el

ELECTRC»CPTICAL DEVICE The present invention relates to an el ectro- optical
devi ce, such- as.a- supFr sted nematic liquid erystal display. In a prior
super twi sted nematic'liq ”crystal di splay as described in -
Publ i shed Patent No. 50511/1985, ‘the twi st angl e éffthe |iqui @2&@\6’-}-@
*nol ¢Cul es i's in excess of 180[err] and the product of the optical

an|§6tropy n and the t hi*cKness d of the liquid crystal layer is fromO0.7

to 1.1 micro-netres. This liquid crystal di spl ay -becones col oured as a

result of birefringence when it is driven by a dynanmic drive technique _

i nvol ving the selective application of a plurality of.different voltages.
Wen a non-sel ecting voltage is applied to the display, it appears yelTow.
When a selecting voltage is applied, the display turns blue. Wen

i ntermedi ate voltages are applied, the colour of the display goes from
yell ow to blue through a sonemhat bl ue- green colour, as shown in the CE
chromaticity dlagran1of Fi gBLECTR PTR ~u'~|splay can only produce a-
limted range of col ours, mhrch i's not suff|C|entIy |l-ar ge f.or -practi cal
use. Some known el ectro- optlcal deyi ces having colour_filters can display
mul ti pl e col our sSTRROREGEEDtipVeREigR Fﬁ}§tﬁFnH°r§ﬂU?;€°FﬁPee ki nds of

pi xel argangeﬂcafsaeeicéel¥suehdaﬁphasgpée thiseearnenaglgguqusd red,
green an ng. refore, these devices are very difficult to
fabricate. Q B?g %ﬁs%QSYhe present invention there is provided an

el ectro- optlcal Ievacprionpsupengtwistedi nemapicaliquid nayekgla pair of

2 display as described in Japanese Publlshed Patent No.
P 50511/1985, the twist angle of the liquid erystal
¥*{_ molecules is in excess of 180°, and the product of the
opticai anisotroPy'_ n and the thickness  'd of the liquid
crystal- 1ayer is from 0.7 to 1.1 micro~metres.
;This lzquld crystal display becomes coloured as a
,result of birefringence when it ls_dr;ven by a dynamic
drive technique involving the selective application of a
plurality of.diffefent voltages. When a non-selecting
voltage is ‘applied to the display, it appears yellow.

When a selecting voltage is applied, the display turns
blue. '~ When intermediate voltages are applied, the
colour 6f the dzsplay goes from yellow to blue through a
somewhat blue-green colour, as shown in the CIE

-KJ chromaticity diagram of Figure 18. - Thus, the display
can only produce & limited range of colours, which is
not'sufficiently large for practical use. .

Some: known electfo-optical devices having colour
£ilters can display multiple colours. However, devices
of this kind reguire three kinds of pixel arranged
respectively to display the three primary colours, red,
green'and blue, ~and, therefore, these devices are very
difficult to fabricate. R o

According to the present 1nventlon there is provided
an electro-optical device. comprising a liquid crystal cell
having a pair of |



el ectrode pIates dlsposed opp05|te to each other and a Iayeastﬁ “a~tawi sted
nematic liguid crystal material sandwi ched between the el ectrode plates, a

pair of polarisers disposed on. opposite sides liquid, crystatf
and neans for applying a. selectlvely vari abl e X0l gisy Lty

ele[err] plates of the Itquld crystal cell, ;the twi st angle of - the .
nematic liquid crystal nmategial-1ying in. thetm e frbn1180[err] to &
360[err], and the produet«8k t'he optical anlsothopy n of -the nematic
liquid crystal material and the thickness d (in-mcro-netres) liquid

crystal | ayer being in excess of 1.1 mcroO- metres. As described bel ow,

the nmeans for applying a sel ectively vari abl e vol t age between 't he - e

el ectrode. plates .of the Iiquivd crystal 2cel | are arranged such that the

_,_voltage nay selectlvely assune:three or nore values. Miltiple colours with

t’approprlate C can be’ dlsplayed by the. ap hlcatlon of“these several -

di fferent vo?? é tﬂl%t?%mﬂﬂéﬂgsedtbppo_; : s -0 G || RCEN
exanp th

i ~e 2 g
1/ 100. The |hayer|oﬂ antw1§6ede§§maé§g i e,
reference togfhgy §p@g 4,09, O A f H§&§§t;ﬂpgt¥g grariala schenattc
Cross sectlonaIV|em10 & );? %ﬁ Eﬁ@%l 3 _.5t|tanpmgraof|rst
enbodi gent Rpl irbeexe- P 1;@ ;|wp@@1t:)wd¢me£%f ign. Fi g]yre 2
is a diagray &@tééﬁing - et ween al sorp 0N axes o
pol ari sers of i uid c é; c1’%§5p‘§I J -LQF@?YﬁdeIreCtIOHS
of rubbing of %Y ‘?o ;) _eemetheqmg; e
liquid crystal c 11 ‘the tWLst angle ]
liquid crystal materlal lying . in, the Ei '

3609,

G

5 _ Rplying a
selectlvely varlable voltage between the electrode
pPlates .of the: llquld crystal cell are. arranged such. that
the voltage. may’ selectlvely assume three ‘or more values.
Multiple colours w1th approprlate contrast .can: be"
dlsplayed by the appllcatlon of these several different.
voltages with a low duty ratlo of, for_example,a less -
than 1/100. o o
The 1nventlon w1ll be. descrlbed further . by way of o
example, with reference to the accompanylng drawings, ~
in which: R '
 Figure 1 is: a. schematlc cross sectlonal v1ew of a -
llquld crystal dlsplay constltutlng a flrst embodlment
of. electro—optlcal dev1ce accordlng to- the 1nventlon,
Figure 2. 1s a dlagram 111ustrat1ng the relatlon
between ‘the absorptlon axes of polarlsers of the lquld :
crystal display shown in Flgure 1 and dlrectlons of. l
rubbing of electrode plates of the llquld crystal



Figures 3,4, 5, 6, 7 and 8 are chromﬁt|0|ty diagrans showi ng the col ours
whi ch may be created by specific exanples of t'he l;i.quid crystal display
shown in 5 Figure 1; Flgure 9 is a schematic cross sectional view of
another liquid crystal display- constltut@ng a-secon <enbodi ment of
electro optlcal devi ce according to the invention; 10 Fi gure. 10
Is a diagram i % tratlng t hesrel ati on bet ween the~-bsorpt|on axes of

pol ari sers of qU|d crystal di splay shown in Figure 9 and directions
of rubbi ng -of el ect Figmnesatdgs 4of S5t,hé,| i70@nd (&mealclmmmlm

Figures 11, 1 A R %ﬁyg i e colours
whi ch may be ?rleé? f%slagqe%l %g%e%r]fp es golfl'lt:")é;nl'{j qul’ d crysteﬂ%g l;&bspl ay.

shown in Fi gusPesifficqexamplesa of fheaﬂéqﬂﬂdnﬁﬁﬁﬁﬁﬁ hoyn in

showi ngst he c@iQuire whi ch. may be created by specific exanples of a

variation on the I| ui'd cr stal I spl ay shown in Figure 9 and Fjgure 18
is ,a chromaticity d|&§P§ﬁ|éh mﬁﬂ%ﬁu%?Qﬂﬁtﬁ?Qﬁ%?ﬂiQ by the -

prior Iiquid emeier Aiquid dsrqrbltan d&sfplraqt dongtitutriyrf & sﬁamiday i's

Shoun oS oG o, SleE ke B AT 4o AR AL H 35 1 ™

pol ari sers 1 dm¥ehtidm; The I|qU|d crystal cell 10 conprlses a

s AL St 8 PR R A B s i ©

plates.  Thebe$weencithe: absorption axesaofcpsdarigersinf @rhei tleqwﬂe
crystal display shown in Figure 9 and directions of
rubbing of electrode plates of the llquld crystal
display;

