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invention relates to a liquid crystal display device. Japanese Lai d Open

. Patent Specification No. 60-50S11 discloses a super tw sted ne

‘crystal display device which has a twist angle of the liquid c?’@@@@ mmm,””m
nol ecul e of more than 90, and a pair of polarisers provided on

-Jower liquid crystal cells. An angle between the polarising axes *l66i66*
(absorption axes) and the axis direction of the liquid crystal nolecule

adj acent to the electrode substrate falls within a range of 30 lmmﬂﬂmlmummm
Therefore, because of birefyipn@ee. chherat e spoiy dpevyeeal di

is in the state of not applying voltage, its appearance Is not whi tgogpd
instead its appearance is green to reddish yellow Furthernore, when the
liquid crystal device is in the state of ~applying voltage, its appearance

i s not black but ins ad I.ts oapRearan is blue. Mre, specifically, the
known |iquid crystal E??;pl'a 2 P8e M c?cﬁ?e‘s t dort? %‘Iqso‘i/ﬁ’é’htﬁ?eﬁhsl’ﬁlém ow
or reddi sh yeldeomi¢e.t he positive display state and, when a selecting _
voltage a is applied q c al, _di ce beco s blue or
dark blue. The col ou’%aéng'?f'ﬁé E%ﬁﬁu %ﬁ"ys?tacalle%gl gée“ Dhes dar k
blue in a neg@Q~&0%1tpdagctoatee andup\Mwerthlhetesieln@mtatng; \chlqmg:b is
applied, the u y v N I re not
desirabl e as &qJﬁ{; at 8 %u?gy %LQWE Izq%:ﬁa%%g 3 r{qﬁ tnoggglgealfpabfhegdl spl ay
col ours for all‘lw% erystal apipruledei @é‘"eTﬁéraé' i99% el & grawr (9 fjui d

crystal displ lbl(ifi-\‘i'sf?@d]aé/}@%éemaﬁchbﬁ@? EhéCKoWéql ‘m'qf«.ﬁdd' &p@nd, in
ohe aspect of tgﬁ i nvention, APR é V1

pr¥sent invent® ’bv‘?'b%"%ul&ﬁtéeﬂﬁﬁg]é ﬂgt’iaﬁd sd"ﬁnﬁc}fﬁr A 708 ehd
white displ ayalxlest)heaqmsu!ie vex bs1dd hegatiive difsphay l3natids ¢ ristartdi ngly,

Lhis [ nvent i opoeQ(iides, 4y 44t desrypeak dtepbay deuleratambiyicno a liaquid

crystal cell torned of atw st ne i guid_crystal p05|t|one bet ween
tyro el ectrod¥ighist ratrangemif Shai #0 0f0pel af heErEohRr chespEsie0@dt ed one

on either sidgipkfiritiddntt A WHebtete CB’ibuiGhaFi@{S[l&‘?gplByt Balvidle liqast
one layer of an o tlcaII anj sot ropi c,- substange i s ptovided between the

pair of polarfQ@ef8¢€ BTole%h R 1PSVALRASF e PT‘ﬁuf’BpEN’?f‘&F $he
optically ani satropnctesubm dimcset esed) Dies aap p ik &h ce ysta,d;rmbmchol seddiient ed

betveen {40 OpBORL e SRS I BRI AN ICLERRLEL YR BRERY be
subst ance nayimethei stedei 9fa a@lpflf)v'e‘rﬂemtVQﬁ#mA ohtt‘f erheamv\#sESanECtl on

of the twi st pegpki Bull:' CiH'sQeQ"dyf’ntt%' a;JJeaﬁQIr?cet han & we | ay,%.se of the
optically anisotro z stance are used, the di rectldo,ns ht axes
bet ween at | eXRgcihdep yé‘rstél’ee ﬂPé‘FbrLdtﬂLqulcf'Tye"rte?ﬁ 3Rl e ’fq‘fﬁ?ﬂ"ﬁ?ystal

di spl ay devi aee ¢mye begpeenyphgiedilo wdath glideast iyal lafw eacihrdddihéh axe blow a
erpondi oul ar T oth PRSIBLARRRLeY 3t At Wi oD TR Mo sof ropi o
t ance. voltage is applied, the lLliquid crystal display device
becomes blue or dark blue. The colour of the liquid
crystal display device becomes dark blue in a negative
display state and, when the selecting voltage is
applied, the colour turns to yellow. These above
mentioned colours are not desirable as display colours.
White and black are the most suitable display colours
for a Lliquid crystal display device.
There is a need for a liquid crystal display
device having a monochrome black and white display and,

in one aspect of the invention, it is an aim of the



In order to facititate a full and conpl ete understanding of the i m(dtABR,2002
reference will now be made to the acconpanying drawi ngs and to the
-follow ng Exanples. In the acconpanying drawings: Figure 1 is a sectional
vi ew showi ng schematically the structure of a liquid crystal display device
0 2 APR 2002 _, 3 according to the present iryention;, Figure 2 shows the
-r,el ati onship of each axis of a liquid crystal display device according to
the present invention; Figure 3 shows the relati-onship of each axis of a
i ﬂui d CFK_S'[ anr@litsﬁt ayﬂde»sitsenaelaobdbmlg dle0 sﬁfdho(rja a:fhet\éid'_d ik i g siiows t hg_
rel ati onshi p between the externa vel engt h and the transnj ssion according
to a prior Li%ANACRE9uEPLAFkypad g@&?&egqﬁpdﬂﬁé’@:ﬁ“ﬂMPQﬁﬂ$EWﬁs?"%ngle

and the regi wegdtivendssgtoy sbetédscell of the liquid crystal display
devi ce according to, Exanple 1: Figure.6 shows the relationship between the
ext er nal mavelengtrﬁ%ﬁ%pghﬂgi¥ﬁngﬂ$§s?ﬁﬁe82’Pﬂepffddpgscﬁygﬂéﬁ” spl ay
devi ce accor dirys taol EXbeplay 2de Wi ger eoxpslisdmgt e Ligudidi erylsita batetlen t he
external wavgl t d, the. 1 S8l op: of «t,h i.qui,d _cr | _dj spl ay
devi ce accor P%S'%tcg ‘1a'E><Pa“'rrp{]'Z1 %{ a'lrg'i?'g;ufﬁé 8915%\1/\}5’ ?ﬁgsggllafﬂ%gﬁ?ﬁ?’ﬁeﬁ}et ween t he
ext ernal wavbedwgem diwb thkecteoderisubsyratese ahdt hepbiiquiod cryst al

di splay devi 681 3Gl L] fodatdd WIAE SnSBIYReFNS k! Bl ARFNI P
between the twi st angle and the region of d n x d of the liquid crystal of
the A-cell otigndd icquistal e, oﬁqwrwt%we@ decthatnatt bepsinphe S;

Figure 10 ShPH‘?ePh‘%fV Qratd | L Penesst £ 9i €x6eb08hn ¥V eLepabl iard t he
transm ssion of the |iqui prya;al di spl a deV|c§ aCﬁordlng Lo Example G
Figure 11 shBREWERE theaRaifsiffh ARHARTRE The' R WP 98 BRQP et AnEPENEYI&Ei on of

d ) x dof thembtdei diqyuisd aryaitathe A-cell of the liquid crystal display
fui 5t angl e and ¢ hi"Ee P cay o Rl fudffat & Ma B, B POl peine
2t 102 Liquid crystal which is oriented between two opposite
substrates. The optically anisotropic substance may be
in a polymeric film state.

