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A general object of the present invention is to provide
a new and improved electrical signal control circuit par-
ticularly adapted for the switching and gating of control
signals. More specifically, the present invention is con-
cerned with a new and improved signal control circuit
which is characterized by its signal gating capabilities
and by its utilizing a minimum of electrical components
to achieve the desired operating characteristics.

Control circuits for electrical signals of various types
are receiving wide application in many fields of communi-
cation, computation, and the like. The signal utilization
circuitry has had a speed factor imposed thereon requir-
ing that electronic means be adapted for the switching
and control of signals being used. For this purpose,
numerous types of electronic circuits have been devised
for switching and gating the electrical signals. One of
the principal difficulties arising from the use of existing
gating circuitry is the complexity and large number of
components required in the associated circuitry.

The present invention achieves a high degree of signal
control while minimizing the circuit component require-
ments as well as a number of distinct power supplies re-
quired by the utilization of a unique control circuit em-
ploying two asymmetrically conducting devices, such as
diodes, having different thresholds of conduction. As
is. known, electronic devices of the vacuum and semi-
conductor type require certain potentials thereacross be-
fore there will be any current flow through the device.
Thus, a semi-conductor diode of the germanium type
has a conducting threshold whose value is less than the
conducting threshold value of a silicon type of diode.
This is due to the difference in energy levels in silicon and
germanium crystals. This difference is disclosed in an
article by Frank Herman in the Proceedings of the LR.E.,
December 1955, pages 1703-1732.

It is accordingly a more specific object of the present
invention to provide a new and improved signal control
circuit incorporating electronic devices having different
thresholds of conduction.

Another more- specific object of the present invention
is to provide a new and improved signal control circuit
incorporating semi-conductor asymmetrically conducting
devices having different thresholds of conduction where
one of said devices is adapted to be rendered conductive
when the other is nonconductive.

When diodes, partictilarly of the semi-conductor type,
are used in signal control circuitry transistors may be
conveniently used in the circuit combination as switching
and control elements. The ease with which this' may
be accomplished is due to the fact that the. potential
drops across and the current flows through the diodes
and transistors may readily be selected to be in the same
range and consequently the number of control circuit
components required may be minimized. = By minimizing
the control circuit components, the number of com-
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unwanted signals in the circuit is correspondingly min-
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imized. The end result is a circuit having extremely
reliable signal control characteristics with a high signal
to noise ratio.

Further, the present invention is concerned with a new
and improved signal control circuit utilizing diodes in
combination with transistors where the transistors selec-
tively control the signal potentials in the diode circuit
within the region of the conducting thresholds of the
diodes.

Still another more specific object of the present in-
vention is to provide a diode gating circuit wherein a pair
of transistors are adapted to be positioned in a current
flow circuit for a pair of gating diodes with one of the
diodes acting as a threshold potential control element
and the other transistor acting as an output element.

A still further more specific object is to provide a new
and improved logical control circuit including diodes
and transistors where the logical functions may be ac-
complished with a minimum of circuit components.

The various features of novelty which characterize the
invention are pointed out with particularity in the claims
annexed to and forming a part of the present specifica-
tion. For a better understanding of the invention, its
advantages, and specific objects attained with its use, ref-
erence should be had to the accompanying drawings and
descriptive matter in which there is illustrated and de-
scribed a preferred embodiment of the invention.

Of the drawings:

Figure 1 is a diagrammatic showing of a simple diode
gating circuit illustrating the principles of the present in-
vention;

Figure 2 is a modified circuit with a pair of diodes
connected into a gating configuration;

Figure 3 shows a transistor-diode logical circuit incor-
porating the gating circuit of the present invention;

Figure 4 shows a further form of diode-transistor logi-
cal circuit incorporating the principles of the present in-
vention; and )

Figure 5 shows still another form of diode-transistor
logical circuit incorporating the principles of the present
invention. _

Referring first to Figure 1, the numeral 18 represents
an input control element in the form of a switch. The
control element 10 is connected to control the signal
current flow in a gating circuit and this gating circuit
is indicated generally by the numeral 11. The gate
circuit 11 in turn controls the presence or absence of a
signal on a pair of output terminals 12 which are con-
nected across a suitable impedance 13. The gating cir-
cuit 11 comprises a pair of diodes 14 and 15 connected
so that their cathode elements aré connected together
to a junction line 16. ‘Connected to the junction 16 is
a resistor 17 whose opposite end is connected to a neg-
ative potential source designated B minus.

