
is at +V volts, as mentioned previously       98. Clock pulses 50 are
applied between the Therefore, when the clock voltage rises from  trigger
(7?) terminal 98 and ground. zero to +V volts, each remaining type A     As
will be seen subsequently, the outputs bistable circuit other than A, i.e.
A, assumes     A and B in the absence of a clock pulse 50, the state of the
type B bistable circuit which      are determined by the voltages applied
at immediately precedes it. When the clock  the R  and S input terminals 94
and 96.  70 voltage falls from  +V  volts to zero volts, These outputs do
not change when the clock new information is entered into the type B  pulse
is applied, provided that the R and S bistable circuit, and each B bistable
circuit  inputs do not change. If they do change, the assumes the state of
the type A bistable circuit  A and B outputs during the clock period are
which immediately precedes it. There is no  determined by both the new R
and S inputs  75 "race "  condition in the shifting circuit,   and by the
operating state of the circuit prior since the type A  bistable  circuits
cannot  to the application of the clock pulse. As an change state when the
clock voltage is zero  aid to a better understanding of the circuit's 15
volts and the type B bistable circuits cannot  characteristics, the "truth"
table of FIGURE change state when the clock voltage is + V   7 lists the
various voltage values as a function  80 volts. Moreover, only a single
clock pulse  of time. The different time periods given source is needed for
shifting information, and  in the table correspond to the like-designated
no reactive elements are required. The cir-  time periods shown for the
clock input volt- 20  cult, therefore, is not repetition rate sensi-  age
to the right of the table. In particular, tive.
the clock pulse   50 is present during the period  85 In some cases, it is
desirable to provide a  t[err] to t[err]. The time t[err] is prior to the
beginning shiftingi type circuit that has only one stage  of the clock
pulse, and t[err] is a time after per bit of storage. As is known, some
means  t[err] and before t[err]. 25  must be provided, between stages to
provide    Consider now the state of the circuit at interim storage and to
prevent a race condi-  t[err] when the R and S inputs are +V volts  90
tion. A gating circuit which may be used  and zero, respectively. The R
input biases in such a  shifting circuit is  illustrated in  transistor 70b
"off" and biases transistor FIGURE 6. The gating circuit of FIGURE   80a
"on", and the output B is zero volts 30  6 also has other uses.
(rows 1 and 2, FIGURE 7). The S input The gate (gating circuit) comprises
first  biases transistor 80b "off" and biases tran-  95 and secbnd P-type
transistors 70a and 70b  sistor 70d "on".   Transistor 70c also is having
their conduction paths connected in  "on" at this time because of the
ground series between a point 78 and an output  potential at the trigger
input terminal 98. 35  terminal 88, labelled "output B ". First tran-
Transistors 70c and 70d provide a low im- 



sistor 70a has its source electrode 72a con-  pedance path between the
point 78 and the  100 nected directly to a point 78,  and has its  output
terminal 92, whereby output A is +V drain electrode 74a connected to the
source  volts (rows 1 and 2). electrode 72b of second transistor 70b. The
The clock pulse is applied at time t[err] and 40  drain electrode 74b is
connected to the output  biases transistors 70a and 70c " off ". The
terminal 88. A bias source of V volts,; such as  output. B does not change
because transistor 105 the battery 90, has its positive terminal con-  80a
is "on". In the right hand branch of nected at the point 78 and has its
negative  the circuit only the transistor 70d is  "on" terminal connected
to a point indicated as  when transistor 70c turns "off ". The charge 45
circuit ground. Third and fourth P-type tran-  stored in transistor 70d and
in the interelec- sistors 1ic and 70d are connected in a similar  trode
capacitance between output terminal 110 manner between the point 78 and a
second  92 and circuit ground maintains output A at Aoutput terminal 92,
labelled output A"     +V volts because the transistors 70c and 80b are
high impedance leakage paths. Some of A first N-type unit 80a has its dram
elec-  this charge would leak off if the clock pulses 50  trode 84a
connected to the output terminal 88  were of long enough duration. However,
it has 115 and has its source elecrode 82a connected  been found that there
is no perceptible change to ground. A second N-type unit 80b is simi-  in
the output A voltage under these conditions lardy connected between the
second output ter-  for a clock pulse of several microseconds dur- minal 92
and circuit ground.                ation. Thus, if the R and S inputs do
not 55    The gate electrode 76b of transistor 70b  change while the clock
pulse is being applied, 120 and the gate electrode 86a of transistor 80a
the A and B outputs do not change at time are connected directly together
and to a  t[err] (row 1). RESET (R) input terminal 94. Gate electrode
Consider now the effect of reversing the R 76d of transistor 70d and gate
electrode 86b  and S inputs at t[errr]. The S input is +V 60  of transistor
80b are connected together and  volts, transistor 80b is biased "on ", and
the 125 to a SET (S) input terminal 96. The gate  output A  voltage falls
to ground potential electrodes 76a and 76c of the remaining tran-  (row 2).