15 Figures 11, 12, 13, 14 and 15 are chromaticity
diagrams showing the colours which may be created by
spec1f1c examples of the liquid crystal display shown in
Figure 9; -

Flgures 16 and 17 are chromatic1ty diagrams

20 showing the colours which may be created by specific -

examples of a variation on the liquid crystal dlsplay

shown in Figure 9; . and
Figure 18 is a chromaticity diagram showing the
colours which can be created by'the prior liquid crystal
25 - display. |
Ao B A first liquid crystal display is shown schemati-
cally in Figure 1, and comprises a lower polariser 1,
and upper polariser 2 and a liquid crystal cell 10
sandwiched between the polarisers 1 and 2.
30 The liquid crystal cell 10 comprises a lower
electrode plate 11, an upper electrode plate 12, and
a layer 13 of a nematic liquid crystal material sand-
wiched between the two electrode plates. The lower
electrode plate 11 has electrodes 1lla on its upper



4 surface, ‘an the upper electrode plate 12 has electrodes 12a on its

| ower surface. The surfaces of the electrode plates 11 and 12 which are
in contact with the nematic |liquid crxftal | ayer- 13 are rubbed or other- 5-
Wi se processed to tw st t:he, nol ecul ar packi n acers 14 are nounted

bet ween the el ectrode. pl 1 and 12 at thg:edge
spacers 14 e : | 4 el €Ll al tyween the el ectrode

plates 11 agn"gll:%éé;hd mal nt-ai n.@%:%n'és:%%%féda %ﬁﬁe%iv)\:%%\glo the pl ates

11 and 12 s®legkxodes 1r hekts olower iﬂ%}&%ﬁ crystke surgaces £ rendered
uniform Sppeegld@ErSde Sprdtes Tl agsd f1PMendh BPSSiPaddstady e be

provi ded throughout fhe regjion between the plates 11 and. 12. drive
P Peuit 3 1S HERATAE TS Faras g iavan 15 £ | TaPed "% HHE 1o the-
el ectr odes wWise grbdessed |to ttwi gt edsntmekecqlay padleinty i veSpacerst 3 .

utilises a ' [ V.es echni que i at, Ltz 2R respach i es of a_
,sel ecting vg?/"[%é%Snaiade/n%%-%%Fﬁbﬂé\)é%%%é%%%%gé%rffm)cpg&ii/n eérzprredi ate
vol tages atthp fedgemtof i thes@@latem: wedthe epagtews rblidpldtidre 11 and 12 in
order 10 GNaHA fo M du A T matd HUP Potuddi? €1 e1ddrsdy ali onship

between the axes of the_ligtrd crystal, nolecules close to the el ectrode
plates 11 PSS okl 13nd 1312, ARA RAMNEA1n & fFRFLANt - SRAGIRT PRteRR e 1 and
the apsor ptiln pheEsesl11 ndol2rssailfatl tdl thickrésd wmhelideligpans for

orienting the liguid crystal, nolecules is‘not limjied to rubbing, in this
exanpl e thec%ﬁte%]i‘gﬁ?f%‘?-lofiﬁtra‘ﬂ%ﬁf%‘? ‘-%EHI;’P‘?‘BM REACYE BB of the |iquid
crystal nolsaueh ess o lesss tHile or tdlkass dud Xlalangy atleso ilse qurovitbsdd to be
equal to t L. (0N N whi t kgﬁép'f | ect lage is rubbed,
for conven%&ﬁﬁg&ﬁ&%@naﬁ%ﬁ&'%s as%%teéjlo%él\sg %fg%ugpp ied to the
enbodi nents descrd sigive circuit 3 for driving the liquid crystal

15 cell 10 is connected to the electrodes. 1la and 12a. In

the present example, the'drive[circuit 3 utilises a

dynamic drive.teéhnique in thgﬁ it app}ies respective

dges of these plates. The

ones of a selecting-voltage, a_non-selgcting voltage,
and one or more-intérme@iate voltages-ét different times

20 between the electrode pia;es 11 and 12 in order to
generate multiple colours. | |

Figure-2 illustrates the relationship between the

axes of the liquid crystal molegules,cl@Se to the
electrode_plates-il and 12 of.the liquid crystal display

25 shown in Figure 1 and the absorption axes of the
polarisers.1 and 2. Although the means for orienting - ';J
the liquid crystal molecules is not limited to rubbing,
in this example the direction @ﬁ orientation of the long
axis of each of tbe liquiq crystal molégules close to

30 the electrode plates is considered to be equal to the.
direction in whigh the asSociatédﬂelect;ode plate is
rubbed, for.conQenience éf exp;anation,. This
assumption is also applied to the embodiments described
below. :



bel ow. 5 Referring to Figure 2, i | i@ wes: _Léétrode plate 11 and the
upper electrode plate 12 of the |iquid crystat-:cell 10 are rubbed in :
directions indicated by R11 and R12, respgctively. The liquid crystal 5.
npl ecul es inside the liquid crystal cell 10 are twisted downwardly as
V|eMBijn.Figure 1. The direction and the angle of the tw st are indicated
by T. The directionsgof the absorption axes, . or A ' e t he
| ower polariser 1 an%e%ﬁﬁrbﬁga§9p§i%PF§e§'2 588 gékgﬁegi%ngoaéyﬁgfgénd P2,
respectively. 1lTamddthecupperPélectrbdeapiatpt Lanofixtbeofighadl ovner
pol ariser 1 foLpssalya wi.Lh | ERCREQR~PE ohHDB] Ridgohyt he
| ower electrodé fg?% ?gif Q%hékéif%ggfgniﬁzaggafﬁé?égsg?g?Fon ax%z of the
upper pol ari seRld 28€nB1an BegPecbivelyh t hEhesliquid: ex¥sEAlof. rubbing R12
of the upper eherééQU8sPiasead2tntn1if@idbeygsehlueblleio hR8 vRRSEeand
| ower electrodg plateg 11 and 12 re,arranged I n chh g ma¥ t hat %hﬁptmnst
angle T of thelPYRUREALY REaVigBedcincEignte 1, oThe difecrifBeapfofhe -
180T err] to 368hgle] of the thistcase, ih@ecdtedchbyon. anthehdizegteoiisof the
twist of the ligujd crystal, oplecules are LoLn y rulbi
di'r oot ons Ru1oFrhBe B PReTRn RrRE s 08 BRNEELPREROR KRR | S0 e .
subst ance addetiowertpelachsercl|andi thesupperrpolaribeyec? age depptedrabl y,
the angligs 01 gadpP2ah§apyt eadhtgely@Dg, Of HADERGeELEBhpLNoENER
absorptﬁgﬁ axegpg? t%% p%?ér?gg?s g%cﬁm?ie in_the rgngeayron1?5[er$L to
75[err]. . ThebpewRtdenorxineofpthealonar sBelapyseEr £ LATAAIARNBNERPCKness
d (in mcro-neg1egitRf théealrast doh! 38t 2hbBong RiLayerthe Lewarde | arger
than 1.1 n1cro-fEt£es _ . — : .
" electrode plate 11. The direction P2 of the absorption
- axis of the upper polariser 2 forms an angle 62 with the
15 direction of rubbing R12 of the upper electrode plate

12.

