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respect to binary mformatxon handling sys-
tems. for. example, the. output of an EXCLU-
SIVE OR circuit is a binary “1” when one,
and only one, input is a binary “1”. Such
circuits find use in computers and controls
and are useful in comparators and. half adders.
In view of the growing emphasis on inte-
grated elect:romcs, it is desirable to provide
improved logic circuitry of the type described
that has very low power dissipation” in. the

. steady state condition.

One object of the preserit invention is to
provide -a new and improved logic circuit
such’ as.an EXCLUSIVE OR circuit.

A logic circuit in accordance with the prin-

- ciples of the invention includes first and

second transistor means of one conductivity
type, each transistor means having at . least
one conduction path and two control elec-
trodes; an output terminal, and first and
second tefminals across ‘which an operating
potential may be applied; means. connecting
the. conduction paths in circuit between the
gutput terminal and the first tenmnal in a

{Price 4s. 6d.]

t eroehab dn rao darne Providing t
efo %u;.rent circuit paths between the out-

put termihal and the second terminal, fifth
and sixth control electrodes of said third tran-
sistor means being located at different points
along the length of the third circuit path, and
seventh and- elghth control electrodes of said
fourth transistor means . being located " at
different points along the length of the fourth
circuit path; means for applying each of
first and second different input signals and
signals representing the complements of the
first and second input signals to a different
one of the first, second, third and fourth
control electrodes and for applymg each of said
signals to a. different one of the fifth, sixth,
seventh and eighth control electrodes.

T the accompanying drawmgsL like re-
ference characters denote like components,
and: :

FIGURES 1—4 are schematlc diagrams. of
EXCLUSIVE OR circuits for relatively posi-
tive input signals, and’ FIGURE 5 is a
“n'uth” table: for these circuits;

FIGURE 6 is a 'schematic diagram of an
EXCLUSIVE O'R circuit for relanver nega-
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S|gnals B are applled at the gate el ec- A "truth”

CIT=tTOodes 260, 36C 01 tNne second and SEventn Cult 1S given in
FIGURE 9. It will be noted 35 transistors 20b, 30c.

that the SUMoutputs listed.in the table are Because of the different

manner in which identical to the outputs listed in the FIGURI;the I nput .
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regions that. are spaced from each other and
that are in contact with the ‘semiconductor.

The semiconductor furnishes a conduction path -

for current ﬂow between the source and drain
regions. -

In this type of transnstor, a gate’ (control) .

electrode is separated by an insulating. film
from a portion of the semiconductor 'which
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lies between the source and. drain, and con-
trols the conductivity of the conductlon path

.between source and drain. Since the gate is

insulated from the. semlconductor, .it  does
not draw any current, or at least it ‘draws
no appreciable current. For “this reason the
gate electrode of one device may be  con-
nected directly to the. drain electrode of
another - device, and there is: little’ or- no
current ﬂow through, or power dlssrpated in,
the connection., = |
Two known types: of insiilated-gate field-
effect transistors are ‘the thin-film transistor
and the, metal-oxide semiconductor
(MOS). Some of the physical and-operiting
characteristics - of * a - thin-filin. transistor : are
described in an article, by P: XK. -Weimeér, en-
titled, “The TFT-A New ‘Thin<Film “Tran-
mstor’ _appearing at pages 1462—1469-of the
June, 1962 issue of the PROCEEDINGS OF
THE IRE. The MOS transistor is described

in an article entitled “The Silicon Insulated-

Gate Field-Effect Transistor”, by. S. R. Hof-

cuits are illustrated as employmg such tran-
sistors.

- A [first EXCLUSIVE OR circuit embodymg
the invention is fllustrated in schematic form

in FIGURE. 1, and includes first, second,

third and fourth msulated-gate field-effect
transistors, 20a, 20b, 20c and -20d, of orie
conductlvnty type, shown as. P-type, by the
inwardly directed arrowhead on the source
electrodes. Also included are. fifth, sixth,
seventh, and cighth ttansxstors, .30a, 30b,.30c
and 30d of the opposite conductivity type,
shown as being. N-typé by the outwardly
directed arrow heads  on the source ‘electrodes.

