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Preface
The greatest problem in radiocommunications today is the serious
lack of channel space in the radio-frequency spectrum. Virtually all
the useful channels are already occupied by existing communications and broadcasting services; thus, the increasing need for additional space literally demands a more wide-spread use of multiplexing and single-sideband techniques. The NTSC color-television and
recently approved FM stereo-multiplex systems are good examples
of modem multiplexing techniques. Single-sideband systems, although long used by commercial telephone companies, are rapidly
replacing AM systems in commercial, military, and amateur communications.
The design, construction, installation, and maintenance of multiplex and single-sideband systems require highly skilled personnel,
for which the demand has already surpassed the supply. It is apparent, then, that this field offers great opportunities to those who
are technically qualified.
Single Sideband: Theory and Practice was written to serve as a
modern, one-source reference text on the subject. Emphasis has been
placed on basic principles and circuitry, rather than on mathematics.
Wherever possible, specific commercial equipment is used to illustrate how basic theory has been combined with good engineering
practice. Such equipment has been carefully selected to be representative of that in current use. A careful study of the circuit descriptions and schematics will provide you with much valuable
knowledge of single-sideband technology.
In the sections describing single-sideband generators and exciters,
the number of construction projects has been kept to a minimum,
since they require special facilities and are difficult to build. However, many amateurs ·with whom I discussed the book, both on the
air and in person, showed much interest in the construction of linear
RF power amplifiers- particularly those in the 600- to 1,000-watt
class which can be driven by one of the popular "100-watt" com-

mercial single-sideband transmitters. Accordingly, tJ1e chapters on
the design, construction, and adjustment of linear amplifiers contain
much detailed information. All linear povver amplifiers shown and
described have been thoroughly tested on the air. Moreover, they
can be duplicated by any technically qualified p erson.
My sincere appreciation goes to the many engineers, hoth professional and amateur, who so generously contributed their time,
ideas, and encouragement during the preliminary preparation of the
manuscript. In pa1ticular, I wish to thank the following persons and
organizations for supplying the essential technical data and photographs, without which this book could not have been written.
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Chapter 1

The Origin of
Single Sideband
A widespread belief exists that single-sideband techniques
are of recent origin. Actually, the basic principles have been
recognized and used in various commercial applications for over
thirty years. The main reason for the delay in the large-scale
development of single-sideband equipment was the Jack of
compact and economical high-precision components. The availability of the surplus FT-241-A precision low-frequency crystals
( from which inexpensive lattice filters can be constructed),
and the development of the phasing method of generating the
sideband signal, now make possible the economical, wide-scale
use of single-sideband equipment. Constant research and development of both single-sideband circuitry and components
have resulted in extremely compact and highly efficient communications systems which would not otherwise have been
possible. It is reasonable to expect that future developments,
particularly in solid-state electronics, will bring forth even more
compact communications equipment with a higher efficiency
than the units available today.

CARRIER-SYSTEM TELEPHONY
The first, and still largest, use of single-sideband techniques
is in connection with carrier-system voice transmission over longdistance telephone lines. The principal reason for the development and subsequent use of single-sideband techniques was
economy. In the carrier system, the audible voice frequencies
between 300 and 3,000 cycles are used to modulate an RF
carrier, which is usually in the region of 20 to 50 kc. In the
modulation process, additional radio frequencies are created
and appear in the composite signal as sidebands. In a very
simple telephone carrier system (Figs. 1-1, 1-2 ), the RF carrier
and its sidebands are fed into a telephone line or coaxial
cable and carried to a distant point. At the receiving end of
11
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fig. 1·1. Block di•9ram of simplified telephony carrier system.

the line, the composite RF signal is then demodulated and applied to the local telephone circuits as audio.
In actual practice, the modern carrier system of telephony
is much more complex than would appear from the previous
description. The system is similar to ordinary radio broadcasting except that the frequencies are much lower and are transmitted over telephone lines instead of through space. Neglecting any consideration of single-sideband techniques, it is apparent
that, by careful selection of carrier frequencies spaced at regular intervals throughout the bandpass spectrum of the telephone
system, a number of simultaneous long-distance telephone conversations can take place on one line without interference from
each other. The number of conversations which can be transmitted over a single line is limited only by the channel ~-pace
required for each conversation, the over-all bandpass of the
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fig. 1·2. Block diagram of essential components in modern telephony
urrier system.
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system, and the ability of the receiving equipment to select any
one voice channel and reject the others. Present techniques make
it possible to provide a freq uency band nearly 8 me wide, so that
two coaxial cables can contain either 1,800 telephone channels, or
600 telephone channels plus a 4.2-mc television channel, in each
direction.
For many years the range of telephony was severely limited
by the loss of energy along the wires. However, after the invention of the vacuum tube in 1906, coupled with subsequent
research and development, the telephone repeater or amplifier
was developed. Through the use of repeater amplifiers, telephone
service between New York and San Francisco was inaugurated
in 1915. Today there are hundreds of thousands of repeaters in
use, making possible long-distance telephony to all parts of
the world.
In the early days of carrier-system development, it was discovered that transmjssion of the carrier component overloaded
the repeater amplifiers, and also caused undesirable cross modulation. Up to then, the exact nature of amplitude modulation was
not thoroughly understood. However, during t he early period of
telephone-circuit development it was mathematically demonstrated that along with the carrier, two sidebands existed which
contained identical information and were, in fact, mirror images
of each other. It was also found that the carrier itself contained
no useful information, but was used merely as a reference signal
for recovery of the sideband intelligence. Needless to say, these
conclusions were the subject of much debate at the time; and until
a few years ago, it was customary to omit any reference to sideband theory in standard communications manuals. In spite of
the controversy, however, subsequent work by engineers and
scientists has proved these theories to b e true. As a result,
a comprehensive body of literature on the theory, techniques,
and components of single-sideband telephony has accumulated
over the years. vVhile these papers are of considerable interest
from the historical point of view, in most instances they are
highly mathematical and deal with extremely complex telephone
equipment which cannot readily be d uplicated outside a· laboratory.
Except for having much lower frequencies, the early singlesideband signals transmitted over telephone lines were substantially the same as the signals transmitted today b y amateur
and military single-sideband transmitters. In modern singlesideband telephone circuits these transmission .frequencies may
be in hundreds of megacycles, although the original carrier and
sidebands are generally below 100 kilocycles . It is common
13

practice today to employ single-sideband techniques to multiplex a large number of voice channels over a band of radio
frequencies in the microwave region. The sideband signal is
generated, at a very low power level, in the low-frequency portion of the RF spectrum. It is then heterodyned, through a
number of translator stages, to the transmission frequency. Here
the signal is amplified to the desired power level in a system
of linear amplifiers. It is then transmitted by a coaxial-cable
system, or radiated through space by a highly directive radio
antenna.

14

Chapter 2

The Derivation of SingleSideband Signals
The single-sideband signal essentially is a modified AM signal
from which certain components have been removed. In communications equipment designed for voice transmission, one
sideband and the carrier are generally removed. However, before we can intelligently discuss single-sideband theory and
practice, it will be necessary to thoroughly understand the
formation of the ordinary AM signal from which the sideband
signal is derived.

AMPLITUDE MOD ULATION
When the output of a CW transmitter is made to vary in
amplitude at a single audio-frequency rate, a steady tone w ill
be heard in a receiver tuned to the transmitter frequency. The
frequency of the received audio tone will be the same as that
of the original audio tone used to modulate the radio-frequency
output of the transmitter. If, instead of a single tone, the modulation consists of a number of tones or audio frequencies such as
those of speech or music, then the transmitter output will vary
in unison with these frequencies, and the sound reproduced at
the receiver will correspond to the original voice or music.
This process is known as amplitude modulation.
The analysis of any modulation process becomes extremely
complex when several modulation tones or frequencies are
present. The accepted procedure in modulation analysis is to use
only one or two tones as the modulating signal. Thus, when a
single audio tone is used, the frequency components which appear at the transmitter output are the carrier, a lower side
frequency, and an upper side frequenc y. However, with a complex modulating signal such as speech or music, two bands of
frequencies will appear at the output along with the carrier.
These two bands are called the lower si.deba.nd and the upper
sideband. Unlike the lower and upper side frequ encies, these

15

lower and upper sidebands consist of many frequencies instead
of only one. However, at this time our discussion will be limited
to the side frequencies. The more complex sidebands will b e
covered later.

:\Iixing
Amplitude modulation is essentially a form of mixing, or combin'ing, two or more signals in a suitable nonlinear device .
'When a single audio tone is transmitted by means of amplitude
modulation, the tone signal is mixed with a radio-frequency
carrier to produce a composite signal consisting of the original
carrier and two side-frequency signals.
The mixing action can be understood more clearly by the use
of numerical figures in a typical example. Fig. 2-1 is a plot of
the transmitter output-frequency spectrum, showing the relative
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fig . 2· 1. Frequency-spectrum plot of AM transmitter.

characteristics of the carrier and the two side-frequency signals.
The vertical scale indicates relative voltage (amplitude) in arbitrary units, and the horizontal scale indicates frequency in kilocycles. The 5,000-kc carrier is modulated by a pure sine-wave
tone of 1,000 cycles ( 1 kc) .
At 100% modulation, two side frequencies will b e formed as
shown in Fig. 2-1. One will be located at 4,999 kc, which is
equal to the carrier frequency minus the modulation frequency
( 5,000 - 1 = 4,H99); the other will appear at 5,001 kc, which is
equal to the carrier frequency plus the modulation frequency
( 5,000+ 1=5,001). The 4,999-kc signal is known as the clifjerence
freq uency, or lower side frequency; and the 5,001-kc signal is
tbe sum frequency, or upper side frequency. Note that the 4,999aod 5,001-kc signals are not referred to as "sidebands" since the
modulation is a single-frequency audio tone only. At 100%moclu16

lation, the amplitude of each side frequency will be exactly half
the carrier amplitude.
If a highly selective receiver (one with an over-all bandpass
of about 500 cycles) is tuned to 4,999 kc, the lower side frequency
will appear as a steady unmodulated "carrier" and no tone will
be heard. If the signal is removed from the last IF stage of the
receiver and displayed on an oscilloscope screen, it will have
the same waveshape as any other 4,999-kc sine-wave RF signal.
When the selective receiver is tuned to 5,001 kc, the upper side
frequency will also appear as a steady carrier with no audible
tone. In order for the 1,000-cycle audio tone to be heard in the
speaker, or the modulation-waveform patterns to be displayed
on the oscilloscope, the receiver must have sufficient bandpass to
recognize at least the carrier and one of the side frequencies.
The side frequencies appear only when the 1,000-cycle tone
modulation is applied at the transmitter. \Nhen the modulation
is removed, the signals at 4,999 and 5,001 kc will disappear.
If the amplitude of the 1,000-cycle modulation signal is varied
from zero to maximum ( 100%modulation), the amplitude of the
side frequencies will also vary from zero to a maximum value. It is
apparent then that the two side frequencies are created by the
amplitude-modulation process.
When a receiver with a 0.5-kc bandpass is tuned to the 5,000-kc
carrier, no modulation will be heard and no change in the
amplitude of the carrier will be observed when the modulation
is either applied, varied, or removed at the transmitter. Since no
change occurs in the carrier with modulation, we can reasonably
conclude that the intelligence-bearing components of the signal
are contained in the side frequencies, with none in the carrier.
PO"\V1~~ R

DISTRIBUTION IN
THE AlVI SIGNAL

As shown in Fig. 2-1, when a carrier is modulated lOOi by a
pure sine-wave tone, the voltage value at either side frequency
will be exactly half the carrier voltage. In a circuit where the resistance remains constant, the power will be proportional to the
square of the applied voltage. In our earlier example, the
power in each side frequency will thus be equal to (0.5) 2 times
the carrier power. Assuming the carrier output is 1,000 watts,
then the power in each side frequency will be 1000 ( 0.5 )2, or
250 watts. Since two side frequ encies are present, the total
side-frequency power is 500 watts.
Fig. 2-2 shows the usual modulation-envelope presentation of
an AM signal as it might be displayed on an oscilloscope screen.
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This drawing is included in practically all communications texts
and is usually labeled "carrier with 100% amplitude modulation."
This type of display has caused considerable confusion since it
seems to contradict previous statements that the carrier amplitude remains unchanged during modulation. What you are
actually viewing here is the composite wave, which consists of
the two side frequencies and the carrier being modulated by one
cycle of audio frequency.
In Fig. 2-3, the carrier voltage is indicated by the long vector
having a value of one voltage unit. The two short vectors, each
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Fig. 2-3. Vector diagram of a 100% modulated carrier.
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360'

one-half unjt in length, indicate the lower and upper side frequencies. Since the lower sjde frequency is 4,999 kc, it will contain fewer RF cycles than the 5,000-kc carrier. Assum ing the
carrier vector to be standing still, the lower-frequency vector
will appear to rotate clockwise. The upper side-frequency vector
will then appear to rotate counterclockwise, since the 5,001-kc
frequency contains slightly more radio frequency cycles than the
5,000-kc carrier.
At the instant shown in Fig. 2-3, the three vector voltages will
add up to 2 volts ( 1 + 0.5+0.5=2). One half of a modulation
cycle ( 1/2,000 of a second) later, the side-frequency vectors
will have rotated one half-turn each and the three voltages will
then add up to zero ( 1-0.5-0.5= 0). It is therefore evident that
during the time required for one half-cycle of modulation, the
voltage value of the composite signal will vary from a maximum
of twice the carrier voltage, to zero. Since the power in a resistive circuit is proportional to the square of the applied voltage,
the maximum, or peak, power of the 1,000-watt transmitter
will be equal to 1,000 ( 2) ~. or 4,000 watts. Half of a modulation cycle later, the signal voltage and power output will be
zero. From this it is then apparent that a transmitter rated at
1,000 watts must have a peak modulation capability of 4,000
watts if 100% modulation without distortion is to be realized.

l<'ORMATION OF THE SIDEBANDS
Up to this point the term sideband has been avoided, since
we have been working with single-tone modulation. Strictly
speaking, single-tone modulation produces side frequencies,
whereas multitone, or complex, modulation is required to produce sidebands. This distinction between side frequencies and
sidebands is important because you will later be working with
"two-tone" test signals as well as other modulation waveforms .
The sidebands exhibit certain characteristics which are not
apparent from our study of the simpler side frequencies. It was
mentioned previously that the two sidebands are mirror images
of each other-or, to use a common expression, they lie "back to
back" on either side of the carrier. It is important to keep in
mind, when discussing the sidebands, that we are referring to
the amplitude of the output wave plotted against frequency.
The very term sideband denotes that it occupies a portion of the
spectrum. As you know, sidebands or side frequencies exist only
during the process of modulation. The unmodulated carrier contains no sidebands and, surprisingly, occupies no channel or
spectrum space.
19

In order to illustrate the formation of sidebands, let's again
refer to our hypothetical 5,000-kc, 1,000-watt transmitter; but
instead of a single tone, the modulation signal will consist of four
sine-wave tones at frequencies of 1,000, 2,000, 3,000 and 4,000
cycles. For the purpose of discussion, these tones will be considered to be of equal amplitude, and any effects of interaction
on each other will be ignored.
Fig. 2-4 illustrates the double-sideband spectrum formed
when a 5000-kc carrier is 100% modulated by a four-tone audio
signal. The sideband-frequency components which appear at 4,999, 4,998, 4,997, and 4,996 kc correspond to the 1,000-, 2,000-, 3,. 000- and 4,000-cycle tones. The group of frequencies between the
carrier ( 5,000 kc) and 4,996 kc is known as the lower sideband.
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Fig. 2-4 Sideb•nd formation of a four·tone,
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Note that the lowest frequ ency ( 1,000 cycles) produces a sideband component only 1 kc lower than the carrier frequency,
whereas the highest frequency ( 4,000 cycles) produces a sideband component 4 kc lower than the canier frequency. The
complete lower sideband is composed of difference-frequency
signals, produced b y subtracting the frequency of the audio
components from the frequ ency of the carrier. Thus, the highest audio frequency will produce the lo,:vest lower-sideband frequencies, and the lowest audio frequency will produce the highest lower-sideband frequency.
The upper sideband is exactly like the lower except that the
audio frequencies add to (instead of subtract from) the carrier
20
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frequency, to produce a series of "sum-frequency" sideband
components. Fig. 2-4 shows the 1,000-cycle tone mixed with the
5,000-kc carrier, producing an upper sideband of 5,001 kc. The
2,000-, 3,000-, and 4,000-cycle frequencies produce upper-sideband components at 5,002, 5,003 and 5,004 kc, respectively. In
the upper-sideband spectrum, the lowest audio frequency will
produce the lowest frequency upper-sideband component, and
the highest audio frequency will produce the highest-frequency
sideband component. Compared with tl1e lower-sideband components, precisely opposite frequency conditions prevail in the
two upper sidebands. This is why the upper and lower sidebands are often called "mirror images" of each other.
Each upper (as well as lower) sideband contains all the intelligence information included in the modulation signal. It can therefore be seen that either· or both sidebands will provide faithful
reproduction of the transmitted information from a suitable receiver.
In Fig. 2-4, the carrier frequency is 5,000 kc; however, the RF
carrier may be any frequency. Any RF carrier mixed with a fourtone audio signal will produce a double-sideband spectrum, with
the components related to each other exactly as shown. For
example, if the carrier frequency is 50 kc instead of 5,000, the
lower-sideband components will be located at 49, 48, 47, and 46
kc. The upper-sideband components \vill then be at 51, 52, 53, and
54 kc. However, when the sideband signal is generated at a low
frequency such as 50 kc, it is then heterodyned to the operating
frequency and amplified to the desired power level.

TRANSMITTER EFFICIENCY
In the preceding discussion the relative values of carrier and
sideband power was covered, but no mention was made of the
power amplifier and over-all transmitter efficiencies. In making
comparisons between conventional and sideband transmissions,
the relative efficiencies of the two systems must be considered.
The average efficiency of a good Class-C RF amplifier is close
to 80% when plate-modulated. Efficiency is determined by the RF
power output in watts divided by the DC power input, also in
watts. In our hypothetical 1,000-watt transmitter, the input power
is equal to 1,000 watts -:- 0.8 ( the efficiency percentage), or 1,250
watts. This 1,250 watts DC is the amount required of the power
supply to produce the 1,000 watts of carrier. The 250 watts of DC
not converted into RF is largely el\.-pended as heat at the plate of
the amplifier tube. This energy loss is commonly referred to as the
plate dissipation of the tube.
21

The 500 watts of power in the sidebands is supplied mostly
by the Class-B modulator and is in the form of AF power which
is developed from a different DC power-supply source.
You have learned that the transmitted carrier contains no
intelligence; this infonnation is actually in the two sidebands.
You also learned that each sideband contains the same kind
and amount of intelligence information. It is then obvious that
we can eliminate the carrier and one sideband and still transmit
the same amount of infonnation.

CARRIER A:N'D SIDEBAND
REMOVAL EFFECTS
The elimination of the carrier will effect a considerable savings
in power at the transmitter (Figs. 2-5A and B). In our hypothetical 1,000-watt transmitter, the peak output power at 100% modulation was 4,000 watts but the average power in each sideband
was only 250 watts, or a total average sideband power of 500
watts. The power dissipated at the RF-amplifier plate was 250
watts.
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and one sideband suppressed.

The removal of the carrier component and its accompanying
high power dissipation will enable us to raise each sideband to
500 watts ( 1,000 watts of total sideband power). However, when
only one sideband is transmitted (as in Fig. 2-5C), the power
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in that sideband can be raised to 1,000 watts without exceeding
the plate-dissipation limits of the amplifier tube. In either case

the peak power will remain at 4,000 watts. Remember, though,
that the comunications efficiency ("talk" power) is contained
in the sidebands and to produce 1,000 watts of talk power in
one sideband of a conventional AM transmitter (no suppressed
components), it would be necessary to raise the carrier output
to 4,000 watts. A corresponding increase in DC input power would
be required, and an RF amplifier with a higher plate-dissipation
rating would have to be used.
The removal ·of one sideband will cut in half the channel space
needed to transmit the same intelligence by the conventional AM
method. This means the required receiver bandwidth will also
be reduced accordingly. Since noise power is proportional to the
effective bandwidth required, there will be an improvement · in
the signal-to-noise ratio of the single-sideband receiver over a
receiver receiving conventional AM signals.
Carrier suppression methods and the removal of one sideband
will be covered in detail in the next two chapters.
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Chapter 3

Carrier Suppression
Techniques
In this chapter the actual circuitry effecting removal of the
carrier from the AM signal is covered. The techniques used to
remove the undesired sideband will be covered in the next
chapter.
The device most generally used to suppress the carrier is
called the balanced modulator, although it is really better described as a balanced mixer. The balanced modulator (or mixer)
may use semiconductor (germanium or silicon) diodes, or
vacuum-tube diodes, triodes, or pentodes. However, transistors
have been used as balanced modulators in some recent circuitry
with good results.

PUSH-Pl LL BALANCED MOD ULATOR
Fig. 3-1 shows a simple balanced modulator circuit that uses
two screen-grid tubes. The two plates are connected to the
resonant tank circuit in a push-pull arrangement. The carrier is
applied to the parallel control grids, and the AF modulation
signal is applied to the push-pull-operated screens through transformer Tl. The RF-carrier and audio-modulation signals are kept
at low peak values, (usually a few volts ), and B+ may or may
not be applied to the screens. With some types of tubes, it may
be necessary to apply a low negative bias to the screens, as shown
in Fig. 3-1. This aids in selecting the operating points for
optimum mixer and carrier-suppression action.
With no audio applied to the screens, the positive excursions
of the incoming carrier will cause a simultaneous increase in the
plate currents of both tubes; and during the negative grid swing,
both plate currents will decrease simultaneously. These platecurrent pulses, when applied to the push-pull tank circuit,
will generate two RF voltages which are equal in value but
opposite in phase displacement. These two out-of-phase voltages will cancel each other, and the net carrier output will be
24
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Fig . 3·1. Balanced modulator with parallel input and pu1h· pull output.
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zero. The actual amount of carrier suppression obtained depends on the degree of matching between the two tubes and
their associated circuitry. Generally, two selected tubes of the
same type will give about 20 db of carrier suppression in the
circuit of Fig. 3-1. In this case, no adjustments (other than
resonating the balanced tank circuit to the carrier frequency)
are needed.
Carrier suppression can be further improved by the use of
separate bias adjustments (to equalize the two plate currents )
and small trimmer capacitors (to balance each grid and plate
capacitance to ground). In practical design work, a carrier
suppression value of 30 to 35 db is generally considered satisfactory. However, when the balanced modulator is followed by a
sideband filter, an additional 20 db of attenuation is obtained.
The h·immers, tank circuit tuning, and bias values should all be
adjusted for minimum carrier in the output circuit. These various
adjustments will interact to some extent; thus it may be necessary
to trim them several times before the lowest carrier level can be
obtained.
During modulation, the audio voltages on the screens will
be 180° out of phase with each other. T his will cause the plate
current of one h1be to increase, and that of the other to decrease,
at an audio rate. Two RF voltages will then appear across the
primary of T2 and, being unequal, will result in a net RF voltage in the secondary. Because the modulator unbalance is occurring at an audio rate, the RF and AF signals will mix
(combine) to produce sum and difference RF signals (sidebands) in the output circuit. Since the modulator is balanced
for the carrier but not for the sidebands, the output signal will
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consist of a pair of sidebands and a suppressed carrier. TechnicaUy, this output is known as a double-sideband suppressedcarrier signal-or more simply, as a DSB signal.

PARALLEL-OUTP UT
BALANCED l\I OD U L ATOR
In Fig. 3-2 the carrier is applied to the push-pull-operated
control grids and taken off two parallel-operated plates. Since the
carrier signal at the grids is 180° out of phase, the plate current
of one tube will be increasing as the plate current of the other is
decreasing. These two plate-current pulses are applied to a

TO

,,--- + - MODULATION
SOURCE

$1NGLE ·ENDED
OUTPUT COIL TUNE TO
CARR IER FREQUENCY

/
B+
Fig. 3·2. Balanced modulator w ith push-pull input and parallel output.

common single-ended tank circuit, where each pulse cancels
the other. Thus no carrier output is produced. In this circuit,
the audio-modulation signal is applied to the screens in the
same manner as in Fig. 3-1. Either circuit is equally effective in
the production of a suppressed carrier. The choice is determined
primarily by constructional, rather than electrical, considerations.

VECTOR ANALYSIS
At this time it may be of interest to compare the power vector
of a suppressed carrier signal with that of an ordinary AM signal.
The conventional vector resultants of an AM signal are shown
in Fig. 3-3A. Here the sideband vectors are considered to revolve
around the carrier vector, as indicated by the small curved arrows.
The sum resultant of both sidebands and carrier is considered
to revolve (at the carrier frequency ) around the point represented
by the carrier vector origin. The two sidebands are assumed
to be of equal amplitude.
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During modulation peaks, the sidebands and carrier will add
vectorially to produce the maximum power resultant, as · shown.
The maximum amplitude of the composite signal will then be
twice the amplitude of the carrier alone. During the following
half-cycle of modulation, the two sideband vectors will have rotated to the point where they combine. Thus their resultant
will be equal in magnitude but opposite in polarity to that of
the carrier. When this point is reached, the sidebands and carrier
cancel, and the net output at that instant is zero. Note that the
resultant will reach zero during the modulation cycle, but does
not actually swing negative.
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Fig. 3-3. Vector diagrams.

The vector diagram that represents the suppressed carrier is
shown in Fig. 3-3B. The origin of the sideband vectors is at the
zero reference line, because no signals are present when there is
no modulation. The sideband vectors revolve in the directions
indicated by the curved arrows. When the two vectors coincide
in the positive direction, they will add and from the maximum
resultant (shown by the vertical dotted line). When the vectors
coincide in the negative direction, they will combine to form the
minimum resultant, or "negative peak," as indicated by the same
dotted line. Either resultant formed by the sidebands is considered to be of constant phase when both sidebands are of equal
amplitude. In the suppressed carrier system, the sideband resultant swings both positive and negatfoe during one modulation
cycle. This fact will be of considerable interest later when
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studying product demodulators and also phasing-type sideband
generators.

PUSH-PULL INPUT AND OUTPUT
The circuit of a dual-triode balanced modulator is shown in
Fig. 3-4. The AF modulation signal is applied to the grids in
push-pull from either a phase-inverter stage or the highimpedance secondary of an interstage audio transformer, and the
RF carrier is introduced to the common-cathode circuit through
a 100-mmf capacitor .

.OIMFO

---11--1~---1~~-=+~'
TO
AUDIO
SIGNAL

SOURCE
---11--....._~._~-'+~•

.01 MFO

Fig. 3-4. Balanced modulator for medium-mu triodes such as the 12AU7 or 6SN7.

The push-pull output is coupled to a balanced tuned circuit,
such as the primary of an IF transformer or the input of a bandpass filter. The two l OK resistors and the SK pot form an adjustable balanced load for the triode plates. The SK pot is used to
equalize the tvvo plate currents for minimum carrier in the output
circuit. Ordinarily no balancing adjustments are required when
the incoming audio signals are equal in amplitude.

DIODE MODULATORS
The diode modulator was developed during the early years
of carrier-system telephony, but remained comparatively unknown in other communications circles until quite recently.
Tbe first balanced modulator used two or more diode rectifiers.
The diode, or rectifier, modulator may be of the ring, series, or
shunt type-depending on the manner in which its diodes are
connected. The main advantage of the diode modulator is its
higher stability, compared with its vacuum-tube counterpart.
Moreover, diodes require no power, are very compact, and
rarely require maintenance or replacement. Originally, the diodes
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Fig. 3·5. Conventional ring balanced-modulator circuit.

were copper-oxide rectifiers. Today, most are germanium, such as
the ordinary type 1N34. When two or more diodes are carefu11y
selected for matched electrical characteristics and mounted in a
can or on a terminal board, the unit is known as a Varistor. As
an example, the popular 1N35 Varistor is simply a pair of closely
matched 1N34 germanium diodes.

Ring Balanced Type
The ring balanced modulator is the most efficient of the three
types, being capable of twice as much output voltage as the
shunt or series arrangements. However, the diodes must be very
closely matched when used in a conventional ring circuit
(Fig. 3-5). Otherwise, it will be impossible to obtain good
carrier suppression in the output circuit.
The diode elements in any balanced modulator are arranged so that application of the RF carrier alone does not
01
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Fig. 3-6. Carrier current in ring modulator.
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cause a signal to appear in the output. In Fig. 3-6, the carrier
balancing action can b e analyzed by tracing the carrier current
paths as shown. When the carrier voltage is negative at point
A, RF current will Bow through T2, Dl and D2, Tl, and back to
the generator at point B. As you can see, the currents through the
two halves of the T2 primary are 180° out of phase. As a result,
the net RF voltages which are developed cancel each other, and
no RF is coupled to the secondary.
On the next carrier half-cycle, the polarity will reverse, and
diodes D3 and D4 will conduct. As shown in Fig. 3-7, the carrier
current will now reverse direction but the currents in the T 2
primary will still be flowing in opposite directions. Thus, the RF
voltages developed across the T 2 primary will cancel each other,
and there will still be no carrier voltage in the output circuit.

T
NO APPLIED
AUDIO SIGNAL

1
Fig. 3-7. Carrier-current paths when poluity reversH.

The diode balanced modulator can be more easily understood if the diode elements are considered as switches. The
simplified schematic in Fig. 3-BA shows diodes Dl and D2 as
closed switches, and D3 and D4 as open switches. In this diagram, the circuit conditions correspond to the action occurring
in Fig. 3-6. Fig. 3-8B shows the conditions when the carriervoltage polarity reverses; now Dl and D2 are "open," and D3
and D4 are "closed." These conditions correspond to the action
taking place in Fig. 3-7. The switching voltage is the carrier
signal, and the switching rate is determined by the carrier
frequency. In order to obtain good switching action and to
reduce distortion in the modulator output, it is general practice
to use a carrier signal which greatly. exceeds the audio-signal
level.
When an audio signal is applied to the primary of Tl, the
audio voltage across the diodes will unbalance the modulator
circuit. The resultant RF voltage across load resistor R3 will
consist of a series of pulses whose polarity and repetition rate
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are determined by the carrier voltage, and whose amplitude
is controlled by the audio voltage. When viewed on a spectrum
analyzer, the output signal will be seen to contain an upper and
a lower sideband. A similar pair of sidebands (and some other
undesired higher-frequency products) will be placed about the
SW I
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Fig. 3 ·8. Carrier-current paths in ring modulator.

second harmonic of the carrier frequency. The upper and lower
sidebands displaced around the carrier frequency are the sum
and difference RF signals described in the preceding chapter.
A single tone-modulating signal and the resultant waveform
of the balanced modulator output are shown in Fig. 3-8C.
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Diode balanced modulators are capable of a high degree of
carrier balance, and they will retain this characteristic over long
periods of time if the components are of good quality and are
accurately matched. In a well-designed system, it is not difficult
to obtain a carrier suppression figure of 40 db or better, and
the level of third-order intennodulation products can be made 50
db below the desired sideband output signal.

Four-Diode Shunt Type
Fig. 3-9 shows a balanced four-diode modulator. All four diodes
conduct during one half of the RF cycle only; during the other
half-cycle they do not conduct at all. If you can visualize the
diodes as switches controlled by the carrier-voltage polarity, the
action will be similar to that in Fig. 3-10. While the diodes are at
their conduction peak, the input and output circuits are virtually
short-circuited (Fig. 3-lOA); conversely, in Fig. 3-lOB the highimpedance conditions are restored while the diodes are "open." If
the four diodes are carefully matched, the circuit will be balanced

Fig. 3·9. Basic shunt-bo lo nced modulator circuit.

for the RF carrier, and no unmodulated signal wilJ appear in the
output. Since the diodes conduct only on the negative portions of
the RF cycle, the output currents flow for approximately half a
cycle of the carrier frequency. However, in a practkal circuit
These half-wave signals are fed into a resonant tank circuit
and appear as normal full cycles at the output. A single-tone
audio-modulation signal and the resultant modulated RF waveform are shown in Fig. 3-lOC. As described previously, the
modulated RF signal will contain sum and difference signals
(sidebands).

Two-Diode Shunt Type
A shunt diode modulator using only two diode elements is
depicted in Fig. 3-11. The 1N35 Varistor is used in place of the
diode elements, and the circuit values are typical for operation
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(A) Diodes conducting.

(B) Diodes not conducting.
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Fig. 3·10. Diode switching action.

in the 450- to 460-kc region. Notice that Dl and D2 form one
half of the bridge circuit, and that resistors Rl, R2, and R3 form
the other half. The 250-ohm pot ( R2 ) is used to balance the
circuit with the RF carrier applied. Known as the "carrier
balance" control, it is usually a screwdriver adjustment somewhere on the main chassis. Normally, this adjustment will be
made during initial alignment and then left alone. The two
820-ohm resistors, Rl and R3, prevent one side of the carrier
source from short-circuiting to ground when the potentiometer
arm is rotated to either extreme. A 2,000-ohrn pot is sometimes
used across the carrier source, instead of the three resistors
shown.
The applied carrier signal must be taken from a balanced
source. The signal may be supplied to C7 and C8 from an RF33

transformer secondary winding or from the output of an RF
phase-inverter circuit. (This subject will be covered in more
detail in a later chapter. )
L et's suppose, in Fig. 3-11, that there is a carrier signal of about
10 volts across points A and C, but no applied audio. When point
A is more posi tive than B, diodes Dl and D2 will conduct, but
will be cut off when point A goes more negative. Current will
flow from C, through D2, to B, and from B, through Dl, to A and
back to the carrier generator. The current will also Bow through
Rl, R2, and R3 as it goes from C to A. The modulator RF output
circuit is connected b etween point B and ground ( point D ).
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Fig. 3· 11. Shunt-type diode balanced modul ator.

If the two diodes are perfectly matched and the RF voltages
from A to ground and C to ground are equal, the modulator
circuit will be well balanced, and no RF carrier will appear in
resonant output circuit T2. However, such an ideal condition is
rare; in most cases, adjustment of the circuit "'rill be required.
Carrier b alance control R2 is now adjusted to obtain minimum
carrier signal in the secondary winding of T2. As the control is
rotated from one extreme to the other, a definite null should be
obtained at or near the center of the balance adjustment range.
If no null appears, or if it appears at one extreme of the balance
control, then the two diodes do not match closely enough or
unequal RF carrier is b eing applied at points A and C.
Variable capacitor C6 permits adjustment of the carrier so that
equal RF voltages will be applied at A and C. It should be turned
slowly from its minimum vaJue while b alance control R2 is being
adjusted. If a satisfactory null is still not obtained, C6 should
b e removed from point A and connected to point C and the
balancing procedure rep eated.
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The 1N35 Varistor, which consists of a pair of matched 1N34
germanium diodes, is usually sufficient to pe1mit a good balance with the circuit shown. A pair of 1N34 diodes, selected at
random from the dealer's stock, will rarely give optimum balance.
If no 1N35 Varistor is available, the 1N34's can be roughly
matched by selecting those which exhibit similar front and
back DC resistances when measured with an ohmmeter. (Measure resistance on the scale where the needle is mid-range.)
When the audio signal from Tl is applied to the diode circuit
between B and ground, diodes Dl and D2 will alternately pass
RF current during the AF cycle. When point B is more positive
than ground (due to the audio signal ), Dl will be back-biased
and will not conduct until the positive-going carrier voltage
exceeds the audio voltage: On the other hand, diode D2 is
forward-biased by this positive audio voltage and will conduct
over slightly more than half of the RF cycle. Thus, the modulator is unbalanced by the audio signal, and RF voltage will now
appear in resonant output circuit T2.
When the audio signal goes negative at point B, the conditions
will reverse-02 will now be back-biased and Dl will conduct.
The modulator is again unbalanced by the audio signal, and RF
voltage still appears in the output circuit.
Since the modulator unbalance is taking place at an audio
rate, the RF carrier and the audio signals will combine, or "mix,"
to produce sideband signals in the output circuit. If the carrier
itself has been satisfactorily suppressed, no carrier component
should be present in the output dming modulation. If there is,
this means the frequency stability of the carrier generator is
poor under load. As a result, an FM component will be introduced
into the output circuit. This condition rarely occurs when the
carrier generator is crystal-controlled, but it can be a serious
problem with generators employing self-controlled oscillators.
It will be discussed in more detail in Chapter 5.
Any shunt-connected diode modulator must be so designed that
the proper impedances are presented to the AF and RF signals.
In Fig. 3-11, Tl is a miniature tube-to-line transformer with a
primary impedance of 20,000 ohms and a secondary impedance
of 600 ohms. The secondary winding is shunted by a I K resistor
and 330-mmf capacitor. Another lK resistor ( R4) is connected
in series with the "high" side of the transformer and the junction
(point B) of the two diodes. The two resistors form a voltage
divider for the audio signal, and R4 offers a relatively high
impedance to the RF signal at point B. In some applications, R4
may be replaced by a suitable RF choke. In the direction of
the RF output circuit, the audio signal "sees" the high impedance
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of .001-mfd capacitor C2. The only load for the audio signal is the
diodes themselves.
The RF signal at point B, looking toward the output circuit,
"sees" the low impedances of C2 and C3 and of the seriesresonant transformer primary. The two .001-mfd capacitors,
C2 and C3, should be of good quality and have silver mica dielectrics. Variable capacitor C4 is the IF trimmer normally connected
across the primary winding.
The shunt type of balanced modulator is more suitable for
use in circuits where the output impedance can be made low
by series tuning, as has been done here. The Collins series of
mechanical filters utilizes a tuned input circujt which may be
either series- or parallel-resonated. This circuit may also be used
with certain types of crystal lattice filters, which either may
employ tuned inputs or can be matched by means of a capacitance
voltage divider.

Series Balanced T ype
Some filters must be terminated into some definite impedance
value. The Burnell S-15000, for example, must be terminated
into a 30,000-ohm input impedance in order to retain the proper
response characteristics. This input-termination value will not
match the output impedance of the shunt modulator; hence some
kind of intermediate coupling device would seem necessary, to
obtain a satisfactory match between the modulator and filter .
However, such a coupling device would not only mean higher
cost and additional circuit complexity, but might also "increase
circuit losses. In circuits using terminated or high-impedance
filters after the balanced modulator, a series modulator like the
one in Fig. 3-12 is more suitable. Another advantage of the series
modulator is that no audio-input iron-core transformer is needed.
The AF cathode follower serves the same purpose, but costs less
and requires less space.
Two basic requirements of the series balanced modulator are
that the impedance across which the AF is developed be low
at the carrier frequency, and that the impedance across which
the RF is developed be low at the audio frequency. In practice,
this requirement is satisfied by the circuit arrangement in
Fig. 3-12.
The circuit values shown are suitable for use with the 50-kc
Burnell S-15000 filter. Those in Fig. 3-13 are suitable for the
455-kc Collins mechanical filters.
The general theory of operation of the series balanced modulator is similar to that of the shunt type described prior to this
discussion.
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The balanced modulators described above are considered
rather standard arrangements and are used extensively in modern
sideband equipment. The actual circuit configm ations may vary
somewhat with different sets, but the basic functions will remain the same. Any of these circuits, when used properly, will
produce a satisfactory suppressed-carrier, double-sideband signal.
In most cases, the circuit choice will be determined by the type
of components used, such as the sideband filter, and not by any
electrical differences between circuits.
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Fig. 3·13. Series·type balanced modu la tor using a Collins mechanical filter.
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BALANCED MOD ULATOR USING A
BEAl\1 DEFL EC'rION rUilE
1

Recently a totally different type of balanced modulator circuit
has been developed which uses a beam-deflection tube as the
modulator. The sheet-beam-switching tube was originally designed for use as a synchronous demodulator in color TV receivers. The first of these tubes produce<l commercially
was the 6AR8, manufactured by GE. The 6AH8 was designed
primarily for color TV; the fact that it could also be adapted
to sideband generation was merely coincidental. Now a later
version of the basic tube is manufactured by HCA. Known as
the 7360, it is designed especially for balanced modulator and
converter service and is certain to be widely used in the near
future. In order to understand the application of the 7360, let's
study the basic principles involved in its operation.
The 7360 is a 9-pin miniature type featuring a unique electrode structure which consists of t\ll'O plates, two deflection
electrodes, a cathode, and two grids. The total beam current is
determined by the potentials appiled to the two grids, and the
portion of the total beam current collected by each plate is determined by the voltage difference between the two deflection
electrodes. The current collected by each plate thus becomes a
function of two voltages.
Because of this unique design, the 7360 is particularly useful
in modulator, demodulator, and frequency-converter service, in
equipment operating at frequencies up to 100 me. The tube also
has inherent long-term stability because the electron flow to each
plate is derived from a single beam. Other features of the tube
are high transconductance ( 5,500 micromhos), high deflection
sensitivity, low interelectrode capacitances, and good shielding
(to prevent interaction between the deflection electrodes and
control grid). In carefully designed balanced modulator circuits,
the 7360 is capable of providing a carrier suppression of 60 db
or better. In balanced mixer (frequency-conversion) circuits,
it is possible to obtain at least 40 db of oscillator-signal suppression in the balanced-output tank circuit.
Fig. 3-14 shows the mechanical arrangement of the electrodes
in the 7360, and Fig. 3-15 the equivalent circuit symbols and base
connections. The balanced modulator circuit recommended by
RCA, is shown in Fig. 3-16. A single-sideband generator using
one 7360 as a balanced modulator and another as a balanced frequency converter will be featured in a later chapter.
In operation, the sheet of electrons emitted by the cathode
passes through the two grids and, if no deflection voltages are
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present, strike the open space between the two plates. Since the
electrons do not strike either plate, no plate current flows and
there is no output from the tube. If the RF carrier signal is
applied to the control grid, the amplitude of the beam will vary
at the RF rate, but there will still be no output since the beam is
not striking either plate.
PLATE

Pl.ATE
DJ2

GI

DJ I

3

G2

CATHODE

Fig. 3· 14. Electrode arrangement in the
RCA 7360.

Fig. 3-15. Symbols and connections of
RCA 7360 .

An electron beam may be d eflected by either an electrostatic
or electromagnetic fi eld. The construction of the 7360 is such that
the electrons are made to pass between the two deflection
electrodes (but not contact them ). T hus, the application of
voltage (either AC or DC) to the electrodes will deflect the
beam and cause it to strike one of the plates. When the polarity
of the deflection voltage is reversed, the beam will be deflected in
the opposite direction and stTike the other plate. It is obvious
that the beam can be swept back and forth at either an audio~-----.----- B+ 250V
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Fig. 3· 16. RCA 7360 balanced modulator circuit.
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or radio-frequency rate by application of a suitable signal at the
deflection electrodes.
In balanced modulator service, the audio is applied to the two
defl ection electrodes. The peak-to-peak audio signal required for
full beam deflection is approximately 2.8 volts. The RF carrier
signal is applied to the control grid; its peak-to-peak amplitude
must be approximately 10 volts. When the 7360 is used as a
balanced frequency converter, the conversion oscillator signal
is applied to the control grid, and the sideband RF signal is applied to the deflection electrodes. In either case, the RF signal
applied to the control grid does not appear in the output.
Because of physical and electrical variations inherent in the
manufacture of vacuum tubes, balancing and centering devices
must be used with the 7360 in order to obtain optinmm carrier
suppression and the desired signal output. In Fig. 3-16, a positive
DC potential of about 25 volts is applied to the second deflection
electrode (terminal 8) by means of a voltage-divider network
across the B+. The DC voltage applied to the £rst deflection
electrode (terminal 9) is made adjustable from about 20 to 30
volts by RIO ( the 5,000-ohm carrier balance pot). The output
ciTcuit balance is adjusted by 2500-ohm pot Rl2. In operation,
RlO and Rl2 are alternately adjusted for minimum RF signal
in the output circuit. When the 7360 is followed by a sbarpcutoff sideband filter, it is possible to obtain carrier suppression
of 70 to 80 db below the desired sideband output voltage.
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Chapter 4

Sideband Selection

The balanced modulators described in the preceding chapter
all produce an output consisting of a pair of sidebands located
on either side of the suppressed carrier. Since the objective is to
transmit only a single sideband, some means must be used to
select one sideband and to suppress the other. In most modern
single-sideband systems, this is accomplished by either frequency
(filtering ) or phase (phase-shift) discrimination.

FILTER l\IETHOD OF
SIDEBAND SELECTION
The fil ter method of sideband selection originated with the
carrier system of wire telephony. The filter itself is simply a
device which presents a high impedance to unwanted frequencies
and thereby weakens (attenuates) them, but offers a relatively
low impedance to the desired frequencies. The band of frequencies passed by the filters are generalJy called the filter
passband. However, no filter is perfect; they all attenuate the
frequencies contained in the passband somewhat. This attenuation is called the filter insertion loss. At the upper and lower
frequency extremes of the passband, the fil ter rapidly attenuates
those frequencies which lie in b oth directions away from the
filter bandpass. ' Vhen these frequencies are plotted along the
X-axis of an X-Y coordinate system and the attenuation (in
decibels) is plotted along the Y-axis, the ratio of frequency
change to attenuation is called the skirt selectivity. A similar
plot of the entire filter response yields the characteristic cu.rve.
The bandwidth of a filter is the difference in cycles (or kilocycles ) obtained when the lowest frequency contained in the
passband is subtracted from the highest frequency. The two
reference frequencies are usually specified at some attenuation
p oint along the skirt, or slope, of the filter response and will vary
with different manufacturers. In the Collins F 455Y-31 mechanical
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filter, for example, the bandwidth at 6-db attenuation is specified
as 3.1 kc; at 60-db attenuation, the bandwidth is 6 kc. The ratio
of the bandwidth at the 6- and 60-db attenuation points is called
the shape fact or. The Collins fil ter has a shape factor of slightly
less than 2.0-which is considered very good.
The original filters developed by commercial telephone companies were designed to operate at very low frequencies ( 10
to 20 kc). These early filters invariably were derived from
combinations of fixed capacitors and high-Q inductors. The
characteristic impedances were generally made low to p revent the
d istributed capacitance of the inductances from deteriorating the
over-all filter performance. Some time later the crystal filter
came into wide use. Crystal filters were usually based on fulllattice configurations and might contain as many as 80 to 100
individual crystal units. These filters were carefully designed to
present a skirt attenuation of 70 to 80 db in less than 50 cycles.

Low-F requency Filters
Most of the fil ters in modern single-sideband equipment are
considerably simpler than those used in carrier system telephony.
However, it is obvious that designing highly selective RF filters
requires extremely complex calculations and very precise measurements beyond the scope of this book. For readers interested in this
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subject, there are a number of texts and scientifi c papers available. With the excep tion of the relatively simple crystal-lattice
filter described later, our discussion will be confined to the various
manufactured fil ters available as stock items.
Burnell S-15000-The most widely knovn1 low-frequency filter
available to amateurs is the Burnell S-15000, designed for use at
a carrier frequency of 50 kc. A careful examination of the response
curve in Fig. 4-1 will reveal that this Siter passes ~nly those
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sideband frequencies contained in the region from the 50-kc
carrier, down to 47-kc (the lower sideband) . All sideband frequencies (upper sideband) higher than 50 kc are rapidly
attenuated to the point where virtually none appear at the
filter output. The 50-kc carrier is placed at approximately tbe
20-db attenuation point on the slope of the Siter response. At
50.5 kc the upper sideband is down 50 db, and at 51 kc it is down
80 db. For all practical purposes, the upper-sideband frequenci es
are considered to be completely suppressed, since none appear
in the output signal.
Notice that the lower-sideband frequencies are attenuated
more gradually. At 47 kc, the lower sideband is down about 5 db,
and at 46 kc it is down about 25 db. The 20-db attenuation
point on the low-frequency slope occurs at about 46.3 kc. If
the filter bandwidth is considered to be the frequency difference
between the two 20-db attenuation points, then this filter has
a bandwidth (passband) of 3.7 kc. All attenuation figures are
given with respect to the maximum (peak) signal output from
the filter-which in this case is 0 db. The insertion loss is not
indicated for the filter, since all measurements are made at its
output terminals.
The carrier is placed at the 20-db attenuation point on the
sharp slope of the filter response. This is done to attenuate
the speech frequenci es below 300 cycles, and also to give another 20 db of carrier suppression in addition to that of the
balanced modulator. If the carrier is placed too high on the filter
slope, or if the filter attenuation is too slow in the direction of
the unwanted sideband, a portion of the unwanted sideband will
appear in the output signal. Because of the filter-response slope,
the two sideband components closest to the carrier will be unequal in amplitude. As a result, angle modulation will take place.
In single-sideband transmitters it causes a rapid increase in distortion products and usually can be identified by the lack of
quality in the transmitted signal. Angle modulation can also be
caused by 60- or 120-cycle hum components reaching the audio
circuit of the balanced modulator. This condition is especially
serious when the carrier-generator frequency stability is p oor
under load.
In addition to extremely accurate and stable carrier generators
and filters, most modern single-sideband systems also make use of
bandpass filters to restrict the AF range. The band of audio
frequencies between 300 and 3,000 cycles is generally considered
adequate for the transmission of intelligible speech. Those below 300 cycles waste transmitter power and contribute virtually
nothing to signal intelligibility. The main reason for restricting
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the audio-frequency range to 3,000 cycles is to prevent adjacentchannel interference. The design of single-sideband audio circuitry will be covered in detail in a later chapter.
The Burnell S-15000 sideband filter is of unbalanced input type,
where the input must be terminated in a resistance of 30 k ohms
in order to retain the characteristic response. Because of the unbalanced input termination, the fi lter cannot be used with balanced modulators (such as the 7360) unless an intermediate
balance-to-unbalanced coupling device is employed. Fig. 4-2
shows the method of using the S-15000 filter with a ,push-pull
output type of balanced modulator.
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Fig. 4-2. Burnoll S-15000 filter used in 7360 balanced modulator circuit.

Hammarlund HX-500-The sideband filter in the Hammarlund
HX-500 single-sideband transmitter is designed for a 60-kc. carrier
It is composed of eight individually shielded high-Q tuned
circuits, a carrier-frequency trap, and a 6E\i\16 amplifier tube.
Since it is not a single unit, this very interesting and unusual
sideband lllter will be described in a later chapter on commercial
single-sideband generator design.
Barker and. Wi.lliarnson "360" and "361"-Thc Barker and
vVilliamson Company also produces two types of low-frequency
precision toroidal filters. One is the "360" filter, designed for receiving purposes. The same manufacturer can supply (on special
order) a combination h·ansmitting and receiving type known
as the "361," which contains balanced coupling windings of 500
and 10,000 ohms. Otherwise, its bandpass, attenuation characteristics, and physical dimensions resemble those of the "360."
Eight stabilized toroidal inductances and precision silver
mica capacitors are used in the "360" to provide passband and
attenuation characteristics that remain constant, even under
changing operating temperatures. The arnplih1dc characteristic
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(Fig. 4-3) is relatively Rat across the nominal 3-kc passband,
with sharp skirt selectivity on both sides of the bandpass region.
The high input and output impedances ( 20,000 ohms each )
permit the filter to operate as an interstage coupling device.
The carrier position, at 20 db down on the low-frequency slope,
is 17 kc. T he corresponding 20-db attenuation point on the
high frequency slope is located at about 20.1 kc.
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Since the carrier frequency is 17 kc and the passband extends
from 17.2 to 20.2 kc, the filter rejects the lower but passes the
upper sideband. The insertion loss, measmed at 18.5 kc, is about
6 db. The "360" is housed in a hermetically sealed tinned steel
case which measures 2%" x 21/4" x 3%" (exclusive of mounting
studs and ter minals ) .

.Medium-Frequency Filters
The early crystal-lattice filters, constructed by amateurs from
war surplus FT-241-A crystals, were generally in the 450- to
470-kc region. The coupling devices were usually made from
ordinary 455-kc IF transformers. Commercially, the most widely
known 455-kc single-sideband filter is the one mad e by Collins.
Produced in a number of shapes and bandwidths, Collins filters
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are used extensively in both amateur and commercial singlesideband equipment. Fig. 4-4 shows the characteristic curve for
the Collins miniature F455-31 filter.
Mechanical Filters-A mechanical filter (Fig. 4-5) is a mechanically resonant device 'vvhich receives electrical energy and
converts it into mechanical energy in the form of vibrations, then
converts the mechanical energy back into electrical energy at
the output. Although the commercial use of mechanical filters
is of comparatively recent origin, their basic principles have been
known for years. Notice that each end contains both a transducer
coil and a bias magnet. Thus, either end may be used for the
source or load. The transducer coils are series- or parallelresonated (depending on the requirements of the associated
circuitry) to a specified frequency at the center of the passband.
When an RF signal of that frequ ency is applied to the resonant
input circuit, the alternating magnetic field from the coil
causes the magnetostrictive material of the core to stretch or
shrink with changes in the magnetic flux. In this manner, the

Fig. 4·5. tonstructi on of • typica l mechanical fllter .
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electrical oscillations are converted into mechanical oscillations,
which then drive the mechanical elements of the filter. ·
The center frequency of the filter is determined by the metal
discs. Since each disc appears as an individual series-resonant
circuit, it is apparent that the skirt selectivity of the filter can
be improved by increasing the number of the discs. As mentioned at the beginning of this chapter, the skirt selectivity is
related to the shape factor (the ratio of the bandwidth at the
6- and 60-db attenuation points ). A mechanical filter containing six discs will have a shape factor of approximately 2.2, and
adding a disc will lower the shape factor to approximately
1.85. A Biter with nine discs will have a shape factor of approximately 1.5. At the present time, nine is the limit. However, it
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seems likely that future improvements in manufacturing techniques will make possible the production of units with more
discs and thus even better skirt selectivity.
Since the bandwidth varies approximately as the total area of
the coupling rods, the bandwidth of the filter can be varied by
making the coupling rods larger or smaller. Some single-sideband
mechanical filters have a bandwidth as narrow as 0.5 kc.
The symmetrical bandpass characteristic of the mechanical
filter simplifies the over-all single-sideband generator design to
some extent. To change the signal passed by the filt er from an
upper to a lower sideband or vice versa, it is only necessary to
change the frequ ency of the carrier-generator oscillator. As
shown in Fig. 4-6, an upper-sideband signal will be passed when
the carrier frequency is at the 20-db attenuation point on the
low-frequency slope. Likewise, the lower sideband will be
passed when the carrier frequency is at the 20-db attenuation
point on the high-frequency slope. In single-sideband generators
designed around the mechanical filter, the carrier frequencies are
usually controlled by two crystals in the generator oscillator.
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The two crystals are usually connected to a "sideband selector"
switch controlled from the front panel. Its two positions arc
generally marked "LSB" and "USB," for the lower- and uppersideband transmissions, respectively. ( 1ote, however, that the
panel marki ngs on most commercial equipment refer to the
c.:haracte ristic of the sideband transmission from the output
terminals of the transmitter, and not necessarily to the sideband
being passed by the filter. This subject w ill be discussed furthe r
in the chapters on equipment design.)
The input and output impedances of the mechanical filter
are largely resistive, since the input and output circuits arc
tuned to resonance at the center of the passband. The actual
impedance values will range from 1,000 to 50,000 oluns, d epending on the type of filter. The impedance and the recommended resonating capacitance are included on the data sheet
packed with the filter unit. The tuning capacitors, which may
be small ceramic trimmers, are not supplied by the manufacturer.
The capacitance required to resonate the transducer coils varies
from type to type, and may even vary slightly among filters
of the same type. In most mechanical filters, the nominal capacitance is 120 mmf. A suitable value of capacitance can be obtained by connecting a ceramic trimmer (adjustable from 8 to
50 mmf ) and a 100-mmf capacitor (miniature, si lver mica) in
p arallel. The use of air-dielectric tuning capacitors, particularly
relatively large ones, is not recommended. The large mass of
metal in the stator-plate assemb ly may cause signal radiation or
coupling around the filter. Either will result in incomplete suppression of the unwanted sideband, or other deterioration of the
Biter characteristic response.
The smallness of the mechanical filter makes it especially
attractive for use in compact equipment such as portable or
mobile transmitters and receivers. One of the rece ntly developed
tubular mechanical filters is only about 1/2 inch in diameter by
l % inches in length.
Lattice-The lattice-type filter. using quartz crystals has bee n
very popular with amateurs, as evidenced by the many articles
written about them in amateur radio publications during the
past few years. There is little doubt that the lattice filter
(constructed from war surplus FT-241-A crystals) played a
large part in the enthusiastic response of amateurs to single-sideband technology. FT-241-A crystals are still available from
surplus houses for only a few cents each. Some of these outlets even offer "matched sets" at a slightly higher cost. If
the crystals are properly selected and the filter is carefully
constructed and aligned, the over-all performance of the home-
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made filter will approach that of the more expensive manufactured variety. While the construction of a good crystal-lattice
filter is a tedious task, it is an excellent project for the ex"Perimenter, especially those who desire practical experience in the
design and construction of single-sideband equipment.
FT-241-A crystals are of the plated-electrode type and are
mounted in Bakelite holders with pins 0.093 inch in diameter
and spaced 0.486 inch apart. The crystals were manufactured
in two groups within the fundamental frequ ency range from
370 to 540 kc. Each group is identified by a two- or three-digit
number on the label of the crystal holder. The two-digit group
is for Channels 0 to 79 inclusive, and the three-digit group,
Channels 270 to 289 inclusive. The equipment containing these
crystals multiplied the fundamental frequency 54 times for the
two-digit and 72 times for the three-digit crystals. The channel
number indicates the output frequency of the equipment. For
example, an FT-241-A two-digit crystal marked "CHANNEL 48,
24.8 MC" has a fundamental frequency of 459.259 kc (24.8 me
divided by 54). In like manner, a crystal marked "CHANNEL
49, 24.9 MC" has a fundamental frequency of 461.111 kc.
For three-digit channel crystals the channel designation (in
megacycles) is divided by 72. For example, take an FT-241-A
three-digit crystal marked "CHANNEL 326, 32.6 MC." Its
fundamental frequency is 32.6 me divided by 72, which gives
452.777 kc.
The frequency difference (at the fundamental) between any
two FT-241-A crystals marked with consecutive two-digit channel
numbers is 1.85 kc. For three-digit channel numbers the difference is 1.39 kc.
Two-digit channel-number crystals are mounted in black
Bakelite holders, and the three-digit ones in brown Bakelite
holders.
Full-lattice-When FT-241-A crystals are used in a lattice
filter configuration (as in Fig. 4-7), the bandwidth of the filter
is determined by the frequ ency separation b etween crystals Xl
and X2. This crystal arrangement is known as a full-lattice
filter and is used extensively in single-sideband telephone equipment. Probably the greatest difficulty in the construction of
a full-lattice crystal filter is obtaining matched pairs of crystals.
Each pair designated Xl or X2 must be within 10 to 20 cycles
of the same frequency. Although crystals with a slightly greater
frequency difference are usable, the filter response characteristic
will deteriorate rapidly as the frequency separation · increases.
The most practical method of accurately measming the fundamental frequency of an FT-241-A crystal in the vicinity of 455
49
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kc is to place it into a suitable oscillator-frequency-multiplier
circuit and read the harmonic frequency on a calibrated receiver. For example, take an FT-241-A crystal marked "CHANNEL 43, 24.3 MC." Since it is designated by a two-digit channel
number, you divide the 24.3 me by 54 to obtain the fundamental
frequency of 450 kc. If this 450 kc is now multiplied by 16, the
sixteenth harmonic will appear at 7,200 kc (which is within
the 40-meter amatem band). Vfrtually all modern amateur and
commercial communications receivers include a 100-kc crystal
calibrator as standard equipment, and 7,200 kc is one of the
100-kc check points on the dial scale. Ordinarily, the 100-kc
frequency standard is checked and adjusted for accuracy against
the transmission of U. S. Bureau of Standards radio station
WWV before the receiver dial is calibrated. However, the exact
frequency of the crystal-oscillator harmonic is not too important.
Our primary interest is in determining which pairs of crystals
are closest to the same frequency.
This is done by placing one of the crystals into the oscillator
circuit and tuning the calibrated receiver to zero-beat with the
harmonic signal at or near 7,200 kc. (Before making any
measurements, allow the receiver beat-frequency oscillator
( BFO) enough time to become stabilized after it is turned on).
After tuning the receiver until it zero-beats with the harmonic, remove the crystal from the oscillator, insert another
450-kc crystal, and note the pitch of the beat note if audible.
If no beat note is heard, the second crystal has the same
frequency as the first, or else is not oscillating. Continue to
insert crystals into the oscillator and listening to the pitch of
the audible beat note. The crystals which produce similarsounding audio beat notes should be segregated and their
frequencies measured more closely. After obtaining a halfdozen crystals or so with similar beat frequencies, select one
of the crystals as a standard, accurately tune its harmonic to
zero-beat with the caubrated receiver, and note the dial-scale
reading. On some modern communications receivers, dial scales
are caubrated to an accuracy of 100 cycles or better. If the
individual crystals are sufficiently close in frequency that they
can be used as matched pairs, their frequency differences at the
sixteenth harmonic will be 300 cycles or less. Even with a
deviation of 300 to 500 cycles at the harmonic frequency, the
crystals will still be usable as matched pairs, but over-all filter
performance will be degraded.
It may be argued that the oscillator-harmonic method of
selecting matched pairs of crystals is questionable; since the
crystals may not have exactly the same resonant frequencies
51
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488.889
490.277
490.741
491.666
492.593
493.055
494.444
494.444
495.633
496.296
497 .222
498.148
498 .611
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in the filter that they had in the oscillator. While this is true
to some extent, crystals that bear a certain relationship to each
other, when measured as d escribed above, will exhibit a similar
relationship when placed in the filter. The activity of the
individual crystals can be checked by noting the amplitude of
the harmonic sigMI, as indicated by the signal-level meter of
the receiver. The matched pairs of crystals should have approximately equal degrees of activity.
The frequency separation between crystals Xl and X2 in
Fig. 4-7 determines the bandwidth of the filter. In most lattice
filters constructed from FT-241-A crystals and standard IF
transformers, the bandwidth has been about one and one-fourth
times the frequ ency difference between the Xl and X2 fre-
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Fig. 4·9. Half-lattice crystal fllter.

quencies. If two consecutive l'No-digit channel crystals are
selected for the Xl and X2 frequencies, then the bandwidth will
be approximately 2.3 kc. This is very close to the 2.1-kc bandwidth of the filters used in some recent commercial singlesideband transmitters. If consecutive three-digit channel crystals
are used, the bandwidth of the filter will be approximately 1.75
kc; this is generally considered too narrow for readable speech
quality. It is possible, by using combinations of the two- and
three-digit channel crystals, to produce filters with various
bandwidths. The chart in Fig. 4-8 gives the channel numbers
and fundamental frequencies of all FT-241-A crystals from
370 to 540 kc.
Half-lattice-The "half-lattice" filter in Fig. 4-9 is similar to
the single-crystal filter used in older communications receivers,
except that the phasing capacitor has been replaced by a
second crystal. The shunt capacitances of the two crystals
balance each other and produce a bandpass response similar to
tlmt shown in Fig. 4-lOA. When the tuned circuits are properly
adjusted, the response curve should have a flat top. However,
its final shapE: will be due to a compromise between good skirt
selectivity and a flat bandpass response. Most lattice :filters will
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Fig. 4-10. Half-lattice fllter·responsa curves.

have two peaks, separated by about 2 kc and with a dip of
3 to 6 db at the center, between the two peaks. The shape factor
(ratio of the bandwidth at the 6- and 60-db attenuation points)
of the filter shown in Fig. 4-9 is about 4 or 5-which indicates
a rather poor skirt selectivity. However, the shape factor can be
improved considerably by the use of a 2-mmf tximmer across

T O SECOND
LATTICE
SECTION

0.5-1.5
MMF
{AOJUST FOR RESPONSE
SHOWN IN F I G. 4-IOB)

Fig. 4-11. Balancing trimmer used in crystal-lattice flltar.
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crystal X2, as shown in Fig. 4-11. The trimmer is adjusted until
notches appear at the sides of the response curve, as shown
in Fig. 4-lOB. The optimum adjustment is at the point ""here
the side responses just begin to appear. Beyond this point, the
skirt selectivity will improve, but the two side responses will
rise to unacceptable values.
The side responses can be made insignificant by selecting
FT-241-A crystals with series-resonant frequencies in the sideresponse region. vVhen shunted across the tuned circuit as
shown in Fig. 4-12, the crystals will appear as extremely high-Q
traps. Generally, four 3-cligit adjacent-channel crystals are used
-two which are higher in frequency than X2, and two which
are lower in frequency than Xl. The addition of the crystal
traps across the tuned circuit will further improve the skirt
selectivity of the Riter. Fig. 4-13 shows a practical half-lattice
filter suitable for use in a single-sideband transmitter. If this
filter is properly constructed, adjusted and terminated, its skirt
selectivity will approach that of many commercial filters. The
adjustment procedure for this filter will be covered later in the
chapters on single-sideband test equipment.

