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THE GRID-SUPPRESSOR CIRCUIT?

Discussion of Regenerative Amplifier from Viewpoint of Transmission

N account of the complicated
phenomena encountered in re-
generative amplifiers such as
the grid-suppressor type, any
rigid theory of their operation must
necessarily be quite involved, unless
only a single stage of the amplifier
were under consideration. The cas-
cading of several stages, however,
leads to complications due to the in-
teraction of these stages. the causes
of which are often quite obscure. A
rational explanation of the mechanism
of the amplifier may, however, be se-
cured by considering the amplifier in
the light of two characteristics, one of
which determines the amplification,
and other of which limits it. The
former might be termed the transmis-
sion characteristic and the latter the
oscillation characteristic.
The transmission characteristic is

represented by -the well-known
formula
oM
K=0L, L‘.’J_ )
w2 M2
T2 -]— J

I'p

- in which the symbols have the cus-
tomary meanings. The amplification
of any amplifier stage may be calcu-
lated by means of this formula pro-
vided the resistance component of the
tube is assumed to be removed from
the tube and incorporated in R, and
the reactance component of the tube
impedance is considered as an addi-
tional element of the tuned -circuit.
‘When this is done the tube can be con-
sidered truly as a potentially operated
device.

Referring to Fig. 1A, R is the grid-
suppressor resistance; the input im-
pedance of the tube can be represented*
by a capacity ¢, in series with a re-
sistance r,. The voltage impressed
upon the input of the tube is the
potential difference between G and F.

+ Delivered before the Club, May 8, 1929.

- * Engineering Laboratories, Kolster Radio
Yorp.
1J. M. Miller, 8. 851, Bureau of Standards.

and Oscillation Characteristics

By SYLVAN HARRIS*

The parallel circuit formed by R, r,
and c, in parallel with C can be con-
sidered equivalent to a simple series
circuit such as shown in Fig. 1B, be-
tween G and F. The voltage which is
amplified by the tube is then the P. D.

- between G and F of Fig. 1B. The

tube is now considered as taking no
power from the tuned circuit.

The impedance GF (Fig. 1A) is
given by

Z'=R’ + j —QIC—, )

R'= R+1‘g
C 2
® +rp a0+ (1+2)

kP RS EZO
(s + C) + R F 1) o C

In equation (4) the terms involving
the resistances are small compared
with the others, so that C’ is approxi-
mately C -+ ¢, The resistance R’ is
the resistance introduced into the
tuned circuit by the input impedance
of the tube and by the grid-suppressor.
In the expression for R’ the first term
of the denominator may be neglected,
so that R’ is approximately

®@
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The value of r, for an inductive
load in the plate circuit is given by
Miller as — Lp# €gp/Tp (Cgp + Cgp)? and
—LpCep/Tp (Cgt + Cgp)? and cg is given by
Cst + cgp both of which are inde-
pendent of frequency.

With this information we can now
determine the amplification equation.
The secondary current, is given by

oM
(T’ 4 Bg
P
L= R+r, &M (6
r’“*'(—l:_(i?"‘—ip_
Ce

neglecting the primary circuit react-
ance. The denominator of this frac-
tion is the resistance of the coupled
circuit referred to the secondary. It
is seen that in addition to the resist-
ance of the coil and the resistance re-
flected from the primary circuit, there
is a term which depends upon the
values of the grid-suppressor and the
input consistants of the tube.

Now, the voltage drop between G and
F of Fig. 1B is the product of the im-
pedance of that leg of the mnetwork
and the secondary current I,.