First transistor 20a has its source, or input
electrode 22a. . connected dn'ectly ‘to a ter-
minal 27 which receives an operating potential
of +V volts, Transistor. 20a bas its drain,
or output, electrode 24a directly connected
to the source eléctrode 22b -of second tran-
sistor 20b. A common qutput terminal 28 is
connected to the drain electrode 24b-of sccond
transistor 20b. :

By these connections, there is provrded a
first circuit’ path between the +V volt source
and the -output temunal 28. This first ciicuit
path includes the series connected -conduction
paths of the first and: second- transistors 20a
and 20b. The conductivity of this circuit
path is controlled by the voltiges applied at
the gate, or control, electrodes 26a and 26b
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A, are applied at the gate electrodes 26a and
36b of the first and sixth transistors 20a,

3%’ respeCtWelY The complements of these

sxgnals, designated A, are applied at the gate-
electrodes 26d and 36c of the fourth and
seventh transistors 20d, 30c. Second input-
signals, representing a quantity B, are applied
at the gate electrodes 26c and 36a of the
thlrd and ﬁfth transistors 20c, 30a, and the

complements of these signals, deslgnated B
are applied at the gate electrodes 26b -and 36d
of thie second and eighth transistors 20d 30d.°
All of the: input signals are bivalued in the
sense that: a-signal may have either a first
value or a second value. When one of the in-

© put ‘signals has a first vahie, the':comiplement

of that signal has the second value, - and
vice}versa. The signals are chosen to have a
valie of either *+V volts or zero volts, the
values of the potentials at the terminals 27 -
and 38.

‘When' the s1gnals are apphed as shown in

FIGURE 1, the operation of the circuit is

l Slmio n %QFF urce al gl%a%ﬂén sourcgq‘tl 959
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second and: fourth transxstors 20b, 204 and
ﬁfth and sixth transistors’ 30a, 30b and biased
in a very high impedance condition, of the
order of a megohm or more, for example.
The circuit paths which include these tran-
sistors may be considered to be open-circuited
at this time. Seventh and eighth transistors
30c, 30d have voltages of 4V volts applied
at thexr gate electrodes, 36c, 36d, respectively,
whereby these transistors are in a state of
high conductivity, of the order of kilo-ohm

Wmch S
yher eby
termnal
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(1000 ohms), for example. The circuit path

which includes these transistors provxdes a
relatively low impedance path between circuit
ground and the output terminal 28, whereby
the voltage at output termmal 28 is close to
ground potential, -

As. mentioned prevmusly, little or no cur-
rent flows between the gate electrode of a
translstor ‘and its source and drain electrodes
in the ‘steady state condition because of the
insulated. film separating the gate electrode
from the semiconductor. Accordingly, thh
the above set forth conditions, essentially no
current flows in the gate circuits of the seventh
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 latter “transistors between the - 4V -volt
source and the output terminal 28, and the
voltage. at output terminal 28 is close to
+V volts:

By a similar analysis, when the A mput is

at zero- volts and "the B input is at +V

. volts, it may be shown that first and second

transistors ' 20a, 20b and both in the low
impedance condition, and provide a low im-
pedance path between the +V volt source and
output terminal 28, Fifth  and sixth transistors
302, 30b are in the low impedance condition
when both the A and B inputs are at +V
volts, and there is then a  low: impedance
path between circuit ground and the output
terminal 28.

Since only. one of the circuit paths between
the output termihal-28 and one of the poirts
27 or 38 of operating potential, +V volts
or zero volts, is in a low unpedance condition
for any steady state condition of the circuit;

" there is never a low impedance path between

. circuit ground and the +'V volt source in the

steady state condition. Accordingly, the circuit
has a very low steady state power dissipation.
Whatever power-is dissipated is dué to thé

ing 2 switching transient, parasitic capacitances
inherent inthe circuit are charged or dis-

translstors 30a 30b and a point 50 on the
series circuit path between. seventh and eighth

100

transistors 30c, 30d." This connection also has -

no effect on the circuit’s operation.

The FIGURE 4 circuit is similar to-the
FIGURE 1 clrcmt, but includes the two addi-
tional connections separately incorporated in
the FIGURE 2 and FIGURE 3 c1rcu1t
arrangements. =

The additional connectlons in: FIGURES
2,3 and 4 are of importance in some cir-
cuit appllcatlons, a few of which will be de-
scribed hereinafter. Also, these connections
may be of importance..jdepending upon' the
manner in which the circuit is fabricated in
mtegrated form, Although .each of the- eight
transistors illustrated in the various FIGURES
1 through 4 aré shown schematically as being
individual -units, it is possible to_fabricate a

pair of these transistors: as a single -unit hav—-
_mgonlyonesourceandonedram e

‘By way of example; first and. second  tran-
sistors 20a, 20b (FIGURES 1 or 3) may be
fabricated as a: single unit having one source,
onie drain, and two_insulited-gate electrodes
separated - from each other and  spacedat
different points along the conduction patlr of
the semiconductor between. source and drain.
Transistor pairs- 20c. and- 20d; 30a and - 30b;
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FI GURE 10 CII’
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ei ghth

clainmed in claij
2, wherein sgg§dg
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Ween Clr-
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table for the FIGURE 6 arrangement. .
Tt may be seen from this table that- the
voltage at output terminal 28 is +V volts
whenever the A and B input signals' or levels
have the same value, and is zero volts: ‘only

when one of the other is zero volts. kt will be ‘

recognized from this truth table that the cir-
cuit of FIGURE 6 performs the EXCLU-
SIVE OR logic function for relatively nega-
tive (zero volt) input signals, and performs
the EXCLUSIVE OR-NOT logic function
(parity check) for relatively posmve mput
signals (+V volts).

