
1,106,004                                     5 and 30c and 30d (FIGURE  1)
could be  circuit paths without affecting the operation similarly
fabricated.                     of the circuit. As another alternative, the
first and third    FIGURE 8 is a schematic diagram of a  65 transistors
20a, 20c (FIGURES 2 and 4) may  half adder circuit embodying the invention.
5  be fabricated as a single unit having one  A half adder circuit may be
defined as one 5 be fabricated as a single unit having one source and one
drain, but having two conduc-  having first and second output terminals,
tion paths between the source and drain, characterized in that an output is
derived at there being a separate gate electrode for each  the first output
terminal which is related to the  70 of the conduction paths.
SUM  function and the output at the second terminal is related to the CARRY
function Either the integrated unit which has a single  when signals
representing two quantities to be conduction path and two control
electrodes, added are applied as inputs to the circuit. or the unit having
two conduction paths and    In the case of the FIGURE 8 arrangement, 75
separate gate electrodes for each path may be  a SUM output "S" is derived
at output ter- considered to be a "transistor means (or a 15 semiconductor
means) having an input elec-  minal 28 and a CARRY-NOT, or CARRY trode, an
output electrode, at least one con- duction, path between the input and
output output "C', is derived at a second output electrodes, and two
control electrodes".  terminal 54. The output terminal 54 is con- FIGURE 6
is another embodiment of an  nected to the- connection between points 44
80 20  EXCLUSIVE OR circuit embodying the pre-  and 46 on the two circuit
paths in the top sent invention. This arrangement is structurally  half of
the circuit drawing. the same as the circuit of FIGURE 1, and    The
circuit is otherwise the same struc- differs in that the input signals are
applied  turally as that illustrated in FIGURE 2, ex- at different gate
electrodes from those shown  cept that an additional N-type transistor 60
is 85 25. in FIGURE 1. For example, input signals A  added. Transistor 60
has its drain electrode are applied at the control electrodes 26d and  62
connected to the point 44 and has its 36d of the fourth and eighth
transistors 20d, source electrode 64 connected to the point 48 on the
circuit path between fifth and sixth 30d. Input signals A are applied at
the gate  transistors 30a, 30b. The point 48 may be  90 electrodes 26a, 36a
of the first and fifth  directly joined to the point 50 on the other 30
transistors 20a, 30a. Input signals B are ap-  circuit path, if desired,
without any effect on plied at the gate electrodes 26c and 36b  the
operation of the circuit. The gate electrode 



of the third and sixth transistors 20c, 30b; and  66 of transistor 60 is
connected to receive the input signal A.                           95 input
signals B are applied at the gate elec-    A "truth" table for the half
adder cir- trodes 26b, 36c of the second and seventh  cuit is given in
FIGURE 9. It will be noted 35  transistors 20b, 30c.
that the SUM outputs listed in the table are Because of the different
manner in which  identical to the outputs listed in the FIGURE the input
signals are applied, the FIGURE  5 "truth" table for the same combinations
of 100 6 circuit arrangement performs a different inputs, because the
EXCLUSIVE OR por- logic function from that of the FIGURE 1  tion of the
circuit arrangement is similar to 40  circuit arrangement. FIGURE 7 is a
"truth"  that of the FIGURE 1 arrangement It will table for the FIGURE 6
arrangement. It may be seen from this table that the  also be noted that
the C output is zero volts voltage at output terminal 28 is +V  volts  only
when both of the A and B inputs are 105 whenever the A and B input signals
or levels  +V volts, whereby the CARRY-NOT func- 45  have the same value,
and is zero volts only  tion is performed. when one of the other is zero
volts. It will be    Consider  now  the  operation  of  the recognized from
this truth table that the cir-  FIGURE 8 logic arrangement, and assume cuit
of FIGURE 6 performs the EXCLU-  that both of the inputs A  and B are at
110 SIVE OR logic function for relatively nega- 50  tive (zero volt) input
signals, and performs  zero volts. Complement signals A and B then the
EXCLUSIVE OR-NOT logic function  each have a value of +V volts. First and
(parity check) for relatively positive input third transistors 20a, 20c are
in the low signals (+V volts).                      impedance condition,
whereby the voltage As in the case of any of the arrangements  at output
terminal 54 has a value close to +V  115 55  of FIGURES 1 through 4, there
is essentially  volts. Second and fourth transistors 20b 20d, no current
flow through any of the transistors  however, are in the high impedance
state in any steady state condition, there being leak-  because the
voltages at their control elec- age current flow  only, whereby the cir-
trodes 26b, 26d are the same as the voltages cuit has a very low power
dissipation in the  at their input electrodes. Accordingly, tran- 120
steady state. Moreover, direct current con-  sistors 20b, 20d essentially
provide open- nections may be made between the points 44  circuits between
terminals 44, 46 and out- and 46 and/or the points 48 and 50 on the  put
terminal 28.    



