value of each cycle. Capacitor
C; acts to smooth out these pulses, however, so that the collector current has
an average value proportional to the amplitude of the applied signal and
an instantaneous value which varies with the modulation envelope of the
signal. Thus, the voltoge developed across the collector load, due to the
varying collector current, is a composite signal with both A.C. and D.C.
components.

The A.C. component may be obtained through an appropriate D.C. block-
ing capacitor and is the demoduated audio or video signal; the D.C. com-
ponent is proportional to the RF. carrier amplitude and may be passed
through an appropriate R-C filter and used for AVC purposes. In practice,
the load is generally a resistor, but, in some applications, may be an audio
choke; in simple receivers, the load may be a pair of high impedance
headphones.

Another way of analyzing the circuit action is to consider that the base-
emitter circuit acts as a simple junction diode as far as the applied R.F. signal
is concerned . . . thus, the detection action is similar to that obtained with a
conventional diode detector, but followed by a direct-coupled amplifier.

Somewhat greater gain can be obtained if a small bias current is applied
to the base (see Fig. 4-17, Chapter 4), but care must be taken that the bias
current is not great enough to move the operating point to a linear portion
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of the transistor’s characteristic curves . . . otherwise, the transistor will no
longer -act as a detector and will become, instead, an inefficient amplifier.
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Fig. 6-2

CLIPPERS AND LIMITERS — (a) Simple Clipper; (b) Biased Clipper-Limiter;
(c) Square-Wave Clipper; (d) Complementary Symmetry Clipper. The
grounded-emitter configuration is used in all four circuits. Circuit (a) is an
unbiased (Class B) amplifier and, with a PNP transistor, “clips” the positive
half cycles of an applied signal. Except for the use of an R-C input arrange-
ment, the circuit is almost identical to the Simple R.F. Detector shown in Fig.
6-1, and its operation is similar. Collector current is at a minimum with zero
input signal. Positive-going pulses appear across collector load Ry. With a
low input signal level, the pulses have rounded peaks (assuming sine-wave
input); as the input level is increased, the peak collector current also increases
until the full source voltage is dropped across Ry; this represents collector
current “saturation” and, at this point, the output pulses acquire flat tops.
Thus, with proper drive, rectangular pulses appear across Rs.

Circuit (b) is a clipper circuit using a “saturated” amplifier rather than an
unbiased.one . . . in a way, its operation is just the opposite of that of circuit
(a). The base resistor Ry is returned to the "hot” side of the power source,
establishing a bias current; Ry is then made fairly small, increasing both bias
and collector current until “saturation” occurs and virtually the full source
voltage is dropped across collector load Rz. Thus, in circuit (b), collector
current is at a maximum with zero input signal.
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With a PNP transistor, this circuit “clips” the negative half cycles of an
applied signal. Negative-going pulses appear across collector load R.; these.
are rounded at low signal levels but become rectangular as drive is in-
creased. Both circuits (a) and (b) have low input impedances and will give
their best results when driven with a moderate to low impedance source.
Circuit (c) is similar in operation to circuit (a) but with one modification; a
resistor (R;) has been added in series with the input lead. This resistor serves
a dual purpose . . . first, it increases the input impedance of the circuit, thus
minimizing the loading effect on the signal source, and, secondly, it improves
the clipping action of the circuit.

The output of circuit (¢), when properly driven, closely approaches a
symmefrical rectangular waveform or square-wave, as contrasted to the
comparatively narrow pulses produced by circuit (a). Square-waves may also
be obtained from circuit (d), which is essentially the clipper circuit shown at
(c) direct-coupled to an additional clipper-amplifier stage. Different type
transistors are employed to take advantage of the complementary symmetry
principle in direct-coupling the two stages.

