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. 1 Claim.

1
This invention relates to a mixer circuif, and
more specifically, to a circuit for producing wide
band linear mixing of signals with a minimum
of distortion.

Whenever the signals from a plurality of chan- -

nels are to be combined to produce a resulting
signal, it is very often desirable that this result-
ing signal be the algebraic sum of corresponding
instaneous values of the signals, or proportional
thereto, that is, the adding or mixing is desired
linear. In addition, independent control of the
amplitudes of each of the signals to be mixed is
usually required. One arrangement which ap-
proaches these results involves feeding the signal
from each channel to the grid of a fube which has
:a plate load in common with other tubes having
grids excited from other channels. In this ar-
rangement the output of each of the tubes ap-
pears in the common plate load and the combined
output may be taken from across this load; it
‘therefore becomes possible to vary the grid input
signal voltage to each tube, hence the amplitude
of output due to this voltage, without influencing
the amplitudes of output produced by other sig-
nals.

However, arrangements of this type have here-
tofore proven successful only a limited extent.
One difficulty has involved intermodulation be-
tween channels, wherein fluctuations of plate
voltage in one channel occur due to signal vari-
ations of another channel. Other difficulties
are experienced due to minor dissimilarities be-
tween characteristics of the circuits and tubes
in each channel of the mixing arrangement. Ad-
ditionally, at ultra high frequencies, the ordinary
mixer circuits are unsuitable because of distor-
tions introduced by feedback from the output
through inter-electrode capacitances of the mixer
tubes.
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Therefore it becomes one obiect of the present. -

invention to provide a circuit for algebraically
adding a plurality of signals from different chan-
nels and maintaining inter-modulation between
channels at a minimum,

A second object is to provide a mixer circuit,
the operation of which is substantially unaffected
by slight variations in the characteristics of the
tubes employed.

A further object of this invention is to provide
a mixer circuit which has a constant gain versus
frequency characteristic over a wide band of fre-
quencies.

Another object is to provide a circuit for mix-
ing ultra high frequency singals from a plurality
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of channels while minimizing feedback and dis-
tortion.

In addition to the individual mixer stages
which have a common plate load, as previously
mentioned, this invention provides separate cath-
ode follower feed-in stages coupled to the inputs
of the mixer stages. This allows adequate de-
coupling of the channels from one another prior
to introduction to the mixer stages to prevent
the occurrence of non-linear mixing due to
amplification of any signal more than a single
time. Since these initial stages are cathode fol-
lowers amplifiers, the amplification in these
stages in linear even at high frequencies and the
output impedances presented to the mixer stages
are very low. The ability of the cathode follower
amplifier to handle large input voltage without
overload and its independence of small changes
in tube factors or operating voltages are further
advantages.

Each of the mixer stage amplifiers receives grid
excitation from the voltage developed across the
cathode resistance in the cathode follower ampli~
fier which precedes it. The variations of voltages
across the cathode resistance are not of very
large amplitude and the gains of the amplifying
stages in the mixer are kept low through nega-
tive feedback, hence the fluctuations of plate
voltage in the mixer supply due to the signal in
any one channel are small enough so that the
inter-modulation effects produced with other
channels are negligible. Negative feedback in the
mixer stages as well as the cathode follower
amplifier stages insures linear amplification of
each signal by causing the gains to be substan-
tially indepedent of phase and frequency distor-
tion, slight differences in tube characteristics, or
tube noises. In many mixer circuits distortion
is introduced at high frequencies by feedback
through inter-electrode capacities; however, in
the present invention:the impedances of the
cathode input circuits of the mixer amplifiers are
low compared with the capacitive impedances be~
tween the cathodes and grids and the occurrence
of undesired feedback is minimized.

These features and objects may be better com-
prehended and other features and further objects
may become apparent from a discussion of a par-
ticular embodiment of the wide band linear mixer
patterned after this invention, with reference to
the drawing wherein:

The single figure is a schematic diagram of a
circuit for linearly mixing signals from two chan-
nels.

