EP 0 320 283 Bl Description Description for the follow ng Contracting
States: DE, FR, GB The present Eﬂb?ﬁéb&ﬂai elates to an el ectro-optical
device such as an electro-optical device conprising a field effect type
liquid crystal cell. Electro-optical devices utilizing the conventi onal
super toesedptidnnematic (STN) node do not show flat transmttance
characteristics with respect to wavel ength and, therefore, tend to exhibit
a eol oweseription foxithectioliowing Gentracting Plates : BE, Ry @Bni sh. To prevent this
cokouring, the use of an achromatic, optically anisotropic 10 nediumor a
conpénsat Thqgqu?%gwﬂm rplateq fo %@Iemrmcab@aﬁe g4sh F%?ﬂﬁ'@fi’@@“cﬁéﬁv'céﬁa'ﬁﬂls@g al i ght
rays sdpidetigcepraliavid SyBplcel-ef r acti on occurring in an STN | |qU| d ch

di spl ay n%l '689 el&wwvza'e be Fcr’?ée"ﬂ |§9a?' | yyistash P%‘Bﬁ"f—‘é? W "a‘
corrpené’é‘? “?581"’5 p??él;? "?.?{ﬁfHS 8ﬂ'° hieh; ed

P b fakae o el it i ss?g "ga °é'is% "oac '°'°§éﬂ o 'sepfo i sing

1 c |
:)(r;learl rﬁﬁ: F\f ?bn an ST | un d|:§ P‘P epas%? );%; I an ro ic
el ectrqg dm?‘ erren ut| , ISl ng gieﬂe yaé ar(IJ ar| ser ocat ed

on t he ' rﬁdu@f‘fboﬁé S elocho 9&@%@@%% G éon\%ntioﬁal @‘iw%d Qhé Eﬁlcg%&gesl}ﬁt ween

the gdi SRh@Y¥ £t & palarREdpibdd8 oR i3] &t Sifle, gdus Bf céF Sondidting ﬁardle%ﬁ;-b&i@al @lbmbiie

anal ys efiisih %Chmﬁﬂooeqlnaral poRfiseft 4 idcRed Bh 8 hcidért 185.1 DEbFpbridating biEs istididdd e

nuner ale ac@mew the AIBPIBC 01l \8&InY the laRdhis61EIN Irhd dXxbs & pbilriBafion bthe ¥lalyed? 1iafd thet

pol ar i perekisan4l lisvini the dirsiclin € ingiSatdd Ibyetie hiymeidls €L aidOmB réspactivgly. it GahltéLlight 26,1 he

di r ect iwaieh a§ nat0 polgisarp agh whio vibaates | ik everly divedtioh @51 paiperticuldd) &n tHehdirettvai alent

| i gho pepagationt birileadiie pdeeisgp@l Whers the intidedtiligittpassay thrapfh thie fpblersens, lightweyseoigt hs

suc..h adiiffalectavavaiangibs swh @s bleel gresn iamdied as ndicatesrpspottivale by the ywmérals BeIneG2dnd 261,
an@62@s liveady palariesdrin ¢ divasticnrAasiiel td the diredtion d8.tAsdve lipearla Ipblerised light 2fepadiesect i on

18 As traveh Irersisalpy gelliiothe figesthipdiariedelight days 261 862 and i2631erh traistorrerddpe elffptieally | 3,

the | i melarispg light rayp i2Zb 272 4R respepjively, bacauseayl thenbl-rafigense of the lirgley coled Thart o

el | i3t icenditipq,of sagh-gliiptically qu""gfﬂd "ﬂ'ﬁﬁ diffprs ac@VdZ‘Q tg'?%quel P‘?)‘éi’ yihorgfaresifithe of

the bi °P'et1°?' lafised light 27 glirechy ?gﬂ" waivses 1, ﬁe"“2‘3“ eb g jtren '9 g 28 yrould

gl): BEE et eg‘@ ggl%’:'}' ?ﬁeﬂ' '?Zﬁ'rlq" ' hP (f& qt 9‘" gw?"&?ters
%on gﬂ ?? % ions,
" A rﬁi chl ﬂg ¥s rfé

elli nsed S
the ”%r r%rﬁ?wa Ien senz g"o,?aﬁ
depe”d' % hof% ﬁ‘n%Lr U;Eoian

appear s&uﬁfa |s b&k BafakfeRt or fd d mhe Vo [ﬁ e§s0 B eﬂt&

l'i ght %Zplhysceﬁ aUNRA aveitd& RSmp 6&9 y o'y GHRharAert | are ded

el I'i pticahlms AsbiéntieiRd chiveitond 3betrodt ecapeé%éerth&@orhp%ﬁésuﬁgo i daﬁ.aa: y anﬁb.@r i sed
|'i gh  ea¥ts odBwhichZiS HentR@3n Miiterit) layeH thiERER I colRYS |aRdBHish nglo! With tHeCuisBiay 86litty on  Of
pol ar i palites cAduneds, periect BIAEK 418 @hiteldispRy.BE irgstd MBtedaPoflthecofbéridating QéISis Of

