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Claims.

(CL 179—171)

(Granted under the act of March 8. 1883, as
amended April 30, 1928; 370 0. G. 757)

This invention relates generally to vacuum
tube amplifiers and more particularly to high
gain amplifiers having means for stabilizing the
operation thereof, the principal object being to
provide a circuit arrangement, including 2 cath-
ode follower, for a conventional péntode whereby
8 voltage gain which closely approaches the
amplification factor of the pentode may he ob-
tained therefrom.

Another object is to provide a means of cou-
pling between the pentode and cathode follower
which is adapted to maintain a flat frequency
response of the pentode over a wide frequency
range extending to a low order of frequencies.

A further object is to provide means for render-
ing the optimum operating point of the pentode
substantially independent of variations in supply
vo'tages and/or variations in the constants of
different pentodes of the same type.

A still further object is to provide a high gain
amplifier in which a large amount of negative
feedback may be applied and in which certain
difficulties inherent in negative feedback ar-
rangements of conventional multi-stage ampli-
flers are obviated.

Still another object i1s to provide a feedback
stabilized amplified which is well adapted to
utilize the negative feedback produced thereby
to minimize the electrical loading of the input
circuit of the amplifier on a high impedance
source.

A still further object is to provide s ecircuit
arrangement whereby electrical loading on the
input circuit of an amplifier may be substantially
eliminated.

An additional object is to provide new and
improved means for increasing the effective value
of an impedance.

Still other objects, features and advantages
of the present invention are those which will be-
come more clearly apparent as the description
proceeds, reference being had to the accompany-
Ing drawings wherein:

Fig. 1 is a diagram of a preferred circuit
arrangement for use with a conventional pentode
whereby the gain of the pentode may be made to
approach closely the amplification factor of the
tube;

Fig. 2 Is a diagram which illustrates the pre-
ferred manner in which electrical loading on the
input circuit of an amplifier tube may be substan-
tially eliminated;

Fig. 3 is a diagram which illustrates the pre-
ferred manner in which the basic circuits of
Figs. 1 and 2 may be adapted for use as a highly
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stabilized feedback preamplifier for s high im-
pedance source and in which the feedback is
utilized to eliminate substantially electrical load-
ing of the input circuit of the amplifier; and

Fig. 4 illustrates a suitable meter circuit which
may be employed with the circuit of Fig. 3 to
provide a vacuum tube meter.

Referring now to the drawings for a more
complete understanding of the invention and
more particularly to Fig. 1 thereof, the numeral
10 generally designates a conventional ventode
which is connected as a voltage amvlifler, the
voltage to be amplified being applied to the con-
trol grid of tube 10 in the usual manner and the
plate load impedance, in this case, being sep-
arated into two series connected Impedances (4
and 12 through which the plate of tube 10 is fed
from a suitable D. C. source B+, also in the usual
manner.

20 A conventional tube i4, also conveniently fed

from source B+, is connected in a cathode follower
circuit to a cathode load impedance 15, the grid
of tube {4 being connected preferably directly to
the plate of tube 10 and the cathode of tube 14

28 being coupled to the junction of impedances {4
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_cathode.
‘pling between tubes {0 and (4, this small volt-

and 12 by means of a suitable coupling impedance
16 which Is of relatively low value as compared to
that of impedance 12. Coupling impedance (¢
may be an electrolytic condenser for A. C. appi-
cations of the circuit, leakage currents having
little effect on the overall operation thereof, and
for D. C. applications of the ecircuit a suitable
constant voltage source such, for example, as
a battery may be employed. It will be appreci-
ated that the use of an electrolytic condenser
readily permits extension of the regions of flat
frequency response to relative low values of
frequency. .

As 1s well known, the impedance looking into
the cathode of a cathode follower is low. ~There-
fore, the Increment in cathode operating voltage
due to leakage current from coupling mesans 8
flowing into the cathode of tube 14 will be
inappreciable. Furthermore, owing to the de
generative effect of impedance 15, the voltage
appearing at the grid of tube 14 due to the flow
of the leakage current through impedance 12 will
not materially affect the operating conditions of
tube 14, '