6.                                       1,106,004 Fifth and sixth
transistors 30a, 30b also  other three circuit paths are essentially open-
are in the "off" condition. However, seventh  circuited for practical
purposes. Since there is and eighth transistors 30c, 30d each re- never a
low impedance path between circuit ceive voltages of +V  volts at their
control  ground and the +V volt source, there is very 5  electrodes 36c,
36d, respectively, whereby  little current flow in any of the transistors
70 these transistors both are in the "on" con-  in the steady state
condition and, consequently, dition and have a high conductivity. The  very
little power dissipation. The only cur- voltage at output terminal 28 is
close to  rent which flows in the steady state is due to ground potential
because of the low  im-  leakage currents in the "off" transistors. pedance
path provided by seventh and eighth    The half adder circuit of FIGURE 10
in-  75 transistors 30c, 30d. Additional transistor cludes the EXCLUSIVE
OR-NOT (parity 60 is in the "off" condition because the  check) circuit of
FIGURE 6. A direct con- voltage at its control electrode 66 is the  nection
is made between the point 48 on the same as the voltage at its input
electrode 64,  circuit path between fifth and sixth transistors 15  and is
less than the voltage applied to its  30a, 30b and the point 50 on the
circuit 80 output electrode 62.                       path between seventh
and eighth transistors Assume now that input signal A has a 30c, 30d. An
output terminal 70 is connected value of zero volts and B has a value of +V
in common to the points 48, 50, and the volts. The zero volts applies at
the control  CARRY output is derived at this terminal 70. 20  electrode 26a
of first transistor 20a biases the  A similar connection may be made, if
desired, 85 transistor in the "on" condition and provides  between the
points 44 and 46 An additional a relatively low impedance path between the
P-type transistor 72 has its input electrode 74 output terminal 54 and the
+V volt source. connected at the junction 44 and has its out- Accordingly,
the voltage at output terminal 54  put electrode 76 connected to the
junction 48. 25  is close to +V volts. Second transistor 20b also has a
voltage of The signal B is applied at the control electrode  90 zero volts
applied at its gate electrode 26b. 78 of the transistor 72. This transistor
is in the "on" condition and    A  "truth" table for the FIGURE  10
provides a low impedance path between output  arrangement is given in
FIGURE 11. It will 30  terminal 28 and junction 44. Therefore, first be
recognized from this table that the out- and second transistors 20a, 20b
provide a low impedance circuit path between output ter-  put S, which is
derived at output terminal 95 minal 28 and the +V voltage source, whereby
28, is the SUM-NOT function. The output C, the voltage at output terminal
28 is close to  which is derived at output terminal 70 will be 



35  +V  volts. Both the third and fourth tran-  recognized as the CARRY
function. sistors 20c, 20d and the sixth  and eighth    Consider now the
operation of the FIGURE transistors 30b, 30d are in the high impedance  10
circuit, and assume that both of the input 100 "off" condition at this
time.              signals A and B are at zero volts. The com- When the
input signal A has a value of 40  +V volts and input signal B has a value
plement signals A and B then have values of of zero volts, third" and
fourth transistors  +V volts. Third and fourth transistors 20c, 20c, 20d
are biased in the "on" condition and  20d are biased in the "on" condition
and pro- provide a low impedance path between output  vide a low impedance
circuit path between 105 terminal 28 (and output terminal 54) and the
output terminal 28 and the +V volt source, 45  +V volt source. Accordingly,
the voltages  at whereby the voltage at output terminal 28 is output
terminals 28 and 54 are close to +V   close to +V  volts. Fifth and seventh
trans- volts. All of the other circuit paths include at  sistors 30a, 30c
also are biased in the "on" least one transistor in the "off" condition at
condition and provide low impedance paths be- 110 this time.