High-Frequency Filters
The crystal-lattice filters described in the preceding section
have been more or less standard arrangements for a number
of years. During the past few years, however, there bas been
even greater interest in crystal-lattice filters , especially in the
5- to 30-mc region. Commercial filters designed for up to 50 me
and higher have been available for some time. However, their high
cost places them beyond the reach of the average radio amateur.
The first commercial amateur transmitter to use a HF filter
was the Hallicrafters HT-32 single-sideband transmitter. The
later version, the HT-32A, used a crystal-lattice filter designed for a carrier-generator frequency of 4.95 me. The filter
passes the upper sideband of the modulated 4.95-mc carrier
only. A choice of upper- or lower-sideband transmission was obtained by mixing the 4.95-mc upper sideband with the signal
from a 4.05-mc crystal oscillator to produce an upper sideband
of 9 me, or with a 13.95-mc signal to obtain a lower sideband
of 9 me. This upper or lower sideband is then heterodyned to
the desired operating frequency and then amplified to the
specified power level.
A more recent amateur single-sideband transmitter, the
Drake T-4, uses a special HF bandpass filter of symmetrical
design and multisection construction. According to the manufacturer's speci.fications, the unwanted sideband suppression is
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60 db or better. The crystal-controlled carrier-generator frequency is 5645. This interesting new transmitter will be described
in more detail in a later chapter.
The lattice configurations and general design procedures for
high-frequency crystal filters are similar to those of the filters
which use the FT-241-A crystals. The most suitable surplus
crystals for high-frequency filters are the FT-243 types, in the
2905- to 8650-kc range.
The FT-243 crystals were manufactured for a number of odd
frequencies and, unlike the FT-241-A, do not follow any particular channel order. However, there are some frequencies
available which have an "adjacent-channel" crystal only 1.7 kc
away from the frequency of the first crystal. A few of these
are 5773.3 and 5775 kc, 5973.3 and 5975 kc, 6673.3 and 6675 kc,
anc.1 7973.3 and 7975 kc. If the lower-frequency crystal in any
of these groups is used as Xl and the higher as X2, the bandpass
of the lattice filter will be about 2.1 kc. In some experimental
filters using 5773.3-kc crystals as Xl and 5775-kc ones as X~
(such as the two-section half-lattice circuit of Fig. 4-13),
the bandpass measures approximately 2.5 kc at 6 db and about
10 kc at 60 db down. The resultant shape factor is 4, which is
fairly good at this frequency. The coupling transformers in
this experimental filter are the J. vV. ~1filler 1466 interstage
IF type. In building this filter, it was necessary to remove
two or three turns from all primary and secondary windings
in order to obtain resonance at 5.775 me.
As might be expected, the stl'ay capacitance and leakage
of this filter proved to be much more critical than those of its
low-frequency counter-part, the FT-24.l-A. The entire filter
should be enclosed in an aluminum box. The input and output
terminals must be kept well separated, and also must be shielded
from each other by a metal plate at least two inches high and
three or four inches long. All terminal leads must be kept as
short as possible, to prevent signal radiation around the filter.

PHASE-SHIFT SIDEBAND SELECTION
Two balanced modulators are used in the phase-shift method
of sideband selection. The exciting signals are made to have
p hase relationships such that, when the outputs of the two
modulators are combined, the desired sideband components arc
reinforced and the undesired ones canceled out.
The p hase-shift single-sideband generator requires no selective
filters. It also has the advantage of b eing able to generate
the single-sideband signal at the operating frequency without
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tbe frequency conversion required by the filter method. The
phase-shift and amplitude properties of the circuit, however,
are very critical and must be held to close tolerances. This
characteristic, and. the requirement of two balanced modulators,
tend to make the system somewhat more complex than the
fllter method.

Block Diagram
Fig. 4-14 illustrates the generation of a single-sideband signal
by the phase-shift method. The carrier is applied directly
to balanced modulator A with no phase shift. The carrier signal
applied to balanced modulator B is shifted in phase by 90°. In
~---.-~

BALANCED
MODULATOR
A

AUDIO

DIFFERENTIAL
PHASE · SHIFT
NETWORK
A

AUDIO SI GNAL
MODULATION
AUDIO
SOURCE
( MICROPHONE ETC.)

90' OIFfERENCE
OVER ENTIRE RANGE
OF AUDIO MODULATION
FREOUENCIES

-DIF-FE-R-EN-TI A~
L

AUDIO

StNGLESIDESANO
RF OUTPUT

~~L-~

PHASE - SHIFT
NETWORK

OUTPUT CIRCUIT
COMMON TO
MODULATORS
A AND B

8

BA L ANCED
'-----'-~ MO DULATOR

B

Fig. 4· 14 . Phase·shift single·sideband generator.

otJ1er words, at any given instant the carrier signals applied
to the hvo balanced modulators will be 90° out of phase. The
90° carriers are adjusted so that their amplitudes are equal.
The two balanced modulators have a common output tuned
circuit, which is resonated to the carrier frequency. 'When the
usual balancing and tuning procedures are carried out, no RF
carrier will appear in the tuned output circuit.
In order for the system to function as a single-sideband
generator, it is necessary to divide the AF signal of the balanced
modulators into two components 90° out of phase. If the audio
signal were a single tone of, say, 1,000 cycles and no other tones
were to be transmitted, the 90° audio phase-shifting device would
be relatively simple. In this case, the single-tone audio signal
would be applied directly to modulator A with no phase change,
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and the 90° phase-displaced audio signal would be applied to
modulator B. In a practical single-sideband transmitter, however,
it is generally desired to transmit a band of audio frequencies
rather than a single tone. At this time, there is no known means
for obtaining a 90° phase shift over a wide range of audio frequencies. In actual practice, "two" phase-shift networks with a
differential phase shift of 90° are inserted between the AF source
and balanced modulators. This phase-shift difference can be
maintained over a frequency range of about seven octaves with a
deviation of not more than ±2°. The phase-shift networks are
made up of high-precision resistors and capacitors, and require
the use of laboratory insb·uments for adjustments and measurements. The manufactured phase-shift nehvorks, however, are
relatively inexpensive. In fact, the completed unit costs less than
the net price of the individual components when they are purchased in small quantities.
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Fig. 4-15. Audio differential phase·shift network.

The electrical circuit of the Barker and Williamson 2Q4 Model
350 audio phase-shiJt network is shown in Fig. 4-15. This network is designed to function within the range of 300 to 3,000
cycles and with a phase differential of 90° ±1.5°. Its components
are mounted within an octal-based metal tube shell, and the
unit requires the same space as a 6J5 metal tube.
The vector diagram in Fig. 4-16 shows the carrier and sideband relationships at the output of the balanced modulators.
The amplitudes of the hvo carrier vectors have been exaggerated
in order to simplify the explanation. These vectors are considered to be rotating counterclockwise around their common
origin, with the vector at A leading the vector at B by 90°. At
the instant shown, carrier vector A and its upper and lower
sidebands are adding, whereas the sidebands at B appear to be
canceling. It must b e understood that the sideband energy of
both carrier components exists in a common tuned circuit. The
lower sideband at A. is generated at the same frequency as the
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one at B but because of the gQ 0 phase difference in both the
carrier and the audio signals, the two lower sidebands \vill be
180° out of phase. At the instant shown, the lower sideband
at A is at a maximum of go 0 and that at B, 270°. The two lowersideband vectors rotate in the same direction and at the same
rate, since the frequency is the same for both. Thus, the 180°
phase difference will be maintained. When two AC sine waves
are equal in amplitude but exactly 180° out of phase, they
will cancel each other, and their combined net amplitude will
be zero.
90'
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Fig. 4·16. Vector diagram, showing a single-sideband signal.

The upper-sideband components at A and B are at 0° phase
difference, or in phase. The sum of these two will be twice
the amplitude of either sideband alone. S.ince the amplitude
of the upper sideband has doubled and that of the lower has
been reduced to zero, the RF output will consist of the upper
sideband only.
In order for a lower-sideband signal to be generated, the
phase of one of the audio components must be shifted by an
additional 180°, as shown in Fig. 4-17. Notice that the two
lower sidebands are now in phase, and that the two upper side61

bands are 180° out of phase. It is obvious, then, that the two
lower sidebands will add and the two upper sidebands wiJI
cancel, leaving an RF output consisting of the lower sideband
only. The required 180° phase shift is generally brought about
by reversing the connections of one audio-transformer primary
winding, as shown in Fig. 4-18.

Practical Generator
In Fig. 4-18 a typical balanced modulator section of a phaseshift single-sideband generator is shown. The sideband signal
gv•
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Fig. 4·17. Vector diagram, showing a lower-sideband signal.

is generated with a 9-mc carrier. The 9-mc upper- or lowersideband signal is then mixed in a frequency-conversion circuit,
together with an appropriate RF oscillator signal, and heterodyned to the operating frequency.
Although the audio differential phase-shift networks are generally beyond the design and measurements of the amateur,
the RF phase-shift networks are not. The primary function of
the RF phase-shift network is to accept a signal from the
carrier generator (usually a crystal-controlled oscillator ) and
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divide it into two RF signals, which are then applied to the
balanced modulators. These two signals must be of equal amplitude and precisely 90° out of phase. The most common RF phaseshift network consists of the double-tuned transformer shown
in Fig. 4-19. Primary winding Ll functions as the usual plate
coil with secondary winding L2 loosely coupled to it. These
two coils are usually identically wound on slug-tuned forms
and are mounted so the centers of the windings are about 7/s
inch apart. Ll is detuned toward the high-frequency side of
resonance until the RF voltage across it is down by 3 db from
the value at resonance. L2 is detuned toward the low-frequency
side of resonance until its RF voltage drops 3 db from the
value at resonance. ·when these two coils are adjusted as
Xe• R
XL •R
RF
SIGNAL
INPUT

C• 21l;R
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Fig. 4-20. Simple resistance·c1paciunce·inductance RF
phue·shift network.
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described, the voltages across link windings L3 and L-1 will be
approximately 90° out of phase.

R esistance- R eactance X etworks
Fig. 4-20 shows a simp le phase-shift ne twork composed of
resistance, capacitance, and inductance. Rl and 112, which a re
equal in value, determine the impedance of the ne twork. T he
inductive and capacitive reactances must equal the resistances
of Rl and R2, respectively, at the operating (carrier ) frequency.
Whe n an AC signal ( RF in this case) is applied to a pure inductance, the voltage across the circuit will lead the current by
90°. When the same signal is applied to a pure cap acitance, the
voltage across the circuit will l.ag t he current by 90°. When a
reactancc and a resistance are used in combination, the r esulting phase a ngle of the voltage and current will b e somewhere
between ±90° and 0°, dep ending on the re lative values of the
total reactance and resistance. In this network, where each
reactance is equal to each resistance, the voltage across Ll
will leacl t he current by 45°, a nd the voltage across C .L will lag
the curre nt by 45°. The phase difference between the two
voltages will then be 90°. Their amplitudes will be equal only at
the frequency where the reactance values are equal. When the
carrier frequency is increased, the voltage drop w ill increase
Xc • R

C•2~fR

WHERE,
C • FARAOS
f • FREQUENCY IN CPS
R • OMMS

Fig . 4-21 . Rosistance·capacitance
RF phHe·shift network.

RF

RF

1·~.:

:,~!:I

PHASE DIFFERENCE •90'

across Ll and decrease across Cl. Conversely, when the
carrier frequency is d ecreased, the opposite will occur. The
phase relationship of this circuit w ill remain at 90° for a r easonable range of freque ncies above and b elow the d esign frequency. The output impedance is high and should not be
terminated in resistances of less than 1 or 2 m egohms. T he
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network is used most generally with vacuum-tube balanced
modulator circuits.
Another simple RF phase-shift network is shown in Fig. 4-21.
The two resistors are of equal value, usually 50 to 100 ohms,
and each capacitor must have a reactance equal to the value of
one of the resistors at the carrier frequency. At the design
center frequency, where the Xe of Cl is equal to the value of
Rl and the Xe of C2 to the value of R2, the voltage drops
across Rl and C2 will be equal. The RF voltage across Rl
will be in phase with the current through Rl. The RF voltage
across C2, however, will lag the current through C2 by 90" .
The phase difference between the two RF voltages at the output
terminals will then be 90".
The inductive reactance for the network shown in Fig. 4-20,
and the capacitive reactances for the networks shown in Fig.
4-20 and Fig. 4-21, are calculated according to the usual formul as,
or may be determined from a reactance chart for radio frequenc ies. The inductive reactance (Xi,) or capacitive reactance ( X<') must equal the resistance ( R). The formula for inductive reactance is:
where,
X1, is the reactance in ohms,
,. is equal to 3.1416,
f is the frequency in cycles per second,
L is the inductance in henrys.
Since the value of Xr. is known (equal to R), the equation can be
rearranged to solve for L. The formula now becomes:
L =-

R

~f

When the value of the inductance (in microhenrys) has been
determined, a suitable slug-tuned coil may be wound according
to instructions given later in this book, or a manufactured coil
which can be adjusted to the required inductance may be used.
Ordinarily, one reactive element of the p hase-shift network
is made adjustable. The network phase correction adjustments
will be covered in a later chapter.
The values of Cl and C2 in Fig. 4-21, and the value of Cl in
Fig. 4-20, are calculated by rearranging the basic capacitive
reactance formula:
1

Xe = 2,.fC
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where,
Xe is the rcactance in ohms,
f is the frequency in cycles per second,
C is the capacity in farads.
Since the value of Xe is known (equal to R) , the equation can
be rearranged to solve for C. It now becomes:
C= -

1

2.,,.fR

The resistors used in RF phase-shift networks should be of
the precision metal-film type with a tolerance oJ ± 1% or better.
Carbon resistors are not suitable, even though their tolerances
are within the hmits. The ordinary carbon resistor is frequencysensitive, and its resistance at RF may differ considerably from
the value obtained by DC measurements. vVirewound resistors
should not be used either, because of their inductive-reactance
effect at radio frequencies.
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Chapter :)

Carrier Generators
The frequency accuracy requirements for single-sideband
carrier-frequency generators are very precise, because any
drift or other changes will deteriorate the transmitted signal.
With most fil ters in use today, a carrier-frequency error of
20 cycles or less will give satisfactory voice reproduction. However, at an error of 50 cycles the distortion will readily become
apparent; and when the error is greater than 50 cycles, the
distortion increases so rapidly that the intelligibility is seriously
impaired. It is qui te likely that carrier-frequency control requirements will become more stringent as filters with better skirt
selectivities arc developed.
The exact circuitry of the generator will depend on the frequency at which the single-sideband signal is generated, and on
the type of balanced modulator used. The low-frequency carrier
generator (for operation in the 20- to 50-kc region) will be discussed first.

LO, V-FREQUENCY GENERA TORS
The simplest method of producing a balanced RF signal is
to use a push-pull oscillator, as shown in Fig. 5-1. This oscillator
is very stable and reliable when carefully constructed from
quality components. In addition to a very high-Q, toroidal coil
Ll has a restricted external magnetic field \\<l1ich aids in preventing carrier signal leakage. All fixed capacitors are silver
mica dielectrics and have at least a ±5% tolerance. Variable
capacitor Cl is a double-bearing miniature type with a maximum
capacitance of about 250 mmf. The oscillator tube is a 12AU7
with a plate voltage of 105 volts regulated.
This experimental generator (with the exception of the 12AU7
and its socket) was contained in an aluminum box about
4" X 4" x 4", and the components were rigidly mounted on heavyduty terminal strips. A number of tests over a long period
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indicated that the frequency drift (after warm-up) would remain well within the 50-cycle drift limit. A single-sideband ( SSB)
transmitter using this carrier generator was operated for over
a year; yet the generator required only occasional readjustment.
Instead of a toroidal coil, Ll may be a slug-tuned TV width
coil adjustable to 5 mh. Variable capacitor Cl is not required
when an adjustable coil is used. In this case, a silver mica,
300-mmf capacitor should be connected directly across the
coil. The coil slug is then adjusted for an oscillator frequency
of 50 kc.
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Fig. 5-2 shows the 60-kc carrier generator used in the Hammarlund HX-500 trnnsmitter. The oscillator circuit is a tappedcoil Hartley type, with the tank-circuit capacitance to inductance ratio being large in order to minimize any changes in the
interelectrode capacitances of the 6AU6 (due to power-supply
variations or an aging tube). The oscillator circuit proper uses
the cathode, control grid, and screen grid of the 6A U6. The
plate circuit is elecb·on-coupled to the oscillator section to
further improve the frequency stability. The primary of output
transformer Tl has a high Q to reduce the harmonic content of
the output signal and to improve its waveform. A 33K load resistor, connected across the primary, further improves the wave-
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+ 300 VOLTS DC

Fig. 5·2. 60-kc generator used in H1mmulund HX-500.

form and stabilizes the RF output voltage. The balanced RF
voltage is then appued to the modulator via the two lowimpedance secondary windings of Tl. Both 60-kc oscillator coil
Ll and output transformer Tl are shielded.
Another circuit which can be made very stable at low and
medium frequencies is the Colpitts oscillator in Fig. 5-3. It
has essentially the same circuit as the Hartley, except that the
effective cathode tap is determined by the ratio between the
values of capacitors Cl and C2 instead of by an actual connection to the oscillator coil. The total tank capacitance is the
net value of the two series capacitors.
The Colpitts circuit is generally free from spurious oscillations and other waveform distortions. However, the output
waveform may be further improved by the use of a resistor in
the cathode circuit, instead of the RF choke shown. Since
cathode current does not pass through a portion of the oscillator
coil (as it does in the Hartley), the frequency stability of the
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Fig . 5-3. 50-kc generator using Colpitts oscillotor.
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tank circuit will be much better. In the design of commercial
transmitters, it is common practice to use special coil forms
and material (as well as fixed capacitors and other components)
with specified temperature characteristics.
The stability of any self-controlled oscillator will depend as
much (if not more) on the mechanical design than on the
selection of the oscillator circuit itself. It is almost impossible
to determine the relative stabilities of oscillators from their
circuit diagrams alone. The secrets of stability are contained in
the component specifications and the mechanical design. In any
oscillator,- either fixed or variable in frequency-a high degree
of stability is usually attained only after many tedious experiments
and measurements have been completed.
Hartley and Colpitts oscillators normally operate best when
the feedback tap is at about one-third of the distance from
the bottom of the coil. Wi th stock slug-tuned coils, however, it
may be somewhat difficult to position the feedback tap for proper
oscillation. In the Colpitts circuit, no physical connection is required; in el.feet, the electrical tap is moved up or down by
varying the capacitance ratio between the two tank capacitors .

:M EDIUM-FREQUENCY GENERATORS
The carrier generator for use in the 200- to 500-kc region
generally has the same circuitry as the oscillators just described.
The higher the frequency, however, the more pronounced the
factors whfoh cause instability become. Although some manufacturers have used self-controlled oscillators for generation in
the 450- to 460-kc region, the tendency is toward precision
crystal-controlled oscillators.
In any variable-frequency oscillator circuit, the tube- and
stray-circuit capacitance effects should be minimized and the
frequency should then be determined by the tuned-circuit LC
components. From an electrical point of view, the series-tuned
Colpitts in Fig. 5-4 offers excellent isolation of the tube
capacitance- and its associated effects-from the series-resonant
tuned circuit. Capacitors C4 and C5 are of such a value that
their reactance at the oscillation frequency will be 40 to 100
ohms. In the 450- to 460-kc region, C4 and C5 will range from
.003 to .005 mfcl. The main purpose of this circuit configuration
is to present a very low impedance (in parallel with the tube input
capacitance) at the oscillation frequency. Since the tube has an
input capacitance of onJy a few micromicrofarads when connected
across a 1500- to 2500-mmf capacitance, the net effect of tube
capacitance changes on the tuned circuit will be negligible.
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At the LC resonant frequency, the internal impedance will be
minimum. Thus, maximum RF current will flow, creating an
appreciable voltage drop across C4 and C5. The drop across C4
is applied to the grid as excitation, and the amplified output
across C5 is applied to the cathode as driving power to maintain
oscillation. These LC components will have approximately the
same values as those in a parallel-resonant circuit of the same
frequency. The coil, however, must have a high Q. C.1 and C5
\\'Ould have the largest values that will permit oscillations over
the entire tuning range of CL The larger the values of C4 and
CS, the smaller the effect of the h1be capacitance on the oscillating circuit. Therefore, the better the osci!Jator stability will
be with respect to any tube variations.
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Fig . S-4. Series-tuned Colpitts su it• ble for 450- to 460·kc g e ner•tor.

Larger capacitances require an oscillator tube with a high
mutual conductance. The preferred types are the 6AH6 and 6CB6,
in that order. If tubes such as the 6AU6 or 6BA6 are used, the
values of C4 and C5 must be reduced in order to sustain oscillation. Accordingly, the fr equency stability of the oscillator,
with respect to tube variations, will also be reduced.
The power output of the series-tuned Colpitts varies rapidly
with changes in the LC ratio. Io fact, oscillations may cease if
the resonant circuit capaci tance is too low. It is d esirable to
limit the frequency range of the oscillator by mal-ing Cl just
large enough to tune about 3 or 4 kc higher and lower than the
center frequency of the filter band pass response. In addition,
a fixed capacitor ( C2 in Fig. 5-4) should be paralleled across
Cl, to maintain sufficient minimum capacitance to sustain oscil72

lation. The value of CZ depends on that of temperature-compensating capacitor C3. In turn, the capacitance and thermal
characteristics of C3 are determined by the amount and type of
temperature compensation required. Between 450 and 460 kc,
the minimum capacitance usually is 200 to 250 mmf, provided
the coil has a reasonably high Q.

Construction
The mounting and location of LC components is an important
factor in the over-all frequency stability of the oscillator. In
several experimental oscillators, the best frequency stability
was obtained by placing the components (enclosed by the
dotted lines in Fig. 5-4) inside the 4" X 4" x 4" aluminum
box. The box was then mounted in one corner of the main generator chassis, flush against the front panel. Tuning capacitor
Cl was mounted in a %-inch hole drilled through both the
side of the box and the panel. Cl must be small in size and
ruggedly constrncted. The VHF type of tuning capacitor with
thick plates is recommended, but the single-bearing type is satisfactory if the capacitor is of good construction.
Coil Ll is mounted in the center of the aluminum box. Not
only should it be equidistant from all four sides, but also equally
spaced between the top and bottom plates of the box. The coil
should be rigidly mounted on the bottom of the box (and
chassis), but should not be fastened to the sides. In other
words, the coil should be mounted in such a manner that any
expansion or contraction of the box will cause the coil to move
as a unit. If the coil mounting places a torque on the form or
windings during normal expansion or contraction of the metal,
the oscillator warm-up frequency drift will be excessive, and
temperature compensation of the circuit may be more difficult
to achieve. The exact mechanical mounting of Ll will depend on
the type of coil used. There are a few iron-core 2.5-mh RF
chokes available which are suitable for use as LL These generally
have a ceramic form tapped for a small-diameter machine-screw
thread. If the end of the tapped form is placed directly on
the bottom plate, the proximity of the plate may reduce the
Q of the coil. The use of a small porcelain stand-off insulator
is recommended. However, the porcelain will act as a heat
insulator and increase the warm-up time somewhat. The J. Vv.
Miller "6300," (a high-Q ferri te-rod antenna coil) is excellent
for use as Ll except that it may be found somewhat difficult
to mount rigidly.
Capacitors C2, C4, and C5 should be mounted on a heavyduty terminal board securely fastened to the bottom plate of
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the box. Temperature-compensating capacitor C3 is generally
placed across the terminals of variable Cl. In some circuits,
more than one capacitor, with different temperature-coefficient
characteristics, may be required. The use of temperaturecompensating components will be covered later.
The flexible copper braid connecting C l to Ll, and Ll to C4,
should have a slight amount of slack. If it is too rigid, its
expansion and contraction will affect the frequ ency stability of
the oscillator.
Once the component values of the resonant circuit and the
temperature compensation are both correct, the top plate of the
box should be secured along all four edges with %-inch selftapping screws spaced about a half inch apart. The screws
must be tightened down to prevent air circulation through the
box and over the sensitive frequency-determining components.
The tube socket, and the terminal strip for mounting Rl
and the RF choke, are mounted on the main chassis. The socket
should be at least two inches away from the aluminum box, to
minimize heating effects. The leads from the tuned circuit
to the cathode and grid should be made of flexibl e, insulated
hook-up wire and not be too taut nor dressed along the metal
chassis. Miniature feedthrough insulators should be used for
the connections through the metal box and chassis.
The tuned output transformer (Tl) is a good-quality, 455-kc,
IF replacement type. Its regular primary winding is coil L2.
The secondary winding has been removed and coil L3, which
consists of 40 to 50 turns of No. 30 enameled d.c.c. copper wire,
is random-wound around the form, about a half inch below the
"cold" end of the tuned primary. With certain types of balanced
modulators (the shunt modulator of Fig. 3-11, for example ), it
may be necessary to center-tap L3 in order to obtain equal RF
output voltages. The use of a bifilar winding at L3 usually
gives the best balance between the two RF output voltages.
In most recent amateur single-sideband transmitters, the
carrier generator uses a crystal-controlled oscillator. The crystals
are manufactured to precise tolerances and, when used in the
proper circuitry, will have negligible frequency drift.
Nearly all crystals are manufactured by the same process.
The selected quartz is first X-rayed to determine the desired
type of cut and hence the correct cutting angle. The quartz is
then cut (with diamond saws) into thin wafer slices, which are
dlced into various sizes and rough-lapped. As the process continues, each wafer is fine-lapped to the approximate frequency
desired, and then etched and polished to the exact frequency.
Finally, the finished crystal is mounted in a holder.
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Pressure-type crystals are mounted between two stainless-steel
electrodes, which hold the crystal by its four corners. An air
space is provided between the crystal and electrodes, to permit
the crystal to oscillate freely. The crystal and electrodes are
placed into the holder and held in position by a spring. The
holder is then sealed with a neoprene gasket and the nameplate
applied.
Type HC6/ U crystals are gold- or silver-plated on both sides
and polished to a high gloss. (The plating acts as an electrode.)
The crystal is mounted in the holder and cemented on each
side to springs. The case is then hermetically sealed in a vacuum
or is filled with nitrogen .or helium. Unles.s abused electrically or
physically, today's crystals will retain their accuracy almost indefinitely. However, to fosure that this accuracy is maintained,
and to prevent damage to the crystal, the manufacturer will
usual)y recommend specific oscillator circuitry for the various
crystals.
Table S-1.
Frequency changes versus input capacitance.

Crystal
Frequency
in
Kilocycles

lOMMF

20 MMF

32 MMF

SO MMF

2,000.200
3,000.600
4,001.000
7,003.300
14,008.100

2,000.060
3,000.200
4,000.400
7,001.200
14,003.100

2,000.000
3,000.000
4,000.000
7,000.000
14,000.000

l ,999.950
2,999.800
3,999.700
6,999.200
13,998.000

Note: The Input capacitance of the crystal test oscillator is standardized at 32 mmf.

The input capacitance of the circuit affects the frequency at
which the crystal will oscillate. Any added capacitance lowers
the frequency, as shown in Table 5-1. During manufacture, all
modern crystals are tested in an oscillator circuit having an
input capacitance of 32 mmf (included in this value are the
input capacitance of the tube and the stray capacitance of the
circuit). The oscillator frequency can be changed , if desired,
by changing the input capacitance of the circuit. Most carrier
generator circuits are designed to present a capacitance of about
32 mmf to the crystal. In such circuits, the crystals should have a
frequency tolerance of .005%.

Crystal Oscillators
The oscillator circuit shown in Fig. 5-5 is suitable for crystals
having fundamental frequen<~ies in the region from 80 to 800
kc. The circuit will give satisfactory performance with either
army-surplus FT-241-A low-frequency crystals or the more re75
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Fig. 5·5. Oscillator for 80· to 800-kc crystals.

cent hermetically sealed types. As you can see, the basic circuit
is essentially a multivibrator. A 12A U7 is used here, although
the circuit performs well with other double triodes such as
12AX7 or 12AT7. The plate voltage must be kept within 100
to 150 volts. Where a balanced RF output voltage is required,
the oscillator signal may be applied to a resistance-coupled RF
phase-inverter stage. The balanced RF voltages for the modulator are then taken from the plate and cathode circuits of the
phase inverter.
The crystal oscillator shown in Fig. 5-6 is similar to that used
in the carrier generators of commercial transmitters. The circuit
is a modified Pierce oscillator in which the screen of the tube
acts as the anode of the crystal oscillator. With the constants
shown, satisfactory performance will be obtained by using 70to 500-kc crystals. Variable capacitor Cl, normally a small ail'dielectric trimmer, permits the frequency to be raised or lowered
about 20 to 30 cycles. This adjustment is useful for placing
the carrier at the precise point on the filter response slope specified by the manufacturer. In circuits where two crystals are
150MMF

~----...---1(--o RF OUTPUT
5.6K

Fig . 5-6. Oscillator for 70· to 500-kc. crystals.
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Fig. S-7. Crystal-controlled carrier generator for symmetrical-bandpass,
single-sideband filters.

used (for sideband selection), each crystal should have its own
trimmer. A practical carrier generator for use in the 450 to 460-kc
region is shown in Fig. 5-7. lt features sideband selection and
individual frequency-adjustment trimmers, and is d esigned for
use with filters having a symmetrical bandpass response.
Fig. 5-8 shows a dual-crystal-controlled carrier generator
like the one in the Collins 32S-l SSB transmitter. The basic
circuit is a Pierce oscillator, and the crystal is connected between the control and screen grids. A 6U8A tube is usecl,-the
pentode section serving as the oscillator, and the triode ( not
shown) as an audio cathode follower in the speech-ampliller
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Fig. 5-8. Carrier generator and sideband-selector circuit.

77

section of the transmitter. The prec1s10n crystals are type
CR46/U'S in HC6/U holders and have a frequency tolerance
of .01%. The specified frequency is 453.65 kc for the Yl4 crystal,
and 456.35 kc for the Yl5. These frequencies indicate that the
mechanical filter in the 32$-1 transmitter has a bandwidth of
2.7 kc at -20 db down, and 2.1 kc at the top of the curve.
The circuit in Fig. 5-8 contains a low-pass RF filter network
in its output circuit. This network ( C91, Cl31, and Ll9) is
designed to pass the crystal fundam entals, but to attenuate any
carrier harmonics in the plate circuit before the signal is applied
to the balanced modulator. This will aid considerably in reducing distortion and spurious responses in the transmitted
signal. Coil Ll9 has an inductance value of 220 ,..h and capacitors C91 and Cl31 are .001 mfd each.

HIGH-FREQUENCY GENERATORS
Carrier generators designed for operation in the 2- to 30-mc
region invariably have crystal-controlled oscillators with fundamental-frequency crystals up to about 15 me and the overtone
type above 15 me. At this time, only a few single-sideband transmitters are being manufactured that use filters and carrier
generators in the high-frequency region. The recent Johnson
Invader transmitter generates a SSB signal at 9 me, and the
Hallicrafters HT-32A generates one at 4.95 me (which, however,
is converted to 9 me before being heterodyned to the operating
frequency ).
HF single-sideband generators offer some very definite advantages, particularly in reducing circuit complexity and over-all
size of the equipment. Up to this time, there has been only
slight difference in cost between systems, principally because
of the relatively high cost of high-frequency sideband filters.
However, with wide use and improved production techniques
their cost will undoubtedly be reduced.
The crystal oscillator shown in Fig. 5-9 is suitable for use
with fundamental-frequency crystals in the 1- to 16-mc region.
The input capacitance of this circuit-when the proper constants
for the frequency range are used-will be approximately 32 mmf.
Tables 5-2A and 5-2B show the component values for operation
between 1 and 3 me and between 3 and 16 me. This circuit will
give good performance with the plated HC6/U crystals, or with
pressure-mounted types like the FT-243. Plate voltage should
be limited to 100 volts when the HC6/U crystals are used, but
may be increased to 250 volts without damaging an FT-243.
As a general rule, however, it is advisable to operate the oscil-
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Fig. 5·9. Oscillator circuit for 1· to 16-mc crysl•ls.

lator at the lowest plate voltage consistent with the required
level of output power.
Fig. 5-10 shows the carrier-generator circuit of the Johnson
Invader SSB transmitter. Its basic oscillator circuit is similar
to that of Fig. 5-9, except that the component values have been
selected for optimum performance at the carrier frequencies.
Each section of the 12AU7 serves as a separate crystal oscillator.
Sideband selection is accomplished by switch SW3B, which is
controlled from the front panel. From a design standpoint, the
Table 5· 2.
Component v•lues for 1 lo 16 me fundamen t•I frequency cryst•I oscillator circuit .
1 lo J me

J lo 16 me

Rl - 1 megohm
R2-3,900 ohms
Cl -22 mmf
C2- 12 mmf
C3-75 mmf
Ll - 7.5 mh
l2- 5 mh

Rl-.1 megohm
R2 - 330 ohms
Cl -22 mmf
C2-12 mmf
C3- 75 mmf
Ll-5 mh
l2-2 .5 mh

(A)

(Bl

method of carrier and sideband frequency selection is unique.
The two crystals and associated components are permanently
connected into the oscillator grid circuits. Cathode RF choke
Ll is common to both oscillators; and the grid of each oscillator
is returned, through an 820K resistor, to SW3B. This switch
is returned to the-150-volt supply in such a manner that, when
one oscillator is operating, the other will be inoperative due to
the high negative bias applied to its grid. In this manner, either
crystal frequency may be selected without disturbing the elec-
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trical connections in the oscillator circuit. This arrangement also
has the advantage that Cl and ClO (the 3- to 32-mmf trimmers )
may be permanently connected across their respective crystals
and adjusted for the precise carrier frequencies required. Since
the trimmers are isolated from the mode swi tch, the frequency
adjustments will remain precise much longer. The generator
output signal is coupled to the balanced modulator through
100-mmf capacitor C5.
Dming the past few years, the use of overtone crystals has
become increasingly common. Such crystals oscillate at the
overtone rather than fund amental frequency and actually generate energy at that frequency. ' i\lhile most standard crystals
(such as the FT-243) can be made to operate on their overtone
frequencies, the overtone crystal is designed for this type of
operation only. The overtone (or third or fifth mode) of a
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Fig. 5·10. Johnson INVADER carrier-generator circuit.

crystal is not the exact third or fifth harmonic of the fundamental, but rather a frequency which may differ from the
harmonic by several kc. All such crystals are calibrated at their
overtone frequencies, and must be used in an oscillator whose
plate circuit is tuned to that frequency. Most amateurs do not
consider the overtone crystal a precision frequency-control device. However, these crystals are currently being used in some
2.5- and 5-mc laboratory frequency standards. At the present
time, no overtone crystals are known to be used in carrier generators of commercial SSB transmitters. However, as the development of higher-frequency sideband filters continues, it is quite
likely that overtone oscillators may be used extensively for
this purpose.
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A simple oscillator circuit-suitable for overtone crystals from
10 to 60 me-is shown in Fig. 5-11. Resonant tank circuit Ll
and Cl is turned to the overtone frequency of the crystal. The
tube most generally used in this circuit is the 12AT7, although
the circuit will give good performance with the 12BH7 or the
triode section of a 6U8. Plate voltage should not be greater than
125 volts and, if possible, should be regulated at 75 or 105 volts
by using a YR tube. The grid resistor is determined by the type
of crystal used; its value should be sufficiently high that stable
oscillation is obtained, but not so high that the RF voltage across
the crystal will be excessive. If excessive RF voltage is developed,
large amplitudes of crystal vibration will occur which, in turn,
12AT7,128H7 OR GUS
TRIODE SECTION 112AT7 SHOWN)

OVERTONE
CRYSTAL o
10·60MC

@

22K
TO
220K

SOMMF

f--o

@
.01 MFD

IK

B+ l25V
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Fig. S·l 1. Oscillator circuit for 10· to 60-mc overtone crystals.

will cause frequency drift and heating of the crystal element.
At a certain high value of RF voltage (depending on the type
of crystal used) , the crystal element will fracture and stop
oscillating. When the plate voltage is regulated at 105 volts, a
value of about 0.1 meg for grid resistor Rl will be satisfactory
for most overtone crystals. The power output from this simple
overtone oscillator is very low; so the loading of the output
circuit must not be heavy. If an appreciable RF voltage swing
is required from the oscillator, it should be followed by a tuned
RF amplifier using a miniature pentode ( 6AU6).

GENERATOR DESIGN PRECAUTIONS
The ideal carrier generator for a single-sideband communications system would not only provide an exact signal of the
required frequency and amplitude, but would maintain these
characteristics indefinitely. The frequency and amplitude of
the signal should be of the proper values at the instant power
is applied to the equipment, and these values should not change
due to heating effects, time, variations in the load during modula-

81

tion, or variations in the supply voltages. The RF signal should
appear only in that portion of the circuit where it performs
a useful fun ction. Unfortunately, no such perfect generator
exists, but the design engineer must constantly strive for this ideal.

Frequency Drift
The greatest single problem in carrier generator design is
frequency drift, both "short term" and "long term." Short-term
drift-as the term implies- is most generally a rapid change of
frequency within a relatively short time (a good example is the
drift that takes place during the oscillator warmup.) In commercial equipment, this drift is almost always specified as
"after warm-up," with no time given. However, the warm-up
period is generally regarded as the first 30 minutes after the
equipment is turned on in a room with normal temperature.
In a typical SSB receiver, the specified frequency stabilityafter warm-up- is 100 cycles.
"Long-term" frequency drift is the gradual change in the
frequency of an oscillator over a longer period of time-possibly
days, weeks, or months. In specifying long-term drift, it is
assumed that the equipment has reached operating temperature
and that the short-term drift has ceased.
Most of the better single-sideband equipment has some means
(usually a mov'1.ble hairline) by which the tuning-dial calibration accuracy may be restored. This does not mean that the
engineer has been negligent in the design of the frequencygenerating portions of the equipment; it simply indicates he is
facing the fact that there will be some change in the frequency
of the oscillator over long periods. However, the main efforts
of the design engineer are directed toward determining the best
means of minimizing this frequency change.
Carrier frequency drift in amateur or commercial SSB transmitters is evidenced by a d eterioration of the speech quality.
In general, the better the shape factor, of the filter, the more
stringent will be the stability requirements of the generator.
If the carrier frequency drifts away from the filter bandpass,
the speech quality will become very shrilJ. Excessive drift causes
the midrange voice frequencies to be lost and, as a result, the
transmitted signal may not be intelligible. If the carrier frequency drifts. in the direction of the bandpass, the upper midrange voice frequencies will be attenuated by the filter and
cause the transmitted signal to sound very bassy. Should the
carrier actually be inside the bandpass of the filter, the undesired
sideband will not be completely suppressed, and unless the
carrier to the balanced modulator has been completely sup-
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pressed, some of the carrier components will be present in the
transmitted signal. This carrier component, and the two unequal sidebands wi11 combine in the transmitted signal to give an
effective angle or phase modulation, in addition to the reduced
carrier AM. In some h·ansmitters, the presence of the carrier may
even cause the idling dissipation limits of the linear amplifiers
to be exceeded.
Crystal-controlled oscillators are recommended in amatem
single-sideband transmitters. While precision crystals may be
somewhat expensive, any deviation of the carrier frequency
over the useful 1ife of the transmitter will be negHgible, if
reasonable care is used in the generator design. The oscillator
circuit will depend on the type of crystal used and its frequency.
However, if we wish to build a crystal-controlled carrier generator for use with a Collins mechanical filter, the circuit shown
in Fig. 5-7 will be suitable.
Before the two necessary crystals can be purchased, the
frequencies of the -20-db filter attenuation points must be
known. This information is packed in the box with the individual
filter. In general, it is advisable to order crystals with a frequency tolerance of .005%. In Fig. 5-7, the individual trimmers
will usually permit the crystals to be adjusted to the exact
point on the filter slope specified by the manufacturer. The
FT-241-A crystal may be used if its fundamental frequency is
sufficiently close to the specified point on the filter slope. However, it is much easier to lower the frequency _of the FT-241-A
than to increase it. If Cl and C2 are increased to an approximate
maximum of 200 mmf and C3 and C4 are increased to about
370 mmf, it is possible to lower the fundamental frequency of
some FT-241-A crystals by as much as 50 to 100 cycles. When
these capacitance values are further increased, the crystals
may either oscillate sluggishly or not at all. In most instances
when sufficient FT-241-A crystals are available, it is possible to
select crystals which are 20 to 50 cycles lower than the nominal
fundamental frequency indicated by their markings. The crystal
frequencies can then be lowered another 50 to 100 cycles by
adjusting the values of the trimmers and fixed capacitors.
Crystal oscillators, particularly those which use low-frequency
crystals, present no serious frequency-drift problems. In general, if the proper circuit is used for the type of crystal
involved, and if the plate and screen voltages are kept as low as
possible, any deviation from the nominal crystal frequency
will be negligible.
Frequency drift in self-controlled oscillators is most generally due to changes in the electrical characteristics of the
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components. The most common cause of such changes is distortion of their physical dimensions by temperature variations.
These effects can be minimized by selecting components with
known temperature characteristics, and by careful electi'ical and
mechanical design of the circuitry. In general, an oscillator circuit should be selected in which variations in the tube interelectrode capacitances will have little or no effect on the
resonant circuit. The conventional Colpitts circuit, and also
its series-tuned version, are excellent for use as a variablefrequency carrier-generator oscillator. Since the interelectrode
capacitances of a vacuum tube vary with changes in the electrode potentials, the plate and screen voltages must be held at
a constant value. Voltage regulation of these potentials is most
easily accomplished by using a miniature gaseous VR tube such
as the OA2 or OB2. vVhile the selection of a proper circuit is
important, most design problems will be centered around the
components themselves and in the physical construction of the
oscillator itself.
Although the carrier generator is usually an integral part
of the main chassis, it is generally considered good practice
to design this oscillator as a complete subassembly. ivlost
carrier generators will be completely shielded. The actual
physical dimensions of the subassembly are usually determined
by the space available on the main chassis.
In commercial design work it is customary, after the
physical dimensions of the generator subassembly have been
determined, to build a laboratory model for tests and measurements. This preliminary model is then subjected to the environmental conditions likely to be encountered in normal operation.
The frequency drift, both short- and long-term, is carefully recorded. Once a series of measurements have been recorded, the
data obtained will usually indicate which components are
responsible for the diift. From this point on, the general procedure consists of replacing components, changing the layout,
or adding temperature-compensating components in various
parts of the circuit. When a change of any kind is made, another
series of measurements are recorded. It is not at all unusual
for a design engineer to spend several weeks on a relatively
simple oscillator before it is ready for production. At the
end of this time, the schematics of the preliminary model and
the finished product may be identical, but the characteristics
of the components in each may be entirely different.
Most of the frequency drift in the self-controlled oscillator
is caused by changes in the physical properties of the tank
coil form and in the mechanical structure of the variable
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tuning capacitor. The ordinary Bakelite and porcelain coil forms
sold in most parts houses will change their dimensions to a
considerable degree. If the carder frequency is 50 kc or
lower, the best type of coil to use is a miniature toroid. However, with a carrier of approximately 455 kc, the high-Q ferrite,
loop-stick coil will be more suitable.
In otder to maintain its high-Q, the ferrite-rod coil should
be kept away from the metal shielding, because it is quite
sensitive to any expansion in the shielding dtie to heat. The
shield box should be constructed of fairly heavy-gauge aluminum. Unless the box seams and the top and bottom plates maintain a good ele.ctrical connection during expansion of the
metal, the poil field will be disturbed and cause the oscillator
frequency suddenly to increase from time to time. This condition
can usually be ellminated by securing the top and bottom plates
firmly to the sides of the box.
The coil should be mounted by one side only, so that any
expansion of the box will cause the coil to move as a single
unit. If the coil is mounted at more than one point, the expansion of the metal will distort the coil and the oscillator will
tend to change suddenly in frequency during operation. The
coil tuning slug should not be cemented in place. In a number
of experiments with oscillators operating in the 455-kc region,
it was found that application of coil cement to the windings
and the ferrite slug caused a rapid increase in the frequency
drift.
Most self-controlled oscillators tend to drift lower, (rather
than higher) in frequency as the components of the frequencydetermining circuit heat up. An oscillator that drifts lower
in frequency is said to have a positive temperature coefficient.
In order to stabilize the oscillator, it will be necessary to introduce some component into the resonant circuit which, as it
becomes heated, will cause the frequency to increase. Such a
component is said to have a negative temperature coefficient.
If the rate of frequency change caused by the negative-coefficient
component is exactly equal to the normal positive-coefficient
component drift, then the two coefficients will balance (cancel),
and the oscillator frequency will remain constant.
The most common negative temperature-coefficient components
are small ceramic capacitors. Before an oscillator can be compensated for frequency drift, the rate of drift must be known.
The usual procedure is to measure the amount of frequency
change at the end of the first 30-minute period after the oscillator is turned on. The oscillator is then turned off and allowed
to cool down, and the temperature-compensating capacitor
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placed in the tuned circuit. The negative-coefficient component
must be placed where its temperature will rise and fall at the
same rate as the temperature of the other components of the
tuned circuit. In the circuit of Fig. 5-4, for example, capacitor
C3 may actually consist of two or three temperature-compensating units with different negative-coefficient rates. Actually, the
best point in the tuned circuit to begin the compensation process is at the variable tuning capacitor.
In general, best results are obtained by adding the negativecoefficient capacitors in steps of 10 mmf each. A suitable capacitor
for this purpose is the Centralab TCN-10. This small ceramic
capacitor is soldered across the terminals of the trimmer, and
the oscillator placed in normal operation for 30 minutes. At the
end of that period, the oscillator frequency is accurately measured,
and the amount of drift compared with that of the uncompensated
oscillator. If the drift is still in the low-frequency direction, more
negative-coefficient compensation is indicated. Another TCN-10
should be connected in parallel with the variable tuning capacitor, and the oscillator operated for another 30 minutes.
It is advisable to make long-term drift measurements over
hours or days. However, if the caITier generator attains normal
operating temperatures at the end of 15 to 20 minutes, the
frequency drift will generally be negligible. Some experimental
oscillators have actually drifted less than 50 cycles over a
period of several days.
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Chnpter ()

Speech Amplifiers
and Filters
Compared with the complex circuitry used for carrier and
sideband suppression, the audio amplifiers used in single-sideband
transmitters are relatively simple. Since single-sideband transmission requires very little power from the audio system, the
entire speech amplifier may consist of nothing more elaborate
than a single pentode. In most commercial single-sideband
transmitters, however, special circuitry and possibly a number
of stages are employed in the speech amplifier, because the voice
signal is also used to automatically operate relays which ·control
the transmitter and receiver. The actual design of the speech
circuit will depend on the type of balanced modulator used and,
to some extent, on the bandpass characteristics of the singlesideband filter. Also, the speech-amplifier circuits of the phaseshift type of transmitter will differ from those of a filter-type
transmitter. Before either speech system can be successfully
designed, it will be necessary to clearly understand the basic
principles involved.

AMPLIFIER FREQUENCY RESPONSE
In a single-sideband transmitter designed for voice transmission, the AF response of the speech amplifier is generally
limited to a bandpass of less than 3,000 cycles. In voice communications, the primary objective is to attain the most effective
means of transmitting the intelligence. This means that the
transmitted message must be received and understood in spite
of adverse conditions like noise or interference. Such other
considerations as fidelity of tone quality of the voice are definitely
secondary to the intelligibility of the' signal. The voice frequencies
which contribute most to intelligibility are those between 500
and 2,000 cycles. Other frequencies greatly contribute to the
fidelity, but add very little to the intelligibility. In most commercial single-sideband transmitters, how.ever, the audio-fre87

quency response is not abruptly cut off at these two points,
because to do so would make the transmitted voice signal flat
and monotonous. It is customary, in speech-amplifier d esign, to
gradually attenuate the frequencies from 500 to 300 cycles, and
to sharply attenuate those below 300 cycles. At the highfrequency end of the amplifier, the frequ encies from about 2,500
to 3,000 cycles are gradually attenuated and those above 3,000
cycles are rapidly attenuated. The graph in Fig. 6-1 shows the
speech-amplifier response curve of a typical single-sideband
transmitter.
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Fig . 6-1 . Speech-amplifier frequency response, with and without filter.

Fortunately a high degree of intelligibility can be maintained
in a relatively narrow band of audio frequ encies, since the
width of the RF channel is directly proportional to the width
of the AF bandpass of the speech-amplifier circuit. It is desirable
to keep the channel width as narrow as possible, in order to
reduce unnecessary interference with adjacent-channel stations.
Current practice is to regard as broad any single-sideband
signal which occupies a channei width of more than 3,000 cycles.
As shown in Fig. 6-2, the channel width of the single-sideband
signal is determined largely by the bandwidth of the sideband
filter. Broadness of the trnnsmitted signal can also be caused by
distortion products generated dming frequ ency conversion, or
by poor linearity in the RF amplifiers following the sideband
generator. This problem will be thoroughly discussed in a later
chapter on linear-amplifier design.
The AF response of a typical resistance-coupled Class-A amplifier is shown at A in Fig. 6-2, and the response of a typical singlesideband RF filter, appears at B in Fig. 6-2. The curve in Fig. 6-2
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at C represents the response of the AF signal recovered after
passing through the sideband fllter.
At first glance there apparently is little reason to be concerned
about the audio-frequency response of the speech amplifier,
since the sideband filter will automatically cut off the undesired
frequencies in the transmitted signal. While this is true to some
extent, no sideband filter is perfect and some may actually
respond to frequencies outside their normal bandpass. Today's
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filters are prec1S1on devices, but in order to do their work
efficiently, the associated circuits must also be properly designed.
In a filter-type single-sideband transmitter, it is desirable to
eliminate all frequencies below 200 cycles. Most of these speech
components do not contribute to intelligibility; moreover, their
very high energy characteristics tend to overload the linear RF
amplifiers of the transmitter. Once these useless speech components have been removed, the transmitter will then be able to concentrate most of its power capabilities on those portions of the
speech spectrum essential to intelligibility. In actual performance,
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the removal of the lower frequencies will give a 3- to 6-db improvement in transmitter power. In order to obtain the same
increase in performance when these low frequencies are transmitted, it would be necessary to double or quadruple the
transmitter output power. Transmission of the 10\·V frequencies
also makes the undesired sideband suppression more difficult.

AF BANDPASS FILTERS
The easiest way to eliminate the low frequencies in a speech
amplifier is to reduce the values of the coupling capacitors between the plate and grid circuits of the various stages. The
high frequencies may then be reduced by shunting them to ground
through a small capacitor connected from g1id to ground. When
the associated plate and grid load resistors are also of the proper
values, the combination of the R and C components will form an
elementary audio-bandpass filter. The main difficulty with this
method of shaping the audio response is that the load-resistor
values required for proper filter action are not necessarily correct for the plates and grids. The result is usually a compromise,
and the bandpass characteristics of the speech circuits will be
somewhat less than ideal. While arrangements of this type are
generally satisfactory as long as the skirt selectivity of the singlesideband filter is good, the design of a better R-C bandpass filter
is not difficult.
The bandpass filter, as the name implies, is designed to pass
all frequencies between two specified points in the audio spectrum. Frequencies higher and lower than those included within
the bandpass are sharply attenuated. Let's assume we wish
to design a filter that will pass all frequencies between 300 and
3,000 cycles, but attenuate all others. The graph in Fig. 6-3 shows
the characteristic response of an audio .filter suitable for use in
the speech circuits of a single-sideband transmitter.
A bandpass filter may be composed of either of the two basic
R-C filter networks shown in Fig. 6-4. In network A, Xe is smaller
than R at high frequencies; hence, essentially the entire voltage
input is delivered to the load. However, as the frequency becomes lower, Xe will equal and eventually become larger than
R; and as Xe increases, the output voltage will become progressively lower. At the frequency where Xe is equal to R, the voltage
drop across the resistor will be 3 db down from maximum. This
is also considered to be the low frequency half-power (or 70% of
maximum voltage) point. Frequencies lower than those at the
-3-db point will be attenuated at the rate of approximately 6 db
per octave.
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In network B, capacitor C is essentially an infinite impedance
at low frequencies and the output voltage is determined by the
value of the resistor alone. As the frequency rises, the opposite
now occurs- Xe becomes smaller than R. 'With each decrease in
X0 , the output voltage becomes progressively lower. At the
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(B) Low poss.
Fig . 6-4. Basic R·C AF filter networks.
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frequency where Xe is equal to R, the output voltage will be 3 db
down from maximum. This is the high-frequency half-power
(or 70% of maximum voltage ) point. Once again, frequencies
higher than those at the -3-db point will be attenuated at the
rate of about 6 db per octave.
The attenuation rate of both networks can be increased by
using a two-stage network and making the impedance of the
output section greater than that of the input section. The response
of such a two-stage network, utilizing an impedance step-up ratio
of 1 to 10, is shown in Figs. 6-5 and 6-6. Note that the attenuation
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Fig. 6-5. Two-stage high-pass R-C filter with 1: 10 impedance step-up ratio.

approaches the theoretical 12-db-per-octave rate and that the
output voltage at the frequencies which correspond to the halfpower points in Fig. 6-4 are now down 6 db from maximum.
In actu.al use, an impedance ratio of 1 to 10 between the two
filters may not be very practical. As shown in Fig. 6-7, if the
values of Rl and R3 are established at 0.1 megohm each, then
R2 and R4 should have a value of 1 megohm each. Since the grid
return of the output amplifier is through R4, R3, and R2, the
total resistance in the grid circuit is 2.1 megohms. Unless elaborate shielding precautions are observed, it is quite likely that this
high grid impedance would be subject to hum or RF pickup
from other circuits. After numerous calculations and much ex-
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perimental work, it has been determined that an impedance
step-up ratio of about one to three is a good compromise between
theory and practical application. If we again select 0.1 megohm
as the values for Rl and R3, then the values for R2 and R4 will be
0.3 megohm each. The total grid-return resistance of the outputamplifier stage will then be only 0.7 megohm. The attenuation
rate, in the directions away from the bandpass will be about 10 db
per octave.
In designing a bandpass filter, it must be remembered that
the high-pass section will pass all frequencies higher than those
of a given point in the spectrum and will attenuate all frequencies
below this point. Conversely, the low-pass section will pass all
frequencies lower than those of a given point and w ill attenuate
all frequencies above this point. The two points of the audio
spectrum generally selected for these frequency limits are 300
and 3,000 cycles.
1 - - - -HIGH PASS - - - - '- --

LOW PASS - ----l

@
II

®i

Fig. 6·7. Combination low· and high-pass sections forming a
bandpass AF fllter.
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The usual practice is to design the filter in such a manner
that the voltage at the filter output terminals will be down
approximately 3 db at the 300- and 3,000-cycle points, compared
with the maximum voltage value at the center of the bandpass
It is desirable to attenuate the frequencies below 300 and above
3,000 cycles at a rate of at least 8 to 10 db per octave. A low-pass
or high-pass filter composed of one capacitor and one resistor
will have an attenuation of -3 db at the frequency where Xe
equ~ls R. In a two-stage filter, the attenuation in each stage will
be -3 db, and the total attenuation will be -6 db at the frequency where the Xe of Cl is equal to the resistance of Rl, and
the Xe of C2 is equal to the resistance of R2. If the RF sideband
filter has a rapid skirt-attenuation characteristic, the -6-db attenuation at 300 and 3,000 cycles in the audio circuit may be
excessive since the sideband filter will also attenuate the recovered audio. If it is desired to maintain the -3-db attenuation
at 300 and 3,000 cycles, and also to retain the 10-db-per-octave
attenuation rate for frequencies outside the bandpass, it will be
necessary to shift the filter attenuation cmves toward the lower
and higher frequencies, as shown in Figs. 6-5 and 6-6. A correction factor must now be inserted into the basic formula
used for determining the values of capacitors.
The formula for calculating the values of Cl and C2 in the
high-pass section becomes:
10 1 ~

C=27T (0.53f) R
where,
C is the capacity in rnicromicrofarads,
R is the resistance in ohms,
0.53 is the correction factor required to shift the -3-db point,
7T is 3.1416 (approx.)
The formula for calculating the values of capacitors C3 and
C4 in the low-pass section is:
10 1 ~

C--~--

-27T

(o.kJ

R

The frequency (f) in the formula will be 300 cycles for the
high-pass section and 3,000 cycles for the low-pass section. The
0.53 correction factor is a compromise between the calculated
theoretical value and the average of data obtained by a number
of actual measurements.
It is only necessary to calculate the values of Cl and C3 at
their respective frequencies. Since the impedance step-up is one
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to three, the capacitance of C2 will be one-third the calculated
value of Cl. Likewise, the value of C4 will equal one-third the
calculated value of C3. If Rl and R3 are 0.1 megohm each, then
R2 and R4 will each be 0.3 megohm.
In order to obtain proper performance from the filter, the
input network should be fed from a relatively low-impedance
source such as an AF cathode follower, and the output network
must be fed into a high-impedance termination such as the grid
of an amplifier tube. No resistance termination of the filter is
necessary. Resistors R2, R3, and R4 form the grid return path
of the output amplifier tube.
Capacitors Cl, C2, C3, and C4, are silver mica types with a
tolerance of 5%. Resistors Rl, R2, R3, and R4, are 5% tolerance,
low-noise 1-watt precision types. AIJ R-C components of the
8+l50V

fig. 6·8. Audio bandpHS fllter and 12AX7 circuitry.

filter should be mounted on a terminal board, which is then
placed inside an aluminum case. The output lead from the
junction of R4 and C4 should be loosely shielded up to the point
where it connects to the grid terminal of the output amplifier.
A complete circuit of a bandpass filter for the audio range
from 300 to 3,000 cycles is shown in Fig. 6-8. One triode section
of the 12AX7 is the cathode folJower and the other is the output
amplifier. The speech-amplifier gain control is placed in the grid
circuit of the cathode-follower stage.

Burnell S-23197
Fig. 6-9 shows the electrical connections to the BurneJJ S-23197
bandpass audio filter. This unit has a flat frequency response from
300 to 3,000 cycles and a very rapid attenuation of all other
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frequencies. The necessary 20K-ohm termination of the filter is
most conveniently made by using a 20K gain c;ontrol as shown.

Chicago Standard LPF-1, 2
The electrical connections and frequency-respons e curve of the
Chicago Standard LPF-2 are shown in Fig. 6-10. As the voltage
attenuation curve shows, the high-frequency attenuation-beginning at 3,000 cycles-is very rapid. This filter is designed to operate
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out of a source impedance of SOK (plate of a 6C4, 6JS, or equivalent), into a SOK grid. A plate blocking capacitor must be used
between the filter input and preceding audio-amplifier stage, since
none is incorporated in the filter proper. The insertion loss of the
LPF-2 is a low 0.8 db or so. If greater attenuation than that obtainable from a single section is desired or required, two sections
can be cascaded. Attenuation of the low frequencies can be controlled by" the use of a low-value coupling capacitor between
the filter input and the plate of the preceding audio-amplifier tube.
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The more economical LPF-1 operates out of a 15K source
impedance (such as that presented by the plate of a single 6C5,
6J5, or triode-connected 6SJ7 ) into a 0.1 megohm grid. This filter
also has a 500-ohm-impedance output terminal which might
permit its use between a speech-amplifier and balanced modulator
stage. Use of the fil ter would eliminate the need for a step-down
audio transformer, such as Tl in Fig. 3-11. The plate blocking
capacitor, which is required to prevent the DC from saturating
the coils in the filter proper, can be selected for attenuation of the
low frequencies. The attenuation characteristics of the LPF-1
filter are shown in the curve of Fig. 6-11. The circuit connections
for the filter are shown at the bottom of the same figme.

