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[57] ABSTRACT

A three-output level logic circuit in which in addition
to zero and one binary logic levels a third off-logic level
is provided in which the output impedance is relatively
high to in effect isolate the switching circuit from a
common line to which it is connected thereby allowing
several switching circuits to be used in common with-
out deleteriously affecting switching speed in an overall
computer or calculator unit.

9 Claims, 5 Drawing Figures
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1
THREE OUTPUT LEVEL LOGIC CIRCUIT

Matter enclosed in heavy brackets [ ] appears in the
original patent but forms no part of this reissue specifica-
tion; matter printed in italics indicates the additions made
by reissue,

BACKGROUND OF THE INVENTION

The present invention is directed to a three-output
level logic circuit and more particularly to a circuit in
which the third logic level has no affect on a driven
circuit.

In a computer or calculator 1t is desired to common
the outputs of several switching components onto a
single data line. This reduces the necessary hardwire

connections.
Normally, however, the common line is unduly
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loaded by the components and therefore the number of 20

components must be limited. Where coupling units are
used for isolating each component the switching speed
of the computer is lowered; this is partially due to impe-
dance mismatch problems relative to the positive and
negative going edges of the logic pulses.

OBJECTS AND SUMMARY OF THE
INVENTION

It is, therefore, a general object of the invention to
provide a three-output level logic circuit where the
third level provides effective isolation of the circuit
from a common line.

It is another object of the invention to provide a
circuit as above which allows the commoning of any
number of such circuits on a single data line.

In accordance with the above objects there is pro-
vided a three-output level logic circuit having first and
second input means. First switching means are respon-
sive to applied signals on the first input means for selec-
tively switching an output terminal of the logic circuit
to first or second output levels. Second switching means
are provided which are responsive to an applied signal
on the second input means for causing the first switch-
ing means to assume a third condition to provide a third
output level at the output terminal which exhibits a high
impedance relative to the first and second output levels.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a circuit schematic embodying the present
invention;

FIGS. 2A, 2B and 2C are characteristic curves useful
in understanding the present invention; and

FIG. 3 is a block diagram showing a preferred use of
the invention.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENT

Referring first to FIG. 1, the logic circuit of the pres-
ent invention generally includes a first switching circuit
10 having transistors Q1 through Q9 and a second
switching circuit 11 including transistors Q10 through
Q12. First switching circuit 10 has four input terminals
12, 13, 14 and 15 designated E;~ and an output terminal
17 designated Eour.

From an overall standpoint, if all of the input voltages
E.v are high or a binary one, the output terminal Eour
will be high; similarly if all input voltages on terminals
12 through 15 are low or binary zero, then the output
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voltage level on terminal 17 will also be low. More
particularly, however, input terminals 12 and 13 are
coupled to a dual emitter transistor Q1 which functions
as a NAND gate. If the voltage signals on terminals 12
and 13 are both high, then current can flow through the
collector of Q1 driving the remainder of the circuit. If
either of the inputs 12 or 13 is low, then collector cur-
rent is in essence robbed from Q1 and no drive function
is performed. The same is true of Q2. Thus, a low signal
input represents, in effect, a current sink and a high
input a current source.

The zero and one logic levels are illustrated in FIGS.
2A and 2B respectively. These characteristic curves are
typical of a binary logic element. Note that in both of
the logic states the output impedance characteristic
presented by output terminal 17 will have a significant
effect on the driven circuit.

The normal operation of first switching circuit 10
absent any effect created by switching circuit 11 is as
follows. In the case where all E;y voltages on terminals
12 through 15 are near a zero state the transistors Q1
and Q2 will be in an on or saturation state. Thus, any
current through the base resistor R1 from the common
voltage supply Vcee which is a nominal +5 v., will be
pulled from the base input of transistor Q4 and similarly
current will be pulled from the base input of transistor
Q3 by saturated transistor Q2. Thus, both Q3 and Q4
will be in a nonconductive or zero state. The collector
of transistor Q4, since the transistor itself is not conduc-
tive, will be close to V¢ through resistor R3, and its
emitter will be close to ground. With no voltage applied
between the base and emitter of transistor QS its collec-
tor will be in a high state. Diode D1 coupling the collec-
tor of transistor Q38 to the collector of transistor Q4 is
for antisaturation purposes in that it limits current to
provide for faster switching.