In the above structure, the upper and lower |
electrode plates 11 and 12 are arranged in such a way
‘that the twist angle T of the liquid crystal molecules
20 lies in the range from 180° to 360°. In this case, the
direction and the angle T of the twist of the liquid
crystal molecules are determined by the rubbing
directions R11, R12, and the nature and amount of the
optically active Substance added to the nematic ligquid
25 crystal layer 13. Preferably, the angles 61 .and 82
o that the directions of rubbing form with the absorption
axes of the polarisers each lie in the range from 15° to
"75°. ' The product of the optical anisotropy An and the
thickness 4 (in micro-metres) of the liquid crystal
30 layer 13 is made larger than 1.1 micro-metres.
The voltage applied between the electrode plates
11 and 12 is varied to reduce the retardation of the
liquid crystal layer 13. This changes the colour of
the transmitted light. The colour change can be



The vol tage applied between the el ectrode plates 11 and 12 is varied to

reduce the retardation of the quuid crystal | ayer 13. Thi s changes the
colour of the transmtted |ight. col our -change can be 6 increased.
by increasing the change in the retar ation. ‘For this purpose, it is

necessary to increase the initial value of the product.[err] n.d. It Qgs

been found ghats [ e i o the 5

condi tion tlhat ta{?egdrt rlﬁg)t ?lé‘lwegl uzlgg%%teh%%pérr(ygfgg’r ?@rﬁé g:%_l n ‘excess of
1.1 nicro- fo% &iis ppxposeaci Hitt dfeecessamdbitey Iocreass |‘%1tey of col ours by

lsel eft It vel Mndais1nGallie %Ep![tlf?%d \t@dhwﬁ?i-\aeen hﬁe\tersalbe‘é&i (‘::If%'i;[nd.[ No In.d.
imtation re | on:the up er I'im produc err]n.
Miltiple c uﬁ%ﬁ'l’g@ UEFe Famo RdFdrl Yy ’ﬁ?éa\l’&d.rém@lenr $eor oduct.

i sI 5At pr mmtﬂmmmt thteganerttlmakraamtes@frw prioduetc oA nba IlecEeas]ed ;

only up to siderin e resp pee e pr uct [err]n

s preferagﬁygﬁﬁﬁg tﬁgnggaomﬁffpo% %g % gﬁ& crease t he
nunber of ddispley difspl apedetyt of. bndoutsctysseuecahwemQ many&mgntageously

activated el e q xﬂﬁ% | bov Suf fici ent

cont rast cgﬁ b%@gﬁ%& gbng%g% b%%%%@h %% > gqc%ystgp cell 10 is driven
at a IOM/d&#ﬁlﬁéﬁﬂ@n§farﬁoﬁm§?§ﬁélQn th@s§PEﬁ£O@imiﬁe°§ré§@nt i nvention

actiyely uete Sh-dhe bimatipIgeeetodirs' ban bauidspluyedl mter | al and
requires t the dire ns_of ori crystal

_ n
nol ecul es °VF3Frf95 h§ Fo¥8rHE & % th PE@%HF&S&FronAt Ef@ ubg'the
poIarrsershowewnrpartheubpt;cwﬂeantbetanp&esbﬁlaad be thatredlseddi rections

of only up to about 0.2. COn51der1ng the response speed,
the product An-d 1s preferably less than 2.0 micro-
15 metres. '

v/

In order to increase the number of colours
displayed, the liquid crystal cell 10_;s advantageously
activated by the'dynamiq drive geChniquejmentioned
aboveg--Suffigient.dontrast ean beeobtained even if the
20 liquid crystal cell 10 is driven at a low duty“ratiO'of,
for example, less 1/100. o L
The present invention actively makes use of the
birefringence of the liquid crystal,material and
requires that the directions of orientaﬁion of the
25 ligquid crystal mpleeules'differ from the absorption, or _
. polarisation, axes of thelpplar;sers; f.In particular, B ;;
when the angles 81 and 62 that the directions of
orientation form with the.ebserption axes are set to be
within the range from 15° to 759; colours can be
30 displayed with high'COntraet'énd'high colour purity.
Some specific examples of'the display shown in
Figure 1 are given below. -



orientation formwth the absorpt|on axe’s: set to be within the range
from15[err] to 75[err], colours can:be 30 "7idi spl ayed with high contrast
and hi gh colour purity. Sone: specific exagples of the display shown in
Figure 1 are given bel ow. “B7.EXAMPLE 1'The nenatlc liquid crystal |ayer
13 mas nade froma PCH |iquid crystal The optical anisotropy An was 5
0.13. =7 The thickness d of the I|qU|dEﬁAM§£gI hayer 13 was 10 m cro-netres.
Hence, * the product [err]n.d+*Was 1.3 mrcro-metTes. «3:The twist angle T of

the liquid crystal nolecules was 180[err]. The angles 01 and 02 that the
dl{ectlons 2f rUbb'”ﬂhéOgé?ﬂtﬂbtbl ﬁfdaéﬁyéﬁhﬁoma?éfslafwiﬂ madbhﬁrog

pol ari sers an re err ectivy ui
crystal cell d§é§m§}99% %ﬁ%fdrleg %Eﬁ aB§SPﬁ£¥8¥ Y&Pi ve

t echni gie on taelma3|sThé tbﬂckdeésedeof thétagqalétczyduay iayem @8 1/100.
Wen an effectiy ger}flfgi.gc%%{ggeé/ol tgg&é_%f o Fect%{rwaﬁc PA Led %gft aggo t he

cell 10, it turne Ve 'Ssé ectlng € of
2.32 V was apphicrotmetresit tThectwist. anglweR® off tbei kéqnadecrygkale

vol tages of 2. ﬂglébéféfzwgé Yagtr e aﬂﬁé'gﬂgigstbi &R4! éothattthﬂr”ed bl ue

and purple, respective However , resgonse I e was as sl ow as
600 ns or grea@é¥e°t99mﬁlﬂi2r¢h§%%§df6¥mﬁ§|Wgtbh hej abPATPEYCRaPXBE BXanpl e

1, 25 lloa | i othé péysfﬂéefgyﬁraﬁé zvderéLgoftahansm& eappeyedvelpe

PBver 13 ves oERb oI elyetay, fefu ckaaeTuth, bl B RN

ot herw se, andciheuitqmlHycthetdYnamib ﬂrdeCEéchnmqueobnuthelbashs eofine
four different voitages at a duty ratio of 1/100. When
an effective non-selecting voltage of 2.10 V was applied

15 to the cell 10, it turned blue-green. When an
effective selecting voltage of 2.32 V was applied to it,
it turned red. When effective intermediate voltages of
2.17 Vv and 2.25 V were applied to the cell 10, it~
turned: blue and purple, respectively. “However, the

20 - response time was as slow as 600 ms or greater.

EXAMPLE 2

Instead of using thé liquid crystal of Example 1,
25 “a liquid crystal layer 13 made from tolan was employed.
The optical anisotropy An was 0.18. The thickness d of
- the liquid crystal layer 13 was 8 micro-metres. This
-example was similar to Example 1 otherwise, and the
liquid crystal cell produced four colours in the same
30 way as in Example 1. However, the response time was
imprdved to 300 ms.



30 way as in Exanple 1. However, the response tinme was inproved to
300 ns. 8 EXAMPLE 3 The liquid crystal material of Exanple 2 was used.
The present exanple was simlar to Exgmple 2 except in 5 that: the
twist angle T of the liquid crystal nolecules was 220[err]. . The angles 01
and 02 that the directions of rubbing forned with the absorption axes of
the polarisers were both 45[err]. gxaMg i quid crystal cell 10 was dri Y€n
by the drive circuit 3 with four dffferent—10  voltages at a duty ratio
of 1/100. The liquid crystal display exhibited four colours as shown in
the chromati ci tym:eag.uqm@‘ driygitad - ha tetidll ofl Ehﬁm'ﬁlleS Eraplhuseths simlar
to Exanpl e &£ t anal.e T .of tal_. nol ecul es
was changeﬁ )ﬁ%%%[e %&a&“ﬁﬁ WSSH lfg']\ﬁ&s t(§>r |E{7§§“ Lﬂn%’%{ e B rcuit 3 -
wi t hSf our dibiefter ertthalctmagean@tleamuufym ildqdd cnyfsth(llmlecﬁiea:ol ours
obt ai ned bahiz2oBaMDhiEe 26G18R0W] b 16 ithat thel ¥ dddilichd oS! 2

_display showed yellow in a lon to t ree primary colours
green, bl F8PRIRY f@rmed. with the absorption axes ofgkhePLE 5 The |iquid

gr%/fstal f" @bll?&l%%tﬁ?@:@&bebét\l’@?lsa“ ¥e?r/hlév 1tileR iQr 'dt?s‘t'a’]ﬂéetltﬁ 1 th eight
ifferent vo gs at.a y ratio q an effective

non- sel ect "A§ g% ven, byt g&@ griye ZE"‘?C\B&é %pb’ﬁtgg%l%‘ R fEeFenE cryst al

cel 1140, wbdtdlgepl ay audoey gaedo. of\/\he'rlomn ef mhet ilderuid esrtysrtglvol tage of
2.4 vV “ﬁswﬁg%bh§9 E%h&%ﬁt hq%ongE%i%%l SH%Wn E%eﬁw splay turned

yel | ow.
chromat1c1ty dlagram of Flgure 3.