If desired, thé optically anisotropic substance
may be twisted in a different direction from the twist
direction of the twist nematic liquid crystal.

If more than two layers of the optically
anisotropic substance are used, the directions of Light
axes between at least two layers are preferably
different.

- The liquid crystal display device may be one

~;) wherein each direction of each Light axis on a surface
adjacent to the twist nematic liquid crystal is
substantially perpendicular to or is substantially
parallel to the optically anisotropic substance.

In order to facilitate a full and complete
understanding of the invention, reference will now be
made to the accompanying drawings and to the following
Examples. In the accompanying drawings:

Figure 1 is a sectional view showing schematically

the structure of a liquid crystal display device



J 4 the A-cell of the liquid crystal display device according to EJthA%R 2002

10; Figure 13 shows the relationship between the twi st angle and the region

.of Dn x d of the liquid crystal of the A-cell of the liquid crystal

di spl ay device according to Exanple 11; Figure 14 shows the rel ationship
between the twi st angle and the region of ~ Ny X d of the liquid crystal of
the A-cell of the liquid crystal display devite according to Exanple 12;
Figure 15 is a sections! view showing schematically the structure of the

liquid crystal 9%?8%%% q%yk %‘%?%?‘HJEkﬁf%£?ﬁﬁple 14; Figure 16 shows a
structure enp?gylng a“filmstate polymer |ayer & the optically anisotropic
subst ance; Figure 1Fighawes 2 he hoaisattihenste {» toifo redctp axf seaéh aakiguiod a
crystal displ [ l,OV{s he A-fdJes:  Fi S tically
a structure V\%?ga‘hg?l\?;{%lmﬁégg ltaﬁ'e d@é’lf‘;rel s%éséﬂa%f%ltg%ep@%\sd?;ﬁgg?ggr e 19
shows schenaiimatmyiohe structure of another liquid crystal display device
according to the prpisghelgygnbggntﬁbgg@qa%qdﬂyh tfe e £EH §£@ge;fo?t|ca
.y characteristics of "the liquid crystal display device, .J Figure 2
illustrates thiaytd aerpasptpdiephagndend ce geic@reripg f10 qior taetpol ari sed
substrate, and the ppyipal bysABWSOkhePre 1949haNGD ibe thieed itdid d crystal

di spl ay device shown 1 n Figure &9; Figure 22 shqws .a spectrumin which
transnissionQ¥$?ﬂQﬂ¥eﬂa§§gFH§f ma08|gH§tﬁfaﬁP5dFé‘£§ SESRT IS stRc? rum of

Figure 22 mgﬁﬁﬁu}(mﬁquthreﬁpktaltyidbagyaﬂhvﬁbgure"24 S sinilar to Figure
Fgare 25 1o om | ey gurhboioshE BhalY bRgtdcand ko¥ Teliar o ilorure
shown in Figofed84n ¥idut theiA-sehl|of theFljanéd22rasdadhdisplay
Sﬁéﬁtrunlof RS i¥d SE@Fding to Example 1;

Figure 6 shows the relationship between the
external wavelength and the transmission of the Lliquid
crystal display device according to Example 2;

Figure 7 shows the relationship between the
external wavelength and the transmission of the liquid
crystal display device according to Example 3;

Figure 8 shows the relationship between the
external wavelength and the transmitting state of the
liquid crystal display device according to Example 4;

Figure 9 shows the relationship between the twist
angle and the region of A n x d of the liquid c¢rystal of

i) the A-cell of the Liquid crystal display device
- according to Example 5;

Figure 10 shows the relationship between the
external wavelength and the transmission of the Liquid
crystal display device according to Example 6;

Figure 11 shows the relationship between the twist
angle and the region of An x d of the Lliquid crystal of
the A-cell of the liquid crystal display device
according to Example 9;

Figure 12 shows the relationship between the twist
angle and the region of An x d of the Liquid crystal of



Figure 2? is simlar to Figure 23 and shows a plot on the colour { 2 APR 2002
coordi nate; Figure 28 shows the structure of another Liquid crystal display
~device according to the present invention; Figure 29(a) illustrates
dividing the liquid crystal layer into many |ayers; Figure 29(b)
illustrates the liquid crystal l|ayers Wich are not tw sted; Figures 30-32
ghow the transition of the polarising state; kigure 33 shows the spectrum
of a commercially available polariser Figure 34 illustrates the driving of
aliquid crystﬁ‘l di spl ay device of the invention; Figure 35 shoes the
structure of tHE Nt Graf Ithgi bievidiaryarapl dysoéaycdewfcgapanese Laid
Open Patent Speeblriddalg o NoxalPe &O0fHy; Figure 36 is |ike Figures 20 and 24
and shows schematic?l.l the off state characteristics of the above
mentioned prior art TS9P tid S Siethe itetatylons iy shetvernpthe deniste;

Fi gure 37 showsgtbeand athieotdyforbadmesh they g of rt'ftﬁﬂ?r Lshed
nemati c |iqui i he e d?#%\%t%lggnogf t he

crystal digplay device, of Figure 36 and )
pol ari si ng axgge(éb%kbt |°§n ti‘)?ej')‘ Wi & 6 vsdady iddesp gy dawd 38 shows t he
ext ernal appeaceaocdispecobr Examp lieheg 1l;i qui d crystal display device when
certain angul ar posj peggtain in Figure 37, .and Figure 39 is the plot
of I and Il in Fi gutibgggogacgfjgdrs &b, Jie?lzitté§. SRdPePetyg eny thee twihskngs,
Figure 1 is anekeiamdl theoregAPR 260A nhx6dviodwthkowiingidckeyit sal by t he
structure of ghd iggé cryst dj [ enpl.Qying .a l.iquid crystal as
the optically aniso;ropicﬁsgtgtgiggqyng?xégﬁfqgﬁaggfysgﬁwiﬁgsplay devi ce of
the present AfEMIbig $9 Fxanpte112¢here is shown an upper polarises 1 and
a liquid crystal cetigwre Th® {éaui de6tvohal ¢Pbl nbasng 'iquid crystal as
aﬁ)opti callys%ri‘iesottrl.gpi,p S“prs]t ance sgndwi ched be{ween tWwo substrates, the
ligquid cryst S At PR hgEheratrustere ef ctheqliguid shyatadi|i. mre
speci fical | ydishpd ax cevi e hascomnd ippeto skbstpbée18; a , | ower substrate 4,
and a liquid crystgls [ ' tical ly.anisojrppic substance
inthe A-cell. A sg?ﬁlo% ﬁ gﬂfogﬁgéjlélé'é&{ﬁﬁo%u?%@%ﬁ%la c{eT F‘EGSFBI”
provi ding a BPYYPEY By YESplas fdien arditcafely el ddtpoali crutistaset} 6 i S
hereinafter referregdgueead 7 Bl lthelhe BriGR)ds Y ¢ FaebA PEe
a liqui