The R input goes from +V volts sistors 70a and 70c are connected together
to ground potential and biases "off" tran- and to a trigger (T), or clock,
input terminal  sistor 80a and biases " on " transistor 70b.    6
1,106,181 Transistor 70a is "off" because of the clock  stores a binary bit
"1" or "0" in the steady 



voltage. Transistor 70a presents a high imped-  state, that is, when no
clock pulse 50 is pre- ance " open " circuit path between the termi-  sent.
In the steady state, the outputs of gates nal 88 and the positive terminal
of the battery  116 and 118 are determined by the outputs 5  90. Transistor
80a presents an "open" cir-  of bistable circuit 110, 112, respectively.
70 cult between output terminal 88 and ground.  Accordingly, when a clock
pulse 50 is applied Accordingly, there is very little current flow- the
second bistable circuit 112 assumes the through these paths to charge or
discharge the  pre-clock state of the first bistable-circuit 110, charge
stored in previously "on" transistor  and third bistable circuit 114
assumes the 10  80a and the interelectrode capacitance be-  pre-clock state
of second bistable circuit  75 tween output terminal 88 and ground, whereby
112. output B remains at ground potential (row 2).    The outputs of a
bistable circuit, the second It is seen that the effect of changing the R
bistable circuit 112 for example, change if and S input voltages is to
change the output  the state of the  bistable circuit  changes. 15  A from
+V volts to ground potential.       Moreover, the change in outputs may
occur  80 By similar analysis it can be shown that  before the clock pulse
terminates. In the latter output A is at ground potential and output B
event, the outputs of the next succeeding is at +V volts at t[err] when the
R and S input  gate 118 will both be zero volts (rows 2 and voltages are
zero and +V volts, respectively  4, FIGURE 7) after the change. Before the
20  (rows 3 and 4), and that the A and B out-  outputs reach this value,
however, the fol-  85 puts do not change at t[err] if the R and S  lowing
bistable circuit 114 will have switched, inputs do not change (row 3). It
can also  if switching is called for by the pre-clock be shown that the
output B voltage falls from  inputs thereto, or will at least be in the
pro- +V volts to ground potential if the R and S  cess of switching. As
mentioned previously 25  inputs change from zero and +V to +V and  in
describing the bistable circuit, both inputs  90 zero, respectively, at
t[err] (row 4).       to a bistable circuit can become zero volts, A
comparison of the A and B. outputs at  after switching commences, without
affecting t[err] with the A and B outputs at t.+ indicates  the bistable
circuit. that an output voltage A or B can fall from  It is not possible
for both inputs i.e. S and 30  +V volts to zero (rows 2 and 4) while the  R
to a bistable circuit to be +V volts when  95 dock pulse is applied, but
that an output  the clock pulse is .present. Due to the gate voltage cannot
rise from zero to +V volts.  characteristics, therefore, a bistable circuit
is Advantage may be taken of this characteristic  rendered insensitive to
changes in the state of of the gate to provide a one stage per bit shift
the preceding bistable circuit during the pre- 35  circuit.
