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~UNITED STATES PATENT OFFICE

_ 2,185,879
HIGH FREQUENCY AMPLIFIER

Horace Clifford Allen, Marlton, N. J., ’ a,ssxghor to
“  Radio Corporation of Ameuca, a corporation .
of Delaware ‘

Apphca.tlon August 29,. 1936 Serial No 98, 453
8 Clanms (CL 179——171)

My invention relates to high frequency ‘am- of the amphﬁer is not greatly changed by cha,nges ,
plifiers and particularly to amplifiers in. radio - in bias produced by the A. V. C. circuif. :
_or television receivers having automatic volume .Other objects, features and advantages of my
“control. invention will appear from the following descrip- .

.5 In superheterodyne receivers for the rece'otmn tion when taken in connection with the accom- 5
of short waves such as those preferred in tele- panying drawings in which
vision. transmission, the intermediate frequency - Figure 1 is a circuit dla,gra,m of one embod1~
amplifier must be tuned to such a high fre- ment of my invention,
quency that the tuning capacities are compa- .- Figures 2,.3 and 4 are curves and clrcult
10 rable to the tube input capacities. For the most " diagrams which are referred to in explaining ‘10
satisfactory operation such receivers require au- ~my invention,
tomatic volume or gain control, the gain of the Figure 5 is a circuit dlagram showmg another
"I F. amplifier being varied in accordance with embodiment of my invention,
variations in the strength of incoming signals Figure 6 is a pair of curves and a circuit dla—
18 as by varying the negative bias:-on the control - gram which are referred fo in explaining ‘an- 15
grids of the amplifier tubes. other embodiment of my invention, and -
It is well known that the input capacity of a  Figure 7 is a circuit diagram of still another
vacuum tube depends, not only upon the physical embodiment of my invention. .
dimensions of the tube. parts, but also upon the My invention will best be understood oy re-

90 amount of voltage applied to the tube electrodes. ferring first to. Figures 2, 3 and 4. In Figure 2 20
For example, a change in négative bias applied the curve a is a selectivity curve for the tuned -
to the control grid changes the input capacity. intermediate frequency transformer indicated at
This change in capacity with change in electrode = .. This-transformer has its primary loaded by’
voltage is caused by the space charge effect, means of a shunting resistor 2 whereby the se-

9% the cloud of electrons surrounding the cathode lectivity curve is made flat-topped. - 'The curve a -25 -
acting as a “virtual .cathode” and varying in = represents the selectivity characteristic -of the
size with changes in tube bias or the like. 1. F. transformer when the Capacity C1 is in- =~

Tt will be apparent that the operation of an cluded in shunt to the transformer secondary.
A, V. C. circuit in the above-mentioned type - The: capacity Ci is present in all amplifiers be- .
30 of receiver will tend to detune the I. F. amplifier. cause of the input capacity of the amplifier tube. 30
Tt is an object of my invention to provide an . If the capacity Ci is removed, as by making the
dimproved television or short wave radio receiver ' control grid of the amphﬁer tube more nega-
of the type having either manual or automatlc tive for the purpose of reducing the gain of the
volume or gain control. amplifier and thereby reducmg the input ca-

35  More specifically, it is an object of my 1nven-4 pacity, the selectivity curve of the I. F.’ trans- g5
tion to provide an improved high frequeney am- - former 4 is as shown by the'curve b. If two such
.plifier ‘so designed that its gain may be varied stages are connected in cascade,- their overall
‘without adversely affecting. its selectivity char- - selectivity characteristic is as shown by the curve
acteristic. to any substantial extent. ¢. “Obviously such ‘a selectivity characteristic is

40 = A further object of my invention is to provide undesirable as it accentuates the high frequen- 40 ,

) .an improved 1. F. -amplifier in a short wave re- mes
ceiver. Referring to Figure 3, the curve ¢ is the se-
It is the usual practice to tune an I; F. tra,ns- lectivity curve for an I. F. transformer 4 having
former in a superheterodyne receiver by connect- . its secondary loading by & resistor 6 and ‘having’

