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HOW TO USE THIS BOOK

Countless electronic circuits have been devised and utilized since the invention of the
electron tube by Dr. Lee De Forest in 1906. Many of these circuits were original in
concept and many reflected another way of doing the same thing that had previously been
done It’s something like music—an arranger can improvise on the original composer’s
score

All of these various circuits should be preserved for future reference. Unfortunately,
no one has access to all the circuits that have been devised, nor is there room in a volume
of this size to show more than a practical assortment of various approaches.

New circuits are devised and old ones revamped by engineers for various reasons,
such as cost reduction, improved performance, and patent rights, as well as because of the
“NIH"" (**Not Invented Here'") factor.

Electronic circuits are simple when viewed as individual stages. An apparently
complex electronic system consists of a mynad of simple stages. And the obvious com-
plexity of subsystems is similarly simplified when integrated circuit (IC) modules are
used :

Many books containing electronic circuits have been published, often confined to
special areas. None, mncluding this one, contains all circuits. However, in this book the
authors have included as many circuits as space permits with a reasonable amount of
explanatory and application information. Within each part, the terms and circuit names are
also alphabetically arranged. Cross references are included to simplify location of any
circuit in which you have a particular interest. )

There was a time when the experimenter and the professional were concerned with
every connection of every component. Many still are, but others are now primarily
concerned with the connections of a ‘‘packaged circuit™ to other packaged circuits and
external components

Nevertheless, it is important to understand the functions of packaged circuits and
how they can be utilized, as well as how to utilize ‘‘discrete components.’’ This book
contains a large variety of discrete-components circuits and numerous packaged circuit
configurations.

The values of components and specific reference numbers are not given except in the
case of a few circuits—for practical reasons. Countless experimenters and even highly-
competent engineers have wired and assembled electronic devices utilizing components
specified in a book or magazine article and have been disappointed. There are too many
*‘variables’’ that must be considered, particularly in transistor circuits. Engineers can
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calculate the required component values. while technicians and experimenters will often
remember the approximate values from experience with other circuits for similar applica-
tions. Even the seasoned engineer will arrive at the final values by ‘‘cut-and-try"" experi-
ments. The experimenter can also save much time and gain valuable experience by doing
what technicians and engineers do—*‘breadboard’’ the circuit before assembling and
wiring a device

(Breadboarding a circuit consists of securing the components by pushing their leads
into a piece of styrofoam board or similar material and then connecting them with clip
leads or solder-tacked leads. Next, various values of resistors and capacitors are tried in
the circuit until measurements indicate that it functions correctly. An additional time-
saving technique 1s to use resistance and capacitance substitution boxes which can be set
to any of numerous values of resistance and capacitance. When the correct value has been
found, a resistor or capacitor of the indicated value is placed in the circuit.)

Too, once engineers and experimenters wound their own coils and transformers
(some still do) because appropriate factory-made units were not available. While most
electronics parts stores do not stock a large variety of coils and transformers, they can
order the types that may not be available. The experimenter will find a copy of the J. W.
Miller Company catalog a valuable reference. This catalog can be obtained through almost
any electronic parts distributor. It is one of the few catalogs known to the authors that lists
thousands of different RF coils and transformers which can be purchased in single quan-
tities. Other handy references are the Triad and UTC transformer catalogs that list audio
and power transformers and which are also available through parts distributors.

(When it is necessary to wind a coil or RF transformer, coil forms with adjustable
ferrite cores can be used. Because of the ferrite core, the number of turns is not critical
since inductance can be adjusted over a wide range. Invaluable to the engineer and
experimenter is a grid dip meter for measuring the resonant frequency of a coil or coil and
capacitor combination. )

In this book, 1n order to simplify the schematic diagrams, connections to power
supplies and batteries are often indicated by an arrowhead marked B+, B-, C-, Vcc, etc.
In some cases, the voltage is indicated as +20V, etc., denoting the supply voltage with
respect to common ground

Also, tube, transistor, and diode type numbers are not usually specified because there
are thousands of types and because so many of them are electrically interchangeable.
Essentially similar tube types often differ only in heater voltage and current requirements
and base connections. A tube manual (GE, RCA, Sylvania, etc.) is an essential reference
for the engineer and experimenter, as is a transistor manual (GE, Motorola, RCA, etc.).
IC (integrated circuit) application data sheets and books (GE, Fairchild, Motorola, Na-
tional, RCA, Signetics, etc.) are also handy. These manuals and data sheets can usually be
obtained at or ordered through electronics parts distributors.