S tancor C2340
The Stancor C-2340 audio bandpass filter has a bandpass of
200 to 3,000 cycles. The input impedance is !OK and the output
impedance is either 500 ohms or 0.1 megohm. The maximum
operating level is 10 volts across the output terminals. It should
be possible to substitute this filter for step-down audio transformer
Tl of Fig. 3-11.

Component R equirements
All the audio-frequency filters described above are designed
to be operated out of relatively high-impedance sources. The
low-impedance filter shown in Fig. 6-12 is very simple to construct
and in most cases will require little or no shielding. This filter is
used most generally in the speech-amplifier circuits of a p haseshift single-sideband amateur transmitter.
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Capacitors Cl and C2 are of a good-quality paper dielectric
construction. The working volts rating should be at least 100 volts.
The MIL-C-25A subminiature paper capacitors, such as the
Sprague types KB104K and KC104K, series CP04, or equivalent,
will be satisfactory. Their capacitance should be 0.1 mfd ±10%.
Ll and L2 are 26 mh each. The toroid inductor is preferred,
although one with the specified value may be somewhat difficult
to obtain. The toroids, particular ly the variable-inductance types,
are also fairly expensive. In most cases, satisfactory results can be
obtained from 25-mh shielded iron-core RF chokes as a substitute
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for the toroids. The J. W. Miller type 857 RF choke has been used
for Ll and L2 in several experimental filters. The inductances of
these chokes are accurate to within 5i. The units are also enclosed
in round aluminum shields 11/4 inches in diameter and 11/s
inches high and fitted with two No. 6-32 spade bolts for easy
assembly to the chassis. It is also possible for Ll and L2 to consist
of the adjustable width controls designed for use in televisionreceiver sweep circuits. A suitable type is the J. W. Miller 6315
variable inductor. These coils are mounted through a single
hole in the equipment chassis. The tuning slug must be adjusted
for an inductance of 26 mh.
The most convenient method of adjusting the variable inductors
to their proper values is shown in Fig. 6-13. An accurately calibrated audio oscillator is required, along with an oscilloscope or
audio vacuum-tube voltmeter. The 0.1-mfd capacitor and the
inductance to be adjusted are connected in series across the

Fig. 6·13. Testing of L1 and L2 for 26 mh.

output terminals of the audio oscillator. The VTVM (or oscilloscope vertical-amplifier input) is connected across the capacitor.
The oscillator is now adjusted for an output frequency of 3,120
cycles, and the coil slug is adjusted for maximum indication on the
VTVM or oscilloscope. If the coil has a reasonably high Q, the
voltage increase across the capacitor at resonance will be quite
pronounced. Each coil should be adjusted in the same manner.
If several 0.1-mfd capacitors are available, a "matched pair"
may be selected by substituting capacitors in the test circuit
until two are found which give equal output at the same inductance adjustment. Always use the same capacitor for the adjustment of each coil. A filter of this type, using the specified
values and adjusted as described, will have a characteristic
impedance of approximately 500 ohms.

PRACTICAL SPEECH-AMPLIFIER DESIGN
As mentioned previously, practically no power is required
from the speech-amplifier circuit of a single-sideband trans-
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mitter. This means the audio-voltage requirements are also low.
The most important factors to be considered in an amplifier are
the frequency bandpass response and the amount of distortion
contained in the speech signal at the output. Since the speech
amplifier operates only at the middle AF range, the design procedure is very simple. In most cases, it will merely consist of
selecting the proper tubes and components from the published
charts and data sheets.
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(A) Resistance·coupled triode amplifier circuil.

CG• C,rTCn·+C~p(l+Al
A• GAIN PER S TAGE

(B) Equival ent circuit (all frequencies).

GAIN•
A

o,/

R0

2 (

Ro+

I
)2
WFCc

{C) Equiva lent circuil (low frequencies).
GAIN•

A
V 1+ (21TFR 1C0J2
RI • RP,RL 1 R0 IN PARALLEL

(D) Equivalent circuit (high frequencies).
GAIN •
• URA

L G

E0

°E;,-

R0 RL +R0Rp+RLRp
· ~R

t t R ' R• RcRo
P
RL+Ro•

U • TRIODE AMPLIFICATION FACTOR

(E) Equivalenl circuit (medium frequencies).
Fig. 6·14. Resistance·coupled and equivalent circuits.
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The voltage gain of an amplifier can be defined as the output
signal voltage divided by the input signal voltage. In a practical
amplifier using vacuum tubes, the voltage gain will always be
less than the amplification factor (referred to by the symbol ,.., )
of the tube. The amount of the gain lost is determined by the
ratio of the load resistance to the internal plate resistance of the
amplifier tube. As shown in Fig. 6-14A, the effective load impedance of the plate circuit consists of load resistor RL, the next-stage
grid resistor R<;, the capacitjve reactance of coupling capacitor Cc,
and the internal capacitances of the two tubes. The equivalent AC
circuits for all low, high, and medium frequencies, are shown in
Figs. 6-14B, C, D, and E, respectively. It is apparent that the load
impedance, and consequently the output voltage between the
grid and cathode of V2, w ill vary at the different audio frequencies. The effect of the capacitive reactances is such that the
output voltage is lower at the extremely high and low frequencies.
At the very low frequ encies, the X0 of coupling capacitor Cc will
be large, and the output voltage at the plate of Vl will divide
across the coupling-capacitor reactance and grid resistor RG·
At the frequency where the reactance of the coupling capacitor
is equal to the resistance of He, the voltage across RG will be
clown by 3 db. As the frequency .is decreased below this point,
the voltage drop across the coupling capacitor will gradually
increase and the voltage drops across the grid resistor will gradually decrease. This gradual voltage de.crease across RG, will be
approximately 6 db per octave of frequency change at frequencies
lower than those of the - 3-db point. The voltage increase across
the coupling capacitor will also occur at the same rate. If the
voltages across the coupling capacitor and grid resistor (as the
freq uency is decreased below the - 3-db point) are p)otted
against frequency, the shapes of the two curves will be identical but in opposite arnpli.tude directions. ·when the two curves
are added algebraically, the resultant will plot a straight line
equal in amplitude to the output voltage at the plate of Vl.
j\s the frequency approaches zero (DC), the X0 of the coupling
capacitor approaches an infinite impedance and no measurable
voltage w ill appear across the grid resistor. When the frequency
is increased (beginning at the frequencies slightly higher than
the -3-db point) the voltage drop across the coupliug capacitor
will "flatten out" to a very low value, and most of the output
voltage at the plate of Vl will appear across the grid resistor.
As the frequency increase is continued, however, the voltage
across RG will again gradually decrease. ·when the frequency
has been increased to the point where the voltage across Ro
has decreased by 3 db from maximum, the reactance of the
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shunt capacitance (tube internal capacitance, distributed capacitance, etc.) is now equal to the value of Re;. As the frequency
is increased above the -3-db point, the voltage across Rr. will
decrease at about 6 db per octave of frequency change. At some
high frequency, the output circuit will be effectively shortcircuited by the shunt capacitance, and no measurable voltage
will appear across the grid resistor.
Since these variations of output voltage are caused by the
frequency-sensitive characteristics of coupling capacitor Cc
and the shunt internal capacitances of the two tubes, it is
obvious that we can control the frequency response of an audio
amplifier by selecting certain values of coupling and shunt
capacitances. The amplitude of the lower frequencies can be
reduced by the use of a relatively low coupling capacitance,
and the amplitude of the higher frequencies can be reduced by
adding more shunt capacitance across Rc;. \Vhen lumped constants
are added to a circuit to control its frequency-response characteristic, the assembly of frequency-sensitive components is
generally called a filter. An amplifier in which the frequency
response is restricted or controlled is usually referred to as a
bandpass amplifier.
From the mathematical p oint of view, the amplificatioi:i at
low frequencies, Ai,, may be expressed as a fraction of the
middle-frequency gain, Ai1· The formula most commonly used
for low-frequency gain calculations is:

A -

A~,

L/I + (271" /RCc)

2

where,
AL is the low frequency gain,
AM is the middle-frequency gain,
f is the frequency in cycles per second,

.

I

R

Rr,Rp

R is equa to 0 + R ..L R
p
RP is the tube plate resistance (internal ),
RL is the Vl plate load resistor,
RG is the grid resistor of the following stage,
Co is the capacitance of the coupling capacitor in farads.
r. is 3.1416 (approx.)
J~

I

Resistance Coupling
The low-frequency response of a speech amplifier can aJso be
reduced by using a small capacitance across the cathode resistor.
In circuits which use screen-grid tubes (such as the 6A U6 ),
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the same effect can be obtained by the use of a low-value
screen bypass capacitor. At low frequencies, the reactance of a
cathode bypass capacitor will increase, and the resultant discriminative negative current feedback will reduce the gain of
the amplifier stage. At medium and high frequencies, the reactance of the capacitor will be low and the stage gain will be
normal. In the case of the screen-grid amplifier, the reactance
of the screen bypass capacitor will increase at the low frequencies,
and signal-voltage va1iations will appear in the screen circuit.
The phase relationship of these voltage variations- with respect
to the control-grid voltage variations-is such that the cathodeto-plate signal current will be reduced and the amplifier gain,
at the frequencies where this condition occurs, will be attenuated.
When no cathode bypass capacitor is used, as in the circuit of
Fig. 6-15, the gain reduction of the amplifier stage (due to negative current feedback) will be constant over the normal frequency
response of the circuit. The main reason for not using cathode
bypass capacitors in this circuit is to reduce the inherent speech
amplifier distortion by means of the negative current feedback.

Fig. 6-15. Typica l speech amplifier.

The high-frequency response of the speech amplifier is limited
by the effect of the shunt capacitance, which includes the
distributed capacitance of the leads, socket, and associated
wiring, and the effective input capacitance of the amplifier tube.
The latter is also affected by the amplification of the tube and
will vary with the different types. The shunt capacitance will
have the greatest effect at high frequencies when the combination of RL and Re (see Fig. 6-140) has a large resistance. When
this resistance is low, small changes in the shunt reactancc will
have very little effect on the total load value. In a circuit
where an extended high-frequency response is desfred (such
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as that of a high-fid elity amplifier), the use of low values of
plate and grid resistors, and hibes with low amplification factors and p late resistances, will usually extend. the amplifier
frequ ency limits well beyond the range of human hearing.
In a speech amplifier designed for communications purposes,
it is generally not desirable to extend the high-frequency response
much b eyond 5,000 cycles. T he use of reasonably high resistances
in the plate and grid circuits of high-gain amplifier tubes is
common practice. In general, the effects of the circuit shunt
capacitance on the frequency response of a speech amplifier is
negligible. In the design of most circuits, it will be necessary to
add to, rather than attempt to reduce, the shunt capacitance.
The high-frequency amplification of a resistance-coupled
amplifier stage may be ex-pressed as follows :

_
AII -

A~1

vl + (2dH, CoF
where,
Au is the high-frequency gain,
A~ is the middle-frequency gain,
f is the frequency in cycles per second,
R 1 is the parallel combination of H,., R 1, and R0 (Fig. 6-14D ),

.
RroRr,RG
Ri is equal to R P R L + l)~l" RG +RT. R 0 ,
CG is the effective input capacitance in farads.
is 3.1416 (approx.).

r,

The actual circuit configuration of the speech amplifier will
depend on the audio voltage and impedance requirements of
the balanced modulator. The majority of diode balanced modulators require only a few volts of audio from the speech-amplifier
output across an impedance of 200 to 500 ohms. A typical speechamplifier circuit suitable for use with a diode balanced modulator is shown in Fig. 6-15.
This speech amplifier is designed fo r use with either a crystal
or ceramic microphone. The microphone element is isolated
from the 12AX7 input-amplifier grid by .005-mfd capacitor Cl.
The two 100-K resistors, Rl and R2, present a high-impedance
load to the microphone. The input-amplifier grid is connected
to the junction of Rl and R2 to eliminate possible grid rectification of the transmitter RF signal voltages in this stage.
When a high-power RF amplifier is included on the same chassis
as the speech-ampHfier circuitry, it is usually necessary to
shield the audio-input leads to prevent RF signal pick-up. The
presence of the RF signal voltage in the speech circuits will
cause severe distortion in the b·ansmitted signal. 'When this
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condition occurs, the audio signal recovered at the receiver
will be rough and distorted. In most cases, the audio signal
at the receiver will contain mysterious low-frequency growling
noises in addition to tl1e distortion. The most serious effect of
RF pickup by the speech-amplifier circuits, however, is the
generation of spurious products which may appear to be caused
by some other section of the transmitter. l n a number of instances,
difficu lty in obtaining adequate suppression of the undesired
sideband was due to the presence of harmonic distortion in the
speech amplifier. Unless the symptoms are recognized, the source
of the trouble may be very difficult to locate, since the RF
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Fig. 6-16. l ow -freq uency chara cterist ics of resistance-coupled amplifler.

feedback will occur only when an audio signal is present in
the speech amplifier. The presence of only moderate distortion
in the audio signal at the balanced modulator may cause spurious
products to be generated and to be transmitted outside the
operating channel.
The 12AX7 plate load resistors, R4 and R5, are .47 megohms
each and cathode resistors R3 and R7 are 4700 ohms each. The
cathodes are not bypased in order to obtain the benefits of
lower distortion produced by the negative current feedback, and
the 12A U7 cathode is not bypassed for the same reason. Grid
resistor R6 of VlB is one megohm. Interstage coupling capacitors C2 and C3 are .001 mfd each. A measured response curve
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for the low-frequency transmission characteristics of a .001-mfd
coupling capacitor, working into a 1-megohm grid resistor, is
shown in Fig. 6-16. Another response curve, for a .01-mfd coupling
capacitor working into the same value of grid load resistance,
is shown for comparison. Even though the curves in Fig. 6-16
were obtained by using a low plate load resistance, the effect of
the two .001-mfd capacitors, ( C2 and C3 in Fig. 6-15 ) will be
cumulative, and the low-frequency rolloff will be similar to that
shown by curve B. The audio signal for operation of the automatic-control ( VOX ) circuits is taken directly from the plate of
VlB through .01-mfd capacitor C4. It is necessary that this control signal voltage be removed ahead of the gain control, so that
the speech-level adjustments wi11 not affect its amplitude.
Capacitor C5 and resistors R9 and RIO form an elementary
low-pass filter in the grid circuit of the 12AU7 output amplifier.
The purpose of this network is to roll off the high-frequency
response of the amplifier. The exact value of C5 will depend
on the frequency response of the microphone used and on the
skirt attenuation characteristics of the single-sideband filter.
In most circuits, C5 will have a value of 56 to 120 mmf when a
crystal lattice or mechanical sideband filter is used. The final
value selected should be determined by experiment.
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Fig . 6 ·17. Pr1ctical aud io cathode-follower output.

Audio-output transf9rmer Tl is a miniature plate-to-line unit.
The primary impedance is 20K, and the secondary impedance
is either 200 or 500 ohms. Notice that the plate current of the
12A U7 does not pass through the transformer primary winding,
but is returned to B+ through 22K plate load resistor Rl2.
Although most plate-to-line transformers will pass the 12AU7
plate current without core saturation, the audio-waveform distortion is perceptibly less when the arrangement in Fig. 6-15
is used. The audio signal appearing in the primary circuit is
returned to ground through 10-mfd electrolytic capacitor C6.
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The plate circuits of the three tubes are decoupled from the
power supply by C7-C8, and Rl2-Rl3.
The speech amplifier circuit described can be used in either
a Riter or phase-shift type of single-sideband generator. In a
phase-shift generator circuit, impedance step-down transformer
Tl must b e used in order to obtain the balanced audio voltage
required by the di.fferential phase-shift net\.vork. If the speech
amplifier is to be used with a filter type of single-sideband
generator, transformer Tl may b e omitted, and the audio voltage fed to the balanced modulator by a cathode follower. A
typical audio-signal cathode-follower output circuit is shown
in F ig. 6-17.

Cathode F ollower
The cathode follower is basically a power-output stage,
since the voltage gain is always less than 1. The input signal
is applied between the tube control grid and ground. The p late
is at ground potential with respect to the input and output
B+

ll CATHOOE FOU.OWER • _JI_

Jl+I

JI R,
G" REQUIRED' Re <!ltll+A,
R

'
0

RL

Rp

11+1

R, , (Rl+R2) R~
Rl+R2+R~

Fig. 6· 18. Design of cathode follower.

signal voltages, and the output signal appears across cathode
load resistor Rl. All the voltage across Rl is fed back to the
input circuit, constituting 100% negative voltage feedback. As
a result, the output impedance of the circuit is very low. Also,
the range of usable load impedance values is much greater than
for the more conventional triode ampliner circuits. The cathode
follower has a wide frequency range, and very low distortion
and phase-shift characteristics. T he input and output signals
are of the same phase relationship. The voltage "gain" of the
cathode follower will depend on the type of tube and on the
value of load impedance RL. When the load impedance is only
a few hundred ohms, the voltage gain will be about 0.5. Above
10,000 ohms, the voltage gain may b e as much as 0.9. However,
it will never equal unity, or 1.0. The design equations given in
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Fig. 6-18 will apply to both AF and RF cathode-follower output
circuits.
The simple speech-amplifier circuit shown in Fig. 6-19 is
designed for use with the HCA "7360" beam-deflection-tube
balanced modulator. The peak-to-peak audio signal required for
fo ll beam deflection is approximately 2.8 volts. Since the input
impedance to the deflection electrodes is relatively high, no
matching transformer \.viii be required. A 1025 tube is the low-
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noise equivalent of the more conventional 12AX7. This speech
amplifier circuit will be described in more detail in the chapter
on single-sideband generators.

COMMERCIAL SPEECH-AMPLIFIER
CIRCUITS
The speech-amplifier circuits described here are found in
single-sideband transmitters manufactured by Collins, Hammarlund, and Jolmson. These transmitters are used in both commercial and amateur com1mmications services and are considered examples of good engineering design.

Collins 32S-l
The simplinecl schematic in Fig. 6-20 shows the speechamplifier circuit for the Collins 32S-l single-sideband transmitter. The triode section of a 6U8A ( VlA) serves as the input
audio amplifier, and the pentode section as the second audio
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amplifier. The triode section of another 6U8A ( V2A) is used
as a cathode-follower low-impedance output stage, and the
pentode section is the crystal-controlled carrier generator described in a preceding chapter. The speech amplifier is designed
for use with a high-impedance microphone. When a lowimpedance microphone .is used, it will be necessary to incorporate
a suitable matching transformer between the microphone and
the high-impedance input circuit.
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Fig. 6-20 . Collins 325·1 speech amplifler.

The microphone element is isolated from the input audio
amplifier grid by .01-mfd capacitor Cl. The purpose of RF
choke Ll is to prevent pickup and rectification of the transmitter RF voltages in the grid circuit. Capacitor C2, connected
from terminal 9 to ground, bypasses any RF voltages passed
by Ll. The 220-mmf capacitor, C2, also is used to roll off the
amp lifier response at the higher audio frequencies. In order
to obtain distortion reduction from the negative current feedback, the 680-ohm cathode resistor lU, is not bypassed . During
tuning of the transmitter RF circuits, or during operation on
CW telegraphy, the cathode circuit of the speech input-amplifier
is opened by the switch.
Notice that R5 (the plate load resistor for the VlB pentode
section) is comparatively low in value. The 6U8A screen is fed
from a DC voltage divider which consists of the two 0.1 megohm
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resistors, R6 and Rll 7. Screen bypass capacitor C4 is .01 mfd, a
much lower value than usual in conventional pentode audio
amplifiers. The purpose of such a low value is to introduce
degenerative feedback action in this stage and thereby reduce
the amplifier response at the lower audio frequencies. Cathode
resistor R4 is not bypassed, and the resultant negative current
feedback is used to reduce djstortion in the pentode ampli£er
stage.
Speech-level control RS is inserted between the plate of the
second auilio amplifier and the grid of the cathode follower.
The rotor arm of R8 is isolated from the cathode-follower grid
by .01-mfd capacitor C7 .and 220K resistor R73. Svvitch Sl4
closes when the speech-level control is rotated to its maximum
counterclockwise position. The purpose of Sl4 is to disable
the speech-amplifier circuit during transmitter tune-up or standby
periods. The cathode-follower plate is maintained at AF ground
potential by 8-mfd electTOlytic capacitor C6A. The audio-output
voltage appears across cathode load resistors RlO and Rl2, and
is fed to the balanced modulator through 0.47-mfd coupling
capacitor CH. RlO ( 220 ohms) is the cathode-follower bias
resistor, although it appears as part of the output load-resistor
circuit.

Hammarlund HX-500
The speech-amplifier circuit of the Hammarlund HX-500
single-sideband transmitter is shown in simplified form in Fig.
6-21. The first and second audio-ampli£er stages use a dualtriocle 12AX7 tube. One section of a 6CM7 tube serves as the
audio-output amplifier. The audio circuit, while very simple,
is somewhat different from the speech-ampli£er circuits described.
The speech circuits of the HX-500 are designed for use with
a high-impedance crystal or ceramic microphone. The highfrequ ency response of the ampli£er is modified by an unusual
input-circuit arrangement. The 47K resistor ( R31 ) and 100-mmf
capacitor C44 are connected in series across the microphone
input jack, with the capacitor in the grounded side. Input
coupling capacitor C45 is connected from the junction of R31 and
C44 to the contrnl grid of VSA. For all practical purposes, C44
is effectively in shunt with the high resistance of R32 (the
4.7-megohm grid load resistor in the input-amplifier circuit).
Rollo.ff of the higher audio frequencies will occur at a rapid
rate. The 12AX7 input-ampli£er section bas its cathode connected to ground, so that this stage operates with contact
potential bias only. The VSA plate load resistor, R33, is 220K
ohms.
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The AF response is further modified by .001-mfd interstage
coupling capacitor C47 and by the fo llowing-stage grid-circuit
network composed of the three I-megohm resistors R34, R37, and
R41; and .02-mfd capacitor C48. The over-all AF response of the
speech amplifier is such that when it is combined with the
single-sideband filter-attenuation characteristic, the audio frequencies most useful for maximu m intelligibility and power
output will be transmitted. The 3.9K cathode resistor, R35,
provides bias voltage and negative current feedback for the
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Fig. 6-21. Hammarlund HX-500 speech amplifier.

V5B second audio amplifier. The .005-mfd coupung capacitor,
C49 is connected from the plate of V5B to the top of the speechlevel control. The audio-signal voltage for operation of the VOX
(automatic-control) circuits is taken from the top of the speechlevel control, and the audio voltage developed across SK load
resistor R42, in the plate circuit of V6A, is applied to the balanced
modulator through 0.1-mfd coupling capacitor C50. The output
impedance of the 6CM7 triode, V6A, is relatively low.

Johnson I nvader
The Johnson Invader speech-ampli6er circuit, shown in Fig.
6-22 is quite simple and conventional in most respects. The first
and second audio-amplifier stages comprise a 12AT7 dual-triode.
The cathode of the 12AT7 section used for the input amplifier
( V5A) is connected to ground. Since C62 is directly in shunt with
the high resistance of R35, rolloff of the higher audio frequencies will occm at a rapid rate. A 4.7K resistor, R34, is in
111

series with the inner conductor of the microphone cable and the
12AT7 input-amplifier grid. T he combi nation of resistor R34 and
capacitor C62 for ms an RF filter lo pre vent pickup and rectification of the transmitter RF voltages by the V5A grid.
The In vader speech amplifier is designed for use with crystal
or ceramic high-impedance types of communications microphones,
and the microphone is not isolated from the 12AT7 inputamplifier grid. If a dynamic microphone is used, DC isolation of
the microphone secondary w inding from the input-amplifier
grid will be necessary. Most dyna mic microphones have sufficient
space inside the shell or case to mount a .005-mfd disc ceramic
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blocking capacitor. The capacitor is connected in series with the
inner conductor of the microphone cable, at the point where the
cable connects to the matehing-h·ansformer secondary. 'W ithout
the blocking capacitor, the comparatively low D C resistance of
the transfonner secondary winding will drain away the contact
potential bias at the input-amplifier grid.
The audio-signal voltage at the plate of V5A is, for all practical
purposes, fed to a capacitance voltage divider. The total resistance
in the grid circuit of the second audio amplifier, V6A, is 1.68
megohms. T he resultant ne twork- which consists of C63 and
C64, a nd resistors 1136, R37, and H45- will mod ify both the highand low-frequency responses of the speech-amplifier circuit.

SPEECH-AlVIPLIFIER SUMMARY
It should now be apparent that the communications effective-

ness of any type of single-sideband transmitter will depend to
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a great extent on the proper design of the speech amplifier.
The two most important factors involved in the design of singlesideband speech circuits are the limitation of the amplifier
frequency response and the reduction of distortion in the audiofrequency output signal. The speech-amplifier frequency response
should be limited to a bandpass of the frequenci es between 300
and 3,000 cycles; all frequencies below and above these limits
should be rapidly attenuated. The exact design of the speechamplifier and audio-bandpass £lter circuits will depend on the
method of sideband selection (phase shift or filter systems ).
In single-sideband transmitters which use the filter method of
sideband selection, the speech-amplifier and audio-bandpass
circuitry is relatively simple, since the sideband filter will
usually suppress the undesired speech frequencies. In most
filter-type transmitters, the audio-frequency response is shaped
by a careful selection of circuit component values. In phaseshift transmittters, the speech-amplifier circuitry is generally
much more complex. Here it is important to suppress any AF
components which fall beyond the effective range of the AF
differential phase-shift network. Most AF phase-shift networks of
the communications type (such as the Barker and Williamson
Type 2Q4, Model 350), are designed to function within the range
of 300 to 3,000 cycles with a phase differential of 90°. The network performance below 300 and above 3,000 cycles will deteriorate rapidly. Unless the speech-amplifier AF response is
limited to the effective range of the network, severe distortion
and spurious signal products will be generated. The suppression
of the undesired sideband will also be very low.
The principal reason for reducing the distortion content
of the speech-amplifier audio-output signal is to prevent the
generation of spurious signal products in the balanced modulator. This precaution is especially important in the design of
speech amplifiers to be used with phase-shift transmitter. In
most of these transmitters, the amplifier circuits which follow the
balanced modulators have relatively poor selectivity. The filter
type of single-sideband generator will usually discriminate
against spurious signal products which fall outside its normal
bandpass response. In either type of tmnsmitter, the presence
of distortion in the audio signal will usually reduce the intelligibility and increase the bandwidth of the transmitted signal.
It is good engineering practice to keep to a minimum any distortion or other factors which tend to deteriorate the desired
emission characteristics of the transmitter.
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Chapter 7

Single-Sideband
Generators
In a single-sideband system, the circuits most closely associated with the development of the signal are usually grouped
together as a single section of the over-all design. This section
is generally referred to as the single-sid eband general.or. It is
obvious that the generator is the heart of any single-sideband
transmitter since, with the two exceptions of amplitude and frequency, none of the other transmitter circuits will affect the
characteristics of the generated signal.
The essential circuits required to form a single-sideband
generator are a carrier generator, balanced modulator, and audio
amp li£er, as well as some means of suppressing the undesired
sideband. All of these circuits have been covered individually
and in detail in the preceding chapters. Now their combination,
in the form of the sideband generator, will b e considered. The
relatively simple filter type of single-sideband generator will
be discussed first, with the more complex phase-shift generator
left until later in the chapter.

BASIC GENERATORS
The block diagrams in Figs. 7-lA and B show the essential
circuits of a simple single-sideband ( SSB) generator of either the
filter or phase-shift type. In both methods the audio input
signal must be ampli£ed and shaped before it is applied to the
balanced modulator circuit. Sideband generation is accomplished by using the audio signal to vary the amplitude of the
carrier in the balanced modulator. In the filter method, the
desired sideband is selected from the modulator output by
means of the sideband filter. The carrier wave is suppressed
by the balanced modulator and the high degree of skirt selectivity in the sideband filter. In the phase-shift method, the
desired sideband is selected by controlling the phase of the HF
and audio voltages applied to a pair of balanced modulators.
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The carrier wave is suppressed in the circuit of the balanced
modulators. In either case, a "genuine" sideband signal appears
at the output of the sideband generator and, except for amplitude
and frequency, is an exact replica of the signal applied to the
antenna by the final RF amplifier.
The amount of audio amplification required will depend on
the input-signal requirements of the balanced modulator. It is
customary to adjust the level of the RF carrier voltage applied
to the balanced modulator so that it is between 10 and 30 volts.
In order to keep distortion products to a minimum, the audio
signal at the modulator must be less than 1 volt. In general,
the average diode balanced modulator requires an audio signal
of 0.1 to 1.0 volt at impedances of 200 to 500 ohms. The aucliooutput signal from a microphone or a telephone line is usually
several hunched times lower than the audio-voltage level required by the modulator. For most efficient utilization of the
transmitter RF amplifier, the applied driving signal should be
as close to maximum as possible without exceeding the overload level, and must not exhibit excessively wide amplitude excursions. In most commercial SSB transmitters, the driving
signal is automatically adjusted to the level where maximum
output is obtained with the maximum input signal. The wide
amplitude excursions of the driving signal are either compressed
or clipped so that they do not appear in the emitted signal. 'With
the exception of the Johnson Invader and the Central Electronics
100-V, most of the low-power amateur SSB transmitters use
neither audio compression nor clipping. The transmitters designed for amateur service generally depend on ALC circuitry to
raise the average transmitted power level.
The two speech amplifiers shown in Figs. 7-lA and B may
be similar in all respects. 'When they are properly designed,
the bandpass ""ill be resh·icted and the distortion characteristics
reduced to minimum. Also, they may contain compressor or
clipper circuits to limit the voice-signal peak excursions and
raise the average power level of the emitted signal. The audiooutput signals from both speech amplifiers will have similar
characteristics.
As we leave the speech-amplifier output circuits, however,
the two sideband generator systems become entirely different.
In the phase-shift generator ( Fig. 7-lB), the speech-amplifier
audio-output signal is applied to an audio phase-shift network,
which separates it into two audio signals 90° out of phase, over
the frequency range from 300 to 3,000 cycles. The two audio
signals are then applied to two balanced modulators. The carrier
oscillator signal is also separated into two components 90° out
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of phase, which are also applied to the two balanced modulators. The RF signal from the common output circuit of the two
balanced modulators will consist of a single sideband only; the
carrier and one sideband will be suppressed.
In the filter generator shown in Fig. 7-lA, the audio-output
signal and carrier RF signal are both applied directly to a
single balanced modulator. The RF signal in the balanced modulator output circuit will consist of a pair of sidebands only
because the carrier will be suppressed in the balanced modulator.
An additional 20 db or so of carrier suppression will be obtained
in the sideband filter, where sideband selection takes place.

FILTER METHOD
A very simple filter generator, designed for use with a
mechanical sideband filter, is shown in Fig. 7-2. The carrier
generator uses a miniature 6AU6 pentode in the series-tuned
Colpitts circuit. Oscillator tank inductance Ll is a high-Q ferrite
rod antenna coil. The 35-mmf variable capacitor, Cl, is used to
adjust the carrier frequency to the proper position on the slope of
the mechanical-filter response. Ordinarily, Cl is set at half of
its full capacitance, and the coil slug adjusted for a frequency
at the center of the filter bandpass. By increasing or decreasing
the capacitance of Cl, the carrier frequency may be placed
at the -20-db point on either slope of the filter response. When
the carrier is placed on the higher-frequency slope, the RF
signal output from the mechanical filter will consist of the lower
sideband. Conversely, the filter will pass the upper sideband when
the carrier is placed on the lower-frequency slope.
In order to keep the carrier-generator section as simple as
possible, a 6C4 triode is used as an RF phase inverter to supply
a balanced carrier signal to the modulator. The 3- to 30-mmf
trimmer capacitor, C7, across 6C4 cathode load resistor R6, is
adjusted for equal carrier-signal voltages at the phase-inverter
plate and cathode. The 50K-pot, RS, is the carrier-balance control. Carrier balance is carried out by alternate adjustments of
C7 and RS for minimum carrier-signal voltage at the filter output
terminals. Generally, the carrier-balance adjustments are most
easily made when Cl is adjusted to place the carrier frequency
in the center of the filter bandpass. After the balancing adjustments have been completed, the carrier frequency is returned
to the -20-db position on the filter response. The two 15K resistors, R9 and RIO, improve the impedance match between the
diode balanced modulator and mechanical filter. The two trimmer
capacitors, ClO and CU, are used to resonate the input and
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output circuits of the mechanical filter. The values of these
trimmers will depend on the mechanical filter used. l\fost of
the Collins 455-kc mechanical filters require llO- to 130-mmf
resonating capacitors. The filter is resonated by inserting a small
amount of carrier (by rotating HS to either extreme of its range)
at the center of the bandpass and adjusting ClO and Cll for
maximum signal at the filter output terminals .
The speech amplifier consists of a single 12AU7 tube, one
section of which is used as the speech amplifier proper and the
other section as an audio cathode follower. The audio-signal
level required by the balanced modulator will be on the order
of 0.25 volt. Some attenuation of the high audio frequencies
is provided by 56-mmf capacitor Cl2, which is shunted across
the speech-amplifier input circuit, and by the elementary lowpass filter formed by Rl5 and Cl4 in the grid circuit of the
cathode follower. Low-frequency attenuation is p rovided by
.005-mfd coupling capacitor Cl3. However, the shaping of the
audio response is carried out largely by the sharp skirt-attenuation
characteristics of the mechanical filter. .{n this simple circuit,
no provision has been made for limiting the voice peaks. Most
circuits of this type will be followed by ALC peak limiters,
to raise the average power level and thereby prevent overload.
The fun ctions of the various sections of the generator will be
easier to understand if the audio and RF waveforms are examined
at different points in the system. With a sine-wave modulating
signal of 1,000 cycles, the audio waveform applied to the balanced
modulator will appear as shown in Fig. 7-3A. The RF carrier
signal will exhibit a larger number of sine waves than the
audio signal. The carrier-signal waveform is shown in Fig.
7-3B . \Vhen the carrier and modulation signals are mixed in
the proper proportions in the balanced modulator, the singletone balanced-modulator output will appear as shown in Fig.
7-3C. Assuming the carrier frequency is 453 kc and the modulating signal is 1 kc, then the wavefonn shown in Fig. 7-3C will
contain the 452-kc lower-sideband and 454-kc upper-sideband
frequencies; the 453-kc carrier component is suppressed. Since
the two sideband frequencies are of equal amplitude at this
point in t he circuit, the characteristic half-sine wave envelope will
be produced when the waveform is displayed on an oscilloscope
screen. The repetition rate of the envelope pattern will be twice
that of the modulating signal frequency, or 2 kc. This RF signal,
which contains both the upper- and lower-sideband signals and
the suppressed carrier, is called a double-sideband, ( DSB ) signal.
When the DSB signal is passed through a highly selective
filter, one of the sidebands will be passed and the other atten120

(A) 1,000 cycle sinewa11e.

(8) 435-kc carrier.

(C) Balanced modulator output.

(0) Filter output.

Fig. 7-3. Audio and RF waveforms a ppearing ot various points in th e generator
of Fig. 7-2.

11ated. As shown in Fig. 7-3D, the SSB passed by the filter will
be a pme sine wave when the audio-modulation signal consists
of n single tone. The frequ ency of the si ngle-sideband signal at
the filter output terminals will be equal to the carrier frequency
plus or minus (depending on which sideband is passed) the modulating frequency. The single-sideband signal at the filter output
can be applied to a frequency-conve rter stage and heterodyned to
the operating frequency. Its amplitude may be increased to any
desired practical level by ampHfying it in a linear RF power
amplifier. At the receiver, the incoming signal can only be de121

modulated b y mixing it with another independent oscillator signal
having the same frequency as the original carrier signal suppressed in the balanced modulator of the transmitter. The output
signal obtained from the receiver demodulator circuit will be a
facsimile of the original 1-kc modu lating tone.
Many commercial and amateur generators have provision for
reinserting the carrier component into the SSB signal after it
has passed through the filter. Fig. 7-4 shows a simple method
SIDEBAND
FILTER

AUllO
AMPLIFIER

AUDIO

1------

OUTPUT RF SIGNAL
(SINGLE SIDEBAND PLUS
CARRI ERi

IDOK

CARRIER CARRIER
IN
OUT

+

Fig. 7-4. Carrier reinsertion in a filter generator.

of doing this. Since the reinserted carrier signal must be of the
proper amplitude with respect to that of the SSB signal · at the
filter output, the carrier amplitude is usually made adjustable
as shown. vVhen the reinserted carrier and single-sideband signal
are equal in amplitude, the waveform in Fig. 7-5A will be
obtained at the filter output terminals. The sideband with carrier
signal can be heteroclyned to the operating frequency and
amplified to any desired p ractical power level, in exactly the
same manner as a sideband without carrier.
Notice that the waveforms in Fig. 7-3C and 7-5A are both
similar in appearance. However, their frequency components are
not the same in value. Those of the waveform at the balanced
modulator output are 452 and 454 kc when the modulating tone is
l kc. The frequency components of the sideband with carrier
are 453 and 454 kc, or 453 and 452 kc-depending on whether
the upper or lower sideband is passed. (The audio modulating
tone is assumed to be 1 kc in both instances.)
When the reinserted carrier is below the level of the singletone single-sideband signal, the waveform in Fig. 7-SB will be
viewed on an oscilloscope. This is the waveform of the s.ignal
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from a commercial SSB transmitter with a pilot carrier system.
The same waveform will be b·ansmitted by an amateur transmitter which has carrier leakage around the sideband filter.
When two separate audio tones are combined and applied
simultaneously to the balanced modulator, one of the sidebands
will be suppressed by the filter. The resultant two-tone sideband signal at the filter output terminals, viewed on an oscilloscope, is shown in Fig. 7-6A. Notice that the two-tone single-

(A) Carrier and tone equal in amplitude.

(B) Cnrrier amplitude less than tone .

(C) Signal w ith small amount of reinserted carrier.

/

RIPPLE

Fig. 7·5. Single·sideband waveforms with single tone modulation and
reinserted carrier.

sideband signal is quite similar in appearance to the single-tone
double-sideband signal in Fig. 7-3C and the SSB with carrier in
Fig. 7-SA. However, the two-tone single-sideband signal contains
an entirely different set of frequency components from those
of the other two waveforms. Assuming a 453-kc carrier frequency, when the two-tone audio-modulation signal consists of
equal amplitude 1,000- and 2,000-cycle sinewave tones, the RF
signal at the filter output terminals will contain either the 451ancl 452-kc or 454- and 455-kc frequencies (depending on which
sideband is passed).
The two-tone single-sideband waveform shown in Fig. 7-6A
will be obtained only when the carrier component is suppressed
to a very low value. \l\' hen a small amount of carrier signal is
inserted into the two-tone signal, the presence of the carrier
component will be indicated by a sine-wave ripple on the twotone waveform, as shown in Fig. 7-6B.
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RIPP\.E CAUSED BY
CARRIER COMPONENT

(A) Two-tone modula1ed signa l.

(BJ Insertion of small carrier component.

Fig . 7-6. Single-sideband waveforms, two tones (1,000 and 2,000 cycles).

The generation of the two-tone single-sideband waveform will
be more clearly understood from Fig. 7-7. The two signalcomponent vectors, designated El and E 2, represent the 1,000and 2,000-cycle audio-modulation tones, respectively. When
El and E2 are 180° out of phase as in Fig. 7-7 at A, the envelope
will have zero ampEtude. When they are exactly in phase as in
B, the envelope ampEtude will be maximum. Moreover,
the same type of waveform is produced, whether they are adding
in a positive or negative direction. This is a characteristic of
the suppressed-carrier waveform. It will be interesting to compare the vector diagram of the two-tone SSB suppressed-carrier
waveform with that of the amplitude-modulation waveform in
Fig. 2-4.
Analysis of the waveforms produced in the single-sideband
generator is of great importance in more clearly understanding
the principles upon which the system is based. The waveforms
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Fig . 7-7. Vecto r analysis of two-tone single·
sideband waveform.
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are also useful for test and measurement purposes. The two-tone
SSB envelope is of special significance, since virtually all power
and distortion specifications in a system are made with reference
to the two-tone transmission conditions. Po,ver measurements
and waveform analysis will be treated in more detail in a later
chapter.
The filter generator shown in Fig. 7-8 was designed to provide
a study of the characteristics of the RCA 7360 beam-deflection
tube when used as a balanced modulator. A technical description
of this sideband generator will be of interest, since the 7360
tube is found in both commercial and amateur transmitters at
the present time. The photographs in Figs. 7-9, 7-10, and 7-11
will aid the amateur to construct a very simple yet effective
transmitter.
The generator proper consists of three tubes and their
associated circuitry. The speech amplifier uses a 7025 dualtriocle, which is the low-noise version of the 12AX7 ordinarily
employed in high-fidelity audio amplifiers. The input circuit
is designed for use with a crystal communications microphone.
The two 2,200-ohm cathode bias resistors, R2 and R6, are not
bypassed in order to obtain distortion reduction by negative
current feedback. The .005-mfd coupling capacitor C4 and 150mmf shunt capacitor C5 form an elementary bandpass audio filter.
With the communications microphone, no further shaping of the
speech-amplifier audio response is necessary. The 7025 plate
load resistors, R3 and R5, are 0.1 megohm each. Speech signallevel control R4 is. in the grid circuit of the 7025 output amplifier section and the audio-signal voltage for the VOX circuits is
taken from the top of R4, through .01-mfd capacitor C43. The
audio voltage required from the speech-amplifier output circuit
for full deflection of the 7360 electron beam is about 3 volts
peak-to-peak. The high-frequency speech-signal components in
the audio-output circuit are bypassed to ground by C8. This
.001-mfcl capacitor is also the RF bypass for the 7360 defl ection
electrode.
The audio-signal voltage is applied to deflection electrode
1 of the 7360. Deflection electrode 2 (socket terminal 9) is
bypassed to ground by 0.1-mfd capacitor C16. The rather elaborate resistor network ( R9, RlO, Rll, Rl3, Rl4, and Rl9) in the
deflection circuit permits the application of approximately + 25
volts of bias voltage on the deflection electrodes for beamcentering purposes. The 5,000-ohm pot, Rl2, is the carrier balance
control. It allows the deflection voltage to be regulated so that
the electron beam will be centered between the two plates when
no audio signal is present. Initially, Rl2 is adjusted, with no
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Fig. 7-9. Front view of !liter generator.

applied audio signal, for minimum carrier at the filter output
terminals. The control is then sealed with glyptol, and no
further adjustment is required unless the 7360 tube is replaced.

Fig. 7-10. Rear view of !liter generator.
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Since this generator was intended strictly as an experimental unit, the carrier generator was built onto a separate
chassis. However, the carrier generator can be jncluded as
a part of the sideband-generator proper, if desired-provided
the necessary isolation and shielding precautions are taken,
to prevent leakage of the carrier signal into the circuits which
follow the filter. As shown in Fig. 7-8, a 12AT7 dual triode
is utilized as the crystal-controlled carrier generator. One section serves as a modified Pierce low-frequency crystal oscillator, and the second section as an isolation amplifier for

-

(

1

l'.ll
Fig. 7-11. Bottom view of filter generator. Note shield pl.ate between input and
output filter terminals.

the relatively weak crystal-oscillator signal. The carrier RF
signal measmes about 15 volts peak-to-peak at the amplifiersection plate. Losses in the shielded output cable reduce this
voltage to the required 10 volts at grid l (socket terminal 3) of
the 7360. The carrier-signal voltage may be increased by replacing R57 (2,200 ohms) with an 8,200-ohm unit. The carrier
signal for reinsertion into the single-sideband signal at the filter
output terminals is removed from the 12AT7 amplifier cathode
circuit. The level of the reinserted carrier is adjusted by 1,000ohm potentiometer R54.
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The SSB filter used in tJ1is generator is a Collins Type
F455Y-40. This particular mechanical filter has a 4.38-kc bandpass
between the two -20-db attenuation points. Although the filter
functions satisfactorily, the proper bandpass for speech transmission is from 2.7 to 3.1 kc. The ci rcuit constants for the preferred filter are shown in Fig. 7-8. The two crystal frequ encies
required to position the carrier at the -20-db points on the
filter skirt are specified by the manufacturer for the individual
filter. In the filter shown in the photograph, the -20-db points
are located at 452.73 and 457.11 kc. The closest FT-241-A surpluscrystal frequencies are 452.777 kc (channel 326 ) and 456.9444 kc
(channel 329 ). These frequencies are satisfactory for experimental
work but for good speech quality the carrier frequency shou ld
not deviate from the -20-db frequencies by more than 50 cycles.
The first step in the alignment of the sideband-generator
circuits is to resonate the filter to the center of its bandpass
response. If a variable-frequency carrier-signal generator is available, it is adjusted to a frequency halfway between the frequencies of the - 20-db points on the fi lter skirt. Carrier-balance
control Rl2 is rotated to one of its extreme positions, and
plate-circuit balance control R21 to approximately the center
of its range. Speech-level control R4 is rotated to its "off" position
so that no audio signal of any kind is applied to the 7360
deflection electrod~. The carrier-signal level at the 7360
control grid (socket terminal 3) should b e approximately 10
volts peak-to-peak, measured on an RF VTVM or oscilloscope.
Always use an HF isolation probe when measuring the carrier and
sideband RF voltages.
With a carrier signal of the proper frequency and amplitude
applied to the control grid of the 7360 balanced modulator,
connect the RF VTVM or oscilloscope vertical input, through a
suitable isolation probe, to the output terminals of the singlesidebaod filter. The carrier-signal level at the filter output
should be sufficient to give an indication on the VTVM or oscilloscope. Adjust variable capacitance trimmers C20 and C22 for
maximum carrier-signal indication. Once the two trimmers have
b een peaked, seal the adjustments with a drop of pol.ystyrcme
cement.
The next step is the carrier-suppression adjustments. The
carrier frequ ency and amplitude remain the same, as specified
above. Adjust the VTVM or oscilloscope sensitivity so that a
fairly large indication of the carrier voltage is obtained. Carrierbalaoce control Rl2 is carefully adjusted for minimum caniersignal indication on the VTVM or oscilloscope. Quadrature
balance control R21 is now adjusted for minimum carrier indi130

cation. The two balance-control adjustments interact to some
extent; thus, it will be necessary to alternately adjust them to
obtain the lowest possible carrier level at the filter output
terminals. Vlhen the two controls are properly adjusted, the
carrier level should be at least 50 db down from the maximum
indication. Another 20 <lb of carrier suppression will b e obtained
when the carrier frequency is returned to its proper position
on the filter slope.
With the carrier frequency at one of the - 20-db points on
tlic filter response, apply a sine-wave signal of about 1,000
cycles to the input jack of the speech amplifier. Then rotate
speech-level control R4 to approximately three-fourths of its
maximum position, and adjust the audio input-signal level so
that about 3 volts peak-to-peak is applied to the 7360 deflection
electrode. The carrier level at the balanced modulator control
grid should be checked and, if necessary, adjusted to 10 volts
peak-to-peak. ·we are now ready to observe the circuit waveforms
on the oscilloscope screen.
After all the preliminary adjush11ents discussed above have
been carried out and the carrier frequency is at the proper
position on the filter response, the single-sideband signal at the
filt er output terminals should appear as a pure sine-wave carrier
of constant amplitude. The waveform observed on the oscilloscope
screen should look like Fig. 7-30. Any ripple or other variations in
the signal amplitude will indicate the presence of the carrier,
undesired sideband, or spurious-product signals from the balanced
modulator and speech amplifier. As speech-amplifier level control
H4 is varied, there should be no change in the signal waveform
other than an increase or decrease in amplitude.
Carrier reinsertion control R54 is now slowly advanced to
the point wbere a perceptible ripple appears at the top and
bottom of the signal. As the level of the reinserted carrier
is increased to that of the signal, the waveform shown in
F ig. 7-5A will be observed. If the reinserted carrier has a
lower amplitude than the signal, the waveform may look like
Fig. 7-5B.
It should be understood that the waveform at Fig. 7-5A will
be obtained only when the levels of the sideband signal at the
filter output and the reinserted carrier signal are equal. When
the reinserted carrier level is higher, either it can be reduced
or the level of the SSB signal increased (by turning up the
speech-amplifier gain), until the. proper waveform is obtained.
When making tests or measurements, it is important to keep the
audio signal at the balanced-modulator deflection electrode
below the level where spurious products begin to b e gen131

erated. The reinserted-carrier level is then adjusted for the proper
waveform.
The frequency response of the generator is determined by
applying a number of audio frequencies to the speech-amplifier
input and plotting the amplitudes of the sideband signal voltages
at the Rlter output terminals. The sideband-signal levels may
be measured with an RF VTV~1I or an oscilloscope, and the readings should be plotted in decibels. The audio signal at the speechamplifier input must be kept at a constant level as the measurements are made at 100-cycle intervals over the frequency range
from 100 to 4,000 cycles. The filter response is determined by
holding the audio signal at the 7360 deflection electrode constant at 2.8 volts peak-to-peak and measuring the sideband
voltage d eveloped at the filter output terminals. The speechampli£ier frequency response is determined by maintaining a
constant-level audio signal at the amplifier input and measuring
the audio voltage at the deflection electrode of the balanced
modulator tube.
The two basic generators described in the preceding pages
are relatively simple. The main purpose in presenting their
circuits is to make you more familiar with the basic principles
involved in the generation of the single-sideband signal. The
waveforms shown will be the same in amateur or commercial
SSB equipment. As might be expected, however, most commercial generators are much more complex. The trend in
the commercial design field is toward closely integrated transmitting and receiving equipment. Since it is extremely difficult
to describe commercial generators without referring to the
action of the associated circuih·y, this type of equipment will be
covered in detail in the chapter on low-power transmitters.

PHASE-SHIFT METHOD
The various circuits that make up the phase-shift generator
have been individually described. We shall now discuss the design
of a simple phase-shift sideband generator and explain its
circuit adjushnents.
Fig. 7-12 shows the speech amplifier, low-pass audio filter,
and audio phase-shift network circuits of a generator. The
carrier-generator and RF phase-shift circuits, and the double
balanced modulator circuit, are shown in Fig. 7-13. The complete
phase-shift sideband-generator circuit is formed by combining
the circuits of Figs. 7-12 and 7-13. The component values indicated on the schematics will be correct for a generator operating
in the vicinity of 9 me.
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The speech amplifier for a p hase-shift generator is usually
more critical in design than the audio circuits of the filter
generator. Being highly selective, the filter will remove most
of the spurious signal products which fall outside its bandpass
response; it wilJ also tend to shape the audio response of the
transmitter for best intelligibility. The tuned circuits which
fo llow the balanced modulators in the phase-shift transmitter
have much poorer selectivity than the filter. As a result, any
spurious products generated in the speech-amplifier or balanced
modulator circuits will be passed on to the power-amplifier
stages and appear in the emitted signal. It is especially important that the frequency response of the speech amplifier
be of the proper shape, since the audio phase-shift networks
will only maintain the required 90° phase difference over the
range from 300 to 3,000 cycles. It is also essential that any
inherent distortion be reduced to the lowest possible degree
before the audio signal is applied to the phase-shift network.
The audio amplifiers which follow the network not only must be
free from distortion, but must not introduce any additional
phase shift into the audio signals applied to the balanced
modulators. Unless these precautions are observed, proper suppression of the undesired sideband will be virtually impossible.
The speech amplifier shown in Fig. 7-12 is designed to pass
the frequencies between 300 and 3,000 cycles. The first and
second audio amplifiers are a dual-triode 12AT7, and the third
audio amplifier is one section of a 12AU7. Cl serves primarily
as an RF filter, but also attenuates the very high speech frequencies. Negative current feedback is used in all three audioamplifier stages in order to reduce signal distortion. T he two
.005-mfd capacitors C2 and C3, and resistors RS and R6, form a
high-pass AF filter network for rapid attenuation of frequencies
below 300 cycles. A similar network-consisting of C4, C5, R9,
and RIO-couples the second and third audio-amplifier stages
together. Transformer Tl couples the audio signal from the plate
of the 12AU7 third audio amplifier to the balanced low-impedance, low-pass filter network. The latter is designed to attenuate
all audio frequ encies higher than 3,000 cycles. Transformer Tl
is a miniature plate-to-line type with a primary impedance of
20K and a secondary impedance of 500 ohms. The DC plate
current of the 12AU7 is returned to B+ through the 22K load
resistor Rl2. (A small amount of distortion would be .introduced
into the audio signal if the 12AU7 DC plate return were completed through the Tl primary.)
The balanced low-pass audio fil ter is designed for an input
and output impedance of 500 ohms, and inductances Ll and L2
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are adjusted to 26 mh each, as shown in Fig. 6-13. Filter output
terminals A and B connect to the outside terminals of R 14 and the
input terminals of the B & vV Type 2Q4 audio phase-shift ne.twork,
as shown in Fig. 7-12. The 500-ohm pot Rl4 is the "ratio"
control (sometimes called the audio phasing control) of the
audio phase-shift network. Normally it is adjusted to provide
equal-amplitude audio-signal voltages at the output tenninals
( 6 and 2 ) of the audio phase-shift network.
The audio-signal voltages at the control grids of audio
ampli£ers V3A and V3B should be equal in amplitude but 90° out
of phase. The 500-olun audio balance control, Rl 7, is adjusted
for equal audio-signal levels across the secondary windings of
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9+2:50V ~ MFO

TO C OF

AG. 7-21

TOD OF

FIG 7·21

BALANCED MODULATOR 4' I
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Fig. 7-13. Double balanced modulator and phase·shift generator.

T2 and T3. To prevent the possibility of phase shift and distortion being introduced into the two audio-output signals, the
DC plate currents of V3A and V3B are returned to B+ through
22K plate load resistors Rl8 and Rl9. The upper or lower sideband is selected by reversing the connections between the plate
of V3B and T3 primary. The two 90° displaced audio signals
from terminals C and D are fed, through RF coil link windings
L6 and L5, to the balanced modulators. The two .001-mfd RF
bypass capacitors, Cl2 and Cl3, prevent the carrier-sig nal voltage
from reaching the audio-amplifier circuits.
The crystal-conh·olled carri er generator is designed to operate
at frequencies in the vicinity of 9 me. The fun ction of RF
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phase-shift network L3-L4 is to divide the carrier-generator
signal into two separate RF signal components that must be
approximately equal it1 amplitude and precisely 90° out of
phase. In Fig. 7-13, the tuning core of L3 is adjusted to a slightly
higher frequency, and L4 is adjusted to a slightly lower frequency, than that of the crystal. Each coil consists of twenty-two
turns of No. 22 enameled copper wire closely wound onto a
National XR-50 form. The forms are mounted with their centers
spaced '% inch apart. Link windings L5 and L6 consist of four
turns of plastic-covered hookup wire wound over the "cold" ends
of L3 and L4. To insure stable RF phasing adjustments, the coil
windings should be drawn tightly on the forms. The tuned
winding and the link of each coil is then coated with low-loss coil
cement. The use of locknuts on the slug adjustment screws will
assure that the phasing adjustments will remain £xed longer.
The two RF signals from link coils L5 and L6 are now applied
to the rotors of R5 and R6, as shown in Fig. 7-13. The balanced
output circuit, which consists of L7, ClO and Cll, is resonated
to the carrier frequency.

Alignment
The phase-shift single-sideband generator is considered somewhat more difficult to properly adjust than either of the filter
generators previously described. In order to forestall vague
and unusual conditions during adjustment, it is advisable to
make some preliminary measurements in the circuit. The test
instruments required for the adjustment and tests are an audio
oscillator capable of good sine-wave output over the frequency
range from 100 to 5,000 cycles, an oscilloscope, a VTVM, and
a selectable-sideband communications receiver. The audio oscillator should include a built-in audio VTVM or other outputlevel indicating device, so that the same-amplitude audio signal
will be applied to the speech-amplifier input at all frequencies.
The gain of the speech amplifier should be adjusted to what is
considered a normal value for the microphone to be used, and
then left alone during adjustments on the generator circuits.
The output attenuator of the audio oscillator is then used to
prevent overloading of the speech-amplifier input stage. Such
overload conditions must be guarded against, since erroneous
readings \vill be obtained from a distorted audio test signal.
The £rst measurement is of the speech-amplifier frequency
response, and the most convenient point to do this is at the
input terminals of the audio phase-shift network. (The network
should be removed from its socket' during this test.) Audio
ratio control Rl4 is adjusted for equal voltages at the 1-5 and
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3-7 terminals ·of the phase-shift network socket. The VTVM
test leads are then connected to socket terminals 1-5 and 3-7,
as shown in Fig. 7-14. Beginning at 100 cycles, measure and
record the VTVM readings (in decibels) obtained at 100-cycle
intervals, up to 4,000 cycles. The output signal from the audio
oscillator must be maintained constant at all test points. The
vacuum-tube voltmeter readings are then plotted, on a db
scale, against frequency.
The speech-ampli£er response should be down at least 6 to
12 db at 300 and 3,000 cyclss, with rapid attenuation below and
above these two frequencies. If there is insufficient attenuation
of the low and high frequencies, the cause must be determined
and corrected before any other measurements or adjustments are

~-+-- AUOIO

90•
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AUDIO

Fig. 7· 14. Test points.

made. Low-frequency attenuation can be increased by using
smaller values for C2, C3, C4, CS, R5, and R9. The low-pass Riter
components (Ll, L2, C7, and CB) should be checked, as shown
in Fig. 6-13. It is very important that the frequencies above 3,000
cycles be sharply attenuated, since the 90° differential between
the output signals from the audio phase-shift network will deteriorate rapidly in this region.
After establishing that the frequency response of the speech
amplifier is correct, replace the audio phase-shift network in its
socket. Now adjust audio ratio control Rl4 for a signal-level
ratio of precisely 2 to 7 at the input terminals of the audio
phase-shift network. In the B & W Type 2Q4 network, the
lower audio voltage should appear on terminals 3 and 7, which
are connected together at the socket. The proper ratio is most
easily obtained by adjusting the audio-signal level and Rl4
until 2 volts is indicated at terminals 3 and 7, and 1 volts at
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terminals 1 and S. Voltage measurements are made from each
pair of terminals to ground. lt may be necessary to reduce
the level of the audio signal at the audio-oscillator output
terminals before proceeding to the next adjustment.
The next step is to measure the levels (with respect to ground)
of the audio signals at terminals 2 and 6 of the audio phaseshift network. The two voltages should be equal. If not, lightly
touch up the adjustment of Rl4. Always recheck the ratios
of the network input voltages after any adjustment of Rl4. If
necessary, adjust Rl4 for the best compromise between the 2-to-7
input-voltage ratio and the equal output voltages.
All preliminary adjustments of the audio circuit are made
with a test-signal frequency of 1,000 cycles when the B and \V
Type 2Q4 network is used. The Central Electronics Type PS-1
network requires a test frequency of l,22S cycles. For other
networks, refer to the manufacturer's instructions.
The VTVM is now connected alternately to terminals C and
D, and the audio-signal voltages across the secondaries of T2
and T3 are measured. Adjust audio balance conb·ol Hl7 until the
T2 and T3 secondary voltages are equal. The audio balance adjustment is ordinarily made at a frequency of 1,000 cycles. However,
it is good practice to compare the levels of the two voltages at
100-cycle intervals over the range from 300 to 3,000 cycles.
At this point, the audio signal is removed and the carrier
applied to the balanced modulators. If an RF demodulator probe
is available, the VTVM may be used as an indicator for preliminary adjustments of the carrier generator and balanced
modulator. Connect the VTVM (with RF probe) to the movable
arm of carrier-balance potentiometer R6, and adjust L3 for
maximum indication on the meter. Now detune L3 toward the
high-frequency side of resonance, until the meter reads approximately 70%of maximum. Connect the VTVM to the movable arm
of RS, and peak L4 for maximum indication. Detune L4 in the
low-frequency direction, until the meter reads 70~ of maximum.
The RF voltage levels at the center terminals of R5 and R6
should be approximately equal.
Now rotate carrier balance controls RS and R6 to either
extreme. Connect the RF probe of the VTV.tv1 from one terminal
of output link coil LB to ground. Adjust the tuning core of L7
for maximum indication on the meter, and alternately adjust RS
and R6 for minimum indication. The nulls should appear near the
center of the potentiometer ranges and be well defined. The
two adjustments will interact, so a number of alternate adjustments will be required before the lowest possible indication
is obtained.
·
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The preliminary audio and RF adjustments have no-.v been
completed. Final adjustments on the phase-shift sid eband generator will be made with an audio oscillator and an oscilloscope.
Fig. 7-15 shows the proper method . The oscilloscope should be
a high-frequency type, which will pass the 9-mc sideband
signal through its vertical amplifier. Otherwise, an RF amplifier
will be necessary between the balanced-modulator output circuit
and the vertical-defiection plates of the oscilloscope. Most final
adjustments of the sideband generator will be made after the
remainder of the transmitter circuits have been wired and are
operating. If the power-amplifier stages are working, it is
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advisable to make the final adjustments with the transmitter
output circuits tuned to one of the amateur frequency bands.
This will permit use of the sideband receiver for checking some
of the adjustments. The RF output circuit of the transmitter
should be terminated in a resistance dummy load, as shown in
Fig. 7-15.
When a pure audio tone is applied to the speech amplifier
of a perfectly designed and adjusted SSB generator or transmitter, the RF output signal will a lso be a pure tone. The waveform will appear on the oscilloscope screen as a succession of
constant-amplitude sine-wave RF cycles. \Vhen the oscilloscope
sweep rate is adjusted to a few hundred cycles, the RF signal will
appear as a horizontal band across the screen, as shown in
Fig. 7-16A. The top and bottom edges should be perfectly
straight lines. Any h·aces of ripple indicate the presence of undesirable components in the signal.
Several typical oscilloscope RF patterns are depicted in Fig.
7-16. The pattern in Fig. 7-16A shows the desired sideband
component when the modulating tone is a pure sine wave and the
carrier and undesired sideband components are suppressed. In
Fig. 7-16B, the presence of desired sideband is shown, along
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with incomplete suppression of the undesired sideband and complete suppression of the carrier component. The width of the
ripples should be observed; when the audio test signal is a pure
1,000-cycle sine wave, the ripple frequency will be 2,000 cycles,
as shown. The pattern in Fig. 7-16C shows the presence of the
d esired sideband, plus incomplete suppression of the carrier and
undesired sideband. Notice the two sets of 1ipple patterns.
The wider ( 1 kc ) pattern is due to the presence of the carrier
signal. The narrow or ( 2 kc ) pattern is caused by the undesired
sideband component, shown alone in Fig. 7-16B.

