July 6, 1948. @ 'A. VAN DER ZIEL. ETAL 2,444,864

HIGH-FREQUENCY TUNED AMPLIFYING CIRCUfT

1

Filed March 23, 1943

INVENTORS =~ .
/G XIPMILIAA N JYL /U.S O7T70.57207T

Uy Az oer7 Vay Dee Z/E5L

sy Wl pover

RTTORNEY



Patented July 6, 1948

" UNITED STATES PATENT OFFECE

2,444,864

s 444 864

HIGH-FREQUENCY TUNED AMPLIFYING
CIRCUIT

Aldert van der Ziel and Maximiliaan Julius Otto

Strutt,

Eindhoven, Netherlands, assignors to

Hartford National Bank and Trust Company,
Hartford, Conn., as frustee

 Application March 23, 1943, Seri&l No. 480,199
In the Netherlands December 3¢, 1949

Section 1, Public Law 690, August 8, 1946
Patent expires December 30, 19606

(CL 179—171)

3 Claims.

1

The invention relates to a circuit arrangement

for transmitting high frequency electrical oscil-
lations with the aid of a discharge tube which
comprises an input electrode with a regulable
bias voltage and whose input circuit
an oscillatory circuit tuned to the frequency of
the oscillations to be transmitted, said oscillatory

circuit being hereinafter referred to as “input

circuit.”

It is known that with such a system there arise
difficulties when the frequency of the oscillations
to be transmitted is so high that the transit time
of the electrons in the tube is no longer so small
as to be negligible with respect to the cycle of
the oscillations, for in this case the input capacity
of the discharge tube depends on the bias voltage
of the input electrode so that upon variation of
the bias voltage the tuning of the input circuit
is also modified. Moreover, at these high fre-
quencies there occurs between the input elec-
trode and the cathode a virtual chmic resistance
whose reciprocal value is usually referred to as
“electron damping” and which alsc depends on
the bias voltage of the input electrode. In con-
sequence thereof the damping of the input cir-
cuit is also altered upon variation of the bias
voltage.

It is known to eliminate the undesired varia-
tions above referred to of the Input capacliy of
the tube by providing an chmic resistance which
is not short circuited for high frequencies in that
part of the cathode lead which is common to the
input and output circuits. The cathode alter-
nating current sets up across this resistance a
voltage which is, at least approximately, in phase
with the input alternating voltage set up at the
input eclectrode and which depends on the value
of the mutual conductance of the tube and there-
fore on the bias voltage of the input electrode.
The voltace sef up across the resistance causes
in its turn a current flowing from the cathode to
the input electrode through the natural capacity
between these two electrodes, which current is
also dependent on the bias voltage of the input

electrode and leads by about 90° with respect to =+

the input alternating voltage. This current may
be considered to be a result of & negative capacity
which is apparently present between the input
electrode and the cathode and whose value de-
pends on. the bias voltage of the input electrode,
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said capacity, when correctly dimensioned, com-
pensating the undesired varmtmns of the mput
capacity.

As is known, the undesired damping variations
above referred to may also be suppressed by Dro-
viding an ochmic resistance which is not short eir-
cuited for high frequencies in that part of the
cathode lead which is common to the input and
output circuits. In general, the ochmic resistance
must have for this purpose a higher value than
is required for the compensation of the capacity
variations. The suppression of the damping vari-
ations is facilitated, however, by providing in par-
allel with the ohmic resistance a capacity whose
impedance for the frequencies tc be transmitted

‘is at least of the order of magnitude of the ohmic

resistance. By utilizing a properly chosen par-
allel capacity, it is even possible to eliminate at
the same time the undesired capacity varlatlons
and dampmg variations.