f
el ectrode suEstrate 7.a I(twer, el ectrode substrate 8 an I crydtal 9.
As shown in FI QUi £rYshal) idjsipd asr yevdicedietn Loy imeyitde AT i a | ower
pol ari ses 10. Ref eFigngend® sholisguschedatiifandy 2 SHQWe tuie nal&td onshi p of
each axis of¢gbealgy)d y I _di;spl. device according to the present
invention. In Fi gufﬁ_ewg, aﬁﬁerﬂe‘gi ggsl%g\}\ﬁzg PlBbi'Rg o8 g(?tdi%n 11 of the | ower
el ectrode substrat&igupe {flesBows| schampglibandydithecsitomct ref oithe upper

el ectrode sundemde TiQhibherPsest! digpuhbng dir geti -1§ b the | over
substrate 4 of the Acell, a rgsf)bi ng (Hi?ec?i on 12%?%%3%5 e(rgosJB'setrate 3
of the A-celP"eSFNf rHY$BRh'98 of the polarising axes (absorption axes) of
the | ower pol ari se&idire a2@li sleeks 0thd 6" of ft Hea Pt app el pgLaxes (absorption

Dot i oi ng SreaREs RS o8 f Bl PR Ee (st iErdiselar aRAceRe  ubbi ng.
direction 14 of tHfdawrer2kubstystrateoitidieredzeidnship wetwangl enas of
the liquid eiyetid cPystal cell, the polarised substrate, and the
optically anisotropic substance in the tiquid crystal
display device shown in Figure 19;

Figure 22 shows a spectrum in which transmission
is plotted against wavelength;

Figure 23 shows the spectrum of Figure 22 plotted
on a chromaticity diagram;

Figure 24 is similar to Figure 20 and explains

further conditions relating to the "off state";



: 0 2 APR Z0UZ
0 2 AP R 2A02 7 within the A-cell, an angle 19 between the rubbing
direction 13 of the | ower substrate 4 of the A-cell and the rubbing
direction 12 of the upper electrode 7 substrate of the B-cell, a tw st
angle 20 of the liquid crystal 9 within the B-cell, and an angle 21 between
the rubbing direction 11 of the | ower electrode substrate 8 of the B-cel
and the direction 15 of the polarising axes (absorption axes) of the |ower
-polariser 10. - The twist direction of the Iisquid crystal nolecule within
each cell is hereinafter shown with the twi st direction extendi ng towards
the bottomfromthe top of the cell. Al so, when the selecting or the

non- sel ecti ng voltagegbseagplkgdsbuileOQOdﬁﬁyUdmi@ﬁngﬁﬁtsh%ﬂﬂe?hﬁed t hat

the state which has_substantial  optical Mt igRG uR@wer, - s the "C FF"
state, and th@°%¢h€b°ﬂh?%htﬁﬁssfrﬁf%grgp%ﬁggﬁ P&ans%ﬁtting'pomer is the
"ON' state. In the Figuré B6y$SsabiditpragoaEdsndiend?t @ e Wk hie
i nvention, the tw st an?lg of %ge LngLd crystal 9 of the 9-cell has no
linmit in sizeSPahbrPPatli b g Oal menfs of the Ii(}gid oy, talsd4 s‘p{g\y
devi ce according tofigerergehs: shedharofoi §198 oo RL e 1iutd
crystal which is_enplo i sAcgekl and the B-cell, there can be used
phenyl cycloHH%aﬁgf %?gﬁgﬁypogpgrﬁﬁexéne speci es nixgn%tm§pﬂi§h jguid
crystal and R UH - Fpare~88.- showsptbresthPsitHE e i°dui crystgl ose
dielectric ané§?%{99yd735L§y0de5heeSaHEoFHqubdtory$mamnﬁﬂ¢¢keused f or
either the A-Ce or the B-cell. Further, the sane effect can be obtained
even fromtheimgem§Ionsa different |iquid crystal in the A-cell and the
B-cell. In order topphyabn2dbertwtusoiathe pii ydidd n@r deall if b ul es in the
ell and the Bcell,,K CB-15, pr C DH Conpany) or S-811 Ca product
of JMerk Conpa®§y shay b@vageagig ﬁgggpt?ggfg’ 0 2 APR 2002 tarﬁc/lti varor, In
the liquid crystal Hispray2@ébdcelhussratag thet hd ayids & StentToH S when
the linearly polarise igh keh.passes through one of the pair of
pol arisers, ph& gé ?ﬁ?ohbg QHEQF?qﬁid crystal cell. therq esults
el liptically pol ari Eégureghd0nRdsahel| 2pEnLE8"§3&d °Fo cainci de with the
direction ofg%?ganggngxgsaqH? to the wavel ength. Then, the elliptically
pol arised Ii I'S pasSed through t optical I SOtlMiNeG Siastyance. The
| i ght which passes h960§h3?h§h8bfigﬁFl$”§%?§%¥r%§ic substance has a | arge
obl ateness i ng{h¢LaBU@epbLlamiabopt 400nmto about 700nm Further, the |ight
beconmes el liptically_.polariged,|j QS hdl URGHIiRMg ioF theldquiid axis is
al nost uniform Ligﬁf Whfc ﬁpgéggggiﬁﬁgugh the other polarises has a snall
di fference ofcéyanati dssphagudevdcenefnsbel dRYERE AN the i ght becones
white in colon r. E¥§‘§uﬁk sheshbUe when skhecalrectafng heolptrdger i tappl i ed,
when the linearly polarised |ight which.passes thr ng Lfoddye pair of
pol ari sers, paigeédthrﬁﬁgﬁl_dPHBREVqﬂFd‘Efygﬁaﬂa éﬁ#gn%ﬁ1iptiéilly
pol ari sed ligpﬁthﬁtp%9@55$dcﬁh®36 ubta@n8651dcdes not coincide with the
direction of the long axis_due_to.the le&NSigh.a nh@% adErsHdwes | i ght
pasyes through the 589P5§IP§ éﬁiga%?ogﬁgwgﬁgstanggi there ¢ qgﬁg qg;a'ned
the’el i pticaktKepakacatdg sblesvhifices tangsshapRateldsd & (%) g€ ah ose
direction in the l.ong axig i.S,3kMgh e¥nithGrlsie dhin enfditsi d | tigu B noey ¢ hal
di rection of Tﬁ@tﬂ8ﬂgda f§°5fathe erliptically polarised light is twisted
at the angl e dfispbeut de@i%ierh respect to the direction.of the long axis of
the elliptically pokqgh$@d3bighbu%ttmher&hm&iwh&hﬁduba&ﬂﬁ%ﬂﬁih% potor
applied, the direction of the pol arising.axi.s, qof P £ dévice
det er mi ned atarﬁe5§@FFa5Fé5§§Fu§?“?ﬁéfe%ﬁ%§%ﬁﬁ%ﬁﬁ)the Iidtj cryst al
di spl ay devicgst ¢igiuve 3smandchhens idiessliapn of ¢he A af)Hng axes

(absorption axes) of the polariser;
Figure 38 shows the external appearance spectrum

of the Lliquid crystal display device when certain

angular positions appertain in Figure 37; |
Figure 39 is the plot of I and II in Figure 20 on

and

colour coordinates.