pol ar i ges iwistedaB the opficdite @Rction o thé Bquid INBRI InxterzDbiakd &&pthy lcbil) MoreXBecifichignthe uch

| i ght lopticall pathpergthassuttiy thang the tdbublecratedctionas the Plodiict bfthe dnisatdpy @naf the rakactiver

di gi t s indew af tradi liguid erystal materialtahdetha lagarahigkness dsi, AmbWherb thegempensaipgdeil ec the t he
diispb ayisp@l ¢ell Sompise thecsame lliquidyerystal matepia,S@dtheynars lidentitalsp Fefractige InexZnisottvpy e

char acBartkeygpustiejienticahin éayefi thigkness ddn orfley tahthe edlle beeidentical mrppticatrathiensthi Aadal

el ect r o- G}cp &g laid givetal matarial of Byeysispiaveqiligreguined tachavggdod caspense pngi tprapegaure

cr yst alFharasteristigh jitds, "?“éssﬁﬂéﬂta'ﬁfbmpeﬂswe fRediteps ef|other agents apdh thisidpreanseshe malprial o5p
and t wPst a%gﬁ'@s \m 'Ha"Pﬁ@“'EI‘F _complpx. Fyrthsr, dhipkes azjong.fjres to| felkicate H%’é r"ﬂ‘é‘!:t

bl acdk SHEA h &, Jisplay PF§ [3i 2, figelf ap 'Pséi’P itam ¢ 30 sigpe '61"‘919‘[ "°E‘B

cel | | gpigpl § °8 p“l“ "E‘*h ' .dtse'aﬁ 'e’é*l o ey heE '

gd"? gsbg%la ¢ o gﬁ %gth

¢=m2<:r

:

mat erl sa{' il P!gh ?a or hic! ne (g‘$ ﬁgcé?:f‘ ? gT | nsa ©X| en

{ﬁzul; éu]@glgéié qg:a E : t%ﬂkqw did b kh% qiﬁ‘bérs ﬂéigﬁ? (13 E p ayer t h| cﬁ\ﬂegfs
6 IIs in the meal

d, s TREHS Mo 'p%ldgéft:le@g ttcgl%e\ﬂ& wh%'h%aftdaY)f ﬁ@*oLeg&RdTpr I se

t he saaa%mbmg whréh ‘ﬁ&syé EdipeRafirgf doff madd frdt a .&aravcrﬁiaemm@muap&h bb Bolbcddl fRR{ 4 Ve

i ndex  Qdvey Ok 6RYmdteRihib,] which 118¥ds By la ShRpIb ARAACRARg St8b loP Mdiistitgthé€ kélegabs, @nd N
order Wwhiah istchbleFf bdvidiRy 4 SubBiAtEHY unbdlouriatbiaerbndHith dis@E)0 Ik eBétiorobiitdl dedité1ce t he
| i qus dacbiing &l thetprbsant ilontioh istas Clakhied Pl olim ¢l | i s required to have good

r esponse Gandlally cihg exfradtive indexlaaisa@pyern 6ftd ligBid ctybtali rhatdtialle depandent poradabelengtiensi ve
addi t i ¥.eTheoanisotrdpg rnorapliy tdscreases with creasthgewevalengthhe Watespresal the oaftactisen dhdesak e s

t he naenidoioriasrat wgvetangthe 459 wo R §90. nni-as AE50) and Ab(390 sospectivelygThel natp ofghe
fabricate the liquid 45 crystal material. Thus, the display cell is in
itself an expensive item and sinceadn the conventional electro- optical
devi ce, the conpensating cell and the display cell are nade fromthe sane
liquid crystal nmaterial, the overall cost is even higher. In addition, the
manuf acturi ng step which makes the |ayer thickness d of the conpensating
cell equal to the layer thickness d of the display cell is indispensable



CGenerally, the refractive index ani sotropy [err]n of a liquid crystal
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(i) +1.10 0,74 0.12 (iii) 1.16 0.73 0.06 50
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A wasat i st g Fg o Firshilim GAGhiRado T mﬂgﬁ&edaagmsﬁhgh.s&%a DitCoolindth By |

transmitt iy conditions 35 a

P O 8 ?sntg:t%m Gﬁdé the %ﬁﬁong gté’% ﬂ?ﬁkléj 0 78 40

(ii1) 1.18 0.71 052Inraaegure 10 the mninmumtransmttance
[err] is plotted against the dispersion a. The optimm di splay was derived
under #t he condi tions |fstedym—Taptre—3T25

Table 3 twist angle a | Wiptarhgngleall) an | RGP0 | Jmw | 1. 18 0.71
0.52 50 cellA | 160G Irigi | €020 1bzft| 0201 10 0.9 (4)
Vari ations of the el eqiLQeOPli kAl V1 G E € brifat edf which were sim | ar
to the structure of exa ée(ﬂa '236: ‘(%pt t‘r‘.%;-bet;-t—hgg—ha-al—h-i—gher val ues of

An(590)d. M ni mumt ransm ttances [err] were derived under the 55

condi t i ond3) Vgriationsfgb thp eleztyo-opligal gevice were produced as in examples (1) to (2), wherein the liquid
crystal material of the cell A was twisted to the right and had a twist angle of 300°. The minimum
transmittance Ty, were obtained under the conditions

