Nov. 10, 1936. R URTEL ET AL | 2,060,142
DEMODULATION CIRCUIT
Filed Nov. 29, 1933

s
R
E

E=

> 7D BEAT.
EREQUENCY
- - _I_z NETWORK
SIGNAL E%g T | '
_SOURCE Y
lNVE&TOR
RUDOLF URTEL

HARL~STEMEL . -
BY/fﬁ§‘Ziﬁq,¢k/

ATTORNEY



10

15

25

30

35

40

45

50

55

Patented Nov. 10, 1936

UNITED STATES

2,060,142

PATENT OFFICE

2,060,142
DEMODULATION CIRCUIT

Rudolf Urtel and Karl Steimel, Berlin,

Germany,

assignors to Telefunken Gesellschaft fiir Draht-

lose Telegraphie m. b. H., Berlin,

Germany, a

corporation of Germany

Application November 29, 1933, Serial No. 700,251
In Germany December 27, 1932

4 Claims,
The present invention relates to demodulating
arrangements for receiving electromagnetic
waves.

Demodulation necessitates the formation of the
combination frequencies of carrier frequency and
side-band frequencies in the case of modulated
transmitters, and combination frequencies of the
transmission frequency and heterodyne frequency
in non-modulated transmitters, Formation of
the combination frequency always occurs when
a multiplicative effect of the two original voltages
of dissimilar frequencies upon each other takes
place. This is attainable most simply by that the
incoming frequently mixture (spectrum) is
brought to act upon a device with non-linear,
preferably . quadratic current-voltage relation.
(Crystal detector, audion, diode, amplifying de-
tector, ete.). All arrangements operating in this
manner have certain inherent disadvantages
which are obviated in whole or in part by the
arrangement hereinafter to be disclosed. In the
drawing:

Fig. 1 shows a signal demodulator network em-
bodying the invention,

Fig. 2 shows a modification thereof,

Fig. 3 illustrates a further modification,

Fig. 4 shows an embodiment of the invention
applied to a heterodyne system,

Fig. 5 shows a. modification of the arrangement
shown in Fig. 4.

Multiplicative action of two voltages upon one
another is concerned, for instance, in the case of
a multi-grid tube of such a nature that the slope
of the plate-current characteristic referred to one
of the grids

(di)
(deg:)

(mutual conductance) is adjustable by the volt-
age of a second grid. Inter alia, this holds good
for space-charge grid tubes, though what has to
be put up with then is that the space-charge grid
maintained at a positive potential will carry cur-
rent, and thus consume energy. The same thing
holds true ‘also of a screen-grid tube which is
equipped with an auxiliary grid H between plate
A and the screen grid SI. The situation will
be still further improved if between the said aux-
liary grid and the plate there is disposed a sec-
ond screen grid 82. (An arrangement of this sort
underlies the explanatory key diagrams.) In
both the said instances the slope of the plate-
current characteristic in reference to the control
grid may be varied, to be more precise, in one case
by the adjustment of the space-charge grid volg-

(CL 250—27)

age, and in the other case by the adjustment of
the auxiliary-grid potential. The multiplicative
effect of the two grid potentials arises then as
follows:

There is fe=S.eg:, and on the other hand
S=K.eg:, where K is any constant at all, S the
slope, iz the plate-current, and egi1, eg2 the grid
voltages. By.introduction there results

la=K.eg1.ega.

Hence, if both grids, for instance, are impressed
with the incoming frequency mixture (herein-
after to be called the frequency spectrum) (Fig.
1}, there occurs squaring, and thus the forma-
tion of combination frequencies, i. e. demodula-
tion, without non-linear relation existing be-
tween plate-current and each one of the various
grid potentials.,

This arrangement offers the advantage over an
audion that the amplitude that should be handled
without incidentally any distortion being oc-
casioned, may be very large, for there happens no
shift in the static grid potentials, which, in an
audion, give rise to additional harmful plate rec~

tification. At the same time, there is absent the

combination between grid condenser and grid

leak which causes both linear as well as non-

linear distortions. Compared with the plate rec-
tifier, this scheme offers the merit that the work-

ing point of both grids can be readily so posi-

tioned that with increasing amplitude the mean
slope of the region covered will decrease, in other
words, so that a smooth start of the oscillations
in regenerative circuit arrangements is assured.

Of course, it is possible, in accordance with the
dissimilar modulation range of both grids, to feed
the one only with part of the voltage of the other
(Fig. 2).

Also automatic volume-control is practicable
with this arrangement in that use is made of a
variation of the plate direct current as a function
of the amplitude of the carrier wave for the pur-
pose of insuring variable biasing voltage either in
both controlled grids or only of the grid regulat-
ing the slope (mutual conductance). In the case
of the tube here chosen for the exemplified key
diagram this may be accomplished by the inser-
tion of a resistance W in the cathode lea,d.
(Fig. 3.)