tween circuit ground and the CARRY output 50    When both the A  and B
input signals  terminal 70. All of the other transistors are have values of
+V volts, fifth and sixth tran-  in the "off" condition, whereby there is
no sistors- 30a, 30b are "on" and provide a low  low impedance path between
circuit ground impedanice path between circuit ground and  and the +V volt
source.-                 115 the SUM output terminal 28. The voltage at
Assume now that the signal A has a value 55  output terminal 28 then is
close to ground  of +Y  volts and signal B has a value of potential.
Additional transistor 60 has zero  zero volts. Seventh and eighth
transistors 30c, volts applies at its input electrode 64 and  30d are
biased in the "on" condition and has +V volts applied at its control
electrode  provide a low impedance circuit path between  120 66. This
transistor 60 is biased in the full  ground and both output terminals 70
and 28. 60  on condition and provides a low impedance  The voltages at
terminals 28 and 70 are close path between terminals 48 and 44, whereby  to
ground potential. Second transistors 20b, the voltage at the output
terminal 54 is dose  fourth transistor 20d and fifth and sixth tran- to
ground potential.                      sistors 30a, 30b are biased "off",
whereby 125 In the steady state condition, only one of  there is no low
impedance path between cir- 65  the circuit paths has a low impedance. The
cuit ground and the +V volt source.    1,106,004
7 



When A has a value of zero volts and B  circuit paths between the output
terminal and a value of +V  volts, fifth and sixth tran-  the second
terminal, fifth and sixth control 65 sistors 30a, 30b are biased in a low
impedance  electrodes of said third transistor means being condition. Fifth
transistor 30a provides a low  located at different points along the length
of 5  impedance path between output terminal 70  the third circuit path,
and seventh and eighth and circuit ground and fifth and sixth tran-
control electrodes of said fourth transistor sistors 30a, 30b provide a low
impedance path  means being located at different points along  70 between
output terminal 28 and circuit ground. the length of the fourth circuit
path, means The voltages at both of these output termi-  for applying each
of first and second different 10  nals 28 and 70 is close to ground
potential  input signals and signals representing the for this set of input
conditions.          complements of the first and second input sig- Assume
now that both the A and B input  nals to a different one of the first,
second, 75 signals are at +V  volts. First and second  third and fourth
control electrodes and for transistors 20a and 20b are biased "on" and
applying each of said signals to a different 15  provide a low impedance
circuit path be-  one of the fifth, sixth, seventh and eighth tween output
terminal 28 and the +V volt  control electrodes. 2. A logic circuit as
claimed in Claim 1, 80 source. The SUM  output voltage then is  wherein
said first signals represent the quantity close to +V  volts. The +V  volts
also is  A and are applied to one of the first and applied at the source
electrode 74 of addi-  second control electrodes and to one of the 20
tional transistor 72. Since the input at the  fifth and sixth control
electrodes, the comple- control electrode 78 is at zero volts, additional
ments of said first signal are applied to one  85 transistor 72 is biased
in the full "on" con-  of the third and fourth control electrodes and
dition and provides a low impedance path be-  to one of the seventh and
eighth control tween junction points 44 and 48. There is  electrodes, said
second signals represent the 25  thus a low impedance path between output
quantity B and are applied at the other one terminal 70 and the +V volt
source, whereby  of the third and fourth control electrodes and  90 the
output voltage at terminal 70 is close to  at the other one of the fifth
and sixth con- +V volts.                                  trol electrodes,
and the complements of said As in the case of all of the circuits pre-
second signals are applied at the other one 30  viously described, the
FIGURE  10 circuit  of the first and second control electrodes and never
has a low impedance path between cir-  at the other one of the seventh and
eighth  95 cuit ground and the +V  volt source in a  control electrodes.