sence of a suitable clock pulse. Also, a bi- 100 It will be recalled from
the description of  stable circuit cannot be  switched after the 



the FIGURE 1 bistable circuit that the bi-  clock pulse terminates. It is
thus seen that stable circuit is only subject to being switched  there can
be no " race " condition in the shift when a clock pulse is applied. It
will also be  circuit arrangement. 40  recalled from that description that
once the bistable circuit switches, both the RESET and    WHAT WE CLAIM
IS: -                105 SET inputs can change to ground potential,   1. A
logic circuit comprising  in combin- even during the clock period, without
affect-  ation first and second output terminals, first ing the status of
the bistable circuit. These  and second semiconductor amplifying devices 45
characteristics of the bistable circuit are com-  of one conductivity type
and a third semi- patible with those of the gate circuit of  conductor
amplifying device of the opposite 110 FIGURE 6, and the two circuits can be
con-  conductivity type, each of the devices having nected as shown in
FIGURE 8 to form a shift  first and second electrodes defining a con-
register, ring counter, and the like.      duction path, and a control
electrode for con- 50    In the block diagram of FIGURE 8, three  trolling
the conductivity of the path, means bistable circuits 110, 112 and 114 are
illus-  connecting the second electrode of the first 115 trated. A first
gate 116 has its R and S input  device to the first electrode of the second
terminals connected to the (1) and (0) output  device,  means  connecting
the  second terminals, respectively, of first bistable circuit  electrode
of  the  second  device  and 55  110, and has its A and B output terminals
the second electrode of the third device to connected to the R and S input
terminals  each other and to the first output terminal, 120 of the second
bistable circuit 112. A second  fourth and fifth semiconductor amplifying
de- gate 118 is similarly connected between the  vices of the first
conductivity type and a sixth output terminals of the second bistable
circuit  semiconductor amplifying device of the oppo- 60  112 and the input
terminals of the third bi-  site conductivity type, means connecting the
stable circuit 114. All of the bistable circuits  second electrode  of the
fourth device to the 125 and gates have their trigger (T) terminals  first
electrode of the fifth device, means con- connected to a common bus bar 122
to which  necting the second electrodes of the fifth and clock pulses 50
(or shift pulses) are applied;  sixth devices to each other and to the
second 65    Each of the bistable circuits 110 . . . 114. output terminal,
means for applying input sig-    6
1,106,181 Transistor 70a is "off " because of the clock  stores a binary
bit "1" or "0" in the steady voltage. Transistor 70a presents a high imped-
state, that is, when no clock pulse 50 is pre- 



ance " open " circuit path between the termi-  sent. In the steady state,
the outputs of gates nal 88 and the positive terminal of the battery  116
and 118 are determined by the outputs 5 -90. Transistor 80a presents an
"open" cir-  of bistable circuit 110, 112, respectively.  70 cuit between
output terminal 88 and ground.  Accordingly, when a clock pulse 50 is
applied Accordingly, there is very little current flow  the second bistable
circuit 112 assumes the through these paths to charge or discharge the
pre-clock state of the first bistable-circuit 110, charge stored in
previously "on" transistor  and third bistable circuit 114 assumes the 10
80a and the interelectrode capacitance be-  pre-clock state of second
bistable circuit  75 tween output terminal 88 and ground, whereby   112.
output B remains at ground potential (row 2).    The outputs of a bistable
circuit, the second It is seen that the effect of changing the R   bistable
circuit 112 for example, change if and S input voltages is to change the
output  the state of the  bistable circuit  changes. 15  A from  +V  volts
to ground potential..      Moreover, the change in outputs may occur  80 By
similar analysis it can be shown that  before the clock pulse terminates.
In the latter output A is at ground potential and output B   event, the
outputs of the next succeeding is at +V volts at t[err] when the R and S
input  gate 118 will both be zero volts (rows 2 and voltages are zero and
+V volts, respectively  4, FIGURE 7) after the change. Before the 20  (rows
3 and 4), and that the A and B out-  outputs reach this value, however, the
fol-  85 puts do not change at t[err] if the R and S  lowing bistable
circuit 114 will have switched, inputs do not change (row 3). It can also
if switching is called for by the pre-clock be shown that the output B
voltage falls from   inputs thereto, or will at least be in the pro- +V
volts to ground potential if the R and S  cess of switching. As mentioned
previously 25  inputs change from zero and +V to +V and  in describing the
bistable circuit, both inputs 90 zero, respectively, at t[err] (row 4).
to a bistable circuit can become zero volts, A comparison of the A and B
outputs at  after switching commences, without affecting t[err] with the A
and B outputs at t[err] indicates  the bistable circuit. that an output
voltage A or B can fall from    It is not possible for both inputs i.e. S
and 30  + V volts to zero (rows 2 and 4) while the  R to a bistable circuit
to be +V volts when  95 clock pulse is applied, but that an output  the
clock pulse is present. Due to the gate voltage cannot rise from zero to +V
volts.  characteristics, therefore, a bistable circuit is Advantage may be
taken of this characteristic  rendered insensitive to changes in the state
of of the gate to provide a one stage per bit shift  the preceding bistable
circuit during the pre- 35  circuit.
