"EXCLUSIVE LOG C CIRCU T" This invention relates to exclusive |logic
circuits and, in particular, to exclusive OR circuits and exclusive NOR Q22
circuits for_use in driving circuits for display devices, such as, for
exanmpl e, 5 liquid crystal display devices. According to one aspect of
the present invention there is provided an exclusive |ogic cgf}ém&t*“ffjg a
driving circuit of a display devi celincl udi ng a first inverter 'cgr%é ed to
a\# rst input, a clocked second inverter connected to-a second input and

cl ocked by a 10 si gngl, ring_at the first input so that a signal
appearing at an output i .gc%&%g@{:ivg;@ I8t ed with respect to the signal
appearing at the fijfst input .depending upon the lagic level of the |atter -
signal, and a trans'frr}%lsss|j'1(5‘2engté'if:"e1 angggctgﬁfe’r‘%#usgg?ﬁ'%lgg'cc‘&fﬁ%ﬁs o) fhié’ first
inverter and t first i d Si .. 1S nnect eg

bet ween the secon g‘lllna[ﬁtrit E%n%‘%? ‘hsef)%uto iéﬂ%}?:‘éggés?%? , e’?cﬁhgﬁéer Ny |o°nfrf%“{'ﬁse]f§r

m ssion gate IgLoRtdAablad Aychie $oo F@ﬂspﬂ??&%%@s,atsgéﬁ‘easf,i Ecyl el:_%g&lte for

sel ectively passing the signal appearing at” the second I nput to t olt put .

Preferably theyduigtcRRdateneptay Meeit&y.s are each conposed 20 of
‘conpl ementary netal oxide sem conductors. According to another aspect of

the present inventiftckBeid toSoid Qb o €id YWrBSert LAWALi6A N Her81 110 A
plurality of exclusive logic circuits as recited above in conbination with
a di spl ay devipsvidd® ahi exdlusiiverliogic igkaitlloy & S:GoMPRrikouid bftd@isplay
excl usive 25 l'ogic circuits. The invention is illustrated, nmerely by way
of exanpl e, i ndevice including a first inverter connected to a first input, a

clocked second invertei connectgd to a second input and clocked by a
10 signal appearing at.the first input so that a signal appearing at an
output is selectively inverted with respect to the signal appearing
at the first input dépending.upon.the logic levellof the latter sigmal,
and a transmission gate whose control path is coupled to the first
inverter and to fhe-fi;st-inputnand-whose signal. path is connected
15 between the second input and the output, so ghat, iﬁ'operation,-the
mission gate is controlled'by-the~§ignal appearing a£ the first input.
for selectively passing the signal appeéfing at the second input to
the output. |
Preferably the first and second inverters are each composed
20 of.coqplementary métal oxide semiconductors.
« -Acéo#ding to another aspect of the present invention there is
.provided a driving circuit comprising_a plurality of exclusive
logic circuits as'récited above in combination with a display device.
The first invegtef preferably is common to all the exclusive
25 logic circuits.
The invention.is illustfated, merely by way of example, in

the accompanying drawings, in which:-



c)-is atimng chart illustrating the operation of the conventional,
exclusive OR circuit of Figures |I(a) and 1(b); Figure 2(a) is a block

di agram of one enbodi nent of an exglusive OR circuit according to the
present invention; Figure 2(b) i's @ circuit di agram of the exclusive OR
circuit 10 of Figure 2(a); Figure 2(c) is.a timng chart illustrating

the operation of the, exclusi ye ORi&dy ‘&'ih&raﬁi oFi §WcRverdidha @tk ibive Figure