EXAMPLE 4 o s

15 P
This Example was similar to Example 3 except that

the twist engle T of the liquid crystal molecules was

changed to 230°. The ee;l 10 was driven by the drive

circuit 3 with four different voltages at a duty ratio

20 of 1/100. The colours obtained by this-Examplesaare_
shown in Figure 4. The'liquid crystal display showed
yellow in addition to the three prlmary colours, 1i.e,.
green, blue and red.

25 _ 3 EXAMPLE 5

The liquid crystal display of Example 4 was driven
by the drive circuit 3 with eight different voltages at
a duty ratio of 1/200. When an effective non-selecting
30 voltage of 2.24 V was applied to the liquid crystal cell
10, the display turned green. When an effective
selecting voltage of 2.4 V was applied to the liquid
crystal cell 10, the display turned yellow. When
effective intermediate voltages of 2.26 v, 2.29V,



effective internedi ate voltages of 2.6 229V, 9 2.31V, 2.33,
2.35 V and 2.38 V were applied, theudisplay turned blue-green, blue,
purple, red, orange and yeLIomﬁsh-éraan respectively. The col ours
qbt ai ned are shown in Figuré:5.and, as can be seern“from5 this diagram
the application of a different”voltage created a different colour for each
of the ei ght I £S. Jhe r ' 0 . E ) In
Exanpl e 5, t\r?é)'%ﬁig\g’knzeb? t(}?'ofe?%ﬁ?q%#dgezc\rl%tél %gge?ﬁ %3 0 't(G)T%% whose

optical ani sot¢ B IFYTREGDINOIRRERN chaRl t PEEBLen criptet rekangdee
response i e 09 yERISVESh 1 AR Fes IO FXARLE 7 0 ddisizangl e T of the
liquid crystal .nol'ecul es of Exanple 6 was set 260[err],. The apgles 01
and 02 that 20°Ptaingd Are SR W Fidhieg f?ﬂ‘ﬁec?%‘?‘ﬁ’t% 2B Pt axes
of the gol ari Sehis hﬁf&(jgka?&nmer&écﬁﬂplsﬁaﬁibd%ﬁra]diﬂl‘!&rérit]u(mﬂ.t‘ag'et al cell
10 was driven t.he, dri jrcuit withe el [ t v ages at a
duty ratio of %eﬁﬁ?da\f#;frfea?r& fceoijﬁ%%%g%%?lgc#ﬁ%}? o?’t%kg% of 25

2.8 V was appraldtages + he Theyurasponss diime|was 0400 twe. di spl ay turned red.
When an effective selecting voltage of 2.44 V. was applied to the liquid
crystal cell 10, the display turned orangf. When i nternedi ate vol t ages
were applied, blue-green, yellow and B¥A¥BLEB0 6  col ours were produced.
The col gyrs displayed are shown in Figure 6. The angle forned between the

absorption axes of tfie A SY S Tl LAY &f B0 Fidusd O

cfyst'al layer 13 of tolan whose optical anisotropy An

. was 0.21 was changed to 5.5 micro-metres. The response

~ time was improved to 250 ms.

15 :
EXAMPLE 7

The twist angle T of the liquid crystal molecules

of Example 6 was set to 260 . The angles 61 and 62 that

20 the directions of rubbing formed with the absorption -
axes of the polarisers 1 and 2 were both set to 10°. -
The liquid erystal cell 10 was driven by the drive
circuit 3 with eight different voltages at a duty ratio
of 1/200. When an effective non-selecting voltage of

25 2.28 V was applied to the liquid ecrystal cell 10, the
display turned red. When an effective selecting
voltage of 2.44 V was applied to the liquid crystal cell
‘10, the-display turned orange. When intermediate
voltages were applied, blue-green, yellow and other

30 colours were produced. The colours displayed are shown
in Figure 6. The angle formed between the absorption
axes of the polarisers 1 and 2 were set to 80°. Eight
colours complementary to the above described colours
were produced. These complementary colours are located



col ours conplenentary to the above described col ours were produced. These '

~ conpl enentary col ours are | ocated. 10 at dianetrically opposite positions
of the white point 0 fromthe coIOur%éLndicated by the points in Figure6.

EXAMPLE 8 5 In Exanple 7, the tw st gle T of the liquid crystal

nol ecul es was increased to 330[err], for exanple. To orient the liquid -

crystal Mgl A0 1 Il Ul ﬁ%g@% VLAY i QP T ques

evaportion 1 | RSt e surtaces o Foue pl at es.

As a resulfrom medé:ol.mz;:% mdmagqelﬁ I3t ythea pasints r:éu Rigure 6.Example 7. A
simlar advantage may be derived fromExanples 1 to 6 by increasing the

twi st angle T. 15 EXAMPLE 9 In this Exanpl e,

the liquid crystal layer 13 incl W added to the aforenentioned PCH
The dpti cal anlsotropy [err]n was. 0.18. The thi-ckness d of the 20

l'i quid c[ystal 'Fﬁ% 13 Wa?gl r{_lpc %mtr%m%tﬁ%t uct |erlra} n.d was .1 62
m cro-metres e es was -
180[ err] . cry®talamglecullesamas)indraasede ti 13301 ,on < eaf ‘exampleg forned with
t he absor gy @?ﬁ_s t 3?%% re Ay d 25 60 ,
respectivel y(y}l e‘:l(ylf qlﬁ]_gu@.%grﬁ aﬁ'l #n V\lé's?\ggrl \}-'2%[3' q]t"lm?n'drl ve circuit
3 with fofrYHtefle material: ¥gss sabigcked) trOatqhiJ@uel,emortmme liquid
crystoal dijpptaaddd R nigoWheC h@dates oF t@fee@led%'z‘éﬁe padtard yellow

However, the response tine was 100Q ns, 30 IS r atlvely sl ow.
EXAMPLE 1é 5?5?31 "rl\éf? odn Vi té’l ¥as @btadned

than in Example 7. A 51mllar advantage may be derzved
from Examples 1 to 6 by increasing the twist angle T.