35 B
a An(590)d, um | Tmin %
(i | 1.08 0.73 1.04
@iy | 112 0.72 0.78
‘ @iy | 1.18 0.71 0.52
'.\1/' 40
In Figure 10, the minimum transmittance Tmi, is plotted against the dispersion «. The optimum
display was derived under the conditions listed in Table 3.
45 Table 3
twist angle a An(590)d | T
cell A | 300°, | right 1.18 0.71 0.52
80 coll B | 240¢, | teft | 1.10 09
(4) Variations of the electro-optical device were fabricated which were similar to the structure of example
(3) except that they had higher values of An(590)d. Minimum transmittances Tmin Were derived under the
85 conditions:



Lerr]. (i) 1.02 . 1.12 0.05 (ii) 1.04 1.11 0.04 5
(i) 1.10 1.10 Ogplospdgzy e 11, the mninumtransmttance
[err] is plotted against the dispersion a. The optinmum di splay was obt ai ned
under the conditions listed in-Table 4. 10

Table 4 tw st anpre R ( brr] 15

cell A sane as in ex . An(sf@@'ﬁ )T".'"‘l‘fl ]0.04 cell B 240,
| eft 1.10 0. i qi'dl cryst®5 npterial of the cell B was
twisted to the left and i 5t amdle off X hnd properties a = 1.20,
An(390)d = 0.8 [err]. Th crysfd? maderd? Hf the cell A was twisted
to the right 20 and had a twi st angle of 140[err]. The relation of the
transmi tt amcrgule @1, thd)@irifin trénsin@takdB €T QA6 ipAdd fainkt the Bigbensiohnd. SIH6 ogitinuars
measur eddisplay wasbtained Lntiasthe torkitiensdisteqiamablof a. M ni mum transm ttances [err]
wer e derived under the conditions: 25

[er?] (i) 1.08 0.78 OT®®4ii) 1.14 0.77 0. 30
(rii) 1.18 0.76 0.38 30 In Figure 12, the m ni num
transmttance [err] 1s}plQidked fgal tte di b han| &, The optimm

di spl ay was obt aijped— .de?Ls{t e~ uund?'?ibun Fis ﬁ@.’.’grab?; 5. Table 5 35
twisj angle el A | er pamecagin oxample by vt | r1-the | 0P4q4 0.77

0.30 cell B 27(,ce|||3l eft24o-, 1. 20 et O. 30| 1()6 Toe tV\|i st dngl e of the cell
A in each of exar pl Eb J_) to— (4 wWas—var g I—I gure 13, the twist angle

ofthecl I.n Qe "%r mca egl anég%gp I cal
| and a
patn T er@ I I’*’ ?333??0%95’ 1Er Fgg%fm gkt mg;@ P | U
val ves of} rw.s%@ ‘Ji ’}59 i S PRy S0 b
S0t 21 pechddior il bisig y giid e 5§onm o Es w&éasm&' (5)
Was chang9d e ddndioRd! : e optical pat ength err - 13'@)0 d of the
cell Ain the optrrrumcase |s plotted agar nst the tw st angle of the cell A
for several values of the—drspersion—e: re—+3—and 14 reveal that where
the®ell Ais identical |n tii&t RS0 )61“5"% r &vm® b, and optical path 50
length [err](590)d with {h@ talos B exoept fdr odse Hirection of rotation of
the twist, an optinmm repudit | i1s40f f er ed7 (poilnto.3d i h Figure 13, point Cin
Figure 14, and that even| i) {hascel| B&7&liffe¢r3dn fwi st angle fromthe cell
B, optimumresult rmay De obtarned by appropriately selecting the

i SPer ! OBl 151 ARy Wlinds VD obBT LBOR) Goekdon! 2 19Tl Ct 10
say thaty |ap tn gar,{,r,ﬁ WPefiAtasd s.0oe provided outside the points
shown in |gures 17 and 18. Practically acceptable ranges of conditions

exi st around these 55 poi nts. Theaplednges are enl arged or narrowed,
depgsdi ng on the degree of strrctness |nposed on the quality of the black
and white, e.g. degrfpe of ol ackpes o tt ops of the

el ectro-optical devige, agd™ ?écfnn‘?‘inrdéﬁ( di)wn ﬁ"'l"hnd by the user. 6

EP O 320 283 Bl (8) (ThelA dysio* t1irigktnes$1d of Oi7he ¢e0.80 B was set to about
6 3 [err] and the an i@,tsrc %oLe s 5&03_2@ “6%0'!1“'0 crystal material was

lished at 0.13. W-St—8ReH-e-1o4 S5tal material was
260[err] Wth respect to the ceII A, the ani sotrop% [err (590) of t he

i qui d clBlEheawisteaieeiithy collAdn eﬂcnmfGXWSt(weﬁ)y eedo FtQHfé‘ 'r stal was
200[ err]the ‘ﬁ'r'e“ i qaet:ofj thsnontimumcasep is; plotted %?%? Q’abel | A
was é% Wi s‘taalg b spe's'°" BB@?"L"I&""’E‘BS phe g ?eé%‘l"r"b iPHE %ﬂf’%??"?’ﬁ€°l"fsq % B ryst al
mat &t i al™ '| ted. The |a lﬁ 658 fhe eall A vvas
?gpir_lgi(l gti?et :je!ﬁll f ::t am c rm It‘f:t)egﬁs a:rsﬁé g gﬁ"s& gle tt%e celll H%Paevgﬂfa E@J

s rsion a.