Referring to the drawings, Figure 1 is a sectional



J 9 The state (the obl ateness, the direction of the Long axis) of td‘ng AP@ 2002
polarised tight which is emtted fromthe optically anisotropic substanc
.trill now be described. firstly, when two linearly polarised |ights which
“vibrate in a direction perpendicular to each other are synthesi sed,
elliptically polarised Iight which vibrates on the ellipse can be obtained.
- The elliptically polarised |ight can be obtaiéed by the follow ng fornulas.
X=Asinw + Bcosw (1) Y=Csinw + Dcosw C2) Om is a circular
frequency) Secondly the elliptically polarised Iight which passes through
t he uni axi al opewcahpy iagi sethemsitd calldyt srbee stirhes hireefo f ngehiguild
r epr esent ed .t he £ hi gk J nt ed d)
Can Do obt ai red By the P Gur g T ey ind FNHLIS SAREIETRERS
cos (W + 2'teptigalBy gmisotreipicCsubstamcg ia jthe hipsiqvgraspal’ - )
() CTlis a vEnel enptleQl cbhe it brklehli® ifdeh edlorl® di pfgoFé Cpt at ed
liquid crystal layer,. the state of the polarised light at,  the tine of
passi ng t hr oddte®ichs | aherni ancapegrared asisessdi ¢ady ap\t 1aHihagrngtat
uni axi al opticeall y22ni sRér eRgaigulslseae Cel ti 2 Halsi Red itdiAtd tdveystal
birefringence is ~ n =_ni hl-nl and the | age;} t hi ckness j s, gzﬁf{]ﬁ{)resent ed as
the above fodfuld By 4A4 Y 4F"ASOLRBPA 6t SUPAGARAEI éa('[JI’f'e‘c et efRof
becones the ttwiostsubwteatés)hehbi Qiiqgdidr yeyatal agel)l. 2Thesingt he state at
the tinme of passin hr ough L h iguid crystal yer ,is _found. The state of
vi bration at l?'terfee’rﬂ%’r‘r{)te‘?'oo eﬁgifﬁgcgﬁ g% f%u&ldcf);&fhe"?%lel owi ng formulas. X
m+l - Xm cos sPechrfiigialelXb)the OA2c APl R 208 ad QuiyperlsubsXmagien 33+ aYm cos6
Cﬁé. The stat @ogfet RUE {4 PEL CL | ¥n@O) in&@ﬂd'éﬂ*‘_&t!‘@'shuﬂa%ﬁesst ysugh the
opt)i cal Iy ani sotropi c substance conprising the Tiquid crystal |ayer or the
li'ke can be P8uA@ehPPHE: HebhRD bioSiaRts tsubaterse 10y ﬁ%Faé‘GS)“and C4) to

X][n aﬂd Ylml ! nA_lbal }‘smrorml an OS)gtfathG?s a n}i&\fi@rﬁspﬂfahnv.enli 6n,f|o'frhef st ﬁt e

(0] the e |pt|ca. pol ar|se | t I1s calculate t the tervals o t he

Chvel anct b bprERantpRoi 4 isElax HY s ST e Eiad o ERe LB aha s

shown i n thecspetalume Llthe eld iptieciia Sthape effethed | tght s amdBt-hellleng axi s

direction nmay,al g0k |9LSHJP Gh a7 %H‘eel]seoce@#cf]&l{“{}?ésué{be7d"faference
a ength, the e

in the transm ssion anount between e wave th, . mtred fight
becomes cl oskowert Rd ecddi@idec$ Whfitra teolbiand & W guid) | ¢rustahe?abods,

Figures 5, 9shewf 1A ¥qgldeshow dhie laepdi FWiyaRlA iy tapngevibese Figures
show t he desj raglg rangg of the Ltvx,i.st aq?{’e and Dn x d of the opticalty
ani sotropi ¢ sUBs¥SRReusPNG "t RE Y437 dFi®T dfystal at the tine of determning
the twi st angle anfRePenring oowt e IFiguiré @,ysthalireceld gasdrortheg the di

spl ay. EXAMP . Lqure:; 2, kit _i.g . def .t M of the
liquid crystt&%?‘%ﬁgﬁg-gcgﬁl %iaSChat?gﬁts %JOQ?% E"E?"\‘gﬁ:?ﬂriﬂ ?&;%,?ng x dis
about 0. 9~rrdevire angterddngs tabshe 9oesehd dnyleatipn.s firofiduee 3, and

the angle 2l fsrd r P 3RolB G0rubBaRgL BS rleWitsbnangl @ Flk A dkdy x d of the
| i quid crystqah! of the A-cell are_de |nﬁd as thf regi on which is marked with
, |

t he) obl i que 94sfrade spuRAtrAte §uPE theaBreglle @ FebRIng dJBF WM ce can
be obtai ned Mharkithetuppeenedevhirbdei subsiteodtel @ blfe th@FB-cxH i 2 Dut

becomes b'a%%dﬂ%&%”@PFeLQiBRe13094 %R@t?bwer substrate 4 of the A-
cell, a rubbing direction 14 of the upper substrate 3 of
the A-cell, a direction 1S'of the polarising axes
(absorption axes) of the lower polariser 10, a direction
16 of the polarising axes (absorption axes) of the upper
polariser 1, an angle 17 between the direction 16 of the
polarising axes (absorption axes) of the upper polariser
1 and the rubbing direction 14 of the upper substrate 3
of the A-cell, a twist angle 18 of the liquid crystal §



0 2 APR 2A02 EXAMPLE 2 . In Exanple 1, it is defined that the anglfe2 APR 2002
of Figure 2 is about 40, the twist angle 18 of the liquidcrystal nolecule is
-about 140 to the right direction,the angle 19 is about 90, the tw st angle
20 of theliquid crystal nolecule is about 200 to the leftdirection, the
angle 21 is about 40, do x d of theliquid crystal layer of the A-cell is
about 0.7y m and~ n x d of the liquid crystal |ayer of the B-cell isabout
.9y m Figure 6 shows the external spectrumof. the liquid crystal
di spl ay device thereupon. In Figure " "OFF 6, the curve | shows the state,
and the curve Ilshows the "ON' state. According to prior art as shownin
Figure 4, the external spectrun1of the liquid crystal di spl ay devi ce becones
yellow in colour in the "OFF"state (curve I?, whilst the same becones bl ue
in colourin thewi€ninstheeAcsatde ﬁn>anuémeﬂéfb%%#@ﬁWbW@ﬁlﬂﬂQﬁﬂ@BG in the

liquid crystal &'%ﬁpkéar ﬁevscsfa@ﬁer%u%oshm thaqet JMUHR i e f DCand
ext er nal spectrumo % d crystal _display device becorres Wiite In

col our inthe ' OFiye Btlbbéngmﬂi'FSFtt‘ pe 12nefpddgneersiracl eictrodieutin t he

"ON' st at e. EXANRLES 8¢ §it EX8¥Pt ke 18- hbll detti,ied Lhdlet RO aF0lthel 7L P4digure
2 is about 40, the tw st angle 18 of t '.il qugcrystal 18 Ilzancgl e i s about

