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Stanley T. Meyers, Hast Crange, N.J,, assignor to Bell

Telepaone Laboratories, Incorporated, New York,

N.Y., a corporation of New York

Filed Aug. 5, 1969, Ser. No. 47,755
6 Claims. (Ci. 307—88.5)

This invention relates generally to binary counters and
more particularly to binary counters employing juaction
type semiconductive devices as active elements.

It is an object of this invention to reduce the number
of active elements required in junction transistor binary
counters.

It is another object of this invention to eliminate the
need for permanent memory storage devices in junction
transistor binary counters employing a single transistor.

It is a further object of this invention to reduce the
gating circuit requirements for multistage counters.

In the past some junction transistor binary counters
have employed at least iwo tramsistors together with
rather complex coupling circuitry between the transistors.
Other junction transistor binary counters, while requiring
only a single transistor, have had to depend for their
operation upon the presence of one or more permanent
memory storage devices. While generally satisfactory, all
of these junction transistor circuits have tended to be
somewhat limited in their application because of the com-
plexity of the circuits involved.

The point contact transistor has been employed in sin-
gle transistor binary counter circuits, but this type of
transistor tends to be limited in appiication due to the
heavy requirements imposed for shifting from the high
current state to the low current state. When the point
contact transistor is operating in its high current state,
the transition back to its low current state is not regenera-
tive in nature. In order for the transistor to be shifted
to its low current state, therefore, an input pulse must be
applied to the base-emitter circuit of sufficient magnitude
to entirely cancel the base-emitter current which is flow-
ing. This necessity for relatively high biasing voltages
and currents, however, may cause interaction between the
stages of a multistage counter employing such point con-
tact transistor binary counters unless complicated and ex-
pensive coupling circuitry is used between the stages.

In accordance with this invention input pulses, which
are to be counted, alternately drive a multilayer semi-
conductive device having two stable states of equilibrivm
from one of its stable states to the other of its stable
states. The multilayer semiconductive device may be
the avalanche transistor described by S. L. Miller and
J. 1. Ebers in “Alloyed Junction Avalanche Transistors,”
vol. 34, Bell System Technical Journal, September 1955,
page 883. The avalanche transistor can assume either
of two D.-C. states when the collector-emitter supply
voltage exceeds a predetermined breakdown voltage. A
first input pulse of the right polarity injects current into
the base-emitter circuit of the avalanche transistor biasing
the internal base-emitter junction in the forward direction.
The internal collector-emitter path of the avalanche tran-
sistor is thereby switched to its low impedance condition
causing a relatively high current to flow in the collector-
emitter circuit. The current in the collector-emitter cir-
cuit flows even after the forward bias is removed from
the base-emitter junction, and continues to flow until a
reverse bias is applied by the action of a second input
pulse. The second input pulse causes a reverse current
to be injected into the base-emitter circuit to provide a
reverse bias, and because the transition back to the low
current state is regenerative in nature, this current may
be small in comparison with the collector-emitter current
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and still cause the collector-emitter current to diminish
to a relatively low value.,

The multilayer semiconductive device may also be a
silicon P-N-P-N triode transistor of the type described
by I. M. Mackintosh in his article “The Electrical Char-
acteristics of Silicon P-N-P-N Triodes,” which appeared
in the Proceedings of the LR.E., vol. 46, June 1958, at
page 1229. Although the terminology used in the art is
not fully consistent since such a transistor possesses three
junctions instead of the usual two, the usual transistor elec-
trode nomenclature can still be employed. Thus, since
one of the outer junctions draws current from the ex-
ternal circuit in the manner of the usual emitter electrode,
it is, in the context of the present application, called the
emitter. Similarly, since the other outer junction passes
current on to the external circuit in the manner of the
usual collector electrode, it is called the collector in the
present application. The electrode attached to the body
of the transistor between the emitter and collector junc-
tions is, as usual, called the base.

Like the avalanche transistor, the silicon P=IN-P—N tri-
ode can assume either of two D.-C. states when the sup-
ply voltage connected between the two outer regions or
layers (i.e., between the emitter and the collector) ex-
ceeds the breakdown point. With such a supply voltage,
a pulse of the proper polarity can inject current into the
base and switch the internal emitter-collector path of the
device into its low impedance condition, causing a rela-
tively high current to flow in that path. This current
continues to flow even after the pulse at the base is re-
moved and ceases only when current of the opposite po-
larity is injected into the base. Because the transition
back to the low current state is cumulative in nature, this
reverse current puise may be quite small in comparison
with the current flowing in the internal emitter-collector
current path between the outer layers or regions of the
transistor.