Figure 13 and 14 reveal that where the cell A is identical in twist angle dispersion a, and optical path
50 length An(590)d with the cell B except for the direction of rotation of the twist, an optimum result is
offered (point A in Figure 13, point C in Figure 14, and that even if the cell A differs in twist angle from
the cell B, an optimum result may be obtained by appropriately selecting the dispersion a and the optical
path length An(590)d. It is not correct to say that a black and white display cannot be provided outside
the points shown in Figures 17 and 18._ Practically acceptable ranges of conditions exist around these
§5 points. The ranges are enlarged or narrowed, depending on the degree of strictness imposed on the
quality of the black and white, e.g. degree of blackness, on the applications of the electro-optical device,
and on the standards established by the user.



The non-uni form | ayer thickness d of the cells A and B woul d produce col our
non-uni formty. Mking the |ayer gpy gdpmgpd of the cell A larger than the
| ayer thickness d of the cell B reduced the colour non-unifornmty. 10

The appearance of the display was blue in colour, and the col our

non- uni f or(@ Thy layersthitkoess d & theTdelk Blwag|setdo ahoytst Bkm rm:l tbe mrisotrody AnKRO0)0x tHe liBlitha s
twi st ed t cristabmbtefidl wasestablished ali G13. megiwist anpte G4 liquidlrreystdl opterab wam269 * \Wih

1. 24, the rejpeétdaihe palitAn the @nistrbpy (9010 theiguid gystel eteridl wasThdl. Thedfwisianglp pkthey|
mat eri al dRuig [geystalaras 200 \yJhe digiction dnjwhieh the, liquid; enystal malaripl phthe ealli %vasetngeé Wi s
150[ ersr] . oppesitejiodhnosirgetion invhigh dheqliquid crysipl ansterial @f the eall Bawas hjeted. Teaayer fidies o) d
was set t g 9 theeefl A apR'?I‘é“aFeI'II H . Gengraliy, he thickpess pt gliquigicrystal gl IS 84 lI'"I'f%fﬁl'

| t 15The nonzynforpy layer |cell ould Heeroq I@ur Frafarlmlt th
An(590)d of I"mngégj e %98§$ A'f'érgffé'ramthe '?w%thtsmfsr i BTk
durin nul I resu ts S i nstance

b wal'3d0 Ok
by reduci mpevopI.&r et Camgiei ng
both. Fig Istad ?or’lﬂé Iﬁeﬁl tﬁy‘ Stﬁ? V\(a rkl §.10. When the
el ectro- Ol%hé'é at I{ IPS & 301 076l e nmal trhrIlIﬁﬁQx‘ic'e‘?Q wh EHS%B 184 Sot gJ 0
of this dewk s, Femihital. ﬁ&meer%eh% Pthe BV wdsisot th B4 Bm].
The devi cand sbhirdiewas! .msrbu,desm@ rﬁtﬁﬂeﬁﬂﬁ mg{gs.rn.Iaak&néO,emloBta.h&u if tRNAERAEEWhetHed ht
ent ers t handIRAtionDif kI dpSAI palh lefRASHBF4 WY WiédbtainbE by RURIng A anlsbitfopy AA(590) Br
refl ect ed tiylajehmickrdbd & ot led@ingbathe 30 and exits fromthe upper polariser 1.
| f the refl eEipure1gs pé aicoss Gedtiaml aie alf ar isBeattiieOmpd HlBticioptical devide acdodingot [thd 0
pol ar ese dmventioefGompénehts g ltd 13 df knis dedivecare the lsamea aBakie cbmpenentd @ tali 3sshewrsie figwetth and
t.he structihe alovde lutther ihcludesea refigctingeplate 3. Is ithip bx@mple2ight enter&ithecupperimlafisee dent
eléctro- opassen thrugly thedovies pelarisert 4. U telleftadsbyctes eaflpdtingi plath 30 and pits ifromftheowppef  t he
probl ens frelaviser 1. thevefiestingplatexjOthas g\nelafisation (upttion gad sots heflyip Pelatis andrpflect light,
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el ect [O- B&tchgﬂnfgﬁ%?o‘?loﬁﬂg%hﬂ&ﬂgg g eIIl.d effect type liquid crystal cell.