45 ing condensers across both the primary and fhe ‘capacity C: in shunt to .the secondary. If the 45
.secondary to tune them to: approximately the capacity Ci is removed, as by making the: control -
-same frequency and coupling the primary and grid more negative to reduce the gain of the am-
secondary closely enough to - produce 2 double . "plifier, the selectivity of the I. F. transformer is
peaked curve in the absence of loading resistance . then represented by the curve b, If two such
50 in. the circuit. In order torobtain a broad.flat -amplifier stages are connected in cascade, their 50

response curve, either the primary," the ‘sec- overall selectivity characteristic is as represented
ondary, or both are loaded by one or niore re- by the.curve ¢. Obviously this overall selectivity
sistors. I have discovered -that by properly = curve is just as undesirable as ‘the selectivity
loading either s single amplifier stage or.succes- curve ¢:in Figure 2 since 11', accentua,tes the: low o
55 sive amplifier stages the selectivity characteristic  “frequencies.- . S L 55
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In accordance with one embodiment of my
invention I take advantage of the characteris-
tics of the amplifier stages shown in Figures 2
and 3 by connecting them in cascade as indi-
cated by the circuit diagram in Figure 4. Since
the first I. P. transformer { has its primary
loaded while the second I. F. transformer 4 has

its secondary loaded, the overall selectivity char- -

acteristic for the two amplifier stages, when the
capacities. C1 are in shunt to the transformer
secondaries, is indicated by the curve a (Fig. 4).

-If the capacities C1 are removed, as by making

the control grids of the tubes more negative
for the purpose of decreasing the -gain of the
amplifier, the overall selectivity characteristic
is changed to that indicated by the curve b (Fig.
4). It will be noted that the curve b is flat-
topped and that the only effect of decreasing the
gain of the amplifier has been to shift the selec-
tivity curve a slight amount towards the high
frequency end of the frequency spectrum.
Referring now to Figure 1, my invention is
shown applied to a television receiver of the super-
hetercdyne type comprising a first dstector and
an oscillator indicated at {{.. An incoming signal
is converted by the first detector and oscillator to
an intermediate frequency signal which is supnlied

.through two gain controlled I. F. amplifier stages

12 and 3 to a plurality of I. F. amplifier stages
indicated at 14, the amplifier stages {4 not having
any gain control. : :

* The first I. F. amplifier stage {2 comprises an
I F. transformer 48 having s primary 17 and 2

. Secondary 18, the primary being tuned by means

of a tuning condenser % connected thereacross
through s filter condenser 21. The secondary is
tuned by means of a tuning condenser 22 con-
nected across the secondary through a second
filter condenser 21. 'The secondary I8 is coupled

‘across the input electrodes of an amplifier tube 24

which preferably is of the screen grid type having

-an indirectly heated cathode 26, a control grid 21,

a screen gric 28, and a plate 29. .

In the first amplifier stage {2 the I. F. trans-
former {3 is loaded by means of a resistor 3 con-
nected in shunt to the secondary.

The second I. F. amplifier stage {3 comprises an
I P, transformer 32 having a primary 33 and a
secondary 84. 'The primary 83 is tuned by means
of a tuning condenser 26 connected across the
primary through another filter condenser 2{. The
secondary 34 is tuned by means of a tuning con-
denser 38 connected across the secondary through
another of the filter condensers 2{. The second-
ary 34 is coupled to the input electrodes of an
amplifier tube 41 which preferably is of the screen
grid type having an indirectly heated cathode 42,
a control grid 4%, a screen grid 44, and a plate 46.

The second I. F. transformer 32 is loaded by
means of & resistor 47 connected in shunt to the
primary 33.

In order to prevent interaction between ampli-
fier stages double filkering is provided in hoth the
plate grid circuits of the amplifier tubes. The

5 double filters comprise the filter condensers 2}

and filter resistors 49,

The control grid 27 of the amplifier tube 24 is
connected through the transformer secondary {8
and two filter resistors 49 to a conductor 5{ which
leads to the automatic volume conirol device.
Likewise the control grid 43 of the amplifier tube
41 is connected through the secondary 34 of the
transformer 32 and through two filter resistors 49
to the conductor 51, '

The output of the second I. F. amplifier tubé 41
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is supplied through a tuned I. F. transformer 52
to the other I. F. amplifier stages indicated at {4,
The final cutput of the I. F. amplifier is supplied
through a-tuned I. F. transformer 53 to a push-
pull detector 5. It may be noted that the I. F.