sence of a suitable clock pulse. Also, a bi- 100 It will be recalled from
the description of  stable circuit cannot be  switched after the the FIGURE
1 bistable circuit that the bi-  clock pulse terminates. It is thus seen
that 



stable circuit is only subject to being switched  there can be no " race "
condition in the shift when a clock pulse is applied. It will also be
circuit arrangement. 40  recalled from that description that once the
bistable circuit switches, both the RESET and    WHAT WE CLAIM  IS: -
105 SET inputs can change to ground potential,    1. A logic circuit
comprising  in combin- even during the clock period, without affect-  ation
first and second output terminals, first ing the status of the bistable
circuit. These  and second semiconductor amplifying devices 45
characteristics of the bistable circuit are com-  of one conductivity type
and a third semi- patible with those of the gate circuit of  conductor
amplifying device of the opposite 110 FIGURE 6, and the two circuits can be
con-  conductivity type, each of the devices having nected as shown in
FIGURE 8 to form a shift  first and second electrodes defining a con-
register, ring counter, and the like.        duction path, and a control
electrode for con- 50    In the block diagram of FIGURE 8, three  trolling
the conductivity of the path, means bistable circuits 110, 112 and 114 are
illus-  connecting the second electrode of the first 115 trated. A first
gate 116 has its R and S input  device to the first electrode of the second
terminals connected to the (1) and (0) output  device,  means  connecting
the  second terminals, respectively, of first bistable circuit  electrode
of  the  second   device  and 55  110, and has its A and B output terminals
the second electrode of the third device to connected to the R and S input
terminals  each other and to the first output terminal, 120 of the second
bistable circuit 112. A second  fourth and fifth semiconductor amplifying
de- gate 118 is similarly connected between the  vices of the first
conductivity type and a sixth output terminals of the second bistable
circuit  semiconductor amplifying device of the oppo- 60  112 and the input
terminals of the third bi-  site conductivity type, means connecting the
stable circuit 114. AII of the bistable circuits  second electrode  of the
fourth device to the  125- and gates have their trigger (T) terminals
first electrode of the fifth device, means con- connected to a common bus
bar 122 to which  necting the second electrodes of the fifth and clock
pulses 50 (or shift pulses) are applied.  sixth devices to each other and
to the second 65    Each of the bistable circuits 110 . . . 114  output
terminal, means for applying input sig-    1,106,181 nals from  a first
source at the control elec-  pectively, and, control signals are applied at
65 trode of the third device and at the control  the third input terminal.
electrode of one of the first and second de-    6. A circuit as claimed in
claim  1 or 2, 



vices, means for applying input signals from   further comprising first and
second junction 5   a second source at the control electrode of  points,
wherein the first electrode of the first the sixth device and at the
control electrode  device and the first electrode of the fourth  70 of one
of the fourth and fifth devices, means  device are connected to  the first
junction for applying input signals from a third source  point, the first
electrode of the third  device at the control electrode of the other one of
and the first electrode of the sixth device are 10  the first and second
devices and at the other  connected to the second junction point, the one
of the fourth and fifth devices and means  first source of input signals is
connected to  75 for applying operating potential between the  the control
electrodes of the second and third first electrodes of the first and third
devices,  devices, the second source of input signals and between the first
electrodes of the fourth  is connected to the control electrodes of the 15
and sixth devices.                           fifth and sixth devices, the
third source of 2. A circuit as claimed in claim 1, wherein  input signals
is connected to the control elec-  80 each of the semiconductor amplifying
devices  trodes of the first and fourth devices and is an insulated gate
field-effect transistor.    wherein the means for applying  operating 3. A
circuit as claimed in claim 1 or 2, potential is connected to the first and
second 20 further comprising seventh and eighth semi-  junction points.