200 to the rigrarxstekt? onithinahheeB18et L2880t 280280 etHRAR BbBeof
thel i qui d crystmalbbidgcgd eetsw:bovi 260the lbeelrefeldlclteoﬂleorsubtshe-aangle 21

is about 50, d n_x of th UId tal |ayer
0.9~ra~, anda ®% 'bh%fé?h%ﬂ ﬁ é?ﬁf % 1§f ghﬁ § lla'.l’ss,sa.a}P t 0.9;
um Figure 7 sfww;tmsao(ltmtm aspeslrmfn bhehéomqupdlerysteal 18i-spl ay

deyi ce thereupon. In t lo¢h e t he
cirYe 0 2 APR 7102 TAGUFTss hEr EEkI6n of (EHE LPRuIBTEryStaLCadtbedte

2, "the ext er naMigddn reafibbicele Hcfmbemjéfar ghepnayitBythe S¥3stes white

in colour in thg et ot €enddnd S’Eoié’h&i§aﬂﬁeb866'ﬂ”66 braskthe eolpowfin
the "OH' state. EXAIVP E 4 In Exa

d Tt
Figure 2 is abdli® 46 the AW t]}i% %‘fl‘fﬁ e??l’gﬁfd Q?yg?ﬁlesgrggégdlneg is
about 260 to t ko Utiagu id raamuard Hyhel M0G0 edd®y i dribing, 90t 1Hedediintedangl e

20 of the |iqui g.a%rxc/ﬁta q‘q,f.ectmshﬂasbo %gpapn{f #h‘? “eé‘hdl rection, the

angle 21 is abSUf ta yer of the A-cell is
about 0.8 y o~tramwﬂtrh>nwl Poiv eme o |tdua d'QW'statattayeand)f the Btedel s

about 0.9y~m GhGuhe nd sSNaWR Lleh @ pil @ Al r 51GH1 € TR PTpdober | { flUt Hle Crrpwtal
di spl ay device thereupon. In Figure 8 the curve | shows the "OFF" state,

whi | st the cur¥&3tf+shows the "ON' state. In this case, as in Exanples 2
and 3, the external dIpeathreurtiqiuitdhe dyistaild d:i“s/;stta} ak st dinglevo cehbecones

V\:hItEIn colour in .St at il.st the cong ck._i | our
inthe "ON' stB 55e2>t(ANI5LI§n§1°"’Fﬁhlf\r/\gufst a" de‘*l ne t%ﬁ?‘p{(ﬂegf&ggtgq
angl e of the ?iqdi dher Bstcall loﬂ\alshe\OB enilt 2101 issi zoutThssPnacthealef t

di rection, O neﬁgggdﬁe gutofo't%é 5[1th|.||]1_%| 1Y & 0 dis Wtd&{)‘, d he angle 17

g\Bet ween 30 an he an s between 3 b0. V\hen the tw st
an e 18 and ~3mcerdipe tme |h|eqa|ra==@wst1a|ve<51rt ae s c'b‘il folrlowfef i ned as the

region which is markgd wheh Ltahmablcqumalu NS @S i QWp Udy &d G et Ke A-
l'iquid crystal z Iax devi Zn bShObt ai ned wherelcﬂ the external spectrum
e¢bEFandqf ([

of the liquid B y"ﬂ EEEoREL S U5 6%h PPV in the "OFF"
state, whilst ¢pelsherahegcobdphlhgdk ciyr Lodlexiame rspdva ¢'sON'T xsitreg enematic

liquid crystal and R-<:)- coo -(:)-OR' species mixing
Liquid crystal whose dielectric anisotropy AE < 0. The
same Lliquid crystal can be used for either the A-cell or
the B-cell. Further, the same effect can be obtained
even from the using of a different liquid crystal in the
A-cell and the B-cell. In order to obtain the twist of
the Lliquid crystal molecules in the A-cell and the B-
cell, €B-15 (a product of BDH Company) or S-811 (a

product of Merk Company) may be used as an optical



02APR-2002 13 EXAMPLE 6 In Exanple 5, it is defined that the angl d) Z7ABR 2002
Figure 2 is about 40, the twist angle 18 of the liquid crystal nolecule is
. about 160 to the right direction, the angle 19 is about 90, the tw st angle
20 of the liquid crystal nmolecule is about 250 to the left direction, the
angle 21 is about 40, ~ n x d of the liquid crystal layer of the A-cell is
-about 0.8l,rm and ~ n x d of the liquid crystal |ayer of the B-cell is
about 0.9a, m Figure 10 shows the external spectrumof the liquid crystal
di spl ay device thereupon. In Figure 10, the curve | shows the "OFF" state,
and the curve d¢tshewmrthe "ON' state. In this case, as in Exanple 2, the
ext er nal spectrum of h i - CF i Vi, C eCconE, ite

colour in the ' E‘a’?gh i ﬂé? %Egglstaage e%ylmi&e &'gel?lc COT%PQ ﬁot he
"ON' state. EMQ FhEe?ehh ananemp,i whiep Adfe ricihednty tihel ant$ed 1¥ight
about 40, the 1 e qyid out 360 to
the right di re‘“ﬁ on, B‘?ﬂ&?s gf'pf’ﬁén| ghgbggt tgtgy%taﬂilr ot g‘f aaﬁ'bisze'g‘g’ of ~t he
liquid cryst alparﬂ%%utbrwsglabbm biguid chysitarlt Cd-’ilr'ectﬁ*tﬂfe aresuhtsangl e
21 is about 4%1&%5%*@%&ly 5b¥ap19£dth?gthUh@s%rWﬂﬁﬂtéﬁﬁgy égengbé cell

is about 1.0 ara~, and |Tquid crystal |layer of the B-cell is
about 0.9 ~ meoingife ‘th%'é “ﬁhe"ékf%ﬂ‘h&? gﬁeélhleurh%‘fg B § |ddﬂﬁ d ke al

di spl ay devi cgahQQ@wst Wi tﬂmérﬂ, ced.éwttnpflileal@EFpo&taaetm%,ed\Nthlgﬁt tﬂe same
becomes black in co otté‘r in

defined that PRESAR Hhneuet S RPuEEat he FOFSPERRgrS Fa0OLREE | GNS
crystal nol ectlighits wibih pladkséo ttheouglghthell optticat lyt baignglrepid 2 APR

o the) cBrBaUEn O ndd'S (e RS Rl TRCchEVaAGEYFEB Wb AR

173)tothe|e irectl on, 'S about
of "t he Li qui déPQoma|to a‘yberUtoWQQﬂ?'A- cfémt’l%"abbhl? bight hecamrgso n x dof

the l'iquid Cr¥§l§bt|1%\équy0fpotlmi%&ﬁ|l|1dlﬁ: anww dirBcthBnt BhSthastonghere
can be obtained,a Il quidcrystal, display device response

speed, wher ei n2¥hE &8t ALAQASts pdfiafifi-of LIAhY | ‘ffb?'él ch§f§Fd?ngﬁ9 dédiece
becones whi teotheeolptburarnlsetrheaasaiF smitadlile di/ﬁéséntheoﬁam:abembnubl ack in

| th ‘st ' t .the tw st
angle 2001 1reit; 58 $hE, bEbeCebach Qi idds B8R F O LR e TS
direction, ‘-Depokodri.s ENEnt ad. $har mmtehelhamglfélelgs%eabbm woltage dmgle 17
is between 30,40d; 68, @REnt hﬁanqh%e%h'ys plaqtawemﬁolm% MEfa 0t W St