. transformers 52 and 53 may be loaded in any suit-

able manner in order to provide a flat-topped
selectivity curve since no automatic volume con-
trol-voltage is applied to the amplifier stages fol-
lowing stage 13 and therefore no difficulty is expe-
rienced with detuning of the transformers.

The detector tube 54 includes a pair of indi-
rectly heafed cathodes 56 and 57 and a pair of
plates 8 and 59. The plates 58 and 58 are con-
nected to opposite ends of the secondary 61 of
transformer 53 while the cathodes 56 and 57 are
connected through a resistor §2 to the midpoint of
the secondary 5f. The pictire signal is taken off

- the cathode end of resistor 62 and supplied to the

picture amplifier (not shown) through a coupling
condenser 68. : , ' ’

The particular automatic volume control circuit
which has been shown by way of example includes
an amplifier tube 88 having an indirectly heated
cathode 6%, 2 control grid 67 and & plate §8. The
cathode 38 Is connected to a source of potential of
—50 volts while the plate 88 is connected through
a plate resistor 42 to a source of potential of —3
volts whereby the plate is maintained 47 volts
positive with respect to cathode. The secondary
end of the detector output resistor 62 is connected
to a —53 volt source of petential. The cath-
ode end of the resistor 82 is connected through
a filter resistor 71 to ‘the control grid 67 of
the A. V. C. tube, a filter conderiser 12 being
provided between the cathode end of the filter
registor Ti and ground. It will be apparent that
if there is no current fiowing through the detector
eutput resistor 62 the control grid 87 of the A.'V.C.
tube is 3 voits hegative with respect to its cathode
66. ' ’

It should be understood that specific voltages
have been given merely to aid in the explanation
of the invention and that various other voltages
may be employed if preferred. Voltages prefer-

~ably are obtained from a voltage divider not

shown. - .
The gain control voltage is supplied from the
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A V. C. tube 64 to the control grids of the N

amplifier tubes 28 and 4! through a conductor 13,
a filter resistor 74, and the conductor 54. A suit-
able filter condenser 18 is connected between the
grid end of the filter resistor 74 and ground.

The A. V. C. circuit operates as follows: When
there is no incoming signal there is no current
flowing through the detector output resistor 62,
and the control grid 67 of the A. V. C. tube 64 is
3 volts negative with respéet to the cathode 66.
At this time there i5 a minimum flow of current

through the plate resistor 88, and the plate end of *

the resister 6% is the least negative whereby the
confrel grids of the I F. amplifier tubes 24 and 41
are biased for maximum gain. When the receiver
is tuned to an incoming signal, or if the strength
of an incoming signal increases, there is an in-

crease in the. direct current component flowing.

through the detector output resistor 82 whereby
the grid of the A. V. C. tube 64 becomes less nega-
tive and the plate end of the resistor §9 becomes
more negative. Thus a more negative biag is ap-~
plied to the control grids of the I. F. amplifier
tubes 24 and 4/ to decrease their gain. Ag previ-
ously explained. this results in a decrease in the
input capacity of the tubes 24 and &1 whereby the
I, F. transformers 16 and 32 must he properly
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loaded in order to avoid an undesirable over- -all
selectivity characteristic. Since in the two am-

plifier stages 12 and 13 one stage has the trans-

former secondary loaded while the other stage has
the transformer primary loaded, the effect of the
reduction in ‘gain is merely to shift the selectivity
curve from the position shown in curve ¢ in Fig-

‘ure 4 to the position shown by the curve b in the
-same figure. °

- As shown in Pigure 5 the I. P. transformers
may be loaded by connecting resistance in series
with either the transformer primary or secondary
and its tuning capacity. In this figure there are
shown two I. F. amplifier stages 7T and 18, the
first stage comprising an I. F. transformer 19 and

‘an-amplier tube 8!, and the second stage com-

prising an I. F. transformer 82 and an amplifier

tube 83. - In the first amplifier stage 17 the trans-

former primary is loaded by means of a series
resistor 84 while in the second amplier. stage the

‘secondary is loaded by means of a series resistor
86.