15 EXAMPLE 9

In this‘Examplé, the liquid crystal layer 13
included tolan added to the aforementioned PCH. The
optical anisotropy .An was 0.18... The thickness d of the

20 liquid crystal layer 13 was 9 micro-metres;' The}product
An.d was 1.62 micro-—metres The twist angle T of the
liguid ecrystal molecules was 180 The angles 61 and

62 that the directions of rubbing formed with the
absorption axes of the polarise;s-l and 2 were 30° and

25 60°, respectively. The liquid;cryst&l cell 10 was _
driven.by,the drive-eircuit-3 with four &ifferent v
voltages at a duty ratio of 1/100. The liquid crystal
display exhibited four'colours,' i.e. green, blue, red
and yellow. However, the response_timé was 1000 ms,

30 which is'relativgly.slow. | |

EXAMPLE 10

In Example 9, the proportion of the teolan in the



liquid crystal layer 13 was |ncreasedﬁ.~_hefaft|cal ani sotropy [err]n was

set to 0.22. The thickness d was set- to 7:mcro-netres. The liquid
crystal cell 10 was driven in the sane er‘as in Exampl e 9. The liquid
9 crystal display exhlblted four cololrs in the: same way as i n Exanpl e

9. However, the response tlne was i nproved to 400 ns.” EXAMPLE 11 10 The

li qui ¢=crystaly fﬁlé%xég £ 1P yos iﬁ@g%%ggg thrﬁgﬂg?élgglthe liquid

crystal |ayer 1 was s 9.+m cro-metres tw.st a
liquid crystal2HAGARE A wap[Re% |to 0732. angfle Bhickess ih‘&‘?sthe

directions of swm@mfﬁéﬁtm&ﬁﬁé he afyg&rPid @ﬂdaéiﬁir@@apfcéfﬂ:e p@'@éssers 1
and 2 were bot set to Ehﬁ The liquid gcryst el$ frlvqg

the drive cirdftV %PvﬁQFF ARG R ht 2% ot B e dutjﬁg%t 1/ 200.
The col surs ohtzgstall alisploywexiibitte@Ofour cd:mbawrs cimythieaspanmay Fi gure
7. The i quig, c ay ng thin
green, green, ajsblitysé e@'éag% yelﬁ%‘pé%')@l\}gh%hﬁiggégiél rqui d*géryst al

mat eri al simIanRQYQ¢m$¢|4ﬁﬁcMSwystal mat eri al of Exanple 11 was enpl oyed,
except that the twist angle T was altered to 260[err], and the |liquid
crystal cell 1o was driven in the sane manner. 30 The col ours obt ai ned

are shown in the chromaticity di agr BXAPEE kL 8, where points A'and B are
bot h yeglom/but poi nt A has a higher colour purity than point B. - That is,

two kinds of yell Ow'ﬂ?wf:gqgié chrrfs afonlxa(\)gér 2 Itfeéxampfe p:[@d#a(.:sed'
used. The thickness of the liquid crystal layer 13 was
set to 9 micro-metres. The twist angle T of the liquid
crystal molecules was 240°. The angles 81 and 82 that
- 15 the directions of rubbing formed with the absorption
’ angles of the polarisers 1 and 2 were both set to be
45°. The liquid crystal cell 10 was driven by the drive
circuit 3 with eight different voltages at a duty ratio
of 1/200. = The colours obtained are shown in the -
20 chromaticity diagram of Figure 7; The liquid crystal
display exhibited eight colours including thin green,
green, blue, red and yellow. '

EXAMPLE 12

25 '
A liquid crystal material similar to the liquid

crystal material of Example 11 was employed, except
that the twist angle T was altered to 260°, and the
liquid crystal cell 10 was driven in the same manner.
30 " The colours obtained are shown in the chromaticity
diagram of Figure 8, where points A and B are both
" yellow but point A has a higher colour purity than point

B. That is, two kinds of yellow having different
colour purities were produced.



12 EXAMPLE 13 In the preceding Exanple, the twist angle T of the liquid

crystal nolecules was further increased, for 5 exanple to 330[err]. The
liquid crystal nolecules were oriented, by oblique evaporation instead of by
rubbi ng the surfaces of the electrod |l ates. A wider angle of visibility
was obtai ned than in Exanple 12. Sim | ar advantages coul d be obtained by

.increasing the twi st 10 angl %Egﬁlgﬁé heg'ﬁi qui d crystal nol ecul es of edch
of Exanples 9 to 11. One exanpl ve.circuit 3 for causing the
l'i quid crystal display to display several colours as-15 ~~ described above

53, Pul s& geners 1016 G ed1rd Fndstp P 1 An0REl £ EOTUAGle (GPU! SO

t he sel ect i od Another exanple Is.a circuit

duration er r
that is ac{'ﬁﬁ ‘i s G t“?f-él%%-lﬁ%‘i ofRs Feethex incrRased hifPRach cycle
of apl ur abxanpieyo F36T ANesThe Hq@ﬂi crﬁﬁmlmlécdxeslavﬁ.eécrl bed above,

the latter rlve l,rcui.t. was used nmer r|ve circuit can
~al so be erﬂﬁd *ilh Bliqus evanaxat ’t‘?f‘t{fes’f ‘gtoﬁ Yescribed- -
' ab?)ve a ﬁlmgﬁuﬂam cbi:ri;me adlertitodd platesced heldweandie tdmd25 Cal
pol ari ser of uid crysta
cells ar es‘fo %B(;%%te‘{ V\"/'eéeéqn e po%b:rﬁrgggs% dn%lé \Ill'u")zgurer%m?sﬂalqschermt I C
cross -sectadpniiagess it Ibe]mhtaﬁrl‘ge;i DY onwegsmq rthehitordatwo | quid
crysiol SGngléel Ior A PlRfind RAVRAN, (W LRI OH ISR Pt The Iiguid

crystal |nc udes a ariser 1, an upper ariser 2 and a
liquid crystanpiss |9 QP(4kﬁe|nafter referred to as the flrst ceII) pl aced
bet ween t he : : _ _

'0ne example-of.the drive circuit-3 for causing the
liguid crystal-display-to display several colours as
15 described abOVE“ls a pulse generating circuit that is
arranged to control the pulse duration-determining the
'selecting'period“ Another example is a ‘circuit that
is arranged to control the selected number of frames
" within each cycle of a plural number of frames. In
20 Examples 1 to 13 described above, the latter drive
circuit was used. However, the former drive circuit
can also be employed with similar effect.
In the first embodiment described above, a single
liquid crystal cell 10 is placed between the two
25 polarisers 1 and 2. In a further embodiment, two or
more liquid crystal cells are placed between the ';)
polarisers 1 and 2. '
Figure 9 is a schematic cross Section of a second
ligquid crystal display, in which two liéuid-crystal
30 cells are placed between the two'polarisers. The liquid
crystal displayiincludes a lower polariser 1, an upper
'-polariser 2 and a liquid crystal cellflo*(hereinafter
referred to as the first cell) placed between the
polarisers, in the same manner as the display shown in



polarisers, in the sane_nanner as thEa_LSplay shown in 13 Figure 1. A
second liquid crystal cell 20 is placed betmeen the first cell 10 and the
upper polariser 2. The second cell 20 copprises a |ower electrode plate

21, an upper 5 el ectrodé plate 22, and a |ayek 23 of a nematic |iquid
cdrystal material sandw ched between the el ectrode plates 21 and 22. The
el ect rode pl at psgdte and 22 have el ectrodes 2la and 22a on their upper and
| ower surfaces, respectlvel ¢ The nol ecul es of the. sta

0
| ayer 23 are tmnstedAb§eF9B |%bq?H@ SEYFEResCBA Lt RE- éFegEPSGé BF&W@? 21 and
22 or by othergheefirsttteylt be énauudecwﬁéﬂl pamae&sak 2. Spheesecagddare
pl aced bet ween %ﬂ éectrod glate 21 ang g a g |rcuit 4 for
driving the seg g % | FOBRI 12 %o%ni%Y%ﬁ FLeT5TOqe R at !od8§~593e5nd
22a. 3 n theebectrode ephapd e22 heanidi @elayerul8 ofis. aemaaiCcldquid
circuit arrang e e C 21a
and 22a. F|gurgg%%e?gqgé%?gggﬁﬁég#é&f% goﬁéégﬁgﬁr%pg 8%%?@5558 biﬁggé
Between the di 2&caR@nd?2 of t%@er%b%¢h§0@¢ Ph@teﬁeairédé pRabaveof the I|qU|d

crystal displ ay168e¥Haés F18VARa 9224 6n tHELE ﬁeﬁétoaﬁdoio&af- axes of the
liquid crystal nolecules close to the eIectro tes and tEe absor ption

axes of the poFUFfaees, 1refpestively. he mF&F@P Pﬁgofoth?g 1Qui8, the
| ower eligctroderpsea® ldyei 2@%1‘:&5&1@%&1 B rabbub@edhensarﬂacegtoﬁn

o cated by Bds o3 dUEARTEISLEF 400608! 2hob bl o HRRIGL L RRLLRE! 1T
12 of the 30 theflxqulde¢tysfa1cmatennahnglespamera 2#icaderptaced of
between: the electrode plates 21 and 22. A drive

circuit 4-for'driving_the second cell 20 is connected to

15 the electrodes 2la and 22a. In the present example,
the drive circuit 4 is a static drive circuit arranged
to apply any arbitrary voltage between the electrodes
21la and 22a. : '

Figure 10 is a diagram 111ustrat1ng the relation-

20 ship between the directions of the rubbing of the
electrode plates of the liguid crystal display shown in
Figure 9, i.e. the directions of the axes of the liquid
crystal molecules close to the electrode plates, and
the absorption axes of the polarisers 1 and 2.