It is furthermore known that in the transmis-
sion of high frequency oscillations with the aid
of a discharge tube, undesired damping of an
oscillatory circuit incorporated in the input cir-
cuit of the tube occurs due te the fact that the
natural self inductance of that part of the cath-
ode lead which is common to the input and out-
put circuits brings about a coupling between the
input and output circuits. As is known, this
drawback may be obviated by utilizing a dis-
charge tube whose cathode is provided with two
separated supply conductors and is connected for
high frequencies through the intermediary of one
of these supply conductors, referred to herein-
after as the “input supply conductor,” to the in-
put electrode and through the intermediary of
the other supply conductor, referred to herein-
after as the “output supply conductor,” to the
output electrode. |

The use of such a discharge tube with two
separated cathode supply conductors offers,
however, the drawback that compensation of the
variations of the input capacity and input damp-
irig, which occur upon variation of the bhias volt-
age of the input electrode is not possible in the

above describted manner, since for these com-

pensations it is essential that across an ohmig
resistance connected into the cathode lead there
should be set up a voltage which gives rise to
g -current through the natural capacity between
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the cathode and the input' electrode. If now,

with a tube having two cathode supply con-

ductors, an ohmic resistance is arranged in series
with the input supply conductor, no voltage will
be set up across this resistance since the cathode
alternating current exclusively flows through the
output supply conductor. If, on the contrary, an
ohmic resistance is arranged in series with the
output supply conductor, a voltage is set up
across this resistance but this voltage does not

bring about a current through the capacity be-

tween the cathode and the input electrode,

In view of the foregoing, it is the principal ob-
ject of the present invention to provide, in & high-
frequency system including s discharge tube
having at least two separated cathode supply

conductors, means to compensate for variations:

in the input capacity and input damping of the
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general between 50 and 500 ochms. The com-
pensation aimed at is brought about by the fact
that the screen grid alternating current sets up
across the resistance 1l a voltage which gives
rise to a current flowing from the cathode to
the control grid through the natural capacity
between the control grid and the cathode.

~For the compensation of the damping varia-
tions produced upon variation of the control grid
bias voltage, it is to be preferred to connect in

parallel with the resistance 11 a capacity 12
-whose impedance for the oscillations to be trans-

- mitted is at least of the order of magnitude of

15

the resistance (1. If only the variations of the

5 input capacity have to be compensated, the ca-

pacity 12 may be suppressed.
By a proper choice of the values of the resist-

-~ ance I'l and of the parallel capacity 12, it is also

discharge tube which occur upon variation of the -

bias voltage on the input electrode.
According to the invention, in a svstem com-

prising a discharge tube provided with at least

two separated cathode supply conductors, com-

pensation of the variations of the input capacity

and/or of the input damping of the discharge
tube which occur upon variation of the bias volt-
age of the input electrode, is rendered possible by
connecting the cathode for high freguencies to a
positive auxiliary electrode present in the tube,
via the input supply conductor and via an ohmic
resistance which is arranged in series with the
input supply conductor and which is not short
circuited for high frequencies, that end of the
said ohmic resistance which is remote from the
cathode being connected to that end of the input
circuit which is remote from the input electrode.

The invention will be explained more fully with
reference to the accompanying drawing, which
represents, by way of example, one embodiment
thereof.

'The drawing represents a discharge tube { com-
prising a cathode 2, an input electrode (control
grid) 3, a positive auxiliary electrode (screen grid)
4 and an output electrode (anode) 5. The con-
trol grid 3 is connected to an input circuit 6 which
is tuned to the oscillations fto be transmitted
whilst the anode circuit comprises an output cir~
cuit T which is also tuned to the oscillations to
be transmitted. |

The cathode 2 is provided with two separated
supply conductors, viz, an input supply conduc-
tor 8 through the intermediary of which the cath-
ode is connected for high frequencies to the con-
trol grid 3, and an ouftput supply conductor 9

through the intermediary of which the cathode is

connected, for high frequencies, to the anode 5.