In the gating circuit 11, the diode 14 is selected to
have a conducting threshold potential which is less than
the conducting threshold potential of the diode 15, For
example, the diode 15, if -of the silicon semi-conductor
type, may have a conductmg threshold potential of ap-
proximately 500 millivolts. The conducting threshold
potential for the diode 14 will be less than half of that
of the diode 15 or less than 250 millivolts. If vacuum
diodes or other types of semi-conductor diodes are used,
the circuit will function in the desired manner so long
as the diode 14 has a conducting threshold potennal less
than that of the diode 15. :

The conducting threshold characterlstlc of any one of
the circuit-diodes may. be -defined as that quality or-trait -
which causes the diode to become conductive at'a par:
ticular- point -as the voltage thereacross. is--increased.
Thus, the conducting threshold characteristic -of a silicon
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diode and a germanium diode are different by a factor
of approximately two.

In considering the operation of the circuit shown in
Figure 1, when input switch 10 is closed, it is desired that
there be no output signal on the output terminals 12.
With the switch 10 closed, there will be a current flow
that may be traced from the ground terminal through the
switch 10 to the diode 14, and resistor 17 fo the B minus
supply terminal. The potential drop between the junction
point 16 and the ground terminal will be due to the in-
ternal resistance of the switch 10 and the diode 14. If a
germanium diode is used, the potential drop on the diode
14 will be approximately 250 millivolts. This will mean
that the potential at the junction point 16 will be 250 mil-
livolts. With a potential of 250 millivolts at junction 16,
the potential across the diode 14 will be less than the
threshold potential of the diode 15 so that the diode will
appear as a very high resistance and there will be substan-
tially no current flowing from the ground terminal through
the resistor 13 and the diode 15.

In order to produce an output signal on the output ter-
minals 12, the switch 10 is opened so that now the poten-
tial at the junction point 16 will increase in a negative
direction toward the potential on the B minus terminal.
As soon as the potential at the junction 16 increases above
the 500 millivolt threshold potential of diode 15, the diode
15 will conduct by a circuit that may be traced from the
ground terminal through the resistor 13, the diode 15, and
the resistor 17 to the B minus terminal. This produces
a voltage drop across resistor 13 and thereby an output
potential on the output terminal 12.

Additional inputs may be used to control the signal on
the output terminals 12, For example, an additional
switching means 10-1 and diode 14-1 may be connected
to the junction 16 so that if the switch 101 is closed, the
potential at the junction 16 will be decreased below the
threshold potential of the diode 15 and there will be no
output signal. Thus, a number of signals may be fed into
the junction 16 by way of input diodes and any one of
these diodes may be used to selectively control the out-
put signal so long as the diode has a threshold potential
less than the threshold potential diode 15.

Figure 2 is basically the same as Figure 1 except that
the polarities of the circuits have been reversed so that
the circuit is working above ground by reason of the con-
nection to the B plus terminal. In this case, the diodes
14 and 15 have been reversed in their connection in the
circuit.

In Figure 2, when the switch 10 is closed the current
will flow from the B plus terminal through resistor 17
and diode 14 to the switch 18 to the ground terminal.
With the diode 14 having a threshold potential less than
that of a diode 15, the voltage drop across the diode 14
will drop the potential 16 below that required for current
to flow through the diode 15. Consequently, there will
be no output potential across the resistor 15 at the output
terminals 12. When the switch 10 is open, the potential
at the junction 16 will reduce to a point where the diode
15 conducts. There will be a potential drop across the
resistor 13 and thereby a signal on the output terminals
12. As with Figure 1, a number of input signals may be
connected by way of suitable diodes poled in the same
manner as shown in the figure to the junction 16 so that
a plurality of different signals may be used to control the
output signal on the terminals 12.