It is well known that the cathode signal volt- -
age of a cathode follower tends to follow closely
the grid signal voltage thereof such that a small
voltage difference exists between the grid and
By reason of the aforedescribed cou-
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age difference also appears across impedance it.
To the extent that the cathode signal voltage of
tube 14 is made to follow the grid signal voltage

thereof, the signal voltage across impedance -

may be made small as compared with that
appearing at the plate of tube 19. Accordingly,
the effective value of impedance {i as viewed
from the plate of tube {0 is made many times
greater than its actual value. For the reason
that the ratio of the effective plate load imped-
ance to the internal plate resistance of the tube
gives a measure of the proportion of the tube
amplification factor which may be realized as
. voltage gain of the tube, it will be apparent that,
by a proper selcetion of circuit parameters, the
effective load impedance may be increased, with-
out exceeding the usual limitations of B* voltage,
to such an extent that the gain realized may
closely approach the amplification factor of the
tube. For the reason that a pentode is charac-
terized by high internal resistance and high am-
plification factor, a pentode is well adapted to
provide a high order of gain in a single stage of
amplification in the manner thus devised. For
the foregoing purpose, it will be apparent that
impedance {2 need be made only so large as not
to impair materially the operation of tube 14 as
a cathode follower.

The static voltages applied between the con-
trol grid and cathode, and between the screen
grid and cathode, of pentode 10 may be obtained
by any of the conventional methods. However,
it has been found that the operation of this cir-
cuit is critically dependent upon the static screen
grid voltage, and, therefore, means have been
devised for causing the circuit to maintain con-
ditions for optimum gain automatically, This
is accomplished by feeding the screen grid
through g suitable resistor 11 from the cathode
of tube 14, provision being made for bypassing the
signal voltage, which otherwise would appear at
the screen grid, by means of a suitable condenser

PFrom the foregoing, it should now be apparent
that the aforedescribed circuit is, in effect, a
single stage amplifier for the reason that the out-
put voltage actually appears at the plate of tube
10. However, in practice, it has been found de-
girable to take the output voltage from the cath-
ode of tube 14, as indicated, in order to avoid
loading the circuit in such a manner as to im-
pair its operation for the purposes intended.

Moreover, it should now be evident that inas-
much as the gain achieved in the first stage of
an amplifier determines, for a given overall am-
plifier gain, the precautions which must be taken
to avoid ripple and surge voltages in the power
supply for the amplifier, and the precautions
which must be taken to prevent coupling through
a common power supply between the first and
subsequent stages of the amplifier, considera-
tions of power supply filtering and regulation are
relatively of little concern in the design of the
circuit disclosed by reason of the high gain
achieved in g single stage of amplification thereof.

Referring now to Fig. 2, the numeral 19 gen-
erally designates a conventional amplifler tube
to the cathode of which a negative feedback sig-
nal, which may be derived in any conventional
manner, is applied by way of a voltage divider
network comprising impedances 2i and 22. ' The
voltage signal to be amplified by the tube is ap-
plied to the control grid thereof from a high im-
pedance signal source by way of an input circuit,
here shown to be a conductor surrounded by a
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length of electrostatic shield 23. This shield,
it grounded in the usual manner, would electri-
cally load the high impedance source by reason
of the shunting capacitance between the conduc-
tor and the shield.

A grid leak comprising series connected resis-
tors 24 and 25 is connected between the control
grid of tube 19 and ground or point of fixed po-
tential in accordance with the usual arrangement,
which, in the absence of the corrective measures
hereinafter to be described, imposes shunt re-
sistive loading on the high impedance source.

It has been discovered that the foregoing ca-
pacitive and resistive loading effects on the high
impedance source may be greatly reduced or en-
tirely eliminated, as is desired, by reducing sub-
stantially to zero, or to a relatively small value
as compared to the source voltage, the signal
voltage appearing across the shunting load and
effective in producing loading current therein.
Thus, by this method, the loading current is re-
duced substantially to zero, thereby increasing
the effective or apparent values of the loading
impedances by many times their actual values.
This is accomplished by coupling the loading im-
pedances to a voltage source which is constrained
to follow closely the signal voltage applied to
the control grid rather than to ground or a point
of fixed potential, as in the usual case.

As is well known, when a negative feedback sig-
nal is applied to the cathode of a tube, the signal
voltage at the cathode is constrained to follow
closely the signal voltage on the control grid of
the tube. The greater the amount of feedback
the smaller will be the difference between the grid
and cathode signal voltages. This fact is uti-
lized in the circuit of Fig. 2 to reduce the loading
due to impedance 24 by coupling the impedance
to the cathode of tube 19 by means of a suitable
low impedance element, in this case shown to be
a condenser 26. By reason of this coupling, the
loading effect of impedance 24 is reduced in the
ratio of the small grid to cathode signal voltage
difference to the applied grid voltage.