| To the control grid 3 there is supplied, through
a resistance {0, a variable bias voltage which

may be generated, for example, in the usual man-

ner by a conirol rectifier for automatic volume

control.
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The variations of the capacity and/or of the

damping which occurs between the control grid
and the cathode, which variations are produced
upon variation of the bias voltage, are compen-
sated owing to the fact that, for high frequen-
cies, the screen grid 4 is connected to the cathode
through the input supply conductor 8§ and through
a resistance {i{ which is connected in series with
the supply conductor and which is not short cir-
cuited for high frequencies, that end of the said
resistance which is remote from the cathode be-
ing connected to thai end of the input cir-
cuit 6 which is remofe from the control grid.
The required value of the resistance {i lies in
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‘possible fo compensate the variations of the in-
put capacity and the input damping simultane-

ousily. In the case of & pentode having a mufual
conductance of 10 mA/V, this result was ob-
tained for wavelengths of from 3 to 6 metres by
giving the resistance if g value of 180 ohms and
the capacity 12 a value of 3 pu F.

What is claimed is:

1. In a high freauency tl‘&IlSIIllSSlOIl Sysiem
having a mulfi-electrode electron discharge de-
vice whose electrodes include a cathode, a first
erid, a second grid and an anode in the order
named, and which has associated therewith a
circuit for varying the bias voltage on said first
grid, means for supplying a positive direct cur-
rent potential fo said second grid, a parallel tuned
input circuit and a parallel tuned output cir-
cuit, a pair of supply leads for said cathode, a
connection from said first grid to one terminal of
said input circuit, a connection from one of said
cathode supply leads to the other terminal of
said input circuit, said last connection includ-
ing a resistor in series therewith which is un-
hypassed for high frequencies, a connection from
said anode to one terminal of said output cir-
cuit, and a connection from the other cathode
supply lead to the other terminal of said output:
circuit.

2. In a high frequency transmisSIGH system
having a multi-electrode electron discharge de-
vice whose electrodes include a cathode, a first
grid, a second grid and an anode in the order
named, and which has associated therewith a cir-
cuit for varying the bias voltage on said first

grid, means for supplying a positive direct cur-

-rent potential to said second grid, a parallel

tuned input circuit and a parallel tuned output
circuit, a pair of supply leads for said cathode, a
connection from said first grid to one terminal of
sald input circuit, a connection from one of said
cathode supply leads to the other terminal of
said input circuit, said last connection including
a resistor in series therewith which is unbypassed
for high frequencies, said resistor having a value
in the range between fifty and five hundred chms,
a condenser in shunt to. said resistor whose im-
pedance for energy of the operating frequency
is at least of the order of magnitude of said re-
sistor, a connection from said anode to one ter-
minal of said oufput circuit, and a connection
irom the other cathode supply lead to the other
terminal of said output circuit.

3. In a high frequency transmission system
having a multi-electrode electron discharge de-
vice whose electrodes include g cathode, a first
grid, a second grid and an anode in the order
named, and which has associated therewith a
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Circuit for VaI‘YiIlg the ‘bi&S VOltajg’e On'S&id first | REFERENCES CITED .
grid, means for supplying a positive direct cur- _ _

rent potential to said second grid, a parallel tuned The fOl}OWH'lg references are of record in the
input circuit and a parallel tuned output circuit, file of this patent:

a pair of supply leads for said cathode, a con- § -

. . h UNITED STATES PATENTS
nection from said first grid to one terminal of |

said input circuit, a connection including a con- Number Name Date -
denser in series therewith from one of said cath- 1,878,252 Taylor e __ _Sept. 20, 1932
ode supply leads to the other terminal of said 2,066,027 Braaten ___..———_ .__ Dec. 29, 1936

input circuit, said last connection including a }9 2,314,958 Van Der Ziel, et al, ___ Mar. 30,1943
resistor in series therewith which is unbypassed FORFIGN PATENTS |
for high frequencies, said resistor having a value | | - |
in the range between fifty and five hundred ohms,  NUmber Country ~ Date on6
a connection from said anode to one terminal of 97,644 Netherlands .. June 19, 1946
said output circuit, and g connection including a 15
condenser in series therewithh from the other
cathode supply lead to the other terminal of said
output circuit. |
MAXTMILIAAN JULIUS OTTO STRUTT.
ALDERT van pER ZIEL,
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