Figure 3 shows the principles of the present invention
applied to a signal control circuit incorporating a tran-
sistor as the input switching element and a further tran-
sistor as the output control element with the diode signal
control circuit of Figure 1 incorporated between the two
transistors.

More specifically, the circuit in Figure 3 includes an
input transistor 20 having the usual base, emitter, and
collector electrodes. Connected to the collector electrode
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is a load resistor 21, the other end of which is connected
to the B minus power supply terminal. Connected in the
output circuit is the transistor 22 also having the usual
base, emitter, and collector electrodes. Connected to the
collector electrode is an output load resistor 23 which
leads to a B minus power supply terminal.

In considering the operation of Figure 3, when there
is an input potential applied to the base of the transistor
20, the transistor 20 will conduct and a current flow cir-
cuit may be traced from the ground terminal through the
emitter electrode, collector electrode, and resistor 21 to
the B minus power supply terminal. The voltage drop be-
tween the emitter and the collector of the transistor 20
will be such that it will appear as a closed switch similar
to the switch 10 and will have a very small voltage there-
across, approximately 100 millivolts, for example. With
a low potential drop across the emitter-collector circuit
to the tramsistor 20, there will also be a current flow
through the diode 14 by a circuit that may be traced from
the ground terminal through the emitter-collector circuit
of the transistor 20, the diode 14 and resistor 17 to the
B minus power supply terminal of the signal control cir-
cuit 11. If a germanium diode is used for the diode 14,
the potential drop across the emiiter-collector circuit and
the potential drop across the diode 14 will still be less
than the threshold potential of the diode 15 so that the
potential at junction 16 will be sufficiently low to prevent
any current flow through the diode 15. With the diode
15 having no current flowing therethrough, the transistor
22 will be nonconducting and there will be no potential
drop across the load resistor 23.

When the input signal is removed from the input tran-
sistor 20, the potential across the transistor 20 will in-
crease to the point where the junction 15 will rise above
the conducting threshold potential of the diode 15. As
soon as the threshold potential of the diode 15 has been
exceeded, a current will begin to flow from the ground elec-
trode through the transistor 22 emitter-base circuit, the
diode 15 and resistor 17 to the B minus potential source.
The current flowing in the base-emitter circuit of the tran-
sistor 22 will cause the transistor 22 to become conductive
so that a current will flow through the emitter-collector
circuit of the transistor and the resistor 23 to the negative
power supply terminal. The current flowing through the
resistor 23 will produce a voltage drop thereacross which
may be utilized as an output signal from the circuit.

It will be apparent, as in Figure 1, a number of differ-
ent signals from diodes such as diodes 14-1 and 14-2
may all be connected to the junction 16 in the manner
shown with suitable transistors as the switching means.
The net result is that any one of the diodes and the asso-
ciated switching means may be used to control the con-
duction and nonconduction of the transistor 22.

Figure 4 shows another modification wherein a signal
control circuit of the type shown in Figure 1 is adapted
for use with an output control transistor 25 having a load
resistor 26 connected in the emitter-collector circuit. In
the circuit of Figure 4, two signal control circuits of the
type shown in Figure 1 are comnected to the output con-
trol transistor 25 and these two circuits are identified by
the numerals 11A and 11B. The components incorpo-
rated in these circuits 11A and 11B utilize the character-
istics set forth in the circuit shown in Figure 1.

In the operation of the circuit in Fig. 4 if either or both
of the inputs of the control circuits 11A and 11B are
open circuited, or contain a high impedance, there will
be a current flow through the emitter-base circuit of
the transistor 25 to one or both of the B minus terminals
connected to the control circuits 11A and 11B depending
upon whether one or both of said circuits have their in-
puts open. When the current flows through the transis-
tor 25 emitter-base circuit, there will also be a current
flow in the emitter-collector circuit and thereby the out-
put resistor 26 so that there will be an output potential
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indicative of the input circuit conditions on the control
circuits 11A and 11B. It will be apparent that both
the circuits 11A and 11B may incorporate additional
inputs in addition to the single inputs shown in the man-
ner set forth in Figure 1 and Figure 3.