3(a) is a schematic“circurt diagramof-:a statlc driving circuit including

excl usi ve C§§ % .%s as illustrated in 15 Figures 2(a) and 2(b) for a
l'iquid crystal display device; Figure 3(b) is a tinmng chart illustrating

the operation of thenstadfyy 0fia/chgodit Quddraf of i (el Codfekiodlgure 4(a) is
a bl ock di agram of one enbodi nent of an exclusive NOR circuit according to

the presentgidiugiNd @R cHtuit of Figure 1Kappre 4(b) is a circuit diagram of
~the exclusive NOR circuit of Figure 4(a); and
5 Figure 1l(c) is a timing chart illustrating the operation
of the conventional exclusive OR 'circuit '.of Figures 1(a) and 1l(b);
Figure 2(a) is a block diagram of one embodiment of an
exclusive OR circuit .according to the preésent invention;
Figure 2(b) is a circuit diagram of the exclus:.ve OR circuit
10 of Figure 2(a); - |
Figure 2(c) is a timing chart illustrating the operation
of the exclusive OR circuit of Figures 2(a) and 2(b); |
. . c Figure 3(a) is a schematic circu:l;.t diagram of a static
© driving circuit including exclusive OR_circuite .as illustrated in
18 Figures 2(a) and 2(b) for a liquid c.rystal dieplay aevice?
Figure 3(b) is a timing chart ilJ:.us'trating the operation
cf the static driving circuit of Figure Zé(a) ,j.
Figure 4(a) is a block diagram of one embodiment of an
exclusive NOR circuit according to tl"_xe present invention;
20 Figure 4(b) is a circuit diagramiof the exclusive NOR
circuit of Figure 4(a); and "
| 'Fi'gure 4(c) is a timing chart iliustrating the cperation
of the exclus:.ve NOR c:chuit of Figures 4(a) and 4(b) .

Referring first.to Figures l(a) and i(h) a conventional

25 . .exclusive OR circuit comprises two inverters 11, 13 and two clocked

Re acconpanyi ng drawi ngs, in which:- -2- Figure I(a) is a block diagram
of} a conventional exclusive OR circuit; Figure | (b) is a circuit diagram of
conventional exclusive ORcircuit of Figure I(a); 5 \ Fi gure

ol
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Figure 4(c) .is atimng chart illustrating the operation of the exclusive <E%i)
NOR circuit of Figures 4(a) and 4(b). Referring first -to Figures |(a) and

| (b) a conventional 25 - exclusive OR circuit conprises two inverters 11,
13 and two cl ocked -3- inverters |12,. 14. An output signal appearing at
atermnal 3 is obtained frominput signals applied to termnals 1, 2. As
w.l | be appreciated fromFigure | (R), when the input signal applied to the
tegmnal 2 is low level, the clocked inverter 14 inverts the 5 out put
signal fromthe inverter 13 and an inverted pul se appears at the term nal

3. Wen the s/ ghal.appbi ot ! Oaf R LG f’s‘iigah_ 2pbSadingNat @Vebmidie §!sacked

I nverter 12 operates to invert the 1 npul signal applied to the termnal 1

and an invertgd pHLE ErBRPNEHE Sgnhls dRiMddb Sernfingid @,! £¢) AsSwarl i i ng
chart showing the state of the 10 I nput signals applied to the input

termnals 1, ¥e apgrddi@eodlisdh Figinal 1 @)hedigndlinpie dighal NiplBeditot he
conventional exclusive OR circuit shown in Figures I(a) and I (b). The

inverters 11,tn3tefiivast2 afs Lu® Fevel d whkf endcked anviester d4anmidrite teocked
inverters 12, 14 each consist of four field effect 15 transi stors.

Agcordisgly, édupuecosignalifroal tiex dnwerter OR andr enliinveftdd gulss appegrsart | (b)
has a total of twelve transistors. Cenerally speaking, in a multiplex
driving circutie termimalli 3p| Meulethieceigned, appidedrta thecteymynehizs igfhighe
déspl ay devi-ce '
level, the clocked inverter 12 operates to invert the input signal
applied to the terminal 1 and an inverted pulse appears at the
-terminal 3. Figure 1l(c) is a timing chart showiﬁg thg state of the
lo0 inpuﬁ signals applied to the input terminals 1, 2 anq the output
; | signal appearing at the terminal 3 ofzthe conventional exclusive OR
circuit shown'in.Figures 1ka).and i(b).
The inverters 11, 13 consist of t%o field effect transistors
-and the clocked inverters 12, 14 each con;ist of four field effect
15 transistors. Accordinély, the conventional exclusive OR circuiﬁ
of Figures 1l(a) and 1(b) has a tétal of twelve.transistors;
Generally speaking, in a multiplex driving circuit for a
diéplay device one, two or three segménts of the display devicé
-are driven by a single driving circﬁit. Thus it is necessary'to
20 usé a considerable number of exclusive OR circuits connected in
paradllel when the display device has a relatiiely large numbei of
' segments eo be driven. Therefore, the conventional exclusive OR
circuit shéwn in Figures 1l(a) én@ 1(b) has thé disadvantage that

the space occupied by the multiplex driving circuit is a relatively

25 large proportion of the space available on an integrated circuit.