The results obtained by loading successive
amplifier stages in this manner is substantially
the same as that obtained by loading amplifier
stages as illustrated in Figure 1.

© It will be understood that in Figs. 1 and 5 it is

‘immaterial whether the primary loaded and sec-

ondary loaded stages are cascaded in the order
illustrated or in the reverse order.

In a preferred adjustment of the circuit shown
in Fig. 1 the selectivity curves of stages {2 and
{3 are made flat-topped for a condition when
the amplifier gain lies about half way between
minimum and maximum gain, say when the con-
trol grid hias is —8 volts. With this adjustment
the selectivity curve for the primary loaded stage
is peaked at the low frequency side and shifted
toward the low frequency end of the frequency
spectrum when the amplifier gain is increased as
by making the control grids 3 volts negative.
At the same time the selectivity curve for the
secondary loaded stage becomes peaked at the
high frequency side and is shifted towards the
low frequency end of the frequency spectrum. A

decrease in amplifier gain, such as a decrease

caused by making the control grids 20 volts nega-

tive, produce a peaking and shifting of the selec- .

tivity curves as illustrated in Figs. 2 and 3. '

Also, good results may be obtained by mak-
ing the selectivity curves of stages 12 and 13 flat-
topped at either the condition of maximum gain
or at the condition of minimum gain.

While the preferred way of varying the gain
of the amplifier is by varying the bias on the
control grids, the gain may be varied by vary-

ing the positive voltage applied either to the

screen grids or to the plates of the tubes. Or, if
desired, an extra grid may be provided in' the
amplifier tubes for gain control purposes, the
voltage applied to this extra grid being changed

‘to vary the gain.. Regardless of the method of
gain control employed, the input capacity of the

tubes is varied and my invention should be em-
ployed for obtaining a good overall selectivity
characteristic.

Another embodiment of my mventlon is 1nd1-
cated by the diagram in Figure 6. The selec-
tivity curve of an amplifier stage having both
the transformer primary and the transformer
secondary loaded will remain flat-topped even
though there is a change in tube input capacity
Cy providing there is the proper ratio of primary
loading to secondary loading.

-In Figure 6 the curve a is a selectivity curve
for the I. F. transformer 87 when the input ca-

3

" pacity Ci is in shunt to the fransformer sec-

ondary. The curve b (Fig. 6) is the selectivity
curve for the transformer 87 after the capacity
Ci1 has been removed, as by making the control
grid of the amplifier tube more negative.
order o keep the curve b flat-topped, the load~

- ing resistance Ri across the transformer primary

should have about one-half the resistance of the
loading resistor R2 dcross the transformer sec-~
ondary. In this case the primary has, twice the
loading of the secondary. In general, the ratio

of the primary loading to the secondary loading

should be less than 3 to 1 and greater than 1 to 1.

Referring to Figure 7, there is illustrated an
I. ¥ amplifier stage including an I. F. trans-
former 88 in which both the primary and the
secondary are loaded, the primary being loaded
more than the secondary as in the amplifier stage
shown in Figure 6. Tn Figure 7 the loading is

obtained by connecting loading resistors Ri and :

Rep in series in the tuned primary and tuned
secondary circuits, respectively. The resistor Ra
has about twice the resistance of the resistor Ra.
It will be understood that the loading resist-
ance may be included in the secondary and pri-
mary coils themselves by winding the coils of
wire having the proper resistance. ‘The con-
densers 89 and resistors 81 are filter elements cor-
responding to elements 21 and 48 in Fig. 1,

In an amplifier stage where the primary and
secondary of the transformer are unequally
loaded in order to provide a flat-topped selec-
tivity curve, the secondary may be loaded more
heavily than the primary if preferred. In that
case the selectivity curve corresponding to the
curve b in Figure 6§ will be of the same shape-as
the curve b but it will be shifted towards the
low frequency end of the frequency spectrum in-
stead of towards the high frequency end.

If the amplifier design shown in Figs. § and 7
is empleyed, the I. . -amplifier generally should
include at least two such amplifier stages since,
as a rule at least two stages should have gain
contro

. In-.
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The 1deas emboched in the circuits shown in- gy
Figs. 1 and 6 may be combined in a single cir-

cuit. For example, one gain: controlled ampli-
filer stage may have its transformer loaded as
shown in Fig. 6 (or ¥g. 7) where the primary
has the greater loading while the other gain con-
trolled amplifier stage may have its transformer
loaded as . shown in Fig. 6 except that the sec-
ondary has the greater loading.