(A) Properly adjusted generator (no ripple).

(B) Incomplete suppression of undesired
sideband, 2-kc ripp le .

2000 CPS RIPPLE

H

(C) Incomplete suppression of carrier and

undesired sideband, 1·kc ripple.

1000 CPS RIPPLE

H

2000 CPS RIPPLEH

Fig. 7 -16. Single·sideband RF signal at generator output.

The patterns should be studied, preferably on the oscilloscope
screen, until you can readily identify each ripple component.
These oscilloscope waveform patterns are the key to the adjustments required in the sideband-generator circuit.
During the preceding discussions, it was emphasized that
the audio signal applied to the balanced modulators must be as
free from distortion as possible. If distortion occurs, either
in the audio oscillator itself or in the speech-amplifier circuit,
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AF harmonics will be generated and will appear as spurious components in the RF output signal. In phase-shift generators, the
third harmonic of the 1,000-cycle test signal can be especially
troublesome during undesired-sideband-suppression adjustments.
As shown in Fig. 7-17, the RF signal produced by the thiTd
harmonic of the 1,000-cycle audio tone will appear 3,000 cycles
away from the carrier frequency in the spectrum. The frequency
clifference between the desired-sideband component signal and
spurious third-harmonic signal will be 2,000 cycles, and so will
the frequency difference between the desired and undesired
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Fig. 7·17. Aud io third-harmonic RF signal.

sidebands. Since the oscilloscope will show all the signal components present in the transmitter RF output, it is possible that
the spurious RF signal caused by the audio harmonic, and the
undesired-sideband component signal, will be out of phase and
appear to cancel each other on the osci11oscope screen. This condition is more likely to occur when the level of the audio test
signal at the speech-amplifier input is excessively high. As a
result, the oscilloscope will present a false indication of the undesired sideband suppression.
The selectable-sideband communications receiver offers the
most practical and convenient means of checking the transmitter
signal for spurious components caused by audio harmonics. It
is also valuable for checking the carrier and undesired-sideband
suppression.
'i\lhen the transmitter RF output circuit is terminated in a
resistive dummy load, it will be necessary · to short-circuit the
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receiver antenna and ground terminals to prevent overloading
the input RF-amplifier circuit during the tests. The receiver
should be adjusted for a bandpass of 500 cycles or even narrower.
The beat-frequency oscillator must be turned on and properly
adjusted. Remove the audio signal from the speech amplifier of
the transmitter, and accurately tune the receiver to zero-beat
with the transmitter carrier. In most cases, there will be
sufficient residual carrier in the signal to provide an indication
on the receiver. If not, additional carrier signal can be obtained
by adjusting either R5 or R6 from its null position. When the
carrier has been identified and tuned to zero-beat on the receiver
dial, readjust carrier-balance controls R5 and R6 for minimum
indication on the receiver signal-level meter. Note the point on
the receiver dial where zero-beat with the carrier signal occurs.
Apply the 1,000-cycle audio-modulation tone to the speechamplifier input of the transmitter. Tune the receiver 1,000 cycles
higher than the carrier frequency. Assuming that the phasing of
the RF carrier signals at the balanced modulators is at least
approximately correct, and that sideband-selector switch SWl
is in the proper position to transmit an upper-sideband signal,
a strong unmodulated signal should appear on the receiver. Accurately tune the receiver for maximum signal indication, and
note the meter reading obtained. Now tune the receiver 1,000
cycles lower than the carrier freq uency. Another strong unmodulated signal should appear. This is the lower and, in this
case, undesired sideband signal. It is quite likely that the signal
levels of the two sidebands may be appr0>imately
.
equal at this
time. When the modulating tone is a pure sine wave, the only
signals which should appear in the transmitter output are the
carrier and the two sidebands; any others are spurious. If the
spurious signals occur at multiples of the modulation frequency,
they are caused by AF harmonics. The source of the audio
distortion may be in either the speech amplifier or audio oscillator.
The majority of simple homemade audio oscillators have a high
percentage of distortion. The best audio signal generator for
single-sideband work is the type designed for testing highfidelity audio amplifiers. Most of these generators have feedback
circuits, which reduce the inherent distortion of the signal to a
very low value.
If only the carrier and two sideband signals are present, you
can proceed with the s.icleband-generator adjushnents. It is best
to obtain a visual indication with the oscilloscope, and then use
the receiver to verify tbe information displayed on the screen.
Suppression of the carrier and undesired sideband can be
approximated by measuring the amplitude of ripple component A
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and comparing it with the over-all pattern amplitude of B, as
shown in Fig. 7-18. The decibel values for several ratios of
A to B are given in the accompanying table and are a fair approximation of the carrier and sideband suppression. It will be apparent, however, that accurate measurements of suppression
values greater than 30 db are extremely difficult because of the
smallness of ripple component A. The final critical adjustments
are made by observing the signal level on the "S" meter of the
receiver.
The preliminary oscilloscope pattern will very likely be similar
to Fig. 7-16C. The carrier component must be suppressed before
the sideband-suppression adjustments can be completed. The
two carrier-balance controls, R5 and R6, are now alternately
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Fig. 7· 18. Carrier and sideband suppression ratios.

adjusted to produce the pattern Fig. 7-16B. At this time, the
carrier suppression should also be checked on the receiver. It
may be necessary to readjust the carrier-balance controls from
time to time during alignment.
After obtaining the pattern in Fig. 7-16B, alternately adjust
the tuning slug of L<! the (RF phase adjustment) and audio
balance control Rl 7 for minimum ripple. When the RF phase and
audio balance adjustments are correct, the pattern of Fig. 7-16A
should be seen.
The sideband selector switch S'VVI is now rotated to the
opposite sideband position. If all adjustments are correct,
the oscilloscope pattern should not change. In most cases, however, the RF phase and audio balance controls will require
addjtional readjustment.
At this time, the relative amplitudes of the two sideband
signals should be checked with the receiver. Place the transmitter
sideband-selector switch in position 1, tune the receiver for
maximum "S"-meter indication on the upper-sideband signal, and
note the reading. Now tune the receiver to the lower-sideband
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signal and again note the maidmum "S"-meter reading. One of the
sidebands should have a considerably higher signal level. Adjust
the coupling between transmitter and receiver so that the sh·onger
signal gives a level indication of exactly "S-9" when the receiver
is tuned for the maximum reading. The weaker signal may then
read, say, "S-5." Since the receiver is calibrated in 6-db steps,
this would indicate that the weaker signal is 24 db below the
stronger signal. \Vith the receiver tuned to the weaker signal,
very carefully adjust audio balance control Rl 7 and the L4 slug
for minimum signal indication. Tune to the stronger sideband
signal and note whether its level changes. If so, readjust ratio
control Rl4 very carefully on both the weak and strong sideband
signals. The objective is to find the adjustment of Rl4 which
will further reduce the level of the weaker sideband signal
without affecting the level of the stronger signal.
The transmitter sideband-selector switch is now placed in
position 2, and the levels of the two sideband signals observed
on the receiver "S" meter. The sideband signal which was the
stronger with the selector switch in position 1 should now be
the weaker, and vice versa. The weaker signal in either switch
position is the undesired sideband. In general, the RF phase,
audio balance control, and ratio control are alternately adjusted
for best suppression of the undesired sideband. The receiver is
then tuned to the carrier frequency, and carrier-balance controls
HS and R6 alternately readjusted for minimum "S"-meter indication. All final adjustments are extremely critical, so handle them
lightly.
It should be possible to suppress at least 30 db of undesired
sideband without difficulty. In most cases, the suppression of
one of the undesired sidebands will be slightly better than the
other and the carrier suppression should be 40 db or better.
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Chapter 8

Balanced Mixers
and Converters
The single-sideband signal is rarely if ever generated at the
transmitted frequency. Instead, it is customary to generate
the signal at some fix ed frequency-usually in the low-frequency
portion of the radio-frequency spectrum-and at a very low
power level. This relatively weak signal is then heterodyned,
through one or more translator stages, to the transmission frequency. Here the weak sideband signal is amplified to the
desired power level in a system of linear RF amplifiers. The
main concern is to translate the single-sideband waveform into
the h·ansmission frequency without changing its signal component. The frequency-converter circuits must be very carefully
designed so that they do not add distortion or other spurious
products to the signal. These special converter stages are
generally referred to as "balanced" mixers and converters.
In order to understand why balanced mixers are necessary,
let us review the operation of a typical mixer in the ordinary
broadcast-band receiver. As shown in Fig. 8-1, the tuned RF
RF INl'\JT SIGNA L
MIXER

OSCILLATOR
1450KC ·

RF OUTPUT

1000 KC
1450KC
2450KC
{
450KC

•
•
•
•

RF INPtJT SIGNAL
OSC. SIGNAL
SUM SIGNAL
DIFFERENCE SIGNAL

Fig . 8· 1. Radio-receiver m ixer circuit.

circuits of the receiver are adjusted to receive a 1,000-kc RF
signal. This signal is then amplified and applied to the griq
of the mixer tube, along with RF signal voltage from a local
oscillator operating on a frequency of 1450 kc. It is common
knowledge that the two RF signals will mix in the electron
stream of the tube· and produce the 450-kc IF in the mixer
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plate circuit. What is not so commonly known is that other
signals are present in the mixer plate circuit.
During our discussion of balanced modulators we learned that
AF and RF signals, when mixed in a suitable device, will produce sum and difference frequencies which are different from
either of the original signals. Likewise, when two RF signals
are mixed, sum and difference RF signals are also produced. In
the balanced modulator circuits, the original RF signal (carrier)
was very carefully suppressed by circuit design and balancing
adjustments. The audio signal did not appear in the output
circuit because no low-frequency load was provided. However,
when two RF signals are applied to a mixing device, the common
output load impedance may be sufficiently high that all signals
will appear with considerable amplitude.
In the mixer plate circuit, the signals which appear are
the 1,000-kc RF carrier, 1450-kc local-oscillator, 450-kc differencefrequ ency, and 2450-kc sum-frequency signals, plus the harmonic
frequencies of the 1000 and 1450-kc signals. With the exception
of the 450-kc IF signal, the other frequencies in the plate
circuit of the mixer are usually ignored, since they do not
appe<u in the bandpass response of the IF amplifier. In a
radio receiver, the mixer circuit is usually converting a high
RF to a lower RF. In a single-sideband transmitter, however,
the mixer circuit is almost always converting a low RF to a
higher RF. The signal and conversion oscillator-frequency harmonics may mix under certain conditi.ons to produce spurious
signals within the bandpass of the RF amplifier stages which
follow the mixer circuit. These undesired signal products may
not only interfere with adjacent channels, but may also deteriorate the transmitter's own emitted signal. Usually, in the
mixer plate circuit there are several undesired products greater
in amplitude than the desired signal, and several with a lower
amplitude. All of these products in the plate circuit-with the
exception of the desired sum or difference signals-should be
eliminated.
The circuit design engineer minimizes the spurious signal
problem by ( 1) an intelligent selection of the signal and oscillator frequencies, ( 2) an experimental selection of mixer tubes,
and ( 3) the use of special mixer-stage circuitry in which certain
undesired products in the mixer plate circuit are suppressed.
The selectivity of the tuned circuits which follow the mixer must
be such that spurious signals outside the desired bandpass range
will be rejected. In some transmitter designs, high-Q rejection
traps are used to eliminate certain spurious signals which might
be radiated at unauthorized frequ encies. The problems involved
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in elimination of the various spurious-signal components becomes
very complex in equipment which must be operated over a wide
frequency range.
The block diagrams shown in Figs. 8-2A and B will illustrate
some of the spurious-signal problems involved in the design of
a practical transmitter. The block diagram at Fig. 8-2A shows
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Fig . 8-2. Conversion circuits of a single-sideband transmitter.

a sideband signal, generated at a carrier of 50 kc, being converted to an operating frequency within the 80-meter amateur
band. Assume that we wish to operate on a frequency of 3.995
me- which is well inside the legal band-frequency limits. In order
to place the 50-kc sideband signal at 3.995 me, we must mix the
sideband signal "vith the output from an oscillator operating on
a frequency of either 3.945 or 4.045 me. When the 50-kc sideband
signal is mixed with the 3.945-mc oscillator signal, the signals
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appeari ng in the mixer plate circuit are 50 kc, 3.945 me, the
difference frequency at 3.895 me, and the desired sum frequency
at 3.995 me. Harmonics of the input signals will also be present,
but for purposes of this discussion they will be ignored.
When the 50-kc sideband signal is mixed with 4.045-mc oscillator signal, the signals appearing in the mixer p late circuit
again are 50 kc, 4.045 me, the desired difference frequency signal
at 3.995 me, and the sum frequency signal at 4.095 me. And we
again ignore the harmonics of tbe input signals.
All signals-except 3.995 me are spurious. In any practical transmitter (using this particu lar scheme of frequency conversion ),
highly selective tuned circuits would be necessary to attenuate
the undesired sum or difference sideband signals ( ±100 kc
from the carrier). The oscillator signal which appears in the
mixer plate circuit is separated from the operating frequency by
only 50 kc. In most cases, the oscillator signal is greater in amplitude than that employed in ordinary receiver applications and rejection of this signal by tuned circuits in the mixer plate circuitry
would require too high a degree of selectivity to be practicable.
In this case, the solution is to use a double conversion system.

DOU BLE CONVERSION
A practical double-conversion system is illustrated i11 Fig.
8-2B. The sideband signal generated at 50 kc is mixed with

the oscillator signal. The frequencies which appear in the
mixer plate circuit will then be the two input signals and the
usual sum and difference frequencies. As an example, when the
injected oscillator signal is 400 kc, the mixer signals will include
the 50-kc sideband signal, the 400-kc oscillator signal, the sum
frequency of 450 kc, and the difference frequency of 350 kc.
When the oscillator signal is 500 kc, the frequenci es appearing
at the mixer plate will b e 50, 500, 550 and 450 kc. In both
examples, all frequencies except the 450-kc signal are spurious.
Notice that the amount of frequency separation b etween the
d esired and undesired signals is the same as in Fig. 8-2A. However, because of the better selectivity obtainable in the tuned
circuits at 450 kc, attenuation of the various spurious signalsexcept possibly the oscillator signal at the mixer plate will not
be difficult. Since the oscillator signal is usually quite strong and is
also close in frequency to the desired signal, it is genera!Jy
suppressed by a balanced mixer arrangement.
The double-conversion system of Fig. 8-2B can also b e used for
sideband selection ( upper or lower ) in the transmitted signal.
In the previous discussions on sideband selection, it was pointed
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out that when the carrier was placed at the - 20-db attenuation
point on the high-frequency slope of a symmetrical filter, the
filter would pass the lower sideband. Likewise, when the carrier
was placed at the same attenuation point on the low-frequency
slope, the upper sideband would be passed. While this condition is true for HF symmetrical bandpass filters, many lowfrequency toroidal filters do not have a symmetrical bandpass
characteristic. A good example of a nonsymmetrical bandpass
single-sideband filter is the Burnell S-15000, the characteristic
response of which is shown in Fig. 4-1. This particular filter is
designed for a 50-kc carrier and passes the lower sideband, down
to approximately 46.5 kc.
When the lower sideband from the filter is mixed with the
400-kc oscillator signal (as shown in Fig. 8-2B ), the 50-kc carrier
will add to the oscillator signal; and the new sum frequency will
then appear at 450 kc. Let's assume that the filter passes a sideband consisting of 49-, 48-, and 47-kc signals (Fig. 8-3); then the
sideband frequencies at the mixer plate will be 449, 448, and 447
kc. Since they are lower than the 450-kc carrier, the desired signal
in the mixer circuit will be a still lower sideband.
When the lower sideband from the filter is mixed with the
500-kc oscillator signal, the signal at the mixer plate will be
OIFFERENCE SIGNAL
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Fig. 8-4. Difference frequency at mixer output.
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the difference frequency. Subtracting the 50-kc canier from the
500-kc oscillator signal gives the new difference frequency, also
450 kc. In the same manner the 49-kc filter signal, subtracted
from the 500-kc signal, wiU appear at 451 kc, the 48-kc signal
will appear at 452 kc and the 47-kc signal will appear at 453 kc,
as shown in Fig. 8-4. Since the sideband frequencies are now
higher than the 450-kc carrier, the desired signal at the mixer
plate is an upper-sideband signal.

TRIODE BALANCED MIXERS
Any of the balanced modulators described can be used for
frequency conversion. The diode mixer, however, is rarely used
at high frequencies because of its internal losses and the expense
of the special diodes themselves. Current practice is to use
vacuum tubes for RF mixers and frequency converters, because
of their conversion gain, low cost, and relative freedom from
spurious signal products. Because of its low noise characteristic,
the triode is the tube most widely used as a balanced mixer.
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Fig. 8·5. Balanced first mixer of the Collins 32S·l.

Fig. 8-5 shows the balanced first mixer of a single-sideband
transmitter. The tube in this circuit is a 12AT7 dual-triode.
Not shown is a 6DC6 pentode 455-kc amplifier between the balanced modulator and sideband filter. The resonant input circuit
of the filter is tuned to 455 kc and connected, in an unbalanced
configuration, into the plate circuit of the 6DC6. The doublesideband signal applied to the filter input terminals is approximately 100 millivolts.
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The resonant output circuit of the filter is arranged in a
balanced, or push-pull, configuration. The output signal is applied to the control grids of a 12AT7 mixer. The sideband
signal at the 12AT7 grids will have the usual 180°, or push-pull,
phase relationship. The two plates of the mixer are also connected in a push-pull, or balanced, output. It is important to
understand, however, that the resonant output is in push-pull
only for the si11gle-sicleba11d RF signal at the mixer plates; the
mixer output is not tuned to the input frequency.
If you examine the mixer input circuit of Fig. 8-5, you
will notice that Cl8 and Cl9 are connected in series across
the output winding of the filter. The center junction of these
capacitors is not returned to ground- as is customary in pushpull resonant circuitry-but to the plate circuit of the 6AU6
oscillator. Since an equal amount of oscillator signal will be
applied to each grid, the grids are effectively connected in
parallel. From your study of balanced modulators, you learned
that when two grids are driven in parallel and the plates are
connected in push-pull, the applied signal will be balanced
out, or "suppressed," in the output circuit. In Fig. 8-5, the
oscillator components cancel in the primary of Tl and therefore
do not appear in the secondary. The sideband signal appears,
however, because it is applied in push-pull to the two grids and
is removed in p ush-pull from the two plates.
The 12AT7 cathodes are bypassed for RF by C20 and C21.
Each triode section is biased by ils own 560-ohm cathode resistor,
R26 and R28. Both are returned to the outside terminals of the
500-obm balance pot, R27, the main purpose of which is to
equalize the bias applied to each grid. R27 normally is adjusted
for minimum oscillator signal across the secondary winding
of Tl. In addition to H27, two capacitors are used for RF balancing purposes. C23 ( 10 mmf) is connected from the plate of
V4B to ground, and 5- to 25-mmf variable trimmer C26 is connected from the plate of V4A to ground. The adjustments of R27
and C2-6 will interact to some extent, so a immber of alternate
adjustments may be necessary before satisfactory suppression
of the oscillator signal can be obtained.
Fig. 8-6 shows a 12AT7 balanced mixer circuit, which was
used in some of the older sideband transmitters. The two signals
are mLxed in the cathode circuit. The oscillator signal is suppressed in tha output circuit because it is fed out of phase
(with respect to the applied RF) to the mixer plate (Pin 1)
through trimmer Cl. Cl normally is adjusted for minimum oscillator signal across the secondary of Tl. The main advantage of
this mixer is that no push-pull input or output circuitry is
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Fig. 8-6. Dual-triode balanced mixer.

required. For optimum mixer performance, the conversion oscillator signal should have at least 15 to 20 times the amplitude
of the sideband input signal. The mixer circuit of Fig. 8-5
wilJ generally give superior performance, compared with the
circuit of Fig. 8-6.

PENTODE MIXERS
The Hammarlund HX-500 single-sideband transmitter makes
extensive use of pentode mixer circuitry. Fig. 8-7 shows the

@
3-35

MMF ~

Fig. 8-7. First mixer of the Hammarlund HX-500.
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first mixer of the HX-500. The 6U8 triode section acts as a crystalcontr olle d conversion oscillator, the signal of which is injected
into the control grid of the pentode section.
The sideband signal in this transm itter is generated and
filtered at a carrier of 60 kc, after which it is applied to
the 6U8 pentode and mixed with the 1590-kc oscillator signal.
The desired sideband the n appears in the plate circu it at
1650 kc. This is the sum signal, obtained by adding the 60-kc
sideband frequencies to the 1590-kc oscillator frequency. The
difference-frequency signal appears at 1530 kc and is rejected
by the re latively high-Q tuned circuits of output transformer T4.
Notice that a relatively small amount of signal is fed, through
C22, into the primary of T4 from the plate of V3A. Both T3
and T4 are individually shie lded, and there is no magnetic
coupling between the windings of the t-.vo sets of tuned circuits.
A high-Q trap, closely couplccl to the tuned plate coil of T3,
is tuned to the oscillator frequency in order to absorb or
" ln 1p out" the oscillator signal wh ich appears in the mixer plate
drcuit. The HX-500 first m ixer circuit is not balanced in any
sense of the word, but is a good example of how undesired sig nal
components can b e removed by selective tuned circuits.

BEMI-DEFLECTIO N T UBE MIXER
In addition to being an excellent balanced modulator, the
RCA 7360 can also be used as a balanced mixer or frequency
converter. Fig. 8-8 shows the r ecommended circuit for the 7360
when employed as a b alanced mixer with separate excitation .
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Fig. S..8. RCA 7360 used as a balanced RF mixer.
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Unlike the output, the input sideband and oscillator signals
are unbalanced to ground. In a balanced mixer, the tube is very
similar in action to the balanced modulator described previously.
The DC applied to each plate should be 150 volts, and the
accelerator (grid 2) voltage should be approximately 175 volts.
The required maximum RF deflection voltage is approximately 8
volts, peak-to-peak, and the peak-to-peak oscillator signal at
grid No. 1 should be about 10 volts. The sideband signal may
be applied to either d efl ection electrode, provided of course
that the other electrode is RF bypassed to ground. The RF output
will be on the order of 40 volts when the tube is operated under
the specified conditions. The oscillator signal in the tuned
output circuit will be about - 40 db with respect to the singlesideband output voltage. The third- and fom·th-order distortion
will be approximately - 40 and - 39 db, respectively, with reference to the sideband output voltage.
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68K
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r--
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- - - - < > - - -- H - 7360 PlATE
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+ --....__
IO--I
O

~
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Fig . 8·9. Details of bifilar output co il for 7360 balanced mixer.

The balanced output circuit may be tuned with a two section
variable capacitor as shown in Fig. 8-8, or by a bifilar-wound,
slug-tuned coil as in Fig. 8-9. A bifilar output coil for 14 me
will consist of 10 turns of No. 18 enameled copper wire wound
onto a National XR-50 form. A value of resonating capacitor
should be selected that allows the tuned circuit to resonate at
14 megacycles with the tuning slug positioned at the center of
its adjustment range. In either case, the output tuned circuit
should have a reasonably high Q.
'When used in either a balanced modulator or balanced mixer
application, the 7360 should be mounted as far as possible from
all devices producing extraneous magnetic fi elds (such as power
transfo1mers, £1ter chokes, and tube heater wiring) . A standard
metal shield is recommended on the 7360 for both balanced modulator and balanced mixer service. All components and wiring
associated with the plates and deflection electrodes should be
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laid out symmetrically on the chassis. These precautions are
especially important in balanced mixer applications, since only
slight differences in stray circuit capacitance can unbalance the
output circuit. In addition, all components of a balanced mixer
stage should be rigidly mounted.
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Chapter

9

Low Power SingleSideband Transmitters
In the preceding chapters the basic circuitry of the singlesideband transmitter was discussed in detail. This chapter is
devoted to the design objectives and principles of several commercial SSB transmitters, in order to illustrate current good
engineering and design practice. The emphasis will be placed
on basic principles and approaches rather than on precise circuit
details. While all schematics shown here are accurate, keep in
mind that all communications equipment is subject to minor
changes from time to time. Consequently, readers who desire
more information on specific pieces of equipment should refer
to the manuals and other literature published by the particular
manufacturer. When any of your communications equipment
requires service, always follow the instructions in the manufacturer's service manual.

COLLINS 328-3
The Collins 32S-3 is a good example of current engineering
design. The 32S-3 is a single-sideband ( SSB) or CW, 175-watt,
amateur transmitter covering the 80- , 40- , 20- , 15- , and 10meter bands. The transmitter uses filter-type sideband generation
and heterodyne exciter principles. A crystal-controlled BFO,
crystal-controlled high-frequency oscillator, and highly stable
VFO form a double-conversion circuit. The low-frequency IF
is 455 kc, and the high-frequency IF is a 200-kc wide bandpass
circuit. The 32S-3 may be connected in transceiver service with
any of the Collins 75S series receivers. Fig. 9-1 shows the front
panel and operating controls, and Fig. 9-2 illustrates the general
arrangement of the circuits.
Microphone or phone-patch input is connected to the grid of
6rst audio ampli£er VlA, ampli£ed, and coupled to the grid of
second audio amplifier VlB. Output from VlB is coupled to the
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grid of cathode follower V2A across the microphone gain control.
Output from the cathode follower is fed to the balanced modulator. In "tune," "lock key," and "CW" positions of the emission
switch, output from tone oscillator VllB is fed to the grid of the
second audio amplifier. Amplified tone-oscillator signal is taken
from the plate of VlB and applied to the grid of VOX amplifier
Vl4A and CW sidetone jack Jl9.

Fig. 9-1. Front view of Collins 32-53 transmitter.

Audio output from the cathode of V2A is fed to the junction of
CR3 and CR4. In USB and LSB positions of the emission switch,
the BFO voltage is fed to the junction of Cl87 A and Cl87B. In
"tune," '1ock key," and "CvV" positions of the emission switch,
the BFO voltage b ypasses the balanced modulator, IF amplifier,
and mechanical filter and is fed directly to one of the first-mixer
cathodes: An output signal from the balanced modulator, consisting of both upper and lower sidebands, is coupled through
IF transformer T2 to the grid of IF amplifier V3. The amplified
double-sideband signal from the V3 plate is fed to the mechanical
filter, FL!. The passband of FLl is centered at 455 kc.
The mechanical filter will pass either the upper or lower sideband, depending on the sideband polarity selected when the
emission switch connects BFO crystal Yl2 or Yl3. The singlesideband output from FLl is connected to the grids of the first
balanced mixer in push-pull.
While the 455-kc single-sideband signal is fed to the fi.rst
balanced mixer grids in push-pull, the VFO signal is applied to
the grids in parallel and the mixer plates are connected in pnsh-
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pull. As a result of this circuit arrangement, the mixer cancels
the VFO signal energy in the plate circuit and translates the
455-kc single-sideband signal to a 2.955- to 3.155-mc singlesideband carrier signal. TI1is signal is at the bandpass IF
frequency. The coupling network between the plates of the first
mixer and the grid of the second balanced mixer is broadbanded
to provide a unifom1 response to the bandpass intermediate

I

J

Fig. 9-2. Block diagram of 32-53 transmitter.

frequency. The bandpass IF signal is fed to one of the grids of
the second balanced mixer, and the high-frequency injection
signal from crystal osci1Jator Vl2 is fed to the signal input cathode
and to the other grid. This arrangement cancels the highfrequency injection-signal energy within the mixer and translates
the bandpass IF signal to the desired operating band.
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The slug-tuned circuits coupling VS to V6, V6 to V7, and
V7 to the power amplifier are ganged to the exciter tuning
control. The signal is amplified by the RF amplifier, V6, and the
driver, V7, to drive power amplifiers V8 and V9. The RF output
from the parallel power amplifiers is tuned by a pi-network and
applied to the antenna through the contacts of transmit-receive
relay K2. Negative RF feedback from the power-amplifier plate
circuit to the driver cathode circuit permits a high degree of
linearity at the high-power level of the power-amplifier tubes.
Both the driver and power-amplifier stages are neutralized for
stable operation.
Detected audio from the power-amplifier grid circuit is rectifi ed by CRS and CR6, and the negative DC output is fed to the
ALC bus. A fast-attack slow-release dual time constant is used
to prevent over-driving on initial syllables and to hold the gain
constant between words. The fast-time-constant ALC is applied
to V6, and the slow-time-constant ALC is applied to V3. If
the companion 30S-1 or 30L-l power amplifier is used with the
32S-3, ALC output from the 30S-1 or 30L-1 is fed back to
the ALC bus.
Output from second audio amplifier VlB is fed to the grid of
VOX amplifier Vl4A through VOX gain control R74. This audio
input is amplified by Vl4A and rectified by VOX rectifier VlOB.
When the positive output of VlOB is high enough to overcome
the negative bias on the VllA grid, the VOX relay is actuated
to turn the transmitter on. Receiver output is fed fro m Jl3
through ANTIVOX gain control R85 to the grid of ANTIVOX
amplifier Vl4B. Output from Vl4B is rectified by ANTIVOX
rectifier Vl OA to provide the negative bias necessary to keep the
transmitter disabled during receive periods. The ANTIVOX
circuit provides a threshold voltage to prevent the speaker output
(picked up by the microphone circuits) from tripping the VOX
circuits into transmit. ANTIVOX gain control RBS adjusts the
value of the ANTIVOX threshold so that the speaker output will
not produce enough positive DC voltage from the VOX rectifier
to exceed the negative DC output from the ANTIVOX rectifier
and cause VllA to actuate VOX relay Kl. Speech energy into
the microphone will cause the positive VOX voltage to overcome
the negative ANTIVOX voltage and produce the desired action
of Kl. The contacts of relay Kl control relay K2, the key line,
the power amplifier and driver screens, the receiver muting
circuits, the oscillator plate voltages, and the high-voltage relay
in the DC supply.
The microphone gain control is a dual potentiometer, one
section of which controls the audio gain during SSB operation.
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The other section is a cathode potentiometer which controls the
gain of RF amplifier V6 during CW operation.
The tone oscillator is used for VOX-circuit actuation and
sidetone generation d uring CW operation. It consists of an RC
phase-shift type of oscillator operating at approximately 750 cps.
I ts output signal is amplified by the second audio amplifier,
which then supplies the sidetone output and also activates the
VOX circuitry to provide CW break-in. In "tune" and "lock key,"
the oscillator is used in conjunction with the second audio
amplifier to give sidetone output. The oscillator is turned on
when the emission switch section SC8 is placed in the "tune,"
"lock key," or CW position.
The BFO is crystal controlled at either 453.650 or 456.350 ke,
depending on whether Yl2 or Yl3 is selected by the emission
switch . These crystal frequencies are matched to the passband
of mechanical filter FLl so that the carrier frequency is placed
approximately 20 db down on the skirts of the .filter response.
This 20-db carrier suppression is in addition to the 30-db
suppression provided by the balanced modulator.
The VFO uses fixed capacitors, a permeability-tuned variable
inductor, and fixed inductors to provide the tuning range of 2.5
to 2.7 me. The frequency-determining network is composed of
capacitors C301, C302, C303, and C305, and inductors L301,
L302, and L303. Capacitor C303 is paralleled by trimmer
capacitor C308 and diode CR301 connected in series. A DC bias
voltage is applied to the diode through an RF isolation resistor,
R303. When LSB h·ansmission is selected, negative bias is applied
to CR301 which S\vitches C308 out of the circuit. Selection of
USB emission applies positive bias to CR301 and causes it to
conduct, which switches C308 into the circuit. Proper adjustment
of C308 shifts the VFO output frequency by an amount equal
to the frequency separation of the two BFO crystals. This alJows
selection of either sideband without changing the suppressedca1Tier frequency of the exciter RF output.
The high-frequency crystal oscillator, Vl2, is crystal-controlled
by one of the 13 crystals selected by bandswitch Sll. The RF
output fro m the high-frequency crystal oscillator is fed to the
second mixer. This frequency is always 3.155 me higher than the
lower edge of the desired h·ansmit band. This high-frequency
injection signal is the crystal fundamental fr equency for all
desired output signals below 12 me; but for operating frequencies
higher than 12 me, the crystal frequency is doubled in the plate
circuit of the oscil1ator.
Grid-block type keying is used for CW operation in the
32S-3. With the key up, a negative voltage is applied to the grids
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of the second audio amplifi er and the second mixer. This prevents
the amplifled tone-oscill<'ltor output from actuating the VOX
circuitry and also cuts off the second mixer. The keying time
constant of the second audio amplifier is fast attack and slow
release- with Rl27 and Cll5 determining the fast attack, and
1U25 and C115 determining the slow release. The keying time
constant of the second mixer is slow attack and slow release,
with the slow attack determined by Rl23, Rl24, and C81. Rl23,
IU24, C81, and Cll5 determ in e the slow-release time. When
keying takes place, the second audio amplifier and therefore
the VOX circui try are actuated before the second mixer. The
release times of the second audio amplifier and second mLxer
are approximately the same. The VOX time-constant conb·ol
adjusts the release time of thr VOX circuitry to permit fast
on-off keying.
The variable resistor, Rl23, provides a choice between the
extremes of "hard" and "soft" keying. Capacitor Cl15 largely
determines the release time of the "break." An additional effect
is that the larger this capacitor is, the greater is the "lag"
introduced, which is characterized by the bell-like type of keying
well known to CW operators. The values of Cll5 and Rl2J
have been chosen to produce generally acceptable keying. While
it is not suggested that the value of Cll5 should be changed, if
the operator d esires more of the bell-like characteristic, a slightly
larger value will produce the effect. The additional "lag," however, will reduce the maximum speed at which the 32S-3 may
be satisfactorily keyed.

THE HAMMARLUND HX-500
The Hammarlund HX-500 single-sideband transmitter covers
the 80-, 40-, 20-, 15-, and 10-meter amateur bands. The desired
operating frequency is selected by means of an eight-position
rotary bandswitch. Four of the bandswitch positions provide
complete frequency coverage of the 10-meter band. The VFO
covers a frequency range of 500 kc in any one of the eight bandswitch positions. The VFO "slide-rule" scale is calibrated to an
accuracy of 200 cycles or better. One rotation of the tuning
knob covers 20 kc on the illuminated drum dial.
The HX-500 is capable of transmitting either an upper- or
lower-sideband, or a suppressed-carrier double-sideband CW,
MF or FSK signal. The power output is 70 to 100 watts, except on
double-sideband (with carrier) AM, which is 17 to 25 watts. The
carrier suppression on both upper- and lower-sideband transmission is better than -50 db, and the unw~nted-sideband re162

jection is greater than -50 db. Spurious signals generated within
the unit are suppressed to a level of -50 db or more, and the intermodulation-distortion products have been suppressed beyond the
-30-db level.
The linear power-amplifier (final) tank circuit uses a pinetwork to match the 6146 plates to the 50-ohm transmission line.
The network also tend~. to suppress any output-stage RF harmonics which might interfere with television reception. The
logarithmic carrier-level indicator provides a very simple means
of tuning and continuously monitoring the transmitter. As shown
in Fig. 9-4, all controls required for tuning and operating the
transmitter have been grouped on the front panel for maximum
operating convenience.

Fig. 9.-4, Hammarlund

HX-soo· transmitter.

Fig. 9-5 (see foldout section) shows the HX-500 circuit, and a
simplified block diagram appears in Fig. 9-6. The technical
description which follows can be most easily understood by
referring to both the schematic and the block diagram.
Since the HX-500 speech-.amplifier circuitry and the carrier
generator were described in previous chapters, a detailed description of these sections will not be included. Instead, the
description will begin with the balanced modulator and sideband
filter sections.

Circuit Analysis
The sideband generator section of the HX-500 (Fig. 9-7) is
designed as a complete electrical and mechanical subassembly.
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That includes the 60-kc generator, speech amplifier, balanced
modulator, and the 60-kc amplifier and sideband filter. Also
included are the first mixer, the 1590-kc oscillator, a reactancetube modulator for FM and FSK transmission, and the VOX relay
circuitry.
As shown in Fig. 9-5, signal voltage from the microphone is
applied to the speech-amplifier input through a front-panel microphone connector. It is then amplified by means of a three-stage
resistance-coupled amplifier, which consists of both sections of
the l2AX7 ( V5A and V5B), and one_ section of the 6CM7 ( V6A) .
The amplifier response is limited to frequ encies below 300 cycles
by using appropriate values of coupling capacitors. This limited
frequ ency response helps to improve the unwanted sideband
rejection in the sideband filter, and also prevents distortion due to
overloading of the amplifier circuits by high-energy, lowfrequency peaks. The main audio output signal is applied either
to the balanced modulator for AM ( double-sideband) and single-

Fig. 9-7. HX-500 sideband-generator subassembly.

sideband operation, or to the reactance-tube modulator for FM
operation. When the transmitter is operated on CW or FSK, the
audio amplifier is out of the circuit. A portion of the audio signal
is routed to the VOX circuits for automatically controlled
voice-operated relay operation.
The carrier generator operates at 60 kc, using a 6AU6 pentode
tube ( Vl) in an electron-coupled Hartley oscillator circuit. The
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low LC ratio of the oscillator tank circuit, and the low frequency
used for the carrier signal, provide a degree of frequency stability usually obtained in a crystal-controlled oscillator only. The
use of a self-controlled oscillator permits its frequency to be
varied (modulated) for FM and FSK transmission. This is accomplished by the reactance-tube modulator connected in
parallel with the oscillator tank circuit. The temperature stability of the 60-kc oscillator is improved by use of a special
fenite tuning core in tank coil LL
The carrier-generator signal is coupled to the diode modulator
by transformer, Tl, the secondary of which is bifllar wound ii1
order to supply the necessary balanced carrier signal to the
modulator. Diodes CRl and CR2 are employed as the modulator
elements because of their good linearity and very high front-toback conduction ratio. The operation of this balanced modulator
in producing a double-sideband suppressed carrier is similar to
that of the diode modulators described previously. When the
modulator is unbalanced by disconnecting one of the diodes, a
conventional AJ.\I! signal will be produced.
The low carrier frequency p ermits the use of a highly efficient
and unique tuned filter circuit for removing the undesired
sideband and properly shaping the high side of the desired sideband. The first group of filters (Fig. 9-5) consists of L3, L4,
and L5 working into the 6EW6 pentode amplifier tube, V2.
The output signal from V2 is applied to a second filter group
composed of L6, L7, L8, and L9. The amplification obtained in
the 6EW6 compensates for the insertion loss of the two £lter
sections, and the amplifier circuitry provides the isolation required for optimum performance.
As shown in Fig. 9-7, each tuned circuit of tl1e over-all filter is
individually shielded. Coupling between the tuned circuits is
made through small fixed capacitors; the values selected are
such that some circuits are overcoupled and others are undercoupled. The over-all effect is to produce a filter with adequate
bandpass and the sharp cutoff characteristics required for singlesideband operation. To fmther improve the skirt selectivity of
the filter, a bifilar "T" frap rejection filter ( T2 and Zl in Fig. 9-5)
is inserted between the 6EvV6 plate and the input to the second
group of tuned circuits. This trap is adjusted for maximum rejection of the undesired sideband at 250 cycles away from the
carrier frequency.
The filter is factory-aligned to pass the upper sideband of the
60-kc suppressed carrier. 'When passage of the lower sideband
is desired instead, a small amount of closely controlled fixed
capacitance is added to each bandpass tuned circuit in order to
lower the resonant frequency. In this manner, the passband is
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located symmetrically below the carrier frequency instead of
above it. During CW, F:\il, FSK, or AM, the 60-kc amplifier and
sideband filter are bypassed and the signal is applied directly
to the first mixer stage.
In the first mixer stage, a 6U8 <lual-pm1Jose pentode triode
cornb.ines the function of both mixer and oscillator. The pentode
section ( V3A) acts as the mixer and the triode section ( V3B) is
used ns a 1590-kc crystal-controlled oscillator. The resultant beat
signal from the mixer is applied to the input of a 1650-kc filter
for still further shaping of the signal passband characteristics.
The oscillator plate voltage is regulated at 150 volts to insure
good frequency stability. A special 1590-kc trap, which is part
of the output filter, prevents the oscillator signal from being
passed on the following stages. The two sections of the 1,650-kc
filter located on the exciter chassis are joined to the third section
on the VFO chassis by a low-capacitance, shielded polyethylene
cable. The output of this filter is applied to the grid of the second
mixer.
The sideband signal at the grid of V9A is mixed with the
signal from the VFO ( V9B), which is tunable over the frequency
range from 3.9 to 4.4 me. The second mixer and oscillator stages
are assembled on a separate subchassis to provide good mechanical an<l electrical isolation. This modified Colpitts oscillator has
a low LC ratio; it uses a special ceramic coil form and a highstability tuning capacitor. The cir cuit is also temperaturecompensated to minimize frequency drift during warm-up.
The output signal from the second mixer may be at any frequency from 5.55 to 6.05 me, depencling on the VFO frequency.
The output signal is then applied to filter sections T7, T8, and
T9, which are resonated in the 5.55 to 6.05-rnc bandpass region .
T7 and T8 are located on the VFO subchassis and T9 is on the
main chassis. The signal is coupled from T8 to T9 by a lowimpedance, low-capacitance polyethylene cable. From the center
tap of bililar transformer T7 there are two wave traps, which
comprise the Z2 subassembly and are connecte<l to ground. These
traps are tuned to 5.5 and 6.15 me so that they effectively eliminate
the possibility of spurious radiation at or close to these frequencies.
Since the single-sideband signal may be anywhere within 5.55
to 6.05 me, a broadband RF amplifier must follow. The
RF amplifier consists of 6CB6 pentodes VlO and Vll, and
bandpass transformers T9, TlO, and Tll. The 6CB6's are
used chiefly because of their excellent linearity and wide
frequency-handling capabilities. Normally they are biased at a
high - 50 volts so that in the receive or standby modes, the
signal does not pass beyond this stage. When the telegraph-key
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or VOX relay contacts are closed during transmission, this high
negative bias is removed. The amplifier then amplifies the signal
in the normal manner. The grids of the two amplifiers are
reh1rned to the transmitter ALC voltage source.
After the signal has been amplified, it is applied to the control
grid of the 6E\iV6 third mixer. Notice that the secondary of Tll
is not connected directly to the 6EW6 grid. Instead, the signal
is coupled to the grid through 10-mmf capacitor CllO. The
purpose of this arrangement is to prevent the third-mixer grid
resistor, RUO, from loading the Tll tuned circuits. The sideband signal, which is in the 5.55- to 6.05-mc frequency range
when applied to the 6EW6, is mixed with a signal from crystalcontrolled oscillator Vl3. The oscillator frequency is selected
so that, when the two signals are mixed, the resultant signal
at the 6EW6 plate will be at the desired operating frequency
( 3.5 to 30 me, depending on the crystal frequency and the position
of the band-selector switch). In the HX-500 frequency-conversion scheme, the sidebands are reversed, with respect to
the front-pan el knob indication, up to the input of the third
mixer. The desired signal from the third mixer is the difference
frequency between the hvo input signals. It is here that the
sidebands are again reversed to correspond to the front-panel
knob indication. The use of separate oscillator and mixer tubes
provides a high degree of electrical isolation and frequency
stability. 'When not transmitting, the 6EW6 third mixer is also
biased at -50 volts to provide additional protection against undesired radiation of RF energy.
In Fig. 9-5, the signal from the third mixer plate is applied
to the 12BY7 amplifier driver. The purpose in selecting the 12BY7
high-gain amplifier is to obtain sufficient RF voltage swing
(about 50 to 60 peak volts) to drive the final output stage to
hill power capability. The operation of the 12BY7 as a class-A
amplifier is also quite linear. Since the power-amplifier output
stage is operated class AB1 , no grid current is drawn under
normal operating conditions and thus the 12BY7 need not supply
any RF driving power. The driver stage operates as a high-gain
RF voltage amplifier only.
The nnal ljnear power amplifier is two 6146 pentodes connected in parallel. These provide a nominal PEP power output of
100 watts on either upper- or lower-sideband h·ansmission; 100
watts on CW, FM, and FSK, plus maximum linearity and minimum distortion. The power output on AM (double sideband )
is 25 watts.
The power amplifier is neutralized on the highest-frequency
portion of the 10-meter band by 15-mmf adjustable capacitor Cl49
in order to maintain its performance over the entire range of op168

erating frequencies. RF choke, L34, in the grid circuit of the
6146's, provides the proper input impedance, as well as serving
as a grid return for the negative bias supply voltage. RF chokes
L27 and L28, and the 100-ohm, two-watt resistors Rl20 and Rl21.
act as low-Q parasitic suppressors. Rll9 and 1U22, in series with
the 6146 screens, also suppress parasitic oscillations.
The HF output signal is applied to a pi-network which includes
L31 and appropriate values of tank capacitance. Taps on L31 are
selected, by the band-selector switch, to provide optimum load
impedance for the frequ ency band in use. The output impedance
is fixed at 50 ohms, thus eliminating an impedance mismatch
between the transmitter output and a standard 50-ohm antenna
systems. vVith other imp edances~ a simple external antenna
coupler may be used. The antenna changeover relay is also included in the transmitter.
A portion of the HF output signal is also applied to the cathode
of 6AL5 ALC rectifier Vl 7B. It is then rectified to provide a
negative control voltage, which is applied to the two 6CB6
bandpass amplifier tubes, VlO and Vll. This control voltage
varies directly with changes in the output signal. The net result
is to control, or limit, the gain of the bandpass amplifier so
that subsequent stages (particularly the final amplifier) will
not be overdriven.
The 50K pot, Rl24, acts as a voltage divider across the ALC
rectifier and thereby permits the threshold level to be varied
according to individual operating requirements. This arrangement
delays the action of the ALC rectifier until the output from the
final amplifier is relatively high. In this manner, the transmitter is able to operate with normal gain characteristics under
average signal conditions. vVhen the predetermined level of output signal is exceeded, the automatic level-control circuit will
then respond very rapidly and keep the output at a safe value.
During transmission, a portion of the audio signal from
second audio amplifier V5B is fed, through .005-mfd capacitor
C49, to VOX sensitivity control R43. The rotor of H43 is connected to the grid of the 6CM7 VOX amplifier, V6B. This amplified VOX signal is then applied to the plate of the 6AL5 VOX
diode rectifier, V7 A. The V7 A cathode circuit contains a 0.1-mfd
fixed capacitor and two resistors-R47 is 1 megohm, and R48 is
adjustable from zero to 5 megohms. These three form a timeconstant network to control the release time delay in the operation of VOX relay Kl and antenna changeover relay K2. The time
constant, which responds to the difference in characteristics of
different human voices, is ordinarily one to two seconds, so that
the transmitter will not go off the air during the pause between
words in a sentence. The attack time will be very fast because
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the voltage developed across C52 will decay rapidly during
the normal pauses between sentences. A fast attack time is
required to prevent the first syllable of the first word spoken into
the microphone from being clipped. When the positive control
voltage developed at the cathode of V7 A is applied to the grid
of V8B (the 6U8 relay control tube), its plate current will
increase and actuate the VOX and antenna change-over relays.
Audio signal voltage from the receiver is appli ed, through
!-megohm pot R53, to the grid of the 6U8 pentode "antitrip"
amplifier, V8A. The amplified signal is then applied to the cathode
of the 6AL5 "antitrip" diode rectifier, V7B. Notice that the two
plates of the 6AL5 are connected together through 0.47-megohm
resistor R62. The rectified audio signal from the receiver will
produce a negative voltage drop across time-constant network
C52-R47-R48. During reception, this negative voltage will appear
at the control grid of V8B and cut off the plate current, to
prevent actuation of the VOX and antenna changeover relays.
When someone speaks into the microphone, the positive voltage
developed across the time-constant network will be greater than
the negative voltage developed by the receiver audio signal.
The net positive voltage applied to the 6U8 grid will increase
the plate current sufficiently to actuate the two relays. With
proper adjustment of both the VOX and "antitrip" sensitivity
controls, a condition of balance will be obtained which will
provide correct VOX operation and at the same time prevent
the station's own receiver from actuating the relays.
The output indicating meter provides a means for measuring
the relative RF output of the transmitter in all modes of transmission. The scale is semilogarithmically calibrated from 0 to
-60 db.
The metering circuit uses a 1N34A crystal diode, CR3, and
a special HD6164 silicon diode, CR4, in such a manner that the
scale calibration of the output meter will agree with the output
level of the signal from the final amplifier. The 1N34A diode
establishes the basic reference voltage for operation of the
meter but the characteristics of the HD6164 silicon diode do
not a)low the latter to conduct appreciably until the 1N34
output reaches a predetermined voltage. At this point (about
0.6 volt or higher), the silicon diode will conduct so heavily that
the meter circuit is in effect swamped. As a result, the rapid
rise of the pointer will be slowed and allow the meter to give
a much more accurate indication of relative output. A sensitivity
control on the front panel permits the meter indication to be
varied according to specific requirements.
The power supply is located on the main chassis of the
HX-500 transmitter. The 12AX4GTB high-voltage rectifiers, Vl8
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and Vl9, supply 780 volts DC for the 6164 ampli£er plates.
The 6CA4 low-voltage rectifier, V20, supplies 350, 300, and 215
volts DC, and 150 volts DC regulated, for the other tubes in
the transmitter. The 6AL5 bias rectifier, Vl7A, supplies two
bias voltages of -50 and -100 volts.
The two low-power transmitters just described are good
examples of the use of low-frequency filter circuitry for removal
of the undesired sideband. The circuits of different manufacturers'
equipment will vary, but in general the power output, signal
shaping, carrier and undesired sideband suppression, VOX
operation, and other features will have similar speci£cations. The
number of frequency conversions, and the frequ encies involved
in the intermediate stages, will be determined largely by the
carrier and sideband frequencies of the balanced modulator and
filter sections. The Hammarlund transmitter generates the sideband signal at a canier frequency of 60 kc, and further shapes
it at the various levels during conversion to the operating
frequency. The Collins transmitter generates the sideband signal
in the 455-kc region, where practically all shaping takes place
in the mechanical filter. The Hammarlund HX-500 system, on
the other hand, requires one additional frequency-conversion
stage because of the low frequency at which the signal is
generated.

HALLICRAF'l'ERS l-IT-46 TRANS.M ITTER
The Hallicrafters HT-46 transmitter, shown in Fig. 9-8, is an
example of a different type of transmitter design. It generates
the single-sideband signal at approximately 9 megacycles. Fig.
9-9, the block diagram, shows the signal path and frequencyconversion scheme employed. As shown in Fig. 9-10, a single
6HF5 tube is used as a linear RF power amplifier. The PEP RF
power output is specified as 70 to 100 watts, which is adequate
either for low-power operation directly into the antenna or as a
driver for a higher-power Jinear RF amplifier. The HT-46 may
be operated as an independent SSB or CW transmitter with
any communications receiver, or it may be used with the
companion SX-146 receiver as a transceiver combination.
The HT-46 utilizes a solid-state (diode) type of modulator
followed by a selective filter for generation of the sideband
signal. Single-frequency conversion is used to translate the 9-mc
sideband signal to the operating frequency. The heterodyning
signal is generated by the VFO directly on the 80- and 20-meter
bands and indirectly by premixing with the heterodyne crystal
oscillator for the remaining bands. For "slave" or transceiver
operation with the SX-146 receiver, the premixed injection
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voltages from the receiver are substituted for the transmitter's
premixer stages. The carrier oscillator frequencies for the two
units are matched within cycles to provide equal receive ancl
transmit frequencies.
The carriers for the upper- and lower-sideband signals an'
generated in tube V2B at nominal frequencies of 8998.7 kc and
9001.5 kc. These are the frequencies at the 25 db down ( -25 db )
points on the skirts of the six-pole crystal filter which is centered
at 9000 kc. The 8998.7-kc carrier, when modulated by the diode
modulator, CRl and CH2, produces an upper-sideband suppressed-carrier signal at 9000 kc. Conversely, the 9001.5-kc
carrier, when modulated, produces a lower sideband at 9000 kc.
The modulator is driven at audio frequency by the two triode

Fig. 9°8, Hallicrafters Model HT-46 transmitter.

stages of tube Vl and cathode follower V2A. Audio for VOX
adapter unit HA-16 is taken from the plate of the first audio
amplifier ahead of the microphone gain control.
The upper or lower sideband signal at 9000 kc is amplified by
tube V3A and coupled to signal mixer tube V4, where the information signal is translated to the operating frequency.
To translate the 9000-kc information signal to the operating
frequency, a heterodyne-frequency signal is generated within
the transmitter by tubes V7 (VFO) and VB (heterodyne crystal
oscillator-mixer) , or for "slave" operation it is taken from the
SX-146 receiver through heterodyne mixer tube V8B working as
an RF amplifier stage. The plate circuit of the heterodyne mixer
(V8B) is coupled to the signal mixer grid through bandpass
transformers T2, T3, and T4 on 40, 15, and 10 meters. On 80
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and 20 meters, in order to accommodate the VFO tuning range,
the coupling is made through a broadly tuned 5- to 5.5-mc
resonant circuit.
The desired mixer product resulting from the 9000-kc information signal and the tunable-heterodyne CW signal at the signal
mLxer grid is amplified by driver stage tube V5 and power
amplifier V6. The amplified signal is coupled to the antenna
transmission line with a pi-network that is preadjusted to
properly load the final amplifier when a 50-ohm antenna load is
connected to the output terminal. The mixer- and driver-stage
coils are gang tuned on each band by the driver tuning control
on the front panel. The final stage pi-network tank capacitor is
adjusted from the front panel by the final tuning control.

R. L. DRAKE T-4 AND T -4X E QUIP.ME NT
The R. L. Drake Models T-4 R eciter (Fig. 9-11 ) and T-4X
transmitter (Fig. 9-12) offer selectable single-sideband, semi
break-in cw· and controlled-carrier AM transmission with capa-

Fig. 9-11. Drake T-4 "Reciter."

bilities for covering the 160- through 10-meter amateur bands as
well as many other frequencies such as MARS, etc. The T-4
unit is called a Reciter since it is designed to be used with the
Drake Mode] R-4 or R-4A receiver for transceiving on the
frequency to which the receiver is tun ed. The T-4X is a complete

Fig. 9-12. Drake T-4X transmitter.
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transmitter which may be used for transceiving with the R-4 or
R-4A receivers or for independent receive-transmit usage. A
front-pan el switch on the T-4X selects between transceiving with
the T-4X VFO, the receiver, or independent frequency control.
The T-4 may be crystal controlled in the transmit mode for
novice, MARS, DX, or net operation. Both units have a CW
sidetone oscillator, automatic transmit-receive switching on CW,
transmitting AGC to prevent flat topping, plate meter (relative
output indicator ), two crystal lattice filters for sideband selection,
receiver muting, receiver antenna switching, and VOX and PTT
(push-to-talk) on AM and SSB, all built-in for optimum operating
convenience.
Both units provide 200 watts PEP input on AM and SSB and
200 watts input on CW for plenty of "punch" when run 'barefoot" and more than ample drive for most grounded-grid linears.
The signal h·ansmittcd from the T-4 or T-4X is the result of
mixing three separate oscillators and the audio signals from the
microphone in the case of AM or SSB. Most of the following
explanation applies equally to both the T-4 and T-4X. Any
difference between the two Lmits will be noted .
The signal on single sideband begins in a crystal-controlled
oscillator, VIA, which oscillates at 5645 kc on all bands. The
oscillator output is fed to a balanced modulator consisting of
four diodes and a carrier balance control. The audio signal from
the microphone is amplified by V9. The speech gain control,
R84, is placed in the grid circuit of the second half of this tube.
Two different audio outputs are taken from V9B. The lowinipedance output from the cathode is applied to the balanced
modulator for SSB operation. High-impedance output is taken
from the plate of V9B and applied to the grid of Vll for screen
modulation on AM.
The high-impedance audio signal is also fed to VOX amplifier
VlOA through VOX-adjust control R89. The output from VlOA
is rectified to produce a positive D C voltage which is applied to
the grid of relay control tube VlOB, causing it to conduct and
close the transmit relay. Audio voltage from the receiver reaches
the transmitter through the ANTIVOX cable and is rectifled by
D9. The resulting negative voltage fa applied to the grid of VlOB,
so that audio-signal voltage resulting from speaker sounds picked
up by the microphone will not cause the ti·ansmit relay to close.
For push-to-talk operation, the negative bias on V9B is shorted to
ground. This causes the tube to conduct and close the relay. The
relay will be held closed until the push-to-talk button is !eleased.
Returning to the balanced modulator, the audio and 5645-kc
RF inputs combil1e to produce a double-sideband suppressed-
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carrier output. The DSB signal is ampli.lled through V2 and,
after impedance transformation in T2, is applied to either the
upper or lower crystal lllter, where the undesired sideband is
£Itered out. The resulting SSB signal is fed through T3 to the
mLxer stage, V3.
The second input signal for mixer V3 is supplied by the premixer stage, but its origin is different in the T-4X and the T-4.
In the T-4X the permeability-tuned VFO (Q2) is controlled by
the main tuning dial and oscillates on frequencies from 4955 to
5455 kc. RF output from the VFO is applied to the premixer
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Fig . 9 -14 . Crysta l sideband filter characteristics of T-4 a nd
T·4X transmitters.

through buffer stage Ql. Another transistor oscillator, Q3, is
crystal controlled and is operated at frequencies 11.1 me above
the low edge of the band in use. In the premixer stage, V8, the
output of the high-frequency crystal oscillator and the VFO are
combined and the difference frequency is taken from the plate,
through T4 and T5, and fed to mixer V3. At mixer V3, the
5645-kc single-sideband signal and the high-frequency injection
signal from T5 are applied to the same grid. The plate circuit of
this tube is tuned by T6 to the difference of the two input signals.
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The difference sideband signal is then applied to driver stage
V4, where it is amplified and fed to the parallel giids of the
6JB6 linear amplifiers. The linear-amplifier RF output is matched
to a 52-ohm load by means of a pi-network consisting of C62,
L9, LIO, and C70.
In the T-4 Reciter the VFO and high-frequency crystal oscillator have been omitted. The injection voltage is supplied from
the companion R-4 or R-4A receiver and is fed into the premixer
stage to be ampli£ed and then applied, through T4 and T5, to
mixer V3. When the T-4X is being used to transceive, the receiver
may also be used as the frequ ency control, with the injection
voltage being supplied from the receiver exactly as in the T-4.
Or, if desired, the T-4X may supply the injection voltage through
the same cable to control the receiver.
In the CW mode, the 5645-kc oscillator is shifted slightly in
order to place the carrier within the passband of the '1ower"
crystal filter. A DC voltage is applied to the balanced modulator,
causing it to become unbalanced. The amount of D C voltage
and thus the amount of RF output is determined by the setting
of the gain control. Th e signal then proceeds through the transmitter as it does on SSB.
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Chapter 10

Linear RF Power
Amplifiers
The RF power amplifier of the single-sideband transmitter
receives a relatively low-power signal from the exciter. The
function of the power amplifier is to increase the power level
of the single-sideband signal without changing its other characteristics. In an ideal amplifier, the signal from the output
circuit will be an amplified replica of the input signal. An amplifier capable of performing this function is called a linear power
amplifier.

-c
CLASS-8
OPERATING

POINT
- CLASS· AB OPERATING POiNT

CUTOFF'.

I

0 GRID VOLTAGE

Fig. 10-1. Graph of classification
system for RF power ampliflor
operation.
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Although RF power amplifiers may involve a variety of
circuit arrangements and operating conditions, it is convenient
to define the operation of the amplifier tube in terms of the
relationship between the grid voltage and plate current, with
all other electrode voltages held constant. The system of
classification based on this relationship is illustrated in Fig.
10-1. In this classification system, the transfer or mi:1tual charac-

185

teristics of the tube is divided into three regions. The A region
represents the linear portion of the transfer characteristic. The B
region is in the immediate vicinity of plate-current cutoff and
the C region lies beyond plate-current cutoff.

