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Conversion-Type D.C. Amplifiers

By the Engineering Department, Aerovox Corporation

IN an effort to escape the instabil-
ity and drift of conventional, di-
rect-coupled d. c. amplifiers, various
conversion-type amplifier circuits
have been developed.

In these arrangements, illustrated
by the block diagram of Figure 1,
the d. c¢. to be amplified is applied
first to a d. ¢. — a. c. converter.
An a. c. excitation voltage also is

applied to the converter. The con-
verter output is an a. ¢. having the
same frequency as that of the excita-
tion voltage but with an amplitude
which is proportional to that of the
applied d. c.

This output signal from the con-
verter then is applied to a conven-
tional a. c. amplifier which can be
made quite stable by conventional

techniques. Both voltage “gain and
power gain may be provided by this
amplifier. The voltage gain is chos-
en to give the desired signal set-up
ratio, and the output power is select-
ed for efficient driving of the output
device. Rectification of the ampli-
fier output recovers the d. c. Thus,
the d. e. input signal effectively is
amplified by a system which partakes
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CORRECTION: Despite careful fact-findings, writing and editing, two errors crept into the December 1954 issue,
entitled “Elementary Binary Arithmetc”. In the table on page two, column three, + 0 X 2-1 = 0 making the correct
total 100101.01 = 37.25. In the table on page three, column two, + 1 x 2-2 = 0.25 making the correct total 10.01
= 2.25.

Additional references on Binary Arithmetic are as follows: High Speed Computing Devices — by the Engineering
Staff of Engineering Research Associates, (McGraw-Hill, N. Y.); Calculating Instruments and Machines — by D.
R. Hartree (University of Illinois Press); Number, the Language of Science — by Tobias Dantzig (McMillan, N.
Y.); Introduction to the Foundations of Mathematics — by Raymond L. Wilder (Wiley, N. Y.); and New Num-
bers — by F. Emerson Andrews (Essential Books, N. Y.).
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ol the high stability of the a. ¢. am-
plifier.

Conversion-type d. c¢. amplifiers
presently are in use in science and
industry to amplify the tiny d. c.
output of such devices as strain
gages, thermocouples, self-generat-
ing photocells, accelerometers, Ph
meters, and moistures sensers. These
amplifiers may be employed to ac-
tuate either recording or indicating
instruments or electromechanical
control devices.

Details of Operation

Various types of d. c. - a. ¢. con-
verters are employed in conjunction
with conventional a. c. amplifiers.
The representative ones are describ-
ed in this article.

The a. c. excitation voitage may be
derived from the tube-filament cir-
cuit of the amplifier section or may
be supplied from a separate source.
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The excitation frequency sets the
minimum transient response time cof
the system. For this reason, the fil-
ament-source frequency often is too
low to be useful, and excitation must
be obtained from some higher-fre-
quency source. Response time also
depends upon the time constants of
the various coupling networks with-
in the system.

The amplifier section may utilize
a standard audio circuit (either RC-
or transformer-coupled) for use at
excitation frequencies between 20
and 20,000 cycles, but must be a radio-
frequency amplifier when extremely
rapid d. c. fluctuations must be ac-
commodated and the excitation fre-
quency accordingly must be extended
into the Kkilocycle or megacycle re-
gion. The amplifier design is sim-
plified, however, by the fact that
this unit is essentially single-frequen-
cy in operation.

After a. ¢. amplification, the signal
is rectified. The rectified section may
take any one of the several conven-
tional forms — from simple half-
wave to voltage multiplication. Also,
the rectifier may be transformer-
coupled or capacitance-coupled to the
amplifier output. Figures 2 to 7 show
full-wave bridge rectifiers for illus-
tration. When non-pulsating d. c.
output is desired, the rectifier output
may be filtered with either RC or LC
networks.

Configurations of Systems

Figures 2 to 7 show various ar-
rangements for conversion-type am-
plifiers. These will be described sep-
arately.