Demodulation by the use of the multiplicative
effect of the potentials of two different grids of
a tube affords special advantages if both grids
are impressed with different potentials. The
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of a non-modulated sending station. In this in-
stance, one grid will be fed with the incoming fre-
quency, and the other one with the heterodyne
frequency, and in this manner outbalancing or
uncoupling of the heterodyne will be secured.
(Fig. 4.

It is also feasible to produce the heterodyne fre-
quency by regeneration of one of the two grids
from a tuned circuit in the plate lead, while upon

the other grid is impressed the incoming fre-- -

quency. In such a scheme, there will be no de-
tuning of the input circuit which is required in
self-heterodyne arrangement, and which tends to
diminish the sensitivity, while in comparison with
arrangements involving a local oscillator, one
tube is saved. (Fig. 5.)

What seems of especially great value are the
arrangements in which, in the reception of modu-
1ated oscillations, there is impressed upon one grid
the incoming spectrum, and upon the other grid
an alternating voltage of the frequency of the
carrier wave coming from the transmitter sta-
tion to be received. In the reception of ampli~
tude-medulated transmitters by means of de-
modulators whose operation is predicated upon
non-linear current-voltage relations, there arise
combination frequencies between each and every
one of the frequencies comprised in the incoming
spectrum and with every other one. The conse-
quence is that several transmitters adjacent as
to frequency will be simultaneously demodulated;
in other words, in the output end of the demodu-
lator will be present the modulation frequencies
of all incoming transmitters. By the use of radio
frequency selective means, the amplitudes of the
undesired transmitters contained in the incoming
spectrum are reduced as far as feasible so that
also the amplitudes of the ensuing undesired
modulation frequencies will be small compared
with the amplitude of the modulation frequencies
of the desired transmitter.

The amplitude of a combination frequency is
directly proportional to the product of the ampli-
tudes of the two original frequencies. In order
that the requisite reductions, especially in the
case -of an unfavorable relationship of the field
intensities (feeble transmiiter and powerful dis-
turber station) may be secured, a good deal of
radio frequency selection must be provided, and
this is an expensive proposition particularly when
several circuits must be served simultaneously.
Now, if demodulation is effected in this manner
that there is impressed upon one grid (of a tube
satisfying conditions as outlined above) the in-
coming frequency spectrum, upon the second grid
an alternating voltage of the frequency of the
carrier wave of the desired transmitter, forma-
tion of a combination frequency will occur only
between the carrier frequency, on the one hand,
and the other frequencies of the incoming spec-
trum.

But audible combination frequencies will then be
produced only by frequencies of the spectrum be-
ing sufficiently close to the carrier frequency,
while no such action will be produced between the
carrier-and the side-band frequencies of the un-
desired or interfering transmitters with one an-

-other, -so -that, presupposing perfectly linear re-

lations between plate current and voltage of the

grid upon which the incoming spectrum is im-

pressed, radio frequency selection will not be
necessary. IHowever, even if, owing to not per-
fectly linear modulation, undesired combination
frequencies arise, then, by choosing a -region of
the characteristic being as straight as possible,
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and by sufficiently low amplitudes of the incom-
ing spectrum, the amplitude of the undesired
combination frequencies may be minimized in con-
trast with the amplitudes of the combination
frequencies which result from the intentional
multiplication of the incoming spectrum with the
supplemental carrier voltage of the other grid,
but especially also by choosing a large amplitude
for the supplemental voltage. The arrangement
nere described has selective properties, and it al-
lows of doing away with a good deal, if not of
all, of the selector means.

What may also be remarked in reference to this
arrangement is that upon the reception of ampli-
tude-modulated transmitters with two side-bands,
the supplemental carrier voltage should coincide
with the alternating carrier wave contained in
the incoming spectrum of the desired station not
only as regards frequency, but also phase. The
ways and means of how to make this supple-
mentary voltage available shall be set forth in
more detail further below.

Whereas demodulation of a spectrum originat-
ing from frequency—modulated transmitters is not
successful with arrangements which are based
upon non-linear current and voltage relations for
reasons of the change in phase between carrier
and side-band frequencies as compared with am-
plitude modulation, the arrangement here dis-
closed allows of the demodulation also of fre-
quency spectra of this kind. All that is necessary
is that on one of the grids the incoming spectrum,
and on the other one again an alternating po-
tential having the frequency of the desired trans-
mitter is impressed, however, in such a way that
the supplemental voltage is displaced an angle
of 90 degrees in respect to the carrier-wave volt-
age contained in the incoming spectrum.