El ect ro- opt conventional super tw sted nematic
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to wavel gidibet 4/p8 liquid GYsel &ie d to exhibit a co our cast
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OCCUTr I'i Niediumn 6r'a compbrishtiy liglidCdrystdl 8dIl hels Begah aonteimyatdacrdp exerPd, light raysCiepdrdiel by

opt i cal | doulsle refradtivrogicarringsial ian STN iquiticonysandisplay mag be pissed iroaghitha upticatiy isnisdtrdpic t he
doubl e rmeédiuc to @mpersatd decthe balalring cdusedt yethe dedbisi defrabfion dsedeseribed=ingfurther 8etaihows

an_el ectteipwopt i cal device utilising the conventional STN node. The device

conpri ses Biguradghgnsan elpctromptical dewiceutilising the ganpentianal§T Ntrhagle chhp devide gemprigesiins pl ay
cel | 3 casplysesliqng Rowrisan plapesany offtsideca digglayethd censis¥ngf pryelediye-oglical ofament  and
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to the dBefvicep @’E”%@é’?? ‘I"f?@y ge! ‘I“& 6caaplysen. Jﬁﬂa’teﬁéf g 1

p ol ar % aqofagﬁr Ile I l te tI'P merg Is 1 eI |éCIq6Ht ng t25
directi o"ﬂ‘é 'ars @ ?ﬁ gég‘%a('h aﬁe: °n 'I'e (Wé[g:\l\lhl te

i ght 2 duffe eIe s C as| reon_an gledasmdcatke/danﬁefs |vs ﬁ e& 39 ’I 251

per pe”d'ééﬂ rlaé& ralt& S‘% cI.& 8, tIu rIy I%n Qn b pdssé

V\hen o I Ic tfgqiﬁéaﬁ iaHs&d! ezsP 5a|: tr & dl t@éﬁiptﬂ lly

differ e'"HolaI’I@\I 1Sé‘7‘é 27%5r I:Iﬁely 'tl%ﬁ&% rc@l‘ﬁ@eﬁi*e' vely

by the ruamoalosea%ﬁa«npueéﬁ ¢ pSHdedt &iid ré &e&&.kgytome llvﬁ\feleﬁdi‘ﬁjor'celo@ ﬁIeFeﬁfé If @4

par al | el gliipficaliy oldisdderight HMdirbStly & ahdiy36:f, lhe SRR’ df WRGrahdngiidd 1igRt FDAERS SO

t hr ough valye dépefidiigadh wedbibngth ortobeurl briderdhdeythd Bridiitt6® fight 29 Wbuld @ypSarxBibure 3 and
263 agse grévamshanraalaling theeliplitaippolRisdd iight2? lisidauseado pds§ thtougtaie comnpbnsatingell 273
respect iThed, he diiptiaalismlatisedtiiiet rdyis arecdonvengtuacietodiheatiyn polatisaighlyrayseBl, 282, 28hef
condi t i aiiffecnt wexelbngthis. if the dieetioh pf piarisatiorstOf the giietyserayis perpendiciudar sctbodigetiogs ¢fo it s
wavel engiolarisationc2f10882, 28 efr thé dimearly pdlarisdvilight P8, phencauth fighp bardly ipsssas thraybh the7
directly enters the analyser 1, the anount of the transmitted |ight 29
woul d vary, dependi ng on wavel ength ot colour, and hence the transmtted

| i ght 29 woul d appear col oured. To 55 prevent such col ouring, the
elliptically polarised light 27 is caused to pass through the conpensating
cell 2. Then, the elliptically polarised |light rays are converted back to
I | nearl y poI ar| sed I | ght rays 281, 282 283 of d| fferent vvavel engt hs If

A~ Y



EP 0 320 283 B1 analyser. That is, black characters or digits are

di spl ayed. I n the above processigpqlgzo\é.&gtﬁqge Is applied to the display cell
3. Wen a voltage is inposed on't splay cell 3, white characters or
digits are displayed. In the atorenentioned conventional electro-optical
devi Ceanalybe. THa R ©RBIAtHaMAGer of digit @RYisphgsl. f thel ajoietbracsgssroaloltage sl applied &ithé s

i dent i @igdlayi call Sravit@h ia &bltagd ia yneposddiuinatertispBy cell 3 white chamteraadigitsiire displaygé-e Wi t h

t he di splirathe catdrdmentionéd cpwenibraib electroobtivalr degiss , they eanfngusatirig] coll lcormprisesAliauid

diispl ayrystdiogl Whidhiis dentica} int materiahtagerithigknesh ot ¢l gem anglq yite the|display egllde,

t Wi St eprovide a énipudgsppeifackblatikrand whitersiisplay. Thesliquidcpnistal materist of fthe ampersaling 69l is he

di spl agiscisted inthe eprogitecdirpetion fof the liquidcrysiat material %éhehd'qptéh@?'hMP@m%fFﬂ 18 om t he
doubl eontied! path fengih resylting-feompihe detidle refraction s the pregyict of EP o hABP ﬁﬁ" 'ﬁ? act i ve
i ndex wﬂethﬁti'el"ﬂlefmfusf% ppterial pnd.the @Y‘?réﬂ'c"%ﬂdt'ﬁ eANdy)
Wher e SIRRBYCGSISRIPRIISS thﬁga'eet'qu'daw ﬁ'éfe ' E»éﬁ ggrggf '§°é"’ "saét "° CIU| d
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the |i quiche GypsSdr BlectriBdpfidal ddvice hEddRling [t the Preambid Yof 6Rit 1 isSdiscldsddt yCEEH-A-01246
expenspgye item and since in the conventional electro- 15 optical device,
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cel | eebich istcapablaef brayiding & hubstantietysuncolayfedibiack eridsyllite glispley. An plgctiorpgiics|demisaib| e
and ex pasarding &, theQpreseptinvention iscis cleimed ingiin ¢.al  devi ce according to the prearrbl e
of @b ai m@en¢rallydihe refraativalingax apisatispy) A gle ligiid crystgl material ip dependent ‘t?B &E‘te'emt t he
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whi ch ﬁ%pe'lﬂ%'saﬁ’?'i)dﬁf' e refretivRringer dirmerpney rﬁ $or adjusting the cell gaps,
and *hi ch is capable of providing a substantially uncol oured bl ack and
white display. An electro-optical dewmiScording to the present invention
is as claimed in claim1. 25 (eneral ly, the refractive index anisotropy
An of a liquid crystal materi al I's depemdent— upon wavel ength [err]. The