angl el8 and the O n x d of l'iquid crystal of the A-cellare defl ned as
the region V\Hi'b'FP'i‘g nﬁPRerWltf‘ﬁ PRASLHPTRe Yanise iy ARTTES I Q9l 11, a

liquid crystajil spigyidevirgetaadncleelgbedilipd Wzﬂrtq» pd Neer PEET ﬁ@e%f um
of the liqui d cr stal dhsgﬁaggg@ﬁece begones in colour,.in " OFF"
e

state, whilst?tH gﬁ?e BF3Zk Pﬁsc5'|°(§ur°°,1,{“{‘he ‘b’l\fh sﬁ'}ﬁe EXAVPLE
10l n Figure Rirectsonledéfntbiet hangt Aviswidoe awgltde20uivelmngdtihgui dfleeryst al

of the B-cell,feh atbrwtu?&pttpaweke&ﬁrduaﬁcw%nopw:;ﬂ@ i kAU byr m

t angl e 19 isabout 90 he an et ween d "60, and t heangl e 2t
i s_petween 36 Wek/%fe'i‘le‘f?]eciw be obgpingdathie- et LirgigRllye |iquid

clrjlystal | of tlpe Uarckddd as eslet amee gﬁoibleobﬁﬂgeﬁewel Glb ll%r@l%r ked:d\/\/l\.tﬁ'bié”'eb
0] |que|nes ownlnF ure 1 a.liqguid, crysta ayqevi e,can e
obt ai ned V\/nerc@?r?ct PBxt erén §p L1351 of 5 abm2¥’i\Pﬁ"2 65% sﬁ

crystal di splta}ned»evs e hetdonedi mie t ton no€ot ber Lbngt ba 1'5OBRE" theat e V\hl | st
the same becQWQ%J@#%%&LJ‘é%l&%qséélE*ﬁ%tC¥£ §L?E%edE lkﬁEEa%gte of
about 90° with respect to the direction of the Llong
axis of the elliptically polarised Light at the time
when the voltage is not applied, the direction of the
polarising axis of the polariser is determined at the
suitable value, thereby enabling the liquid crystatl

display device to give a monochrome display.



In Figure 2, it is defined that the twi st angle 20 of the Iiquid &yAPRI 2002
the B-cell is about 200 to the left direction, ~ n x d is about 1.5 sum
. the angle 19 is about 90, the angle 17 is between 30 and 60, and the angle
21 is between 30 and 60. Wen the tw st angle 18 and d n x d of the liquid
crystal of the A-cell are defined as the region which is marked with the
- oblique lines as shown in Figure 13, a i quid ®rystal display device can be
obt ai ned wherein the external spectrumof the liquid crystal display device
becones white in colour in the "OFF" state, Wilst the sane becones bl ack
in co lour in the "Ohhesgfipde Exhegppb lazenessi,gihe dinectioniedfnblet hat
the tw st anglg api H‘eolf' GHbdpGrl¥$t1§|ed0fl1tng Is‘h(‘ﬁlhl isS aPPtedSPrb ﬁ the
| eft direction, i s about 0. ngle 19 is about 90,
angle 17 is bét’\ﬂeéw%bc%h&lywm aﬁ&“Pﬁécaﬁg'lbétzl‘cles widtlwedro3®end 60. When
the tw st anglyeskd ey, 0 n x d of the liquid crystal of the A-cell are
defined as the reglon whi ch is marked th the obI| ye |jnes as shomn in
Figure 14, a liquid CFW%Y%N'dY%%?a§"ﬂe$gE§aEéﬁ Bala PéFﬁeg‘ﬂW§FE|
exlt er nal Spﬁcbﬁuﬁ‘la&fe itrhEa|dﬂmdt¢6%Sbekpdhglﬁb&!{ade'gfacel?hacamlﬁ‘eﬂ\ﬂﬁé IE
col our in the "COFE" stat t sane, becones i _colaur in the
To stare. | exxehesisad SLHiTLt a6 3 8 3R TERRaL0RE bl choy i s ned
by a met hod i anwitiheh etlsi d severars ubst olat 21 e di thbeAetéhbténdlﬂhe upper

Cubstrate. - BONBRISES t R TR SRR b7 OE 1L ERRRG, CICE Y One

upper polarlsé?QEU 8% -upper A-cell 23, a B~-ce|| 24, a lower A-cell 25and a
| ower pol ariser 26. Figuie =l &3P Fthops agos/pper substrate 2¢qpf the upper
Afgell, a liquid crystal 28 ofthe Hﬁger A—ceII a | ower subsig?te 29 of the
pper A-cell, an upper electCodeddsth £ %0 W the e-cel |, ‘&fiquid
crystal 31 of t he B-cell {wa licwexr tslremlralde&mwrat)e) 32 of the B-cell, an

upper substrate 33 o ¥ Wi h er
A-cell,and a | ower sé %??g3263§ tﬁ% q%)dé¥€¥iéqﬁégfg %ﬁ%§§?%c§ﬁrenof t he
liquid cryst®@asiepl bhravghcéshef UH‘Q&r‘é'lLS optie 3 lilyuian iwanan i ol ecul es of

the upper A cgids¥SRPE (BRel BURE fA-itQleln ced & Q'etp\f‘e%tﬁﬂ:etd) dde
ri 3ntdirection, The liquid crxah%bﬁnqlecule qQf .the yell 24is tmnsted to

the left diredi®n. Ahe ahyl 8 SP G RS 8 SERTRAGA DA (36

Li quid cryst al mmnxh&eoﬁthheedpperthecébnlzﬁwaddedrhalhhe gg;et angle of
theliquid crys e h Azcel |, 25 degf ingd the
angl e of thett())(?'JaI A\’l ﬂ‘ (%Ili-ﬁ'i’ T |§ 8r%m§§ zhned\ X o)f the
li qui dcrystal Nayer Qafstmempptrzxc >23 8dded fwtt Hre@ WX dof &tﬁe

liquid crystal |ayer of @pe,;oyepaeegghbgﬁ b? gﬁglge ha9 the ~.n x d of the
total A-cell. wherethe twst angle and .~ of e total A—ceI

areappl i ed for the Itbri ¢ i ohse ?fEXEﬁpFESSE 96‘ Qtafﬁé ddapdds &ty sda k hat
in gaﬁp: esllayehr;Z AN Aoeaﬁbt@f ned;gﬂé\]ys’hﬁsﬂ nghgeast tHet gﬁeﬁawor di ng
t o_Exanpl e t he strate of .the ppper, A.cel|l and,t per

el get r ode suﬁngéP@ %yiﬁ"q q%e*?’%?e‘?eﬁ?ggeg Bﬁdoﬁg°§65§tf % By

Furt her, thetbmwamuﬂmgﬁa(uha&xﬁmtrameweilbf ahesﬁkcebﬁcaadbshanupper
substrate 33 .Re r e; su r at

resul ting 695 iER4§¥%¥J.céﬂ%%g€ﬁ$e§£g€?§gn€¥ngg 1"?"Soﬁuceﬁéﬂid tle same
ef fect as thaedi fhexdayer b e oes obt aﬁ'hedePB@WPLEd 185’ theEahRpees 1 to