The invention will be more fully comprehended from
the following detailed description, taken in conjunction
with the drawings, in which:

FIG. 1 is a schematic diagram of one binary counter
embodying the invention;

FIG. 2 is a schematic diagram of a multistage counter
embodying the invention; and

FIG. 3 is a schematic diagram of a second binary
counter embodying the invention.

A first embodiment of the invention employing an
avalanche transistor 18, whose characteristics are described
in the above-mentioned article by Miller and Ebers, con-
nected in the emitter-follower configuration, is shown in
FIG. 1. The avalanche transistor 16 shown in FIG. 1 is
of the P~N-P type, and the collector 11 is connected to
a source I2 of negative voltage, which exceeds the col-
lector-emitter breakdown voltage, with the emiiter 13 con-
nected to ground by means of a resistor 14. Under these
circumstances a negative voltage applied to the base 15 of
the transistor 1§ will forward bias the base-emitter junc-
tion and cause the avalanche transistor to assume its high
current state. A relatively high value of collector-emitter
current will flow and this current flows even after the
forward bias is removed and continues to flow until a
reverse bias is applied to the base-emitter circuit. A
positive voltage applied to the base 15 will serve to reverse
bias the base-emitter junction and cause the transistor 10
to assume its low current state.

The embodiment of the invention shown in FIG. 1
counts negative input pulses which are shown to the left
of FIG. 1. In such a case the input pulses are applied to
the base 18 of a P-IN-P type transistor switch 19. Each
negative pulse is greater in magnitude than the negative
voltage supplied by source 2@ to the emitter 21 of transis-
tor switch 19 by means of resistor 22. The base-emitter



3,054,000

3

junction is, therefore, forward biased by each negative
input pulse and the transistor switch 19 closes. The cir-
ciiit shown may be made to count positive input pulses by
the simple expedient of using an N-P-N type switch
transistor in combination with an N-P-N type avalanche
transistor and reversing the polarities of all the biasing
voltage sources, or by simply using an N-P-N type
switching transistor 16 and reversing the polarity of
source 26,

The input pulses of negative polarity to be counted are
applied to the base 18 of the tranmsistor switch 19 by
means of a coupling capacitor 24. Feedback is provided
from the emitter 13 of the avalanche transistor 18 to the
emitter 21 of the switching transistor 19 by means of a
storage capacitor 25. Initially both transistors are in the
off condition, that is they are not cenducting. Under such
conditions the voltage at the left-hand terminal of capaci-
tor 25 is negative with respect to its right-hand terminal
and equal to that of source 26. When a negative pulse is
applied to the base 18 of transistor 19 by means of capaci-
tor 24, transistor 19 conducts with the length of time
that the transistor conducts determined by the time con-
stant of coupling capacitor 24, togethier with the effec-
tive resistance of the conducting transistor. The closure
of transistor switch 19 causes the negative voltage which
was on the storage capacitor 25 to be applied to the base
15 of avalanche transistor 18, and forward biases the
P-N-P type avalanche transistor 10 causing a relatively
high saturation current to flow in the collector-emitter cir-
cuit. The magnitude of the saturation current is depend-
ent upon the magnitude of the collector-emitter supply
voltage 12 and the emitter circuit resistance 4.

The application of the first negative input pulse to the
counter causes the capacitor 24 to charge and when the
charge voltage is equal to the input voitage the switching
transistor 1% no longer conducis. The high current in
the collector-emitter circuit of the avalanche transistor re-
sults in a high emitter-ground voltage across resistor 14
which places a voltage across capacitor 25 opposite in
polarity to the voltage which existed across that capacitor
before the application of an input pulse to the counter.
That is, the left-hand terminal of capacitor 25 is now
positive in voltage with respect to its right-hand terminal.
Because of the current drain on the capacitor 24 by the
switching transistor 19 between input pulses, the charge
which existed on capacitor 24 as a result of the applica-
tion of the first input pulse is dissipated during the time
betwesn pulses, and the application of a Second input
pulse causes transistor 19 to close a second time. The
left-hand terminal of capacitor 25 is now positive with
respect to its right-hand terminal and the base-emitter cir-
cuit of transistor 1€ is, therefore, reverse biased. Because
the base of an avalanche transistor in the high current con-
dition continues to control the current in the collector-
emitter path, negative feedback takes place and the volt-
age and current requirements for changing from the high
current to the low current state are very small, with the
result that the counter shown in FIG. 1 may be cascaded
to form a multistage counter without the necessity for
expensive coapling circuitry. With relatively little cur-
rent flowing in the collector-emitter circuit of the ava-
lanche transistor the emiftter-ground voltage across resis-
tor 14 is now close to zero, and capacitor 25 assumes the
same voltage and polarity that it had before the applica-
tion of the first pulse to the counter and the above-de-
scribed process repeats itself.