MIXER-CONVERTERS: When two signals are combined in a
non-linear device, the output is a complex signal waveform
containing the frequencies of both original signals, plus their
sum and difference frequencies, plus harmonics. By providing
a tuned output load, any one of these different frequencies
may be selected. In superheterodyne receiver applications, the
difference frequency is the one generally used, and it then be-
comes the I.F. signal for the receiver. Since non-linear opera-
tion is essential to the mixing action, a detector circuit per-
forms well as a mixer, provided a resonant circuit is substituted
for the resistive load. The resonant circuit serves two func-
tions—(1) it selects the desired L.F. signal and (2) by virtue of
its “fly-wheel” action, it recreates a complete signal from the
pulses which the detector supplies. In a radio receiver, one
of the two input signals is the desired broadcast signal, the
other is a locally generated R.F. signal, provided by a separate
oscillator. Of course, it is possible to combine the oscillator
and mixer actions in one circuit, in which case the composite
circuit may be termed a converter, for it “‘converts” incoming
R.F. signals to a fixed L.F. signal. Since the action of either a
mixer or a converter is similar to that of a detector, it is com-

|
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mon practice to call this stage the “Ist Detector” in super-
heterodyne receivers.

]
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Fig. 6-3

MIXER AND CONVERTER — (a) Basic Mixer; (b) Triode Converter. The
grounded-emitter configuration is used in both circuits. The component values
specified are for operation at frequencies within the A.M. Broadcast Band
and for |.F.s below 500 Ke. different valves may be required at higher or
.ower frequencies. For maximum conversion gain, “high frequency” transistor
types should be used.

In circuit (a), the input R.F. signal is selected by the L;-C; resonant circuit;
L1 may be an antenna coil, tapped down for proper impedance match to the
transistor’s input circuit. The signal from the local oscillator is applied to the
base through capacitor Cs. Mixing action occurs within the transistor, which
is operated without bias. The output I.F. signal appears across the primary
of the I.F. transformer T;.

A typical commercial coil for L; is a MILLER #2000 Transistor Loop An-
tenna, for Ty a VOKAR #T-101 LF. transformer. In circuit (b), a single tran-
sistor is used both as an oscillator and as a mixer. A modified “tickler feed-
back” oscillator circuit is employed, with Ly, in the collector circuit, inductively
coupled to L, in the emitter circuit. The take-off point on L3 is tapped down
to permit a better impedance match to the transistor and thus to reduce the
loading -on the L3-C2 oscillator tuned circuit. As in the mixer, tuned circuit
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L;-C; selects the incoming R.F. signals; tuning capacitor C;, in the preselector
circuit, and Cs, in the oscillator circuit, are generally ganged together in
practical circuit applications. In a typical experimental circuit, L; and Ty
may be the coils specified for circuit (a), and Tz may be a VOKAR #C-801
oscillator transformer.

GATES AND FLIP-FLOPS: A multivibrator circuit which is
unable to sustain oscillation, either because of insufficient
feedback or improper bias, can often be thrown out of its
stable non-oscillating condition by the application of a strong
external signal or trigger. Depending on the application and on
the circuit arrangement used, two types of operation are gen-
erally encountered. In a gate or monostable* circuit, the cir-
cuit remains inactive until a strong trigger signal is applied at
the proper input point. The circuit then changes from its stable
non-oscillating condition to an unstable condition tempo-
rarily; after a period of time determined by circuit parameters,
the circuit returns to its stable condition. In the majority
of applications, the period required for the circuit to return
to a stable condition is made equal to one cycle of oscillation,
so that a single output pulse is obtained for each input trigger
pulse. In a flip-flop or bistable arrangement, the circuit has
two stable conditions, and can be switched from one to the
other by the application of appropriate trigger pulses at the
proper points. Two input pulses are required to return the
circuit to its original stable state, and hence such a circuit may
be used as a binary (scale-of-two) counter. Application-wise,
monostable circuits are generally used for pulse formation,
producing output signals of known waveform, duration and
amplitude from varying input signals; bistable circuits are
more generally used in counter applications. Because of their
small physical size, long life, and minute power requirements,
transistors are ideal for use in monostable and bistable circuits,

especially where such circuits are used in compact military

equipment or in complex computers.

*A monostable or gate circuit is often called a “one shot multivibrator” or
“untvibrator.”
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MONOSTABLE CIRCUITS — (a) Collector-Coupled; (b) Emitter-Coupled; (c)
"Complementary Symmetry” Collector-Coupled. All three circuits are direct
adaptations from corresponding multivibrator circuits.