- It may be noted that the embediments Of my
invention - illustrated in Figs. 1 and 5 are the

B8 -

preferred ones since it is possible to obtain more

gain from an amplifier stage when only the pri-
mary or the secondary of a transformer is loaded
than when both prlmary and secondary are
loaded.

values for the I. F. transformer elements although
the loading resistance values for one particular

receiver are indicated in Fig. 1 by way of exam-

ple. . This receiver is designed to amplify pic-
ture signals having an intermediate carrier fre-

quency of §i megacycles, this carrier being located |

at one side of the I.'F. amplifier pass range for
single side band reception. The frequency band
width. of the I. F. amplifier is 1500 kilocycles.
From the foregoing description it will be ap-
parent that various  other modifications may be

‘made in my invention. without departing from’

the spirit' and scope therecf and I desire, there-
fore, that enly such limitations shall be imposed

60
It is mot. thought necessary to give speciﬁc'

70
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thereon as are necessitated by the prior art and
as- set forth in the appended claims.

I claim as my invention:
1. In combination, a plurality of amplifier

-.stages connected in cascade, each of said stages
‘comprising an electric discharge tube having in-

put electrodes and comprising a transformer, said
transformer having a primary and a secondary,
said secondary being coupled across said input
electrode, said primary and said secondary each
being tuned and coupled to produce a band pass
selectivity characieristic, means for resistively
loading the transformer in one of said stages with
the primary loaded more than the secondary,
means for resistively loading the transformer in
another of said stages with the secondary loaded
more than the primary, and means for varying
the gain of the tubes in said stages, the values of
said resistive loadings being such that the over-
all selectivity characteristic of said amplifier

stages remains substantially flat-topped during

changes in the gain of said tubes.

2. In combination, a piurality of amplifier
stages connected in cascade, each of said stages
comprising an electric discharge tube having
input electrodes and comprising a transformer,
said transformer having a primary and a second-
ary, said secondary being coupled across said
input electrode, said primary and said secondary
each being tuned and coupled to produce a band
pass selectivity characteristic, means for resis-
tively loading the transformer primary only in
one of said stages, means for resistively loading
the transformer secondary only in another of
said stages, and means for applying to the input
electrodes of the tubes in said stages a biasing
voltage which varies in accordance with the gain
desired in said amplifier, the values of said resis-
tive loadings being such that the overall selec-
tivity characteristic of said amplifier stages re-

‘main substantially flat-topped during changes in

said biasing voltage.
3. In a superheterodyne receiver, and I. F.
amplifier comprising an amplifier stage which in-

.cludes an electric discharge tube having a plural-

ity of electrodes including a control electrode and
a broadly tuned I. F. transformer a secondary
connected to said control grid and having a pri-
mary, a second amplifier stage connected in cas-
cade with said first stage and including an elec-
tric discharge tube having a plurality of elec-
trodes including a control electrode and a broad-
ly tuned I. F. fransformer having a secondary
connected to sald last-named control electrode
and having a primary, means for loading the
transformer in one of said stages with the pri-
mary loaded more than the secondary, means for
loading the transformer in the other of said stages
with' the secondary loaded more than the pri-
mary, and means for varying the voltage ap-
plied to at least one electrode in each of said
tubes for varying the gain of said stages, the
values of said loadings being such that the over-
all selectivity characteristic of said amplifier
stages remains substantially flat-topped during
changes in said last-mentioned voltage.

4. In a superheterodyne. receiver, an I. F.
amplifier comprising an amplifier stage which in-
cludes an electric discharge tube having a plural-
ity of electrodes including a control elecirode
and a broadly tuned I. F. transformer having a
secondary connected to said control grid and hav-
ing a primary, a second amplifier stage connected
in cascade with said frst stage and including an
electric dischdrge tube having a plurality of elec-

2,185,879

trodes including a control electrode and a broadly
tuned I. F. transformer having a secondary con-
nected to said last-named control electrode and
having a primary, means for resistively loading

the transformer primary only in one of said ¢

stages, means for resistively loading the trans-
former secondary only in the other of sald stages,
and means for applying a biasing voltage to said
control electrodes which varies in accordance
with the strength of an incoming signal, the
values of said resistive loadings being such that
the overall selectivity characteristic of said
amplifier stages remains substantially flat-topped

-during changes in said biasing voltage.