Performing this operation and put-

ting olpy=1/0 (C + ¢, there is:
obtained
_Zar L ()
K= B,
oM
N ( Tp a L.
ES X @ L
2 M2
r; 4+ "’rM + R+ Cr‘ 5
14 (1 +_
Ce

(‘+c:)

The first term under the radical is
small compared with unity, so that the-
voltage amplification per stage is
given, very nearly, by

CfoM
(52) re
K v
@ M2 R Fr i
r + R

n T (1+9‘)’ @®
C,
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This is the amplification equation of
the circuit of Fig.1C, which may,
therefore, be regarded as the approxi-
mately equivalent circuit of the am-
plifier. The manner in which the three
components of the equivalent resist-
ance vary with frequency is shown in
Fig. 2, which has been calculated for
a typical case. Likewise, in Fig. 8,
there is shown a curve of voltage
amplification, calculated by equation
(8). :

The effect of the grid-suppressor and
the input impedance of the tube is
therefore seen to be equivalent to in-
troducing a rather large resistance into
the tuned circuit, thus reducing the
amplification considerably, even at
low frequencies. The amplification in-
creases - with frequency wup to a
point beyond which the third resist-
ance term in equation (8) increases so
rapidly that the amplification begins
to decrease. The frequency at which
the amplification is maximum depends
upon the values of the various circuit
elements.

An inspection of Fig. 2 shows that,
for values of grid-suppressor com-
monly used, the “true” resistance of
the tuned circuit plays an important
part only at the lower frequencies, and
that at 1500 kc. the resistance due to
the grid-suppressor and the tube im-
pedance may be as much as four or
five times the ‘“true” tuned circuit re-
sistance. The reflected resistance,
likewise, is small, and at high fre-
quencies it may even be omitted from
consideration in most cases.

It is clear, from what has gone be-
fore, that unless something were done
to neutralize the greater part of this
resistance, indicated by the denomina-
tor of equation (8), very little ampli-
fication would be obtained, and the se-
lectivity would certainly fall far
short of commercial requirements.
The resistance is partially neutralized
by the feedback within each stage,
(i.e.,, from plate to grid of the same
stage), as indicated by the fact that
r, is intrinsically negative; but this is
not sufficient since r, is of the order of
only several hundred ohms (negative),
while R may be from four to ten times
as great.

8 FI1G.3
6 /-\
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When several stages are connected
in cascade, a feedback current is es-
tablished from stage to stage, which
assists in neutralizing the circuit re-
sistance. It is this stage to stage feed-
back which mainly determines the
“oscillation characteristic” and limits
the possible amplification.
and grids are coupled through a ca-
pacity c,,, and were it not for the
transformers, these capacities would
all be in series. The coupling capacity
between a given stage and those preced-
ing it would then decrease arithmeti-
cally on passing from stage to stage,
whereas the amplification from stage
to stage increases geometrically. 'The
power fed back would be attenuated
more slowly than a signal applied to
the input would be amplified. Con-
sequently, on passing from stage to
stage, a stage would eventually be
reached in which the power fed back
would be greater than the input cir-
cuit losses, and self-oscillation would
result. From this- it follows that the
amplification of any stage cannot ex-
ceed the attenuation per stage of the
feedback current.

This manner of viewing the prob-
lem has been applied by A. W. Hull to

z

i)
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the determination of the maximum
amplification obtainable in a tuned im-
pedance coupled amplifier employing
screen-grid tubes. However, the situ-
ation is considerably more complicated
in circuits employing tubes which have
appreciable internal capacities, since
any or all of the stages may be sources
of feedback curients; and further-
more, the phases of the currents will
vary not only with frequency, but also
from point to point in the ecircuits.
However, it is known that the limiting
amplification decreases with frequency
in a manner somewhat as indicated
by the “O” curves of Fig. 5.

The overall feedback increases
steadily with frequency, having the
effect of introducing into the tuned

_circuits a negative resistance, as indi-

cated by the.curve R’ of Fig. 4. In
that illustration, R” represents the
total ecircuit resistance before cascad-
ing (i.e., the denominator of equation
(8), or the sum of the curves of Fig.
2), and R"’ is the resulting resistance
after cascading.