are\driven by a single driving circuit. Thus it is necessary to 20 use
nsi der abl e nunber of exclusive OR circuits connected in parallel when
he/ di spl ay device has a relatively | arge nunber of segments to be driven.
erefore, the conventional exclusive OR circuit shown in Figures'l(a) and
| (b)- has the di sadvantage that the space occupied by the nultiplex driving
circuit is arelatively 25 | ar ge-proportion of the space available on ..
an integrated circuit. -4- Referring nowto Figures 2(a) and 2(b) thereg"{ﬁ
is illustrated one enbodi ment of an exclusive OR circuit according to the
present inventi ORefedriike fAr t6 Figukegd @3  bfd)2.(b) (tHere2{sn)i1806tr3E6d have
been designated by the sane reference nunerals. 5 The difference
bet ween t heor« ErbedinenOR £ ianC exdlushioerOR RiFtwitr eSccXddhg atied tB¢ [preaatk t hat
shown in Figures I(a) and | (b) is that a transm ssion gate 15 takes the
pl ace of thénvemtdener LiRe PHubstirafdgursssdi(ahgadi(l) 13 (ahsarad Edk make pat h
coupled via the inverter 11 to the terminal 1 and and a signal path
connect ed beestedasiqnateédrhy She samgnyefieyence trumepseks-nal 3. \WWen the input
signal applied to the terminal 2 is a positive going pulse, the gate of the
cl ockedl inverter Th® qiffernnce pPefireepcths exalusiver AR dixpuit shgvmlinaPigured to
the termnal 1 being inverted and appearing at. the termnal 3. In this
case, the tPsAPEI & apd &hat "f*?"ﬁlg%é'&gﬁ%%éﬁﬂ fPal MlgHsi Hifddance at the..
out put side_t hereof her. hand 1wT.\‘\‘Qen the i gutﬂfel gggxlls__appl ied W

to the tern¥¥ﬁﬂsmés?%$nlgate'lghtgﬁgg Qﬁe place of . inverter
missiongate 15 has a control path coupleé‘gig_the inverter 1l to the
terminal 1 and and a signal path-connéctéd between the terminal 2 and ;
10 _'th_e-temi_na 3. Wh.ex-'x the input signal apéliea to the terminal 2 is a
'positi?e going pulse, the gate of the clécked inverte: 12 is open, thus
resulting in the input signal applied tﬁ?the terminal 1 being.inverted
and apééaripg at the terminal 3;. In thié case, the transmission gate
15 is closed presenting a high impedénce?at.the output side thereof.
15 On the other hand, when the input signalgapplied to the terminal 2 is
a neggtivé going pulse, the gate of the élocked inverter 12 is cloéed
aﬁd a high impedance is presented at thefoutput side thereof, and the
transmission gate 15 is opened. As the fesult, the input signal applied
to the terminal 1 appears at the terminal 3. Figure 2(c) is a'timing
: 26 chart showing the'state.of the input sngals applied to the terminals
l, 2 and the output signal appearing at ﬁhe texminal 3 of the exclusive-
OR circuit shown in Figures 2(a) and 2(bi.
The exclusive OR circuit shown.in éigures'2(a) and 2(b) requires.
only a total of 8 field effect tramsistors, the transmission gate 15
25 consisting of two such transistors. Thus the exclusive OR circuit

of Figures 2(a) and 2(b) performs the sanixe logic function



a negative going pul se, t he gate of the clocked inverter 12 is cl osed an@
hi gh i npedance is presented at the output side thereof, and the '