25 Referring to Figure 10, the lower electrode plate
11 of the first cell 10 is rubbed in a direction
indicated by R11l. The upper electrode plate 12 is
rubbed in a direction indicated by R12. The direction
of rubbing R12 of the upper electrode plate 12 of the

30 first cell 10 forms an angle & with the direction of
rubbing R21 of the lower electrode plate 21 -of the
second cell 20. The liquid crystal molecules of the
first cell 10 are twisted downwardly as viewed in Figure
9. The direction and the angle of the twist are

s



L

)

rubbing R21 of the lower electrode plate 21 of the second cell 20.
liquid crystal nolecules of the first cell 10 are tw sted downwardly as

The

14

viewed in Figure 9. The direction 1 the angle of the twi st are .
i ndi cated by T1. The direction and e angle of the twist of the liquid
crystal nol ecul esin the second ceII 20 are indicated by T2. The ﬁf
absor ption t wer P ol ar r 2 are

i ndi cat ed be ﬂ@ae&?ﬂ %g "Jf:?espe #Sgéﬁ% g%ﬁot@?#o%?%%(?sé’% éé t he | ower

pol ari ser qwi%tr@fath%mbi@lm wxsttahenqle@a;l%ml@fthejtﬁw@d%lqebt t he
Cidoe&i@epiﬁ&fcaké& Byerd rstpgeldp tlT&? %@r&f | R axi s P2 of

| ower el e
t he upper
R22 of th
strusture
of the fi
on 15

t he nemat
R11, R12,

product o]

liquig cr
liquid cr

pol ari ser

ol ari se forns ‘an_angle 02 wth direction of rubbing
ef‘??b?)’érp %’E’t?%‘ael Ang eﬂﬁ ‘&?P?%GP%%%H‘EP’EJ |128®). |In the above
, indieated| oy Tlil cﬁnd nez,tvréé atterelp. t herhe qmsb tyséml nol ecul es

dependi ng

i & 1 iqf%%se%ﬁf%v#i%ﬂw JH added to

|thé|d|inrebt:i:qmtwﬁ rwmgmmcbﬂme atowdr elleemtmims of

rubblng

S IE SR, G d) bRl ey v e

material ofhe HPPe¥ gowisqlo %1 ) e éﬂhl%ﬂ@%sﬁ% V(i ke o- netres) of the

Ycﬁﬁécéfdr?rofli’mﬁb A2 ke leH@as ppeeledt yidd GTEid &2 The
ys aI szé)o_ﬁ/ havi ng?rthe first ceII 10 pl aced between the
L g ifRlk A her 25 provi ded with the second

cell 20

i ndependent of the the b | sthfictulle, cc&hwrmgllésml'm@l the tdweidd qui d

crystal d

15

20

25

30

'fﬂle"’}y arupee I 'Qppi% dc:rb}}/stealle %oriecus]'.e%n :l:s ‘the first cell
10 is set to a value from 189 to 360 ‘depending on
the nature and aﬁount of the optically active substance
added to the nematlc llquld crystal layer 13 and also on
the directions of rubbing R11, R12 ~ in the same way as
in the first embodiment described above.' The product of
the optical anisctropy A n of the liguid crystal
material of the first cell 10 and the thickness 4 (in
micro-metres) of the: llquld crystal layer 13 is set to
be ‘larger than 1.1 mlcro-metres ' ‘

The liquid crystal dlsplay having the first cell
10 placed between the polarisers 1 and 2 is thus further
provided with the second cell 20 independent of the
first cell 10. The coloUrs displayed by the liquid
crystal display can be changed by electric signals. -
Also, a black and white displaY'for a personal computer
or the like can-befrealised'by sWitching the electric.
signal applied'tc'the second cell 20 betWeen two values.

Preferably, - the tw1st angle T2 of the nematic
lquld crystal molecules of the second cell 20 is set to
be 90° x n = 40°, where n is 0 or an integer, to .
provide :a black ahd white:display with high contrast.

o/



Also a black and white dlsplay for agpersonal conputer or the like can be
realised by switching the electric .30 si-griali applied to the second cel
20 between two val ues. Preferably, the tv!§t angl e T2 of the nematic liquid
grystal nolecules of the second cell 20 is set to be .90[err] x n

40[err] where n is 0 or an integer, to provide &: black and white display

with K¥gh contarsd, it ls AlrdXerdbld Std)@é@rﬂbé%ﬁg)léee tdeoghgl Bhe to
90[err]. The dj. ect on of ttg:? Wi St gqf\e/en to t i d.crystal., nol ecul es
t

of the second "2’(5’ N O UHSE (RS s “lll? §%¥3h of the
twi st given tandltamﬁles of itthe dsexorsl adelﬂalk@:dsaspnéfét@lyrtshecel 1 10.

S I fi f bel
P e o4 10 HRTHE O SR B G0 e TEL 61 9o €0 e PP O™
liquid &rystallifuil grystavh noletules of iehe nfdrst reed PGPt o which tol an
was added. The opti (‘E’Bmé‘ rp%ﬁiﬁ&’ Jﬁrﬁlﬂsléh 36@ the dispsIdgsshéwnefinhe 1iquid

crystal 15 | ayer m cr o- netres respec- -
tively. The prioditie [%rﬁrﬂe FivemPalow. The I iquid crystal nolecules of the
first cell 10 were twisted to the left through 220[err] (T1l = 220 [err]).

The liquid crystal nolecul es of thegggggg&::t% were twi sted to the right

20 through 90[err] (T2 = 90[err]): | es 01 ‘and 02 were set to

45[err] 10The angle 0 was set to 90[err]. An effective voltage of 10 volts

was applied to the r Ui g f dhe first

cell 10 was driven by the "ﬁﬁl ve&%’rcw tf%'%'L a'i'f% P %%?nfciégg éeg:g 19

t echni que nent@fortde almthtcﬂifmly dna&pkax)fsmvm)cnm Figure 9 was made
from PCH to which tolan was added. The optical