As.in the case of any of the atrangements
of FIGURES 1 through 4, there is' essentially
no current flow through any of the transistors
in any steady state condition, there being leak-
age current’ flow only, whereby the cir-
cuit has a very low power dissipation in the
steady state. Moreover, direct current con-
nections may be made between the points 44
and 46 and/or the points 48 and 50 on the

e EIGURE et tae 1
LR

and ekl tr¥Ristod 20d) B0bG aRie  65f of Adahisisdf 60 iseonneateduo tegeiverths
second si gnal s are ap I+ed at the ot her onem

“?D& de Cgﬂ‘%@ the
bem m&é RN

also be noted that the C output is zero volts
only when both of the A and B inputs are
+V' volts, whereby the CARRY-NOT func-
tion is perf

Consider now the operation -of - ‘the
FIGURE 8 logic arrangement, an and assume
that - both of the inputs A and B are at

Zere volts. Complement signals ‘A and B then
each have a value of +V volts. First and
third transistors 20a, 20c are in the low
impedance condition, whereby the voltage.
at output terminal 54 has a value/to +V
volts. Second and fourth transistors. 20b, 20d,
however, are in the high impedance state
because the voltages at their control - elec-
trodes 26b, 26d are the same as the voltages
at their .input electrodes. Accordingly, tran-
sistors 20b, 20d essentially provide open-
circuits between terminals 44, 46 and out-
put terminal 28. _
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35 the only current flowng in the steady
state being due to | eak- and have conplenents A and B, said first and age

currents in the "off" transistors. second transi stor neans include four

very little power dissipation,
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sistors 20c, 20d and the sixth -and ‘eighth
transistors 30b, 30d are in the hxgh nnpedance
“off” condmon at this time,’

When the input signal A has a value of
<4V volts and input signal B has a value
of zero volts, th1rd and  fourth “transistors
20c, 20d are biased in'the “on” condition and
provide a low impedance path ‘between ‘output
terminal 28 (and output terminal 54) and the
‘+V volt source. Accordingly, the voltages ™ at.
output terminals 28 and 54 are close to +V
volts: All of the other circuit paths include at
Jeast one transxstor in the “off” condmon at
this time.

When both the A and B mput slgnals

"7 have values of +V volts, fifth and sixth tran-

sistors 30a, 30b are “on” and provide a low
impedance ' path between " circuit ground and
the SUM output terminal 28. The voltage at
output terminal 28 then is close to. ground

. potential. - Additional " transistor 60 has: Zero.
" volts applies at its input electrode 64 and
“Has +V volts applied at its control electrode

60

~ the voltage at the output terminal 54 is close

66. This transistor 60 is biased in the full
on condition and provides a low impedance
path ‘between ‘terminals 48 and 44, whereby

to ground potential..
“Tn the steady ‘state condltlon, only one of

the circuit paths has a low impedance.” The

Consider now the operation of the FIGURE
10 circuit, and assume that both of the’ input
s1gnals A and B are at_zero volts. The com-

_plemerit signals A and B then have values of

+V volts. Third and fourth transistors 20c,
20d are biased in_the “on” condition and pro-
vide ‘a low unpedance circuit  path between
output terminal 28 and the +V volt source,
whereby the voltage at output terminal 28 is
close to +V volts. Fifth and seventh trans-
sistors 30a, 30c also are biased em the “on™
condition and provide low impedance paths be-
tween circuit .ground and the CARRY output
termmal 70. All of the other translstors are
in the “off”’ condition, whereby there ‘is no
low impedance path between circuit - ground
and the +V volt source.

- Assume now that the signal A has a value
of +V volts and “signal B has a value of
zero volts. Seventh and eighth transistors 30c,
30d - aré -biased 'in the “on” condition and
provide a low impedance circuit path between
ground -and -both output terminals 70 and 28.
The voltages at terminals 28 and 70 are close
to ground potentlal Second transistors 20b,
fourth transistor 20d and fifth and sixth tran-