D. C. Chopper Converter. Figure
2 shows the arrangement which per-
haps is in widest use at the time of
this writing.

The converter is a “full-wave” vi-
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brator which chops the applied d.
c. into pulses of current which flow
through the primary winding of the
input transformer. The resulting a.
¢. voltage developed across the sec-
ondary of this transformer is applied
to the input of the a. c. amplifier.

Basically, the chopper unit consists
of a thin iron or steel reed securely
fastened at one end and provided
with a contact (B) on its free-swing-
ing end. A coil, usually containing
many turns of fine wire, surrounds
a portion of the reed, but does not
touch it, and is supplied with alter-
nating current from an excitation
source. The alternating magnetic
field due to this excitation current
sets the reed into vibration, causing
contact B to swing alternately be-
tween contacts A and C. This action
switches the direct current alternate-
ly through the upper and lower halves
of the input-transformer primary.

This is a rudimentary type of chop-
per, as shown here, and serves only
to illustrate the principle. Many re-
finements are incorporated into com-
mercial chopper-type converters to
insure stability and long operating
life. Some converters are driven
from a second d. c. source, instead
of being excited with a. c., in such
a way as to cause self-vibration often
at rates such as 400, 800, and 1000
cycles.

The chopper-type converter has the
disadvantage that it contains moving
parts and make-and-break contacts.
These factors sometimes act to limit
its life; and, in some instances, make
necessary special provisions for me-

FIG. 4
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chanical noise silencing, spark sup-
pression, and vibration damping. Its
advantages are comparatively small
size, simplicity, and the complete ab-
sence of an output signal unless a
d. c. is applied.

Diode-Bridge Modulator. The semi-
conductor diode-bridge modulator,
normally used with two a. c. signals,
can be employed as a d. ¢. — a. c.
converter by substituting the d. c.
input for one of the a. c. signals. The
a. c. excitation voltage may be de-
rived from the filament circuit of the
a. c. amplifier with which the con-
verter is used, or from a separate
source.

This simple device (See Figure 3)
delivers an a. ¢. output which has the
same frequency as the excitation
source and an amplitude proportion-
al to that of the d. c. signal. The a.
c. output voltage may be developed
across a resistor, R, as in Figure 3,
and coupled through a capacitor, C,
into the a. c. amplifier. Or, for iso-
lation, a coupling transformer may be
used between the diode bridge and
the amplifier input.

The bridge modulator may be re-
garded as a type of electronic switch
in which the a. c. excitation current
cycles turn the applied d. ¢. on and
off. 'This action is accomplished
through the polarity-sensitivity of the
diodes, each pair of which conducts
on alternate half-cycles of excitation.
On one half-cycle, the effect is to
open the path between the d. c. in-
put and the a. c¢. amplifier; on the
other half-cycle, the path is closed.
Thus, the on-off action.

This type of converter can be made
with diodes of either copper oxide,
germanium, silicon, or selenium
types. The germanium and silicon
units have the advantage of provid-
ing operation up to high radio fre-
quencies, while the upper operating
limit of copper oxide is 5 to 10 ke.
and that of small selenium diodes
about 50 kc.

All four diodes in the modulator
bridge must be closely matched.
Single 4-diode assemblies (known by
various manufacturers as quads or
varistors) are available with matched
EI characteristics in germanium and
silicon.

The modulator-bridge type of con-
verter has the advantages of very
small size, light weight, long life,
high-frequency capability, and sim-
plicity. Its disadvantages are tem-
perature sensitivity, and non-linear-
ity at low current levels. The latter
feature often necessitates special cal-
ibration of the entire amplifier sys-
tem using this converter.

3-Legged Saturable Reactor. The
magnetic-type converter illustrated
in Figure 4 is one of a class of mag-
netic amplifier devices. Operation of
this d. e. — a. c. converter is based
upon core saturability.

The input d. c. flowing through one
coil of a controllable reactor causes
core saturation in varying degreed
proportional to the current strength.
This saturation changes the induc-
tance, and thereby the impedance, of
halves to buck. Thus, any a. c. volt-
age induced in I, by alternating cur-
rent flowing in the a. c. winding (L.,,)
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a second coil wound on the same
core. A. C. excitation current flow-
ing through this latter coil is con-
trolled by the varying impedance,
and the a. c. delivered by the con-
verter accordingly is proportional to
the applied d. c.