transm ssion gate 15 is opened. As the result, the input signal applied to
the tefrminal "1 appears at the termnal 3. Figure 2(c) is a timng 20
chart showing the state of the input signals applied to the termnals 1, 2
and the output signal appearing at-tBe-termnal 3 of the exclusive OR
cipeuit shown in Figures 2(a) and 2(b). The exclusive OR circuit shown in
Figures 2(a) and 2(b) requires only a total of 8 field effect transistors,
the transn ssias thatenienlional exmissive 9§ cirquibd sluFhgeresndi(ax @nd. 1 (Brhus
the exclusive OR circuit of Figures 2(a) and 2(b) perforns the sane |ogic
f uncti on asbuthesingfont | knsal transiiatinseamk eenpeqientyy Fogltidlex(a) and
| (b) but using four less transistors and consequently a multiplex driving
circuit using @xdetingiciecoit disiaeiexslusive PRstixsudes iaf HHpste’ted &8 and 2(b)
occupi es |l ess space on an integrated circuit 5 conpared to the space

[

o]

occupi ed by t WElERT I ofaf 2dRL| RSIBEEORSEF (SBAFE WY 2B YAFEEFRf 5 e M (b) .
" Moreover _in a static_driving circuit for. a liquidcr stafle di Iia %ﬁ:vi ce
conprisi Aig excPUBRTRd R ERF ARPPE AESIPHFUSYr ML FOPYET §it sexif‘% Vén 2(b), a
portion indicated by r 'f'erenceln nmer llél 10 may ‘be common to all
segnents of th‘éiﬁfiuéglchﬁf‘a%%e@e' cgﬂge Standard clock signal is applied

to all segments. 10 12 l0us: QU ¥ NGES@IN1hY LN IR LALLLAD dPtAt ed
by reference nuneral 7 _ o
display device comprising exclusive OR circuits as illustrated in
Figures 2(a).and 2(b); a portion indicated by referencé numeral 101
10 may be common 0 ail segments of the displgy device éecause a-
standard clock signal is applied to all segments. It is thus only
necessary to provide a portion indicated by reference numeral 102
fbr each 6ne, two or three segments connecting the plﬁrality of
po?tions 102 iﬁ parallel. Figure 3(a) illustr#tes such a static
15 driving circuit for a liquid crystal display deQice; In Figure 3(#)
- COM indicﬁtes a common electrode of the liquid.crystal display
device to which a signal ¢ is applied. 'a_,_. b,c,4 ...9 represeht
segment electrodes of the liquid crystal display device for displaying
digits using seven segment;. sighals-aDch'bDEC""gDEC from a
20 decoder circuit (not shown) are applied in order to control
i ' energisation of each segment. The segment ¢ is used foi driving
the 1iquid crystal display device with an.alternating voltage,
. and usuéily a signal having a frequency of 32 Hz is used. The signal
¢ is fed to the portioﬁ 101 common to all thg'exclusive OR circuits,

25 while the signals argc! bDEc are applieq to the respective

*--* 9pEc



each one, two or three segnents connecting the plurality of portions
in parallel. Figure 3(a) illustrates such a static 15 driving
guit for aliquid crystal display.device. |In Figure 3(a) COMi ndicates
ommmun el ectrode of the liquid crystal display device to which a signa

[err] is applied. a, b, ¢, d...g represent segnent el ectrodes of the
l'iquid crystal display device for displaying digits using seven segnents.
Si gnal s [err] froma 26 6 -decoder circuit (not shown) are Yol

applied in order to control energisation of each segment. The segnent [err]”

is used for driving the liguid crystal display device with an alternating
vol t age, andsm@ianﬂloa of gial exclvishve SR cixpudtey of, 32 Hz is used. The
signal [err] is fed to the portion 101 common to al'l the exclusive OR
circuits, 25 whiFigures %gbn%r’r @ 5PH@g phart of the stungls appliieddteo t he
respective - 6 - portions 102 of the exclu5|ve OR circuits. Figures 3(b)