In Fig. 5, the “T” curve is the “trans-
mission characteristic;” this must not
intersect the “O” curve if self-oscilla-
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tion is to be avoided. The separation
between the curves is the margin of
stability. a-a represents the margin of
stability of an amplifier having the
characteristics O; and T:. If the grid-
suppressor is reduced permitting an in-
crease of feedback, O, is lowered to O..
The regenerative effect is now greater
and, due to the apparent reduction of
circuit resistance, T; becomes T.. The
margin of stability is now b-b. Upon
further reducing - the grid-suppressor
the new amplification curve T; inter-
sects the new oscillation characteristic
Os. The margin of stability is now zero
over a portion of the tuning range, and
oscillations occur between the fre-
quencies f; and -f.. At f and g, Fig. 5,

‘the regenerative effect is small, there-

fore, changes made in the attenuation
of the feedback, such as reducing the
grid-suppressor, mainly effect the por-
tion of the curve near the peak. This
is illustrated in Fig. 6, which shows
amplification curves taken on an am-
plifier for various values of grid-sup-
pressor. The circuit constants were
adjusted to make the peak occur near
the middle of the tuning range.

The peak of the curve may be made
to occur. anywhere within the tuning
range or may even be made to occur
outside of the range. As Fig. 6 indi-.
cates, reducing the grid-suppressor
moves the peak slightly  toward the
higher frequencies. This effect is
small and is of little value in design.
The initial effect of cascading, how-
ever, shifts the peak considerably to a
higher frequency, as can be seen by
comparing Figs. 3 and 6. Increasing
the mutual inductance of the trans-
formers moves the peak toward the
lower frequencies and, as can be seen
by equation (8) increases the amplifi-
cation as well. This may, however,
require an increase of grid-suppressor
in order to maintain stability, depend-
ing upon the initial margin of stability.
It ~is possible to Lkeep the net
circuit resistance low (i.e, the R’
curve of Fig. 4), by employing loose
coupling and at the same time keeping
the grid-suppressor small, but the am-
plification will also be small. By the
time the coupling has been loosened
sufficiently to afford the required low
resistance (or the required selectivity)
the amplification will have either fal-
len below the commercial requirement,
or the amplifier will have been made
unstable in order to maintain this am-
plification. On the other hand. it is
possible to employ a substantial coup-
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ling and obtain considerable amplifica-
tion, and, at the same time, obtain the
required selectivity by properly adjust-
ing the regenerative effect throughout
the tuning range.

There are several means of increas-
ing the amplification at the higher
frequencies, other than moving the
peak of the curve to that region. One
means is to shunt the grid-suppressor
by a small fixed condenser, reducing
the attenuation of the feedback as the
frequency increases. The effect of
such an arrangement is shown in Fig.
7. In amplifiers which are unshielded
the effect may be created by the ca-
pacity between the transformers, or
between the stators of the tuning con-
densers, or by a small amount of in-
ductive coupling between the stages.

It is a simple matter to compute the

amplification of a single stage without
considering the regenerative effects
produced by cascading, but this by
itself would be of no value. It was
necessary therefore, in order to test
the theory, to devise a method of
measuring the regenerative effect. An
agreement between the amplification
curve obtained experimentally and the
computed curve would then afford
simultaneous proof of the validity of
both the theory of operation of the
amplifier and of the method of
measurement.
" The method used for measuring the
voltage amplification was the usual
one of impressing at the input of the
amplifier a known r-f. voltage (obtained
as a voltage drop in a small resistor)
and measuring the output voltage with
a calibrated vacuum tube voltmeter.
The detector tube of the radio receiver
was used as the V. T. V. M. The ratio
of the two voltages then gave the
voltage amplification.

In any given stage of the amplifier
the voltage amplification is propor-
tional to the voltage drop in C, Fig.
1c, and hence to the current flowing

through it. This current is given by
o M )
rE
T zg Tp ¢ (©)
2 R2

where. R, is the apparent value of the
total circuit resistance, including the
effects of cascading. Now, if without
making any other changes, a small
resistance be added to the circuit, the
secondary current becomes
(2]
(50) vm
II/2= D
Rz + r
The ratio of these two "equations
furnishes

(10)
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in which K’ and K” are the voltage
amplifications, as measured, before and
after inserting the resistance r. The
resistance R. is the sum of four com-
ponents, viz., -

. R+r, WM
R (T
Cg N

in which Rs is the negative resistance
added to the circuit due to the feed-
back resulting from cascading the
stages. This resistance may now be
substituted for the denominator of
equation (8) and the amplification of
the stage computed.