ani sptropy normally decreases with i &an€&®Ang wavel ength [err]. W express
the refractive index anisotropies at wavel engths 450 nm and 590 nm as

An( 450 Forams shré iquidd 89stalr RAGRIE eV @bpsrsion eisT cMathp Rl sab ebut ekffomat liquid drysthe X

ani sot paRkalddan Alsv\anbit @RGEMe GifpefsAanm t 0 the refractive i ndex ani sotropy at
a wavel ernmb hpresént 2RCrauptidat dévice ahdy daisbdeat aaly dshecliquidf arystal dismlayi ind eleo d$ eper si on
ai b aloptical shultr a3 the like. [err] For

t hé same Thb enoledulayrppsiingl of trmtliguid tystalt rhaterigh is beth Sheooptically gnisotrenigr ngdiunhandsthere,  but
di f f er displayl Geljisi tetisted Py well kngwn erientafion teshmiquas. o restietions aretimeosade-the|iwish angls on a.
The pr digwaver, tab eodla in thesisplen Fellderrpiereblyygs) bpiweandi8y anth 3604 bpepusecof sonfrashdsaiatr y st al
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t echni qufl %”’e f'Pizrfgct'a’l’ "'?"h‘ﬂ le A op ch % ordl | i;’ﬂs'\%/é’t‘/er t he
angl e | nFIglﬁ?g o?rconve igta e ro g %hl because of
cont raSt ures Eg%} e tr ‘Pfg n)a% | 'o?] cdﬂS
The P nvel] fcggccbrémg%st I(; 8’ am An r sériegViReSof dih rlrate er ence to
the acco qg%m Hah th hn Hﬁuﬁt transrittahBesCPR bﬂgfdactﬁé e&mples

Sect i onay eﬁ’é%@Sph@J' d&hce QEJOR!‘ nighd t'h& ﬁben%%@ﬁot@@ G@irdi dipersion &;he 1 nventi on;

Fi gure 2gise 8 idh AB4ra showing Siel shbeifa @t Hiflbrbr USamibleS 5f 6 elbéid-optcaiCdetics @pbrting:|
devigge sig@Winveitioli gure 1, Figure 3 is a schematic representation of a
convent i gaaé 7 ® £withed u.e@tm GRwing ans $pectra DDexamplbs ¢ Uicedectio-epical Sevive @ac@rdinghs i n
whi ch t heinkénaei tt ance T of respective exanples of the el ectro-optical
devi ce according to the invention is plotted against [err](590)d for sone
val ues of dispersion a; Figures 5, 9, 10, 11 and 12 are graphs in which the
mninmumtransmttances [err] of respgctive exanples of the el ectro-optical
devi ce according to the invention are plotted agai nst dispersion a; Figure
6 is a diagram show ng the spectra of different exanples of the

el ectro-optical device according 55 to the invention; Figure 7 is a
further dlagrantshomnng the spectra of exanpl es of the electro opti cal

b o



EP 0 320 283 Bl Figures 13 and 14 are graphs in which values of An(590)d of
opti mum variations of the electrppgRbhessd gfevice are plotted against the
twi st angle of a cell of the device for sone val ues of dispersion a; and
Figure 15 is a cross sectional view of a reflective type electro-optical
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t.he upper plate 7 of the display cell B is rubbed. The liquid crystal
material of the display cell Bgpagashsgdigi angle 23. The direction 14 in
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medi um may be stacked op—+ep—of—pach—othergni-th—Ssymlar utility. Various
exanpl es of the device shown|i ¥ F| AR Upg fimsl4i$sed bel ow (1) The
liquid crystal material pfgthe.odi ppl agzsel| |Boses {wisted to the left and
had a tw st angl e of 240]egy]| 1amod| propgstieq a0.2 110, where a is the
refractive index di spers|am anche] err] 0390)d |= @069 |err]where An- (590)d is
the optical path |ength, WATCh 1S the product of the refractive index

f‘ln'qﬁlmér g% s a& u‘ggﬁ t LRl 'g% 9'Ql%wttﬁlaes a%gf’tf b %Eﬁﬁiﬁgdmﬁgﬁ h |
a twi st g g} ‘ (Fﬁj!é%ivﬁrtﬁ mininl J/a@}dro? T4 islopmdi. rﬂg%ﬂarici:éﬁﬁﬁ othth
is plot r@tgiﬂe%ﬁﬂs A

