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sxzc of the circuitry and the close spacing of
adjacent circuits.

Accordingly it is an object of this inven-
tion to provide a logic circuit that dissipates

little or no power as heat in the steady state

condition and very little. power dunng a
switching transient.

Circuits embodying the. invention employ
semiconductor devices each having a pair of

eléctrodes defining a conduction path, and a
control electrode which in use serves to con-

trol the conductivity of the conduction path.
The semiconductor devices preferably are
MOS silicon or TFT field-effect transistors
in which case the pair of electrodes defining
the tonduction path are source and drain elec-
trodes, and the control electrode is a gate
electrode. Devices of one’ conductxvxty type

IPnce 4s. 6d]

circuit of FIGURE 1;

"FIGURE 3 is a schemat1c diagram of an
other gated bistable circuit embodymg the
invention;

FIGURE 4 is a truth table for the bistable
circuit of FIGURE 3;

" FIGURE 5 is g block diagram which shows
the manner in which the bistable circuits of
FIGURES 1 and 3 can be connected to per-
form a_ shift type circuit;

" FIGURE 6 is a.schematic dxagram of a
“blocking ™ ate,

FIGURE 7 is a truth table for the block-
mg gate; and

'FIGURE 8 is a block diagram of a shift
circuit arrangement employing gated blstable
circuits and’ blocking gates.

An jinsulated-gate field-effect transistor has
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Insulated-gate field-effect transistors may be
of either the enhancement type or the deple-
tion type. The enhancement type unit is of
Particular interest in the present application.
In an enhancement type unit, the conductivity
of the conduction path is low and only-a small
leakage current flows between source and
drain when the gate and source have the
same voltage. The transistor is biased “on”
when the gate voltage differs from the source
voltage in a specified polarity direction. The
conductivity of the conduction path in an

“on” transistor is a function of the volt-
age difference between source and gate.

A uansistor may be either a P-type unit -

or an N-type unit, depending upon the con-
ductivity type material of the semiconduc-
tor. A P-type unit is one in which the majority
carriers are holes; in an N-type unit, the
majority carriers are electrons. According to
thls definition, a P-type enhancement unit
is one that has a relatively high conductmty
conduction path when the gate voltage is nega-
tive relative to the source voliage; the N-
type enhancement unit has a relatively high
conductivity conduction path when its gate.
voltage is posmve relative to its source volt-

age.

gether and to- the first . output terminal 28.

Third and fourth N-type enhancement

transistors 20c .and 20d have their conduc-

tion paths serially connected between circuit
ground and the first output terminal 28. In

particular, fourth transistor 20d has jts drain

‘electrode 24d connected to the output ter-
minal 28 and has its source electrode 22d
connected to the drain electrode 24c of third
N-type transistor 20c. Third transistor -20c
has its source electrode grounded. Fifth and
sixth N-type enhancement transistors 20e
and 20f have their conduction paths serially
connected, in a similar manner, between cir-
cuit ground and the second output terminal
38.

Third and fourth P-type enhancement tran-
sistors 30c and 30d have their. drain elec-
trodes 34c and 34d connected together and
to the source electrode 32a of transistor 30a.
The source electrodes 32¢ and 32d of transis-
tors 30c and 30d are connected together and
10: 3 junction point 40. In g similar manner,
fifth and sixth P-type enhancement transigtors
30e and 30f have their conduction’ paths con-
nected in a parallel between the source
electrode 32b of transistor 30b and the junc-
tion point 40 as shown.

Operating potential is apphed betweeu
point 40 and the other common voltage point
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may be considered to be in the RESET state

and storing a binary “0” when these condi-

tions exist. The bistable circuit becomes SET

:and stores a binary “1” when the voltage
-at the SET (8) input terminal 46 is -+V volts
when' the trigger pulse 50 is applied.. The

50

voltages at the (1) and (0) output terminals 38

and 28 then are zero and: +V volts, res-
pectively.
Consider now the operatlon of the blstable

circuit. Assume that the voltage at the trigger
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input terminal 48 is at ground potential, as

is the case except when new information is to
be gated into the bistable circuit. N-type

transistors 20d and 20f are biased “off ™ by
. the voltage at the trigger input terminal 48,

and P-type transistors 30d and.30e are blased
“on”. The conduction path of an “off ”

transistor has a very high impedance, of the

.65

order of megohms, for example, and the tran-
sistor can be .considered an “open” circuit
for practical purposes. The oiily current that
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pulse 50 at tngger mput terminal 48. An input
of +V volts at the SET input terminal 46
biases transistor 20e “on”
sistor 30f “off . No switching occurs until
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105
| ed from

110

“and biases tran-

a trigger pulse 50 is applied because tran-

sistors 20d ‘and 20f are biased “off ”.