A set of curves showing the varia-
tion of R. with wavelength is shown
in Fig. 8, for various values of grid-
suppressor resistance. It is to be
noted that the wavelength at which
zero resistance occurs is in agreement
with the wavelength at which oscil-
lations occur, as indicated in Fig. 6.
Fig. 8, however, applies only to a
single stage of the amplifier.
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Due to the fact that the feedback

‘originating in the fourth stage can

feed back through three stages, and
that originating in the third stage can
feed back through two stages, and so
on, it is clear that the regeneration
conditions cannot be the same in all
stages.

This is in addition to the fact that
the feedback currents vary in their
phase relations both with frequency
and from point to point in the am-
plifier. From all this it follows that
R. will differ from stage to stage
despite the fact that the circuit ele-
ments in all the stages may be identi-
cal. Fig. 9 shows this variation from
stage to stage of an experimental am-
plifier. In computing the amplifica-
tion, therefore, it is mnecessary to
separately measure R. for each stage,
and then to separately calculate the
amplification for each stage. The
overall amplification can then be ob-
tained by multiplying the stages
together.

Since the apparent resistance of the
circuits, R,, is a direct measure of the
margin of stability, a set of curves
such as shown in Fig. 9 or in Fig. 8
is of great value in determining manu-
facturing tolerances for the supression
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elements. In addition, Fig. 9 indicates

that it may sometimes be desirable to
design the various stages of the ampli-
fier differently. For example, Fig. 9
indicates that the third stage has the
smallest margin of stability. Slight
changes in this stage may lead to self-
oscillation; a more desirable condi-
tion would be obtained by slightly in-
creasing the grid-suppressor of this
stage and reducing that in the first
or the fourth stage. In this particular
amplifier the primary winding of the
fourth transformer was “reversed” in
order to point out the effect on the re-
generation conditions of a phase re-
versal, giving to the fourth stage the
largest margin of stability, whereas it
would otherwise have the least.

The final amplification per stage,
after cascading, is given by

© M)
© Ly .
Kf=( n ) " (13

Ry
Dividing this by equation (8) there
is obtained N
: w2M2 R +r,

K =l'g + Tp + (1 + C/e,)? (14)

T R2

which gives the regenerative amplifi-
cation obtained - by cascading the
stages.

By making measurements of R, in
each stage, computing K for each stage
by equation (13), and then multiplying
the stages together, fair agreement
with the experimental curve for
R =1400 ohms in Fig. 6 was obtained.
This is indicated by the broken curve
of Fig. 6. .
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The pioneer house of Continental is glad to place its
extensive merchandising facilities at the command of the
buyers, engineers, and other members of the Radio Club
of America. Through this dependable service, built up
during years of steady growth, Continental is able to

- recommend members to reliable dealers in their districts

or to arrange for their securing such radio materials and
merchandise as they need.

The names of dealers in your vicinity and any other
information you may desire will be cheerfully supplied
on request. '

Continental Radio Corporation
160 Varick Street New York City
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Amy, Aceves & King, Inc.
55 West 42nd Street
New York City

 Consulting Engineers, Specializing in Radio

Research, development and design on radio receivers,
tuning systems, amplifiers, transformers,

rectifiers, etc.

Specification for radio telegraph and

telephone transmitting ‘equipment.

Well-equipped laboratory facilities for testing,

research and development.

Investigation and analysis of

special radio problems.

Research in acoustics, television, talking pictures

and other arts closely allied to radio.
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The public Iooks for the RCA

mark on the vacuum tubes of

a new radio set. That is one

important test of the quality of
the instrument. RCA Radio-
trons are standard equipmént

throughout the radio industry.

RADIOTRON DIVISION OF THE
RADIO-VICTOR CORPORATION OF AMERICA

RCA RADIOTRON
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