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TUBELESS AMPLIFIERS

By the Engineering Department, Aerovox Corporation

HE mention of the term tube-
less amplifiers brings the immedi-

ate question “Why is there interest in
amplifiers which do not employ
tubes?” When vacuum tubes were
both costly and fragile 35 years ago,
there was a constant but fruitless
search for other amplifying devices.
But the quest was abandoned when
tube prices became more reasonable
and the product more dependable.
Interest in this direction has been
revived in recent years because the
tube often has proven to be the
important unreliable link in com-
plex electronic systems.

The non-tube amplifiers give pro-
mise of greatly increased reliability,
especially since some of these devices
have unlimited life. Neither type
uses a filament or heater, and thus
makes more efficient use of the local
power and has simpler power supply
demands.

A number of tubeless amplifiers
have come forward during the past

Principal among these
are the transistor, magnetic, and
dielectric amplifiers. When contrast-
ing these devices, it is impossible
to find a more suitable basis of com-
parison than the type of power sup-
ply employed. The transistor, for
example, like the tube, employs a
d-c power supply. The magnetic am-
plifier and dielectric amplifier, on
the other hand, employ a-c (often
high-frequency) power  supplies.
Comparisons which use the tube cir-
cuit as a standard often tend to
discredit from the start all devices
requiring a-c power supplies, even
before other characteristics are con-
sidered.

ten years.

It is interesting to examine the
operating principles and character-
istics of tubeless amplifiers. This
article surveys these characteristics
and is intended to provide the reader
with an over-all view of the present
art. This basic information will per-
mit a more discerning examination

of the improvements constantly be-
ing made in this class of device,

TRANSISTOR AMPLIFIER

The transistor depends for its op-
eration upon the control of electron
flow in a solid material (semicon-
ductor) instead of in a vacuum.
Transistors in widest present use
are triodes, although some tetrodes
have been developed and a few are
available commercially.

In a triode transistor, the emitter
electrode functionally resembles the
cathode of a tube, the base the grid,
and the collector the plate. A d-c
supply places the proper bias on the
electrodes. The transistor is a cur-
rent-operated device.

Depending upon the manner in
which the transistor is connected in-
to the circuit, the signal output cur-
rent may be higher or lower than
the signal-input current. However,
since the output resistance normally
is higher than the input resistance,
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both voltage and power gain are
provided even when the current gain
is 1 or less.

Figure 1 shows representative
transistor amplifier circuits of the
common-emitter type (also called
“ground emitter”). Figure 1 (A) is
the conventional resistance-capacit-
ance-coupled type. The collector
load resistors (R, and R.) correspond
to the plate load resistors in a tube
amplifier. Emitter resistors R; and
R; are similar to the cathode resis-
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TRANSISTOR AMPLIFIERS

FIGURE 1

tors in a tube circuit and are by-
passed (C. and C,;) for the same
reason — to prevent degeneration.
The single d-c supply, B, provides
negative voltage for the collectors
and negative voltage, through divid-
er networks R;-R. and R;-Rg, for
the bases of transistors TR; and
TR..

Figure 1 (B) shows a transformer-
coupled amplifier. Higher gain is
obtained when transformers are used
between transistor stages, since they

provide a close match between the
high-impedance collectors and low-
impedance bases. This permits maxi-
mum power transfer, impossible in
the cascaded RC-coupled circuit of
Figure 1 (A).

As in vacuum-tube practice, trans-
istors may be direct-coupled. (See
Figure 1C). This allows the ampli-
fication of direct-current signals, as
well as extending the frequency
range of a-c signal amplification
down to a cycle or less per second.
The direct-coupled amplifier provides
somewhat less over-all gain than the
RC-coupled—and transformer-coupled
circuits.

At this writing, the following
characteristics are representative of
transistor amplifiers:

Zero to 600
high-fre-

Frequency Range.
Mec. (including special
quency types).

Efficiency. 30 to 40 percent Class-
A, 50 to 70 percent Class-B.

Power Output. Up to 40 watts.
(60 watts and higher have been
reported in experimental, laboratory
models).

Power Gain.
ed stage.

40 db per single-end-

Subminiature in convention-
Small in high-power types.

Size.
al types.

The reader’s attention is directed
to References 2, 4, 5, and 6 for ad-
ditional detailed treatment of special
phases of transistor application.

MAGCNETIC AMPLIFIER

The magnetic amplifier offers the
advantages of simplicity, ruggedness,
compactness, foolproof circuitry, un-
limited life, and components not
easily burned out in normal use.
The magnetic amplifier requires an
a-c power supply.