AMPLIFIER CLASSES
When the operating point of an RF amplifier is centered in
region A , the tube can respond to both the positive and the
negative excursions of the grid voltage. A tube operated in this
manner is called a class-A amplifier and has a continuous
plate-current flow over the full 360° of the RF cycle. As
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Fig. 10-2. Graph of class·A RF-amplifler operation.

shown in Fig. 10-2, the operation is over a small portion of the
plate-current range of the tube. The efficiency of the class-A
amplifier (in the conversion of DC plate power input into RF
power output) is very low. As a result, this class of amplifier
is used principally as a voltage amplifie1: for small signals,
where very low waveform distortion is required. An example of
the use of class-A RF amplifiers is in the RF or IF circuits of a
communications receiver, or in the low-level voltage-amplifier
stages of a single-sideband h·ansmitter.
The class-B RF amplifier is biased in such a manner that its
operating point is in the vicinity of plate-current cutoff. The
true class-B amplifier will Tespond fo only the positive ex-
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cursions of the grid voltage. Plate current Hows for approximately 180° of the RF cycle, as shown in Fig. 10-3. Amplifiers
in which the plate-current flow is appreciably more than 180,
but less than 360° are called class-AB amplifiers. In practical
application, the distinction between class-B and class-AB is
somewhat arbitrary, since both actually operate over more
than 180° but less than 360° of each cycle of AC grid voltage. Both class-AB and class-B operation are used in the
high-power linear RF amplifiers of commercial single-sideband
transmitters. Operating at a relatively high efficiency, these
amplifiers produce maximum output power with low dis-
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Fig. 10-3. Graph of class·B RF-amplifier operation.

tortion. The actual plate efficiency will depend on the particular tube used and on the selected operating conditions.
However, plate efficiencies in the range of 50 to 70% are
readily obtainable. The efficiency of the class-B amplifier is
slightly higher than that of the class-AB amplifier. The classAB amplifier draws appreciably more static (idling) plate
current than the class-B. The general trend in commercial application, however, is toward class-AB operation because of
certain advantages which will be explained later.
The class-C amplifier, as shown in Fig. 10-4, is biased in
such a manner that its operating point is well beyond platecurrent cutoff. The tube will respond to only those portions
of the alternating grid-voltage cycle which are positive with
respect to the cutoff point. Plate current flows for approximately
120° of the RF cycle. The class-C amplifier requires a highlevel driving signal. Since the output waveform is not a replica
of the input signal, the class-C is not a linear amplifier. Although
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very efficient in converting DC plate power into RF power
output, the class-C is not suitable for use in single-sideband
transmitters.
It is common practice to add a suffix number to the class
designator of the amplifier, to indicate whether or not the tube
is operated in the positive grid region over a portion of the
grid-voltage cycle. As an example, class-AB 1 indicates that the
giid never swings posibve and that no grid current is drawn
during any portion of the grid-voltage cycle. Class-AB!! indicates

I
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Fig. I 0-4. Gr•ph of clus·C Rf·• mplifier oper•tion.

that the grid does swing positive and that grid current flows
during a portion of the grid-voltage cycle. Suffix numbers are
usually omitted in the class designators for class-A and class-C
amplifiers.

TYPES OF TUJ3ES
In tube terminology, terms such as "diode," "triode," "tetrode,"
and "pentode" describe the number of electrndes directly
associated with the emission, control, and collection of electrons. In transmitting tubes, the element associated with the
emission is usually called the "filament," even though the tube
may actually contain a cathode and heater. The term "grid"
is usually applied to the control element to which the input
signal is applied, no matter whetl1er the tube is a triode, tetrode,
or pentode. The screen grid in either a tetrode or a pentode is
usually called the "screen," and the most common term for the
pentode suppressor grid is simply "suppressor." The collection
electrode is usually called the "plate," although the term "anode"
is also in common usage. The currents and potentials associated
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with the tube electrodes are generally referred to as current
and voltage, such as grid current or grid voltage. The term
"bias" means that a voltage is applied to one or more control
electrodes such as the grid or cathode; it is not used for referring
to the voltages applied to the screen or suppressor grids.
Until a few years ago, the triode was the only type of tube
available for use in medium- and high-power linear RF power
amplifiers. During the past few years, however, much effort
has been directed toward the development and improvement of
tetrode and pentode power transmitting tubes. The tetrodes,
which include a screen grid between their control grid and
plate, are widely used as linear RF power amplifiers in both
amateur and commercial single-sideband transmitters. The screen
grid provides an accelerating potential to the electron stream.
It also provides an electrostatic shield between the control
grid and plate. In most power tetrodes used for single-sideband
transmission, the control and screen grids are designed to provide a beaming action to the electron stream. In this manner,
the DC screen current is reduced and the action of the control
grid is improved. Power pentodes designed for operating levels
of 1,000 watts or less generally include an additional electrode
between the screen grid and the plate. This additional element
may be in the form of a grid (in which case it is called a suppressor), or a pair of beam-forming plates. The purpose of either
one is to improve the plate characteristic when the plate voltage
swings in the region of or below the DC screen voltage.
Triode power tubes offer the advantages of simplicity and
low cost. They are also generally available in sizes suitable for
use at any power level. However, triodes have a numb er of
serious disadvantages. In the first place, they usually require
a large amount of driving power and there is a considerable
amount of capacitive coupling from the plate to the grid. This
plate-to-grid capacitance must b e accurately neutralized when
the triode is used in linear RF power-amplifier applications.
In general, the only triodes suitable for this are the low- and
medium-mu types. In order for the full power-amplification
capabilities of the tube to be obtained, a large grid-voltage
swing will be required.
Many of the serious disadvantages of linear amplifier operation
with a conventional triode can be eliminated, however, by the
use of degenerative linear-amplifier circuits. The widest use for
degenerative linear amplifiers is in circuits where the control
grid is at RF ground potential and the driving (input) signal
is applied to the tube cathode. The triodes most generally used
in this configuration are medium-mu types such as the PL-6569
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and PL-6580, which are designed especially for grounded-grid
RF-amplifier service. These tubes contain an effective shield
structure as a part of the design, and no neutralization is required in ordinary grounded-grid applications.
In tetrode and pentode power amplifiers, the screen grid
forms an electrostatic shield between the plate and control
grid. Although usually operated at a DC potential of a few
hundred volts the screen grid is bypassed to ground for RF
voltages. The electrostatic shielding effect of the screen acts
to reduce the plate-to-grid capacitance to as little as oneone hundredth that of a triode of similar power capabilities.
For best high-gain linear performance, however, neutralization

Fig. 10-5 ._ 4CX.1000A and 4·1000A transmitting tubes.

of the small residual plate-to-grid capacitance is still required,
because of the high gain of tetrode and pentode tubes. This
high-gain characteristic is an advantage when a teb·ode or
pentode is used as a linear amplifier, because a high power
output can be obtained from relatively little drive.
At present, high power amplifiers use tetrodes. The pentode is
somewhat more complex and expensive, and may require more
circuitry and voltages for the suppressor grid. While these disadvantages are usualJy of no great impoitance in power levels
of 1,000 \vatts or less, they could create serious design problems
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above this level. One important advantage of the pentode tube
at low-power levels is its ability to provide good linearity with
relatively low plate and screen voltages.
The demand for compact high-power transmitters for both the
VHF and UHF ranges has resulted in many improvements in the
design of transmitting tubes. The power-amplifier tubes designed
for VHF or UHF operation will generally offer improved performance over the 3- to 30-mc range. A typical example of the
tube improvements carried out over the past few years can be
obtained by a comparison of the 4-lOOOA and the 4CX-1000A
tubes, which are in the same power class. The compact design
of the 4CX-1000A, as shown in Fig. 10-5, results in short (hence,
lo•.v-inductance) terminal lead lengths, better screening, closer
element spacing and improved heat radiation. The 4CX-1000A
is also capable of improved linear-amplifier performance at much
lower plate voltages than those required for the 4-lOOOA. The
ceramic instead of glass construction permits the tube envelope
to be operated at higher temperatures without damage to the
terminal seals. The ceramic sealed tube is also more rugged than
its glass counterpart. Ceramic tubes such as the Eimac 4CX-5000A
are capable of power outputs in the vicinity of 10,000 watts.
Similar tubes are available which will deliver outputs of 500
kilowatts or more. At the present time, considerable research
and development are also being carried out in the field of \Vatercooled high-power transmitting tubes suitable for use in linear
RF power amplifiers.

BASIC CIRCUITS
The triode or tetrode power amplifiers used in single-sideband
transmitters are generally operated class ABt or AB2. The circuit
configuration is usually quite conventional, the signal being injected into either the grid or cathode circuit. However, for
optimum linearity with a given tube and circuit, the design
considerations can become extremely stringent. The operating
point on the tube transfer characteristic must be very carefully selected, often with respect to the characteristics of the
individual tube. The neutralization must be as perfect as
possible. The operating grid bias, and the screen plate volages,
must be correct for the particular tube. These voltages must
be maintained within close tolerances of their proper values
under all operating conditions. The input and output impedances also must be held as constant as possible. To further
improve the performance of the linear amplifier, degeneration
may be necessary in the amplifier circuit. In many of today's
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single-sideband transmitters, RF feedback circuitry is used extensively to improve the performance of the linear amplifiers.

Triode Types
Fig. 10-6 shows a typical grounded-cathode linear RF amplifier
using a tiiode. The input and output circuits are both tuned to
the operating frequency. The large plate-to-grid interelectrode
capacitance is neutralized by capacitor C,.. Swamping resistor R,
across the grid tuned circuit, maintains a constant input impedance and also contributes to the stability of the amplifier.

~F

~UT PUT

-BIAS VOLTAGE

*l

+ HV

+ BIAS VOLTAGE
-HV

Fig. 10-6. Schematic of grounded-cathode linear RF power·amplifler.

When a linear amplifier is operated class AB~, the grid will
draw current during the positive portion of the grid-voltage
cycle but not during the negative portion. Over the period of
one RF cycle, the grid will present a very high impedance to
the driving signal during the 180° when no grid current is drawn,
and a very low impedance during the remaining 180° when the
grid current Bows. Vlhen a fairly low swamping resistance is
added, the varying grid impedance represents only a small
portion of the total grid load; thus the load impedance presented
to the driving signal will be relatively constant. This resistance
further improves the amplifier stability by offering a low impedance to ground for the regenerative-feedback effects caused by the
tube plate-to-grid capacitance.
Fig. 10-7 shows a typical triode grounded-grid RF poweramplifier circuit. The control grid is at ground potential for the
RF signal, and the driving-signal voltage is applied to the cathode.
When the triode is operated in this manner, the conti·ol grid
becomes an effective electrostatic shield beh..,een the plate and
cathode. As a result, neutralization will seldom be required.
Although the class-AB 2 grounded-grid amplifier will draw grid
current over 180° of the input cycle, no swamping resistors
are necessary because the feedthrough power forms an effective
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load across the input circuit. One of the disadvantages of the
circuit is the relatively large driving power req uired to obtain
a reasonably high output. Power gains of 6 to 10 can usually
be realized from a practical grounded-grid linear RF amplifier.
This means that an amplifier with an RF power output from 600
to 1,000 watts will require a driving-power source of approximately 100 watts. However, most of the driving power is not
lost, since it feeds through the stage and reappears in the plate
circuit. The grounded-grid (or cathode-driven) linear ampli-

-BIAS
VOLTAGE

I

+HV

+BIAS
VOLTAGE
- HV

Fig. 10·7. Grounded-grid linear RF power-amplifier circuit.

fier is most useful for increasing the power level of an existing
single-sideband transmitter. An amplifier of this type, using
a PL-6580 or similar triode, will permit the amateur station to
operate at the maximum legal power limit. The linear amplifier
stage can then be driven to full power output by any of the
popular 100-watt single-sideband transmitters.

Tetrode Types
The tetrode can be used in either a grid- or cathode-driven
( grounded-grid linear RF power-amplifier circuit. In the griddriven circuit shown in Fig. 10-8, the tube is normally operated
class-AB,. In general, the design considerations for teh·ode
amplifiers are similar to those for the tTiodes previously described. If the tetrode is driven into the grid-current region
during operation, swamping of the tuned grid circuit will be
required in order to present a constant input impedance.
Neutralization will also be required, particularly if the tetrode
amplifier is to be operated over a wide frequency range.
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Fi9. 10·8. Groundod·cathodo linear RF power amplifier.

However, neutralization of a tetrode is simpler than for the
tiiode, since its plate-to-grid capacitance is very small. The
tetrode, because of its high gain characteristics, requires only
a small RF driving power to realize its full power-output
capabilities. Since the driving-power and grid-voltage-swing requirements are low, it has become common practice to operate
a number of tetrode tubes in parallel where a high output power
is required. The screen voltage required for optimum linearity
and best efficiency is generally quite critical. It is customary to
use voltage-regulated power supplies for both the grid bias
and screen voltages.
When a 50-to 100-watt driving signal is available, it is possible
to substitute a fixed resistor for the tuned input circuit of the
teti·ode or pentode. This type of input is called a "passive" grid
4CX-IOOO A OR
SIMILAR PENTODE
OR TETRODE

Fi9. 10·9. Passive input circuit for class·
AB 1 linear RF power amplifier.
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circuit. Fig. 10-9 shows such a circuit, suitable for use \.vith the
Eimac 4CX-1000A tube. The value and p ower rating of the resistor will depend on the amount of driving signal availab le. As
an example, when 100-watt single-sideband transmitter is used
as the exciter, the resistor should b e about 50 ohms at a power
rating of 40 to 50 watts. A suita ble resistor can b e constructed by
connecting twenty 1,000-ohm, 2-watt carbon resistors in parallel.
This combination will give 50 ohms at a 40-watt power rating.
The p eak grid voltage required for the 4CX-1000A is 60 volts
across the 50-ohm res istance. The PEP dissipation of the resistor, during voice operation, will b e 72 watts. The average power
dissipation, however, will be low. If the signal is a constant tone
such as an audio test signal, the power rating of the carbonresistor assembly may be exceeded. Such tests should be of
short duration, or a resistor assembly with a higher-power
dissipation rating used . However, the 50-ohm value is more
desirable, since it properly t erminates the exciter coaxial output
cable in its characteristic impedance.

PRACTICAL DESIGN
The design of a practical linear RF power amplifier wilJ depend on the output desired and the amount of driving power
available. During the past few years, it has become customary
for the amateur to purchase a commercial single-sideband transmitter, with about 100 watts' PEP output, and use it as a lowpower transmitter for a short period of time. Later he adds
a linear HF power amplifier to bring the transmitted power
level up to the maximum legal limit of tbe amateur service. Under
FCC regulations, the maximum legal limit of power input for
the tube or tubes supplying HF power to the antenna system of
an amateur station is 1,000 watts. (Input power is dete1mined by
multiplying the final plate voltage and the plate current, or DC
inp ut power in watts = Eplr.)
In a single-sideband transmitter where the final-amplifier plate
current varies from the low static to a relatively high dynamic
value during operation, the FCC has added some specifications. When the amplifier has been adjusted to prevent the generation of excessive sidebands, the legal input power to the
final stage of a voice-operated single-sideband transmitter is
equal to the plate voltage times plate current, as indicated on
a plate-current meter w hich has a time constant not in excess of
0.25 second. In the special case of the cathode-driven (groundedgrid) linear amplifier, the permissible power input to the final
amplifier plate circuit is 1,000 ·watts, less the feedthrough driving
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power from the exciter. For example, if the RF driving power
applied to the cathode of a grounded-grid linear amplifier is
50 watts, then the DC input power to the amplifier plate must
not exceed 950 \.Vatts as indicated by the plate-voltage and
-current meters. As a matter of fact, the peak input power of a
voice-operated Hnear amplifier may be on the order of several
kilowatts when adjusted for a legal input of 1 kilowatt. Current
engineering practice is to rate linear amplifiers in terms of PEP
output in watts. Single-sideband linear amplifiers are commonly
rated between 2,000 and 3,000 watts PEP output for voice transmission when the DC input power is 1,000 watts.
The majority of modern ampli£ers will be relatively simple
in design, since most of the essential data is supplied by the
tube manufacturer, who usually lists the maximum ratings for
the specific tube and recommends a set of typical operating
values. (The recommended and the actual operating conditions
are generally quite close together when the amplifier is adjusted
for optimum performance.) In actual practice, about the only
job left is to design the input and output tank circuits.
As shown in Fig. 10-3, the class-AB and -B ampli£ers are
assumed to have a conduction angle of 180°. The RF platecurrent waveform is essentially half of a sine-wave pulse. The
design of the ampliner plate-tank circuit must be such that these
pulses will be converted into full sine-wave voltage across the
tank circuit. This RF voltage waveform should be an amplified
replica of the applied grid-voltage waveform. It is obvious that the
design of the RF tank circuits will greatly determine the efficiency
and distortion characteristics of the linear-amplifier stage.
It will be necessary to determine the plate-load resistance
of the tube before the tank-circuit parameters can be calculated.
In most cases, any tube used in linear RF ampufier service at
power levels of 300 watts or less can also be designed to wor.k
as an AF power amplifier. Types 6146 and 813 "beam power"
tetrndes and types 811-A and 805 triodes are good examples.
\i\lhen the RF ampliller operates at a few hundred watts or less,
the audio tubes will give excellent performance. In this case
the audio ratings give a close enough approximation of the RF
performance characteristics, and much of the mathematical computation which would otherwise be required can thus be eliminated. The audio-amplifier data is also applicable to tubes used as
single, parallel, or push-pull linear RF power ampli£ers. The
6146 tetrode provides an example of linear HF power-ampli£er
design from published audio-ampli£er data. The use of two 6146
tubes in a p ush-pull RF linear amplifier operated class-AB 1 will
be discussed first.
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The 6146 Amplifier
Table 10-1 shows the typical operating conditions for the
6146 in both class-AB 1 and -AB~ push-pull audio-amplifier
service. Notice that the class-AB~ produces approximately 10
watts more signal power output than the AB 1 does. However,
since in class-AB2 operatjon the grids will draw current over
a portion of the grid-voltage cycle, swamping of t he tuned
input circuit will be required. Class-AB2 operation will also
Table 10·1.
Operating condi tions for Class·AB1 and AB 2 6146s in lineor RF amplifier service.
Electrodes

Plate Voltage
Grid Volrage"'
Screen Voltage
. Zero-Signa l DC Plate Current
Zero-Signa l Screen Cu rrent
Single-Tone DC Plate Current
Single-Tone DC Screen Current
Single-Tone Signal Grid Voltage (Peak)••
Effective loadH•
Maximum Signal Driving Power
Single-Tone Plate Power Output

Poten tials
AB 1

AB2

750 voe
-50 voe
200 VDC
57 ma
l ma
227 ma
27.5 ma
lOO VAC
8000 !1
0
120 watts

750 voe
- 45 voe
165 VDC
35 ma
0.6 ma
240 ma
21 ma
101 VAC

aooon
30mw
130 watlS

Notes:
• Adjust DC grid volrage ro give Slated DC plare current.
.. Signal grid volrage shown is peak AF (~rid-10-grid) for two tubes in push·pull
circuir configuratio n. The peak RF volrage requiremenrs fo r rhe two grids in push·
pull will be appro x imarely the same. When rhe two tu bes are used in parallel,
the peak grid volrage required will be one-half the p ush-pull va lue.
•u Effecrivc load value shown is correct for ei rher AF or RF when the two tubes are
used in push-pull. When the tubes are connected in parallel, effective load will be
one-forrh rhe push-pull value.

require more RF driving power because of the grid-current
flow and the losses in the swamping resistor. An additional
disadvantage of class-AB 2 operation is that the tuned input
circuit must be very carefully designed so that the L/C ratio
is correct for the grid conditions encountered.
The class-AB, amplifier is not permitted to d raw grid current
over any portion of the RF grid-voltage cycle. Since no power
is dissipated in the grid cii:cuit, the only concern is whether the
p eak voltage supplied to the grids .is sufficient to produce maximum signal power output. 1 o swamping resistor is necessary
across the tuned input circuit.
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The effective load (plate-to-plate) resistance is given as 8,000
ohms for both class-AB 1 and AB 2 push-pull operation. The
plate-to-plate load resistance value which will invariably be
given in the tube AF amplifier data, can be used in the calculation of the tank-circuit parameters for a push-pull linear RF
amplifier operated under similar plate-, screen-, and grid-voltage
conditions. When a single tube is used in linear RF service, the
proper plate load resistance will be one-half that of the push-pull
NOTE : Rl - 5.000 TO 50.000 OHMS.
2 WATTS REOUIREO FOR CL ASS AB2 OPERATION

NOTE :. L 3.L4 - 10 TURNS I* 22 ENAMELED
WOUND ON 470HM. I WATT RESISTOR
0

@
6146

INPUT

~
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~

@ ~ .01
MFO
-BIAS VOLTAGE
(ADJUSTABLE )

®:rOIMFD
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47.n.
PARASI TIC
SUPPRESSOR

+ 750V

+ DC SCREEN

VOLTAGE (REGU.ATEO)

Fig. 10-10. Pusn·pull 6146 tubes used in class·AB 1 or class AB,.

value; when the two tubes are operated in parallel, the resistance will be one-fourth. One 6146 tube, operated class AB1 ,
will require a plate load of 4,000 ohms, as given in Table 10-1.
If two 6146 tubes are operated in parallel (as shown in Fig. 10-10)
under the same voltage conditions, the proper plate load will be
2,000 ohms. Determination of the plate load value is important
since it is also used to determine the L and C values of the plate
tank circuit.
I t has been determined that a loaded plate tank Q of 12 to 15
is most suitable for optimum linear RF amplHier performance.
The Q of the p late circuit must be sufficient to convert the RF
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plate-current pulses to sine-wave HF voltage waveforms across
the resonant tank circuit. If the plate circuit Q is too low, the
RF voltage waveform will b e distorted and the amplifier will
operate at a low plate efficiency. The reactance (X1·) of the platecircuit tank capacitor will b e equal to R1/ Q. At resonance, the
tank-circu it capacitive reactance (Xe·) and inductive reactance
(XL) aie equal, so the common reactance figure obtained from
the expression, R1/Q = X, can be used to calculate the required
L and C values. If a loaded plate tank Q of 12 is desired, the Xe
value will be equal to RdQ, or 8,000/12 = 666 ohms ( approximately). The exact values of the tank-circuit capacitance and
inductance may be calculated as fo!Jows :
1011
C = 6.28

L

x F x Xe

X,,
6.28 x F

where,
F is the frequency in megacycles,
Xe is the capacitive rcactance value obtained from Rd Q,
X,~ is the inductive reactance value obtained from Ri/Q,
C is the capacitance in micromicrofarads,
L is the inductance in microhenrys.
In actual practice, the frequency selected for the design
calculations is usually the highest operating frequency in a given
band. For example, in designing an ::unpli£er for use on the 75meter band, a frequency of 4 me will be selected. After the L and
C values have been calculated, a tank capacitor with a maximum
capacitance slightly higher than the calculated value will permit
operation over the entire band of frequencies.
For example, assuming an operating frequency of 4 megacycles,
and substituting this numerical value for F in. the formula, the
exact value of the tank-circuit capacitance will be :
lOu

C = 6.28 x 4.0

x 666 = 59.8

.
mmf (approximately )

The exact value of the tank-circuit inductance for the operating
frequ ency of 4 megacycles will be:
L=

6.~ : 4.0 = 26.5 microhenrys

6

(approximately)

The values of L and C required to present the proper plate
load to the amplifier on the other amateur bands may be
similarly calculated.
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The design of a push-pull linear RF power amplifier operated
class-AB 1 is somewhat acad emic, since this configuration is rarely
used in mode rn design prac tice. Fig. 10-11 shows a more
practical circuit arrangement, for a low-power RF amplifier
using a pair of 6146 tubes operated in parallel. The plate tank
circuit consists of a pi-network that matches a transmission
line of relatively low characteristic impedance ( 50 or 75 ohms)
to the h1be plates, which must "see" a relatively high resistive
load in order to produce optimum power output. The plate tank
coil is a variable rotary inductor with a sliding or rolling contact
that traverse the length of the coil. The unused turns are shorted
out. The variable-capacitor range is such that the proper reactance value can be obtained for any frequency between 3.5
and 30 me. In practice, the capacitance is adjusted to the correct
value for the op erating frequ ency, and the circuit the n tuned to
resonance with the variable inductance. The use of continuously
variab.le tank-circuit elements will p ermit a more uniform
circuit Q across the entire tuning range, and a maximum amount
of harmonic a ttenuation. The network elements are also compact, which will reduce the over-all dimensions of the amplifier
and simplify the design .
\ Vben the two tubes are opera ted in p arallel, as shown
in Fig. 10-11, the required driving-signal peak voltage will be
one-half that required for the same tubes in the push-pull circuit
arrangement. The grid-bias and the plate- and screen-voltage
requirements will b e the same as for the push-pull arrangement. The effective plate load resistance, as mentioned previously, will be 2,000 ohms. If a loaded plate tank Q of 12 is
desired, the pi-network capacitor, Cl, will be approximately
.280 mmf when the op erating frequency is 3.5 me. At 28 me, the
value of Cl will be approximately 35 mmf. An appropriate
variable capacitor, which bas a capacitance range from about 15
to 300 mrnf, should be selected for CL The air gap should be
approximately 10 mils for each 100 volts applied to the 6146
tube plates.
Pi-network output capacitor C2 matches the impedance of
the amplifier output to either a 50- or 75-ohm coaxial transmission line. T o match the amplifier to a 50-ohm line at 3.5 me,
the value of C2 will have to b e approximately 1,800 mmf, and
at 28 mc-225 mmf. For a 70-ohm transmission line a t 3.5 me the
capacitance required is approximately 1,300 mmf; and at 28 me,
160 rnmf. The table in Fig. 10-12 gives the proper values for Cl,
C2, and Ll for all the amateur bands from 3.5 to 30 megacycles.
In actual practice, Cl and C2 are adjusted to the approximate
values given in the table. The circuit is then tuned to resonance
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Freq.
MC

Cl
mmf

c2 •
mmf

C2 ..
mmf

Ll •• •

3.5
7.0
14.0
21.0
28.0

280
140
70
50
35

1800
900
450
300
225

1300
650
325
220
160

8.5
4.25
2.10
1.38
1.05

Freq.
MC

Cl
mmf

c2 •
mmf

c2••
mmf

u o•

3.5
7.0
14.0
21.0
28.0

140
70
35
25
18

1100
550
275
180
140

800
400
200
130
100

15.5
7.8
3.9
2.6
1.94

Plate l oad

µh

= 4000fl
µh

Notes:
• The approximate value given for C2 will be correct for a 50-ohm output impedance.
•• The approximate value given for C2 will be correct for a 75·ohm output imped·
ance.
••• The approximate value given for L1 wi ll be correct for a 50-ohm output impedance. For a 75-ohm output impedance, multiply the inductance value shown by
1.03. L1 is the tot• I inducllnce va lue and includes both Ll A and L18 shown above.
Fig. 10-12. Pi-network va lues for single
t ube and para lle l 6 146 RF amp lifier.

at the operating frequency by LL The d esign of pi-network tank
circuits will be covered in more detail later in this chapter.
WhiJe the operating conditions of single-sideband linear
ampli£ers are similar to those of audio amplifiers, there are
importa11t differences. One is that the input and output waveforms of the linear RF ampli£ers are always sine waves, provided the circuit Q is adequate. As a result, any distortion in a
linear RF ampli£er will likewise distort the single sid eband
modulation envelope. The driving-power requirements for the RF
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amplifier, particularly where grid current is drawn over a portion
of the grid-voltage cycle, will be considerably different. In the
audio amplifier, the audio-driver stage must supply an average
sine-wave power equal to one-half the peak power. In the RF
amplifier, the resonant input circuit will tend to average the
power over the RF grid-voltage cycle, and the RF driver stage
will have to supply only the actual average power to the grid.
'While audio specifications will generally give a reasonably good
approximation of linear RF amplifier conditions, a comparison
of the two amplifiers will be most useful when both circuits are
operated in the class-A or -AB region.
When the tube is designed specifically for linear RF poweramplifier service, it is advisable to follow the "typical operation"
data supplied by the manufacturer. If the tube must be operAVERAGE
1000
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Fig. 10-13. Plate-family curves for 6146-screen voltage 200 VOC.

ated under different voltage or current conditions from those
specified on the data sheet, it is best to consult with the manufacturer before the tube is placed in operation. Many of the
later-production tubes such as the 4CX-1000A are very easily
damaged if certain precautionary measures are not observed.
Many data sheets, particularly for the older tubes, do not
include information for operating the tube in class-AB 1 or
-AB 2 linear RF amplifier service. However, they do include a set
of average plate-characteristic curves like those in Fig. 10-13,
from which the required information can be calculated. As an
example, we shall use the curves in Fig. 10-13 to calculate the
operating values for a single 6146 used as a class-AB2 linear
RF amplifier.
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The 6146 will be operated under ICAS conditions, with a plate
voltage of 600, a screen voltage of 200, and a maximum single-tone
DC plate current ( lp ~1 Ax) of 135 milliamperes. The step-by-step
calculations are carried out as follows:
1. The DC plate input ( P 1 ) will be equal to 600 X 0.135, or
81 watts.
2. The peak plate current ( ip ~1Ax) will be equal to
3.14 x 0.135, or 0.424 ampere.
3. From Fig. 10-13, determine the peak positive grid voltage required to produce a peak plate current of 0.424
ampere. This is found to be approximately +5 volts.
Determine the effective minimum plate-voltage value at
the instant of peak plate current. This will b e approximately
65 volts.
4. The power output (Po) will b e equal to
0.785 (Er· - ev

= 0.785 ( 600 -

Ultn)

x I""""

65) x 0.135, or 56.75 watts.

5. The plate dissipation ( P1·) will be equal to
( 600 X 0.135) - 56.75, or 24.25 watts.
6. For a zero-signal DC plate current which will give onetbird the maximum rated plate dissipation at 600 volts :
25/ ( 3 X 600) = .0139 ampere
7. From the plate characteristic curves of Fig. 10-13 de-

termine the value of DC grid bias required to produce
14 ma of zero-signal plate current with the plate at 600
volts. The bias value is approximately -51 volts.
8. The peak RF grid voltage will be equal to the bias voltage
( 51) plus the peak positive grid voltage ( 5), or 56 volts.
9. The effective plate load resistance will be:
El?-el!ml n

0.5 ip UlllX

=

-~~~ =

2523, or approximately 2500 ohms.

10. lf a loaded tank circuit Q of 12 is desired, the reactance
(Xe ) of the plate tank capacitor at the resonant frequency

will be:

Q= l2500
2 = 208 ohms.

R
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11. At a frequency of 4.0 megacycles, the effective resonance
value of the plate tank capacitor will be:

!OG
6.28 x 4.0 x 208 = 191 mmf
12. The inductance required to resonate the tank circuit at
a frequency of 4.0 megacycles will be:
208
.
_ x _ = 8.3 m1crohenry$.
6 28 4 0
While the above calculations apply specifically to a single
6146 tube operated under class-AB2 conditions, the operating
conditions for class-AB 1 service are only slightly different.
With the plate at 600 watts, and the screen at 200 volts, the grid
be approximately -50 volts for class-AB1. In practical
bias
operation, the grid bias will be adjusted for a zero-signal
plate current of approximately 26 ma. In class-AB1 operation,
no grid current will be drawn during any portion of the RF
grid-voltage cycle, so the grid will not be driven positive. The
peak RF grid voltage will be equal to the bias voltage.
When the power output is 1,000 watts or less, the amplifier
is normally designed to operate in the class-AB 1 region because
high power gain can be obtained without the distortion due
to grid-current loading. Dur,ing the past few years, several
new transmitting tubes have been developed especially for use
as class-AB1 linear HF amplifiers. Two outstanding types, the
4CX-1000A and PL-172, are widely used in both amateur and
commercial services. In the power range above 1,000 watts,
class-AB 2 operation is generally used in order to obtain good
plate efficiency with low distortion characteristics. However, a
great amount of research and development is being directed
toward improvement of high-power linear RF amplifier tubes.
Tubes suitable for class-AB 1 operation at the higher power levels
are expected to be available in the relatively near future.

""j]]

A 1,000-"\iVAT1' AMPLIFIER
While the circu it configurations and physical layouts of classAB1 and -AB2 linear RF power amplifiers are similar, the exact
design values wilJ depend on the type of tube selected and
tbe desired class of operation. The 1,000-watt class-AB 1 amplifier to be described in this section is a good example of modern
design practice. The tube selected for this particular application
is the 4CX-1000A, which has the desired rated plate dissipation
of 1,000 watts. However, the same electrical and mechanical
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Fig. 10-15. Constant-current characteristics and class-A6 1 data
for 4CX-1000A .

design considerations will generally apply to similar linear amplifiers which use other types of tetrodes or pentodes at the 1,000watt power level.
4CX-1000A
SSB
Rf INPUT 70
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APPROX .-60 \/OLTS)

Fig . 10-16. Input circuitry of 1,000-wall RF amplifier using 4CX-1000A.
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The 4CX-1000A is a radial-beam tetrode of ceramic and metal
construction and is designed especially for class-AB 1 linear RF
power-amplifier service. At its rated maximum plate voltage of
3,000 volts, it is capable of producing 1,680 watts of peak-envelope
power. This tube is also suitable for use as an AF power amplifier. Two 4CX-1000A's operating in class-AB1 will produce 3,360
watts of audio power with very low distortion . .Forced-air cooling must be used for the anode and other ceramic-to-metal seals.
The heater, screen, and control-grid leads are brought out to a
special breechblock base and terminal arrangement. The tube
requires a special socket as shown in Fig. 10-14. The constantcurrent characteristics and operating conditions for a typical
class-AB, linear RF amplifier are shown in Fig. 10-15.

x
150VAC X 8
70MA

/

---- X

INSULATED FROM
CllASSIS GROUND

3K 2W

I.SK

2W
NOTE '.
( 11 PRIMARY OF T3 MUST BE
CONNECTED ACROSS 4CX-1000 A
FILAMENT TRANSFORMER
PRIMARY WINDING .
(2) SWITCH SW·I IS CLOSED DURING
BIAS VOLTAGE ADJUSTMENT.
OPEN AT ALL OTHER TIMES.

SW·I
SEE
NOTE (2)

5.GK
2W

TO 4CX- IOOOA
CATHODE

TO BIAS
CONTACT S ON
ANTENNA
RELAY

Fig. 10·17. Voltage-regulated bias supply .

The 4CX-1000A has a maximum grid dissipation rating of zero
watts. This means that the grid must never be allowed to be
driven into the positive region. In Fig. 10-16, the grid circuit is
loaded by 50-ohm, 40-watt resistor Rl. The value of Rl is such
that the RF output from the Exciter (the SSB transmitter) will
barely drive the 4CX-1000A grid into conduction. With normal
plate, screen, and grid voltages, the plate power input of the
amplifier will exceed the legal limits for the amateur service before
grid current is drawn. As shown in Fig. 10-16, an RF voltmeter is
included in the input circuit for monitoring the level of the
driving signal. \i\lhen the DPDT switch is thrown the meter
will also indicate the presence of grid current during adjustment
of the amplifier circuit.
Fig. 10-17 shows the voltage-regulated grid-bias supply for the
amplifier. The grid will require approximately - 60 volts for
class-AB 1 operation. The actual bias-voltage value must be
208

adjusted to obtain the listed zero-signal plate current. As shown
in Fig. 10-18, the OB2 voltage-regulator tube is connected across
voltage divider R3-R4-R5. R4 is a 3,000-ohrn, 2-watt wirewound
pot used to adjust the negative bias applied to the grid of the
tube. While the nominal bias value is given as -60 volts, in
actual operation the bias value is adjusted to give the specified
zero-signal DC plate current. During the standby period, H6
is included in the voltage-divider network, and the resultant
bias is sufficient to cut off plate current. During the operating
period, however, R6 is short-circu ited by the bias contacts of
the antenna relay. As a result the grid bias is restored to the
normal operating value. If the static plate current of the amplifier
were permitted to Bow during the standby period, a high level
of background noise would be d eveloped in the station receiver,
but the bias voltage is automatically changed by the VOX control
system to prevent this.
Although the maximum rated power dissipation for the
4CX-1000A screen grid is 12 watts, the screen power should be
kept well below this level. The actual screen dissipation is somewhat difficult to measure accurately, because a reversed ( negative) screen current may be present under certain operating
conditions. At lower values of plate potential, negative screen
currents on the order of 25 milliamperes may be encountered.
The product of the peak screen voltage and the indicated DC
screen current will approximate the screen input power, except
when the screen current is near zero or negative. According to
the tube manufacturer, experience has shown that the screen will
operate within the limits established for the 4CX-1000A if the
screen current, plate voltage, and drive voltage approximate the
"typical operation" values.
It is important that the screen supply voltage be maintained
constant for any values of negative and positive screen currents
that may be encountered. If the screen power supply exhibits a
rising voltage characteristic with negative screen current, the
DC plate current may rise excessively. The screen voltage can
be stabilized by one of several different methods. The simplest
is to connect a bleeder resistor from the screen to the cathode,
and to adjust its value so that about 70 to 80 ma of bleeder
current is drawn when 325 volts is applied to the screen. The
4CX-1000A screen voltage may be taken, if desired, from a 325volt source in the low-power stages of the transmitter, provided
the voltage is stabilized by a constant current drain of at least
70 to 80 ma.
Fig. 10-18 shows the screen power supply actually used with
the 4CX-1000A linear amplifier. Tl is designed for audio-amplifier
209
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power-supply service; and the secondary winding produces 830
volts AC, center-tapped, at 200 ma. Notice that a separ;ite filament
transformer, T2, is used for the 5U4G. Its primary terminals are
connected in parallel with the primary terminals of the 4CX-1000A
filament transformer (not shown) . If the transformer used for
Tl has filament windings, they should not be used since the
primary voltages of Tl m·ust be controlled simultaneously with
that of the high-voltage plate transformer. This precaution is
necessary, to prevent damage to the 4CX-1000A screen by the
accidental application of screen voltage in the absence of plate
voltage. A Stancor PC-8301 can be ·used for Tl, and T2 can be
a Stancor P6467.
Filter choke Ll is a Stancor Type C-1001 and is rated at 10.5
henrys at 110 ma. The filter choke is followed by an electrolytic
capacitor rated at 40 mfd and 500 volts. The 500-ohm 25-watt
resistor ( Rl ) and the second electrolytic capacitor ( C2) provide additional filtering action. The relatively large value of C2
is necessary to provide good regulation during peak excursions
of the screen current.
The DC output voltage is regulated by means of the four
OD3 ( VR150) regulator tubes. The unusual circuit arrangement
of these tubes is necessary, to prevent one or more of them
from extinguishing during operation. It is extremely important
that the regulators function during all conditions of negative
or positive screen-current How. The regulation may be measured
by connecting a 0 to 100 DC milliammeter in series with the
ground return of VR3 and VR4 and observing the tube current
operation. When the linear amplifier is in the standby condition,
the regulator tube current should be approximately 60 ma. If the
current value is higher or lower, one or more regulator tubes may
be defective, or it may be necessary to increase or decrease the
values of Hl, R4, and R5 until the proper current is indicated.
W11en the linear amplifier is driven, the regulator current will decrease. If it falls to zero, this indicates excessive screen current
and loss of regulation. It is imperative that the cause of this condition be corrected before operation is continued.
The 4CX-1000A has a relatively low plate impedance, which
varies considerably with different values of plate voltage. Table
10-2 shows the typical operating concUtions for two 4CX-1000A
tubes in class-AB 1 audio-amplifier service. With the plate at
3,000 volts, the plate-to-plate load is given as 3;450 ohms. When
one tube is used as a class-AB1 with 3,000 volts on the plate, the
plate load will be in the vicinity of 1,725 ohms. For a plate
voltage of 2,500 volts, the plate load for a single 4CX-1000A
will be on the order of 1,200 ohms.
2ll

Table 10-2.
Typical operating conditions for two 4CX·1000A tubes in Class AB 1
audio amplifier service.
MAXIMUM RATINGS
3,000
400
1.0
1,000
12
0

DC Plate Volta ge
DC Screen Voltage
DC Plate Current
Plate Dissipation
Screen Dissipat'ion
Grid Dissipation .

Volts
Volts
Amp
Watts
Watts
Watts

TYPICAL OPERATION (Sinusoida l w ave, two tubes unless noted)
DC Plate Voltage
DC Screen Voltage
DC Grid Vol tage 1
Zero-Signal DC Plate Current
Max .·Signal DC Plate Current
.Zero·Signal DC Screen Current*
Max-Signal DC Screen Current•
Effect ive Load, Plate-to-P late
Driving Power
Max·Signal Plate Output Power

* Approxima te va lues.

1

2,000
325
~60

500
2.0
- 4

70
1,650
0
2,040

2,500
325
-60
500
2.0
- 4
70
2,400
0
2,900

3,000
325
- 60
500
1.8

- 4
70
3,450
0
3,360

volts
volts
volts
ma
amps
ma
ma
ohms
watts
watts

Adjust grid bias to obta in listed zero-signal plate current.

The low plate impedance means that the plate tank capacitor
will be large in value, and that the inductance value will be
smaller. At 3.5 me, a tank capacitor of approximately 330 mmf
will be required in order to maintain the proper tank circuit Q.
Since the peak voltage rating of the plate tank capacitor should
be at least 5,000 volts, an air-dielectric variable capacitor of
the proper capacitance and voltage ratings will be very large
physically. In the amplifier described here, the problem was
solved by the use of a vacuum variable plate-tank capacitor.
The unit actually used is a Jennings Type UCS 400, which has
a lJeak rating of 7,500 volts. Its RF ctment rating is 42 amperes.
As shown in Fig. 10-19, the capacitance range of 10 to 400 mmf
is provided by approximately twenty-five turns of the control
shaft.
The plate tank inductance may be wound from %-inch
copper tubing and tapped to give the proper inductance for the
various amateur bands, or a heavy-duty rotary coil may be
used instead. The B & \V 852 bandswitching ti.met inductor is
designed especially for the low-impedance 4CX-1000A plate
circuit. When a tapped plate coil is used, the bandswitch must be
a heavy-duty type wi th ceramic insulation and be capable of
carrying at least 20 to 25 amperes of RF current. The most
212

common source of supply for such switches is the government
surplus market.
The rotary inductor and the tapped plate coil contain a considerable amount of distributed capacitance between turns.
At the higher frequencies, this distributed capacitance makes
it extremely difficult to maintain the proper Q in the plate
tank circuit: To overcome the effects of distributed capacitance,
a small-diameter coil consisting of four or five turns of heavy
copper tubing is inserted in series with 'the main tank inductance and plate tank capacitor. The smaller coil is usually
mounted at a 90° angle to the axis of the larger coil. It should
be four or five inches away from the metal chasis.
Z5
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Fig . 10-19. Capacitance values versus control-shaft turns of Jennings UCS-10-400 vacuum variable c1pacitor over the SO- to
400·mmf range.

It is important to keep the internal RF resistance of the
plate tank circuit as low as possible, to prevent excessive loss
of output power. That portion of the amplifier plate circuit
indicated by the heavy lines in Fig. 10-20 should be wired with
1/4-inch copper tubing or strnp. Thoroughly clean all connections
with steel wool, and bolt them together with 6-32 brass machine
screws and nuts. Solder each connection, using a good-quality
radio solder and a high-wattage soldering iron. Take enough
time to do a good job-a poorly soldered connection in the plate
tank circuit will not only cause the tank coil to overheat, but
will waste precious output power. Do not depend on the soldered
connection for mechanical support of the copper tubing leads.
During normal operation, a considerable amount of heat will
be generated in the amplifier compartment. Over an e~1:ended
period of operation, the heat may soften or melt the solder at the
tank circuit connections. If the tank circuit should become open,
213

l>O
.....

ROTARY
INOUCTOR

ti>-

4 TURNS 114" COPPER
TUBING 3"0IA.<1"l.ONG

4CX-1000A

TO RECEIVER

~
7

sse

...
~·

.oo1

RF

"~'

""

70- IOOW PEP
@

1

SM

I(

'

1

\

~

I

1

-:-

1

" '"
~

I
I

~

*RFC 2

?

...n

ACROSS
METER

~

§

I
I
I

I

HEAVY
CONDUCTOR

II

T!SOO'

.MM!

>

20

KV

;·

I N66

•
!:

.,,..."'
0
~

~

..3

~

;;;
~

Bl.OWER
!50 CFM
MINIMUM

*SEE TEXT

~

l
-BIAS VOLTAGE
(ADJUSTABLE)

I

~

-SCREEN
+BIAS
VOL.TAG£
(300 V)

II~

VAC

i SCREEN
VOLTAGE
(300V)

0-1 MA
DC
OUTPUT I
RF
O VOLTMETER

+ 3000 V

.01
MFO

47"
IW

~

TO BIAS SUPPLY
TO EXCITER
(CONNECT
VOX RELAY 8
28 V DC SUPPLY
ACROSS R6)

during the operation of the amplifier, the 4CX-1000A tube is
quite likely to be ruined.
The plate coupling capacitor must have a sufficiently high voltage rating to safely pass the heavy RF plate current without
overheating or breaking down. A satisfactory coupling capacitor
can be made up from four 500-mmf, 20K-volt television highvoltage capacitors connected in parallel. Fig. 10-21 shows the
location of the 2,000-mmf "sandwich." Do not use two 1,000-mmf
capacitors in parallel; all four units are i-equired in order to
pass the heavy RF current.

Fig. 10-21. Rear view of 4CX-1000A linear RF power amplifier
s howing th e fou r 500-mmf capacitors.

The plate RF choke is designed especially for use with shuntfed pi-network tank circuits and offers a high impedance at all
frequencies between 3.5 and 31 me. The RF choke used in
Fig. 10-20 is a Raypar RL-100, which has a DC rating of 800
ma. Fig. 10-22 shows its proper placement and mounting. The
"hot" RF lead from the choke top terminal to the tube plate
and the coupling-capacitor "sandwich" must be dressed away
from the choke winding at an angle of not less than 90° If
copper strap or tubing is used for the plate lead, it should be
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moµnted under the terminal screw above the metal cap. The
high-voltage end of the choke is bypassed to ground by a
standard 500-mrnf 20K-volt capacitor.
T he rated heater voltage for the 4CX-1000A is 6.0 volts. The
heater current drain is 9.5 amperes minimum and 11.5 amperes
maximum and the minimum heating time is three minutes. The
heater voltage, measured at the tube socket, should never be
allowed to exceed ±5% of the rated value. The filament transformer in this amplifier is the Chicago Standard Transformer
Type P-6463, which has a number of primary-winding taps. When
the appropriate primary taps are used, the secondary voltage
can be adjusted to exactly 6.0 volts. The P-6463 secondary

-----.... '

Fig. 10.22. Placement of RL· 100 RF choke.

winding is rated at 13 amperes. It is recommended that the
heater voltage be applied for not less than three minutes before
other operating voltages are applied. From an initial cold condition, tube operation will stabilize after approximately five
minutes.
Sufficient air cooling must be provided for the anode and
ceramic-to-metal seals of the 4CX-1000A to maintain operating
temperatures below the rated maximum values. The rated maximum temperature value of the ceramic-to-metal seals is 200° C.
and of the anode core, 250° C. An air-flow rate of 28 cubic
feet p er minute (with inlet air temperatures up to 40° C. ) will
be adequate for operation at maximum rated plate dissipation
at sea level. Under these conditions, 28 cubic feet per minute
of air flow corresponds to a pressure difference across the tube
and socket of 0.25 inch of water column. Experience has shown
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that for reliable long-life operation, the cooling air flow must
be maintained during standby periods when only the heater
voltage is applied to the tube. In this amplifier, the blower-motor
winding is connected across the primary of the filament transformer; thus, air is applied to the tube seals simultaneously
with the application of the heater voltage.
If there is any doubt about the adequacy of the supplied
cooling, remember that operating temperature is the sole criterion
of cooling effectiveness. Surface temperatures may be easily
and effectively measured by using one of the several temperaturesensitive paints or sticks available from chemical or scientific
supply houses. \iVhen these materials are used, extremely thin
applications must be made. Otherwise they would interfere with
CSTC R-67 35A ,
6 HY 700 MA IOK\I

INSULATION

CSTC FH-520HB
IOKV INSULATION

~

RESONANT TO
120 CPS

872

12 MFO

I.,,. 'IOOOV

6800VAC

CT 800 MA

fig. I 0·23. 3,000·volt DC supply.

the transfer of heat from tube to air stream, and this would
cause inaccurate indications. The anode cooler should be inspected periodically and cleaned when necessary to remove
any lint or dirt which might .interfere with effective cooling.
Fig. 10-23 shows a 3,000-volt DC power supply suitable for
use with the 4CX-1000A linear RF power amplifier. The high217

voltage transformer is the Chicago Standard CSTC Type P-4353,
rated at 600 ma DC for CCS and 800 ma DC for I CAS. If it is
desired to operate the 4CX-1000A at 2,500 volts on the plate, the
CSTC P-8035 will be suitable. This transformer is rated at 500
ma DC for CCS and 575 ma DC for ICAS. The use of lowervoltage plate power transformers to obtain a DC working
voltage of 2,500 or 3,000 volts is not recommended in bridgercctifier ciJ:cuits unless the transformer is specifically designed
for such circuits. In most cases, the center-tap connection to the
high-voltage secondary \v:ill Jack sufficient insulation to permit the
use of the average plate power transformer in tbe bridgerectifier circuit.
Two type 872-A half-wave mercury-vapor rectifiers are used,
each with a rated filament voltage of 5.0 volts and a fil ament
current of 7.5 amperes. In a full-wave single-phase circuit, such
as that of Fig. 10-23, two 872-A tubes are capable of a maximum DC current output of 2.5 amperes. The filament transformer
rcqufred for the two high-voltage rectifier tubes is the CSTC
Type FH-520HB, which has a secondary rating of 5.0 volts at
20 amperes. The secondary winding must be insulated for at least
10,000 volts to ground.
The 4CX-1000A linear amplifier will present a widely varying
load to the DC plate supply. During the standby period, the
power-supply load will be reduced to that of the bleeder resistor
only. When the amplifier is delivering full output power to the
antenna, the load across the power supply wil1 be only a few
thousand ohms. However, during normal operation the load will
continuously vary from the standby to full-load condHions. Unless the power-supply regulation is very good, the effective
linearity of the amplifier will b e so poor that the output signal
will contain a high percentage of distortion products. In general,
a 3,000-volt plate supply for a high-power linear ampHfier-such
as that described here-must not vary more than 200 volts behveen the extremes of no-load and full-load conditions.
It is possible to obtain satisfactory voltage regulation of a
high-voltage power supply by a number of methods. However,
the simplest and least expensive is to resonate the filter choke
to approximately 120 cycles, as shown in Fig. 10-23. At resonance,
the effective impedance of the Siter choke to voltage changes
will be increased by a factor equal to the Q of the choke. A
10-henry choke, for example, with a Q value of 3.0 will appear as
30 h enrys when tuned to resonance. Another important advantage gained by resonating the £i1ter choke is that a smallervalued, and hence less expensive, output filter capacitor may
be used.
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This method of voltage regulation, however, requires the use
of quality components. The filter choke must have a low DC
resistance and be constructed of good-quality iron in order
to provide a high Q value. The inductance of an ironcore choke varies with the DC current which passes through
its winding; this variation can be minimized b y the use of a
large air gap, as in a smoothing-type filter choke. The maximum
DC current rating of the choke should be at least 100 to 200
ma higher than the average DC current drawn by the linear
amplifier during normal operation. The choke (and its resonating capacitor) must have a h igh breakdown voltage rating,
since the resonant voltage across the winding will be quite
high. The recommended voltage rating of the choke and capacitor is at least two or three times the DC supply voltage.
The CSTC R-67 filter choke, shown in Fig. 10-23, bas a DC
resistance of 35 ohms and is rated at 6 henrys at a maximum DC
current of 700 milliamperes. The insulation is rated at 10,000
volts.
Resonating capacitor Cl is an oil-filled type. Its 0.15-mfd,
7,500-volt value was found to be correct when used with the
R-67 choke. If the exact inductance of the choke is known at the
average operating DC current, dividing 1.77 by the inductance
value will give the value of Cl in microfarads. However, the
exact value of the capacitor can better be determined by the
"cut and try" method, since the inductance of the choke will vary
somewhat with the changes in DC current. The usual procedure
is to operate the DC supply with no load other than bleeder
resistor Rl. Then several values of Cl are tried until a value
is foun d which gives the lowest DC output voltage. Since filter
chokes usually do not have a very high Q, the correct value of
Cl will not be extremely critical. When the optimum value of
Cl is found, the value of Rl may be decreased, if necessary,
until the output DC voltage is approximately 90% of the input
rms AC voltage. If the DC voltage is already at this value, the
value of Rl is increased to the point where the DC output voltage begins to rise sharply with small changes in the bleeder
resistance. 'Vhen th.is point is reached, the resistance of Rl is
the maximum which can be used and still obtain satisfactory
voltage regulation.
The linear RF power amplifier described above, a 1,000-•vatt
class-AB 1 unit, is suitable for consb·uction by a technically qualified amateur. The design has been thoroughly proved in actual operation on the various amateur bands. The quality of the output
signal will compare favorably with that of most better commercial
amplifiers of similar d esign and power capabilities. However,
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a number of features included in the better commercial ampli£ers would be difficult for the average amateur to incorporate
in a home-built unit. An excellent example of a well-designed
commercial linear RF power ampli£er will be described in
the next section.

THE COLLINS 308-1
The ColJins 30S-l linear RF power amplifier is capable of
maximum legal input power on any of the frequencies between
3.5 and 29.7 me. It can be operated at full power input in
either CW or single-sideband service with any exciter (such as
the 32$-1) capable of 80 watts PEP output.
Fig. 10-24, shows the general circuit and control arrangement of the 30S-l. Although a 4CX-1000A tube is used, the
circuit arrangement is entirely different from that of the ampli£er described in the preceding section. In the 30S-l, the
4CX-1000A control grid is grounded for RF by a 220-mmf
capacitor, and the screen is connected directly to ground. The
plate, screen-grid, and control-grid supplies are connected in
series. The junction between the plate and screen supplies is
grounded through the screen-current meter shunt. This arrangement places the cathode at negative potential with respect to the
screen grid. The bias supply is connected between the cathode
and control grid. Provisions are included for RF negative
feedback to improve linearity, ~nd for automatic load control
( ALC) to prevent overdrive.
As shown in Fig. 10-25, exciter RF is applied through
a series of pi-network broad-tuned circuits, to the cathode of the
4CX-1000A. The input impedance of the cathode is approximately
100 ohms, and the S-line exciters have an output impedance of 50 I
ohms. To match the two, an ingenious method is used which is
a combination of the interconnecting coaxial cable and pi-network
arrangement in the amp lifier cath ode circuit. A 20.5-foot cable
is supplied with the amplifier. This cable length, and the 30S-l
tuned input circuits, are such that even multiples of 180° phase
shifts will be provided between the driver plate and poweramplifier grid. Even multiples are necessary b ecause modulation
components change the amplifier cathode impedance, and this
change is translated into a shift in reactive impedance at the
driver plate. This shift in impedance phase modulates the driver
and in turn increases the total over-all distortion of the system.
The pi-networks are automatically switched when the bandswitch of the plate tank circuit is changed from one band to another.

I
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The plate circuit of the power amplifier is tuned by a pinetwork consisting of Cl20, Ll09, Ll04, Cl21, and Cl22. Cl21
and Cl22 are ganged together and are adjustable so that the pinetwork can be matched to the antenna circuit impedance. Plate
tank capacitor Cl20 can be adjusted to make the tank circuit resonant to the operating frequency. The RF output from the plate
tank is connected, through KlOl, to the antenna when the control
circuits are switched to the "transmit" function.
T he 30$-1 amplifier contains both automatic load control
( ALC ) and RF negative feedback. ALC is a type of compressor
circuit operating at radio frequ encies. The modulation envelope
is detected by rectification in the 4CX-1000A control-grid circuit.
The RF component is then filtered out by Ll08 and Cl40, and the
audio remaining is applied to the primary of Tl02. The lower end
of the primary is b ypassed to ground for RF by Cl28, and the DC
return lead is connected to the - 60-volt bias supply. Tl02 is a
small l : 1 ratio atidio transformer with primary and secondary
impedances of 10,000 ohms each.
From the secondary of Tl02, the audio signal is applied to
ALC rectifier V203, which is connected as a voltage doubler.
Here the audio is rectified to produce a negative control voltage·
which is a function of the modulation level. The negative voltage
fed back from V203 to the ALC lino of the exciter produces approximately 3 db of override control. R234, in series with V203
heater, reduces the no-signal DC level caused on the ALC line
by the tube contact potential. Otherwise, this no-signal DC level
might result in a delay voltage on the exciter ALC bus line.
The 3 db of ALC override control produced in the 30S-l acts
to reduce the exciter RF gain and thereby helps keep the drive
level sufficiently low that the power amplifier is prevented from
being driven into distortion.
A fixed amoun t of RF, fed back from the output to the input of
the power amplifier by means of Cl03, produces a high degree of
linearity in the amplified signal. ~!though there is no p hase inversion between the cathode and plate circuits of a cathode-driven
RF amplifier, there is between the cathode and grid circuit (provided the grid is not completely bypassed for RF ) . The feedback
voltage will therefore be out of phase with the grid RF voltage.
Cl03 and Cl04 form an RF voltage-divider circuit that maintains
the RF feedback voltage at the proper amount.
Three DC power supplies and three AC filam ent supplies are
included in the 30S-l. The power supply may be connected to a
115-volt, single-phase source; but a 230-volt, three-wire, singlephase source is recommended. High-voltage plate transformer
T201 has two primary windings, which are connected in parallel
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for 115-volt operation and in series for 230-volt operation. The
12-volt AC £lament winding of the bias supply transformer, T203,
supplies current for the heater of ALC rectifier V203, the pilot
lamps in the two indicating meters, and those which light the two
dials. This transformer also supplies current for relay power.
The bias-voltage winding of transformer T203 is connected to
selenium diodes CR207 and CR208 in a full-wave rectifier
circuit that provides negative grid-bias voltage for the 4CX-1000A
power-amplifier tube. The heater of three-minute time-delay
relay K202 is supplied power from the l15-volt AC connections
which also furnish power to filament transfonner T202 in the
hjgh-voltage rectiller circuit. Filament transformer Tl03 supplies
AC power for the heater of thermal overload relay Kl02. Taps on
the primary of high-voltage plate transformer T201 are switched
to provide the different voltages necessary for the power amplifier in CW or single-sideband operation. The high-voltage plate
supply uses two type 3B28 rectifier tubes connected in a fullwave rectifier circuit and the screen grid supply uses eight
1Nl492 silicon diodes in a full-wave bridge circuit. In the screen
supply each rectifier is paralleled with a .001-mfd capacitor to
protect it against high transient voltages.
Thermal overload relay Kl02 protects the 4CX-1000A from
overdissipation and loss of cooling air. Its bimetallic strip has
contacts connected in series with the interlock system. The
thermal overload switch is located in the airstream from the
4CX-1000A tube. Current from Tl03 is passed through the heater
of the thermal overload relay to keep the temperature of the
heater just below that necessary to operate its contacts. If the
airstream fails, the temperature of the bimetallic strip increases,
openfog the interlock circuit and thus removing the voltages from
the 4CX-1000A. Also, if the plate dissipation of the tube is excessive, the higher temperature of the air stream will cause Kl02
to operate and break the interlock circuit.
In any amplifier using the 4CX-1000A, the various heater, bias,
screen, and plate voltages must be applied and also removed in
the proper sequence. In the 30S-l, when switch S202 is closed,
115-volt AC is applied to the heater of time-delay relay K202.
After three minutes, the bimetallic contacts of the relay will
close. (These contacts are in series with the interlock circuits and
the coil of plate contactor K203. ) When the "on" push button is
depressed, plate contactor K203 is energized and its contacts will
also close, applying power to step-start relay K201 through CR205.
C203, connected across the coil terminals of step-start relay K201,
requires a fixed charging time to rise to a high enough potential
to energize the relay. When this time has elapsed K201 energizes
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and shorts out step-start resistors R201 and R233. (These resistors are wire-wound, 100 watts, and have a value of 8.2 ohms
each. ) Until relay K201 has closed, all power applied to T201
has been dropped through the two step-start resistors. In this
manner, the high-voltage power 11upply starts at a low primary
voltage and, after the step-start cycle has elapsed, switches to
full voltage. This allows time for partial charging of C207 and
C208 before application of the full secondary voltage to the 3B28
rectifier plates. During this time, the rectifier tubes arc protected from high peak currents. High-voltage filter capacitors
C207 and C208, which are 4 mfd each and rated at 3000 volts
DC working voltage, are connected in parallel to provide a
total capacitance of 8 mfd. R215, connected between the two
filters and the negative hig h-voltage terminal, limits the inrushing current to the capacitors when power is first applied. The
8-henry filter, L202, is resonated to 120 cycles by C206 in order to
improve the DC voltage regulation. The bleeder for the highvoltage supply consists of three wirewound, 100-watt resistors,
of 18,000 ohms eacb, connected in series across the 3000-volt
output terminals. High-voltage shorting switch $206, which is
part of the safety interlock system, protects the operator from
accidentally corning in contact with the 3,000 volts.
The amplifier cabinet cover and the power-supply front
door operate safety interlock switches for operator protection.
When the top cover is opened, interlock switch Sl03 breaks the
circuit to the coil of plate contactor K203 and thereby removes
all high voltages from the amplifier. Likewise, when the powersupply compartment ( lower) door is opened, S205 breaks the
same circuit and removes all high voltages. Both interlock
switches are mechanically interlocked with switches which short
out the high-voltage filters at the same time the interlock circuit
opens. $103 is mechanically ganged with shorting switch $101,
and S205 with $206. Without the shorting switches, the highvoltage charge would remain on the fllters if one or more sections of the bleeder resistor were to open. It must be emphasized
that an 8-mfd filter capacitor charged to 3000 volts (or possibly
higher, if the bleeder were open) could be fatal if you should accidentally come in contact with its terminals. Never attempt to
defeat the purpose of the interlock switches. Always remember
that the voltages in this equipment are sufficiently high to kill
instantly.
Both of the linear power amplifiers described in the two
preceding sections are designed around the characteristics of
the 4CX-1000A ceramic tetrode. When other types of tubes are
used, the basic amplifier design must be modified to conform
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with the requirements of the tube used. The 4CX-1000A has
been selected as a good example for tetrode or pentacle linear
radio-frequency amplifier design because its requirements, particularly those of the control-grid and screen-grid circuits, are
somewhat more stringent than those of most similar tubes of
the 1,000-watt class.