8 BGOfhich ofdr tHeblindnCAigHidy 2R s N bk ar some vaI ues Of the
di sper5| on a. The transmittance T takes its m nimum val ue under the

condftions: 15 Table 1 [err] (i) 1.04 0.75
0.39 (ii) 1.10 0.74 - 0.12 (iii) 1.16 0.73 0.06 20
In Figure 5, [err] igptomqt |nt a_ H and] 7 show the spectra
obt ai ned under the cmdiflanSt/ o 9% QJ@&]?;{ a8k It can be

under st ood fromtheswgrlaph!ﬁot'h}itnghhe vaeu at 078 wHi 98 { s gi ven by the
condftion (iii) and ng@ t@@ mryb,[runln \{%ﬂe Q,fg leqr] 1$ optimal. The

characteristics of t ' yS-a-—-aye-s—ef—tHe—eef | s A and B which

of fer the optinmum di spl ay are I isted in Table 1. 25

Tabl e 1 ©@nYasigtions gﬁ'&ﬂ %ectro-o i p v: (yere fabrlcated which were similar to the Gturg, of ex_aLtBB’ er r],
ri ghg (1) apgve excep)thgtthey pres t yalugs )d In Figyre 8, the t; mﬁance

vari at i of\ds &Pﬁ?‘h alsts the ‘6"" PF‘E ?"9 9?(8%) €°7‘3B’F'f'% SPERIOn &y e SI m | ar
to the SY‘?“EIB'F?PF% s"'@??a 'f:’%vaue(‘T or M9 SILNU0% e pt that t hey presented

hi gher values of [err] (500)d—n Eiguwe 8 the transmttance of the cell A
Is plotted against the optichl epa mn(@n)gmm[en‘.m.]c/ﬁm)d for sone val ues of
the«i spersion a. The tr 1n®m ti@nke T,3pSUNES ¢ds M ni mum val ue under the

conditions: a An(590] dgiy | efidal | 40 1.06 056 | (i) 1.02
1. 07 0.20 (ii) 10%; 112106105 0-,@6 i) 1.12 1.05
1. 02 45 In Fi gure S—tfre—mrhrmumrtransTttart e _[err] Is plotted
28?{&?? ;[ 0;2 ?q lgéuf er SI On y glr%ﬁu 2 tL pgﬂecp ag%k/lstlthe |st;))£rzsailonn§. eopglmumtaréSIay
twist SR 8°d un eéthe m"‘ﬁ'@?sr']ﬂegg'l 2 '3\2 160[err], right 1.02 1.07
0. 20 cell B 240, | ef t 1.10 @ 55 (3) Variations of the
el ectro-optical device were produceé as i n exanpl es (1) to (2), wherein the
liqypd crystal naterja—ef—the —wes—t-w-st-edto—the right and had a
twi st angi e of 300 .|The rfiiMslumangle | « | AnG0)T | Trmin

cellA | 160°, | right 1.02 1.07 0.20

cellB | 240°, | left 1.10 0.9

55
(3) Variations of the electro-optical device were produced as in examples (1) to (2), wherein the liquid
crystal material of the cell A was twisted to the right and had a twist angle of 300°. The minimum
transmittance T, Were obtained under the conditions
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transmttance {err}] were obtained under the conditions 10 EP 0 320 283
Bl a [err] (i) 1.08 Ogpd 3202831 1.04 (ii) 1.12 0.72
0.78 5 (i) 1.18 0.71 0.52 In
Figure 10, the mninumtransmttance [err] is plotted against the

di spersion a. The optimum[drspgray vja d he conditions |isted
in Table 3. 10 4 nfsBhe | Yt Tabl e 3 twist
angl e a [err] 15 @ | 108 0.73 dérl A 300, ri ght 1.18
0.2k 0.52 cell B 240 .'.t.irrl-,‘z | ef@72  1[1878 1 0.9 (4) Variations of
the efectro-optical devic rie'&Hri cal®d whi cR58erle simlar to the
structure of exanple (3) except that they had hi gher values of [err](590)d.
M ni mum t r ane Figuteatt; &% hidiuin weasmittahes Ty @ plowbaragaifise tdOdispersivn d iThe optisiuma

[err] 25 display was derived under the conditions listed in Tébig 3. 1. 02 1.12 0. 05
(ii) 1.04 1.11 0.04 (iii) 1.10 1.10 0.24 In
Fi gure 11, the mninumtransmttance TableB] is plotted agai nst the
di spersion a. The optinmum 30 .di spl ay was obt ai ned under the conditions
listed in Table 4. Taljle 4 {wWuad angle | @N9Y Can(s00) | & [err] 35 cell A
sane as in exanple (4) 64 34 —o4—cer+—1 240, .
left o 1.10 0.{oced | 3095)| vigt |[iti% ¢ cPYsta 98terial of the cell B
was twisted to the |ef|tconnd| 2agk,a teni S| B10gle 086 27D * qnd properties a =
1.20, [err]. Theliquid (.,lyoLoli rmeri —of~tte—Tet /-\WaS twisted to the
right and on of nt m ttance T of
te,@;;' AR Bl e B
of t h® d ) r rved