Figure 2(A) shows a basic mag-
netic circuit. In this arrangement,
coils Ly, Ls, and Lz are wound on
a three-legged core made of a special
alloy having a rectangular hysteresis
loop. Coils L; and Ly are connected
in series with each other and with
the a-c power supply and load. The
impedance of this combined winding
therefore is in series with the power
supply and load and determines the
load current and voltage drop.

Direct current flowing through the
control winding, L., produces vary-
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load resistor. By providing a step-
down turns ratio in this transformer,
a current gain is realized from oper-
ation of the amplifier.

Like the magnetic and dielectric
amplifiers, the diode amplifier re-
quires an a-c power supply. Power
gains up to 10 per stage have been
reported for diode amplifiers.

GALVANCMAGNETIC TYPE.
This amplifier exploits the phenom-
enon of magnetoresistance, the abil-
ity of certain metallic combinations
to change their resistance in response
to a varying magnetic field.

Figure 5 shows the circuit of a
simple amplifier employing this prin-
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FIGURE 5

cinle. A magnetoresistive element,
made of a material such as indium
antimonide, is supported between
the pole pieces of a permanent mag-
net around which is wound a field
coil, L, earrying an alternating input-
signal current. The signal causes
fluctuations in the magnetic flux
which, in turn, cause corresponding
fluctuations in the resistance of the
magnetoresistive element. A fluctua-
ting current accordingly flows from
battery B and through resistor R.
The resulting fluctuating voltage
drop is coupled to the output ter-
minals through capacitor C.

Since only a small input signal is
required to vary a high current
through R, considerable amplification
is afforded by this circuit. 30 to 40
db gain has been reported at room
temperature and 60 db at the tem-
perature of liquid nitrogen. (See
References 7, 8, and 9).
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The input signal (waveforms C
and D) varies the capacitance of Cj,
detuning the L;-C.-C; circuit in
sympathy with the input frequency.
If C. is adjusted to place the re-
sponse of the tuned circuit along
its steep slope, the resulting voltage
changes will be large and the am-
plitude-modulated signal waveform
will have high peaks. (See wave-
form B). This accounts for the am-
plification afforded by the -circuit.
The waveform shown at B, however,
contains a high-frequency carrier
component (A), as well as the mod-
ulation envelope which is an ampli-
fied replica of the input signal. The
latter is recovered by passing the
modulated signal through diode D,
the result being the amplified wave,
E.

Dielectric amplifiers have been em-
ployed at signal frequencies up to 2
to 3 megacycles. They provide high
voltage gain and high power gain
per stage. Power gains up to 10,000
per stage have been reported. Small
units have been used to obtain audio-
frequency power outputs of 300 mill-
iwatts.

Unlike the magnetic amplifier, the
dielectric amplifier has high input
impedance. Like the magnetic am-
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plifier, it requires a power supply
frequency at least 10 times higher
than the highest signal frequency
which is to be amplified. Its prin-
cipal shortcoming is the pronounced
temperature-sensitivity of the non-
linear dielectric material it employs.

MISCELLANEOUS TUBELESS
AMPLIFIERS

Additional  tubeless amplifiers
which are not as well known nor as
well-developed as the three types
described in the foregoing Sections
include the diode type and galvan-
omagnetic type. These are described
separately in the following para-
graphs.

DIODE TYPE. This amplifier u-
tilizes the reverse transient (“recov-
ery time”) effect found in germanium
and silicon junction diodes. Figure
4(A) illustrates this transient char-
acteristic which is explained in the
following manner: If the diode is
conducting forward current result-
ing from the application of a posi-
tive voltage from time t, to t;, and
is switched suddenly to a high neg-
ative anode voltage by the applica-
tion of a negative square wave, the
reverse current quickly reaches a
high peak value (iz) and then re-
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covers somewhat slowly to the value
(iz) which is normal for the parti-
cular value of applied negative vol-
tage.

The reason for this sudden high
conduction is that the carriers (holes
or electrons) injected into the semi-
conductor by the positive-current
flow are still present during the
switching and they enhance the cur-
rent flow. High current accordingly
flows until the negative voltage has
had time to sweep these carriers
away. Unless the switching interval
is of short duration (1 microsecond
or less), the carriers will recombine
(holes with electrons, and vice versa,
within the semiconductor) and the
high-current pulse will not be ob-
tained. If there has been no recent
flow of positive current through the
diode, no transient current pulse will
occur, normal, low current flowing
upon application of the negative
switching voltage. In a diode oper-
ating in this manner, the anode acts
first as an emitter and then as a
collector, simulating the action of a
transistor.