steady state condition. For this reason, there    3. A logic circuit as
claimed in claim 1 or is very little current flow in the transistors and
2, wherein said signals A and B are bivalued 



35  very little power dissipation, the only current flowing in the steady
state being due to leak-  and have complements A and B, said first and age
currents in the "off" transistors.     second transistor means include four
semi- 100 conductor devices of P-type conductivity and WHAT WE CLAIM IS: -
said third and fourth transistor means in- 1. A  logic circuit comprising
first and  cludes four semiconductor devices of N-type 40  second
transistor means of one conductivity  conductivity, the conduction paths of
two of type, each transistor means having at least one  said P-type devices
in said first transistor 105 conduction path and two control electrodes,
means being connected in series between said an output terminal, and first
and second ter-  first terminal and said output terminal, the minals across
which an operating potential  conduction paths of the other two of said P-
45  may be applied, means connecting the conduc-  type devices in said
second transistor means tion paths in circuit between the output ter-
being connected in series between said first 110 minal and the first
terminal in a manner  terminal and said output terminal, the con- providing
first and second different circuit  duction paths of two of said N-type
devices paths, which include the conduction paths,  of said third
transistor means being connected 50  between said output terminal and said
first  in series between said second terminal and terminal, first and
second ones of said control  said output terminal, and the conduction paths
115 electrodes being located at different points  of the other two of said
N-type devices in along the length of the first circuit path, third  said
fourth transistor means being connected and fourth ones of said control
electrodes be-  in series between said second terminal and 55  ing located
at different points along the length  said output terminal. of the second
circuit path, third and fourth    4. A logic circuit as claimed in claim 3,
120 transistor means of a second, opposite conduc- tivity type each having
at least one conduction  wherein the signals A and B are applied at path
and two control electrodes, means con-  the control electrodes of different
ones of the 60  necting the conduction paths of the third and  P-type
devices of said first transistor means, fourth transistor means in circuit
between the output terminal and the second terminal in  the signals B and A
are applied at the con- a manner providing third and fourth different  trol
electrodes of different ones of the P-type 125    1,106,004
7 When A has a value of zero volts and B  circuit paths between the output
terminal and 



a value of +V  volts, fifth and sixth tran-  the second terminal, fifth and
sixth control 65 sistors 30a, 30b are biased in a low impedance electrodes
of said third transistor means being condition. Fifth transistor 30a
provides a low  located at different points along the length of *5
impedance path between output terminal 70  the third circuit path, and
seventh and eighth and circuit ground and fifth and sixth tran-  control
electrodes of said fourth transistor sistors 30a, 30b provide a low
impedance path  means being located at different points along  70 between
output terminal 28 and circuit ground. the length of the fourth circuit
path, means The voltages at both of these output termi-  for applying each
of first and second different 10  nals 28 and 70 is close to ground
potential  input signals and signals representing the for this settof input
conditions.           complements of the first and second input sig- Assume
now that both the A and B input  nals to a different one of the first,
second, 75 signals are at +V  volts. First and second  third and fourth
control electrodes and for transistors 20a and 20b are biased "on" and
applying each of said signals to a different 15  provide a low  impedance
circuit path be-  one of the fifth, sixth, seventh and eighth tween output
terminal 28 and the +V  volt control electrodes. 2. A logic circuit as
claimed in Claim  1, 80 source. The SUM  output voltage then is  wherein
said first signals represent the quantity close to +V  volts. The +V  volts
also is  A and are applied to one of the first and applied at the source
electrode 74 of addi-  second control electrodes and to one of the 20
tional transistor 72. Since the input at the  fifth and sixth control
electrodes, the comple- control electrode 78 is at zero volts, additional
ments of said first signal are applied to one  85 transistor 72 is biased
in the full "on" con- of the third and fourth control electrodes and dition
and provides a low impedance path be- to one of the seventh and eighth
control tween junction points 44 and 48. There is  electrodes, said second
signals represent the 25  thus a low impedance path between output
quantity B and are applied at the other one terminal 70 and the +V volt
source, whereby  of the third and fourth control electrodes and  90 the
output voltage at terminal 70 is close to at the other one of the fifth and