Each section of this book offers practical value to technicians, students, experimen-
ters, and engineers. It is a compendium of theoretical, experimental, and practical elec-
tronic circuits, as well as some circuits which now have historical value.
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The authors express their appreciation to equipment manufacturers and others for
furnishing circuits for reproduction in this book. and to the many distinguished members
of The Radio Club of America who devised some of the circuits illustrated

Leo G. Sands
Donald R. Mackenroth
New York City
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Amplifier Circuits

The electronic amplifier came into being when Dr. Lee De Forest added the grid to
the thermionic Fleming diode to create the triode electron tube. Of course, all electron
tubes depend upon the *‘Edison effect'” which was discovered much earlier. Without
knowing about electrons, Edison learned by experimentation that electric current would
flow through a vacuum from the heated filament of an electric lamp to metal foil attached
to the outside of the lamp bulb. Later, the screen grid, and still later the suppressor grid,
were added to the triode tube to form the tetrode and pentode tube which have higher
amplification capability.

The solid state amplifier was created with the invention of the germanium transistor
by a trio of Bell Laboratories scientists in 1947. Solid state art was advanced a few years
later by the invention of the surface-barrier silicon transistor by William H. Forster and his
associates at Philco. Since then, new solid state amplifying devices such as the FET (field
effect transistor), MOSFET, tunnel diode, and other types of semiconductors have added
further advancement. Discrete semiconductor devices are now facing competition from
integrated circuits which contain several transistors, diodes, and resistors within a single
component. ’

Therefore, described and illustrated in this chapter are numerous amplifier circuits
utilizing tubes and semiconductors.

Broadband RF Amplifier

Figure 1-1 shows an untuned, resistance-coupled, two-stage RF amplifier circuit that
uses an FET in the input stage to provide a high input impedance and a high signal-to-
noise ratio. The input signal is fed into the high-impedance gate input of the FET Ql,
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Figure 1-1. Broadband RF amplifier.

which is connected as a common source amplifier. Its amplified output is fed to the base of
Q2, which is connected as a common-collector amplifier. The useful frequency range of
this RF amplifier extends from below 1 MHz to above 40 MHz. Voltage gain is maximum
at 1 MHz, approximately 40 dB (100 times), and drops off to about 26 dB (20 times) at 40
MHz. This RF amplifier is intended to be driven by low-level RF signals. If at 1 MHz
input signal level is 10 microvolts, output signal level will be approximately 1000 micro-
volts. (Circuit courtesy of Motorola Semiconductor Products, Inc.)

Cascode JFET Preamplifier

The circuit of an RF preamplifier, shown in Figure 1-2, illustrates the use of two
JFETs in a cascode configuration. The input stage transistor Q1 is connected as a common
source amplifier which has a high input impedance and provides about 20 dB of gain. The
second transistor Q2, being fed at the source, lowers the impedance seen by the drain of
the first transistor. The second transistor operates as a grounded-gate amplifier whose
drain load impedance is established by a capacitive voltage divider across output coil L2
which, in combination with the divider C3-C4 and the internal capacitance of the transis-
tor, form a parallel resonant circuit which can be tuned by adjusting the core of L2.

The input signal is transformer coupled to the gate of Q1. The secondary of Tl, in
combination with the internal capacitance of Q1, forms a parallel resonant circuit which
can be tuned by adjusting the ferrite core of T1. The DC drain voltage for the first stage is
fed through RF choke coil L1. The signal is coupled to the source of the second stage
through capacitor C1, and the source of the second transistor is grounded for DC through
L3.

By using resonant circuits only at the input of Q1 and the output of Q2, there is no
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Figure 1-2. Cascode JFET preamplifier.

need for neutralizing the amplifier to prevent oscillation. This particular amplifier was
designed for use ahead of a VHF receiver and to match a 50-ohm antenna system at the
input and a 50-ohm receiver load at the output. (Illustration courtesy of Ham Radio.)

Cascode RF Amplifier

In the tubed cascode RF amplifier circuit shown in Figure 1-3, triode tubes V1 and
V2 are essentially connected in series. Current flowing through one tube also flows
through the other. The plate voltage of V1 is held constant while the plate current is
permitted to vary. This action is like that of a pentode tube, with the advantage that no
screen current is required and less noise is introduced.

J2
= T2
L ¢ %
v2 R3:: —e ]
<
C > -
> R4

8 |
T7

—:T—

L. "
T

Figure 1-3. Cascode RF amplifier.
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Signals from the antenna are fed to the grid of V1 through RF transformer T1 and out
from the plate of V2 through T2, both of which are broadly resonant over a band of
frequencies. Neutralization is not necessary because the resonant circuits T1-C1 and
T2-C7 are not connected to both the input and output of either tube, and because V2
functions as a grounded grid amplifier. The signal voltage across R3 varies the grid-
cathode potential of V2. Because the grid is grounded through C6, the signal is effectively
applied between the cathode and grid of V2. When a 6ES8 remote cut off dual-triode is
used, gain can be varied by applying negative AVC voltage to the grid of V1. Overall gain
is typically between 25 dB and 35 dB.