The transient current is propor-
tional to the positive current and is
many times larger. The transient
diode exhibits amplification, since a
small positive input signal applied
to the diode in series with a negative,
square-wave, switching voltage (pow-
er supply) will give a higher output
signal.

Figure 4(B) shows the circuit of
a simple diode amplifier. The power
supply delivers 1-Mc negative square
waves to the amplifier diode (D.)
with anode negative. The positive
half-cycles of the signal-input vol-
tage are supplied by D; which is
a high-back-resistance diodc having
virtually no reverse traisient (such
as a point-contact diode). As long
as there is no input signal, no vol-
tage appears across load resistor Ri,
except perhaps a small spike due to
the flow of power-supply current
through the capacitance of D., be-
cause no carriers are injected into
the amplifier diode. Application of
the signal, however, injects carriers
into D., and each succeeding power
supply pulse forces a large current
momentarily through RL and pro-
duces a high voltage drop across this
resistor.

In Figure 4(C), an output trans-
former has been substituted for the
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ing degrees of saturation in the core,
depending upon the direct current
level. This saturation lowers the
impedance of the L;-L. combination
and allows more ac to flow through
the load. The voltage drop across
RL thus is proportional to the ap-
plied d-c voltage. When d-¢ output
is desired, a semiconductor rectifier
may be connected in series with Rk,
as shown by the dotted-line symbol.
Because a small d-¢ input produces a
large change in output, amplification
takes place.

Frequently, in place of d-c, an a-c
input signal is employed. However,
the power supply frequency must
be several times higher than that
of any a-c signal which is to be
amplified (usually not less than 10
times the signal frequency). This
requirement has limited most large,
practical magnetic amplifiers to the

handling of de and low frequencies.
However, audio-frequency magnetic
amplifiers have been constructed to
operate from 100-ke power supplies,
and special experimental amplifiers
with small, thin cores of high-effici-
ency alloys have been operated at
power supply frequencies up to 10
megacycles.

Figure 2(B) shows how a fourth
core leg and winding may be added
for feedback. Both positive and neg-
ative feedback have been employed
in magnetic amplifiers. The feed-
back polarity depends upon the sense
of winding Lj3. The regeneration
provided by positive feedback in-
creases the sensitivity, while the
degeneration provided by negative
feedback improves the signal wave-
form. The circuit of Figure 2(B)
is shown arranged for d-c input and
output. However, it may be adapted
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for a-c signal amplification by omit-
ting the output rectifier and feeding
back a portion of the a-c output to
L3 in the proper phase for regenera-
tion or degeneration, as desired.

Like transistors, magnetic ampli-
fiers have low input impedance. They
have excellent power-handling abil-
ity, having been employed at levels
up to many hundred kilowatts. They
have replaced tubes in some voltage-
regulated d-c power supplies. Their
response speed is somewhat slow
when compared with that of ampli-
fiers of other types, chiefly because
of the magnetization characteristics
of the core material and the limita-
tions imposed by the low power-

supply frequencies. (See Reference
3).

DIELECTRIC AMPLIFIER

The dielectric amplifier may be
thought of as the capacitive counter-
part of the magnetic amplifier. Em-
ploying an a-c power supply and
operating in a similar fashion, the
dielectric amplifier utilizes a change
in capacitive reactance, in contrast
to the magnetic amplifier which uses
a change in inductive reactance to
obtain control of output current and
voltage.

The heart of the dielectric ampli-
fier is a capacitor containing a vol-
tage-sensitive dielectric. The latter
is a material, such as barium titan-
ate, the dielectric “constant” of
which decreases with applied vol-
tage. When such a capacitor is con-
nected in series with an a-c power
supply and load, it may be used to
control the current flow through
the load as its reactance is changed
by a biasing control-signal voltage.

Figure 3 shows one type of dielec-
tric amplifier circuit. Here, the a-c
power supply is a high-frequency
type. (In practical circuits, the fre-
quency is a 1 megacycle or higher).
The non-linear capacitor, C; (i. e.,
the capacitor with voltage-sensitive
dielectric) is connected in series with
a conventional capacitor, C., across
inductor L;. This series-capacitance
combination forms a tuned circuit
with L; resonant at the power supply
frequency. The d-¢ source biases
the voltage-sensitive dielectric to the
steep portion of its capacitance-vs-
voltage curve. The input signal is
applied in series with this d-¢ vol-
tage. C; is a de-blocking capacitor.
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