sixth con- +V volts.                                  trol electrodes, and
the complements of said As in the case of all of the circuits pre-  second
signals are applied at the other one 30  viously described, the FIGURE  10
circuit  of the first and second control electrodes and never has a low
impedance path between cir-  at the other one of the seventh and eighth  95
cuit ground and the +V  volt source in a  control electrodes. steady state
condition. For this reason, there    3. A logic circuit as claimed in claim
1 or is very little current flow in the transistors and 2, wherein said
signals A and B are bivalued 35  very little power dissipation, the only
current 



flowing in the steady state being due to leak- and have complements A and
B, said first and age currents in the "off" transistors.      second
transistor means include four semi- 100 conductor devices of P-type
conductivity and WHAT WE CLAIM IS: -                       said third and
fourth transistor means in- 1. A  logic circuit comprising first and
cludes four semiconductor devices of N-type 40  second transistor means of
one conductivity  conductivity, the conduction paths of two of type, each
transistor means having at least one  said P-type devices in said first
transistor 105 conduction path and two control electrodes, means being
connected in series between said an output terminal, and first and second
ter- first terminal and said output terminal, the minals across which an
operating potential  conduction paths of the other two of said P- 45  may
be applied, means connecting the conduc-  type devices in said second
transistor means tion paths in circuit between the output ter-  being
connected in series between said first 110 minal and the first terminal in
a manner  terminal and said output terminal, the con- providing first and
second different circuit duction paths of two of said N-type devices paths,
which include the conduction paths,  of said third transistor means being
connected 50  between said output terminal and said first  in series
between said second terminal and terminal, first and second ones of said
control  said output terminal, and the conduction paths 115 electrodes
being located at different points of the other two of said N-type devices
in along the length of the first circuit path, third said fourth transistor
means being connected and fourth ones of said control electrodes be-  in
series between said second terminal and 55  ing located at different points
along the length  said output terminal. of the second circuit path, third
and fourth    4. A logic circuit as claimed in claim 3, 120 transistor
means of a second, opposite conduc- tivity type each having at least one
conduction  wherein the signals A and B are applied at path and two control
electrodes, means con-  the control electrodes of different ones of the 60
necting the conduction paths of the third and  P-type devices of said first
transistor means, fourth transistor means in circuit between the output
terminal and the second terminal in  the signals B and A are applied at the
con- a manner providing third and fourth different trol electrodes of
different ones of the P-type 125    8
1,106,004 devices of said second transistor means, the  sistor means and
having its output or input [err] electrode connected to a point on the
series 



signals B and A are applied at the control  path between the N-type devices
of said  ird electrodes of different ones of the N-type de-  transistor
means, and means for applying one vices of said third transistor means, and
the 5   signals A and B are applied at the control  of the signals A, B, A
and B at the control electrodes of different ones of said N-type  electrode
of said other semiconductor device. 30 devices of said fourth transistor
means.       8. A logic circuit as claimed in any one 5. A logic circuit as
claimed in claim  3,  of the preceding claims, wherein said tran- wherein a
point on the series path between  sistor means and semiconductor devices
are 10  said P-type devices of said first transistor  each insulated-gate
field-effect transistors. means is connected in common with a point on
9. A logic circuit as claimed in claim  8, 35 the series path between said
P-type devices  wherein all of the field-effect transistors are of of said
second transistor means.             the enhancement type. 6. A logic
circuit as claimed in claim 3 or    10. A logic circuit substantially as
herein 15  5, wherein a point on the series path between  described with
reference to any one of the said N-type devices of said third transistor
several modifications illustrated in the accom-  40 means is connected in
common with a point  panying drawings. on the series path between said
N-type de- vices of said fourth transistor means.                   For the
Applicants: 20    7. A logic circuit as claimed in claim  5       MATTHEWS,
HADDAN  & CO., or 6, wherein another semiconductor device is
Chartered Patent Agents, included having its input or output electrode
31-32 Bedford Street, connected to a point on the series path be-
Strand, tween said P-type devices of said first tran-              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    