ondi tions: [err] (i) 1.08 0.78 0 36 (ii) 1.14
0. 7 0 30 so HHi) 1.18 0.76

0.38 In Figure 12, the mrfi_mumh t¥ansAMERGHEEY prime %4 pl ott ed agai nst the

di spersion a. The opti mum|digefl ag2 Jas of4zai nefd gpsler| the conditions |isted
in Taffle 5. 55 11 EP 0 |32 [2884 B1 Tabiie 5 | wos4 angl e a [err] 5
cell A 140[err], right | (ih.|1410 OL.i07 0243(Q cell B 270[err],

| ef t 1.20 0.80 (6) The TWSTt angte of tne cerl Ain each of exarrpl es

(D) to (4) r{1€%ho rhiflinmt e]st | oOd; ion al mAin
' o Lo b b S bt o B

[err] 590)

Table 4
35 twist angle a An(590)d | Tmin
cell A same as in example (4) 1.04 1.1 0.04
coll B | 240°, . left 1.10 0.9

40 (5) The liquid crystal material of the cell B was twisted to the left and had a twist angle of 270* and

~ properties « = 1.20, An{590)d = 0.8 um. The liquid crystal material of the cell A was twisted to the right
and had a twist angle of 140*. The relation of the transmittance T of the cell A to the optical path length
An(590)d was measured for some values of the dispersion a. Minimum transmittances Ty, were derived
under the conditions:
45
a An(590)d, um | T %
@ | 1.08 0.78 0.36
iy | 1.14 0.77 0.30
50 Gii) | 118 0.76 0.38

In Figure 12, the minimum transmittance T, is plotted against the dispersion «. The optimum
display was obtained under the conditions listed in Table 6.

55
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val ues of the dispersion a. Optinmum val ues of the dispersion a are put

besi de several points. Point Bpgssps@gped in exanple (1). (7) The tw st
angle of the cell A of exanple (5) was changed. In Figure 14, the optical
path |l ength An- (590)d of the cell A in the optinumcase is plotted against
the twist angle of the cell A for s@se@ml val ues 15 of the dispersion a.
Figure 13 and 14 reveal that where the cell Ais identical in twst angle
di spersion a, and opfical [p e [ rr th|the cell B except
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|pO| ari S wer wnﬁt O;- thteétrulﬁcﬁo gtrart‘he%de |ce met 8o??m% tndh the
ower
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descr i gﬁ'}? mxefkua be fs%pélaE@%eQﬁspfa Do o oS gt - Vhen

no vol tage 6f%ro@uﬂﬁ%8ﬂclddﬂd§vhiﬁa dMpRY Rt £6l rrent di spl'ay has a
bl acki sh col our en a voltage Is app |ed t he dlsplay has a whitish

col ourcialms t his way, the el ectro-optical device is capabl e of providing a
bl agk enrannhsibr the faliowhgaContihdting BtdwsaDE;EMiGBast . Clains 55 Clains for the
following Contracting States: DE, FR, (B 1. An electro-optical device
conpri si g ectrawnticab devive rmatnprising i agtwistidd merypatic dijuid edybtal (c8l) (3), witilizing 2heniyretringent

bi r ef ri nghaactaristizs aidiauid iceystalcthe odll ()i hgvingoa lnwid stystal layeh(@) and|mearfs3)3) Her\priyinga
liquid crystal layer (6) and neans (13) for applying 12 EP 0 320 283 B1
Table 5 tw st angl e a An(599)d [err] 5

cell A 140, ri ght 1.14 0.77 0. 30



cell B 270[err], left 1.20 0.80 (6) The twi st angle of the cell
A in each of exarrpl es (1) to éﬁlhﬁ@% |ed In Figure 13, the tw st angle
of 10 the cell Ain each of the op |rmm cases is plotted against the
optical path length An(590)d for several values of the dispersion a.

Opti mum val ues of the dispersion aaggs put beside several points. Point B
was obtained in exanple (1). (7) The twist angle of the cell A of exanple

(5) was changed. I h prl Th An- (590)d of the
cell Ain the opti| st | prge ﬂ“ag.E AH@B)?,)LETE&_N angle of the cell A
for several valuesjicellA | $0°i heright speridi pn @77 Fi ¥ |13 and 14 reveal that
where the cell A >cblﬂ|§”f bfeal |'gﬂtw s|t_20a1glée_adj| sperS| on a, and optical path

| engt h [err] (590) d“mth—t-he—eet+—B—txeept—For—the—di+recti on of rotation of
the twist, an optimumresult is offered (point in F| u e 13 oint Cin
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réfraction anisotrope (An) et de I'épaisseur (d) de la couche (6) de cristal liquide de la cellule (3) est
supérieur au produit de l'indice de réfraction anisotrope (An) et de I'épaisseur (d) du milieu optique-
ment anisotrope (2).

6. Dispositif selon I'une quelconque des revendications précédentes, dans lequel le milieu optiquement
50 anisotrope est constitué par une seconde cellule (2) de cristal liquide nématique torsadé.
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