~ anisotropy A n and the thickness 4 of the ligquid crystal
15 layer 13 were set to 0.18 and 8 micro-metres, respec- '
tively. The product A n-d was 1.44. ‘The liquid
crystal molecules of the first cell 10 were twisted to
the left through 220° (T1 = 220°). The liquid crystal
molecules of the second cell were twisted to the right
20 through 90° (T2 = 90°). ' The angles 61 and 82 were set
to 45°. The angle 6 was set to 90°. An effective
voltage of 10 volts was applied to the second cell 20 by
the static drive circuit 4. The first cell 10 was
- driven by the drive circuit 3 by the dynamic drive
25 ' technique mentioned above at a duty ratio of 1/100 with
K// four different voltages. Four colours, i.e. blue-
green, violet, red and yellow, were displayed as
shown in the chromaticity diagram of Figuré 11. The
drive circuit 4 for the second cell 20 was then turned
30 off. As shown in Figure 12, when an effective non-
selecting voltage of 2.24 V was applied, bluish-black
“was displayed as shown at point A. When an effective
selecting voltage of 2.4 V was applied, yellowish-
‘white was displayed as shown at point B.  Thus, a



four different voltages. Four colours, i.e. blue- green, violet, red
and yell ow, were displayed as shown in the chromaticity diagram of Figure
11. The drive circuit 4 for the secpnd cell 20 was then turned 30 of f .
As shown in Figure 12, when an effective non- selecting voltage of 2.24 V
was applied, bluish-black was di splayed as shown at point A When ani}

as _apl | | f . iy . .
ef fecti ve AEdCid it VO 150610 a:%’% &%&%@Sqf%iéf%ay ;ﬂgf&w&& wWhigge Was

di spl ayed as shown at "point B. substantially black and white

di spl ay WP RSP EINIHnt 758¢ ratio was 1:10. EXAMPLE 15 5 This
Exanple was simlar to Exanple 14 except in that - the liquid crystal

mol ecul es of the first cell 10 [=éﬁ£stf§lto the left through 230 (T1 =
230 ) and the liquid crystal nol¥EgEess=of=the second cell 20 were 10 )
tw Sted to the right through 270[err] (T2 ~270[err]). . The drive circuit 4

applied an effegfive. ) \Vidio t X: el | 2 Jhe drive
circuit 3 droveclttiligf%ﬁ%glygi?%n%%%i%ﬁt% gf;& %%?%%%e"s‘lﬂat a duty
ratio of 1¥hzdn the MHawsl ARt Aokerules M he rfmst cellhul@ 13, As
can be segiadd GRidtiey HAX N 1eft G RIdIF g™ Of1 eacinel | gHgnt voltage

created a different_ col our. drive circuit 4 for the second cell 20 was

Th
then t ur ndd*® Uiy SF ¥Rk f’%f?%?ﬁ)rﬁf she&e6RPd LV Weres v was

t henoapp! itafisited h Ahe rightsitinaligh®70%! (#sh: 7o) wasik spl ayed as
appl 1 ed t Ve Simpot BeTigE e RS Y 4FE e Ydhomn a
point B. thes seamwlilagll 2Gub- The drive circuit 3 drove the

| first cell 103with eight'différent;vcltages at a duty
ratio of 1/200. The colquré.obtainedﬁare shown in-

15 Figure 13. As can be seen from this diagram, the
application of each different voltage cféated'a
different colour. The dﬁi?éucircuit 4 for the second
cell 20 was then turned'off,='Wheﬁ an efféctive'non-
selecting voltage of 2.28 V was then applied to the

20 first cell 10, bluish-black was displayed as shown at
point A. When an effective selecting voltage of 2.44 V
was applied tc-the firStfcéll-io,- yellowish-white was
displayed as shown at point B. As a result, a sub-
stantially black and white'display was provided. The

25 contrast ratio was 1:15. - ' R

"/

EXAMPLE 16

In Example 15, the-electrode pattern on one of
30 the electrode plateé of the sec@n& cell 20 was made
equivalent to the electrddé pattern on one of the'
electrode plates of the first cell 10. A static voltage
was applied to the second cell 20. The display mode
could be switched at will betwgén a colour display and a



stantially black and white display was:proyvided.. The 25 contrast ratio
was 1:15. EXAMPLE 16 In Exanple 15; “‘the elegtrode pattern on one of 30
the el ectrode plates of the second cel |- 207 was’ made equival ent to the

el ectrode pattern on one of. the. el ect rode plates of the first.cell 10. A.
static-voltage was applied- 19 the second cell 20. “#%he di spl ay node coul d
be swiFfched atbleidX . angt wihdten dicpdiay dicsrpI@@ctanHJ.m by 1switcltingrichewhi t e

di spl f |1
20 betveen 10 0 age ppriid Y hd rg‘Jer"y‘?f.lsp 3F E%ﬁn“%‘%%'@r@e?ﬁ*wml i
taneously on thé& -safotde kiads SJﬁEM\ﬂR nram I amaeidesd simeleffective

vol tage appl i aGredudls REUNE GRine Hrdbded he drive ci rcuit 4 was varied 10
from10_V to 0 V. As a result, the green (x, y = (0.197, 0.386) shown in

Fi gure 33 turned bl ue, red and bl ack as shown i'n. Figure 15. Also, the
ot her colours shown in Figure 13 co@xaMpL.Rharged by varying the effective
vo“tage applied to the second cell Z0 by the 15 drive circuit 4 from 10
V t'o 0 V. EXAMPLE 18 In Exanple 15, the liquid crystal nol ecul es of 20

the first cell 10 m@mmwlm 15 t Hehe e#ﬁfetdtrmeghrm}[ga r§pRI|11ed: to

330[err]). t re
tvmstedtothe r| rou ?SOOF;Q}H (%8;45%%err ). eé/égarre way
as in EX8npl eff@m 1{°né’ d:lq Voi r cdis & Eafilited dhefgiasn v(e":vdfl age of 10 V

to 25 t he (98®7q @el3lg6d0.showhafirFiurtd I3 turhell ®kud he red and
- black as shown ianigure 15. Also, the other colours
shown in Figure 13 could be changed by varying the
(O effective voltage applied to the second cell 20 by the
15 drive circuit 4 from 10 V to 0 V.

EXAMPLE - 18

In Example. 15, the llquld crystal molecules of

20 the first cell 10 were twisted to the left through 330°
(T1 = 330° ). ~ The liquid crystal molecules of the
second cell 20 were twisted to the right through 450°
(T2 = 450°). In the same way as in Example 15, the
drive circuit 4 applied an effective voltage of 10 V to

25 the second cell 20. The drive circuit 3 drove the
first cell 10 with eight different voltages at a duty
ratio of 1/200. A wider angle of visibility was
obtained than in Example 15. When the drive circuit 4
for the second cell 20 was turned off, a black and

30 white display was provided. The contrast ratio was .
improved to 1:52.

' In Examples 14 to 18, the liquid crystal
molecules of the second cell 20 were twisted to the



i

first cell- 10 with eight different voltages at a duty ratio of 1/200. A~
w der angle of visibility was obtained than in Exanple 15. When the drive
circuit 4 for the second cell 20 was jgrned off, a black and 30 whi te

di spl ay was provided. The contrast ratio was inproved to 1:52. In Exanples
14 to 18, the liquid crystal nolecules of the second cell 20 were tw st,ed

t18 t he t ﬁBgntghtwttuﬁmltl@etnﬂqthmueﬂygtaﬁt?italmhmﬁl@sb?ﬁetﬂgrét[ﬁttﬁéf’l
wer e o] e ul ts e obtajned w ese
dlrectlongééig +ééﬁ?re %FF?% n%% l%fgstalsh%¥£%ﬁlﬁ§s?4{%km9¥lrst and
second celbg Sbtainedrweithi shese i diréet sone ﬁever$e®n wWhen nthar but

unsat | sf aci py; §ELgle 21 8101021 oF LALIEEG0! NG LScgRAcLa £d and &

nonogchr o alne secon |qU| Crys di spl ay,
the Urive ¥eFeutvistedrinrihe mpnecdireohionel |a 2@intlarshatic 10 drive

S circuit. \fl’i‘ya@iéfé'ééo wﬁ¢9%$éQWﬁéer@th &5EGur FRE exanpl e,

this circuit ma ter nati vel - si nusoi dal: wave vol tage or a

triangul ar e apR 3 Jner g%?r%%%"?l‘éamﬂ% okkain€dmy drive the
second cel | 20 bmatldyrwmm@lrly@ﬂ@ cryéeshrmmplayp athé@rdeiven of the