With the collector of Q5 high, current is allowed to
flow from voltage source V¢ through resistor R3 and
diode D1 into the base of transistor Q6. Q6 is thus acti-
vated into a saturated state with current going through
resistor R4 to transistor Q6 through a second resistor
R7 to ground. The base of transistor Q7 will be pulled
toward ground although not reaching it because of
resistor R7. However, because of the emitter resistor
R8, transistor Q7 will not be activated and concomi-
tantly transistor Q8 will remain in a nonconductive or
inactive condition. However, since current is flowing to
the emitter of Q6, transistor Q9 is activated into satura-
tion and causes output terminal 17 to assume a current
sink or zero logic level as shown in FIG. 2A.

With the Ejy inputs on terminals 12 through 15 all
high, the output terminal 17 is also high. This is the
binary one logic state. In this condition the emitters of
transistors Q1 and Q2 are effectively disabled and cur-
rent now flows through R1 and R2 respectively into the
bases of Q4 and Q3 placing them in a conductive condi-
tion. In this condition both of the emitters of Q3 and Q4
are conducting current through the resistor Ré to
ground. This places QS in a conductive or active condi-
tion which pulls the current out of the base of Q6 to
place it in an inactive condition. Transistors Q3 and Q4
thus serve the function of a NOR gate.

With Q6 in a nonconductive condition, current can
now flow through resistor R4 into the base of Q7 plac-
ing Q7 in a conductive or saturated condition. Q8 is
activated by Q7 to cause the output terminal 17 to be
placed in a high or binary one state. In other words, the
output terminal 17 can now source current through



Re. 29,982

3

resistor R5. This resistor is a short circuit limiting resis-
tor. Transistor Q7 serves as an emitter follower In the
Darlington type configuration of transistors Q7 and Q8.
At this high or binary one level transistor Q9 however
remains inactivated or in a nonconductive condition
since the emitter of Q6 is in a zero or close to ground
state. Thus, no base input signal is supplied to Q9.

As thus far described, the switching circuit repre-
sented by circuit portion 10 is a typical logic circuit
having normal NAND, NOR and inverter functions. It
is apparent from observation of the output characteris-
tics of FIGS. 2A and 2B that in both of its logic levels
or conditions the output terminal 17 has a definite [af-
fect) effect on any driven circuit.

In accordance with the invention, the second switch-
ing means 11 is responsive to an applied signal on con-
trol input terminal 21 to cause output terminal 17 to
assume a third logic level as shown in FIG. 2C. This is,
in effect, an off condition where the output terminal
presents a very high output impedance. In this condi-
tion, both of the output transistors Q8 and Q9 are non-
conductive or inactivated. Thus, the output terminal 17
is, in effect, a floating terminal so that the entire logic
circuit is effectively electrically disconnected from any
common circuit to which it may be physically (as by
wire) connected.

More particularly, a “high” control signal on termi-
nal 21 allows transistor Q11 to be activated which in
turn activates transistor Q12 which has its collector
coupled to a point 22 of first switching circuit 10. This
point is the coupling point between the base input of
transistor Q7 and the collector output of transistor Q6.
With transistor Q12 in saturation, it effectively places a
short to ground on the base of Q7 and the collector of
Q6. This is a very low impedance condition. When this
occurs the base collector diode of Q6 is forward biased
and current flows from the base of Q6 through the
collector, and then through saturated Q12 to ground.
Therefore, all drive to the emitter of Q6 is shunted or
eliminated. Q6 is placed in a nonconductive condition
and no current can drive Q9 thus also placing it in a
nonconductive or inactivated condition. Similarly the
base input drive to Q7 is also eliminated or shunted, thus
placing Q8 in an inactivated or nonconductive condi-
tion. Thus, it is apparent that the second switching
circuit 11 places both transistors Q8 and Q9 in an inacti-
vated or nonconductive condition irrespective of
whether the switching circuit is in its zero or one condi-
tion.