In circuit (a), the output pulse generally is obtained across the collector
load resistor Ry; the input trigger is applied through C;. The adjustment of
Rs determines the stability of the circuit; with some transistors, Ry may be
adjusted for free-running multivibrator action, in which case there may be
two regions of monostable action, one on either side of the adjustment where:
oscillation takes place. Pulses of opposite polarity are produced, depending
on which monostable adjustment is chosen.

In circuit (b), the output pulse appears across collector load Ry; the input
trigger is applied through C: to the common emitter circuit. The adjustment
of Rz establishes the bias on the second transistor and thus determines
whether free-running or monostable action is obtained.

Circuit (c) utilizes the complementary symmetrical characteristics of tran-
sistors of different types to permit direct-coupling between stages. The output
pulse is obtained across collector load Rq; the input trigger is applied to the
common collector-base connection through capacitor C;. This circuit is quite
similar to the multivibrator circuit shown in Chapter 5 (Fig. 5-10) with but
one small change . . . base resistor R; is returned to the negative side of the
power supply, thus heavily biasing the first transistor and stabilizing the
circvit. The circuit remains stable until a trigger pulse is applied, then goes
through its cycle of operation and returns to its stable state.

The basic operation of all three circuits is similar in that all three are
multivibrators which have been stabilized in a non-oscillating state by the
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application of proper bias currents. In circuit (a), adjusting Ry sets the bias
for the second transistor; in circuit (b), adjusting Ry sets the bias for the
second transistor; and in circuit (c), returning the base resistor Ry to the “hot"
side of the power source establishes the bias current for the first transistor.
Again, in all three circuits, the application of a trigger pulse initiates a
cumulative change in circuit operation which is sustained only by the R-C
time constant of the coupling circuits so that the circuits eventually return to
their normal stable state.
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BISTABLE CIRCUIT — This circuit represents a transistorized version of a
familiar vacuum tube binary counter. In essence, it is a non-oscillating collec-
tor-coupled multivibrator which has two stable states, and which can be
transferred from one state to the other by the application of an appropriate
trigger pulse. In operation, one or the other of the two transistors starts
conducting first.

For purposes of discussion, let us say it is the left-hand transistor. As col-
lector current flows, a voltage drop occurs across the collector load resistor
Rs, reducing the potential available for supplying base bias current to the
second transistor through voltage divider R4-R;. At the same time, the emitter
current flowing through resistor Rg develops a voltage which tends to oppose
normal base bias current flow in the right-hand transistor.

Since collector current is limited in the right-hand transistor, due to the
lack of proper base bias, comparatively little voltage drop occurs across
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collector load R3, and virtually the full source voltage is available to drive
bias current through voltage divider Rs-Rs to the base of the left-hand tran-
sistor. This bias current keeps the left hand transistor in a heavily conducting
state. If a positive trigger pulse is now applied to the circuit through capaci-
tor Cy, it appears on both collectors. However, since the left-hand transistor
is conducting heavily, its collector is close to ground potential and the pulse
has little effect. On the other hand, the pulse appearing on the collector of
the right-hand transistor is transferred through capacitor C3 to the base of
the left-hand transistor; a positive-going pulse here reduces collector current
and thus reduces the voltage drop across collector resistor Ra, which, in turn,
develops a negative-going signal. This negative-going signal, applied through
capacitor Cs to the base of the right-hand transistor, intiates collector current
flow.

The action is cumulative and, almost instantly, the right-hand transistor is
conducting heavily while the collector current in the left-hand unit has
dropped to a low value. The circuit remains in this second stable state until
another trigger pulse is applied to its input, at which time the circuit switches
back to its original operation, with the left-hand transistor conducting heavily.
The two diodes are used simply to insure the application of a trigger pulse
with the correct polarity to the proper electrode; if desired, the pulse may
be applied to the base instead of to the collector electrodes. Adjustable
emitter resistor Rg is used to establish the proper bias for bistable operation.
For best results, both transistors, both diodes, and all corresponding compo-
nents should be reasonably well-matched.