The a. ¢. and d. e¢. coils are wound
on a 3-legged core in Figure 3 in
an arrangement which prevents the
flow of alternating current in the d.
e. coil. This is accomplished by sep-
arating the d. c. coil into two halves,
L, and L,, and connecting these two

FIG. S

will be bucked out by an equal and
opposite voltage induced in L,.
Therefore, no a. c¢. appears at the
D. C. INPUT terminals.

Converter - output a. c¢. flows
through resistor R across which it
sets up a voltage drop. The signal
is coupled from this resistor, through
capacitor C,, into the a. c. amplifier
channel. Transformer coupling also
can be employed.

Like the diode modulator, the mag-
netic-amplifier type of converter has
the advantage of freedom from mov-

ing parts. It is simple and compact,
can be made small in size, and has
no life limitation. Its only disad-
vantages are restricted response time
and its low frequency characteristic
(limited by the core characteristics
to audio frequencies).
Transformer-Type Saturable Re-
actor. Figure 5 shows another mag-
netic-type converter. This arrange-
ment employs two small-sized audio
transformers which have cores cap-
able of d. c. saturation. Transform-
ers such as the U. T. C. subouncer
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and sub-subouncer series, having the applied d. c.

special alloy cores, are suitable for
this application. I, and L, are pri-
mary windings (lesser number of
turns), while L, and L, are second-
aries (greater number of turns).

The secondaries are connected to
buck, so that any a. c. induced in one
by alternating current flowing
through the paralleled primary wind-
ings (L, and L,) will be cancelled
by an identical a. ¢. induced in the
other. In this way, no a. ¢. appears
at the D. C. INPUT terminals.

This converter operates in the
same general manner as the one
shown in Figure 4. That is; the di-
rect current flowing in I, and L,
causes varying amounts of core sat-
uration and thus alters the imped-
ance of the a. ¢. windings L., and L,,.
This action causes a variation of al-
ternating excitation current flowing
through L,-L, and resistor R. The
a. c¢. signal voltage across R thus is
proportional to the applied d. c.

The converter-output a. c¢. signal
voltage is coupled, through capacitor
C,, into the a. c. amplifier channel.
Transformer coupling also can be
employed without somewhat greater
complexity.

The advantages and limitations of
this converter are identical with
those of the unit shown in Figure 4
and described in the preceding Sec-
tion.

Tube Bias-Type Converter. The d.
c. signal to be amplified may be em-
ployed to vary the control grid bias
of the input stage of the a. ¢. ampli-
fier section and thereby to yield an
a. c. output voltage proportional to

FIG. 7

The a. c¢. amplifier
is assumed to be transmitting a sig-
nal derived from the a. e¢. excitation
source. This scheme is illustrated in
Figure 6.

Here, the major amount of bias is
developed by the input-stage cathode
resistor, R,. The d. c. input signal
voltage is applied across R., in series
with the self bias of the tube. A. C.
excitation voltage is applied through
coupling capacitor C,. The filter net-
work, LC,,, prevents this a. c¢. from
reaching the D. C. INPUT terminals.

The a. c. excitation is a constant
voltage, usually of millivolt level.
As the d. c. input signal varies, the
grid bias is shifted, and amplifica-
tion of the excitation signal varies
proportionately.

This system has the advantage of
relative simplicity. It may be ap-
plied readily to an existing a. ¢. am-
plifier, occasioning few circuit al-
terations. It requires some care, how-
ever, in the selection of the static
bias level, in order that changes re-
sulting from input d. c. signal fluc-
tuations might produce linear var-
iations in a. c. output amplitude over
a desired range. A particular ad-
vantage of this system is its adap-
tability to r. f. as well as a. f. am-
plifiers. At radio frequencies, rapid
fluctuations in the d. c. input signal
can be followed. In this case, the
a. c. excitation voltage would be sup-
plied by a radio-frequency generator.