The use of a feedback circuit of the type shown
further permits, by proper selection of imped-
ance 21, the selection of a point ii: the feedback
circuit which provides a voltage equal to the
applied grid signal voltage. This point also may
be coupled by means of a suitable low impedance
element, here shown to be a direct connection,
to shield 23, this coupling serving to eliminate
completely the capacitive loading due to the
shield. Furthermore, by proper selection of im-
pedance 21, point 27 may be caused to provide
a voltage which is somewhat greater than the
applied grid signal. This may be utilized to
provide the effect of a small negative capacitance
between the control grid and ground, which neg-
ative capacitance effect may be increased suffi-
clently to compensate for any residual capaci-
tance in the input circuit which has not been
eliminated by the means heretofore described.
Similar results may be obtained by connecting the
shield to the cathode and introducing a suitable
additional capacitance between the grid and point
21, as shown in Fig, 3.

Referring now to Fig. 3 in which the basic
principles set forth in connection with the cir-
cuits of Figs. 1 and 2 are applied to provide a
highly stabilized preamplifier for a high imped-

- ance voltage source and in which similar parts

are designated by like reference characters, the
numeral 28 designates a high impedance source

75 such, for example, as a piezo-electric crystal mi-
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crophone which may be used together with the
negative feedback amplifier operating therefrom
as a transducer adapted to give an accurate
measure of sound pressure existing in the me-
dium in which the microphone is placed.

The secondary winding of a transformer gen-
erally designated 29 is inserted in series with
microphone 28 in the input circuit of tube (0
for applying g signal thereto which simulates the
internal signal voltage generated within the crys-
tal for the purpose of calibrating the transducer.
Electrical loading due to the presence of trans-
former 29 in the input circuit is obviated gener-
ally in the manner set forth in connection with
the description of Fig. 2 and as specifically set
forth hereinafter.

Resistor 30, connected between the B+ sup-
ply and the cathode of tube 10 is employed as a
suitable means of obtaining bias for the tube.

Negative feedback is applied to the cathode of
tube 10 from the plate of tube i§ by way of a
circuit or path which includes the primary wind-
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ing of an output transformer generally desig- -

nated 3f and a blocking condenser 32, a suitable
impedance 33 being interposed between the plate
of tube 18 and the B supply in order to cause
substantially all of the signal current from tube
14 to flow through the feedback path. Imped-
ance 33, for this purpose, is made as high as
feasible, particularly as compared to the imped-
ance of the feedback circuit. N )

The secondary winding of calibration trans-
former 29 is surrounded by an electrostatic shield
34 which is connected to the cathode of tube {0

in order to.minimize the capacitive loading of.
the source, which loading otherwise would occur -

by reason of the stray capacitance of the wind-
ing. The remaining small amount of stray ca-
pacitance in the input circuit is compensated for
by means of condenser 35 which is connected be-
tween the grid of tube 10 and point 21 in the
* feedback circuit, as suggested in connection with
the description of Fig. 2.

Resistor 36 is connected across the primary
winding of output transformer 31 to provide the
proper output impedance as viewed from the pri-
mary winding. The impedance of the amplifier
circuit itself, as viewed between points X—X in
the feedback circuit with transformer 31 re-
moved therefrom, is made to appear extremely
high by reason of the large amount of negative
current feedback achieved in the circuit.

The use of a large amount of negative feed-
back is permitted in the circuit of Fig. 3 without
the tendency toward instability resulting from
the greater degree of phase shift at the lower
extreme of the range of flat frequency response
which might occur if tubes 10 and {4 were con-
nected as a conventional capacitance coupled two
stage amplifier. This relative freedom from in-
stability results from the specific manner in
which tubes 10 and I4 are intercoupled to pro-
duce the gain achieved in a single stage of am-
plification, the gain of tube 10, by the associa-
tion of tube 14 therewith in a cathode follower
clreuit, being as great as ten to one hundred
times what it otherwise would be if operated
alone.