20 are onigiieth oh fiF S UY aditdrone SERRIEE Fatisidn e °
“vertlQal olrive aciveuit. r%yserrduyiQOgenermEing;eﬁmfA@mawemuon agent
TheC L pached 56 e [Wof SALRIET RPEL \EERALE dlg Py 018 o] (0PI 10 o
absor pt i orAES@ENBE LYY RPREY serainuseidahdirve voltage or a
triangular wave voltage to the electrodes 2la and 22a, _
or it may drive the second cell 20 by a dynamic drive o/
15 technique. |
In a variation of the ligquid crystal display shown
in Figure 9, the molecules of the second cell 20 are
changed from thsted orlentatlon to vertlcal
orientation. The vertical orlentatlon.is realised by
20 the use of an orientatioh“agent made from titanium. The
relationship between the dlrectlons of rubblng of the
surfaces of the electrode plates of the first cell 10
and the absorption axes of the polarisers is as ‘shown in
Figure 2. ' | |
25 _ _
EXAMPLE 19

. In this variation, the liquid crystal layer 13 of
the first cell 10 was made from PCH to which tolan was
30 added. The optical ani'sotropy An and- the thickness d
of the liquid crystal layer 13 was set to 0.18 and 8
micro-metres, respectively. The 11qu1d crystal
molecules of the first cell 10 were twisted to the left
through 220° (T1 = 220°). The angles 61 and 82 were



FlgUre 2. 25 EXAMPLE 19 In this varitiaon,
the first cell 10 was nmade from PCH t-o° mhlc_
ani sotropy [err]n and the t hi ckness -

opt-i cal

sthe liquid crystal |ayer
ol an was 30 added.

13 of
The

:of the liquid crystal |ayer

13 was set to 0.18 and 8 n1cro netres, r¥3pectively. The liquid crystal

nol ecules of the first cell
(T1 ==220[ er
liquid cryst
ani sot r opy.

dynam c drive
and four colo

=10 were tmnsted to thé keft through 220[err]
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A 5 e Lot el ESh LtRe A A B e one, 1T
cdlE 20rsﬁom&dInééhuwﬁecuidB@cbylthanﬂsEhnopyrCU|Th6 by the

di spl ayed as é&mamu¢rﬂrtwechsmhnﬁqustwdtha@own1w@lt&g&seaQGa dh@n an

effectiye vol 4 /3}/0 @PPALE

circuit 4

an an ef'fec e non- sg?

;r,ggpn#g#g #’ L‘F]?J%O%Je‘y%tlsfefgé tdf‘}g% é%f’cuq:l ﬁaﬂ'otﬂé 1/°100
cBP?ﬁPE eﬁ&ﬂglgeﬁiug-o Pghfe O dfl ve

applied to thelelet; cred qmﬂ Iﬁlﬁ@ﬂhtﬂ%@kea@%%ﬁl@ﬁe%sa%h%hﬁwﬁtlﬁoth? A in
Figure 17, VheRraila@f é00) 42 ARG B0k g6, Ofwited 3nvBscaselved to the

first cell

Thus,

10, el lowmsh-white was_ displ ayed as sho
a substanti aIY?/l'B%/ KREO 1% was vﬂ?@?ﬁs’b‘l’a?h%va?‘b?% E%Ll %%‘\X‘ EB%it r ast
rati o was 1: 8drive desesutedd nul tagd eaw b PEEStLve m+¢eléetﬂn§pl ayed in

o (Ao " P SV 2Ry ad DB 180 o en§HELEL AUTLCIETL IO B0ET

When t he or

t echni que nerklwisht-hback, appeared A oshows @'arptbbnt A in Figure 17.
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When an effective selecting voltage of 2.4 V was applied
to the first cell 10, yellowish-white was displayed as
‘shown at point B. Thus, a substantially black and
white display was provided. - The contrast ratic was
1:8.

s described,' multiple colours can easily be
displayed in accordance with the invention by applying
several different voltages. When the or a respectivé
liquid crystal cell is driven by the dynamic drive
technique mentioned above, multiple colours can be
displayed with high contrast even at a low duty ratio,
which is less than 1/100. . In this way, an inexpensive
electro-optical device can be produced which is capable
of displaying multiple colours easily by comparison with
the prior art using colour filters. '



di splayed with high contrast even at a low duty ratio, which is less than

1/ 100. In this way, an inexpensive 25 el ectro-optical device can be

lmulmﬂ“mmulﬁ capabl e of displayipg nultiple colours easily by

he prior art using colour filters. 30 * C L M _
CcL A" MS1. An el ectro-optical device conprising a |liquid crzstal
ceII haV|ng a pair of electrode pl gt @sydmsposed 5 opposite to each+
other and a layer of a twi sted TemaETTT TTqurd crystal material sandw ched
bet ween the el ectrode pl ates, a pair of polarisers disposed on opposite

sidesb?f t he quaﬁde¢e¢stokopehbal dediceauombrisanglai&%qaiaelectively I
vari able v € 1 tr ' crysta
cell, theg%&?g?l SE Fbpﬁg %eﬁaf Eggtgoﬁ éﬁgge%egﬁgbggygng Yn t he
rang’é frormmao{sete] tooeaeb[ other aaddat Eheyprodﬁca twiskedopemaslicani sot r opy
[err]n of lE?uH?”E%ZEEéquhFeEEXZt§hn&ﬁ&éﬁ?é'béE ebﬁethE'QEBEE§oéF('“

i cro- et r es stal [ayer Derng 1n excess o
mcro- netPédtes,o> a Pﬂﬁrepécppéaﬁﬁﬁﬁ€§ldééppéédaQBoPBPﬁﬁlFG claimi1

ghereln th31?6?n§ffQheammgﬁh&9c§y§€h20be12|y aaulmahﬁfxﬁbtagetcogprlfef a
rive circuyi or sel ec etween .t he electrode plates a
sel ecting UBPEEIRInAVFR 35€F¥Fi¥ Vﬁfﬁggag Vﬁ&ﬁa§8| CEPRED gﬁ?age havi ng a
secardl val eteahtode ptasesoof thethequzdlCEgsthavceglan thEetwmdtate val ue

bet ween thg Fsafa§ﬂ33ﬁ§8§g ¥ah98§ﬁdz st§ matéglghe?&?ﬁgogklcal devi ce

according to | On.-axes. o pol ari sers
respec- the range from 180 to 360 and the product of the

opt:Lcal anlsotropy An of the nemat:.c liqu:Ld crystal

material and the thickness d (1n mlcro—metres) of the "/
15 liquid crystal layer being in excess of 1 1 miecro-~

metres.

2. An electro-optical device according to claim 1

wherein the means for applylng a selectlvely variable
voltage comprlses a drive eircuit for selectlvely
20 applying between the electrode plates a selecting
' voltage having a first value, a non-selecting voltage
having a second value and at least one further voltage
having an intermediate value between the first and
second values. | |
25 3. An electro- optlcal device according to clalm 1l or
. 2 wherein the absorption axes of the polaxisere respec- LJ
tively form angles of 15° to 75° with the directions of
orientation of the liquid ctystel molecules at the
adjacent sides of the liquid crystal cell.
30 4. An electro-optical device'accordihg to any
| preceding claim further comorising a second liéuia
crystal cell having a second pair of electrode plates
disposed opposite to each other and a layer of a nematic
liquid crystal material sandwiched between the second



théIy formangles of 15[err] to 750 with the directions of—ortentatienof

tthe liquid crystal nolecul es at t he adj acent-‘si'des of the liguid crystal

cel'l. 30 4. An el ectro-optical  device according to anyn!'{ muwﬂwl,””m
M S *

claimfurther conprising a_sgcond liquid crystal cell having

of electrode plates di sposed::opposite to each other®and a | ayer of a
nemati< liquid crystal material sandw ched between the second 21 pair of
el ectrode plates. 5. An el ectro-optical device according to claim4 _
wherein the liquid crystal nol'ecul es of2lt he nemati ¢*%ii quid crystal materi al
of the second liquid crystal cell are twisted through 90[err] x n [err]

40[err], where nis either O or an integer. _
pair of electrode plates.

5. An electro-optical device according to claim 4
wherein the liquid crystal molecules of the nematic

liquid crystal material of the second liquid crystal
cell are twisted through 90° x n ¥ 40°, where n is

either 0 or an integer.