Cathode-Coupled Amplifier

Two triodes are used in the cathode-coupled amplifier whose circuit is shown in
Figure 1-4. Changes in cathode current of one tube varies the cathode bias of the other
tube. The input signal is fed to the grid of cathode follower V1 and the output is obtained
from the plate of grounded grid amplifier V2. Voltage gain is never more than unity, and
the phase of the output signal is the same as the input signal (no phase inversion)

4
OUTPUT

\

c2

e
INPUT I\

R3

R2 B+

Figure 1-4. Cathode-coupled amplifier.

When the input signal at the grid of V1 is positive-going, the voltage drop across R2
rises, causing the grid of V2 to become more negative with respect to the cathode and,
hence, the plate to become more positive. Similarly, when the input signal at the grid of
V1 is negative-going, the voltage drop across R2 falls, causing the grid of V2 to become
less negative with respect to its cathode and, hence, the plate to become less positive
(negative-going).

The frequency response depends upon the values of C1 and C2 and the interelectrode
capacitances of V1 and V2. This circuit is often used as an amplitude limiter. Driving V1
into saturation causes V2 to be cut off. Driving V1 to cut off causes V2 to become
saturated, depending upon the value of R2 and the characteristics of V1 and V2.
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Common-Base Transistor Amplifiers

Figure 1-5A illustrates a PNP transistor connected in a common-base amplifier
configuration, and Figure 1-5B shows an NPN transistor connected in the same type of
amplifier circuit. The input signal is injected into the emitter-base circuit, and the output
signal is taken from the base-collector circuit.

This type of circuit is similar to the electron tube grounded-grid circuit. lt has a low
input resistance and a high output resistance, and is often used to match a low-impedance
circuit to a high-impedance circuit. It can provide a voltage gain of up to 1500, a current
gain of less than 1, and a power gain of 20-30 dB. The input and out signals are in phase
and the same polarity.

Current gain of a common-base stage is defined as the ratio of the change in collector
current to the change in emitter current. The voltage gain is the product of the current gain
and the ratio of collector resistance to emitter resistance.

PNP

ct c3
INPUT—' ' EOUTPUT
R1 &J R4

(A)

Figure 1-5A. Common base PNP transistor amplifier.

C1 NPN C3

Figure 1-5B. Common base NPN transistor amplifier.
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Common-Collector Transistor Amplifier

Figure 1-6 illustrates two configurations for a common-collector bipolar transistor
amplifier. A PNP transistor is shown in Figure 1-6A and an NPN transistor is shown in
Figure 1-6B. ,

In the common-collector circuit, the input signal is applied to the base-collector
junction, and the output signal is taken from the emitter-collector junction. The common-
collector circuit is similar to the electron-tube cathode follower. It has a high input
resistance and a low output resistance. It provides good current gain but no voltage gain.
The output signal is in phase with the input signal. This type of circuit is used most often
for impedance-matching and isolation of stages, and is sometimes called an emitter-
follower.

The emitter-to-base current ratio7(gamma). is a measure of the gain of a common-
collector circuit.

i
R2< P _L
< NP
3 T
INPUT—|€—4 =
>
R1Q
$ HOUTPUT
R3
(A)

¢ -5
RZ:E NPN ‘%

|NPUT—| H
s e———OUTPUT

R3

A A A4

(B)

Figure 1-6. Common collector transistor amplifier.
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Common-Emitter Transistor Amplifier

Figure 1-7A illustrates a PNP transistor connected in a common-emitter configura-
tion, and Figure 1-7B illustrates a similar circuit using an NPN transistor. In the
common-emitter amplifier, the input 1s fed to the base-emitter junction. This type of
circuit 1s similar to the employment of an electron tube in the grounded-cathode configura-
tion, and is the most commonly used transistor amplifier circuit.

The circuit can provide high power gains, and a current gain of 25-60 is possible with

this type of circutt. The output signal is out of phase with the input signal (output polarity
is opposite to that of the input).

B-
[ )
RIg 2
S <
«
c1 ::RZ 1>—9|—0UTPUT
|NPUT—|E< PNP :
3
<
>
R‘l:,
TC3 < R4

(A}

Figure 1-7A. PNP common emitter transistor amplifier.