The actual operation of second switching circuit 111s
similar to the first stage of first switching circuit 10.

Thus, the present invention provides a three-level
output logic circuit which in the third level of logic
provides an off condition which effectively isolates the
logic circuit from any common line. This allows for
greater numbers of logic circuits 10, 11 to be tied on to
a common line as illustrated in FIG. 3 where a driven
logic circuit 23 is coupled to the line. When one of the
logic circuits is not communicating binary information,
it is placed in its third high impedance level. This pre-
serves the high frequency switching performance of the
overall system.

I claim: |
1. In a logic circuit having first and second signal-

receiving input means and an output terminal, said out-
put terminal being adapted to be connected to a driven
logic circuit, first switching means connected to said
first signal-receiving input means and to said output
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terminal for selectively switching between first and
second conditions in response to application of a signal
to the first signal-receiving input means to provide first
or second output levels on said output terminal, and
second switching means connected to said second sig-
nal-receiving input means and to said first switching
means to cause said first switching means to assume a
third condition in response to the application of a signal
to said second signal-receiving input means to provide a
third output level at said output terminal, said output
terminal exhibiting a high impedance relative to said
first and second output levels.

2. A logic circuit as in claim 1 where said output
terminal at said first and second output levels serves as
a current sink or current source and at said third output
level said output terminal provides a high output impe-
dance.

3. A logic circuit as in claim 1 in which said first
switching means includes first and second output means
coupled to said output terminal in which for one of said
two output levels one of said output means is active and
the other inactive and for said other of said two output
levels the other of said output means is active and the
one is inactive and in which for said third output level
said second switching means inactivates both of said
output means.

4. A logic circuit as in claim 3 in which said first and
second output means includes first and second transis-
tors respectively, said first transistor being coupled to a
third transistor and said second transistor being coupled
to a fourth transistor, said second switching means
when said logic circuit is in said third output level pro-
viding a low impedance path-shunting current from an
input terminal of said third transistor to inactivate said
first transistor and in addition shunting current from an
output terminal of said fourth transistor to inactivate
said second transistor.

5. A system comprising a plurality of logic circuits as
claimed in claim 1, a common line, and means connecting
the respective output terminals of said plurality of logic
circuits to said common line.

6. In a logic circuit having first and second signal-receiv-
ing input means and an output terminal, said output termi-
nal being adapted to be connected to a driven logic circuit,

45 first switching means connected to said first signal-receiv-
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ing input means and to said output terminal for selectively
switching between first and second conditions in response to
application of a signal to the first signal-receiving input
means to provide first or second oultput levels respectively at
said output terminal, and second switching means con-
nected to said second signal-receiving input means and to
said first switching means to cause said first switching
means to assume a third condition in response to the appli-
cation of a signal to said second signal-receiving input
means to provide a third output level at said output termi-
nal, said third output level at said output terminal exhibit-
ing a high impedance relative to said first and second
output levels, said first switching means including first and
second output means coupled to said output terminal such
that to provide one of said first and second output levels one
of said output means is rendered active and the other ren-
dered inactive and to provide the other of said first and
second output levels the other of said output means is ren-
dered active and the said one is rendered inactive and such
that to provide said third output level said second swilching
means inactivates both of said output means.

7. A logic circuit as claimed in claim 6, in which said
first and second output means includes respectively first
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and second transistors having their main current paths  signal applied to said second signal-receiving input means
connected in series, a third transistor coupled to said first to provide said third output level.

and second transistors for selectively activating and inacti- 8. A logic circuit as claimed in claim 7 wherein said
vating said first and second transistors respectively in re- 0 c coupling said second switching means to both said

sponse to application of a signal to the first signal-receiving 5

input means and for inactivating and activating said first 0 A sust . lurality of logic circuits as
and second transistors respectively in response to applica- . A system comprising a piurailly of iogic circulls a

tion of a different signal to the first signal-receiving input claimed in claim 7, a common line, and means connecting
means, and means coupling said second switching means to the respective output terminals of said plurality of logic

both said first and second transistors to inactivate both said 10 circuits to said common line.
first and second transistors simultaneously in response {o a * 2 5 » *

first and second transistors includes said third transistor.
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