The output from the counter shown in FIG. 1 is taken
from a direct connection to the emitter 13 of the ava-
lanche transistor. It should be noted that the output could
also be taken by a direct connection from the collector
11, in which case source 12 would be connected to the
collector by a resistor, and the polarity of the output would
be opposite that shown in the figure.

FIG. 2 shows an embodiment of the invention in the
form of a multistage counter using several stages of the
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type illustrated in FIG. 1. The emitter 13 of one ava-
lanche transistor £0 is connécted to the base 18 of the
switching transistor 19 of the following stage by means
of coupling capacitor 24. Since each binary counter stage
generates one output pulse for every two input pulses the
outputs indicated at the emitter 13 in FIG. 2 show the
behavior of the device. The stages may, of course, be
cascaded to form a multistage counter by connecting the
collector 11 of a preceding stage to the base 18 of the
switching transistor of the succeeding stage by means of
coupling capacitor 24.

An alternative type binary counter embodying the
invention is shown in FIG. 3. Here negative pulses are
applied via a differentiator circuit, made up of capacitor
28 and resistor 29, to the base 30 of an avalanche tran-
sistor 31 connected in the common emitter configuration.
For each negative pulse applied to the differentiating cir-
cuit there results a short negative spike followed imme-
diately by a short positive spike at the base 39 of the
avalanche transistor 3i. If the avalanche transistor 31
is in its low current state when the first negative spike

- is applied to the base 30 then that short negative spike
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causes avalanche transistor 31 to assume its high current
state. The saturation current in the collector-emitter
circuit is initially high, but the voltage across the paralizl
combination of resistor 32 and capacitor 33 connected
between the emitter and ground is close to zero because
the voltage across the capacitor cannot change instan-
taneously. There is relatively little negative feedback in
this initial phase. The short positive spike which imme-
diately follows the first short negative spike is therefore
unable to turn the avalanche transistor off because of the
relatively high current required. The next appearing posi-
tive spike at the base 30 of the transistor 31, however, is
sufficient to turn the transistor off since by the time that
spike appears the emitter-ground voltage has grown suffi-
ciently to permit negative feedback current to assist in
the turn-off process and allow the transistor to resume
its low current state. The net result of the above-de-
scribed operation is shown by the output waveform to
the right of FIG. 3 in conjunction with the input wave-
form shown to the left of the figure. The net result is
that an output pulse appears for every two input pulses.

The transistor shown in FIG. 3 is of the P-N-P type.
If it is desired to count positive pulses the transistor
should be of the N-P-N type.

The counters shown in FIGS. 1, 2 and 3 use an ava-
lanche transistor as the multilayer semiconductive junc-
tion device. As described above, a silicon P-N—P-N tri-
ode transistor of the type described by I. M. Mackintosh
in the above-mentioned article may be directly substituted
for the avalanche transistor in the circuits shown with
the base similarly controlling the condition of the internal
path (between outer regions) of the device at all times,
and with a minimum of base turn-off current required to
switch to the low impedance state.

What is claimed is:

1. A binary counter comprising, in combination, a
three terminal mulfiregion device having a first and a
second terminal connected to the outer regions of said
device, a base electrode, and a predetermined breakdown
voltage between said first and second terminals, means
supplying a voltage to said first and second terminals
in excess of said breakdown voltage, a source of pulses
to be counted, switching means whose input is connected
to said source of pulses and whose output is connected
to the base of said device to inject a forward current into
the base of said device in response to a first pulse to
cause said device to shift from its high impedance to its
low impedance state so that a high current flows in the
internal path between said first and second terminals,
whereby said high current continues to flow independ-
ently of the continued presence of said forward current,
and feedback means comnected between said device and
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said switching means to inject a reverse current into said
base in response to a second pulse to stop the flow of said
high current in the internal path between said first and
second terminals.