Transistor - Oscillator Converter.
Junction transistors will oscillate at
audin frequencies down to very low
levels of d. c. collector voltage and
at only a few microwatts of collect-

or power. An interesting d. ¢. — a.
c. converter can be made by using the
d. c. signal voltage as collector sup-
ply voltage for the transistor. The
strength of oscillation, and thus the
a. c¢. output, will be proportional ap-
proximately to the d. c. voltage. This
scheme is illustrated by Figure 7.

The transistor is connected in a
common - emitter, tickler - feedback
type of audio oscillator circuit. The
operating frequency is determined
former winding L, and the shunt
chiefly by the inductance of trans-
capacitance, C,. The third winding,
L., serves as output coupling.

The circuit is inoperative until a
d. c. signal is applied. Indicated
polarity of the D. C. INPUT termin-
als is correct for PNP junction tran-
sistors. The polarity must be re-
versed for NPN junction transistors.
Point-contact transistors are not suit-
able for this circuit or application,
since they will not oscillate at the
very low d. c. voltages applied to the
D. C. INPUT terminals. The input
d. c. signal is the only transistor
voltage required!

This type of converter has the ad-
vantages of small size and compact-
ness. It may be built into a small
container and mounted at the front
end of the a. c. amplifier. Its dis-
advantage is temperature sensitivity
of the transistor characteristics.
However, this is compensated to a
degree by the emitter degenerative
resistor, R, which serves to stabilize
the oscillator output not only against
temperature effects but also against
variations in individual transistor re-
placement units.



IMPORTANT
ANNOUNCEMENT!

To All Radio-TV Technicians

The ad appearing at the right
is currently running in the March-
April issues of the popular Radio
and TV service magazines calling
your attention to the complete
line of exact-duplicate replace-
ment capacitors offered by Aero-
VOX.

In the very short space of time
that has elapsed since the release
of this ad to the publications we
have added still 12 more items to
the Aerovox line of AFH (85°C)
Twist-prong electrolytics.

We feel that this is important
and significant information for
YOU the serviceman since it of-
fers additional evidence that
Aerovox is out to make your job
easier by providing exact-dupli-
cate replacement capacitors just
as fast as the TV sets are put on
the market. The grand total of
Aerovox AFH Twist-prong elec-
trolytics is now 738 and not 726
as stated in the ad.

With more extensive listings
(actually 290 to 345 more items
than any one of 5 competing
brands) Aerovox AFH electro-
lytics meet more replacement re-
quirements with ONE economical
unit, You don’t have toc buy two
units and use make-shift connec-
tions. Aerovox saves you time,
saves you money, and saves you
labor by providing a complete
line of exact-duplicate replace-
ments.

WHY BUY TWO
WHEN ONE WILL DO?

Aerovox AFH Electrolytics are
available in-a-hurry from your
local Aerovox distributor.

*“Details on written request.

why you get

Reasol’s

EXACT-DUPLICATE TV REPLACEMENTS

wih HEROUOR

TWIST-PRONG ELECTROLYTICS

Because Aerovox offers the outstanding listings of twist-prong
electrolytics — 80 singles, 132 duals, 280 triples,
234 quads — all adding up to 726 different numbers!

These are all standard numbers. All are listed.

All are available in a hurry from your Aerovox distributor.

And it's easier, quicker, surer, more profitable, to pick the right number.
The Aerovox numbering system is sure-fire: first digit indicates

number of sections, followed by numerals for catalog number. Listings
arranged by singles, duals, triples, quads; capacitances, voltages, sizes.

Of course all Aerovox Type AFH twist-prong electrolytics offer
the latest refinements — 85° C. operation; improved hermetic sealing;
sturdy terminals and mounting prongs; hi-purity aluminum throughout.

DON'T IMPROVISE! To save time, effort, money,
make full use of the outstanding Aerovox listings.
It doesn’t pay to try makeshifts with odd values.
Ask your Aerovox distributor for latest AFH listings.

DISTRIBUTOR SALES DIVISION,
NEW BEDFORD, MASS.