PHOTOTRANSISTORS: The phototransistor is one of a large
group of light-sensitive semiconductor devices, the majority
of which are photoconductive and self-generating diodes. The
phototransistor itself may be manufactured either as a diode
junction or as a triode, and even the triode units may be used
as diodes in most applications. Photoconductive semiconductor
devices are roughly analogous to phototubes and are used in
similar applications. Self-generating photo-sensitive semicon-
ductors, on the other hand, may be used in applications in
which no vacuum or gas-filled tube will work . . . in self-con-
tained light meters, and even as power sources for transistor-
ized oscillator and amplifier circuits. Circuits featuring the
use of light sensitive semiconductors, other than phototran-
sistors, will not be shown in Chapter 6; however, typical appli-
cations of other photo-semiconductors will be covered in
Part III of this volume.
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BASIC PHOTOTRANSISTOR CIRCUITS—(a) Simple Diode Circuit; (b) Diode
with Direct-Coupled Amplifier; (c) Triode Circuit. The grounded-emim?r con-
figuration is used in all three circvits. In circuit (a), the phototransistor is
used as a simple photoconductive diode; the Load may be a meter or a
D’'Arsonval type relay. _

In operation, as light is allowed to fall on the sensitive portion of the diode,
the collector-emitter resistance decreases, allowing a greater current to flow
through the load. The current through the load is. proportional to .'rh.e light
intensity, up to the limits imposed by the phototransistor’s characteristics, the

nature of the load, and the source voltage. Circuit (b) is similar to circuit (a)

except that the complementary symmetrical characterisfics. of transistors (.)f
different types are utilized to add a direct-coupled amplifier to the basic
circuit, thus increasing the over-all sensitivity by a factor of 10 to 5(?, d('-:-
pending on the gain of the transistor used; the phototransistor itself is still
used as a diode. Again, the Load may be a meter or sensitive relay. De,-,
pending on the characteristics of the phototransistor used, the “dark current
through the load may be considerable.

Where it is necessary to reduce the load current to close to zero when the
phototransistor is dark, it may be necessary to supply a “bucking” voltage
to the load through an appropriate resistive network. These steps may !Je
necessary with both circuits (a) and (b). Circuit (c) is designed for use with
modulated (pulsating) light, so that an A.C. signal is produced across the
load; the A.C. signal may then be amplified by a conventional audio am-
plifier to give almost any desired level of sensitivity. Circuit (c) is D.C. stabil-
ized by voltage divider Rz-Rs and emitter resistor Ry, bypassed by C,, all of
which establish a fixed base bias current. The output signal is developed across
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collector load resistor Ro. A choke (L) is used in the base circuit, but is not
absolutely essential to circuit operation unless Rs and Ry have low values.

For maximum sensitivity to a specific light signal, base choke. L; may be
tuned to the light's modulating frequency by an appropriate parallel capaci-
tor, and collector load Rz may be replaced by a resonant circuit, again tuned
to the same frequency. In all three circuits, the overall sensitivity may be in-
creased considerably by using a lens system to concentrate incoming light
on the most sensitive portion of the phototransistor's surface.

JUNCTION TETRODES: At the present writing tetrode tran-
sistors are produced commercially by just a few manufacturers
and are available only in a limited number of types. This
limited availability prompts the author to list tetrode circuits
as Special Purpose Circuits at this time and to group them
together in this Chapter. In the future, perhaps even in a later
edition of this volume, the author feels that junction tetrode
transistors will join their older triode ““brothers” as standard
devices, and that, at that time, tetrode circuits may be grouped
appropriately with corresponding triode amplifiers and oscil-
lators. Currently available tetrode transistors are, in effect,
“double-base” triodes, for two connections are made to the
base electrode. In most applications the second base is biased
with reverse current. This bias, in turn, repels charges travel-
ing from the emitter and narrows the area over which current
can travel through the base. Since the major ‘conduction is
forced to take place in the region close to the normal base
connection, diffusion is kept to a minimum and transistor
action is limited to this region. The net effect is to lower the
base resistance considerably (in the grounded-base configura-
tion), allowing the transistor to be used at much higher fre-
quencies than would be possible otherwise. Of course, the
second base connection may be used for other purposes also
. . . for inserting a modulation signal, for gain control, for
mixing two signals, and in similar applications. A tetrode may
be used as a triode, if desired, simply by allowing one of
the base connections to “float.” In such cases, different triode
characteristics are obtained, depending on which base con-
nection is used.
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Fig. 6-7

BASIC TETRODE CIRCUITS — (a) Amplifier; (b) Mixer; (c) Oscillator; (d)
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