2. A binary counter comprising, in combination, an
avalanche transistor having a predetermined collector-
emitter bfeakdown voltage, a collector-emitter voltage
supply for said transistor in excess of said collector-emit-
ter breakdown voltage, a source of pulses to be counted,
switching means whose input is connected to said source
of pulses and whose output is connected to the base of
said transistor to inject a first current of one polarity into
the base-emitter circuit of said transistor in response to
a first pulse to cause said transistor to shift from its high
impedance to its low impedance state so that a high cur-
rent flows in the collector-emitter circuit, whereby said
high current continues to flow independently of the con-
tinued presence of said first current, and feedback means
connected between said tramsistor and said switching
means to inject a second current of a polarity opposite
that of said first current into said base-emitter circuit in
response to a second pulse to stop the flow of said high
collector-emitter current.

3. A binary counter comprising, in combination, a
P-N-P-N triode having an emitter electrode connected
to a first outer region, a collector electrode connected to
a second outer region, a base electrode, and a predeter-
mined collector-emitter breakdown voltage, means sup-
plying a collector-emitter voltage to said triode in excess
of said breakdown voltage, a source of input pulses to
be counted, switching means whose input is connected to
said source of pulses and whose output is connected to
the base of said triode to inject a first current of one
polarity into the base of said triode in response to a first
pulse to cause said triode to shift from its high impedance
to its low impedance state so that a high current flows in
the collector-emitter circuit, whereby said high current
continues to flow independently of the continued presence
of said first current, and {eedback means connected be-
tween said triode and said switching means to inject a
second current of a polarity opposite that of said first cur-
rent into said base electrode in response to a second pulse
to stop the flow of said high collector-emitter current.

4. A binary counter comprising, in combination, an
avalanche transistor having a predetermined collector-
emitter breakdown voltage, a collector-emitter voltage
supply for said transistor in excess of said collector-emit-
ter breakdown voltage, a source of pulses to be counted,
a differentiator whose input is connected to said source
of pulses and whose oufput is connected to the base of
said transistor to inject a first current of one polarity into
the base-emitter circuit of said tramsistor in response to
a first pulse to cause said transistor to shift from its high
impedance to its low impedance state so that a high cur-
rent flows in the collector-emitter circuit of said transis-
tor, whereby said high current continues to flow independ-
ently of the continued presence of said first current, and
means to increase the emitter woltage of said transistor
during the time interval between said first pulse and a
second pulse, whereby the output of said differentiator in
response to the second pulse injects a second current of
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the opposite polarity into said base-emitter circuit to stop
the flow of said high collector-emitter current.

5. A binary counter comprising, in combination, a
P-N-P-N triode having an emitter electrode connected
to a first outer region, a collector electrode connected to
a second outer region, a base electrode, and a predeter-
mined collector-emitter breakdown voltage, means sup-
plying a collector-emitter voltage to said triode in excess
of said breakdown voltage, a source of input pulses to
be counted, a differentiator whose input is connected to
said source of pulses and whose output is connected to
the base of said triode to inject a first current of one
polarity into the base of said triode in response to a first
pulse to cause said triode to shift from its high imped-
ance to its low impedance state so that a high current
flows in the collector-emitter circuit of said triode, where-
by said high current continues to flow independently of
the continued presence of said first current, and means to
increase the emitter voltage of said triode during the time
interval between said first pulse and a second pulse,
whereby the output of said differentiator in response to
said second pulse injects a sccond current of the opposite
polarity into said base electrode to stop the flow of said
high collector-emitter current.

6. A binary counter which comprises a first avalanche
transistor having an emitter electrode, a collector elec-
trode, a base electrode, and a predetermined collector-
emitter breakdown voltage, means supplying a collector-
emifter voltage to said first transistor in excess of said
breakdown voltage, a second transistor having an emitter
electrode, a collector electrode, and a base electrode, a
direct-current path interconnecting the collector electrode
of said second transistor with the base electrode of said
first transistor, a storage capacitor connected between the
emitter electrode of said second transistor and the emitter
electrode of said first transistor, a dropping resistor con-
nected between the emitter electrode of said first transis-
tor and a predetermined reference potential, means for
establishing a charge across said storage capacitor tending
to bias the emitter-base junction of said first transistor in
the reverse direction, and means to apply unidirectional
pulses in sequence to the base electrode of said second
transistor to bias the emitter-base junction of said second
transistor in the forward direction, whereby the first pulse
in sequence causes the charge on said storage capacitor
to switch said first transistor from its nonconducting con-
dition into its conducting condition, the resulting current
through the collector-emitter path of said first transistor
and said dropping resistor reverses the direction of the
charge on said storage capacitor, and the second pulse in
sequence causes the resulting charge to switch said first
transistor back into its nonconducting condition.
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