15, it is detépgdibBatchhelRIMErAtan ecpé fH€a P a@éwemttselﬁ%bﬁmc
CNI') ofthe I|qU|d $r§stal of the A-cell is TA aQ era ure at
rgp e Clae §i5T7

the point of th¢ & COMAR o e it BFt APgbe 2 rYAPiqui d
cLystalj is enaoye)yedmhcn.e:sr,eltate csmh 1) doetmeent1|Tﬁhamhﬁragsssra§a$hsﬁugﬁ by g

t hecondi tion the result t hough@ x of the |iqui
crystal Iayerfh%f ?fﬁg y:! Eé'lyls‘r%a? A%‘tar?'eﬁ{' cel | ‘l’us"d(’::‘hanged by the tenperature
change, there is nbbkasge tien ofhes idatagrimal atolthe rofmbide ¢f quétith can
crystal di spl e L A la40 16, a liquid crystal whose
dlelectrlc!g%|§§¥b§p9§fA¥% ﬁo%l. Eégqﬁgqgﬁp qyed as theLiquid crystal of

the A-cell. Thus the or%enﬂdtron&ﬂtdﬂ; Biquind sdm®t al nol ecuf 5 of the

A-cell gets confusedby the static electricity fromthe outside,

t her ebycausi ng an uneven colour in the external appearance ofthe liquid
crystal display device. Therefore, a liquidcrystal chose dielectric

ani sotropy n~is negative is, ,enployed as the liquid crystal of the A-cellL.

Thereresults an inproved liquid crystal display device whichdoes not have

t he uneven col our even in the presence ofstatic electricity fromthe

out si de. EXAMPLE 18I n ExaeplLes 1 to 16, the electrode is attached tothe

i nside of the upper and | oner substrates of the A-cell, and a liquid
crystal mhose dlelectrlc anlsotropyls p05|t|ve |s enployed as the liquid

I 1 Y b1



18 by the tenperature change, it is possible to overcone the col our UcZanPd% 2002
by applying a voltage between el ectrodes which are attached to the upper

-and | ower substrates of the A-cell. EXAIIPLE 19 In Exanples 1 to 18, except
for Exanples 13 and 15, the A-cell is optically adhered with the B-cell in
order to prevent reflection of light on the surface of the substrate

“adj acent to the A-cell and the B-cell. Polyviry butyral filmwhich is
enbossed is utilised as an adhesive | ayer, and adhesion is achieved by the
application of heat or pressure. A heat-cyred epoxy_or ul etan adheswe can

be also utilised. FurtherY &y ¢4 tsr‘éf‘védI dm L@ ve can be‘@fili sed.

Thus the A-cell is afpersgate bhetﬁec@ Itai,ltqhaq&yt Eorleadliﬁeea hej g heht
reflection on the boundary surface of bot XAMPLE 20 Fiqure 16

shoos a st ructilFechenp? 8§58 Rigt Arpugh §th5tepﬁd|cydférv RSO YRR 1 EMbEfance

referred to as;a‘hr;iﬁ#mng'IStﬁbeL@ahhaalclrysalaltsmaww @rS et am& éé‘n Fbaure
16, there is shown an u perq'gol aris r A-fi 38 a

| m e
lover A-film $oung, Py pbedr P e§"gﬁ.t‘lt—'f"§8g8 I@ealfé’d"s‘ﬂciﬁs &ﬁ’
el ectrode subgignatt® 4im adnd hﬁmBﬂiEHm aoanu'ad csysbau 43)qf toe ﬁre:el I
and a | ower el ectrode subst atg 42 % ? 5}1 i .1c7 lshows the
rel ati onship B €85 am"se ol ﬂ gtg 5sz33 \7| (9 é’rrpl oyi ng the
A-film In Figoteriged Hergaht si showhcalatlbbl ay tiheedbitemvalsofofi cheupper
el ectrode sub I ubbj diggc 46 .0 hq 4 r
el ectrode subs%&gﬁgn ¢ haef Eéggll‘ l1§hgl retﬁ?%n*ﬁg L?g@ﬁegcf) Etl tgalq' ag)c(HI,{‘: of
t he upper A-fwWhighaigi reébtﬂWASW)fshh\-bnoi)mt'a? aRFStDP'lt-heThswer A-film a

ditection 49 g 15pe iRAardnd &feﬁhéabﬁg)ﬁtotw@ exesloRh bResupper
polhkrises 36, .a direction 5 t he gol arisin 2APR2 82 19 axes

(absorption a§é§?°6ﬁ°f‘hé'a|70\ﬂelrs$o‘?%r et dnan I'é"Slt 8t FREALFNE
direction 49 st hetpmlearchsﬁfrqmm(ﬂbsmmt oam exesy ioh dheunppbetpelear i ser
and t hedi rect 47 ti t nang 52

bet ween t he |$€’(‘:tr8§ !I%ngf ?‘pt'hetqgépti?ﬁéia é;‘i(elsibq}'{]%ee%o#é; JA% ?mggngﬁtehe
rubbi ng di r ect¢ewi agdohiiteugedrownect r ode substrate of B-cell, a tw st

angl e 53 ofthe Liqujd Sr)‘%Ts%'LthieCﬂHee #Movele Fdiftds 9;1 ¢p9$&d54h>eween
t he rubbi ng db‘{ectlon 46 of the |l o el ect[od,esubstr e of_B-cell and the

direction 48 ThRYopbheCcRESE Skt LA 4y THESH T E9%8eBet ween
t hedirection sftBomfthhedepﬁmaILeamamgref otfhethteomn sA- fadgrnarwhmemlhrecﬂi on 50

of the polaris}ng axes b pt.i S f

Figure 16, i t° 4 e?l?l%a ?ﬁi(wt I?enqg?&lq.()pg% |sgm§bto%[ OP 'ﬁ% %{;é?@éh sabout
90, the twi stcramjael 58t shab@umezwo‘ de tier@ ind hadithec ttivds t aand theandhgl e

bet ween the [ARPINGY dbf eehbOR4QuUld LhG sleQnek e@lleplerdde wiiStead € of the
B-cell 38 andthe direction 50 of the pol arising axes (absorptionaxes) of

t he | oner potda?r"ﬁpslé’ryﬂo wi thout the loner A-filnmB9 is about 40. The product
of the biref ExAPLE. 1~nf and t he thickness of the upper It- f|Im df d, nf

o, bout 0.55 fothe |
:(sgi)ou!tsg 8u~ m Inﬂ]{ h|1sgc § tﬁe :‘lgglf ‘ir)lé ?gfka)égﬁl 39‘65{} BIEL cozrpes
white in col odr tihe tlhew'tiFFérxsaaé ofii khe Bheethmisbebomes 2008ck d rttaol our
|nthe "0 sigl@. affiedeidd ARy heqdist Ee{:abed Olpfi oHil Ry 2 AT as
di acetyl cellul ose, | yet iyl ene terepht ate 6 di'acet ate,
pol yvi nyl al @BRIE, 9 ttya‘fﬁ?jea"%bf’yé?héﬁ §ﬁP'I‘oﬁb a‘éPyPo polaysiultﬂ‘(?n