GROUNDED-GRID CLASS-B
The simplest linear RF power amplifier uses either a high-mu
power triode or a triode-connected tetrode in the groundedgrid circuit configuration. In addition to their comparative simplicity, these amplifiers are almost foolproof in operation since
no tricky bias or screen -voltages ordinarily are required. However, in spite of the fact that they have been in use for many
years, their exact operating characteristics are not widely understood. The tubes most amateurs use in grounded-grid amplifiers
are the 811 and 813. Tube manufacturers have been very reluctant
to endorse the use of their tubes in this manner, however, since
the grid dissipation ratings were almost always exceeded.
During the past few years, a number of high-mu. power triodes
have been developed especially for use in grounded-grid class-B
service. Included in this new group are the Eimac 3-400Z and
3-10002 , and the Penta PL-6569 and PL-6580..
The Eimac 3-4002 is a compact power triode intended for
use as a zero-bias class-B amplifier in either auclio or RF
applications. Operation with zero bias simplifies the associated amplifier circuitry since no grid-bias voltage supply is
required. In addition to the circuit simplification, the use of
grounded-grid circuitry is attractive from the viewpoint of
power gain. When the 3-4002 is used as a cathode-driven linear
amplifier, for example, a power gain as high as twenty times
is possible.
The 3-400Z has a thoriated tungsten filament which operates
from 5.0 volts and bas a current drain of 14.5 amperes. Its
special five-pin base is designed for use with the Eimac SK-400
air-system socket. The Eimac SK-416 chimney should also be
used for most effective cooling. Maximum operating temperatures are 225° C. for the plate seal and 200° C. for the base
seals. When the recommended socket and chimney are used,
the minimum air-flow rate required in order to provide adequate
cooling, at an inlet air temperature of 25° C., is 15 cubic feet
per minute at a static pressure of approximately 0.40 inch of
water, as measured in the socket at sea level. Cooling air
must be supplied to the tube even during standby periods.
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Air-flow rates in excess of the n11mmum requirements will, of
course, prolong the life of the tube.
The average amplification factoc of the 3-400Z is 200. The
maximum ratings for use in grounded-grid, class-B linear RF
power-amplifier service are 3,000 volts of DC plate voltage,
400 ma of plate cmrent, 400 watts of plate dissipation, and 20
watts of grid dissipation. The upper-frequency limit for the
maximum ratings is llO me. Typical operating data for plate
voltages of 2,000, 2,500, and 3,000 volts are given in Table 10-3.
~fost "typical operation" data are obtained by calculation from
the published characteristic curves and con.firmed by direct tests.
No allowance for circuit losses, either input or output, has been
made. Exceptions are distinguished by a listing of "useful" as
Tab le 10·3.
Operating data for an EIMAC 3·400Z used in grounded· grid linear RF amplifier service.

DC Plate Voltage
Zero-Signal DC Plate Current
Max-Signal DC Plate Current'
Max-Signa l DC Grid Current •
Driving Impeda nce
Resonant Load Impedance
Two-Tone DC Plate Current
Two-Tone DC Grid Current
Mox-Signal Driving Power
Pea k Envelope Plate Output Power
Peak Envelope Useful Output Power
Inte rmodula tion Distortion Products Below
PEP Level

2,000
62
400
148

..

2,750
265
87

..

2,500
73
400
142

-

..

3,450
274
82

..

--* •

--

-445

- - **
560

-40

-35

3,000
100
333
120
122
4,750

--* *
--* *
32
655

--..

- ··

volts
ma
ma
ma
ohms
ohms
ma
ma
watts
watts

db

• Single-tone conditions.
'• Data not available.
Zero-signal DC p late-current values are approximate only. Adjust for best linearity
of output RF envelope.

opposed to "plate" output power. The values appearing in Table
10-3 have been obtained from existing equipment and the
output power has been measured at the load. The typical
constant-current characteristics for the 3-400Z power triode are
shown in Fig. 10-26. These curves \'Jill be useful for calculating
operating conditions which diHer from those in the table.
The 3-lOOOZ is similar to the 3-400Z described above except
for its higher power ratings. The 3-lOOOZ includes a thoriated
tungsten filament which operates at 7.5 volts with a current
drain of 21.3 amperes. The base is a special five-pin type
designed for use with the Eimac SK-500 air-system socket. The
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recommended chimney is the Eimac SK-516. The maximum
operating temperatures are 225° C. for the plate seal and
200° C. for the base seals. When the recommended socket and
chimney, are used, at least 20 cubic feet of air per minute
must flow, at a static pressure of approximately 0.15 inch of
water (as measured in the socket at sea level), in order for
adequate cooling to be provided at an inlet air temperature
of 25° C. Above 30 me the required air flow is increased to 30
cubic feet per minute at a static pressure of approximately 0.35
inch of water, (as measured in the SK-500 socket). Cooling air
must be supplied to the tube even during standby periods. As
before, higher-than-minimum air-flow rates will prolong tube Hfe.
'
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Fig. 10·26. Constant·current characteristics for Eimac 3-400Z.

The average amplification factor of the 3-10002 is 200. The
maximum ratings in grotLnded-grid class-B service are 3,000
volts of DC plate voltage, 800 ma of DC plate current, 1,000
watts of plate dissipation, and 50 watts of grid dissipation. The
upper-frequency limit for the maximum ratings is 110 me. Typical
operating data for plate voltages of 2,500 and 3,000 volts are
given in Table 10-4. The terminal connections for both the
3-400Z and 3-10002 are given in Fig. 10-27. The typical constantcurrent characteristics for the 3-lOOOZ are shown in Fig. 10-28.
For greatest linearity and power output when either the
3-400Z or 3-10002 is operated as a grounded-grid linear RF
power amplifier, a resonant tank is recommended in the cathode
circuit. With a single-ended amplifier configuration, it is suggested that for best results the cathode tank circuit be designed
to operate at a Q of 5 or more.
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Table 10·4.
Operating data for an EIMAC 3-lOOOZ usod in g rounded-grid linear RF
amplifier service.

DC Plate Voltage
Zero·Signal DC Plate Current
Max-Signal DC Plate Current••
Max-Signal DC Grid Current. .
Driving Impedance
Resonant Load Impedance
Max-Signal Driving Power ..
Peak Envelope Plate Outpu t Power**
Single·Tone DC Plate Current
Sing le-Tone DC Grid Current
Two-Tone DC Plate Current
Two-Tone DC Grid Current
Intermodulation Distortion Products
Below PEP Level
Peak Envelope Useful Output Power

2,500
162*

3,000
240*
- - *** 670
300
-55
1,700
2,650
65
- - *** 1,360
800
254
-550
147
--

--···...
...

---

-35
1,050

--

--

volts
ma
ma

ma
ohms
o hms
walls
watts

ma
ma
ma
ma
db
walls

• Approximate va lue. Ad jus t for best li nearity of output RF envelope.
• • Sing le-tone conditions.

*** Not available.

The PL-6569 power triode is designed especially for groundedgrid, class-B service as a linear RF amplifier. This tube has a
plate power-dissipation rating of 250 watts. The average amplification factor is 45. A small amount of negative grid-bias
voltage will be required for class-B operation. The control grid,
however, is at ground potential for the RF voltage. Because
of its relatively high amplification factor and perveance, the
PL-6569 will give power gains as high as 10 when used in the
TC

G~P
4G

G2

I

F

Fig. 10-27. Socket-te rminal connectio ns for the 3·400Z
and 3· 1OOOZ.

5
f

grounded-grid RF-amplifier circuit. The tube is provided with
effective internal shielding, and neutralization is not required in
most ordinary grounded-grid applications.
The PL-6569 uses a thoriated tungsten filament which operates
at 5.0 volts with a current drain of 14.5 amperes. The base is a
giant five-pin type with a metal shell. The recommended socket is
the Johnson 122-275, National HX-100, or equivalent. Forced-air
cooling of the base and its seals is required for all cJasses of
operation. Such cooling is normally provided by the use of a tube
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socket having holes which align with those of the base, and
by using a small fan or blower to pressurize the chassis on
which the tube is mounted. 'With an open chassis, the air stream
from a small fan or blower can be directed at the tube socket.
A minimum air flow of 5 cubic feet per minute is required
through the socket and base while filament power is being applied. When operation is confined to frequencies below 30 me convective air Aow will provide adequate cooling of the glass
envelope and plate seal. Above 30 me, the air stream from a
small fan or blower can be directed at the upper portion of
the tube envelope. In any event, the temperature of the plate
cap should never exceed 170° C. for any class of continuous
service.
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Fig. 10·28. Con$lant-current characteristic$ for 3·10002.

Fig. 10-29 shows a typical class-B circuit suitable for use ':vith
the PL-6569. Typical operating data for plate voltages of 2,500,
3,000, 3,500, and 4,000 volts are given in Table 10-5. The graph in
Fig. 10-30 shows the typical constant-current characteristics
for the PL-6569. From these curves, operating conditions for
plate voltages different from those in the table may be calculated.
In Fig. 10-29, the conh·ol grid is supplied only with DC bias;
RF is bypassed to ground. The RF driving signal is applied between the fi lament and ground, and the output power is taken
from pi-network output capacitor C4. The filament transformer
must either be of a low-capacitance type capable of a 15-ampere
current Bow at 5.0 volts, or be arranged so that suitable highcurrent RF chokes can be added between the transformer sec229
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Fig. 10-29. PL-6569 used in a grounded-grid class·B RF-amplifier ci rcuit.

ondary terminals and the filament terminals. The driving RF
voltage applied to the cathode circuit will appear in series
with the RF output voltage. This means that a portion of the
excitation power is transferred, through the tube, to the output
circuit. The portion of the output power "fed through" from
the driving circuit is related to the ratio between the tube
excitation voltage and the output voltage. The feedtbrough power
is minimized by using a tube with a high amplification factor,
Table 10-5.
Operating data for the PL-6569 used in grounded -grid linear RF amplifier service,
sin gle-sideband suppressed carrier.

DC Pla1e Voltage
DC Grid Volta ge
Zero-Signa l DC Plate Current
Ma x-Signa l DC .Plate Current
Max-Signa l DC Grid Cu rrent
Max-Signal Peak RF Driving Voltage
Max-Signal Driving Power (Approx.)
Max-Signa l Plate Power Input
Max-Signa l Pl ate Dissipation
Max-Signa l Power Output

2,500
- 65
40
300
80
180
70
750
250
550

3,000
- 75
35
265
50
170
60
800
250
600

3,500
-90
30
270
68
220
75
945
250
760

4,000
-1 05
24
250
42
205
60
1,000
250
800

volts
volts
ma
ma
ma
volls·
watts
wa11s
watts
walls

Maximum-signa l values are for peak condit ions, o r for single-tone modulation nl
full signa l.
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so that minimum RF grid voltage is required. Since the ratio
of RF output to excitation voltage is increased by using the
highest possible DC plate voltage, the amplifier power gain
is further improved.
Io addition to the feedthrough power, the RF driving source
must supply power for normal grid-driving purposes. This power
is dissipated in the tube bias supply and grid, before it can appear
in the output circuit. The power lost is ordinarily around two per
cent of the output power.
The average input impedance of the PL-6569 is given by the
formu la:

z

_ ( Peak RF driving voltage) ~

1
"""' -

2 x Driving power

Values of p eak RF driving voltage a nd power for a number
of operating conditions will be found in Table 10-5. For all
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Fig. 1°'30. Constant-current characte ristics of Pl·6569 tube .

practical pm·poses, however, the input impedance of the PL-6569
in the grounded-grid con£guration may be taken as 300 ohms.
T he constant-current characteristics of the t ube are shown in Fig.
10-30.
Fig. 10-31 shO\.VS the suggested pi-network capacitance and
inductance values for a network feeding the PL-6569 from a
"flat" 50-ohm coaxial line. The pi-network is composed of L l ,
Cl, a nd C2 in Fig. 10-29. RFC3 will be required only when no
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low-capacitance filament transformer is used. When a standard
filament u·ansformer and series-filament RF chokes are used,
the ground and negative high-voltage returns are usually connected to the center tap of the secondary winding. The output
tank circuit ( L2, C3, and C4) can be designed from the pinetwork data included earlier in this chapter.
As shown in Fig. 10-32, the grid of the PL-6569 terminates
in three base pins. The corresponding three socket terminals
should be connected together with a low-inductance lead, and
bypassed to chassis ground with another low-inductance lead and
a low-inductance capacitor (shown as C6 in Fig. 10-29. Multiple
bypass capacitors may be used, if desired, but ordi11arily are
not needed.

'

J I I

,

I

....

.I

..
:

Fig. 10·31 . Pi·network values for match·
ing input circuit of grounded-grid class·
S amplifier to flat SO·ohm line.

FREQUENCY, MC.

W hen the PL-6569 is used as a grounded-grid linear amplifier,
the loading presented to the driving source makes additional
swamping unnecessary. The typical operating conditions for
the PL-6569 as a single-sideband amplifier as given in Fig. 10-30
and Table 10-5, are for continuously applied sinusoidal modulation. Increased output may be obtained, without excessive plate
dissipation, by using the normal speech waveform of the singlesideband signal. When the modulation is intermittent and contains
a high ratio of peak to average power (as in the average singlesicleband signal), the plate loading and drive should be increased.
However, the average plate dissipation should not be allowed
to exceed 250 watts.
The PL-6580 power triode is similar to the PL-6569 except for
its higher plate dissipation rating. The PL-6580 includes a
thoriated tungsten filament which operates at 5.0 volts and a
232
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Fig. 10·32. Socket·tarminal connections of a PL-6569 tube.

cmrent drain of 14.5 amperes. The base is a giant five-pin
type with a metal shell. The recommended socket is a Johnson
122-275, National HX-100, or equivalent, operated in conjunction
with the PL-Cl glass-chimney socket cutout shown in Fig. 10-33.
The constant-current characteristics of the PL-6580 are shown
in Fig. 10-34 and its operating data given in Table 10-6.

• "01.A.

PL-Cl
CHIUN (Y

n
...

~J
Fig . 10·33. Socket chassis cutout and mounting data for PL-6569.
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Ta b le 10-0.
Operat ing data for the Pl-0580 used in g rounded·grid line or RF amplifier service,
singl e·sideband suppressed carrier.

DC Pla1e Vol1age
DC Grid Voltage
Zero-Signal DC Plate Current
Max-Signal
Max-Sig n a l
Max-Sign al
Max-Signal

DC Pla1c Curren1
DC Grid Curren !
Peak Rf Driving Voltage
Driving Power (Approx.)

Max-Signal Plate Power lnpul
Max-Signal Plate Dissipa1ion
Mox-Sign a l Power Outp ut

2,500 3,000 3,500 4,000 volts
-50 -70 -85 - 100 volts
45
40 ma
60
50
350
335
300
300 ma
95
65
65 ma
80
195
205
210
230 volts
75
72 watts
73
68
875 1,000 l,050 1,200 walls
320
335
335
350 w a lls
610
720
765
91 0 Wfl llS

Forced-air cooling of the seals at the base of the PL-6580 is
required in all classes of service. At least 5 cubic .feet of cooling
air per minute should be passed through the base. Where the
plate dissipation exceeds 250 watts, envelope cooling is also required. Adequate envelope cooling at 400 watts of plate dissipation requires 15 cubic feet of air per minute past the
envelope and across the plate seal. Proper distribution of the
air may be obtained by use of the PL-Cl chimney.
The power triodes discussed above are designed specifically
for grounded-grid linear RF amplifier service. In new equipment, it is generally desirable to use standard components
designed for the particular application wherever possible. However, grounded-grid amplifiers, particularly for amateur use,
there are a number of older tubes which will give satisfactory
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Fig . 10-34. Constant·current characteristics of PL-6580.
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results. Quite likely the average amateur already has some of
these tubes, or can obtain them at an insignificant cost from a
government surplus dealer. The following information should
enable the amateur to select the tube or tubes best suited to
his own requirements.

Tube Selection
The tube selected for a grounded-grid amplifier must be
capable of good linearity. Generally the best linearity will be
obtained from either a zero-bias tube (in which grid current
flows during the fu ll 180° of the RF driving-voltage cycle), or
a biased tu be (in which no grid current Hows even at the peak
of the cycle). Either tube will provide good regulation of the
driving voltage and thus improved linearity. Moreover, there will
be no abrupt change of grid current, which would tend to produce
higher-order harmonics.
A large number of triodes are not suitable for use in class-B
grounded-grid service, either with or without fixed bias. Included in this group are the low-mu types such as the 100-TL,
250-TL, 304-TL, 450-TL, and the 211. They generally require
excessive driving power, and lack the linearity capabilities
required for modern linear amplifier service. Because of their
internal construction, poor screening between the plate and
cathode will be obtained when the control grid is connected
to ground. This will result in instability and other effects which
will further deteriorate the linearity of the amplifier.
Medium- and high-mu triode types such as the 100-TH,
250-TH, 304-TH, 810, 812, and 833A can be used as class-B
linear RF amplifiers, but will require a negative grid bias in order
to provide any degree of high peak output power. In fact, the
amplifier will have to be driven well into the positive grid
region. To do so requires a much higher d1iving power than
normal since a large percentage of the driving-signal power is
dissipated in the swamping network. In most cases, these tubes
will operate best when the driving-signal power is reduced
slightly below the level required to produce grid-current flow.
H owever, tJ1e peak power output will be reduced considerably.
The most satisfactory tubes for zero-bias grounded-grid operation are the 805, 808, 8llA, 838, 813, and the 4-IOOOA. The
4-IOOOA will be discussed in detail Jater in this chapter.
Triode-connected tetrodes and pentodes possess some definite
advantages for use as zero-bias grounded-grid linear amplifiers:
I. The screen and/ or suppressor provides excellent screening

between the plate and cathode.
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2. The grounded control grid closes the input circuit and
thus prevents the driving signal from being coupled into
the output circuit.
3. The grounded screen and suppressor grids close the output
circuit to prevent feedback of the output voltage into the
driver circuit.
4. A small amount of negative bias can be applied to the
control grid to cut off the plate current during the standby
period. This bias can be keyed in and out automatically
by the VOX relay, or with a telegraph key for CW operation.
5. The control-grid current can be metered and the indication
used to facilitate correct adjustment of excitation and
loading.
The amateur's use of the power pentode and tetrode tubes
as high-mu triodes in grounded-grid linear RF-amplifier service
has stirred up considerable controversy among tube design
engineers and manufacturers. In spite of the fact that the
amateurs have been using such tubes as the 813, 4-125A, and
the 4-400A as zero-bias grounclecl-gricl high-mu triodes in class-B
linear RF amplifiers for years, virtually none of the tube manufacturers will endorse their use in this manner. The reason is,
of course, that the control grid of the tetrode or pentocle, when
connected as a high-mu triode, in practically all cases tends to
draw a grid current greatly in excess of the manufacturer's
maximum allowable rating. It is extremely doub tful whether a
manufacturer will replace any tetrode or pentode that fails within
the warranty period, if it was used in the high-mu triode connection and in a zero-bias type of grounded-grid circuit. But
if the amateur has a reasonably large supply of surplus tubes
or can afford to buy replacements, he will obtain excellent results
from them.
Tetrodes such as the 813, 4-125A, 4-250A, 4-400A, and 4-lOOOA
are the most suitable for use as high-mu triodes in the zero-bias
grounded-grid configuration. The operating characteristics for
the 4-125A, 4-400A, and 4-lOOOA tetrodes are shown in Table
10-7. (Each column represents different sets of operating conditions.) The operating characteristics of the 813 will be
similar to those of the 4-125A and the ratings for the 4-250A
(except for a lower plate dissipation) will be similar to those of
the 4-400A. To illustrate the design procedure for a tetrode
zero-bias amplifier, the next section will describe a practical
amplifier of the 1,000-watt class using a triode-connected 4-lOOOA
tetrode tube.
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Table 10-7.
Operating characteristics of 4·125A, 4-400A, and 4-lOOOA tetrodes operated as zero
bias t riode-conn ected Class-8 linear RF amplifiers.
4 -12SA

2,000
10
105
30
55
16
340
10,500
210
145

DC Plate Voltage
No-Signal DC Plate Current
Single· Tone DC Pl arc Current
Single-Tone DC Screen Current
Single-Tone DC Grid Current
Single-Tone Driving Power
Driving Impedance
load Impedance
Plate Input Power
Plate Output Power

2,500
15
110
30
55
16
340
13,500
275
190

3,000
20
11 5
30
55
16
340
15,700
345
240

vohs
ma
ma
ma
ma
wans
ohms
ohms
watts
watts

4-400A
(Ratings apply to 4 ·2SOA, within plate dissipation rating of 4-lSOA)

DC Plate Voltage
Zero-Signal Plate Current
Single-Tone Pl ate Current
DC Screen Voltage
Single-Tone Screen Current
DC Grid Voltage
Single-Tone Grid Current
Single-Tone Driving Power
Driving Impedance
load Impedance
Sing le-Tone lnpul Power
Sing le-Tone Output Power

2,000
70
265
0
55
0
100
38
160
3,950
530
325

2,500
80
270
0
55
0
100
39
150
5,000
675
435

3,000
90
280
0
55
0
100
40
140
6,100
840
555

3,000

4,000
120
675
0
80
0
150
105
106
3,450
2,700
1,870

5,000
150
540
0

volts
ma
ma
volts
ma

volts
ma
walls
ohms
ohms
walls
watts

4-lOOOA

DC Plate Voltage
Zero-Signal Plate Current
Single-Tone Plate Current
DC Screen Voltage
Single-Tone Screen Current
DC Grid Voltag e
Single-Tone Grid Current
Single-Tone Driving Power
Driving Impedance
load Impedance
Single-Tone lnpul Power
Single-Tone Output Power

100

700
0
105
0
170
130
104
2,450
2,100
1,475

SS
0
11 5
70
110
5,550
2,700
1,900

volts
ma
ma
volts
ma
vol rs
ma
walls
ohms
ohms
walls
walls

1,000-"\¥AT'!' GROUNDED-GRID AMPLIFIER
The amplifier to be described in this section has been designed around the operating characteristics of the 4-lOOOA
tetrode, as given in Table 10-7. This tube is operated at a plate
2/37

voltage of 4,000 volts and is capable of a single-tone output
power of 1,870 watts. The single-tone input power has a maximum
rating of 2,700 watts. This is of course greatly in excess of the
1,000 watts of maximum legal input power specified by the ·FCC
for use on the amateur frequency bands. However, there are
some very definite and worthwhile advant ages to be gained from
the excess power capabilities of this a mplifier. In the first place,
a linear RF power amplifier-as far as distortion characteristics
are concerned- is somewhat similar to a good-quality high6delity audio power amplifier. It is customary for the latter to
have power-output capabilities far in excess of those required
for the average level of musical rep roduction, so that the
occasional high peaks of audio power will be reproduced. In
the linear RF amplifier, we are specifically interested in the
production of high peak power output without distortion. The
peak power output of a good-qua]jty amplifier will be in the
vicinity of 2,000 to 3,000 watts PEP-depending on the characteristics of the op erator's voice-when the input power is at
the legal amateur limit. The 4-lOOOA grounded-grid amplifier will
easily produce a peak power ouput in the 2,000- to 3,000-watt
range without waveform distortion or flattening. If the singlesideband exciter is a good quality 100-watt transmitter the AL C
indicating meter can be monitored during transmission to
prevent the amplifier input power from being driven beyond
the legal amateur limit. At plate power inputs of 1,000 watts or
less, the control-grid dissipation of the 4-lOOOA will be well
within the manufacturer's rated maximum dissipation limits
fo r maximum tube life.
Thl' ·!-lOOOA includes a thoriated tungsten fi lamenl which
opl·rntes at 7.5 volts with a cunent drain of 21 amperes. A
suitable filament transformer is thC' Stancer Type P-6457 transformer, whic.:h is rated at 7.5 volts at 21 amperes. The Triad
t>' PC F-28U will also he suitable. The hase is a giant five-pin
type with a metal shdl. Th<? recommended socket is the Eimac:
SK-500 air-system type with the SK-506 <.·himnl'v. The h1be
is cooled hy radiation from th<? plate and by circulation of
forced air through the hase and around the envelope. The
c.:ool ing air must he supplied to the tube even when the
filam ent alone is on chuing the standby periods. The baseseal temperatures must b e maintained b elow 150° C. and the
ten1perature of the plate seal below 200° C. The problem of
cooling is greatly simplified by using the recommended airsystcm socket and chimney, \.vhich are designed to maintain
the correct balance of cooling air for the various parts of the
tube. For maximum rated plate dissipation of the tube, this
2J8
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system requires 45 cubic feet of air per minute at a static
pressure of approximately 1.2 incbe.s of water column. 'When
operated as a grounded-grid linear amplifier for amateur singlesideband purposes, the tube requires less cooling,, since' the
average plate dissipation will be considerably belo"v the maximum rating.
Fig. 10-35 shows the simplest possible arrangement of the
4-lOOOA teb·ode in grounded-grid class-B linear RF ampliner
circuit. Filament b·ansformer Tl is a Stancor P-6457 rated at 7.5
volts and 21 amperes. The voltage is applied to the filament
through a B & W FC-30 twin dual-winding filament RF choke.
Rated at 30 amperes, this unit is shielded (indicated by the
dashed lines) and contains four terminals at each end of the
case. The proper connections of the choke to the Rlament trans-

@
T04·1000~
FILAMENT

l _, .

~

l _.

TO FILAMENT TRANSFORMER

OIMFO

hFO

.01MFD

.01 MFO

TO 4 •1000A
FILAMENT-~--~

..._____.._ TO FILAMENT 'TRANSFORMER
LI

TO RF INPUT
TERMINAL

L2

cc.....51
I
JUMPER
WIRE

~
TERMINAL 80ARO FC-30 CHOKE
CONNECT TOGETHER LI ANO L2
AT FRONT ANO REAR. CONNECT
TOGETHER L3 ANO L4 AT FRONT

Fig. 10-36. Connections to FC·30 choke.

former and tube-socket terminals are shown in Fig. 10-36.
However, either end of the choke may be used for the source
or load. The RF characteristics of the FC-30 permit it to operate
over the entire range from 3.5 to 30 me, with no tuning of the
cathode circuit required. The maximum RF voltage ( rms)
which can be applied across the choke is 150 volts. The 7.5-volt
terminals of the filament b·ansformer should be bypassed to
ground by .01-mfd, 1,000 volt disc ceramic capacitors, as indicated by C4 and C5 of Fig. 10-36. A similar pair of .01-rnfd
capacitors, C6 and C7, are connected in series across the filament terminals of the 4-lOOOA socket. The center junction of
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these capacitors is connected to the inner-conductor terminal of
the chassis coaxial input connector. In this manner, the RF
driving signal is simultaneously applied to both sides of the
tube £lament. The center tap of the 7.5-volt transformer winding is also bypassed to ground by a .01-mfd capacitor. The 0- to
750-ma DC plate-current meter is connected from the center
tap of the £lament-transformer secondary winding to ground,
and the 0- to 200-ma DC grid-current meter is returned to the
center tap of the filament h·ansformer. When the two milliammeters are connected as shown, the plate-current meter will
indicate only the plate current drawn by the tube, and the
grid-current meter will indicate only the rectified HF (DC) current drawn by the two g1ids. If the grid-current meter is returned
to ground instead of to the filament-transformer center tap, the
plate-current meter will indicate only the plate current during
the standby period. When the amplifier is driven, however,
the plate-current meter will indicate the combined p late and grid
cmrents. This would not only give false indications of the linearamplifier power input, but would also cause a great amount of
confusion in making the proper excitation and loading adjustments. Placement of the plate-current meter in series with the
+4000-volt power-supply return lead is 11ot recommended.
The parasitic suppressor connected between the plate terminal
of the 4-IOOOA and the plate tank circuit may or may not be
required. In the model amplifier, the original plate RF choke
(HFCl) was a hand-wound solenoid one inch in diameter and
apprm.'imately
.
six inches Jong. A strong VHF parasitic oscillation occurred which was eliminated by use of a parasitic
suppressor consisting of ten turns of No. 14 copper wound on
a two-watt, 47-ohm carbon resistor. The tmns were evenly
spaced over the length of the resistor, and the two ends of
the coil were soldered to the resistor terminals, as shown in
Fig. 10-36. Before the parasitic was eliminated by installing
the suppressor, the amplifier caused severe interference with
nearby television receivers. However, the home-made RF choke
was later replaced with the Raypar Type RL-100 RF choke,
which is specified, and the parasitic condition did not reappear.
The parasitic suppressor was then removed from the circuit,
and no interference with television reception has since occurred.
The presence or absence of parasitic oscillations will generally
be determined by the wiring of the grid or plate leads which are
individual characteristics of a particular amplifier. The tendency
toward parasitic oscillation in any type of linear RF amplifier
can be reduced by the use of low-impedance (to VHF) grid and
plate leads. It is customary to use at least one-quarter inch
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copper strap for the high-power amplifier plate and grid leads.
The use of vacuum-type variable tank capacitors, instead of the
ordinary air-dielectric type, will aid considerably in preventing
VHF parasitic oscillations.

COLLI:XS 30L-l
The Collins 30L-l is a portable RF linear power amplifier,
including the plate power and bias supplies. It is capable of
1,000 watts PEP input power in SSB or 1,000 watts DC input in
CW service wi th any exciter, such as the KWM-2/ 2A, 32S-l,
32S-3, etc., which will supply 70 watts of driving power. The
30L-l covers the amateur bands between 3.5 and 29.7 me. In
addition, the amplifier may be operated outsi de the amateur
bands over certain ranges of frequency. The power-amplifier
stage uses four 811A triodes connected in parallel with cathode
drive.
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Fig. 10-37. Block di a gram of Collins 30L-1 lin e ar amplifi er.

The block diagram of the 30L-l i5 shown in Fig. 10-37. The
front view of the unit is shown in the photograph (Fig. 10-38) .
The input tuned circuits, shown in Fig. 10-37 and 10-<10, arc
broadband pi-network circuits used to couple the exciting signal
into the cathode circuits of the power-amplifier tubes. The tuned
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input circuits provide increased efficiency, reduced distortion,
and a better impedance match for the exciter than normally
would b e obtained with an un tuned input. Tuning adjush11ents
are not required except for operation outside the amateur bands.
The output tuned circuits are also pi-networks resonated at
the operating frequency in use. This circuit is adjusted by the
tuning control on the fro nt panel. A four-gang variable capacitor
is adjusted by the loading control to match the pi-network tank
circuit to the impedance presented by the antenna and feed
system in use. Output from the plate tank circuit is made through
the contacts of anten na changeover relay Kl to the antenna
when the control circuits are ener gized.

MULTIMETER

LOADING

TUNING

BAND SWITCH

POWER ON-OFF

Fig. 10-38. Co llins 30L·1 linear amplifier s ho wing ope rating control s,

Two DC power supplies and one AC filament supply are
included in the 30L-l. The amplifier may be operated from either
a 115-volt AC single-phase or a 230-volt AC, three-wire, singlephase source. Wher e possible, the 230-volt, three-wire connection
is recommended. Power transformer T l has two primary windings. They are connected in parallel for 115-volt, and in series for
230-volt, operation. The 6.3-volt secondary winding provides
£lament power for the 811A tubes through an RF choke, and
also powers the pilot lamp in the meter. Another secondary
winding applies voltage to semiconductor rectifier CR20. T his is
a ha lf-wave circuit connected to supply b locking bias to the amplifier tubes unde r r eceive conditions and operating bias when
transmitting. It also furnishes power for changeover r elay Kl.
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Voltage from the third secondary winding is applied to two
semiconductor rectifier sb·ings connected in a full-wave voltagedoubler connguration. Parallel capacitors are used to equalize
the reverse voltages impressed across the diode junctions and to
protect the diodes against damage by transients. The output of
this supply provides approximately 1,600 volts DC tmder load
for the amplifier-tube plates.
The control and interlock circuits of the 30L-l are shown in
Fig. 10-39. The front-panel "on-off" switch breaks one side of
TO PA PLATES

~GAN

TO PA GROS

J3, 4NT Rtl..AYI
TO PA FILAMENTS

Tl

Fig. 10-39. Co ntrol circuits of 30L·1 llnear amplifl er.

the AC line in the "off" position. In the "on" position, AC power
is applied to the power-transformer primaries and the tubecooling fan, Bl. Overload protection is provided by eight-ampere
fuses Fl and F2. These are used for both 115-volt and 230-volt
AC operation.
The 30L-l amplifier contains automatic load control (ALC)
circuits to prevent distortion of the output waveform and to
permit a high average level of modulation and optimum power
output. Under modulation, RF voltage is taken from the 811A
grids, recti1ied, and filtered to provide a negative DC control
voltage which is proportional to the modulation level. This voltage is applied to the control grid of a low-level RF-amplilier
tube, or tubes, in the exciter. The time constants of the ALC
circuit have a fast-attack, slow-release characteristic. The ALC
threshold is conn·olled by the amount of reverse bias on CR19.
The reverse-bias voltage is developed across a 1,500-ohm resistor
in the plate-supply bleeder network and can be varied by a
potentiometer. This adjustment is no1mally made at the factory
for optimum opera tion with exciters such as the KWM-2/2A,
and rarely will require adjustment in the field.
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HEATHKIT SSB AMPLIF IER H A-14
In keeping with the current trend toward higher-power singlesidehand service, the Heathkit HA-14 SSB linear amplifier is
designed to provide high output power for mobile- and fixedstation use. Nearl y all of the modem single-sideband exciters
and transceivers now available can be used as a driver for thjs
linear RF amplifier.
The HA-14 linear amplifier is small and compact for easy
mounting in most automobiles. The companion HP-14 DC power
supply used with it makes an excellent combination for mobile
use. If desired, the HP-24 AC power supply may b e used with
the HA-14 to provide a small desk-top 1,000-watt PEP amplifier.

Fig. 10-41. Heathkit® SSB amplifier model HA-14. This compact
unit is supplied in kit form.

The photograph, Fig. 10-41, shows the front view of the HA-14
and the operating controls. The schematic, Fig. 10-42, shows the
circuit. The amplifier unit is basically made up of three circuits:
the input circuit, the output circuit, and the antenna changeover
and cutoff bias circuit. Each circuit is described individually.
Tubes Vl and V2, types 572-/Tl60L, are connected in parallel
in a cathode-driven (grounded-grid ), class-B configuration. Driving power for each band is coupled through a broadband network
consisting of a coil and associated capacitors, and through
capacitor Cl3 to the tube cathodes. Coils Ll through L5, with
their associated capacitors, make up these impedance-matching
networks, which reduce distortion and increase efficiency.
The proper input network as well as th e correct output circuit
coil tap for each band is selected with the front-panel bandswitch . The coils in the input networks are aligned at the factory.
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To keep the cap acitance of the filament supply from shunting
the RF driving power to ground, the filament winding is isolated
from the cathode circuit by a biBlar-wound filam ent choke. Also,
this choke provides a cathode current path to ground.
High voltage is applied to the plates of tubes Vl and V2
through RF chokes RFCl and RFC2, and parasitic chokes PCl
and PC2. Tuning capacitor Cl5 is connected on the input side of
tapped final coils 16 and L7. Capacitor Cl6 is switched in
parallel with the tuning capacitor on the 80-meter band.
Loading capacitor Cl8 is on the output side of final coils L6
and L7. Capacitor Cl7 is switched in parallel with the loading
capacitor on the 80-meter band. Output power is applied through
antenna changeover relay RLl and through the SWR (standingwave-ratio) bridge circuit to the RF output connector. The SWR
bridge consists of coils 18, L9, and LlO, capacitors C20 and C21,
resistors R6 and R7, and crystal diodes D2 and D3. The RF
choke, RFC4, is connected from the output side of the fina l
coils to ground to provide a direct DC path to ground in case
capacitor Cl4 should short.
The antenna changeover relay, RLl, is controlled by a VOX
relay in the exciter used with the linear amplifier. When transmitting, the VOX relay grounds the antenna relay; when receiving, the antenna relay is. ungrounded.
While receiving, cutoff bias voltage from the power supply is
applied through the coil of relay RLl and through resistors R2,
R3, and R4, and choke RFC3, to the grids of Vl and V2. The
antenna relay contact is ungrounded and no current will flow
through the coil of relay RLl, which allows the relay to remain
open. Thus, it connects the RF output jack (antenna ) to the RF
input jack of the linear amplifier and through the exciter changeover relay to the receiver input.
When transmitting, the anten na relay contact is grounded by
the VOX relay of the exciter. This allows current to flow through
the coil of relay RLl and actuate the relay. When actuated, relay
RLl connects the RF output jack (antenna ) to the output circuit
of the linear amplifier. Grounding the antenna-relay contact also
grounds the grids of tubes Vl and V2 through RFC3 and
resistors R3 and R4. This removes all but -2 volts from the
grids of the tubes. This -2 volts, which is developed across
resistor R9, is operating bias, which limits the resting plate
current to approximately 90 milliamperes.
When operating with the linear amplifier turned off, there is
no bias voltage to operate relay RLl; and the RF input jack
remains connected to the antenna, through the RF output jack.
In this manner, low-power operation from the exciter into the
247

antenna is provided without changing any cables or connections.
Since the linear amplifier uses instant-heating tubes, high power
may be used at any time by merely turning on the amplifier.
During modulation, the ALC control voltage is developed
across a voltage divider which consists of capacitors C8 and C9.
A sample of this voltage is rectifi ed by diode Dl. This diode is
reverse-biased •vith approximately + 6 volts DC to form a
threshold level. A negative DC control voltage is produced which
is proportional to the modulation level. This control voltage is
then applied back to the ALC input of the exciter.
Relative power and SWR are measured with a bridge circuit
consisting of coils LB, L9, and L lO, diodes D2 and D3, resistors
R6 and R7, and capacitors C20 and C21. Control R5 sets the
sensitivity of the meter. The "forward" position is used when
adjusting the tuning control for maximum output of the linear
amplifler. This meter function is also used to establish a "set"
meter level for making SWR measurements.
Because coil L9 of the bridge circuit is connected in series
between the RF input and RF output jacks when the linear
amplifier is turned off, the meter can be used to measure relative
power and SWR when operating on the exciter alone. This
method of checking SWR is preferred for accurately determining
antenna performance.
In the bridge circuit, RF current is inductively and capacitively
coupled from L9 to LB and LlO. The RF currents in L8 and LlO
are rectified by diodes D2 and D3 and then filtered by capacitors
C20 and C21. For relative power measurements, rectified RF
voltage from LlO is applied to the meter. For SWR measurements, rectified voltage from LS is applied to the meter.

SB2-LA LINEAR Al1PLIFIER
Sideband Engineers' SB2-LA (Fig. 10-43) is a linear amplifier
designed primarily for use with the SB-34 single-sideband transceiver (described in Chapter 12) and similar equipment. The
unit is self-contained in a case 5%, inches high, 12 inches wide,
and 121;2 inches deep. The weight is 40 pounds. The input
power ratings are 1,000 watts peak on SSB, 300 watts on AM,
and 400 watts on CW, FM, or FSK. It operates on all authorized
amateur frequencies within the range of 3.5 to 21.45 me.
The self-contained power supply operates from a nominal
117-volt, 50- to 60-cycle AC source. However, for mobile applications, a solid-state inverter ( SB3-DCP ) is available as an
accessory item. The linear amplifier is designed to operate into
a 50-ohm unbalanced antenna load with a VSWR of 2: l or less.
Installation of the SB2-LA linear may be made in any auto248

mobile with a negative-ground 12-volt supply. The amplifier
and inverter are normally installed in the trunk of the vehicle;
installation in the cab is not recommended since the ampli fier
generates a considerable amount of heat. Ventilation precautions
for the amplifier must be observed; in addition, a reasonable
amount of air Bow must be provided around the inverter.
Detailed instructions are included by the manufacturer.

Fig. 10-43. 582 linea r am pl ifie r (lef t) a nd SB-34 SS B transce i ve r (r ight).

High-power mobile operation 'vith units such as the SB-2LA
presen ts a problem because of corona discharge and excessive
loss due to loading-coil heat when conventional whip or centerloaded antennas are used. In most cases, conventional centerloaded mobile antennas wiJI be desh·oyed when fed a full
kilowatt of RF energy. The Top Sider series of mobile antennas,
made by Webster, is designed especially for use with high-power
mobile linear ampli fiers. The use of a conventional whip an tenna
may be possible on 20 and 15 meters, provided that a plastic
top cap is installed to suppress corona.
The SB2-LA linear amplifier circuit (Fig. 10-44) consists of
six parallel-connected type 6JE6 tubes, operated Class AB , (no
grid current ), with a passive grid input circuit and a pi-section
output network. Because of the high perveance of the 6JE6
tubes, efficient operation is obtained with low anode voltage and
high current. Thus, most of the e>.-pensive and bulky components
normally required for linear amplliiers of th.is power capability
are eliminated. Power supplies required for the heater, bias,
and anode circuits of the unit are self-contained.
Since the amplifier-tube grids require no power for operation,
a bank of noninductive resistors connected to the input jack
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absorbs the power generated by the transceiver (or exciter).
These resistors arc arranged to present an essentially resistive
input impedance of approximately 75 ohms. Antiparasitic resistors are provided in each grid lead. Fixed bias is shunt-fed to the
grids from a small voltage-doubler supply. A bias adjustment
is provided on the rear panel.
The output network of the amplifier is a conventional pisection coupler, although the electrical (and physical ) sizes of
the various components are unusual. Because of the low plateload impedance req ufrcd (about 300 ohms), the input capacitor
need is large in value; likewise, the inductance required is small .
Since the plate voltage is relatively low, a small air gap is completely adequate for the input capacitor.
The bandswitch selects the amount of inductance for each
band, provides extra fixed amounts of load capacitor on 80 and
40 meters, and adds a fixed input capacitor on 80 meters.
A small diode, together with a resistor-capacitor network, actuates the output meter, which provides a relative indication of
the voltage existing on the output terminal.
Anode power for the amplifier is obtained from two seriesconnected voltage-doubler rectifier circuits. Output voltage under
load is 800 volts nominal at 1.2 amperes. Recti£cation is by
parallel-connected silicon diodes, and filtering is accomplished by
large-value electrolytic capacitors. The bias voltage is also
obtained from the main power transformer. The bias supply
also uses a voltag~ doubler circuit. A resistor in the primary of
the main power transformer protects the silicon diodes from the
high surge current produced when the unit is first turned on.
Relay contacts short this resistor when actually transmitting so
that full output voltage is produced.
In the standby (receive) condition, cutoff bias is applied to
the amplifier tubes to prevent tube noise. ·when transmitting,
the bias is reduced to the coITcct value by grounding a voltagedivider network, consisting of resistors R38 and R40 and bias
potentiometer R39, through K2. Grounding this lead also actuates
relay Kl. E nergizing voltage for this relay is supplied by diode
D l2 and the heater supply voltage. This diode also prevents
the high negative voltage existing on pin 9 (when in receive)
from shorting the heater line. In mobile operation, the actuating
voltage for K2 is obtained directly from the battery source.
Sections of the filamen t and power switches are inserted into the
control line to relay K2 so that the relay does not close except
when the filament switch is on and the power switch is in the
'11igb" position.
251

Chapter 11

Single-Sideband
Communications
Receivers
The p receding ten chapters have been largely concerned
with the fundam entals of single-sideband generation and the
details of the transmitting portion of the system. The singlesideband receiver also requires special design attention if the
full capabilities and advantages of the SSB communications
systems are to be realized. Although the ordinary AM communications receiver will receive single-sideband signals, the overall
reception is generally not satisfactory. One of the most important and stringent requirements in a single-sideband receiver
is that of stability. In ordinary AM communications, the channel
width for voice transmission is at least 4 to 6 kc; hence a frequency drift of a few hundred cycles will hardly be noticeable
as far as intelligibility of the demodulated audio is concerned.
However, in the SSB receiver a frequency drift of only 20 cycles is
noticeable. When the drift approaches 50 cycles, the audio
quality deteriorates rapidly. Beyond 50 cycles, the audio signal
becomes unintelligible. The hjgh degree of stabiuty in the
single-sideband receiver is required because of the narrow
channel width of the single-sideband signal, and also because
local-carrier reinsertion is necessary in the demodulation process.
In the SSB receiver, the frequency drift of both the variablefrequency oscillator ( VFO ) and carrier-reinsertion oscillator
( BFO) must be kept to the minimum.
In our study of SSB generators we learned that for maximum
intcWgibility the audio signal must be properly shaped and
otherwise processed. The RF sideband signal is further shaped in
a precision filter. The carrier is accurately positioned on the filter
skirt for proper bandpass characteristics of the transmitted signal.
The conversion oscillators and balanced mjxers were very carefully designed to keep to a minimum any distortion or spurious
components generated in these stages. Finally, the linear RF
power amp.lifiers are very carefully designed and adjusted to
produce an tmdistorted replica of the SSB signal at a higher
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power level. It is obvious that unless the receiver is d esigned
to process the received signal and recover the original intelligence with an equal degree of precision, the full capabilities
of the system will not be realized.
The block d iagram in Fig. 11-1 illustrates two approaches
to the problem of single-sideband receiver design. In A, the
signal from a tuned RF amplifier is mixed with the signal from
a crystal-controlled oscillator. The crystal frequency is selected
so that the output signal from the first mixer will appear within
the range of the tunable first-IF amplifier, which usually is
designed to be tuned over a frequency range of about 1.0 me or
less in the region from 1.5 to 4.0 me. The signal from the
amplifler is then mixed with the one from the VFO in the second mixer. T his new signal is now applied to the input of a
fixed b andpass IF amplifier usually designed to opera te at 455
kc. From the second IF amplifier, the signal is applied to a
product demodulator and AF amplifier. From here the audio is fed
into the speaker.
B, of Fig. 11-1, the VFO operates in the high-freque ncy region,
usually 455 kc higher or lower than the received signal. The
455-kc output signal from the first mixer is a mplified in an
I F "strip" and applied to the grid of the second mixer. The
conversion-oscilla tor signal applied to the second mixer is
usually crystal-controlled and may be either 405 or 505 kc. The
resultant 50-kc signal from the second mixer is amplified by a
highly selective 50-kc IF amplifier and applied to the product
demodulator and audio amplifier. The IF amplifier usually includes a shaped or controlled bandpass characteristic for the
rejection of one sideband (upper or lower) of a conve ntional
AM . signal. This is accomplished by switching the crystaloscilJator injection frequency to either 405 or 505 kc.
The main advantage of the arrangement shown at A of Fig.
11-1 is its improved frequency stabiHty, since all VFO's operate
at relatively low frequencies. This method is most useful in communications receivers designed to operate over a limited portion
of the RF spechu m, such as the amateur bands or the commercial
or military frequencies. The method shown at B is more common
in receivers designed to cover a wide range of frequencies. In
order to illustrate the basic design principles, a d escription of
several commercial single-sideband receivers follows.

THE COLLINS 758-3
The Collins 75S-3B and 75S-3C receivers, an example of which
is shown in F ig. 11-2, are the companion units to the 32S-3 trans254

mitter d escribed in a previous chapter. Reception of SSB, CW,
nnd AM signals is provided on all amateur bands from 3.-J to 30
me. The 75S-3C is identical to the 75S-3B except that it is
equipped with an extra high-frequency crystal mounting board
on the chassis. a crystal board selector switch on the front panel,
and associated components.

Fi g. l 1-2. Collins 755-38 SSB r ocelver.

The 75$-3 receivers (Figs. 11-3 and 11-4 [see foldout]) are double-conversion superheterodynes with injection voltage for the
first conversion provided by a crystal-controlled oscillator. A
bandpass IF circuit, 200 kc 'vide, couples the first and second
mixers. Injection voltage for the second mixer is supplied by a
VFO with a tuning range of 200 kc. The 455-kc output frequency
of the second mixer is coupled through the IF system to separate
SSB and AM detectors. Injection voltage for the product detector
is provided by either a crystal-controlled or a ttmable BFO.
The RF-amplifier grid, high-frequency mixer grid, and crystaloscillator plate circuits are resonated hy slug-tuned coils. The
slugs are mechanically ganged and linked to the "preselector"
tuning knob. The required tuning range of these circuits is
obtained by switching appropriate values of fixed capacitance in
parallel with the coils. The total 3.4- to 30-mc tuning range of
the receiver is divided into five segments for bandswitching
purposes. The tuned circuit LC ratio is thereby varied within
appropriate limits for each of the five segments.
Signals within the particular 200-kc band selected are
amplified by V2, the RF ampli£er, and coupled to the control
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grid of V3A, the first mixer. Injection voltage is coupled to the
cathode of V3A. Products of mixing are selected in the plate
circuit of V3A and tuned to 3.155 to 2.955 me, the bandpass IF
frequency. The signals are then coupled to the control grid of
the second mixer, V4A, with VFO injection voltage applied to
the cathode.
Fligh-frequency crystal oscillator V3B provides injection voltage for the first mixer. The crystal-oscillator output is always
3.155 me higher than the lower edge of a selected band. On
bands below 12.0 me, the oscillator plate circuit is tuned to the
crystal frequency. At 12.0 me and higher, the plate circuit is
tuned to the second harmonic of the crystal frequency. The
secondary winding of T2 couples injection voltage to the firstmixer cathode circuit and furnishes a DC return path to ground
for mixer tube V3A. Dummy load R41 simulates the load presented by a transmitter when connected for transceiver operation.
Crystal-controlled BFO V8B and associated circuitry supply
injection voltage for the product detector. Crystals Yl5 and Yl6
provide the proper BFO frequency relationships to the mechanical filter passband to yield optimum audio response from the
product detector. Crystal Yl5 ( 453.650 kc ) is used for lower
sideband reception, and Yl6 ( 456.350 kc) for upper sideband.
Capacitor C95 and coil Ll2 form a broadly resonant circuit at
455 kc. Oscillator voltage is developed across R49 and coupled
by ClOO to the cathode of V8A, the product detector tube.
The crystal-calibrator circuit provides marker signals at multiples of 100 kc. Variable capacitor C61 provides for adjustment
to zern-beat with V.,TWV. The output of this oscillator is coupled
to the receiver antenna circuits.
The VFO uses fixed capacitance and variable inductance to
produce the required tuning range of 2.50135 to 2.70135 me for
LSB reception and 2.49865 to 2.69865 me for USB, AM, and CW
reception. Capacitor C303, in the frequency-determining network, is paraJleled by variable capacitor C308 in series with
diode CR301. This diode switches C308 in or out of the circuit,
depending on the polarity of tl1e bias voltage impressed across
its junction. With the "mode" switch in the LSB position, diode
CR301 is reverse-biased and switches capacitor C308 out of the
frequency-determining network. This condition will result in the
tunable 2.50135- to 2.70135-mc signal desired. With the "mode"
switch in the USB, Ai\11, or CW position, diode CR301 is forwardbiased and switches C308 into the frequency-determining network, lowering the output frequency to the tunable 2.49865- to
2.69865-mc signal desired. Note that when C308 is properly
adjusted, it shifts the VFO frequency by an amount equal to the
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frequency separation of crystals Yl5 and Yl6. This allows either
sideband to b e selected without retuning or recalibrating the
dial. The VFO output voltage is COt•:1led to the cathode of second
mixer tube V4A and to the control grici of cathode follower V4B.
The cathode follower prevents loading of the VFO circuits b y
cable capacity when operated in transceiver service.
Tube Vll and associated circuitry comprise a 452.35- to
458.35-kc hmahle BFO. The BFO tuning control is potentiometer
RBI. This control varies a positive DC voltage applied to the
junc.:tion of voltage-variable capac.:itor CH.4. The junction capacity
of this d evice is proportional to the applied voltage. Adjustmen t
of RBI therefore varies the output frequency of the BFO. Voltage
for the tuning circuit is stabilized by a regulator consisting of
zcner diode CH5 and resistor R82. Switch Sl3 completes the
cathode circuit of either VSB or Vll, thus turning on the desired
BFO and turning off the other. The output ciTcuits of both oscillators are coupled to the product detector.
Output from the second mixer is connected to either one of
three mech anical fi lters, FL!, FL2, or FL3, or to a tuned circuit
consisting of transformers T4 and T5. Mechanical filter FL!
( tuned to 455 kc with a nominal bandpass of 2.1 kc) is selected
for SSB reception, while F L2 and FL3 are optional filters to be
used for CW operation. For AM operation, two cascaded 455-kc
transformers ( T 4 and T5) provide an increased bandwidth of
approximately 5 kc. Output from these circuits is coupled
through the Q-multiplier to the first IF amplifier, V6. The cathode
of V6 is returned to ground through potentiometer R57, which is
used to set the gain of this stage at a point producing the proper
AGC threshold. The S-meter circuit is connected from the screen
circuits of V6 and V7, the two IF amplifiers, to the cathode of V7.
Under no-signal conditions, the voltage developed across Rl3 is
equal to that developed across R21, and the meter reads zero.
Application of AGC causes the cathode current of V7 and the
combined screen current of V6 and V7 to decrease. The voltage
across Rl 3 increases, the voltage across R21 decreases, and the
meter reads upscale by an amount proportional to the signal
strength. Output voltage from the second IF amplifier is coupled
to the product detector, V8A. It is also coupled to separate AM
and AGC diode detectors. Injection voltage is applied to the
cathode of the product detector.
The notch fi lter is composed of coil LB and associated capacitors and resistors. The rejection notch occurs at the resonant
frequency of this circuit and is centered at 455 kc. Capacitor
Cl32 is mechanically coupled to the "rejection tuning" control,
which allows the notch frequency to be moved across the
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receiver IF passband. Potentiometer R77 is adjusted to provide
optimum Q and depth of notch. Switch SlO shorts the filter
circuit in the "off" position. The Q-multiplier is a feedback circuit
which includes LS. This circuit multiples the Q of L8 approximately ten times, thereby obtaining a much deeper and narrower
rejection notch than would be provided by the filter alone. The
notch shape provided by this circuit allows unwanted signals to
be rejected with minimum disturbance to desired signals.
Signal voltage is coupled from the secondary of transformer
T6 to one of the diode plates in V9 and rectified. This rectified
signal voltage is then coupled, through filter network R50 and
C49, to the AGC network consisting of resistors R24 and R88
and capacitors C50, Cl37, and Cl53. The AGC network develops
the desired AGC signal and then applies it to the RF and IF amplifier stages. The parallel combination of R88 and Cl53 presents
the fast charge-discharge rate desired for elimination of smalltime-duration interference, while the parallel combination of
R24 and C50 presents a longer RC time constant, allowing for a
smoothly developed AGC signal. Generation of AGC voltage is
delayed until the signal voltage at the diode plate exceeds the
cathode bias on V9. Potentiometer R57 in the cathode of the first
IF amplifier tube is normally adjusted so that AGC action is
initiated with a receiver input signal of approximately 1.5
microvolts. This point is referred to as "AGC threshold."
Manual control of RF gain is also accomplished through the
AGC line. A voltage-divider circuit consisting of resistors R33,
R55, and RF gain control R56 is connected across the negative
65-volt bias line. At the maximum gain setting, this circuit places
a one-volt static bias on the AGC line to furnish proper operating
bias for RF amplifier V2. At lower control settings, increased
bias is provided which reduces the gain. The DC grid return for
the first mixer stage and "mute'' jack Jll are connected to the
junction of resistors R33 and R58. When the receiver function
switch is placed in the "standby" position, a ground at Jll causes
the receiver to operate in a normal manner. Removal of this
ground causes cutoff bias to be applied to the mixer grid and
increased bias on the AGC line, thus muting the receiver.
Audio voltage from the appropriate detector is selected by
S8A on the "mode" switch and is coupled to the audio gain
control The CW sidetone jack, JIO, is also connected to this
point. A sidetone audio voltage of approximately 0.2 volt will
produce a normal listening level at average gain settings. Audio
is amplified in a two-stage .amplifier consisting of tubes V8 and
VIO. Three audio outputs are provided. Jack J8 is a 4-ohm outlet
for a speaker. The headphone jack is connected to a resistive
259

divider across the 500-ohm tap on the output transformer. The
divider provides a load for VlO when the impedance of the
headphones used is relatively high. ANTIVOX jack Jl2 is also
connected to the 500-ohm tap. At normal audio-gain settings,
5 to 15 volts of audio is available at Jl2 for use with the ANTIVOX circuits in an associated transmitter.
The internal power supply furnishes £lament, plate, and b ias
voltages for the receiver. Three high-voltage values are developed, consisting of a 180-volt DC unregulated voltage at the
hot side of C59B, a 140-volt regulated voltage at the plate side
of zener diode CR6, and a 135-volt DC unregulated voltage at
the hot side of C59A. The high-voltage winding of transformer
T8; diodes CRl, CH2, and CR6; resistor R86; and the filter
network consisting of capacitors C59A, C59B, and C59C, resistor
R51, and choke L6 make up the full-wave rectifier system which
generates the three high-voltage values mentioned above. Bias
voltage is obtained by rectifying a small portion of the AC
voltage appearing from one leg of the high-voltage secondary to
ground. The tube filaments and pilot lamps are connected in a
way which allows operation from a 6-, 12-, or 24-volt source.
Filament plate and bias voltages may be obtained from an
external source such as a mobile power supply.

HALLICRAFTER S SX-146 RECEIVER
The SX-146 (Fig. 11-5) is basically a single-conversion superheterodyne receiver with a 9.0-mc £lter-type IF system. The VFO

Fig. 11·5. Halllcrafters Model SX·146 SSB receiver.
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supplies injection directly on 80 and 20 meters and is premixed
with the output of an overtone crystal oscillator on 40; 15, and
10 meters.
T he signal applied to the antenna terminals is stepped up in
voltage b y antenna transformer T l. This signal is applied to th e
grid of RF stage Vl, where it is amplified. The output of this
stage is transformer-coupled through T2 to the grid of triode
mixer V2A, where it is mixed with the cathode-applied injection.
Both T l and 'T'2, in combination with their associated series and
shunt inductances, are tuned to resonance by the two-section
preselector capacitor (Fig. 11-6 ).
The 9.0-mc output of the mixer is fed through terminating coil
L9 to one of three switch-selected fi lters. The output of the
fil ter is fed through tenninating coil LlO to IF amplifier V3. The
plate circuit of V3 is tuned to 9.0 me by Lll. F rom Lll, the
9.0-mc IF signal is fed to IF amplifier V4 for further amplification.
The output of V4 is fed through a double-tuned 9.0-mc transformer ( T3) to the AM detector-AVG rectifier ( V5A) and
through a capacity divider to product detector V5B.
The output of the product detector, or the AM: detector, is
selected by the "operation" switch and fed through the audio
gain control to V9A and V9B for audio amplification. The output
of V9B is transformer-coupled through the phone jack to the
3.2-ohm speaker terminals.
Carrier insertion for CW or SSB reception is supplied by
crystal oscillators V6A and V6B. These oscillators supply cathode
injection to the product detector.
Diode CRl is in series '1tfith th e ouq)ut of the AM detector
to provide clipping of impulse noise. This noise limiter functions
only on AM and will b e most effective when used in conjunction
with the 5.0-kc filter. Diode CR2 is used as a gate diode in the
AVC circuit to prevent the positive bias applied to CR! from
appearing on the AVC line.
In jection for mixer V2A is supplied as follows: On 80 and 20
meters, the output of the 5.0- to 5.5-mc VFO (V7) is coupled
through the band-selector switch to cathode-follower V2B. The
output of V2B is connected to the cathode of mixer V2A and to
the "slave" output or external oscillator-input receptacle, depending on the setting of the "internal-external" rear-mounted
slide switch.
F or 40-meter operation, the output of the VFO is subh·acted
from the 21.5-mc output of crystal oscillator V8A in premixer
V8B. The output of p remixer V8B is fed through a 16.0- to
16.5-mc bandpass transformer, T4, to the cathode follower. For
15-meter operation, the output of the VFO is added to the 25.0261
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me output of crystal oscillator V8A in premixer V8B. The output
of premixer V8l3 is fed tlu-ough a 30.0- to 30.5-mc bandpass
transformer, T5, to the cathode follower. For 10-meter operation,
the output of the VFO is added to the 32.0-, 32.5-, 33.0-, or
33.5-mc output of crystal oscillator V8A in premixer V8B. The
output of premixer V8B is fed through a 37.0- to 39.0-mc bandpass transformer, T6, to the cathode follower.
AVC voltage is applied to RF amplifier Vl and IF ampli£er
V3 to provide automatic gain control. An AVC "on-off" switch is
provided to disable the AC circuit if desired. A meter is connected in the cathode circujt of AVC-conb·olled V3 for signalstrength indication. A unique feature of the meter circuit is that
it is connected at a point that has extremely fast-attack, fastrelease time constants, which allow the meter to closely follow
signal peaks. The long-time-constant AGC circuitry is applied to
the RF stage and has little effect on meter operation.
Receiver muting is accomplished by inserting a 470K resistor
in the cathode returns of Vl, V2A, and V4 to provide cutoff bias
for tl1ese stages. The 470K resistor is shorted in normal operation.
The RF gain, or receiver sensitivity, may be changed by
varying the setting of ilie RF gain control. As this control is
rotated counterclockwise from maximum, additional resistance is
added to the cathode cil'cuits of Vl and V4. More bias is
developed, thus reducing the amplification of these stages.
An 82-ohm resistor and plug assembly is supplied and should
always be plugged into the "slave" output jack except ·when the
SX-146 is connected to the companion HT-46 b·ansmitter, for
slave (transceiver ) operation. This termination resistor keeps
the mixer injection at the desired level when the receiver is used
as an independent unit. A slide switch located on the rear-chassis
apron and marked "internal-external oscillator" is used to remove
plate and screen voltage from the crystal oscillator and VFO.
When placed in the "external" position, a11 internal injection is
removed from mixer V2A, allowing injection to be supplied from
an external source tlu-ough the "external oscillator" jack.
Band-gain equalization is provided by automatically adding
resistance in the cathode circuit of Vl on 40 and 20 meters.

R. L. DRAKE R -4A
The Drake R-4A is an extremely versatile communications
receiver designed to provide every feature desirable in the
reception of all modes of amateur communications. It contains
a linear permeability-tuned solid-state VFO with 1-kc readability,
and premixed injection with a crystal-controlled high-frequency
264

oscillator for stability on aJl bands. A 100-kc crystal calibrator is
included. The passband hmer-filter has four selectivity posilions,
and a built-in notch filter provides the desired selectivity and
interference rejection. A built-in noise blanker eliminates most
noise on CW, SSB, and AM reception.
As supplied, the unit gives complete coverage of the 80-, 40-,
20-, and 15-meler bands as well as the 28.5-mc to 29.0-mc portion
of 10 meters. Ten accessory crystal sockets are provided for
coverage of other 500-kc frequency ranges between 1.5 and
30 me such as the. 160-meter amateur band, the MARS frequencies, \VYVV, short-wave broadcasts, etc. These sockets can be
programmed to give up to 5 megacycles of continuous coverage
for convenient use with VHF converters.

fig. 11-7. front view of Drake ll-4A communications receiver.