The A. P. or R. F. signals from two channels




2,471,449

3

may be introduced to the mixing circuit shown
in the figure through coaxial input connectors
{ and 2, which are designed for use even at very
high frequencies. It is preferred that coaxial
cables be used for coupling to these connections
in order to preverit altérnation of high frequency
components of the signals. Coupling of the sig-
nals from connectors | and 2 to control grids 3
and &, respectively, of two pentode amplifier tubes

5 and 6, is accomplished by coupling circuits -in~
cozporatmg grid resistors 7 and 8 and coupling
condensers 9 and 10. The plate circuit of one
tube §, includes a decoupling resistance 1 in se-
ries w1th the D. C. supply snd-a dec¢oupling con-

denser 12 shunted across the series combination -

of supply and the resistor {1; similarly, the plate
circuit of the other tube, 6; includes'a decoupling
resistance i3 and a decoupling condenser (4.
These decoupling circuits aid in preventing dis-
tortion and inter-modulation which might occur
due to plate voltage fluctuations with various
signal amplitudes applied to the tube grids 3 and
4. By-pass cotidensers {5 and {6 and screen volt-

“age dropping resistances 'i7 and 18 are ¢connected

to the tubes 5 and 6 respectively.

Cathode follower resistances {9 and 20 are vari-
ably tapped by taps 21 and 22 respectively, so that
any desired percentages of the voltages appear-

_ing across the cathode résistances may be se-
lected. Negative feedback is produced by cathode
resistances 19 ‘and 20 also, with the resulting ad-
vantages previously mentioned.

The actual mixing of - 51gna1s occurs in the

variably tapped plate load resistance 23, which

is common to the plate circuits of the mixer stage
-pentedes 24-and 25. ‘The control grids 26 and 21
of the mixer pentodes 24 and 25 respectively, are
coupled to the cathode resistor taps 21 and 22
by the grid coupling circuits, one composed of

-coupling condenser 28 and grid resistance 29 and

the other of coupling condenser- 30 -and grid re-
sistance 31. “As in the cathode follower stages,
- screen voltage dropping resistances 32 and 83,
-as well as screen by-pass-condensers 34 and 35,
-gie included. - Negative feedback is :provided in
the mixer amplifiers for reasons already discussed
and is produced by-the veltage drop across-the
eathode resistances-386 -and-31. A by-pass-con-
denser-38 is shunted across-the D. C. supply, and
a-condenser- 39 couples-the tapped desired-per-
- eéntage of output voltage; appearing between the
tap and grounded side of the plate resistance 23
to the coaxial output connector-40.
it should be apparent that this two-channel
mixer ‘satisfies’ the objects previously set forth.
* Inter-modulation between-channels is minimized
by utilizing low gain cathode follower ampifiers in
éach channel and also negative feedback ineach
“imixer tube circuit. These same features insure
that slight variations: in operating voltages or
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small differences in tube characteristics will have
no appreciable effect upon the linear amplifica-
tion of each signal. Also, these features provide
constant gain versus frequency characteristics
over a wide band of frequencies as well as re-
duce distortion -and undesired feedback.
Although the embodiment diagrammed and
described incorporates stages to accommodate

only two signals, it is possible to include other
stages for mixing other signals simultaneously.

Pentodes are shown in all stages, but other tubes,
such as triodes may be substituted, with the

‘same resulting advantages. Other minor changes
in the circuits may well be instituted by those

skilled in the art without departing in principle

‘from the present invention whose scope is to be
‘eonsidered limited only by the foregoing objects

and -accompanying claim.
We claim:
An electrical circuit for producing an output

‘voltage which is proportional to the algebraic

sum - of corresponding instantaneous values of ‘a
plurality of ‘signals over a wide band of fre-
guencies, comprising a plurality of low-gain

‘linear cathode follower amplifiers incorporating

negative feedback and having low impedance out-
put circuits, means for applying said signal to

‘said linear amplifiers, means coupled to each of
‘said linear amplifiers for preventing intermod-

ulation therebetween, said last-mentioned means
comprising a plate decoupling resistance con-

‘nected in series with the plate voltage supply of
.gaid linear amplifiers and a by-pass condenser
“shunted across the series between said supply and

said resistance; ‘a plurality of low-gain negative

‘feedback amplifiers having a common plate load

across which the output signal voltages may be
developed, means coupling said negative feedback

“gmplifiers to said low gain linear amplifiers, volt-

age tapping arrangements coupled to each of said

‘low-gain amplifiers across the cathode follower

~resistances thereof for.controlling the gain there-
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6f, means coupled to said negative feedback am-

plifiers for preventing intermodulation there-
between, and output means coupled to said com-

-mon plate load and eonducting the linearly mixed
‘output-signals therefrom.
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