.When a trigger pulse 50 is applied at ter-
minal 48, transistor 20f is biased “on™
and transistor 30e is biased *off *. Transis-
~tors 20e and 20f present a low impedance
path between circuit ground and the (1) out-
put terminal 38, and drive the output voltage
at the terminal to ground potential. Transistor

115
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30b is “on™ when the trigger pulse is first -

applied. Were it not for the transistors 30e
and 30f, there would be a low impedance
circuit path through tramsister 20e, 20f and
30b between circuit ground and the positive
terminal of battery 42, and a heavy current
would flow through these transistors. Parallel
transistors 30e and 30f prevent this condi-
tion since they arc both biased “off ”: when
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viously, no sw1tch1ng can occur in the absence
of a trigger input pulse 50 since transistors
20d and 20f are “off * and the voltage at an
output terminal 28 or 38 cannot be driven
from +V volts to- ground potential: It. fol-
lows also that no switching of the flip-flop
can occur if the voltages at both the RESET
and  SET input terminals 44 and 46 are at
ground potential, even in the presence of an

-applled trigger pulse 50, because both of the

50

transistors 20c and 20e then are biased “ o
Advantage is taken of this feature .in an
‘émbodiment of the mventmn to be described

- héreinafter.
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By way of summary of ‘the above discus-
sion, there is never a low impedance path
through -any combination of transistors be-
tween circuit ground and the positive terminal
of battery 42 in a steady state circuit condi-
tion. Also, with fast transistors, espec1ally
those having a turn-on threshold, there is no
low impedance path between circuit ground
and the positive terminal of the .battery 42
even during ‘'a switching transient. The only
current that flows through the transistors in
the steady state is leakage current, and .the
power dissipated is, therefore, very low. Dur-
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T FIGURES 1 and 3 is similar in
concept Advantage can be taken of the dif-
ferent triggering potentials of the two types 105
-of bistable circuits to provxde a relatxvely
simple shift circuit.

Considering that a_bistable circuit of the
type shown in FIGURE 1 is designated a
type “A?” bistable circuit, and a bistable 110
circuit “of the type shown in FIGURE 3 is
designated a type “ B> flip-flop, a two stage
per bit shifting circuit requiring only one clock
or trigger source may be provided in the
manner illustrated in FIGURE 5. Odd num-~ 115
bered stages 53a, 53b of the shifting circuit,
which may be a shift regxster, nng counter,
or the like, comprise bistable circuits of type
A, and the even numbered stages 54a, 54b are
of type B. Each of the stages has its (0) and 120
(1) output terminals connected at the SET
(S) and RESET (R) input terminals, res-
pectively, of the next succeeding stage. The .
trigger (T) input -tesminal-of all of the stages(m»m.\fa
are connected-to a common bus bar 56 and 125
the bus bar, in turn, is connected to receive
the clock or trigger pulses 50 from any suit~
able source (not shown).

Information is gated into a type A bistable
circuit i.e. A; when the clock or trigger pulse 130
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| ohelad output terminal 92, Jebeled—* output A”.

A first N-type unit 80a has its drain elec-

. 50 * trode 84a connected to the output terminal 88

and has its source electrode 82a connected

to ground. A second N-type unit 80b is simi-

larly connected between the second output ter-
minal 92 and circuit ground.

The gate electrode 76b of transistor 70b
and the gate electrode 86a of transistor 80a
are connected directly together and to a
RESET (R) input terminal 94. Gate electrode

. 76d of transistor 70d and gate electrode $6b
of transistor 80b are connected together and
to a SET (S) input terminal 96. The gate
electrodes 76a and 76c of the remaining tran-
sistors 70a and 70c .are connected together
and to a trigger (T), or clock, input terminal
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the circuit only the transistor 70d is “on™
when transistor 70c turns “off . The charge
stored in transistor 70d and in the interelec-
trode capacitance between output terminal
92 and circuit ground maintains output A at
+V volts because the transistors 70c and 80b
are high impedance leakage paths. Some of
this charge would leak off if the clock pulses
were of long enough duration. However, it has
been found that there is no perceptible change
in the output A voltage under these conditions
for-a clock pulse of several microseconds dur-
ation. Thus, if the R and S inputs do_not
change while the clock pulse is being applied,
the A and B outputs do not change at time
t (row 1)

Consider now the effect of reversing the R
and S inputs at t.. The 8§ 4 now is +V
volts, transistor 80b is biased “on ”, and the
output A voltage falls to ground potential
(row 2). The R i alput goes from +V volts
to ground potential and biases “off ” tran-
sistor 80a and biases “on” transistor 70b.
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Qhe ﬁIGURE 1 bistable circuit that the bi-
stable circuit is only_ subject to being switched
when g clock pulse is applied. It will also be
recalled from that description that once the

even during the clock period, without affect-
ing the status of the bistable circuit. These
characteristics of the bistable circuit are com-
patible with those of -the gate circuit of