is a timng E}P?aﬁﬁg'b?“tt BeSh@nin FigpFe i3d@) ¢ Jherein Jyhenthea vekead® in Fi gure
devt ce. \erfRRide é. hape ety HvReaf cueBiy Bonl N nohed e a%'éi;%yw spl ay
level Phe DEt® MPRLFTe Yt d145fE sRsCartth Bt betlip 1 R S e R ces o ©
display. In ﬁ&u;ss HoPhs SR G hiR R OBl ng'g 1ePhE T8 Y o "y
liquid crystal displey device is energi%ed and produces a display. '
In Figure 3{(a) seven exclusive OR circuﬂte are necessary for
" driving tne'segments of.one digit. However, the portion 101 is
10 'oommon to all exclnsive OR circuits.. Therefore the driving circuit
can be simplified compared to a driving Eircuit using the .
coriventional exclusive OR circuits of Figures l(a) and 1l(b).
It will be appreciated that eiclosive OR circuits according
to the present invention can be applied ;ot only to static driving
- 15 citcuits.as described in relation to.Fig;re 3(;) but also to
maltiplex driving circuits with a duty.r;tio of 1/3 or 1/3 etc. -
The present invention has been oescribed.above in relation
to exclusive OR circuits for driving cirouits of dispiay devices,
but it is possibie to use exclusive NOR ;ircuits inetead, when the v
20 signal appearing at the terminal 3 is ootained as negative logic
or the input eignal applied to tne terminal lis negative logic.
Figures i(a) ano 4(b) illustrate an exclnsive NOR ci;cuit according
to the present invention.. The exclusive?NOR circuit shown in
figures 4(a) and 4fb) is similar to the ;xolusive OR circuit of .

25 Figure 2(a) and so will not be descr.ibeid'f in detail, the difference



comon to all exclusive OR circuits. Therefore the driving circuit can b
simplified compared to a driving circuit using the conventional exclusive‘K
OR circuits of Figures I(a) and I(b). It will be appreciated that exclusive
OR circuits according to the present invention can be applied not only to
static driving 15 circuits as degsgribed in relation to Figure 3(a) but
atse to multiplex driving circuits with a duty ratio of 1/3 or 1/3 etc. The
present invention has been described above in relation to exclusive OR

circuits for driving circuits of displa vi.ces, .but it i ossi bl e to use
excl usi ve Nd?%?it“gu%?ast |tﬁ§tje%ﬁfl't ﬁg%"ff&r"h ed to sﬁhﬁnfi?ngﬁﬁia?iaﬁ@ ?ﬁp"fﬁge

termnal 3 is pobtained as_negative logic t he input .si gnal | i to, the
termnal 1 is FegRB %°"1%86r¢. | GEFEE AT A) ralir %ﬂ%ﬁsﬁ?g RS naneeéggl(ﬁ)si ve

termnal 1 b1 7% B ) Tl A i xEtsi
hown | Fi gur B0 Spayeaed b laBas ds BLBRy IR FEEUTE  HPE 28 o

Figure 2(a) apd sepjid |a19€£d§3%igég%eidg%dé‘. fedidd 1 (ENgedhf {6185 &art

bei ng that the 1 nput signals  appli e termnal 2 are opposite to one ..

apother.g- The; xehisiMg MR GlakcUbé +8E it €85402) g0 «A( B thaStd R nssdre

advant ages aS'the-ngIu5|ve OR circuit of Figures 2(a) and 2(b) as already
di scussed above, Fhgdrhe?bGipdts _sggﬁumaaﬁemrgt ab the teldind$t3y s @ge t he
séiate of the input signals applied to the terminals 1, 2 and the out put

si gnal appeari &giakivdoreE{HF 3t Shé¥n LAEFigures 4(a) and 4(b).

driving the .segnents of one digit. However, the portion 101 is 10 éi:::

An exclusive logic circuit according to the present
invention may employ complementary metal oxide semiconductors for

10 = the field effect transistors thereby'permitt'ing it to be integrated.