-. sistors 30a, 30b are biased “off”, whereby

there is no low impedance path - between cir-
cuit ground and the +V volt source. '
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may be apphed rneans connecting the conduc-
tlon aths in circuit between the output ter-

and the first terminal in a manner
provxdmg first and second different circuit
paths, which include the conduction paths,
between said output -terminal and said first
terminal, first and second ones of said control
electrodes being located at different points
along the length of the first circuit path, third
and fourth ones of said control electrodes be-
ing located at different points along the length
of the second circuit path, third and fourth
transistor means of a second, opposite conduc-
tivity type each having at least one conduction
path and two control electrodes, means con-
necting the conduction ‘paths of the third and
fourth transistor means in circuit between the
output terminal and the second terminal in
a manner providing third and fourth different

@Jm{ n&g

e Icwdmm dbecea nﬁP-ﬂwv gendhxtigitynand
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s

IFotyfd Idevided iflSai€ Iﬁast Niedalsistdt

devices in saxd second transistor means
being connected in series between said first
terminal and said output terminal, the con-
duction paths of two of said N-type devices
of said third transistor means being connected
in series between said second terminal and
said output terminal, and the conduction paths
of the other two of said N-type devices in
saxd fourth transistor means being connected
in series between said second terminal and
said output terminal.
4. A logic circuit as claimed in claim 3,

wherein the signals A and B are applied at
the control electrodes of different ones of the
P-type devices of said first transistor means,

the signals B and A are applied at the con-
trol electrodes of different ones of the P-type

ttle current flow in the transistors and 2, wherem said s1gng1§ é| ang |Botre piveleed  and
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very little power dissipation, the only current
flowing in the steady state being due to leak-
age currents in the “off” transistors.

WHAT WE CLAIM 1S:— :
1. A logic circuit comprising first and
second transistor means of one conductivity
type, each transistor means having at least one
conduction path ‘and two control electrodes,

. an output terminal, and fitst and second ter-

minals across which an operating potential
may be applied, means connecting the conduc-
tion paths in circuit between the output ter-
minal and the first terminal in a manner

providing first and second different circuit

paths, which include the conduction paths,:

between said output -terminal and said first
terminal, first and second ones of said control
electrodes being located at different points
along the length of the first circuit path, third
and fourth ones of said control electrodes be-
ing located at different points along the length
of the second circuit path, third and fourth
transistor means of a second, opposite conduc-
tivity type each having at least one conduction
path and two control electrodes, means con-
necting the conduction paths of the third and
fourth transistor means in circuit between the
output terminal and the second terminal in
a manner providing third and fourth different

at the other one of the seventh and eighth

and have complements A and B said first and
second transistor means include four semi-
conductor devices of P-type conductivity and
said third and fourth transistor means in-
cludes four semiconductor devices of N-type
conductivity, the conduction paths of two of
said P-type devices in said first transistor
means being connected in series between said
first terminal and said output terminal, the
conduction paths of the other two of said P-
type devices in said second transistor means
being connected in series between said first
terminal and said output terminal, the con-
duction paths of two of said N-type devices
of sa1d third transistor means being connected
in series between said second terminal and
said output terminal, and the conduction paths
of the other two of said N-type devices in
sald fourth transistor means being connected
in series between said second terminal and
said output terminal,

4. A logic circuit as claimed in claim 3,

wherein the signals A and B are applied at
the control electrodes of different ones of the
P-type devices of said first transistor means,

the signals B and A are applied at the con-
trol electrodes of different ones of the P-type
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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
nmeans, and neans for applying one vices of said third transistor means, and

the 5 signals A and B ar€e applied at tne controi —of the srgmars & —B—&

and B at the control electrodes of different ones of said N-type electrode
of said other sem conductor device. 30 devices of said fourth transistor
nmeans. ‘8. Alogic circuit as clained in any one 5. Alogic circuit as
clainmed in claim 3, of the preceding clains, wherein said™“raf- wherein a
poi nt on8he series path between sh#¥6#P4 neans and seni conduct er_deyi ces
are 10 sai S Lrsit tranS| r. each insul te-gate.
field- effec%r%ﬁ@%ﬁ#%&gﬁ%@sﬁé n?eg'gcghn Y ; m‘fgmnﬁ b%ﬁ“ﬁnm@woﬁl

9. A |ogicC cigtalsuBtandi A ade adpplied ai heCloatrsh pBth h&neypbaauc&adfhmbﬁiﬂeen id
P-type devi eledrodssief different 9hgs of the tNyiyp gﬂeel W%mmﬁwm@rmw of ~%ai d

u'ans1stor means, amn

second trang ‘lgf" liod 2t b ‘ﬁ a@%eﬂeﬂt Hﬁ%ap\l gic _
circuit as ¢ £1 dificednfl lofBs of Obid. Nt %ﬁg bfCeaid! difich!] ﬁ&“ﬁlw as

herein 15 B¢v1cmoirsmdrfotath orOweatishe seri&sA chcublﬁt ueelﬁmedjasaiyl &ed with
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