In view of the foregoing, it will now be appar-
ent that the circuit of Fig. 3 may be employed
advantageously as a vacuum tube meter which
is well adapted to give a true measure of sub-
stantially the average value of the input signal,
output transformer 31, for this purpose, being
replaced by the diode and meter circuit of Pig, 4.
In this circuit, the two sections of & dual diode

or rectifier 37 are connected in push-pull such
that the negative feedback current is caused to
flow alternately therethrough on successive half
cycles of the current, the tube sections being
arranged to operate into resistors 38 and 38 re-
spectively as load impedances thereon. Diode
31, in effect, functions as a switch whereby pre-
determined portions of both negative and posi-
tive half cycles of the alternating current flow-
ing in the feedback circult are caused to flow
through a D. C. meter 40 in the same direction
therethrough, thus giving an indication of the
average value of the input signal voltage. Since
the feedback current produces an effectively high
Source impedance for the diode, effects of non-
linearity in the diode operation are minimized.
From the foregoing, it should now be appar-
ent that certain circuit arrangements have been
provided which are well adapted to fulfill the
aforestated objects of the invention. Moreover,
while the invention has been described in par-
ticularity with respect to these circuit arrange-
ments, which give satisfactory results, it will be

' apparent to those skilled in the art that addi-
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tional circuits applying the prineiples of the in-
vention may be devised without departing from
the spirit and scope of the invention defined by
the appended claims.

The invention herein defined and claimed may
be manufactured and used by or for the Govern-
ment of the United States of America for govern.
mental purposes without payment of any royal-
ties thereon or therefor.

What is claimed as new and desired to be se-
cured by Letters Patent of the United States is:

1. In a single stage amplifler of the character
disclosed, in combination, a pentode, an oper-
ating circuit for the pentode including a plate

Joad impedance therefor, a eathode follower, -

means coupling the grid and cathode of the cath-
ode follower to opposite sides of the load imped-
ance for causing the effective value thereof to be
increased to many times its actual value, and
means coupling the cathode of the cathode fol-
lower to the screen grid of the pentode for sta-
bilizing the optimum D. C. operating point of
the pentode.

2. In an amplifier for a voltage source and hav-
ing an input circuit which includes shunt loading
impedances, means for eliminating substantially
the loading of said impedances on said source
which comprises, in combination, an electronic
tube, a negative feedback circuit connected to the
cathode of said tube, and means for coupling said
loading impedances to selected points in said neg-
ative feedback ecircuit including a point having
greater than unity feedback ratio with respect to
the grid of the tube whereby voltages may be
provided which are adapted to eliminate substan-
tially the voltages appearing across the loading
impedances.

3. A negatlve feedback amplifier for a voltage
source and having an input circuit which ineludes
shunt loading impedances, the combination of an
electronic tube having cathode and plate ele-
ments, a plate load impedance connected to said
plate element of the tube, a cathode follower,
coupling means between the grid and cathode of
said cathode follower and said load impedance for
multiplying its effective value in relation to its
actual value, a feedback circuit connected to said
cathode follower for developing a feedback volt-
age, and means for coupling said loading imped-
ances to selected points in said feedback circuit
whereby portions of sald feedback voltage are
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applied to said shunt loading impedances in a
manner to eliminate substantially the voliages
appearing across the shunt loading impedances.

4, In a circuit including an amplifier tube and
& cathode follower driven therefrom, the combi-
nation of an input circuit for said tube, means for
electrostatically shielding a selected portion of
said input circuit, a feedback circuit intercon-
necting said cathode follower and the cathode of
said tube, and means for coupling said shield to
the feedback circuit at a point of potential therein
having greater than unity feedback ratio with re-
spect to the grid of the tube whereby the effect
of capacitive loading on said input circuit may
be greatly reduced.

5. In a signal voltage amplifier of the char-
acter disclosed, a pentode, an opera.ing circuit for
the pentode including a first impedance con-
nected to the plate thereof and a second resistive
impedance connected to the opposite end of said
first impedance, a cathode follower having sub-
stantially unity feedback ratio with respect to the
grid thereof and having its grid connected directly
to said plate of the tube, a circuit element having
low impedance to the signal voltage for coupling
the cathode of the cathode follower to the junc-
tion of said first and second impedances whereby
the effective value of the first impedance is in-
creased by many times its actual value and the
gain of the pentode closely approaches the am-
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plification factor thereof, a resistive impedance
element connecting sald cathode to the screen
grid of the pentode thereby to stabilize the D. C.
operating point thereof, and a bypass element
connected to said screen grid for preventing ap-
plication of the signal voltage thereto.
: HOWARD L. DANIELS,
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