Figure 5 shows a control circuit where two input con-
trol signals must be present at the same time in order
for there to be produced an output control signal. This
circuit incorporates two signal control circuits 11C and
11D both of which may be of the type shown in Figure 1.
The control circuit 11C is connected to the base of the
transistor 28 while the control circuit 11D is connected
to the base of the tranmsistor 29. In this circuit, the
transistors 29 and 28 have their emitter-collector circuits
connected in series between the ground terminal and
a negative power supply terminal by way of a resistor 30
which may be used as the output resistor for the cir-
cuit.

If there is a shorting signal present on the inputs of
either of the control circuits 11C or 11D, the control
circuit will not condition the associated transistor for
current transmission in the emitter-collector circuit there-
of so that there will be no current flowing in the load
resistor 30. However, if both of the input circuits for
the control circuits 11C and 11D are open and current
can flow in the emitter-base circuit of both transistors 28
and 29, the current will flow through the load resistor
30 to produce a voltage drop thereacross.

It will be readily apparent from the foregoing discus-
sion that the principles set forth are applicable to steady
state signal switching or pulse signal switching so that
the circuit is adapted for use in any type of electronic
circuitry requiring some logical control function whether
it be in the communication field or the field of com-
puters.

While, in accordance with the provisions of the statutes,
there has been illustrated and described the best form
of the invention known, it will be apparent to those skilled
in the art that changes may be made in the form of the
apparatus disclosed without departing from the spirit
of the invention as set forth in the appended claims,
and that in some cases, certain features of the invention
may be used to advantage without a corresponding use
of other features.

Having now described the invention, what is claimed as
new and for which it is desired to secure by Letters
Patent is:

1. A control circuit comprising, in combination, a
transistor having base, emitter and collector electrodes,
an emitter-base current control circuit comprising a first
diode connected to pass current in the same direction as
the current in the emitter-base circuit, said diode having
a conducting threshold in a preselected direction which is
of a predetermined value, a potential source connected
to said diode, and swtich means connected to selectively
control the potential of said source on said diode to be
above and below said predetermined value of conducting
threshold, said switch means comprising a second diode
having a conducting threshold in a preselected direction
which is of a value less by a factor of one-half than that
of said first named diode, and a secord transistor con-
nected to control the potential drop across said second
diode and thereby the potential on-said first named diode
so that said first named diode may be rendered selectively
conducting or nonconducting as a direct function of the
potential drop across said second diode.

2. A signal control circuit comprising a first signal
gating circuit; a second signal gating circuit; said first
and second signal gating circuits each comprising a pair
of diode means of different conductivity types connected

in series between a pair of input terminals and a pair

of output terminals, said diodes having thresholds of
conduction which are different in magnitude by a factor
of at least two and each diode has a electrode connected
to an electrode of the other at a common junction point
and the diode means having the highest threshold of con-
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duction is connected to one of said output terminals, a
potential source having an output potential whose mag-
nitude is greater than the threshold of conduction of
either of said diodes, an impedance, means including said
impedance connecting said potential source to said junc-
tion point so that a current flow through said diodes may
occur in the same relative direction when referenced to
said potential source, and an impedance switch connected
in series with said input terminals; and a transistor having
the output terminals of said first and second gating circuits
connected to the input thereof.

3. In combination, a first diode means of a first type
having a conducting threshold of a first value, a second
diode means of a second type having a conducting thresh-
old of a second value at least twice as great as said first
value, means connecting a like electrode of each of said
diode means to a first junction point, a second junction
point, a potential source connected between said first and
second junction points and having a potential value great-
er than said second value, a load circuit connected in
a series circuit with said second diode means between
said first and second junction points, and variable im-
pedance switching means connected in a series circuit

wifh said first diode means between said first and sec-

ond junction points to switch said first diode means be-
tween a conducting and nonconducting state, said first
diode means having a potential drop thereacross when
conducting, which potential drop changes the potential
4t said first junction point below the conducting thresh-
old of said second diode means.