Complete AVC action and accurate S-meter indication can be
obtained on all modes. The AVC action is fast-attack slowrelease for SSB or AM, and fast-attack fast-release for CW. If
desired, the AVC can be completely disabled for CW reception.
A crystal-lattice filter following the first mixer provides excellent
overload characteristics by providing selectivity ahead of the
gain-producing stages. When used with the Drake T-4 Reciter,
transceive operation may be obtained. When the R-4A is used
with the T-4X transmitter, either transceive or independent
receive and transmit functions are possible.
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The front view of the R-4A (Fig. 11-7) shows the dial and
operating controls. The block diagram (Fig. 11-8) illustrates the
general over-all design arrangement. The schematic is shown in
Fig. 11-9. The following description refers to the above illustrations.
A signal entering the antenna is applied to the grid of the
low-noise 12BZ6 RF amplifier ( Vl) through a tuned circuit
formed by coi l Tl and capacitors C21 through C31. The amplified output signal is then applied to the grid of the 6HS6 first
mixer ( V2) through a tuned circuit consisting of coil T2 and
capacitors Cl through Cll. A signal from the premixer system
is applied to the 61-186 first-mixer cathode, 5645 kc above the
incoming signal frequency applied to its control grid. The mixing
of these two signals results in a 5645-kc IF output signal.
The premixer system consists of a 4955- to 5455-kc solid-state
permeability-tuned VFO unit ( T13), a switchable overtone
crystal oscillator ( Q1) , the premLxer ( V8), and the premixer
output circuitry composed of T3 and T4 and their tuning and
coupling capacitors. The VFO signal is applied to the cathode of
premixer VS, and the output of crystal oscillator Ql is applied
to the grid. The crystal frequencies are selected so that the
difference-frequency output of the premixer is 5645 kc higher
than the frequ ency of the incoming signal. RF coils Tl and T2
and premixer coils T3 and T4 are permeability-tuned and are
ganged together. The ganged assembly is tuned by the "preselector" control on the front panel.
The 5645-kc IF-signal output from V2 is applied to the grid of
the 12BE6 second converter (V3) through a crystal fi lter. The
filter provides selectivity for the desired cross-modulation and
overload-protection characteristics while the signal i.s still at a
relatively low level. The 12BE6 cathode, control grid, and screen
grid are connected in a Pierce oscillator-circuit configuration
controlled by a 5595-kc crystal. The incoming 5645-kc IF signal
and the 5595-kc oscillator output mix to produce the final 50-kc
IF output.
The 50-kc IF output signal from the second converter (V3) is
applied to the grid of the 12BA6 IF amplifier ( V4) through the
T-notch filt er composed of T8 and its associated circuitry. The
output of V4 is fed, through the passband tuner (T9) to the grid
of the final 12BA6 IF amplifier (VS). The passband tuner consists of four high-Q LC circuits. Passband tuning is accomplished
by ganged permeability tuning of the coils, and variable selectivity of changing the coupling between the tuned circuits.
The amplified 50-kc signal from the final IF amplifier, V5, is
applied to the AM detector composed of diode D7 and its
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associated circuitry, to AVC amplifier Vl3, and to the switch S2
rear. When the SSl3-CW-AM switch is in the SSB-CW positions,
the output of VS feeds into grid 3 of the 6GX6 product detector
tube, V6. The cathode, grid 1, and grid 2 are connected in a
50-kc Hartley oscillator circuit. The incoming 50-kc IF signal
is mixed with the 50-kc oscillator signal to produce audio output.
\.\!hen the SSB-CW-AM switch is in the Al\11 position, the 50-kc
oscillator is disabled and the output of the AM detector circuit
is connected to grid 3 of V6, which now functions as an audio
amplifier.
The Drake R-4A selectivity curves are shown in Fig. 11-10. The
effect of the adjustable notch filter on the 2.4-kc selectivity curve
is shown in Fig. 11-11.
The noise-blnnker circuit in the R-4A attenuates a received
noise pulse by shunting to ground the output of V4 during the
pulse. In other words, the receiver is turned off during the pulse.
The 50-kc IF output from tl1e second converter, V3, is fed to
the grid of the 12BA6 noise-blanker IF amplifier, V9. Here the
signal is amplified to a level sufficient to operate the pulse detector and separation circui t composed of DI and D2 and their
associated circuitry. This circuit functions in such a manner that
when a noise pulse of a higher level than the accompanying
s ignal is received, a negative pulse is presented to the grid of
noise shaper VlOA. This stage is normally conducting and a
negative pulse causes a large positive pulse to appear at the
plate. This positive pulse is applied to the grid of pulse amplifier
VlOB. The 18K resistor (R66) and the lOOK resistor (R65)
form a voltage divider which applies positive cathode bias to
VlOB and diode D3, preventing them from conducting. When a
positive pulse is applied to the grid of VlOB, the bias is overcome, causing both VlOB and D3 to conduct. vVhen D3 conducts,
it shunts to ground the output of V4 through Cl04 and Cl05.
The R-4A contains a full-wave r ectifier power supply using two
1N3194 diodes. The power transformer has a dual primary. As
supplied, the primaries are connected in parallel for 120-volt line
operation and in series for operation on 240 volts AC.

THE HAMMARLUND I-IQ-180
The Hammarlund HQ-180 shown in Fig. 11-12 is a tripleconversion superheterodyne receiver designed for reception of
CW, Ai\11, and SSB signals. A total of eighteen tubes are used,
including the rectifier and voltage-regulator tubes in the selfcontained power supply. The circuitry includes a 100-kc crystal
calibrator plus controls for selectable sideband, adjustable band269

width ( 0.5 to 6 kc) , and slot filter and depth. Also included are
an adjustable AVC d ecay time constant, an effective noise limiter,
and a tuning conb'ol with expanded scales for the 80-, 40-, 20-,
15-, and 10-meter amateur bands.
The antenna input coupling and the RF amplifier stage provide the necessary preselection and gain for high performance
,and for rejection of undesired signals. In Fig. 11-13, the grid and
plate circuits of the RF amplifier are both tuned, and individual
tuning coils are selected for each band. The antenna compensation capacitor, adjustable from the front panel, permits the input
.circuits to be resonated for optimum performance with the
particular antenna in use.
A high degree of high-frequency oscillator stability is ob- .

Fig. 11-12. Hammarlund HQ-180 receiver.

tained through the use of a separate mLxer, V2, and an independent oscillator, Vl2. The output signal from the 6BZ6 RF
amplifier, Vl, is applied to the grid of the 6BE6 mixer, V2.
The conversion-oscillator signal voltage for the first mixer stage
is taken from the cathode circuit of high-frequency oscillator
Vl2. When receiving signals are in the range from 540 kc to
7.85 me, the oscillator signal is located 455 kc above them. In the
tuning range from 7.85 me to 30.0 me, however, the oscillator
signal is 3,035 kc higher than the received signal frequency.
When operating on the 7.85- to 30-mc bands, the difference
frequency of 3,035 kc is fed through a crystal fil ter and is mixed
with the 2,580-kc oscillator s.ignal in 6BE6 converter V3. The
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resultant 455-kc IF signal at the plate of V3 is coupled, through
transformer T3, to the 6BA6 455-kc IF amplifier. When operating
on the bands between 540 kc and 7.85 me, the 6BE6 converter,
V3, ceases to fw1ction and the 6BA6 gate tube, Vl8, becomes
a .regular 455-kc IF amplifier.
The output signal from V3 or Vl8 is applied to a single-stage
455-kc IF amplifier. The gain of V4 is controlled by 10,000-ohm
pot 1U5 which is ganged with sensitivity conh·ol R6. The output
of V4 consists of two 455-kc IF transformers, T4 and T5, which
are interconnected by a network of resistors, capacitors, and
coils. This network, called the "slot filter," forn1s a balanced
bridge type of bifilar "T" trap which provides very high attenuation to an undesired signal within the bandpass of the
IF circuit. The depth of the attenuation slot is controlled by
R26. The slot-filter response, shown in F ig. ll-14A, is extremely
deep and sharp. The slot is normally located outside the bandpass of the 455-kc IF circuit. Du.ring reception, when heterodyne
interference on AM or "monkey chatter" on single-sideband is
present, the slot frequency may be moved to any position in the
IF bandpass to "trap out" the undesired signal. On CW reception, the slot filter is useful in reducing or eliminating adjacentchannel interference.
In Fig. 11-13, the 455-kc IF signal from the T5 secondary is
applied, through C28, to the grid of V5. Note that the coupling
capacitor, C28, is only 7mmf. The second converter stage is
more or Jess conventional, since the 6BE6 tube is also used as a
395-kc conversion oscillator. The incoming 455-kc IF signal is
mixed with the 395-kc osci!Jator signal, and a difference frequency of 60 kc appears in the 6BE6 plate circuit. The threestage 60-kc IF amplifier includes two 6BA6 tubes, V6 and V7,
and one 6BV8 tube, VS. The six tuned circuits, T6, T7, T8, T9,
TlO, and Tll are capacitively coupled and individually shielded.
The use of high-C tuned circuits with the addition of ferrite
shielding provides long-term stability and freedom from the
effects of external electrical or magnetic fields . The resonant
circuits are stagger-tuned in a multiplicity of combinations which
are selectable by means of the selectivity and sideband- selector
switches on the front panel. The over-all response curves in
the various switch positions are shown in Fig. ll-14B.
T he double-diode sections of V8 serve as two AM detectordiode circuits. One diode is used with the A VC and signal-level
meter system and the other is for detection of Al'vl signals. Thjs
arrangement produces minimum distortion in the audio-output
signal.
When the Reception switch is turned to the SSB or CW
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position, the AM detector is d isabled, the 60-kc IF signal is
applied to the grid of V9, and Vl3A is placed in operation. Notice
in Fig. 11-13 that the 60-kc IF signal is applied to the grid of
one 12AU7 ( V9) triode section and that the BFO signal is applied
to the grid of the other. The two cathodes of V9 are connected
together and returned to ground through a common 820-ohm
resistor, Il39. Reinsertion of the carrier component into the 60-kc
SSB signal takes place in the cathode circuit of V9, and the
two RF voltages appear across R39. Variable capacitor Cl29
varies the frequency of the BFO over a range from zero-beat to
± 2 kc. The circuit of the beat-frequency oscillator is in the
series-tuned Colpitts arrangement.
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The AVC system of an SSB receiver is somewhat more complex and criti~al than the corresponding AM AVC system.
In the HQ-180, the AVC system minimizes fading and signallevel variations by controlling the gain of Vl, V4, V5, and V6. The
fast attack (charge) and adjustable decay time constant can
be used for best performance with the particular type of signal
:being received. A slow-decay AVC system is required for SSB
signal reception. The AVC voltage applied to Vl is delayed to
prevent AVC action on extremely weak signals. This delay is
necessary to maintain maximum sensitivity and signal-to-noise
ratio in the receiver input circuits.
The "S" meter assists in the tuning of the receiver by g iving an
indication of the relative strength of the incoming signal. It is
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connected in a stable balanced bridge circuit and utilizes the
current amplification of Vl3B. This arrangement gives an indication of signal strength on all positions of the AVC time-constant
switch. However, the signal-level meter calibration is valid only
when the RF gain conb·ol is turned to maximum. The signal-level
meter, which is calibrated to 40 db over S9, is adjusted at the
factory so that a signal input of approximately 50 microvolts gives
a reading of S9. The scale calibrations are arranged so that each
unit indicates approximately a 6-db increase, which is equivalent
to doubHng the level of the incoming signal.
The first audio amplifier, Vl6, uses a 6A V6 tube in a resistancecoupled circuit. The 6AQ5 audio output provides an undistorted level of at least 1 watt. A unique feature of the HQ-180's
audio amplifier is the variable negative-feedback system. The
audio-output signal response for various settings of the audio
gain control is shown in Fig. 11-15. 'otic:e that maximum negative
feedback is provided at low settings of the audio-gain control
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for best-quality reception on strong signals. As the audio
gain is advanced, the negative feedback decreases so that on weak
signals, the audio amplifier will provide additional selectivity.
This improves intelligibility on weak or noisy signals. A further
advantage is critical damping of the speaker. By thus eliminating
"hangover" effects, the reproduction of speech is greatly improved. The negative feedback also reduces distortion of the
reproduced audio, particularly at the lower-level settings of
the audio contTOl.
The Hammarlund HQ-180 is designed for complete coverage of
all frequencies from 540 kc to 30 me. The use of a separate

Fig. 11-16. Hammarlund SPC-10 SSB converter.

tuning dial provides "bandspread" tuning on the various amateur
bands. The HQ-170 is very similar to the HQ-180 except that it is
designed for coverage of the amateur bands only and docs not
include the 6BA6 455-kc gate tube, Vl8.

SINGLE-SIDEBAND CONVERSION
t-.fany amateurs own good-quality communications receivers
which were originally designed for AM communications work.
The Hammarlund SPC-10 SSB converter shown in Figs. 11-16 and
11-17 (see foldout section) has been speci£cally designed for
conversion of these older communications receivers to modem
single-sideband operation.
The SPC-10 is a single-conversion superheterodyne converter
designed to accept signals in the range from 450 to 500 kc with
levels from 0.005 to 2 volts. The processing of the signal in the
60-kc IF circuits, and the sideband selection and d etection,
are carried out in a manner similar to that of the HQ-180 receiver.
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The 455-kc signal from the communications receiver IF
circuit is applied to the converter IF gain control, Rll, and to
a bi6lar "T" trap, Ll, wbich is part of the slot-filter circuit. The
''T" trap filters out interfering signals before they appear at the
Vl mixer grid. The trap is adjustable over the entire range from
450 to 500 kc by the slot-frequency tuned circuit L2-Cll.
Capacitor Cll is the vernier, or "fine tuning," control on the front
panel, and R8 controls the depth of the slot.
The conversion-oscillator frequency is adjustable over the
range from 390 to 440 kc by means of coil L6 and the vernier,
or "fine tuning" capacitor C4, also mounted on the front panel.
Stable operation of both the oscillator and mixer circuits is
accomplished by use of low-LC-ratio resonant circuits which
are temperature compensated to minimize frequency drift.
A three-stage IF amplifler consisting of two 6BA6 tubes,
V2 and V3, and a 6AZ8 tube, VllA, follows the 6BE6 mixer. The
IF amplifier includes six high-Q tuned circuits-Tl, T2, T3, T4,
T5, and T6. The associated switching circuits add or subtract
capacitance in the tuned circuits to provide various degrees
of selectivity over the IF passband, as shown in Fig. 11-14. The
60-kc IF signal is simultaneously applied to the contTol grids
of the 6AZ8 third IF ampliller, VllA, and the 6AZ8 AVC IF
ampliller, V4A. The parallel operation of these two ampliflers
provides separate channels for the audio and AVC signals.
AVC IF amplifier V4A is coupled to AVC diode V4B by means
of tuned transformer TB. The AVC control voltage is applied
to the signal grids of VI and V2. The AVC voltages also controls
the 12AU7 meter amplifi er, VlOB. AVC switch S3 grounds the
AVC voltage in the "off" position; and the other positions
provide slow, medium, and fast AVC action by changing the
time-constant networks across AVC diode load resistor R77.
When AM or MCW signals are received, the 6AZ8 diodedetector output signal is applied to the plate of the 6AL5 noise
limiter, V7. A DC voltage from the AM detector is also applied
to noise-limiter control R50, and then to the cathode circuit of
the 6AL5. The purpose of the DC voltage is to control the degree
of noise-limiting action. The audio signal is then coupled to
the remaining 6AL5 diode plate through the common-cathode
connection and load. '"' hen noise-limiter switch S5 is in the
"on" position, the 6AL5 functions as a series-type limiter which
provides clipping of both the positive and negative noise
pulses. When the switch is in the "off" position, the signal
passes through the cil'cuit unchanged. The audio-output signal
from the noise limiter is applied to audio gain control Hl2 and
to the grid of the 6A V6 first audio ampliller, V8.
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In SSB or C\ V operation, the plate voltage is applied to the
12A U7 BFO, VlOA, and the 12AU7 product detector, V5. The
BFO signal is applied to one grid of VS, and the 60-kc IF signal
from the plate of VllA is applied to the other grid. The audiooutput signal from VS represents the product of the applied
IF and BFO signals at the 12AU7 grids. The audio signal from
the product detector is applied to the noise limiter through
R57 and S4. The operation of the audio circuits beyond this
point is exactly the same as previously described.
12AU7 meter amplifier VlOB forms one leg of a bridge circuit
consisting of resistors R69, R70, R71, and R73. The outpu t of
VlOB is controlled by the AVC voltage, which provides a
meter indication by unbalancing the bridge. R70 balances the
bridge circuit, to provide the required null adjustment for the
meter. This adjustment must be made only when no AVC signal
voltage is present. The sensitivity of the tuning meter is controlled by H72, which limits the current through the meter
movement.

SSB R ECEIVER SUMMARY
Obviously it is impossible to describe in detail every singlesideband communications receiver being manufactured today.
Even though each manufacturer will approach the design problems in his own particular manner, the two receivers and the
adapter described above should enable the reader to become
reasonably familiar with modern communications receiver design. The stability and bandpass requirements will, in general,
be similar to those of the single-sideband transmitter circuits
discussed in the preceding chapters.
Other than the more s'tringent stability and bandpass requirements of the SSB receiver, the most noticeably dilfercnt circuit
is the product detector. In our study of SSB generators, we foun d
that the RF envelope of the single- (or double-) sideband signal
contains an entirely different set of components from those in the
ordinary AM signal. The suppressed-carrier signal cannot be
rectified or "detected" in the ordinary AM diode circuit, since
this would produce highly distorted and unintelligible audio.
Instead a special circuit arrangement, called the product detector,
must be used to recover the audio from the single- or doub]esideband RF signal In this arrangement, the sideband signal is
mixed with the local carrier generator ( BFO ) signal, and tbe resu ltant audio is the product of the two RF input signals.
Fig. 11-18 shows a hiode product detector similar to the one
in the Collins and Hammarlund receivers described previously.
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The single-sideband IF signal is applied to the 12AU7 conh·ol
grid, and the signal from the local carrier generator ( BFO) is applied to the cathode. The injected carrier should be in the same
re]ationship 'to the sideband signal as the carrier which was
suppressed at the transmitter. The ratios between the SSB IFsignals and injected carrier-signal levels must be such that minimum distortion will appear in the recovered audio signal. In most
cases minimum distortion of the audio signal will require an
injected-carrier voltage of several times the level of the IF
signal. The ·action of the product detector can be more
c~early understood by referring to the vector diagram in Fig.
11-19 during the description which follows.
During the modulation process at the transmitter, an AF and
RF signal were mixed to produce a pair of RF sidebands.
The carrier was suppressed by the balanced modulator, and
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only the sideband( s) b·ansmitted. At the receiver, the sideband ( s) are mixed with a local carrier in a product demodulator
and the original audio-modulation signal thus recovered. The
demodulation process is very similar to modulation except that
the RF sidebands are mixed with an RF carrier to obtain the
audio modulation as the product, whereas in modulation the
audio-modulation signal is mixed with an RF carrier to obtain
the RF sidebands as the product.
In Fig. 11-19, vector Y represents the lower-sideband RF signal,
and vector X the upper-sideband RF signal. Together these two
vectors represent the double-sideband, suppressed-carrier IF
signal applied to the control grid of the product detector shown
in Fig. 11-18. The actual frequenci es of Y and X will depend
on the audio frequency being transmitted and the IF bandpass
of the particular receiver in use. The third vector, Z, represents
the RF carrier signal, which is applied to the cathode of the
12AU7 product detector. This is the carrier component which
was suppressed at the transmitter and must be reinserted at the
receiver during demodulation.
Notice in Fig. 11-19 that at time A, X and Y are 180° out of
phase. Since the two sideband voltages are equal in amplitude
but opposite in phase, the sideband-signal voltages wiJJ canceJ.
Carrier voltage Z remains, however, and will affect the 12A U7
plate current. The average plate current (dotted sine wave)
will assume an arbitrary value of one unit. At time B all three
vectors ( X, Y, and Z) are adding in magnitude. In this illustration the amplitude of each sideband voltage, or magnitude of
each sideband vector, is considered to be equal to one-half
the amplitude of the carrier voltage. The three vector voltages
at time B will add to produce an arbitrary plate-current value of
two units, as indicated by the solid vertical line below the dotted
sine wave. At time C the two sideband voltage vectors X and Y
have reversed their positions with respect to those of time A-X is
now at 0° and Y is at 180°. Again the two sideband voltages
cancel, which leaves only carrier component Z and produces an
arbitrary plate-current value of one unit. At time D vectors X and
Y are adding at 270° but carrier vector Z is at 90°. Since the
magnitude of X and Y combined is exactly equal to the magnitude
of Z, the carrier and sideband voltages cancel and the arbitrary
plate-current value is zero. Time E represents the beginning of
the next modulation cycle, and the carrier and sideband vector
positions are the same as shown at time A. Notice that the
average of the instantaneous values of the 12AU7 plate current
(dotted line ) follows a sine-wave pattern, but only when the
audio modulation appHed at the trnnsmitter is a sine wave. When
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speech is being applied at the transmi tter, the l.2AU7 average
plate current will follow the speech audio-wave pattern.
It is important that the phrase "average of the instantaneous
values of plate current" be thoroughly understood. Since the
product demodulator acts essentially like a m ixer, a number of
signals will appear in the 12A U7 plate current. The most prominent will be the two RF (or IF ) sideband signals represented
by the vectors X and Y, and the RF carrier signal represented
by vector Z. The carrier signal will add to each sideband signal
and produce RF sum signals in the 12A 07 plate current.
These signals appear as a pair of sidebands displaced above and
below the injected-carrier second-harmonic frequency by the
am ount of the original modulation frequency. Also appearing in
the plate current will be the RF difference signals-which are
equal to the carrier minus the lower sideband, and the upper
sideband minus the carrier. The difference frequency platecunent component (dotted sine wave in Fig. 11-19) is equal to
the original audio-modulation component at the transmitter.
Fig. 11-20 indicates the relative positions of the various platecurrent signal components in the frequency spectrum. In the
demodulation process, it is only necessary to recover the intelligcnee, or audio, portion of the transmitted signal. This is done
by feeding the output of the product detector to a low-pass filter
which removes the RF components. The output signal from
the low-pass filter should be the same as the original audio
signal applied at the transmitter.
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In the preceding discussion, the demodulation of a doublesideband, suppressed-carrier RF signal was analyzed. Assuming that the receiver IF is designed for a nominal frequency of
60 kc, and that the bandpass is sufficient to pass the upper and
lower sidebands without attenuation, then a 2,000-cycle modulation tone at the transmitter will produce receiver IF sidebands
at 58 and 62 kc. In order to recover the original 2,000-cycle
audio from the output of the product detector and low-pass
filter, a precise 60-kc RF carrier must be reinserted into the
double-sideband IF signal. Without offering complex mathematical proof, it can be stated that the two audio d ifference signals
-obtained by subtracting the 58-kc lower-sideband signal from
the 60-kc carrier signal, and the 60-kc carrier signal from the 62-kc
upper-sideband signal-will add in the product-detector output
circuit and appear as one signal. This statement will be h·ue only
when the carrier frequency is equidistant from either sideband
frequency-or, in our numerical example, at exactly 60 kc. It will
be interesting to determ ine what will happen to the demodulated
audio signal when the inserted carrier is not at the proper
frequency.
Suppose the receiver IF sideband frequencies are 58 and
62 kc, but the inserted-carrier frequency is only 59 kc. The audiosignal component recovered from the lower sideband will be
equal to 59 kc minus 58 kc, or 1,000 cycles; and 62 kc minus 59 kc,
or 3,000 cycles from the upper sideband. The audio signal at
the output terminals of the low-pass filter will consist of two
components, one of 1,000 and the other of 3,000 cycles. It is
obvious that the recovered audio signal is not the same as the
original 2,000-cycle modulation signal. The audio reproduction
from the receiver will then be so distorted that it is quite
likely to be completely unfotelligible. I t should be apparent
that the demodulation of a double-sideband, suppressed carrier
is extremely difficult because of the exact frequency at which
the carrier must be reinserted. In modern cbmmunications, this
demodulation is accomplished by removing one of the sidebands in the IF circuits of the receiver. The remaining sideband
signal is then demodulated in the same manner as the regular
single-sideband signal.
In SSB transmission, only one audio signal will appear in the
plate circuit of tbe product detector. However, when the injected carrier is not at the proper frequency with respect to the
sideband, the pitch of each recovered audio tone will be incorrect,
compared with the original audio signal applied at the transmitter. As an example, suppose that the audio-modulation signal
at the h·ansmitter is a 2,000-cycle sine-wave tone and that the IF
280

signal which appears at the grid of the receiver product detector is the 62-kc upper sideband onJy. We know that when the
injected-carrier frequency is 60 kc, the 2,000-cycle audio tone will
be recovered. But if tJ1e injected-carrier frequency is, say, 59.95
instead of 60 kc, then the audio-signal frequency recovered will
not be 2,000 cycles, but 2,050 cycles . All other audio frequencies
in the demodulator output will be shifted upward, in the spectrum, by an amount equal to the frequency error in the injected
carrier. For single-sideband reception, injected-carrier frequency
errors of 20 cycles or less generally are not noticeable in the
recovered audio. When the error is greater than 20 cycles, however, the recovered audio will be shifted, in its spectrum, to the
point where the reproduced sound will sound unnatural. If the
error is 50 cycles or greater, tJ1e reproduced sound may even be
unintelligible.
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Chapter 12

Single-Sideband
Transceivers
In the preceding pages we discussed single-sideband transmitter and receiver design from the viewpoint of separate integral units. It is obvious that much of the circuih·y of the two
separate units, such as the IF stages, the sideband filters, the
injection oscillators, etc., is virl11ally identical. Although many
amateurs still prefer separate transmitter and receiver un its, the
single-sideband transceiver is rapidly becoming more and more
popular, especially for mobile or other communications services
where a small compact unjt is required. The operation of a
single-sideband transceiver is essentially bilateral. With the exception of the receiver RF amplifier and the high-level transmitting stages, the signal stages may amplify in either direction.
During the receive function they amplify in one direction; on
transmit they amplify in the opposite direction. The same tuned
circuits are used for both lrnnsm itting and receiving. The various
injection oscillators operate continuously, supplying the localoscillator signals to the proper mixer stages. The transceiver bas
several important advantages over the separate transmitter and
receiver units, the most outstanding of which are compactness,
lower cost for the over-all station, and rapid break-in operation.
Because the frequency-determining VFO is common to both the
receiving and transmitting functions, it is only necessary to tune
the receiver to the frequency of the station with which contact
is desired and start talking. The transmitted signal is automatically placed on the same frequency as that of the distant station.
At this time a nttmber of manufacturers are producing singlesideband communications transceivers. As might be expected,
each manufacturer has his own ideas as to the features required
in the service application for which the instrument was designed. As a result, the circuit details of the various equipment
are somewhat different. It is obviously impossible to describe in
detail all of the transceivers being manufactured today. Conse282

quently, we have selected a limited number of transceivers of
different manufacture to illustrate good engineering and design
practice. One of these units, the Collins KWM-2/2A, has been in
production for several years and contains many circuit refinements. It is an excellent example of a transceiver designed for
the use of vacuum tubes. Another transceiver shown here is the
Sideband Engineers' SB-34. This instrument is a very good example of current transceiver design practice using solid-state
(transistor) techniques. Although every precaution has been
taken to insure accurate descriptions of the various pieces of
equipment, space does not permit complete functional details
of all circuits. The reader is advised to write to the manufacturer
of any specific equipment in which he may be interested and
request the latest technical information.

COLLINS KWM-2/2A
Fig. 12-1 shows the fron t view of the Collins KWM-2/2A. The
block diagram of the transceiver i.~ shown in Fig. 12-2. The

Fig. 12-1 . Collins KWM·2/ 2A transceiver.

KWM-2/2A is a single-sideband or CW transceiver operating in
the range between 3.4 and 30.0 me. It consists of a double-conversion receiver and a double-conversion exciter-transmitter. The
transmitter and receiver circuits use common oscillators and a
common mechancial filter, as well as a common RF amplifier.
The transmitter and receiver low-frequency IF is 455 kc. The
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high-frequency IF for both is .2.955 to 3.155 me. This is a b andpass IF which accommodates the full 200-kc b andwidth.
Refer to Fig. 12-2. Microphone or phone-patch input signals
are applied to the grid of fast-transmit audio amplifier VIA,
amplified, and then coupled to the grid of second-transmit audio
amplifier VUB. Output from VllB is applied, through the
speech-amplifier gain control, to the grid of third-transmit audio
amplifier V3A, which is a cathode-follower circuit. The lowirnpedance audio signal from the cathode follower is applied to
the resistive balance point of balanced modulator CR1-CR4. In
the "tune," "lock," and CW positions of the emission switch,
audio output from tone oscillator V2B (Fig. 12-3) is fed to the
{ - - CARRIER
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Fig , 12-4. KWM· 2 / 2A be at•fre que ncy osc illator (BFO).
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grid of the second audio amplifier. The amplified tone-oscillator
signal is taken from the plate of VllB and coupled to the grid
of VOX amplifier Vl4B to activate the VOX circuits in CW operation. This 1,500-cps audio signal is also fed to the grid of .6rstreceiver audio amplifier Vl6A for CW monitoring.
Audio signal voltage from the cathode of V3A and the BFO
carrier generator voltage (Fig. 12-4) are applied to the carrierbalance diode-quad modulator ( CRl, CR2, CR3, and CR4).
Both upper- and lower-sideband signals from the balanced modulator are coupled through an IF transformer to the grid of IF
ampliller V4A. The amplified double-sideband suppressed-carrier
signal from V4A is fed to mechanical filter FLL The 2.1-kc passband of FLl is centered at 455 kc. This passes either the upper
or the lower sideband, depending on the sideband selected when
the emission switch connects the proper BFO crystal. The BFO
crystal frequency required for the upper sideband is 456.350 kc,
and 453.650 kc for the lower sideband. The single-sideband output of FLl is applied to the grids of first h·ansmit mixer V5 in
push-pull (Fig. 12-6).
CRIO

B+ 215 ---1o.1L-_
IN1490

4700

@A

CATHOOE

1/ 6AZ8 FOU.OWER

g

/2

9

BAtAM:EO MOOULATOA

5· 25

CARRIER
BALANCE

T

FROM
AUDIO
AMP

DSB
OUTPIJT

e+ 275
* DETERMINED BY INDIVIDUAL
ClRCUIT REQUIREMENTS

** MATCHED QUAD DIDOES
Fig. 12-5. KWM·2/ 2A balance d modulator.

The 455-kc single-sideband signal is fed to the first transmit
mixer (Fig. 12-6) in push-pull; the plates of the mixer are connected in push-pull, but the VFO signal from cathode follower
V2A is fed to the two mixer grids in parallel. The mixer cancels
the VFO signal energy and translates the 455-kc single-sideband
signal from the mechanical fil ter to a 2.955- to 3.155-mc singlesideband signal. The variable IF tuning circuit, T2, between the
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first and second transmit mixers, provides broadband response to
the 200-kc variable IF output ( 2.955- to 3.155-mc range) from
first transmjt mixer VS. The bandpass IF signal is fe d to one of
the grids of second transmit mixer V6, and the high-frequency
injection-signal energy from crystal oscillator V13A is fed to the
cathode and other grid. The high-frequency injection signal cancels within the mixer, and only the bandpass IF signal is translated to the desired band.
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Fig. 12-6. KWM-2/2A first tronsmitter mi xer.

A series of slug-tuned circuits couples V6 to V7, V7 to V8, and
V8 to the power amplifier. These circuits are ganged to the exciter tuning control. The signal is amplified by RF amplifier V7
and driver V8 to drive power amplifiers V9 and VlO. Output
from the parallel power amplifiers is tuned by a pi-nehvork and
fed to the antenna through the contacts of transmit-receive relay
K3. Negative RF feedback from the power-amplifier plate circuit
to the driver cathode circuit reduces distortion in the output
signal. Both the driver and power-amplifier stages are neutralized
to insure good stability. When the RF driving voltage to the
power amplifier becomes great enough that positive peaks drive
the amplifier grids positive, the grids begin to draw current and
the signal is detected. This produces an audio envelope. The
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audio envelope is rectified by ALC rectifier Vl7A, which is connected to produce a negative DC voltage. This voltage, after
being filtered and passed through an ALC time-constant network,
is used to control the gain of V4A and V7. This system allows a
high average level of modulation without driving the power-amplifier tubes well into the grid-current region, which would result
in increased distortion.
During the receive function, signal input from the antenna is
applied through the transmit-receive relay contacts to the tuned
input circuit of receiver-transmitter RF amplifier V7. The amplified signal from V7 is fed through a tuned circuit to the grid
of receiver first mixer Vl3B.
The input RF signal is applied to the grid of Vl3B, and the
high-frequency oscillator injection signal is fed to the cathode.
The difference product of the first mixer is applied from the tube
plate to variable IF transformer T2. The RF output of T2, in the
range of 2.955 to 3.155 me, is applied to the grid of second receiver mixer Vl7B, across a parallel-tuned trap circuit (not shown
in Fig. 12-2). This trap circuit minimizes a spurious response
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Fig. 12-7. Collins 70K·2 oscillator (VFO) circuit.

which would otherwise result from harmonics of the high-frequency crystal oscillator. When signal input is applied to the grid
of Vl7B and VFO injection voltage is applied to the cathode,
a 455-kc difference-signal product is produced. The 455-kc product is fed from the Vl7B plate to mechanical filter FLL
The IF signal output from FLl is applied to the grid of first
IF amplifier VlB. The IF signal is amplified by VlB and V3B
and then fed to AGC rectifier Vl5A and product detector Vl5B.
The crystal-controlled BFO signal from VllA is applied to the
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cathode of the product detector, and the product of mixing is the
detected audio signal. Output voltage fr om the AGC rectifier circuit is fed to the two receiver IF amplifiers and, through relay
contacts, to the receiver-transmitter RF amplifier. This AGC voltage controls the gain of the receiver and prevents overloading.
Output from the product detector is applied through an audio
gain control to the grid of first audio amplifier Vl6A. The amplified audio from V16A is coupled to the grid of audio output
amplifier Vl6B, which produces the power to operate a speaker,
headphones, or phone patch.
This transceiver circuit contains five oscillators. They are the
tone oscillator, the beat-frequency oscillator, the variable-frequency oscillator, the high-frequency crystal oscillator, and the
crystal calibrator.
The tone oscillator operates ·when the emission switch is in the
"lock," "tune," or CW position. It is a phase-shift oscillator operating at approximately 1.5 kc. Its output is fed to the transmitter audio circuits for CW operation. Because of the 1,500-cps
tone applied to the balanced modulator during CW operation,
the actual transmitted frequency will be 1.5 kc above the KWM2/2A dial frequency calibration. Some of the output from the
tone oscillator is applied to the receiver audio circuits for sidetone monitoring in CW operation.
The beat-frequency oscillator ( BFO) is crystal controlled at
either 453.650 or 456.350 kc, depending on which crystal is selected by the emission-switch section. The switch shorts out the
unused crystal. These crystal frequencies are matched to the
bandpass of mechanical filter FL! so that the carrier frequency
is placed approximately 20 db down on the skirts of the filter
response. This 20-db carrier attenuation is in addition to the 30db suppression provided by the balanced modulator.
The variable-frequency oscillator uses fixed capacitance and
variable inductance to tune the range of 2.5 to 2.7 me. The series
combination of capacitor C308 and diode CR301, shown in Fig.
12-7, is connected in parallel with capacitor C303. The diode
switches C308 into or out of the circuit, depending on the polarity of a bias voltage impressed across the diode junction. When
the upper-sideband emission is selected, the bias is positive and
C308 is switched into the circuit. The capacitor then is adjusted
to shift the VFO frequency by an amount equal to the frequency
separation of the two BFO crystals. This allows the selection of
either sideband without upsetting the tuning or dial calibration.
High-frequency oscillator Vl3A is crystal controlled by any
one of 14 crystals selected by the bandswitch. Output from the
high-frequency crystal oscillator is fed to the transmitter second
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mixer and to the crystal-oscillator cathode follower. The cathode
follower provides isolation and impedance match between the
crystal oscillator and the receiver first-mixer cathode. The output
frequency of the oscillator is always 3.155 me higher than the
lower edge of the desired band. This high-frequency injection
signal is the crystal fundam ental frequency for all desired signals
below 12 me. For operating frequencies higher than 12 me, the
crysta.I frequency is doubled in the plate circuit of the oscillator.
The 100-kc crystal calibrator, Vl2A, is the pentode section of
a type 6U8A tube. Its output is coupled to the antenna coil. The
calibrator may be trimmed to zero-beat with WWV by means of
a small adjustable capacitor.
Audio voltage from second microphone amplifier VllB is
coupled to the VOX gain control and amplified by VOX amplifier
Vl4B. The ampufied signal is fed to the VOX rectifier, which is
one of the diodes of Vl4. The positive DC output of the VOX
rectifier is applied to the grid of VOX relay amplifier V4B, causing it to conduct current and actuate the VOX relay. The contacts
of the VOX relay switch the receiver antenna lead, the other relay
coils, and the bias voltage. Other relays switch the metering circuits from receive to transmit, the low plate voltages from receive
to transmit tubes, and the AGC and ALC leads.
The ANTIVOX circuit provides a threshold voltage to prevent
the speaker output (picked up by the microphone circuits) from
tripping the KWM-2/ 2A into the transmit function. Some of the
receiver audio-output voltage is fed to the ANTIVOX gain control. The signal from the slider of this control is rectified by the
ANTIVOX recti£er, which is the other diode of Vl4. Negative
DC output voltage from the ANTIVOX rectifier, connected to the
grid of V4B, provides the necessary ANTIVOX threshold. The
ANTIVOX gain control adjusts the value of the threshold so that
the speaker output will not produce enough positive DC output
from the VOX rectifier to exceed the negative DC output from
the ANTIVOX rectifier and cause V4B to actuate the VOX relay.
However, speech energy into the microphone will cause the positive VOX voltage to overcome the negative ANTIVOX voltage
and produce the desired action of the VOX relay. The final adjustments of the VOX and ANTIVOX circuits will depend on the
operating habits of the individual, his voice characteristics, and
the particular type of microphone used.

SBE SB-34
The SB-34 single-sideband transceiver is manufactured by Sideband Engineers, South San Francisco, California, and is designed
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for operation in the A3 portions of the 80-, 40-, 20-, and 15-meter
amateur bands. The SB-34 operates either upper or lower sideband; selection is made by a front-panel switch. There is no carrier shift when the emission is changed from one sideband to the
other. The peak effective power output exceeds 60 watts on the
80-, 40-, and 20-meter bands, and 50 watts on the 15-meter band.
The SB-34 is self-contained, requiring only a microphone and
an antenna for operation. It will operate from either a 117-volt
AC or a 12-volt DC ( negative-grouud) power source; the twoway power supply is an integral part of the unit. Selection between the two power sources is automatically made when the
proper line cord is connected. Provision for use of a VOX unit
and a 100-kc calibrator is included. These units are available as
accessory items.
AIJ stages of the SB-34 except the transmitter driver and power
amplifiers are transistorized. The use of bilateral amplifiers and
mixers, which amplify in one direction on transmit and in the
other direction on receive, permits the use of a single b andpass
circuit train. Duplication of circuitry is eliminated through the
use of common circuit elements for both receive and transmH
function s. Exceptional receiver performance is obtained through
the use of post-alloy diffused transistors and a 2.1-kc Collins mechanical filter. The entire transceiver package is less than one-half
cubic foot in volume and weighs approximately 18 pounds.
The construction is of heavy-gauge steel and aluminum. Printed-

Fig. 12-9. 58-34 transceiver.
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circuit boards are used extensively for the wiring to provide a
rugged and compact package. The SB-34 is shown in Fig. 12-9.
All transistors in the SB-34 circuit operate in the commonemitter configuration except receiver RF amplifier Qll. This stage
is operated common base, as shown in Fig. 12-10.
A typical bilateral stage may be understood by referring to the
456-kc amplifier. Q5-Q6, shown in Fig. 12-11. With the microphone button released, the base bias resistor of Q5 is returned
to a line which carries a + 12-volt potential. The transistor cannot
conduct. The base bias resistor of Q6, however, is returned
(through the volume control) to a line which is essentially
r -- - - -- - - - - - - - - - - -

- - - -

- - - - 1
I

I
I
I

r-- ----- -- -r ----- - -- r
.... F

M l>IE.I'\

I

I
I
I
I

RI" AMP

--'-'"'----~--L---~'--l--~
101(

--- ~l--+--+-

1

L ____-______
-'-<r>--==---..._-------'...JI
O~CILLO.TOi:1

60ARO

.ooz

I
I
I

-

I

L __ - -- -'
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ground potential ·with the microphone button released, and Q6
is in conduction and able to amplify. Thus, with the microphone
button up, a signal appearing at the mechanical filter will be
amplified and delivered to IF transformer T2. With the microphone button pressed (transmit position ), the two bias-control
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lines are inverted in polarity so that Q6 is cut off and Q5 is able
to conduct. Therefore, a signal appearing at T2 is amplilied by
Q5 and impressed on the filter. Similarly, the amplifying direction
of the VFO mixer (Q7-Q8, Fig. 12-12) and the high-frequency
mixer ( Q9-Ql0, Fig. 12-13) are controlled by the two biascontrol lines.
Unilateral stages that are required to operate only on receive
or transmit are turned off when not needed by returning their
base bias resistors to the appropriate bias-control line. The transmitter tubes are disabled during receive by applying a high
negative bias to their grids.

r- - -- - -- - - - -- - -

-- ---- -- ,

410

L------------ ---- -

- - - .J

Fig, 12-12. SB-34 VFO mix er ( VFO bogrd).

In the transmit function, an audio signal from the microphone,
controlled in amplitude by the microphone gain control, is amplified by microphone amplifier Q4 and applied to ring-balanced
modulator CR3-7. Crystal osciJlator Ql2, operating at 456.380 kc,
provides a carrier signal to the modulator. Carrier balance is obtained by a potentiometer and a trimmer capacitor. Double-sideband, suppressed-carrier output from the balanced modulator is
ampliEed through T2 by bilateral amplifier Q5-Q6. The amplified
signal is then passed through the mechanical filter, which suppresses the upper sideband.
Output from oscillator Ql2 is also applied to frequency doubler
CR8. The doubled carrier frequency from this stage is then either
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doubled again or tripled by Ql3. With the mode selector switch
set at "USB," the frequency is tripled; with the switch on "LSB,"
the frequency is doubled. Thus, on "USB," a 2738.2-kc ( 456.38 X
6) signal appears at the output of T5. On "LSB," an 1825.5-kc output appears at T5.
Doubler-t1·ipler transformer T5 is connected in a ring with the
mechanical £lter, mixer CR9, and transformer T3 which is tuned
to 2281.9 kc. With the mode selector in "LSB," output from TS is
additively mixed with the lower-sideband signal from the £lter
to produce a lo·wer-sideband signal at 22-81.9 kc. With the mode
selector set on "USB," the T5 output is subtractively mixed with
the filter output to generate an upper-sideband signal, still at
2281.9 kc. Thus, the mode selector, by adjusting Ql3 to either
double or triple, determines the mode of the sideband signal.
Since all of the frequencies involved are derived by a single oscillator, the carrier frequ ency cannot shift and no retuning is
·necessary when switching sidebands.
The 2281.9-kc upper- or lower-sideband output from T3 is
applied to VFO mixer Q7-Q8. Also applied to this mixer is an injection signal which is tunable from 5456.9 kc to 5706.9 kc. This
injection voltage is generated by VFO Ql5 and isolated from the
load by VFO buffer Ql4. Tunable b·ansformer T6, connected to
the output of VFO mixer Q7-Q8, tunes the frequen cy range 3175
through 3425 kc. This frequency range is the result of subtractively mixing the incoming 2281.9-kc sideband signal with the
VFO injection. Transformer T6 is gang-tuned with th e VFO and
thus is always accurately tuned to the desired frequency.
The 3175- to 3425-kc sideband signal from Q7-Q8 is applied to
high-frequency mixer Q9-Ql0. Also applied to this mixer is injection voltage from high-frequency crystal oscillator Ql9. The
frequency generated by t11is oscillator may be 7200, 10,475, 17,525, or 24,625 kc, depending on the position of the bandswitch.
Here again, the 3175- to 3425-kc incoming signal is subtractively
mixed to produce the final output frequency. Output from mixer
Q9-Ql0 appears across tuner coil L2. The resonant frequency of
L2 is controlled by a large vcu'iable capacitor and by a special
sltig which penetrates into the coil an amount depending on the
setting of the bandswitch. The large vmiable capacitor is mechanically linked to the bandswitch through a Geneva movement
so that rotating the capacitor sh aft tunes the coil through a
limited range, bracketing the selected operating band. Changing
t11e bandswitcb to the next band tunes a limited range, bracketing
this band, etc. On 80 meters, the slug is almost fully penetrated
into the coil and the capacitor is near maximum capacity. On 40
and 20 meters, the slug and capacitor are at near midrange, and
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on 15 meters the slug is fully withdrawn and the capacitor is near
minimum. By this unique method of tuning and bandswitching.
the Q and LC ratio of L2 and the variable capacitor are near
optimum on all bands, and the resonant impedance remains essentially constant across the entire tuning range. This tuning arrangement is ganged with, and duplicated in, the antenna and
,h·iver-coil circuits, resulting in exciter train tuning with only one
control.
In the receive function , with the microphone button released, a
signal from the antenna is loosely coupled from the transmitter
pi-section network to the top of L3. Diodes CR14 and CR15,
across L3, conduct only when extremely strong signals are present
and do not otherwise affect the circuit. The signal at L3 is coupled to the emitter of Qll, which operates as a common-base
amplifier. The ampli£ed signal from Qll is applied to highfrequency mixer Q9-Ql0 through L2. With the injection from
Ql9, this stage converts the signal to a frequency within the
range 3175 to 3425 kc. The converted signal is then mixed by
Q7 and Q8 to 2281.9 kc with injection from the VFO Ql4 and
Ql5. The converted signal is finally mixed by diode CR9 to
456.38 kc, the reference frequency, in a manner exactly opposite
to that described for this stage dw·ing the transmit function. Output from the filter is then amplified by Q5 and Q6 and coupled
through T2 to ring modulator CR3-CR7.
With BFO injection from the carrier oscillator, the ring modulator now functions as a detector and produces an audio output
which is applied to the base of Q2. The audio signal from the
collector of Q2 is coupled to the base of Ql, the audio driver.
This stage, in turn, drives t11e transistor audio power amplifier,
which increases the signal to speaker level.
The volume control sets the gain of the high-frequency mixer,
the 456-kc ampli£er, and, to a small extent, first audio amplifier
Q2. Other signal stages operate at full gain except in the presence
of AGC action.
RF amplifier Qll and IF amplifier Q5-Q6 are gain-controlled
by AGC amplifier Q3. An audio signal appearing across the
speaker terminal causes Q3 to conduct heavily. The voltage at its
collector is normally close to that of the supply, + 12 volts. When
Q3 conducts, however, the coll ector potential falls rapidly and
charges the 250-mfd capacitor (connected between the collector
and 12-volt bus ) to some value less than 12 volts. This AGC voltage is connected to the emitters of the RF amplifier and the 456kc amp lifier; and as the AGC voltage falls toward ground potential, the gains of these stages are reduced until the audio output
is stabilized. The AGC action is proportioned such that the RF
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amplilier b ecomes largely cut off in the presence of even moderate signals so that the following stages are protected from signal
overload. If the signal fades, causing the audio output to drop,
Q3 conducts less and the 250-mfd capacitor slowly discharges
toward the + 12-volt potential, causing the gains of the stages
to be restored as necessary to maintain the audio level.
W hen the volume control approaches the fully clockwise position, diode CRl, connected to the base of Q3, begins to limit the
amount of audio applied for AGC action. With this occurring,
more audio output is produced for a given amount of ACC.
Finally, with the volume control fully clocbvise, the base of Q3
is clamped off and fu ll audio output is produced.
Diode CR2, in the collector of Q3, conducts when the unit is
switched to transmit. This conduction charges the 250-mfd capacitor to the 12-volt potential so that when the set is switched
back to receive, full receiver gain is instantly available.
Two transistors, Ql6 and Ql7, perform the functions necessary
to switch the transceiver from receive to transmit, thus eliminating the conventional relay. The base of Ql6 is coupled through a
current-limiting resistor to the cathode of driver tube Vl. With
the microphone b utton released, Vl draws no cathode current and
its cathode is at ground potential. Transistor Ql6, therefore, is
cut off and the potential at its collector is + 12 volts. This potential is supplied to the conb·ol line that requires + 12 volts on
receive. Also, the collector potential at Ql6 is applied to the base
of Ql7, causing this transistor to conduct to saturation. Its collector potential, therefore, is essentially grounded. The control
line requiring ground potential on receive is conn ected to the
collector of Ql7.
When the microphone button is pressed, the high n egative bias
on driver tube Vl is removed and the stage conducts. The cathode potential of Vl rises to approximately + 6 volts and, with
this voltage applied to the base, transistor Ql6 conducts to saturation. The control line that was + 12 volts is now at ground potential. In addition, since the potential on the base of Ql7 is
removed, this stage cuts off and the control line that was grounded
on receive is now + 12 volts.
The SB-34 contains a power supply designed to operate from
either 117 volts AC OI 12 volts DC (negative ground). With 12volt DC operation, transistors Q21 and Q22 are connected as a
common-emitter power osciliator. Starting bias for this oscillator
is obtained from a small resistor and the heater current of driver
tube Vl. All of the transmitter-tube heaters and input voltage to
the oscillators are applied through the "XMTR" switch so that
the receiver portion of the transceiver may be operated with re297

duced power consumption. A high-voltage winding of T7 is connected to voltage tripler circuit CRl7, CR18, and CR19 to supply
approximately + 450 volts to the transmitter tubes and + 150
volts to the screen grids of V2 and V3. Another small secondary
winding is half-wave rectified by CR20 to supply negative bias
to the transmitter tubes.
With 117-volt AC operation, T7 is energized by a second primary winding. The feedback and collector windings of the transformer are connected essentially in series and full-wave rectified
by the collector-base diodes of Q21 and Q22 to provide a highcurrent + 12-volt output. This voltage operates the transistorized
stages and the transmitter tube heaters. The high-voltage and
bias systems operate as described above. The "XMTR" switch,
in this mode of operation, is not connected and the transmitter
tube heaters are energized at all times.
A special regulator circuit is provided to stabilize the voltage
to the VFO, Ql4 and Ql5. Regulator Ql8 operates a shunt regulator across the + 12-volt bus to provide an output of + 7.0 volts.
The current to the base of Ql8 is determined by the current flow
through zener diode CRlO; and since this zener diode in itself
is not a perfect regulator, the output voltage from Ql8 would
normally vary slightly as the supply voltage changed. To overcome this variation, a small variable resistor is inserted in the
series-dropping resistor line to the regulator transistor. The effect of this variable resistor is to insert an additional amount of
base current to the transistor to offset the slight change that occurs in the zener diode because of supply-voltage changes. Thus,
with proper adjusbnent of the resistor, regulation becomes perfect for input supply voltages of 11.5 to 15.0 volts.
The SB-34 includes a "pitch" control on the front panel. Its purpose is to permit a slight adjustment in the receiver frequency
with respect to the transmitter frequency. The control may be
switched in or out as desired. A small silicon diode, CRll, is
connected between the "hot" end of VFO coil L5 and a voltagedivider network which may be adjusted to a value between the
regulated voltage ( + 7 volts) and ground. The diode is connected so that a reverse bias is applied and therefore appears
as a small capacitor, the actual value of capacitance varying according to the amount of reverse bias applied.
The voltage-divider network supplying bias to the diode contains, in one leg, the "dial-correct" potentiometer. This leg is active on both transmit and receive. The other leg of the network
is divided into two sections, one operating on transmit and the
other on receive. On transmit, the leg consists of a 470-ohm resistor and diode CR12, which conducts only on transmit. On re298

ceive, the leg consists of either an adjustable resistor (when the
"pitch" control switch is off ) or the "pitch" control ( when the
"pitch" control switch is on) and diode CR13.
The over-all effect of the pitch-control network is to permit a
slight variation in VFO frequency on both transmit and receive
by the "dial-correct" control, and a variation on receive only by
the pitch control. The adjustable resistor, activated when the
pitch switch is off, is factory adjusted so that the VFO frequency
on receive is exactly the same as on transmit.
The single-sideband transceivers described above are factorybuilt and aligned, and are ready to operate. In the early days of
amateur radio, before single sideband, it was customary for the
average amateur to design and build most of his station equipment "from scratch," laying out the desig'n on paper and then
punching the chassis and assembling the components into a complete unit. Because of the complexities of single-sideband circuitry, it is virtually impossible for the average amateur to completely design and construct a modern receiver, transmitter, or
transceiver unless he has access to laboratory or engineering facilities and equipment. Fortunately, however, remarkable progress has been made by the various kit manufacturers, such as
EICO and the Heath Company. The r,;vo firms mentioned produce a wide variety of amateur-radio transmitter, receiver, and
transceiver kits, as well as other electronic products, in which all
of the difficult design work has been carried out in the laboratory. In most cases, the critical circuits are already wired and
adjusted so that only a minimum of test equipment is necessary
to complete the construction and adjustments of the final unit.
These manufacturers supply detailed step-by-step instructions
and drawings which, if carefully followed, will enable even a
relatively inexperienced person to construct a complex piece of
modern single-sideband communications equipment. The descriptions of the single-sideband transceiver kits which follow are
necessarily brief. It is suggested that the reader who is interested
in building his own SSB equipment write to the manufacturer
for more detailed information.

EICO 753 TRI-BAND TRAN SCEIVER. KIT
The EICO 753 transceiver incorporates a £1ter-type singlesideband transmitter and a single-conversion receiver for operation on the 80-, 40-, and 20-meter amateur bands. It is equally
suited for mobile- or fixed-station use. In fixed-station use, the
751 AC-supply speaker console is required for 117-volt, 60-cps
AC line operation. In mobile use, the 752 DC supply designed for
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a I2-volt DC positive- or negative-ground source is required.
Both of these supplies have been designed especially for use
with the 753 transceiver and provide the requisite filtering and
regulation. The front view of the EICO 753 transceiver is shown
in Fig. I2-14. In order to follow the technical description given
below, refer to the block diagram, Fig. I2-I5.
In the transmit position, two stages of microphone-signal ampli£cation are provided by VIA and VIB. A sample of the speech
waveform is taken from the plate of VIA, ahead of the speechampli£er gain control, and applied to V3A, the VOX ampli£er.
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The amplified speech signal from VlB is applied behveen the deflection plates of the 7360 beam-deflection tube balanced modulator, as shown in Fig. 12-16. The 5.2-mc crystal-controlled carrier
oscillator signal is fed to the control grid of the 7360. The DC
bias on the dynamically grounded plate is adjusted with R20 to
control the balance of the modulator. This balance is automatically upset when transmitting in the AM mode by the connection of
R42 from one deflection plate to ground. The output signal from
the balanced modulator is taken from across the two anodes of the
7360 and coupled to the four-pole crystal filter by means of Tl.
Amplification at 5.2 me is provided by common IF amplifier
V5, which follows the crystal-filter output. The bias on the grid
of this stage is modified by the ALC control voltage, which acts
to decrease the stage gain wben the peak input power to the
final RF amplifier approaches the 200-watt level. Both the output
of the common IF amplifier and the output of the VFO, Vll, are
applied to transmitter mixer tube Vl2, the output circuit of which
is hmed to the frequency of operation. A dual-section tuning capacitor tunes this stage and also the following driver plate
circuit.
Two VFO ranges arc used. The 8.7- to 9.2-mc range provides
for both 80- and 20-meter operation, and the 12.2- to 12.5-mc
range yields 40-meter operation. On the 80-meter band, the transmitter mixer selects the difference frequency between the 9-mc
VFO and the 5.2-mc modula ted signal from common amplifier V5.
These two signals are added for operation on the 20-meter band.
For 40-meter operation, the mixer subtracts the 5.2-mc IF output
from the 12-mc VFO signal.
To trace the signal path in the receive position, refer to the
block diagram, Fig. 12-15. The same pi-nehvork that matches the
output of the b·ansmittcr to the antenna couples the antenna to
receiver input amplifier Vl6. Conversion of the amplified input
to the 5.2-mc IF is accomplished in receiver mixer Vl7, which is
fed by both the RF stage and the VFO. The plate circuit of Vl7
is tuned to 5.2 me with the same transformer used for the balanced-mixer output signal. After the signal passes through the
crystal filter, three stages of IF amplification are provided by V5,
V6, Vl6, and Vl 7, as well as by S-meter amplifier V4B.
One section of VS functions as a product detector in the CW
and SSB modes. Signal from third IF stage V7 is applied to the
grid of V8A, while the output of 5.2-mc crystal oscillator V4A is
injected at the cathode. For AM reception, the cathode of V8A
is grounded, causing this stage to function as a grid-leak detector.
The 5.2-mc oscillator is disabled for AM reception. V8 and V9
provide a two-stage audio amplifier.
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HEATHKIT SB-110
All of the single-sideband transceivers d~scribed above are d esigned for operation on the lower-frequency amatem bands. The
Heathl-.-:it SB-110 is designed especially for use on the amateur 6meter band. This instrument is a complete self-contained transmitter and receiver. Both DC and AC power supplies are available to provide either or both mobile- and fixed-station operation.
The transceiver is capable of sin gle-sideb and and CW operation.
It may also be used as an exciter for a 6-meter linear amplifier.
Both VOX and PTT (push-to-talk) operation are provided. An
ANTIVOX circuit prevents the received signal at the speaker
from switching the transmitter on during VOX operation. The
linear master oscillator and the crystal-controlled heterodyne oscillators arc preassembled and prealigned to assure accurate,
stable operation. O ther features include a large tuning knob, a
smooth-operating dial mechanism, and backlash-free tuning. The

Fig. 12-17. Heathkit SB-110 tra nsceive r.

dial may be accurately calibrated from the built-in 100-kc crystal
calibrator. A total of seventeen tubes and one transistor are used.
The use of circuit boards and wiring harnesses provides a clean,
compact chassis layout and greatly simplifies assembly of the kit.
The block diagram of the SB-llO is shown in Fig. 12-18. Since
the transceiver circuitry is somewhat complex, small sections of
the over-all schematic are included to make the technical description easier to follow. Note that the b lock diagram shows the receiver circuits across the top and the transmitter circuits across
the bottom. An upper-sideband signal at a frequency of 50.ll me
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will be used to trace through the transceiver to show what action
the various stages have on this signal. The transmitter stages will
be explained first to show how they develop a single-sideband
signal The frequency chart, Chart 12-1, shows the various frequencies found throughout the transceiver.
Relay ampH£er V5B, which controls transmit-receive relay RLl,
is held in cutoff in the receive mode by a positive voltage at its
Chart 12-1. Frequency Chart of SB-110.
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Fig. 12·19. Microphone amplifier and CW tone oscillator SB-110.

cathode. This tube is made to conduct and place the transmitter
"on the air" by either the PTT (push-to-talk) or the VOX method. For PTT operation, the cathode of V5B is connected to
ground through R236 (refer to Fig. 12-20) and the push-to-talk
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switch on the microphone. For VOX operation, a positive voltage
is applied to the grid to overcome the cutoff bias at the cathode
of V5B.
When relay amplifier V5B conducts, it applies power to transmit-receive relay RLl, causing all circuits to be switched to the
transmit mode of operation. The antenna is automatically connected to the transmitter section of the transceiver.
During transmit, the following stages of the receiver section
are turned off by relay RLl, which removes their B + voltage: RF
amplifier Vl, first receiver mixer V2, second receiver mixer V3A,
and second IF amplifier V5A. First audio amplifier Ql is left
in operation; but the following stage, second audio amplifier V6A,
is biased to cutoff by relay RLl, which disconnects the grid of
V6A from ground. This action disables both stages. FiJ:st IF amplifier V4A and audio output amplifier V6B operate for both receive and transmit operations.
The audio signal from the microphone is fed to the mode
switch (refer to Fig. 12-19) and, in the LSB and USB switch
positions, the signal is coupled through the switch and through
ClOO and RFC2 to the grid of VlOA. The frequency response of
this amplifier stage is limited on the low end by capacitor ClOO
and on the high end by capncitor ClOl. RFC2 and capacitor ClOl
form a Biter circuit to prevent any RF signals picked up by the
microphone from appearing at the VlOA grid.
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The amplified microphone signal from VlOA is fed to the
speech-amplifier gain control and to the grid of cathode follower
VlOB. Cathode follower VlOB, which applies the audio signal
to the low-impedance circuit of the balanced modulator, is disabled by the mode switch for CW and "tune" operation.
Whe n the mode switch is placed in the CW position, a printed
phase-shift network is connected between the VlOA pla te and
grid, causing it to function as an 800-cps audio oscilla tor.
In the VOX position, the h·ansmitter is turned on and off by
the amplified microphone signal. The signal from VlOA is applied through the VOX control to the grid of V4B, the VOX ampliller ( Fig. 12-20A ) . From the V4B plate the signal is coupled to
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the diode, SR52 (Fig. 12-20B) . The diode rectifies the audio signal and produces positive DC pulses which are filtered and fed
to the grid of V5B, the relay amplifier.
Relay amplifier V5B is held at cutoff by a zener diode-controlled positive voltage at its cathode. When the positive voltage
from V4B appears at the grid, V5B conducts and places transmitreceive relay RLl in the transmit position.
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Fig. 12·22. Crystal filte r re sponse SB-110 (A ) and 1st IF amplifier (B).
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When the function switch is in the PTT position, the negative
bias voltage is connected to the V4B grid. This bias cuts off the
tube when the mode switch is placed on "USB" or "LSB," and
no audio (VOX) signal passes through the tube to trigger relay
amplifier V5B.
A 12AT7 tube is used as two separate crystal-controlled carrier-generator oscillators (Fig. 12-21B). The upper-sideband carrier, 3393.6 kc, is produced by V8A, while the lower-sideband
carrier, 3396.4 kc, is produced by V8B. The output of V9A, the
CW carrier generator, is coupled to the grid of isolation amplifier V9B. The correct carrier generator is placed in operation by
the mode-switch wafer, which controls the B + supply voltage to
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the plates of these tubes. The positions of the upper-sideband,
lower-sideband, and CW carriers on crystal-filter response are
shown in Fig. 12-22A. The upper- and lower-sideband carrier positions are at the - 20-db points on the filter skirt. The CW carrier is positioned at the top of the filter response, where it is
passed with very little attenuation. Note that the .frequency of
the CW carrier is 800 cycles higher than the frequency of the
upper-sideband carrier. For transceive operation on CW, the
receiver must be tuned 800 cycles below the frequency of the
received CW signal. This causes an 800-cycle beat note to be
produced in the receiver. The transmitter CW carrier generator
automatically compensates for this 800-cycle frequency difference
and transmits a signal that is 800 cycles above th e receiver dial
setting. This allows the transmitted and received signals to be
on the same frequency, yet allows the receiver to produce an
audible tone.
Diodes GD220 through GD223 are connected in a ring-type
balanced modulator circuit, as shown in Fig. 12-23A. The audio
signal is fed to the junction of diodes GD220 and GD222. This
point is bypassed for RF by the 0.01-mfd capacitor, C220. The
crystal-oscillator carrier signal is applied to the slider of the 200ohm carrier-null potentiometer. The potentiometer is adjusted
for minimum carrier signal at the secondary of transformer T5.
With audio applied, a double-sideband suppressed-carrier RF
signal appears at the modulator output and is coupled to the isolation-amplifier grid by means of TS (Fig. 12-23B). The purpose
of isolation amplifier V9B is to amplify the double-sideband signal and provide impedance matching to the crystal-sideband filter.
The gain of V9B, in transmit, is controlled by the ALC voltage.
The crystal filter (Fig. 12-22) bas a center frequency of 3395 kc
and a usable bandpass of 2.1 kc ( 3393.95 kc to 3396.05 kc at the
- 6-db points). In the USB mode, this filter passes only the sum
frequencies ( 3393.6-kc carrier frequency plus all audio frequencies from 350 to 2450 cps). In the LSB mode, the filter
passes only the difference frequen cies ( the 3396.4-kc carrier frequency minus all audio frequencies from 350 to 2450 cps). In
sideband operation, the carrier suppression in the balanced
modulator plus the 20-db suppression at the crystal filter gives
a total carrier attenuation of at least 55 db. In the CW mode, a
carrier of 3394.4 kc passes through the crystal filter with no attenuation other than insertion losses.
The 3393.6-kc upper-sideband signal from the crystal filter is
applied to the grid of first IF amplifier V4A. The amplified signal is then coupled through T2 to the grid of first transmitter
mixer VllB ( Fig. 12-24A). Here the sideband signal is mixed
310
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with the RF output from a VFO which is tunable over the range
from 5.0 to 5.5 me. Assuming a VFO signal of 5.114 me (see Chart
12-1) at the cathode of VllB and the 3393.6-kc sideband signal at
the grid, the sum-signal product will appear at 8.5 me. The 8.5mc sideband signal is then coupled through bandpass coupler T6
to the grid of second transmitter mixer Vl2 (Fig. 12-24B). In
VI2, the 8.5-mc signal is mixed with a crystal-controlled heterodyne oscillator signal of 41.605-mc frequency to produce a singlesideband signal at the operating frequency of 50.l me. The 50.1mc operating-frequency single-sideband signal is fed to driver
Vl3 and to final amplifiers Vl4 and Vl5. From the final-amplifier
pi-network, the signal energy is applied, through the receivetransmit relay, to the antenna.
In the receive position, the 50.1-mc signal is coupled from the
antenna to input coil LI through a resonant trap. The trap offers
a high degree of signal rejection at the IF frequ encies in the 8.4to 8.9-mc range. The RF circuits associated with VI are tuned
for maximum sensitivity over the range between 50 and 54 me.
The amplified 50.1-mc signal is applied to the grid of first receiver mixer V2 and mixed with the 41.605-mc heterodyne oscillator signal to produce a difference-frequency product of 8.5 me.