5. In combination, a plurality of amplifier
stages connected in cascade, each stage compris-
ing a transformer having a tuned primary and a
tuned secondary which are so coupled as to pro-
vide a broad selectivity characteristic and an

electric -discharge tube having input electrodes'

coupled to said secondary, means for loading the
transformer in one of said stages with the pri-
mary loaded more than the secondary, means for
loading the transformer in another of said stages

with the secondary.loaded more than the pri-

mary, and means for varying the gain of said
electric discharge tubes, the values of said load-
ings being such that the overall selectivity char-
acteristic of said stages remains substantially
flat-topped during changes in the gain of said
electric discharge tubes.

6. In combination, a plurality of amplifier
stages connected in cascade, each stage compris-
ing a transformer having a tuned primary and a
tuned secondary which are so coupled as to pro-
vide a broad selectivity characteristic and an
electric discharge tube having input electrodes
coupled to said secondary, means for resistively
loading the transformer primary only in one of
said stages, means for resistively loading the
transformer secondary only in another of said
stages, and means for varying the direct current
potential between the input electrodes in -said
stages whereby the gain of said amplifier stages
may be controlled, the values of said resistive
loadings being such that the overall selectivity
characteristic of said amplifier stages remains
substantially flat-topped during changes in said
direct current potential for varying the gain of
said stages.

7. In combination, a plurality of amplifier
stages connected in cascade, each stage compris-
ing a transformer having a tuned primary and
a tuned secondary which are so coupled as to pro-
vide a broad selectivity characteristic, and an
electric discharge tube having a plurality of
electrodes including input electrodes, said input
electrodes being connected to said secondary,
means for varying the direct current potential
applied to at least one electrode of each tube in
said stages whereby the gain of said stages may
be controlled, means for so resistively loading the
transformer in one of said stages with the pri-
mary loaded more than the secondary that said
one stage has a substantially flat-topped selec-
tivity characteristic for a certain value of direct
current potential applied to said one electrode in
said one stage and whereby the high frequency
response in said one stage is accentuated when
said direct current potential is changed to reduce
the gain in said one stage, and means for so
resistively loading the transformer in another of
said stages with the secondary loaded more than
the primary that the selectivity characteristic of
said one stage is substantially flat-topped for a
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certain value of direct current potential applied

to said one electrode in said other stage and
whereby the low frequency response in said other
stage is accentuated in response to a change in
said direct current potential such that the gain
of said other stage is reduced, the values of said
resistive loadings being such that the overall
selectivity characteristic of said amplifier stages
remains substantially flat-topped during changes
in said direct current potential for varying the
gain of said stages.

8. In combination, a plurality of amplifier
stages connected in cascade, each stage compris-
ing a transformer having a tuned primary and a
tuned secondary which are so coupled as to pro-
vide a broad selectivity characteristic and an
electric discharge tube having input electrodes
coupled to said secondary, means for varying the

direct current potential between the input elec-

20 trodes in said stages whereby the gain of said

amplifier stages may be controlled, means for so
resistively loading the transformer primary in
one of said stages that said one stage has a sub-

5

stantially flat-topped selectivity characteristic for

‘a certain value of direct current potential ap-

plied between the input electrodes in said one
stage and whereby the high frequency response
in said one stage is accentuated when said direct
current potential is changed to reduce the gain
in said one stage, and means for so resistively
loading the transformer secondary in another of
said stages that the selectivity characteristic of
sald one stage is substantially flat-topped for a
certain value of direct current potential applied
between the input electrodes in said other stage
and whereby the low frequency response in said
other stage is accentuated in response to a
change in said direct current potential such
that the gain of said other stage is re-
duced, the values of said resistive loadings be-
ing such that the overall selectivity characteristic
of said amplifier stages remains substantially
flat-topped during changes in said direct current
potential for varying the gain of said stages.

HORACE CLIFFORD ALLEN.
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