- FIGURE 6, and the two circuits can be con-
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nected as shown in FIGURE 8 to form a shift
register, ring counter, and the like,

In the block diagram of FIGURE 8, thre¢
bistable circuits 110, 112 and 114 are illus-
trated. A first gate 116 has its R and S input
terminals connected to the (1) and (0) output
terminals, respectwely, of first bistable circuit
110, and has its A and B output terminals
connected to the R and 'S input terminals
of the second bistable circuit 112. A second

gate 118 is similarly connected between the .

output terminals of the second bistable circuit
112 and the input terminals of the third bi-
stable circuit 114. All of the bistable circuits
and gates have -their trigger (T) terminals
connected to a common bus bar 122 to which
clock pulses. 50 (or shift pulses) are apphed

Each of the bistable c1rcu1ts 110 .
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clock pulse temunates It is thus seen that
there can be no “race ” condition in the shift
cu'cult arrangement. -

- WHAT WE CLAIM IS:—

1. A logic circuit comprising in combin-
ation first and second output terminals, first
and second semiconductor amplifying devices
of one conductivity type and a third semi-
conductor amplifying device of the opposne
conductivity type, each of the devices having

first and second electrodes defining a con-

duction path, and a control electrode for con-
trolling the conductivity of the path, means

connecting the second electrode of the first:

deyr;ce to the first electrode of the second
device, = means - connecting the second
electrode of the - second device

each other and to the first output terminal,
fourth and fifth semiconductor amplifying de—
vices of the first conductivity type and a sixth
semiconductor amplifying device of the oppo-
site conductivity  type, means connecting the
second electrode of the fourth device to the

first electrode of the fifth device, means con-.

necting the second electrodes of the fifth and
sixth devices t0 each other and to the second
output terminal, means for applying input sig-
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In the block dxagram of FIGURE 8, three
bistable circuits 110, 112 and 114 are illus-
trated. A first gate 116 has its R and S input
terminals connected to the (1) and (0) output
terminals, respecnvely, of first bistable circuit
110, and has its A and B output terminals
connected to the R and 'S input terminals
of the second bistable circuit 112. A second
gate 118 is similarly connected between the
output terminals of the second bistable circuit
112 and the input terminals of the third bi-
stable circuit 114. All of the bistable circuits
and gates have their trigger (T) terminals
connected to a common bus bar 122 to which
clock pulses 50 (or shift pulses) are apphed

Each of the bistable circuits 110 . . . 114

trolling the conductivity of the path, means
connecting the second electrode of the first"
device to the first electrode of the second
device, means connecting the second
electrode of the second device and
the second electrode of the third device to
each other and to the first output terminal,

fourth and fifth semiconductor amplifying de-
vices of the first conductivity type and a sixth
semiconductor amplifying device of the oppo-
site conductivity type, means connecting the
second electrode of the fourth device to the
first electrode of the fifth device, means con-
necting the second electrodes of the fifth and
sixth devices to each other and to the second
output terminal, means for applying input sig-
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e seventh an eig ev1ces are con-
nected between the second point and the first
and second output terminals, respectively, the
conduction paths of the first and second de-

N

"vices are connected in series between the

second point and the first output terminal, the
conduction paths of the fourth and fifth de-
vices are connected in series between the
second point and the second output terminal,
the seventh and ninth devices are comnected
to each other and to the second output termi-
nal, the control electrodes of the eighth and
tenth devices are connected to each other
and to the first output terminal, 5 first input
terminal common to the control electrodes of
the first and third devices, a second input
terminal common to the control electrodes of
the fourth and sixth devices and a third input
terminal common to the control electrodes
of the second, fifth, eleventh and twelfth
devices.

4. A circuit as claimed in claim 3, wherein
all of the recited connections between the de-
vices are by way of negligible impedance
means.

5. A circuit as claimed in claim 3 or 4,
wherein when the circuit is a bistable storage
stage, reset and set input signals are applied
at the first and second input terminals, res-
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and sixth transistors of one conductivity type, .

and seventh, eighth, ninth, tenth, eleventh
and twelfth transistors of the opposite conduc-
tivity type, each tramsistor having first and
second electrodes defining a conduction path,
and a control - electrode: first and second
points of different operating potential; means
connecting the conduction paths of the third
and fourth transistors in parallel with each
other and in series with the condyction path
of the first trans1stor, in that order, between
the first point and the first output terminal;
means connecting the conduction paths of the
fifth and sixth transxstors in parallel with each
other and in series with the conduction path

of the second transistor, in that order, between

the first point and the second output terminal;
means connecting the conduction paths of the
seventh and eighth transistors between the
second point and the first and second _output
terminals, respectively; means connecting the
control electrodes of the first and seventh
transistors to each other and to the second
output terminal; means connecting the con-
trol electrodes df the second and eighth tran-
sistors to each other and to the first output
terminal; means connecting the conduction
paths of the ninth and tenth transistors in
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