INPUT

(8)

Figure 1-7B. NPN common emitter transistor amplifier.
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Compression Amplifier

The function of an audio compression amplifier is to stabilize the level of the AF
signal fed to the input of a sound system or radio transmitter as the output level of a
microphone varies. When speaking loudly into a nearby microphone, the microphone
output level is much greater than when speaking softly into a more distant microphone.
The circuit shown in Figure 1-8 employs AGC (automatic gain control) to reduce gain
when input level rises, and vice versa.

The microphone is connected to the control grid of V1 (a pentagrid tube) through
jack J1. The signal is amplified by V1 and fed to cathode-follower V2A. The output
signal level is preset with potentiometer R7 and is fed to J2 which is connected through a
cable to the sound system or transmitter.

The amplified signal at the plate of V1 is also fed to the grid of V2B for further
amplification and subsequent rectification by the voltage-doubler rectifier CR1-CR2. The
resulting DC AGC voltage is fed through R14 to the injection grid of V1. This negative
DC voltage controls the gain of V1. As the input signal level rises, AGC voltage becomes
more negative and V1 gain is reduced, and vice versa. The attack time (rapidity of
compression response) 1s determined by the time constant of C15 and R14. Operating
voltages are obtained from the AC power supply shown at the upper right of the diagram.

When this amplifier is used with a microphone equipped with a PTT (push-to-talk)
switch, the PTT line is fed from J1 and J2 and from J2 (through a microphone cable) to the
transmit control circuit of a radio transmitter or on-off control circuit of an AF amplifier.

Constant Gain Audic Amplifier

Two push-pull stages are used in the audio amplifier circuit shown in Figure 1-9. The
input signal is fed in push-pull to the control grids of pentodes VI and V2, whose
push-pull outputs are coupled through capacitors C3 and C4 to the grids of triodes V3 and
V4. The outputs of the triodes are also connected in push-pull and fed out through T2.
This amplifier is intended for use in low signal level applications where manual adjust-
ment of signal level is not desired. As can be seen in the diagram, both of the triodes are
cathode biased by R15. The gain of the triodes remains constant, but the gain of the
pentodes is automatically varied with input signal level. The ground return path from the
center tap of the secondary of T1 is through R1, R2, and R4. Shunted across R2 is the
plate to cathode path of triode V5 together with R3. V5 acts as a variable resistance in the
V1-V2 bias circuit.

Plate voltage for V1, V2, V3, and V4 and screen grid voltage for V1 and V2 is
obtained from the half-wave voltage doubler rectifier circuit consisting of C8, C9, and
diodes D2 and D3. Ripple filtering is provided by R10 and C10. Note, however, that plate
voltage for V5 is not supplied by this rectifier system.

Obviously, triode V5 cannot conduct unless its plate is positive with respect to its
cathode. This condition is achieved by obtaining negative DC voltage from the half-wave
rectifier circuit which utilizes diode D1. C6, C7, and R8 form a ripple filter. This negative
DC voltage is applied to the cathode of V5 through R5. When VS5 is conducting, its
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Figure 1-9. Constant gain audio amplifier.
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cathodc is more negative than its plate, thus making the plate positive with respect to the
cathode. The voltage at the junction of R2 and R1 is less negative with respect to ground
than the voltage at the junction of R3 and RS.

Triode V5 operates as a grid leak detector. The AF output signal at the plate of V4 is
coupled through C5 to the grid of V5. The amount of leak bias is controlled with
potentiometer R7. The amount of negative fixed bias is controlled with potentiometer RS.
When the signal at the plate of V4 rises, the grid of V5 becomes more negative and the
plate-cathode resistance of V5 increases. When the level of the signal at the plate of V4
decreases, the negative bias on the grid of V5 decreases and its plate cathode resistance
decreases.

When there is no input signal, there is no signal at the plate of V4, and V5 conduc-
tion is at a maximum. If V5 were left out of the circuit, negative bias for V1 and V2
would be obtained from the junction of R3 and R4, which is negative with respect to
ground. With V5 in the circuit and conducting, R2 and the plate cathode path of V§, in
series with R3, form a voltage divider. V1 and V2 gain is therefore controlled by the
conduction of V5.

Current and Voltage Feedback Amplifier

Figure 1-10 shows a circuit that utilizes both voltage and current feedback to com-
pensate for the fact that output impedance is increased by current feedback and decreased
by voltage feedback. Therefore, a combination of the two, as shown, may be used to
provide constant output impedance when required. Voltage feedback is obtained from the
junction of R4 and RS5. Current feedback is developed across R2 when it is not bypassed at
the signal frequencies.

c2
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Figure 1-10. Current and voltage feedback amplifier.

Darlington Circuit

The Darlington circuit, shown in Figure 1-11, is a cascaded emitter follower am-
plifier employing two d<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>