conductor amplifying devices of the one con-    7. A two stage shift
register circuit includ-  85 ductivity type,  ninth, tenth,  eleventh and
ing two bistable storage stages as claimed in twelfth semiconductor
amplifying devices of  claim  5, wherein the first output terminal the
opposite conductivity type and first and  of a first of the two bistable
storage stages is 25  second points,,wherein the conduction paths
connected to the second input terminal of a of the third and eleventh
devices are connec-  second of the two bistable storage stages and  90 ted
in parallel with each other and in series  the second output terminal of
the first bistable with the conduction path of the ninth device  stage is
connected to the first input terminal in that order, between the first
point and  of the second bistable stage and wherein the 30  the first
output terminal, the conduction paths  third input terminals of said two
stages are of the sixth and twelfth devices are connec-  connected
together.                         95 ted in parallel with each other and in
series    8. A single stage shift register comprising a with the conduction
path of the tenth device,  plurality of bistable storage stages and a plur-
in that order, between the first point and the  ality of gate means
interconnecting the storage 35  second output terminal, the conduction
paths  stages in a cascaded chain; each of the stor- of the seventh and
eighth devices are con-  age stages including: first and second output 100
nected between the second point and the first  terminals: first, second,
third, fourth, fifth, and second output terminals, respectively, the  and
sixth transistors of one conductivity type, 



conduction paths of the first and second de-  and seventh, eighth, ninth,
tenth, eleventh 40  vices are connected in series between the  and twelfth
transistors of the opposite conduc- second point and the first output
terminal, the  tivity type, each transistor having first and  105
conduction paths of the fourth and fifth de-  second electrodes defining a
conduction path, vices are connected in series between the  and a control
electrode: first and second second point and the second output terminal,
points of different operating potential; means 45  the seventh and ninth
devices are connected  connecting the conduction paths of the third to each
other and to the second output termi-  and fourth transistors in parallel
with each  110 nal, the control electrodes of the eighth and  other and in
series with the conduction path tenth devices are connected to each other
of the first transistor, in that order, between and to the first output
terminal, a first input  the first point and the first output terminal; 50
terminal common to the control electrodes of  means connecting the
conduction paths of the the first and third devices, a second input  fifth
and sixth transistors in parallel with each  115 terminal common to the
control electrodes of  other and in series with the conduction path the
fourth and sixth devices and a third input  of the second transistor, in
that order, between terminal common to the control electrodes  the first
point and the second output terminal; 55  of the second, fifth, eleventh
and twelfth  means connecting the conduction paths of the devices.
seventh and eighth transistors between the  120 second point and the first
and second output 4. A circut as claimed in claim 3, wherein  terminals,
respectively; means connecting the all of the recited connections between
the de- vices are by way of negligible impedance
control electrodes of the first and seventh transistors to each other and
to the second 60  means.                                       output
terminal; means connecting the con- 125 5. A circuit as claimed in claim  3
or 4,  trol electrodes of the second and eighth tran- wherein when the
circuit is a bistable storage  sistors to each other and to the first
output stage, reset and set input signals are applied  terminal; means
connecting the conduction at the first and second input terminals, res-
paths of the ninth and tenth transistors in    8
1,106,181 series between the second point and the first  necting the second
output terminal of a storage output terminal; and means connecting the
stage to the control electrode of the third conduction paths of the
eleventh and twelfth  transistor and to the control electrode of the 



transistors in series between the second point  one of the first and second
transistors in the 5  and the second output terminal; each gate  next
succeeding gate means; means connecting  35 means including two points of
different oper-  the control electrode of the other one of the ating
potential; first and second transistors of  first and second transistors in
each gate means, one conductivity type and a third transistor  the control
electrode of the other one of the of the opposite conductivity type having
their  fourth and fifth transistors of each gate means, 10  conduction
paths connected in a series chain,  and the control electrodes of the
fourth, fifth, 40 in the order named, between said two points,  tenth and
twelfth transistors in each storage with a point on the chain between the
second  stage to a common terminal; and means for and third transistors
being connected to the  applying control signals selectively at said
control electrodes of the sixth and eleventh  common terminal. 15
transistors in  the next succeeding storage    9. The combination as
claimed in claim 8, 45 stage; fourth and fifth transistors of said  wherein
all of the transistors are insulated- one  conductivity  type   and   a
sixth  gate field-effect transistors, and wherein all of transistor   of
the   opposite   conduc-  the recited connections are direct current con-
tivity  type   having   their  conduction  nections of negligible,
impedance. 20  paths connected in a series chain, in the order    10. A
logic circuit as claimed in claim 1  50 named, between the said two points,
with a  substantially as hereinbefore described with point on the chain
between the fifth and sixth  reference to and as illustrated in Figures
transistors being connected to the control  1 and 2, 3 and 4 or 6 and 7 of
the accom- electrodes of the third and ninth transistors  panying drawings.
25  in the next succeeding storage stage; means connecting the first output
terminal of a stor-       For the Applicants: age stage to the control
electrode of said     MATTHEWS, HADDAN & CO sixth transistor and to the
control electrode       Chartered Patent Agents, of one of the fourth and
fifth transistors in    31-32 Bedford Street, Strand, 30  the next
succeeding gate means; means con-              London, W.C.2. Printed for
Her Majesty's Stationery Office by the Courier Press, Leamington Spa, 1968.
Published by the Patent Office, 25, Southampton Buildings, London, W.C.2,
from which copies may be obtained.    