Fig. 12·26. Driver ampliRer.

Bandpass coupler Tl applies the 8.5-mc incoming signal to the
grid of second receiver mixer V3A. A 5.11-mc VFO injection voltage is fed to the V3A cathode. These two signals are mixed
in V3A, and the difference frequency, 3.395 me, is coupled
through crystal filter FL! to the IF amplifiers. The 3.395-mc sig313

V:>

METER

~

~ALC REL

TO RELAY RLI

@)
+700

~

I·~~

I

@
-------------®I
"~"f•:'."'.'.
____________j_@j:
7

RFC&

--=>£, ' '

PLATE

'"'<

I

@> ,.

PARASITIC

1

TO

..

~·

'

@)

METER
SWITOC

s

+.001

390

~
I

~

~

...
;·

FROM
OOIVER
Vil

~~~,

e.

@)I

a

§

ANT-

RECEIVE

I

1.6711.

...

0

@

..

~RCVR-

........._c !

~RF OUT

TRANSMIT

•
.()Ol

RFC5

@ ,,,r------ --------·- ---- --

@)

~

..

;;
='

@>
360

:;i;

I

CIOJ

,; _

~

l _ ________ - ----- ·- ----

ALC

IOI<

\
EAL

COi

I

(§)

,..

RFC ?

W' ·@I~

CONTROL

@)
I

.oos
SRl50

SRl51

I ,..

I

COMBINED

_____ __\

6146

Al'C4

FROM
OIAS
AOJ

REPRE~HTS

VAUJES OF SIX !OJ\
RESISlORS ANO SIX
.001 UFO CAPACITORS

C"OKE

2

3

RFCS

'

OiOKE

...

PWR

I N

G0140

I . ~.

@)lo'
TOGRIO

lOGRIO

()PV4A

PFl/90

•

@~ 1000

§)1~
10
METER
SWITOI

2.2

_______,,/

REL
PWR
METER
ADJ. SOOK

U)AOCHG

FROM
ANT RELAY

SWIT@~
c:io

4.7 W

'

(ORGl

.001

I

CAL

/

<it------~
SOJO

PRESELECTOA
AGC

Fig. 12·28. First r eceiver RF ampllfler SB·11 O.

@
IST RECEIVER MIXER

6054

®

FROM
RFAM P--<~~~4-~--1+-'_:;;:,

J

@

8AMOl'ftSS 1'2
'--.....----1

TO 2NDREC.

MIXERV3A

VI

A

FROM HET.
OSC. AMP. V7B

@

®
FROM IST
REC MI XER
V2

8

@) ~ @l .oo5 •
REO- WllT

B+
R

FROM

L---------~.-O~~E

Fig. 12-29. First receiver mixer ( A ) an d second rec eiver mixer ( 8 ).

315

.~

@)

ALC

IOOK

METEfl
ADJ

TOIST

200

AGC

TOS METER
0-AOJ CONTROL

TRANS M IXEfl
111 18

FROM MET£R

fig. I 2-30. First re ceiver IF ompllfie r.

@)
2NOIFMIPLIAER
5050

1/i6AZ8

®
------,

@)

~·~~ H---<;crl-::.:-:=:-"",~~-~---,
V4A

@l_OOS @

100 J..LF

I

'2

1~

47K

:

TO
PRODUCT

'l DETECTOR

---i

~ 68K .._~,._--l._-4
220
7.5

WF
TO METER
SWITCH

5052

G050

TOIST

IF AMP- - - -V4A

--,

~:~------t---

RF GAIN
5.6 MEG

Fig. 12-31. Seco nd rece ive r IF a mplifier.

316

~

47

@)
FROM
TRANSFOflMER
T3

(§)

@!)

47

@)J .rn
V

l

(RED)

FROM CARRIER

GEN. VB

Fi g. 12-3 2. Sche ma tic, product de te ctor.

(§)

~~~L:J
:( 5WF Vil IOOKC
""

§

CALIBRATOR

1/2 6E8A

6

@

220K

39K

3

@
8-50

IOO

l.WF

<§ .rn

UUF

§
IOOO

.01

Fig. 12-33. Crystal calibrator.

nal is amplified by first and second IF amplifiers V4A and V5A;
and, from the plate of V5A, the amplified signal is applied through
transformer T3 to the product detector.
The IF signal at the product detector is 3.395 me and is applied through resistors R200 and R201. The carrier-generator
oscillator signal ( 3393.6-kc USB or 3396.4-kc LSB) is coupled
to the product detector through resistors R202 and R203. These
two signals are mixed by diodes GD200 through GD203. The
resulting audio frequency (the difference-frequency product) is
coupled through the RF filter network, consisting of C201, C202,
and choke RFCl, to the first audio preamplifier, transistor Ql.
Ql matches the low-impedance output of the balanced modula-
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tor (product detector ) more closely than is possible with a
vacuum tube. As a result, a very low hum level is maintained,
and the audio voltage is raised to a value more usable by the
tube-type second audio preamplifier. Further amplification takes
place in the second audio preamplifier and audio output stages
to bring the audio signal up to a level sufficient to drive an 8ohm speaker. An audio gain control adjusts the sound to a comfortable listening level.

RF-801 :MI LITARY SSB T R AJ."\TSCEI VER
Commercial and military single-sideband transmitters, receivers, and transceivers are similar to amateur equipment in basic

Fig. 12-34. RF-301 transce iver.

design and functions. However, equipment designed for these
applications, particularly 'the military, is generally more rugged
in construction and may contain provision for frequency stability
not necessary in the amateur service. The HF-301 transceiver,
manufactured by RF Communications, Inc., Rochester, N. Y., is
an excellent example of a high-quality instrument designed for
full military or commercial application. Complete circuit details
of this unit are not available for publication at this time. However, the following brief description will be of interest to the advanced amateur or student who has not had much contact with
well-designed commercial SSB communications equipment.
The RF-301 (Fig. 12-34) is designed for full compatibility with
all high-frequency equipment, SSB and AM, used by the U. S. defense agencies. The operating modes include SSB (upper and
lower sideband), AM, CW, and FSK (with an external adapter) .
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Because of its splashproof construction, it can be mounted in an
open boat or vehicle. The transceiver is designed to withstand
severe vibration and shock. It can be used under conditions of
extremely high humidity and is resistant to fungus. The unit can
be used in either tropical or arctic regions, in vehicles, boats,
transportable shelters, or in fixed-station applications. Included in
the chassis is a "silent" cooling fan to produce a continuous flow
of air through the power-supply and power-amplifier sections.
The air inlet is in the center of the bottom surface of the enclosure, and the air outlet is at the rear. For operation in very dusty
areas, a shockmount which has a special dust filter must be used.
The filter may be changed from the front of the installation.
When the transceiver is placed on the shockmount, the fan is
immediately over the filter.
The unit contains a 115/230-volt, 50- to 60-cycle power supply
built into the cabinet. In addition, a small module can be added
within the cabinet, which makes it possible to use the transceiver
on DC as well as AC power. Modules are available for either
12- or 24-volt operation. This means that if the RF-301 is normally used in a jeep or boat on 24-volt DC power, it is possible to
connect the transceiver to AC power at night when a generator
may be available or when the boat is at pier.
The only tubes used in the RF-301 are in the power amplifier,
its driver, and the receiver RF input stage. Tubes are used in
these particular circuits in both high-power stages because in
stages where the cross-modulation effects must be very low, tubes
are still much superior to transistors. All other circuits are completely transistorized, both to reduce power requirements and to
improve reliability. The synthesizer, RF amplifiers, exciter, power
supplies, etc., are all solid-state designs.
The transceiver can be tuned to any frequency between 2.0 and
15.0 megacycles. The heart of the frequency-selection system is a
fully transistorized, highly stable synthesizer. By setting the
fron t-panel controls, it can operate at any 1-kc channel increment over its entire frequency range. Standard stability is 1 part
in 106, which is suited for normal voice SSB, AM, and CW communications. With an optional integral high-stability crystal-oven
reference, the stability of the RF-301 can be increased to 5 parts
in 108 • In addition to synthesizer frequency control, by pulling
out on the 1-kc selector knob the synthesizer is "unlocked," and
this knob can be used as a VFO with a 10-kc tuning range. In
this way, continuous tuning is provided with a resolution of 100
cycles or less.
Most amateurs are familiar with VFO frequency selection, but
few have had any contact with a frequency-synthesizer system.
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Most commercial equipmen t designed for government, police,
military, and similar applications operates on a single channel
or a group of channels, rather than over an entire band as is
customary in amateur equipment. In many cases, a number of
stations will be operating on the same channel and if all of the
transmitters and receivers are required to maintain a high degree of accuracy in the emitted signal frequency and receiver
tuning, no retuning during communication will be necessary. This
enables the equipment to be operated by relatively in experienced personnel. The main advantage of a synthesizer frequencycontrol system, as compared with a VFO or other variable frequency-control unit, is that of extreme frequency stability. In
most systems, the synthesizer signals are supplied in steps of 1
me, 100 kc, 10 kc, and 1 kc. These frequencies, or their multiples,
are then fed to a bank of mixers, where any series of frequency
channels within the design limits of the equipment can be produced in 1-kc steps. The techniques involved are based on the
principles of mixer action previously described. However, these
techniques are highly refined, and, for very accurate frequency
control, the primary oscillators may be automatically and constantly compared to a frequency standard. The RF-301 block
diagram (Fig. 12-35 ) will give the advanced amateur or engineering student some idea as to the functions of the synthesizer.
The term "synthesizer" is used because the actual operating frequencies are "synthetic," in the sense that no oscillator is producing signals at the fu ndamental, multiples, or submultiples of the
operating frequency.
Two Collins mechanical filters are used ( USB and LSB) in
both transmit and receive for sideband selection. This type of
filter system is used almost universally in military single-sideband

fig. 12·36. S8·6FA transceiver.
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equipment to provide an extremely high degree of receiver selectivity and unused sideband suppression.
The power output of the RF-301 is 100 watts PEP on singlesideband and 100 watts average on CW and FSK (with a separate adapter). On compatible AM, the carrier power is 25 watts.
The RF-301 receiver sensitivity is rated at 1 microvolt with
excellent cross-modulation characteristics. The selectivity on SSB

Fig. 12·38. The SB-6FA and matching RF-101 linear amplifier.

and CW is 300 to 3500 cycles at 6 db do"vn (mechanical filter ).
On AM, the selectivity is a nominal 8 kc. The audio output is 2
watts to the built-in speaker. The antenna input impedance is
52 ohms, nominal. The image rejection is - 65 db and the IF
rejection is - 70 db. The AGC characteristic is fast attack and
slow release.
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SB-6FA SSB TRANSCEIVER
The SB-6FA base-station single-sideband transceiver (Fig. 1236) , also manufactured by RF Communication!:i, Inc., is designed
for commercial or semi-military applications. This equipment
provides six crystal-controlled channels between 1.6 and 16.0 me.
Oscillator stability is one part per million. The power output is
125 watts PEP and average and may be operated at full poweroutput rating, single-tone, key-down continuously at temperatures
of + 65 degrees centigrade. The unit is designed especially for
CW, teletype, and facsimile as well as for voice operation. It
contains a built-in telephone patch. VOX and CW capability are
available with the use of a plug-in module. Either upper- or
lower-sideband emission may be specified, or selectable sideband
is available with a plug-in module. No separate external boxes
are required for any of th ese functio ns. Front-panel controls are
kept to a minimum, for oasy operation by untrained personnel.
Rear plugs are provided for the antenna coupler and handset.
Maintenance of the unit is e:xiremely simple. All tubes and internal adjustments are reached through the hinged cover on top
of the cabinet. The bottom of the cabinet is removable. Almost all
components arc accessible for service and maintenance without
removing the chassis from the cabinet. Cable harness wiring is
used, and many comp onents are mounted on subassembly boards.
T he SB-6FA receiver sensitivity is rated at 0.5 microvolt on
SSB and 1.5 microvolts for AM reception. Separate Collins mechanical filters are used in transmit and receive. In AM, the receiver IF bandwidth is increased from 2.1 kc to 6 kc, and an
envelope detector replaces the product detector.
As shown .in the block diagram (Fig. 12-37), the balanced
modulator in the SB-6F A transmitter uses the 7360 beam-deflection tube in an arrangement similar to that described in Chapter
3. The photograph ( Fig. 12-38) shows the SB-6FA transceiver
and matching RF-101 linear amplifier in use at a typical commercial installation.
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Chapter 13

Tests and
Measurements
During the operation of any radio transmitter, there are a number of characteristics of the emitted signal which must be known
at all times. The most important is the carrier frequency. If the
transmitter is operated in the commercial or military service,
the carrier frequency will generally be specified by the licensing
authority and must be maintained within the very close tolerances stated in the rules and regulations for the particular
service. \i\lhen the transmitter is operated in the amateur service,
the exact operating frequencies are not speci£ed, but the
emitted signal must be confined within the limits of certain
bands. In both instances the FCC regulations require, as part of
the station equipment, some means of accurately measuring the
frequency of the emitted signal. Furthermore, separate equipment
must be used for frequency measurements and for control of the
transmitter frequency.
The second important characteristic which must be known is
the output power level. Most transmitters are licensed for operation at a specified power output level. The FCC rules specify
that the power input to the final amplifier of an amateur transmitter shall not exceed 1,000 ...vatts. This value is determined by
multiplying the plate voltage and plate current of the amplifier,
as read on standard DC indicating instruments. In the case of
SSB and other suppressed-carrier transmissions, the rules further
specify that the plate voltmeter and miUiammeter used for determining the DC input power have a time constant not in
excess of 0.25 second, and that the linearity of the transmitter be
adjusted to prevent the generation of excessive sidebands. The
input power shall not exceed 1,000 watts on peaks, as indicated by
the plate meter readings. With grounded-grid or other types of
power amplifiers in which the driving power appears in the
output circuit, the DC input power to the final RF amplifier
must be reduced by the amount of the applied driving power.
There are also further restrictions in power input near the legal
325

power limit unless accurate measuring instruments are used
during operation. An accurate means of measuring the power
input is imperative. The FCC regulations, with regard to maximum legal power in the amateur service, are frequently enforced
by both operator and station license suspensions, as well as
other penalties.
The third characteristic of the emitted signal which must be
known is the undesired power output. This is the RF power
which is not confined to the frequencies within the specified
channel limits, and which does not contribute to the transmission
of inteJligence. These "spurious" signal components not only
may reduce the intelligibility of the transmitted signal, but may
also interfere with other communication channels. Radiation of
spurious signal components not only is a violation of the FCC
rules; it is an indication of slipshod operating practices, poor
engineering d esign, or both. The amateur operator should place
pride in the radiation of a clean signal above all other considerations.

FREQUENCY l\tIEASUREMENT
METHODS AND TECHNIQUES
The two most common methods of frequency measurement are
the frequency counter and converter, and the calibrated receiver
and secondary frequency standard. The freq uency counter and
converter method is most generally used in the engineering
laboratory, where extreme precision is required. Another use
is in the manufacture of crystals, where the frequencies must be
held to very close tolerances. Frequency counters are considered
more or less standard equipment in any modern electronics
engineering laboratory. With instruments such as the HewlettPackard 524B, a frequency resolution as low as 0.1 cycle per
second is possible. Highly accurate frequency standards-beyond
the financial resources of the average amatem, and rarely found
in the field-are included in the equipment of practically every
engineering and research laboratory. Since most such equipment
is very expensive and varies in design and application, it will
not be discussed here. Interested readers can obtain specifications sheets and other data by writing to the laboratory equipment manufacturers who advertise in the electronics engineering
journals.
The second method of frequency measurement, using the calibrated receiver and secondary frequency standard, is less
accurate than the frequency counter method. Many of the betterquality receivers contain internal frequency standards, generally
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called "frequency calibrators," which can be calibrated to a
standard of known accuracy. These internal frequency · standards
usually consist of a 100-kc crystal oscillator designed for a relatively strong harmonic output, which is internally coupled to the
input circuits of the receiver. A small trimmer is provided in the
oscillator so that the crystal frequency may be v:aried slightly for
calibration against a known standard. If a receiver such as the
Collins 75A4 or 51J is used, the 100-kc oscillator may be calibrated against the U. S. Bureau of Standarclq radio station WvVV
or WWVH. By using the receiver BFO, the kilocycle dial can be
calibrated at the adjacent integral 100-kc points above and
below the .frequency at which the measurement is to be made.
The accuracy of the frequency measurements made with either of
these receivers will be on the order of ±250 cycles, and the
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Fig. 13-1. Schematic of a 100-kc calibrotor.

greatest accuracy will be in the vicinity of the 100-kc check
points. Before the oscillator is calibrated against vVVvV, the
receiver and crystal calibrator should be allowed to warm up for
at least one hour before the oscillator harmonic is adjusted to
zero beat with vV\VV. If frequency measurements are to be
made over a Jong period, the crystal-oscillator harmonic should
be checked against radio station WvVV at least every 30 or 45
minutes.
If a 100-kc crystal calibrator is not part of the receiver design,
a suitable secondary-frequency standard may be constructed,
as shown in Fig. 13-1. The 100-kc crystal may be obtained from
any manufacturer of quartz crystals. vVhere maximum frequency stability over relatively long periods is required , crystalfrequency standards mounted in thermostatically controlled ovens
are also available. The oscillator output circuit should be designed to resonate at or near the frequency to be measured.
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HAMMARLUND HX-500
The exact method of measuring the transmitter carrier, using
the calibrated receiver of the same station, will vary somewhat
with different equipment. The Hammarlund HX-500 design
includes a Calibrate Level control, which can be adjusted so that
the amount of signal fed into the receiver from the transmitter
is sufficient for monitoring, as observed on the receiver "S" meter
and heard in the loudspeaker. A very limited amount of RF
power is "leaked" from the final-amplifier tank circuit to the
receiver input through the antenna relay wiring.
The HX-500 trnnsmitter contains a slide-rule type of dial
which is marked off to indicate every 10-kc change in frequency
on each of the eight direct-reading bands. In addition to the
10-kc markings, every band contains two heavy dotted and
two heavy diamond-shaped markings. The dots indicate the
o~ter limits of each amateur band in which authorized amateur
communication is permitted, and the diamonds show the outer
limits of each amateur radiotelephone band. Since the 10-meter
amateur band extends over four band-change positions, only the
first and fourth segments include markings.
The frequency tuning and d ial lock knobs are connected
to the variable capacitor (on the VFO sub-chassis) by means
of a spring-loaded gear-drive mechanism. Twenty-five revolutions of the tuning knob are required to cover a 500-kc band
segment. The major markings on the frequency-tuning dial
scale are calibrated to indicate 1.0-kc changes and each division
is subdivided to indicate frequency changes of 200 cycles.
As shipped from the factory , the "O" marking on the knob
skirt is mechanically aligned to the high-frequency end of all
bands. Since most amatems operate within a limited portion of
a particular band, the knob markings should be indexed for the
highest accuracy possible in the area of operation. To correct
for this knob runout, the dial lock permits the knob to be
turned while the dial pointer remains stationary. The transmitter
signal should be zero beat against the 100-kc calibrator check
point nearest the desired operating frequency, and the main
dial then locked with the lock knob. The tuning knob is then
rotated until the "O" line coincides with the fiducial, and the
lock knob turned to release the main dial. The h·ansmitter frequency, as read from the dials, can be determined in a relatively
simple manner. As an example, assume the transmitter frequency
is 3962.4 kc. The tuning knob is tmned until the pointer indicates
the nearest 10-kc point below the desired frequency. In this
example the nearest 10-kc point below 3962.4 kc is 3960 kc, and
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the tuning knob "O" should coincide with the fiducial at 3960 kc.
The tuning knob is now rotated to add two major divisions of the
skirt calibration ( 2 kilocycles) and two subdivisions ( 400 cycles) .
The 3960-kc reading on the main dial plus 2.4 kc on the knob
skirt equals 3962.4 kc. This frequency indication will be sufficiently accurate within a reasonable range of frequencies on
each side of the calibration point. However, when the transmitter
is operating on frequencies removed from the calibration point
and particularly near the band edges, its frequency should be
c hecked against the harmonic of the 100-kc calibration standard.
The transmitter tuning dial should the n b e recalibrated if
necessary.

COLLINS 328-3
The Collins 32$-3 transmitter is calibrated in a somewhat
different manner. As shown in Fig. 13-2, the band and its 200-kc
segment are selected by the band switch (7). The tuning dial ( 3)
is then adjusted for the desired frequency within the 200-kc

Fig. 13- 2. Front panel of 325- 3 transmitter.

band segment. As a n example, suppose we wish to place the
transmitter operating frequency on 14.195 me. The band switch
is placed on 14.0 me and the tuning dial is rotated to 195 kc. The
frequency, as read from the dial, will be 14.0 me plus 195 kc, or
14.195 me. To read the frequency, add the dial reading to the
band-switch setting. As anothe r example, if the band switch is
set to "3.8" and the dial is set to "5.0," then the frequency is
3.805 me. or 3,805 kc.
When the 32S-3 is operated in connection with its companion
75S-3 receiver, the receiver must be calibrated Rrst. To check
the internal 100-kc crystal-oscillator frequency standard, tune
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the receiver dial to zero beat with WWV at 15.0 me while the
station is not transmitting a tone. Turn the Off-Standby-OperateCalibrate switch to the Calibrate position. Adjust 100-kc "adjust"
trimmer C61 for a zero beat between the crystal-oscillator harmonic and the WWV signal. The receiver VFO dial calibration
can be checked by tuning the 100-kc calibrator to zero beat
near "100" on the dial scale. When the signal is at zero beat,
the movable hairline is then moved directly over the "100" mark
on the dial scale. The dial scale is then rotated to the "()" and
"200" marks and adjusted to zero beat with the harmonic of the
100-kc oscillator. Zero beat should occur at both 0 and 200
±lkc on the dial scale. The Ike end-point spread must not be
checked until the dial has been calibrated at "100." If there is no
end-point spread and zero beat does not coincide at 0 and 200
±lkc an electrical adjustment of the VFO circuit may be necessary, as outlined in the manufacturer's service manual. However,
if the receiver is new or in otherwise good operating condition, the
adjustment is not likely to be required.
Once the receiver dial has been accurately calibrated, the OffStandhy-Operate-Calibrate switch of the 75S-3 is placed in the
Standby position, and the Frequency Control switch of the 325-3
is placed in the Sync position. Set both the transmitter and receiver to the same sideband (upper or lower), and adjust the
receiver dial to the desired operating frequency. Slowly tune
the transmitter VFO dial until the beat note sounds like the
chirping of a canary. When the frequency of the chirps is two or
three per second, the transmitter is zero beat within two or three
cycles per second with the receiver. This fine tuning adjustment
must be carried out slowly and carefully. If the microphone in use
is very sensitive and omnidirectional, turn down the receiver
gain control to eliminate any extraneous beat notes near the zero
frequency. The desired chirp will then be higher pitched. When
the transmitter is tuned to the exact frequency of the receiver and
the two frequencies are at zero frequency and phase difference,
there will be no audible output from the receiver. Set the hairline
of the transmitter VFO dial to agree with that of the receiver.
Switch the transmitter Frequency Control knob to Transmitter
VFO, and the receiver and transmitter are ready for operation
on the same frequency.

SIGNAL-LEVEL AND PO\VER-OUTPU T
:MEASUREMENTS
When measuring the power output from a single-sideband
transmitter, it is generally taken for granted that the various
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circuits and tubes are operating normally and that the transmitter has been adjusted for proper linearity and a minimum
of distortion products. In a well-designed and properly adjusted
ti-ansmitter, the undesired-signal power output will usually be
at least 35 to 40 db below the desired output. Stated another
way, the undesired-signal power output should be not over 1%
of the desired output.
Most of the commercial SSB transmitters being manufactured
today are rated in terms of "peak envelope power" (PEP) output.
Output-power measurements are routine for the development or
test engineer in the laboratory, and in commercial installations
in the field. They are not so easily carried out by the average
radio amateur, however-chiefly because most amateur stations
lack suitable test equipment. In most cases, the amateur must
be content with determining the DC input power and calculating
the output power based on the theoretical efficiency of his linear
RF power amplifier. Despite a minimum of test equipment,
however, it is possible to determine the PEP level at the output
terminals of a single-sideband· transmitter with a reasonable
degree of accuracy.
Power output and distortion measurements in SSB transmitters
are usually made with two-tone audio test signals. It is suggested
that you review the discussion of two-tone single-sideband waveforms in Chapter 7, and also refer to Figs. 7-6 and 7-7 during
the description which follows.
A typical setup for power measurements from a two-tone
single-sideband test signal is shown in Fig. 13-3. Dummy load
R., should be of the proper value to terminate the output im-

RF
I NPUT
FROM
sse EXCITER

RF LINEAR
POWER
AMPLIFIER

f ig. 13-3. Setup for power measurem e nts, using a dummy a nte nna and
an Rf V TVM.

pedance of the transmitter and should have a resistance tolerance
of not more than ± 0.5 ohm. It should also present a minimum
reactance to the signal source and must be capable of dissipating
the output power without excessive heating. Most modern SSB
transmitters are designed for an output impedance of 50 ohms.
Since commercial loads are manufactured in various sizes and
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terminations, it is suggested that the interested reader write the
manufacturer in order to determine the load best suited for bis
own application. Unless the proper load and terminations
(fittings) are used, particularly at the higher freq uencies, the
power level readings will be subject to considerable error.
The power may be determined by measuring either the RF
voltage developed across the dummy load or the RF current
which Hows through it. The Hewlett-Packard 410B vacuum
tube voltmeter is widely used in laboratory RF voltage measurements. It has a useful frequency range from 20 cps to 700 me
and seven voltage ranges from 0.1 to 300 volts. The input
impedance is 10 megohms, 1.5-mmf shunt capacitance. Various
voltmeter accessories such as voltage dividers, connectors, shunts,
and multipliers extend the useful range of the 410B for other
measurement purposes. The 410B is a negative peak-reading
meter calibrated in terms of rms. vVhen the VTVM is used with
the proper high-imped ance AC probe for RF measurements, the
reactive characteristics of the 50-ohm transmitter termination
will not be disturbed- provid ed, of course, that the probe is connected to the RF circuit with a minimum of additional shunt
capacitance or series inductance. The voltmeter readings should
be taken as accurately as possible, since any error will be squared
when the power is computed. If accurate readings are obtained
from the meter on a two-tone test signal, it should be possible to
calculate the PEP power to an accuracy of 5%or better.
The VTVM will indicate the rms sum of the two RF voltages
produced by the two-tone audio test signal (see Fig. 7-7·). Since,
in the two-tone test signal, E1 is equal to E 2 in amplitude, the
peak envelope power will be equal to the VTVM reading in
volts squared, divided by the load resistance. In mathematical
form:
E 111 =(E 1 +E2)
PEP= Eoi 2 I R L = 4E 1 2

I R,. or 4E2:.: I R,.,

where RF voltages E 1 and E:.: are equal
P0 .. = E , 2 I RL + E2 2 / R,, = 2E, 2 I R,, or 2E22 / RL
Summarizing: ( 1) PEP = En,:? I RL
( 2) P"'' = 0.5 PEP
( 3) Pavtone 1 or P. ,. tone 2 = 0.25 PEP
where,
E,11 is the VTVM indication in volts ( rms ),
Re. is the dummy-load resistance in ohms,
PEP is the peak envelope power in watts,
Pa,· is the average power in watts.
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The Collins Radio Company also manufactures a dummy load
for alignment, adjustment, or loading of their 100-watt singlesideband transmitters such as the 32S-3 and KWM-2. It may also
be used for adjustments of the 30L-l linear amplifier if operated
for only short periods. The DL-1 dummy load is housed in a
wraparound ventilated cabinet 5 1 Yta" X 3'!:/' x 7%u"· The cabinet
is finished to match the Collins "S" line SSB transmitter and
receiver cabinets. The DL-1 contains fittings at the rear for the
antenna and transmitter connections, and either the dummy load
or the antenna may be connected to the transmitter by means
of a toggle switch on the front panel. The DL-1 has been designed to provide a good impedance match to the 52-ohm
transmission lines.

Fig. 13-4. Collins 3128-4 wattmeter, speake r , and control consol e.

Another device often used for both output-power measurements and tuning adjustments is the directional wattmeter,
which can be used while the transmitter is feeding power to the
antenna. When used with SSB transmitters, the directional
wattmeter is generally modified with additional capacitance to
increase the time constant of the voltmeter circuit. In this manner,
the meter can be made to indicate aproximately 0.8 of the
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p eak envelope power and will follow the speech-waveform
peaks more closely.
The directional wattmeters manufactmed by Collins are
available in several different combinations of circuitry and
cabinet styles. The 302C-3 consists of a dfrectional coupler
unit, whi.ch is connected in series with the transmission !foe,
between the transmitter output and the antenna; and the indicating microammeter and selector switch wruch are housed in
a separate small cabinet. The 302C-3 is calibrated for "fonvard"
and "reflected" power levels of 200 and 2,000 watts. The 312B-4
speaker console (shown in Fig. 13-4) houses a speaker, an . RF

Fig. 13-5. Collins 3128·5 wattmeter, spe ake r, and control console .

directional wattmetcr with 200- and 2,000-watt scales, and
switches for station control functions. The unit also includes a
p hone patch unit. The 312B-5 (shown in Fig. 13-5) also contains the oscillator assembly, in addition to the speaker, directional wattmeter, phone patch, and con trol switches. The 312B-5
is designed for use with the KWM-2 transceiver and enables
the latter to b·ansmit and receive on separate frequencies.
Detailed circuit descriptions of the directional wattmeters
are not included here, since the units are generally d esigned to
be used with specific types of single-sideband transmitters. It
is suggested that you write the manufacrurer, to determine the
instrument best suited for your particular application.
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LINEARITY :M EASUREMENTS I N
PO\VER AMPLIFIERS
The term "linearity," as applied to linear RF power amplifiers,
is the "figure of merit," or degree of accuracy, with which the
power level of the RF envelope waveform can be increased
without introducing distortion. The envelope waveform which
appears in the output circuit of an amplifier should be an exact
replica, except for power level, of the waveform applied to the
input circuit. The design factors which determine the linearampli£er characteristics were discussed in a preceding chapter.
Therefore the discussion which follows assumes that the amplifier
input and output circuits are properly designed and that the
various plate, grid, and screen voltages have been adjusted to the
manufacturer's specifications for the particular tube or tubes in
use. The test equipment required will consist of an oscilloscope,
two envelope detectors, and a dummy load. The oscilloscope
should contain vertical and horizontal amplifiers of id entical freRF L.INEAR
POWER
AMPLIFI ER
UND€11 TEST

RF INPUT
FROM
SSB EXCITER

RF OUTPUT
TO
OUMMY LOAD
OR ANTENNA

ENVELOPE
DETECTOR'll' I
!INPUT)

TRACE

SCOPE
VERT HOAIZ
I NPUT

ADJUST HORIZONTAL. AND VERTICAL
AMPL.IFIERS FOR EOUAL. GAIN
INPUT

Fig. 13-6. Block diagram of oscilloscope and e n velope d etectors set up for
linearity m easurements.

quency response and phase-shift characteristics. The frequency
response of the two amplifiers should be Bat to at least twenty
times the frequency difference between the two test tones. An
oscilloscope suitable for RF-amplifier linearity measurements is
the Hewlett-Packard HP-130B.
The block diagram in Fig. 13-6 shows the connections of the
oscilloscope and the two envelope detectors to the input and
output circuits of the power ampliller. The amplifier should
be terminated in a suitable dummy load. The schematic in
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Fig. 13-7. Schematic of th o e nvelope detector.

Fig. 13-7 shows the circuit of the envelope detector. The two
units shown in the block diagram are identjcal in all respects.
With a two-tone test signal applied to the transmitter speech
amplifier and the horizontal and vertical amplifiers of the oscilloscope adjusted for equal gain, the oscilloscope screen pattern
should be a straight line at a 45° angle with respect to the base
line, as shown in Fig. 13-BA. If the linear amplifier is being
overdriven or is improperly loaded, the top of the trace will
appear bent, as shown in Fig. 13-BB. The curvature in the trace
of Fig. 13-8C will generally indicate too much negaUve grid-bias
voltage or too small an idling plate current. In linear power
amplifiers which use tetrode or pentode tubes, this type of
trace might indicate an incorrect or unstable screen voltage.
The b·ace at 13-BD might indicate poor grid-current regulation
in a grid-driven (grounded-cathode) amplifier, insufficient negative grid bias, or both . If the grid bias is too low, the idling current of the amplifier will be excessive, and may exceed the platedfasipatfon limits of the tube. The grid-current regulation can

!!ASE LINE

(A) Proper operation .

BASELINE

Ly~s•

(C) Insufficient idl ing
pf~ te cu rrent.

BASE LINE

<

/4[

(0) Nonlinear p late or
poor grid regulation.

Fig. 13-8. Linearity t races.
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A

(B) Overloading.

<.

BASEUNEh

(E) Non linear plate, poor
grid regulation, or insufficient idling p lote current.

be improved by reducing the value of the swamping resistor
across the tuned grid circuit. In most cases where the grid
circuit is heavily swamped, the grid driving power must be
increased considerably. The h·ace at 13-SE probably indicates a
combination of the conditions at C and D. So it will be necessary to make slight changes in the grid bias, grid circuit swamping, and driving power, until the trace approaches that of A as
closely as possible.

M

w

(A) Correct pattern.

(C) Excessive drive o r in·
correct loading.

(B) Excessive bias.

(D) Excessive bias and
drive.

(E) Excessive drive, poor
regulation, or insufficie nt
loading.

Fig . 13-9. Tw o-ton e os cillos cope patte rn s.

Amateur-radio literature has generally stressed the use of
two-tone RF envelope patterns as a guide to linear poweramplifier adjustment. The envelope method is relatively simple
since no envelope d etectors are required. The oscilloscope patterns shown in Fig. 13-9 are typical of those encountered during
adjustment of a single-sideband transmitter.
It should be apparent that the RF envelope pattern shown
in Figs. 13-9A, and 7-6A are the same. A vector analysis of a
two-tone SSB waveform is illustrated in Fig. 7-7. Before any
adjustments of the linear power amplifier are made using the
envelope method, the waveform at the exciter output terminals
should be observed. If the waveform at the properly terminated
output of the exciter appears as shown in Fig. l3-9A, you can
proceed to adjust the linear amplifier. If the waveform differs
from that in A the cause of the discrepancy must be determined
and corrected before proceeding fmther. It is best to terminate
the exciter in a standard dummy load and to observe the two-tone
envelope waveform across the resistance load. The same two-tone
envelope waveform should be observed at the input ( grid or
cathode) circuit of the linear power amplifier and across the
dummy load. If not, the amplifier input is affecting the waveform
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of the driving signal and will introduce distortion into the output
signal. The most probable cause of envelope djstortion in the
input circuit is excessive grid current due to insufficient grid
bias or insufficient swamping of the tuned grid circuit, and is
mo~t likely to occur in linear power amplifiers operated in the
class-AB~ or -B modes. A common cause of envelope distortion
in all classes of linear amplifiers is the application of excessive
drive voltage or power from the single-sideband exciter. If the
exciter is capable of greater RF output than that required to drive
the linear amplifier to its full capabilities, the reserve power should
be dissipated in a resistance load. Several manufacturers have
produced a so-called "power reducer," which is connected between the exciter and amplifier to prevent the latter from being
over-driven. When the exciter is in the 100-watt class and the
amplifier uses a tetrode or pentocle, the tuned grid circuit and
swamping resistor can usually be replaced b y a fixed resistor
·of appropriate wattage rating. This type of ''passive" input
circuit is shown in Fig. 10-9. The resistor value is selected so
that the fu ll output power from the exciter is required in order
to produce the maximum grid swing needed by the amplifier.
When the output RF envelope of the amplifier is being observed, the vertical-deflection plates of the oscilloscope are generally connected directly across the dummy load resistor. The
horizontal-deflection sweep rate should be adjusted so that ten
or twelve envelope patterns appear on the screen. The horizontal
centering and gain controls are then adjusted so that only a
single pattern appears at the center, as shown in Fig. 13-9A.
In the ideal pattern, shown at Fig. 13-9A, the portion of
the trace between points 1 and 2 and between 3 and 4 will
appear as a straight line. The crossover of the two lines
should form a well-defined X as shown. The top of the pattern
should form a gently rounded peak and the whole pattern
should be symmetrical above and below the reference line
drawn through the crossover points.
The pattern shown at Fig. 13-9B indicates excessive negative
bias on the amplifier grid. The grid bias should be reduced until
the crossover point is sharply defined as the X of pattern at A.
The pattern shown at Fig. 13-9C indicates excessive drive or incorrect loading of the linear-ampli fier output circuit. The pattern
at Fig. 13-9D is the result of too much amplifier grid bias and also
excessive drive or incorrect loading, or both. The peak flattening
shown at Fig. 13-9E illustrates extreme envelope distortion due to
either excessive drive, insufficient loading of the linear-amplifier
input, or poor regulation in the driver stage. A rapid test, to determine whether the flattening is being caused by insufficient loading
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or by some characteristic of the input signal, can be made by
slightly detuning the plate tank circuit in the final amplifier while
observing the pattern. If the flattening disappears, the loading
of the amplifier circuit must be increased. If the flatten ing remains when the tank circuit is detuned, however, the trouble is
in the amplifier input circuit or exciter output stage.
All practical circuits have some degree of intermodulation
distortion, which produces spurious RF products whose frequencies appear above and below those of the two test tones.
The most objectionable spurious signals are the odd-order
products; these fall in or near the desired transmission band and,
once generated, cannot be eliminated by either the transmitter
or receiver. The spectrum analyzer pattern in Fig. 13-10 shows
the grouping of the third-, fifth-, seventh-, and ninth-order
products around the two test tones.
0 OB - - _Rs_fl;!!E.!:!_Cf.L.Q't;!. -

- - - - - - -

-

Fl

I

- OB _ _}~Q.ll~...!.~ f!!lQ!?.U.f~LSVSL_ -: - -

-

I

FREQUENCY

x ...
x ...
x
....
O> ...

=

11on: : Fl IS OIFFUIENCE ti
CPS BETWEEN THE TWO
TEST TONES.

~

on

0

..,0::

•..."' • .., ..."' ... "'
N

w

0

0::

:c
x ~ ....
~

z:
~ ....
0

.... ....
(/)

"'

w
~ ....

Fig. 13-10. Spectrum•ancdy:rer pattern.

The most effective and hence the universal laboratory method
of measuring spurious signals within the passband of either a
SSB transmitter or receiver is with the spectrum analyzer. This
instrument displays a complete picture of the spectrum in the
vicinity of the desired passband; thus the effects of any adjustment
in the transmitter circuits are immediately apparent.
The degree of intermodulation in the passband can be determined to some extent by using a highly selective communications receiver. However, this method requires a great amount
of patience and skill. The third-order products are generally the
largest, as shown in Fig. 13-10; and the higher-order products
become progressively smaller. If the two test tones are at least
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2,000 cycles apart, the third-order spurious products should
produce a reading on the carrier-level meter of the receiver.
Readings are then taken at the frequencies of the fifth- and
seventh-order products. If the carrier-suppression level is known,
the "S"-meter reading obtained at the frequencies of the distortion products may be compared with the carrier-level indication . In this manner, an approximate idea of the intermodulation
distortion level can be obtained.
Elimination of intermodulation products in an existing transmitter can become a serious problem, since such elimination is
largely a matter of design. If the amateur is using a commercial
exciter to drive a homemade linear RF power amplifier, as many
often do, the trouble is most likely to be in the power-amplifier
stage. The intermodulation distortion level of the average commercial SSB exciter will be at least 35db below the level of the
desired signal. When the level of the b·ansmitted distortion products increases in a homemade grounded-grid amplifier, a
common cause is an impedance mismatch between the exciter and
the catJ1ode of the power-amplifier tube. In grounded-grid
linear-amplifier circuits, the input impedance at the cathode of
such tubes as the 4CX-1000A and 4-lOOOA will be around 100
ohms-provided the amplifier is pro7Jerly designed and loaded.
The average 100-watt SSB transmitter, when used as an exciter,
will have an output impedance of about 50 ohms. The amateur
customarily will feed the exciter signal to the ampHfier cathode
through a short length of 50-ohm coaxial cable. It is obvious
that a 2-to-l impedance mismatch will exist and that standing
waves will appear on the coaxial line. The cathode impedance of
the grounded-grid amplifier, whjle nominally about 100 ohms,
will vary considerably with changes in the plate-circuit loading.
In addition, the input impedance of the amplifier will change as
the driving-signal amplitude does. Unless the impedance match
between the exciter output and power-amplifier input is reasonably close, the impedance variations will be reflected into the
driver plate circuit and appear as phase modulation of the
SSB signal. In the Collins 30L-l linear amplifier, this problem
is solved by using a separate pi-network circuit, at the filaments
of the 811A's, for each frequency band. The length of the
interconnecting coaxial cable is selected so that when it is added
to the lumped constants of the proper pi-network, the effectjve
transmission line is equal electrically to one-half wavelength . The
pi-networks are switched, when the bands are changed, so that
the electrical length of the interconnecting line will remain onehalf wavelength, or multiples of one-half wavelength, at all
operating frequencies.
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repeater, use of, 13
design considerations. 93·!l!i
speech, 87-11 3
Stancor C2340, 98-99
Collins, 325-1, 108· 110
differential phase-shi ft network, 113
d esign of, 98· 108
filter networks, R -C, 91
H ammarl und, HX-500, 110-111
harmonics, 14 1-142
vol tage gai n of, 101- 102
A

Air-system socket
Eimac SK-400, 225
Eimac SK-500, 238
Alig nmen t of sideba nd
generator, 130-132

AM
mod ula tion envelope. 17-18
signal, power distribution in, 17- 19
transmitter spectrum plot, 16
Ampli fie<llion
high-frequency. HH
low-freq uency, 102

Am plitude modulation, 15-17
Angle modul ation, cause of, 4 3
AntiVOX, 160
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push-pull input and .output, 28
series-type. 36-37
uses for sideband selection, 58·59
using beam-deAection tube, 38-40
Balanced modulator circuit. 7360, 39

c
Calibrated receiver and secondary
frequency standard method,
frequency measurement, 326, 327
Capacitor
resonating, 120
vacuum variable, 21 2
Carrier
balance adjustment, 144
bala nee control, 125
current paths in ring modulator, 31
Carrier generators, 68-86
accuracy requirements, 68
Collins !l2S· I , 77
Colpitts oscillator. 70-72
design precautions, 82-84
frequency dri(t in, 82-86
H ammarlund HX-500, 69·70
higb·frcquency, 78-81
Johnson Invader, 79-80
medium frequency, 71-78
construction, 73-75

Bandpass filters, 90·99
AF. attenuation
characteristics, 90·93
Burnell S-23197, 95-97
Chicago-Standard LPF-1, -2, 97-98
component requiremenlS, 98·99
design considerations, 93-95
Stancor C2340, 98

Carrier reinsertion, 122
level control, 129

Bandwidth
definition of, 41
FC-30 RF choke, 240

Carrier system, 11-14

waveform, 123
Carrier removal effect, 22-2!!

Carrier suppression
amount of, 25
figure, diode balanced modula tors, 32
Bandpass requirements, receiver, 16-17 techniques, 24-40

Basic single-sideband generators
filter type, 116
phasing type, 116
Beam-deAection tube
balanced mixer, 154-186
balanced modulator, 38-40
RCA 7360, 125
Beat-frequency oscillator circuit,
K'WM'-2/2A, 286
Bias voltage, 189

342

Cathode-follower speech
amplifier, 107-108
Cement
Glyptol, I 28
polystyrene, 130
Channel numbers and frequencies,
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Generator
carrier, 68-86
Collins 3251 , 77-78
Colpi us oscillator, 70-72
design precautions, 82-81
freque ncy drift in. 82-86
Hammarlund HX-500, 69-70
high- frequency. 78-81
\ow-freq uency. 68-71
medium -frequency, 71-78
frequen cy response, I 32
SSB. ll 4-146
balancing adjustments, 118
filter type, 114 -132
phase shift, 114-118
Grounded-grid
class-B amplifier, 225-237
power am pli fier, 237-242
tube selection, 235-236
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High-frequency sideband fillers, 56-58
High-Q traps, crys tals used as, 55

Half-lattice sideband filters, 53-56
Hallicrafters
HT-46 transmitter, 172-176
block diagram, li3
schematic, 174-175
SX-146 recei\'er, 260-264
schematic, 262·263
Hammarlund
HQ-180 receiver, 269·27'1
HX-500, 11 2-17 1
block diagram,
carrier generator, 69·70
ci rcu it analysis, 163· Ii 1
sideband filter, 44
sideband generator, 165
speech amplifier, I 10·111
SPC-10 SSB conve1 tcr, 274-276
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High-voltage transformer, 218
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Impeda nce considerations
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Inpu t power, RF amplifier, 195-196
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Jntermoclula tion distortion, 339, 340
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H armonics, audio, 14 1-142
Heath kit
SB·llO, 303-318
AntiVOX and carri er
generator circuit, 307
balanced modulator and
isolation amplifier, 309
block diagram,
crystal calibrator, 317
crystal filter response curve and
first IF amplifier, 308
driver amplifier circuit, 3UI
final amplifier, 314
first and second mixers, 311
first and second receiver
IF amplifiers, 316
first recei\'er RF amplifier, 315
heterodyne oscillator, 312
microphone amplifier and
CW tone oscillator, 305
product detector circuit, 3 17
VOX and relay amplifiers, 306
SSB amplifier H A-14, 245· 253
schematic, 246
High-frequency carrier
generators, 78-8 1

Lattice filter
half sideband, 33-56
sideba nd, 48·56
usi ng surplus crystals, 57
Linearily measurements, 335-3-10
Linear RF power amplifier, 185-2-12
cha racteristics of, 203·205
degenerative, 189
tubes, 189
Load control, automatic, 221, 222
Load, dummy, 333
Loss, insertion, definition of, 41
Low-frequency
attenuation, 138
filters, 42-45
toroidal , 150-15 1
generators, 68-71
speech-amplifier
characteristics, 105-106
Low-freque ncy characteristics
resistance-coupled amplifier, 105
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Low-mu tubes, 235, 236
Low-pass audio filter, 133
Low-power single-sideba nd
transmiuers, 157-1 84
Collins 325-3, 157-171
Drake T-4 and T-4X, 176-184
Hallieraftcrs HT-'l6, 171-176

M

l\Ieasurement
li nearity, 335-340
ouLput power, 330, 334
f'Oll"Cr output, 330-334
surface temperature, 217
Mechanical filters, 46-48
impedance, 48
sh:i pc factor, 47
Medium-frequency carrier
generators, 71 -78
construction. 73-75

1\fodulator
balanced, 2-1, 125
dua1 l rioclc, 28
parallel output, 26
push-pull, 24-26
push-pull input and OUl J>lll, 28
serics-1)'pe, 36-37
uses for sideba nd selectiou, 58-59
using beam-deflection tuhe, !Jf!..10
diode, 28-37
advantages of, 28
types of, 28
dual 1riode,
four-diode shun t type, 32
ring-balan ced, 29-32
series, aclva ntages of, 36
series balanced, 36-37
two -d iode shunt type, 32-36
Multiplexing of voice channels, 13-1'1
Mutual characteristics,
power amplifil.'r, 185-186

Medium-frequency filter-s , <15-46

N

Medium-mu tubes, 235, 236
National l-IX-100 socket, 233

Meter, RF output, 170
MilT01· images, 21
Mixers
bal;mced, 24, 1-16-156
bcam·defleCLion tube, 154-156

Nega tive feedback

RF, 222
variable, :rndio, 273

COllVel"$iOn, 147-149

pcntode, 153-154
triode, 151-153
unbalanced, 153-151
Mixing, 16-17
Modulated carrier, vector
diagram, 18-19
Modulation
angle, cause of, 43
single tone, 15-19
Modulation envelope, AM signal, 17-18
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Operaiing characteristics

4-125A, 237
4-400A, 237
4-IOOOA, 237
Operating data
Eimac 3-1100Z, 225-228
characteristics of, 227
socket connections, 228
Eimac 3-IOOOZ, 228
P enta PL-6569, 230

Origin, single-sideband, 11·14

sideband selection, 58-67

Oscillation, parasitic, 241

single-sideband generator

Oscillator
crys1al·controlled, 74-78
Colpitts, 70-72
Pierce, 76
70· to 500-kc crystal, 76
80- to 800-kc, 76
J. to 16-mc crystal, 79
IO- lo 60-mc overtone crystal, 81
Oscilloscope dispfoy, modulation
envelope, 17-1 8
Output meter, RF, 170
Ou tput power measurement, 330, 334
Output spectrum, transmitter, 16
Overtone crystal, 80-81

p

Parasitic oscillation, 241
Parallel-output balanced
modulator, 26

advantages of, 58-59
alignmen t, !37-1'15
block diagram, 59·62
Pierce oscillator, 76
Pi-network, 200-202
Power amplifier, 19l·l!J1., 221-225
Collins 30L-l , 242-244
Collins 305-l , 221-225
grounded-grid, 237·2•12
Heathkit HA-11, 215-247
linear RF, 185-213
characteristics of, 203-205
degenerative, 189
tubes, 189
mutual characteristics of, 185-186
SBE·SBA-2, 248-251
Power distribution in
AM signal, 17- 19
carrier and modul:ttion, 120
single-tone, 123
two-tone, 123
waveforms, 120

Passband, definition of, 4!
Power me;1surerncnt., output. 330, 334
Pa~sive

circuit, 194-195
Power, peak envelope (PEP), 331, 332

Peak envelope power (PEP), 331, 332
Plate-circuit balance con trol, 130
Penta
PL-6569, 225, 228-233
operating dat:i, 230
PL-6580, 225, 233, 231

Push-pull balanced mod ulator, 24-26
Push- pull input and
output modulator, 28

Pentodc mixer, 153·154
Pentode RF power amplifier, 189-191

R

Phase-shift, 62-67
audio, 60, 136
R aypar RL-100 Rl' choke, 2-11
doublc·lll ned transfom1cr, 64
R-C AF filter networks, 91
method of sideband selection, 58-67
Receiver
practical generator, 62-65
bandpass requirements, 16·!7
rcsis1.nnce, capacitance,
Collins 75S·3, 254-2(,0
inductance, 6·1·
Dr:ike R-1A, 264-269
RF, 136-137

347

Receiver (cont'd)
H allicrafters SX-146, 260-2&1
Hammarlund HQ-180, 269-274
R emoval of carrier and
sideband , effect of, 22-32
Repeater amplifiers, use of, 13

s
SBE SD-34, 290-299
456-kc bi lateral amplifier, 293
lllner board, 292
VFO and mixer board, 2!H

R esistance, capacitance.
inductance phase-shift
network, 64

Selectivity, skin
definition of, 41
mecha nical filter, 47

R esis tance-coupled amplifier, Jowfrequency characteristics, 105

Series modulator, advantages of. 31i

Resistan ce-coupled and
eqnivalent circuits, 100

7360, electrode arrangement in , 39

R esistance coupli ng in speech
a mplifiers, !02-107
ResiMa nce-reacta nce networks,
case-shift generator, 65-67
R esistors, stop-start, 224

7360 balanced modulator circnit, 39

Shape factor
mechan ical filters, 47
of filter, 42

Sheet-beam switching tube, 38
Sideband
distinction from side frequency. 19
formation of, 19-21

R esonating capacit0r, 120
R esponse curve, speech amplifier, 88

RF amplifier
clcsign, 195-205
input power, 195-196
6146. 197
RF choke
n &: W FC-30, 240
Ra ypar R L-100. 241

RF negative feedback, 222
RF outp ut meter, 170

Sideban d filter, 42-56, 118-146
B & W 360 and 361, 44-45
Durnell S- 15000, 42-44
carrier leakage of, 123
Collins F455-31 .• 45-46
full -lattice, 49-53
half-lattice, 53-56
Hall icrafters HT-32 /HT32A , 5G
H ammarlund HX -500, 44
high-Frequency, 56-58
Johnson Invader, 56, 58
laltice-type, 48-56
mechanical, 46-48

RF phase-shift network, 136-137

Sideband generator.
RF-301 Milita ry SSB
;ilignment of, 130-132
tra nsceiv(:r, 317-321
Sideband removal
block diagram, 320
advantages of, 23
with matching linear amplifier, 323
effect of, 22-23
Ring-balanced modulator, 29-32
Sideband selection, 41-67
Ring modulator, carrier
filter method, 41-58
current paths in, 31
phase-shift method, 58-67
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Sideband suppression
how accomplished, 41
waveform, 140-141
Side frequencies, 15-16
vector representation of, 18-19
voltage value of, 17
Signal, AJ\·f, power
distribution in, 17- 19
carrier and modulation, 120
single-tone, 123
two-tene, 123
waveform, 120
Signal, two-tone, 123

National HX-100, 233
socket connections, Eimac 3-400Z, 228
Spectrum plot, AM transmitter, 16
Spectrum, transmitter output, 16
Speech amplifiers. 87- 11 3, 117-115
cathode follower, 107-108
Collins 325·1, IOB·l 10
commercial circuits, 108- 112
design of, 99-108
frequency response, 87-90, 138
Hammarlund HX-500, 110-111
J ohnson Invader, 111 -112
resistance coupling in, 102-107
response cu rvc, 88

Signal products,
spurious, 113, 135- 142, 149

Speech amplifiers and filters, 87- 113

Single sideband
deviation of, ll-14, 15-23
generator, 114-146

Spurious signal products,
113. 135-142, 149

history of, 11-14
principle use of, 11
reason for, 11
signals, devia tion of, 15-23
Single-sideband generator,
phase shift, 114-1 18. 132-1-16
advantages of, 58-59
alignment, 137-145
block diagram, 59-62
Single-tone modul ation, 15-19
6146-RF amplifier, 197
Skirt selectivity
definition of, 41
mechanical filter, 47
" S" meter readings, 144-145
Socket
Air-system
Eimac SK-400, 225

Eimac SK-500, 238
Johnson, 122-275, 233

Speech-level control adjustment, 131

ssn
converter, Hammarlund
SPC-10, 274-2i6
genera tors
accuracy requi rements, 68
filter type, ll4-l 32
transmitters
Collins 325·3, 157-171
Drake T-4 and T-4X, 176-18·1
Hammarlund HX-500. 112·171
Hallicrafters HT-46, 172-176
low-power, 157-184
output spectrum of, 16
peak power of, 19
Step·start resistors, 224
Sum frequency

al

mixer output, 150

Suppressed-carrier signal,
vector analysis, 26·28
Surface temperature measurement, 217
Switching acLion, diode, 33
$\\'itching tube, sheet-beam, 38
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T

Tone-oscillator circuit,
KWM·2/2A, 285
Transceivers, 282-321

ElCO Tri-Band
Lransceiver kit, 299·302
bal:rnccd-modulator circuit, 301
Heathkit SB-110
AntiVOX and carrier
generator circuit, 307
balanced modulator and
isolation amplifier, 309
block diagram, 304
crystal calibrator, 317
crystal filter response curve
and first IF amplifier, 308
driver amplifier circuit, 3lll

tuner board, 292
VfO mixer board, 294
SB·6FA SSB transceiver, 321·324
block diagram, 322
with m:uching linear amplifier, 323
Tra11sfo11ncr
fil:iment, 216, 218, 238
high-voltage, 218
Trnnsmitter, 329, 330
AM. spectrum plot, 16
outpu t spectrum, 16
percentage of efficiency, 21-22
Triode
balanced mixers, 151 -153
RF power amplifiers, 189, 192-193
T ube
beam deflection, 38·39
hi gh·rnU, 235
low·mu, 235-236

final amplifier circuit, 314

medium mu, 235-236

first and second mixers, 311

selection, grounded-grid, 225, 236

first and second receiver

IF amplifiers, 3 16
first receiver RF' amplifier, !115
heterodyne oscillator, 312

sh<..'Ct·bcam switching, 38-39

as balanced modul ator, 40
Two·tone signal, 123

microphone amplifier and
CW tone oscillator, 305

product detector circuit, 317

v

VOX and relay amplifiers, 306
KWM·2/2A, 283·290
balan ced modulator circuit, 287
beat-frequency oscillator
circuit, 286
first mixer circuit, 288
tone-oscillator circuit, 285

VFO circuit, 285
RF-301 Military SSB
transceiver, 317-321
block diagram, 320
SBE SB-34, 290-299

456-kc bilateral amplifier, 293
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Vacuum variable capacitor, 212
Variable audio feedback, 273
Variable nega tive feedback, 273
Varistor, 29
use in modulator, 32·36
Vector anal ysis, suppressedcarrier signal, 26·28
VeclOr diagram, modulated
carri er, 18· I 9
Vector representation of
side freq uencics, 18-19
VFO circuit, Collins 70K·2, 285
Voice channels, multiplexing of, 13·14

Volt:igc ,·aluc of side frequencies, 17
Vollagc. vcclor display of, 18-19
Vox, 160

W

Waumcter, direclional, 331
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Foldout l (Front)
Fig. 9·5. Schematic of Hammarlund HX-500 transmitter.
Fig. 10-40. Complete schematic of 30L-1 linear ampl ifi er.

Foldout 1 (Rear)
Fig. 9.3, Schematic of Collins 325-3 transmitter .

Foldout 2 (Front)
Fig. 12·8. Complete schematic of KWM·2/ 2A transceiver.

Foldout 2 (Rear)
Fig. 11-4. Schematic of Collins 755-38 receiver.

Foldout 3 (Front)
Fig. 11·9. Drake R-4A Receiver.
Fig. 11-6. Schematic of Hammarlund HQ· 180 receiver.

Foldout 3 (Rear)
Fig. 10·25. Schematic of Collins 30S· 1 amplifler.
Fig. 11-10. Schematic of Hammarlund SPC-10 receiver.
Fig. 12-13. Sideband Engineers SB-34.
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