If o is the cyclic frequency of the carrier wave,

Ae the modulation audio frequency, S the side-

band amplitude, T the carrier-wave amplitude,
then in the case of frequency modulation, the
incoming spectrum is of this shape:

S sin (w4-Aw) t-+T cos wt-+S sin (w—Aw)l

Multiplication with a voltage M cos wt which is
in phase with the carrier-wave voltage T cos ol
included in the spectrum, results in the terms giv-
ing the modulation frequency:

SM cos wt sin (v-+Aw)T4+SM cos wt sin (w—Aw)i

50 that the pure Aw terms will assume this shape:

Y SM sin (Aw)t-+Y2 SM sin (—Aw)t=0

Multiplication by a supplemental voltage M sin
ot displaced an angle of 90 degrees in reference to
the carrier-wave voltage T cos wt contained in
the incoming spectrum, on the contrary, fur-
nishes this result:

Y SM sin vt (o+Aw) t+Y% SM sin ot sin (w—Aw) L’

whence the pure Ae terms:
Y SM cos (—Aw) E+ Y2 SM cos(Aw) t=SMcos (Aw)

In-arrangements wherein one of the two grids

with multiplicative action is impressed with the
incoming spectrum, while upon the other grid
is impressed a voltage of the frequency of the car-
rier transmitted from the desired station, the fol-
lowing may be said respecting the creation or
supply of the said supplemental voltage:

As a general rule, there serves for this purpose
a generator made available at the receiving point,
although there is, of course, also a chance to filter
the desired carrier out of the incoming spectrum,
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optionally after further amplification, and to
feed the same to the second grid. Because of the
hecessity of preserving frequency equality and
the phase relations, it would appear indispens-
able to act upon the frequency and the phase of
the supplemental voltage by the frequency and
the phase of the carrier-wave voltage included
in the incoming spectrum by ways and means
known in the art, for instance, predicated upon
what is known as the coherence or entrainment
phenomenon. Another mode would be, at least
in demodulation of amplitude-modulated trans-
mitters, to use one and the same tube as a demod-
ulator and generator. What must also be noted
is that also in the case of the two schemes based
upon addition of the carrier-wave voltage, auto-
matic volume-control is accomplishable in the
Same manner as hereinbefore disclosed (in con-
nection with Fig. 3).

What is claimed is:—

1. In a modulated carrier receiving system, a
demodulator network including a tube provided
with a cathode, an anode, a screen grid which
is maintained at a positive direct current poten-
tial with respect to the cathode and at the same
alternating current potential as the latter, a sig-
nal control grid disposed between the cathode
and screen grid, and an auxiliary electrode dis-
posed between the screen grid and anode, an in-
put circuit, tuned to the operating carrier fre-
quency, connected between the cathode and sig-
nal grid, means for impressing energy of said car-
rier frequency upon said auxiliary electrode, said
impressing means including a connection between
sald auxiliary electrode and a point of said tuned
input circuit, an output network coupled between
the cathode and anode for utilizing the demodu-
lated currents, and means for maintaining both
said signal grid and auxiliary electrode at a sub-
stantial negative direct current potential with re-
spect to said cathode.

2. In a modulated carrier receiving system, a
demodulator network including a tube provided
with a cathode, an anode, a positive screen grid,
a signal control grid disposed between the cath-
ode and screen grid, and an auxiliary electrode
disposed between the screen grid and anode, an
input cireuit, tuned to the operating carrier fre-
quency, connected between the cathode and sig-
nal grid, means for impressing energy of said
carrier frequency upon said auxiliary electrode,

3

said impressing means including a connection be-
tween said auxiliary electrode and s point of said
tuned input circuit, an output network coupled
between the cathode and anode for utilizing the
demodulated currents, and means for maintain-
ing both said signal grid and auxiliary electrode at
a substantial negative potential with respect to
said cathode, said last means including an im-
pedance disposed in the space current path of
the tube, and both said signal grid and auxiliary
electrode being connected to the anode side of the
impedance.

3. In a modulated carrier receiving system, a
demodulator network including a tube provided
with & cathode, an anode, a positive screen grid,
a signal control grid disposed between the cath-
ode and screen grid, and an auxiliary electrode
disposed between the screen grid and anode, an
Input circuit, tuned to the operating carrier fre-
quency, connected between the cathode and sig-
nal grid, means for impressing energy of said
carrier frequency upon said auxiliary electrode,
an output network coupled between the cathode
and anode for utilizing the demodulated cur-
rents, and means for maintaining both said
signal grid and auxiliary electrode at a substan-
tial negative potential with respect to said cath-
ode, said impressing means including an adjust-
able connection between the auxiliary electrode
and the said input circuit, and a second Dositive
screen grid between the anode and auxiliary elec-
trode.

4. In a modulated carrier receiving system, a
demodulator network including a tube provided
with a cathode, an anode, a positive screen grid,
a signal control grid disposed between the cathode
and screen grid, and an auxiliary electrode dis-
posed between the screen grid and anode, an
input circuit, tuned to the operating carrier fre-
quency, connected between the cathode and sig-
nal grid, means for deriving the carrier fre-
quency from the tuned input circuit and im-
pressing the same upon said auxiliary electrode,
an output network coupled between the cathode
and anode for utilizing the demodulated currents,
and means for maintaining both said signal grid
and auxiliary electrode at a substantial negative
potential with respect to said cathode.
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