4. In combination, a first diode means of a first type
having a conducting threshold of a first value, a second
diode means of a second type having a conducting thres-
hold of a second value at least twice as great as said first
value, means conneciing a like electrode of each of said
diode means to a first junction point, a second junction
point, a potential source connected between said first and
second junction points and having a potentidl value
greater than said second value, a load circuit connected
in a series circuit with said second diode means between
said first and second junction points, and a transistor-
switch means being adapted to operate as a variable im-
pedance switch means and connected in a series circuit
with said first diode means between said first and second
junction points to switch said first diode means between
a conducting and nonconducting state, said first diode
means having a potential drop thereacross when conduct-
ing, which potential drop changes the potential at said first
junction point below the conducting threshold of said sec-
ond diode means.

5. In combination, a first diode means of a first type
having a conducting threshold of a first value, a second
diode means of a second type having a conducting thres-
hold of a second value at least twice as great as said first .
value, means connecting a like electrode of each of said.
diode means to a common junction point, a potential
source connected to said junction point and having a po-
tential value greater than said second value, circuit means
connecting the other like electrodes of said diode means.
to a common reference potential point, means connected
to said first diode means to switch said first diode means
between a conducting and nonconducting state, said first
diode means having a potential drop thereacross when
conducting which effects a corresponding change in the
potential at said junction so that the potential thereon is
below the conducting threshold of said second diode-
means, and means connecting said second diode means to
an output circuit. -

6. Tn combination, a germanium diode means-having
a conducting threshold of a first value, a silicon diode
means having a conducting threshold of a second value
at least twice as great as said first value, means connect-
ing a like electrode of each of said diode means.to-a:.com-
mon junction point, a potential source connected to said -

junction point and-having a.potential value greater than -
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said second value, circuit means connecting the other like
electrodes of said diode means to a common reference
potential point, and means connected to said germanium
diode means to switch said germanium diode means be-
tween a conducting and a nonconducting state, said ger-
manium diode means having a potential drop thereacross
when conducting which effects a corresponding change in
the potential at said junction so that the potential thereon
is below the conducting threshold of said silicon diode
means.

7. In combination, a first diode means of a first type
having a conducting threshold of a first value, a second
diode means of a second type having a conducting thres-
hold of a second value at least twice as great as said first
value, means connecting a like electrode of each of said
diode means to a common junction point, a potential
source connected to said junction point and having a po-
tential value greater than said second value, a variable im-
pedance means connected in series with said first diode
means to switch said first diode means between a conduct-
ing and nonconducting state, said first diode means having
a potential drop thereacross when conducting which causes
the potential at said junction to drop a corresponding
amount which is below the conducting threshold of said
second diode means, and a load circuit connected to said
second diode means.

8. A signal gating circuit comprising a pair of diode
means of different conductivity types connected in series
between a pair of input terminals and a pair of output
terminals, said diodes having thresholds of conduction
which are different in magnitude by a factor of at least
two and each diode has an electrode connected to an elec-
trode of the other at a common junction point and the
diode means having the highest threshold of conduction is
connected to one of said output terminals, a potential
source having an output potential whose magnitude is
greater than the threshold of conduction of either of said
diodes, an impedance, means including said impedance di-
rectly connecting said potential source to said junction
point so that a current flow through said diodes by way
of said junction point may occur in the same relative direc-
tion when referenced to said potential source, an im-
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pedance switch connected in series with said input termi-
nals, and a load circuit connected to said output terminals.

9. A signal control circuit comprising a first signal gate,
a second signal gate, said first and second signal gates
each comprising a pair of diode means of different con-
ductivity types connected in series between a pair of input
terminals and a pair of output terminals, said diodes hav-
ing thresholds of conduction which are different in magni-
tude by a factor of at least two and each diode has an elec-
trode connected to an electrode of the other at a common
junction point and the diode means having the highest
threshold of conduction is connected to one of said output
terminals, a potential source having an output potential
whose magnitude is greater than the threshold of conduc-
tion of either of said diodes, an impedance, means includ-
ing said impedance connecting said potential source to
said junction point so that a current flow through said
diodes may occur in the same relative direction when ref-
erenced to said potential source, an impedance switch con-
nected in series with said input terminals, a first transistor
having the output terminal of said first gate connected to
the input thereof, a second transistor having the output
terminals of said second transistor connected to the input
thereof, and means connecting the output current flow
paths of said transistors in series.
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