usive NOR circuit shown in Figures 4(a) and 4(b). An exclusive logic
duit according to the present invention may enploy conpl enentary net al
ge sentctonductors ror 10 the field effect transistors thereby

peTM tti NGgy immt at ed. CLAIMS 1. - An exclusive logic'circuit

for a drlﬂlmmm‘“m“‘mmﬂ di spl ay device including a first inverter °

connected #0 @ furst #nptit, a clockgd second i nverter connected to a second.-

~input and clocked by a signal appearing at the first input so that a si gnamj.
appearing at 5  an output is selectively inverted with respect to the '
signal appearing at the first inpatangpendi ng upon the togic level of the

| atter signal, and a transm ssion gate whose control path is coupled to the

first inverter and to the first input and whose signal path is connected

bet ween t he Beconah iexpltsiaedledies curquit, foo a Batvingncbyadht ¢H@, disrday0

transm ssion gate is controlled by the signal appearing at the first input

for sel ecti vdvwicpagwilpginthe Sixgtain¥gnrear Fenpested e §eg‘d-'ﬁ6 e 20 the

out put. 2. Pn. exclusive logic circuit as clainmed_ in claim1 n_which the

first and seckoslied mpepp@ rinverien SERANIHPFOERE SPCShPPRMe AR rSHHTEEAIPYL5

oxi de sem conductors. 3. An exclusive logic cjrcuit_gas EI ained.in claiml g

or 2 constr LR tSEPak BRReAXIAT T FRSORLESY ABPTE SR thataR ESFPISTRRSFSRT & .

CIrCUItSas C;éﬂogESLQ QSCLéHézkivégf %nverted-with ﬁespect.to the signal appearing

at the first input depending upon the légic level of the latter signal,
and é-franémission gate whose control péth is coupled to the first
inverter and to the first input and whoée.signal-path is connected
- between the second input and the.outputi s0 that( in operation, the
io transmission gate is controlled by the ;ignal appeating at the first
input for selectiwvely passing the signai appearing at the second input
to the output.
2, 2n exclusive logic circuit as claimed ;n claim 1 in whdch the
first and second inverters are each composed of complementary metal
15 | oxide semiconductors. |
3. An exclusive logic circuit as claimed in claim 1 or 2

constructed as an exclusive OR circuit.

o«

4. An exclusive logic circuit as claimed in claim 1 or 2
constructed as an exclusive NOR circuit.

20 5. An exclusive iogic circuit substantially as herein described
with reference to and as showp in Figqres 2(a) aﬂd 2(b), or

Figures 4(a) and 4(b) of the accompanying drawings.
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~constructed-as an exclusive NOR circuit. 20 &\_ADM(\;;I ogi c (205
circuit ‘'substantially as herein described with reference to an s shown in

Figures 2(a), and 2(b), or Figures 4(a) and 4(b) !HH’ i ng
drawi ngs., 6. A driving circuit includi ngl ﬁﬂ'ﬂ'mﬂﬂmmgcl usi ve

logic circuits as clainmed in any precgding claimin combinatien with a

di splay device. 7. A conmbination as claimed in claim®6 in which the
f&pst 5 inverter is comon to all the exclusive logic circuits. 8. A
conbi nati on ass.cl aiaAMgHvihe kdkdaiR DhclhdifgWhipthrdieydds Rkavudifni t8yilcs a
liquid crystal display device. 9. A conbination as clainmed in claim®6
and subst ant i adilrgutts Berclidimée Sty ahe brecbdine i fNGs d¢mbiangdeitn WA I N
Figure 3(a) of 10 the acconpanyi ng draw ngs. The text of the

speci fi cati on daplie@aviepr oduced by phot ocopying the applicants ori ginal
typescript. It way contain a few anendnents which are difficult to read.
"The original tApesdk icpnbipenien Hnglaimedeimmdadnehtia weichbthe rfipect ed on t he
prem'sessof the Patent, O fice _ '

inverter is common to all the exclusive logic circuits.

o .
. 8. A combination as claimed in claim 6 or 7 in which the display
t device is a ligquid crystal display device.
9. A combination as claimed in claim 6 and substantially as
: herein described with reference to and as shown in Figure 3(a) of
) 10 © the accompanying drawings.
The tex.t of the specification . has been reproduced by photocopying the applicants originel
_typescr%pt. It may contain a few amendments which are difficnlt to resd, The original
o typesgnpt c_:on_’caining these amendments may be inspected on the premises of the Patent Office
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