SOIVI mddehandngmlethletw =0 ?t,)ﬁ’EEtgééwg ZMPIR Zgth?;@sgn aﬁ'gg'érel8r]1-7 it is
efined that the ,angle oyt t he e I s _abo the tw st
angl e 53 of Pﬂg 1& "d‘;csr‘i/tt"allgj1 rrg‘gtfuf’ecﬁ?s?hg &f cEPE f‘s°§mur"foo to the
left directi daf:hled arsgltshé34reg1abouh19m 1khaeaaklgdieu55h| shabobtlﬁ;@:e Dnxd
vvhlchlsAnxdofthu ddd 2 h rAfi
Im is aboutlbnﬁsuﬁls "P'F ’%“aeof ?61 It‘lg‘c‘]‘d c?‘é¥ ? I'g el(r% of the
B-cell is abdawvi@e9ygam blm chtasmadewhthelsane Ie¢¢enesaghtlluat inn Exanple 20
can be obt ai P 2 er t QUL Endd bl DEKSERY hout

t he | ower A—P??DUF;(Age:‘tF‘rfgd &E “gg |t§1)‘ég Aﬁ m71 f'i)n X dnéf %Ee%ﬁp i
A-filmis abbbe 0085 yitmtq-he angl e,51 is about 50, the angle 52 is about
90, the twist angle 53 of the liquid crystal nolecule of the 8-cell is
about 2S0 to the left direction, the angl e~between the rubbing direction 46
of the | ower el ectrode substrate of B-cell and the direction 50 of the

pol ari si ng axes (absorption axes) of the |lower polarisers is about 50, and

Onxdof the Liquid crystal of the B-cell is about 0.9 ~ m In this case,
the Liquid crystal display device becones white in colour in the "OFF"
state, whilst the same becones btac~c in colour in the "0ti" ,_ state.

EXAIIPLE 23 In Figure 17, the structure without the lower Afilmis defined.
The upper A—f| I m | s corrposed W|th eI even fil ms \/\hose opt| cal axes are

I T N Ar- r - N T . o —— M 1



0 2 APR 2002 21 between the direction of the optical axis of the I@\QeAPRiZﬂﬂZ
of the upper A-filmand the rubbing direction of the upper electrode

- substrate of the B-cell is represented as about 90, and an angl e between
the rubbi ng direction of the tower electrode substrate of the B-cell and

t he pol ari sing axes Cabsorption axes) of the |oner polarises is represented
*@as about 40. The twi st angle 53 of the liquid ?:?ystal nol ecul e of the Bcell
is about 200 to the left direction, and the .0 n x d of the Liquid crystal
of the B-cell is ut 0.9 .~ y m In this case, the liquid crystal device
becones white Fﬁ"gg?-&urz in the ' state, whilst the sane becones bl ack
iﬂ c;)l our i]p Ithe O\fInZTE?&Ta&pLEXAf}PL'E s |dbi(;'irgtﬁdletli5t the sﬁgue:}m?eowithout
the | oner Afi 39 is_defined. It Js ed, t hat t

A-film37 is ag]aﬁf' rg. 8sism? g(?"(}'. ééi ei\ene PN q?s1§;b%ﬁt{§3 ?aqgsd t he
angle 52 is abouyseeltaol@@ulteheist\aih&tutangﬂoé’ 5 ofhd heidhqulﬂ:-ecyibal

nol ecul e of thg B-cel ut,, 20 Ief directi ngl e between
t he rubbi ng.diﬁ}:%tfgﬂkﬁﬁgf hgbloé'\(/le%%e odd SUbstMT4ht % 20¢ ﬁegg €cell and
the direction 6Dquidt heypbbhr moilegudeecd SCalbmrqotaQﬂ? ebcest)hofleﬁe | oner
polarises 15 apphleBPoh? eRe BRGLE 21X 18 Abdte dduith o Ypt el he
e-cell is about O. 5 case, iquid crystal sp ay deV|ce
becones white im%bﬂoa?ﬁhalhéaYGFFOfsttateeA‘\mﬂllst‘st [ o3t e dome sail ack

n colour in (A N 5%3Re EXQIRUECPskaLFilaycs b die ghldiot uye vi thout
the lower Afil a~ 39(}55 defi ned, mi fﬁflnEd that an x d of the upper

A-film37 is 228t o 5‘&356 gvsngihe srtiefnado P est nyp 55 ( he
angle 52 is akhaig l&(hdi)d 100rycheltumsblangbev6ﬁ:et hté elrieqpiodh .C 1 ISt o 1 gt €CUl €
of 02APRZ~ H I o] Q | ef irecti ngl e
bet ween t he ro%lfbl?tngé] |rec |ion§'i%agf % ﬁg\%\ergg égt’rtg gsﬁg";ét rcg't"eveof fl
B-cell and thehdiwsectlion"®Y' cstatepol &FFQFﬁgﬂaxéQ patosr prriton sa)dwwn s

about 35 to 55524 gure % d met@ﬁtémytdsséyemb eff the @1@.9% et ystal
about0.9~am In this case t he quid cr staw5 EBE@a devi cebecones vﬁmte
e

in colour in gisprlaprdesige b‘WH?'P%’E Yhbkbove rpiackhen"O8iFdur in the

"ON' state. EXANBItE Z&Im-d% aur £ Wlifi L § hetlbé ruswrewbhaeubwbexhowrlo&rfl I'm
39 is defined, ,& J ned th ~n X Ipf tlrll?eﬁgper A-f 37 i,s about 0.4

r mto 0.6p m'™ t e ?133" o 55 Shol 55 'ﬁm?g"aﬂb‘ut 80 to
100, t he twi st Fagglre %3 din ttihee Illmu‘dd st td L ndi eplide dévibeBacebirdiingabout
180 to the Ieg E-e%tr'e(?.'}ntt h%vaé}ﬁ!ﬁ%??t i t% eFH?@'é‘&eggéﬁg;b?ntﬂQ of the

| oner el ectrodesu strate of the B- e direction 5( .
t hepol ari si ngt 4983 d( s5ystati &1 sRdy) daviar berrre porhitectnscabour 39 to

55, and ~n x ghef “blre"l isquited Crypsitiadtoft Hhas dThec e d c d e AWUL c K. PaT BLLLARL i S
case, the |i qw dg{‘gsﬁgh,,dl % pl.ay device becones white in colour in the"OFF"
state, whilst'®h be@SAEE bl ack in colour inthe "ON' state. EXAVPLE

271 n Figure 1BXAMABEsBructure without the loner A-film39 is defined. It is

dﬁg ned that D n X ogxégslﬂgpqr ,qtfl md%7f ik ARG Q:tﬁe 1%5&% ﬁw St he

angi e 5/ . isabout 3 I's about 80 t t angle
53 of the |iquleuERy3t AP ﬁéPeGuf*Q Gf fthr?e i 1mad e do Lath e ol ekt Hof

direction, therpoghebabreedLehs sr dbbivtg 200%ald ameAd ifh e I d ¥€fon,
el ect rodesubstrate o iohe w rect.ion 50 of fhepol arising axes

(absorption a%%)a"%tﬁbggt’?ﬁ P8"§5 Sna APg Evd skt angd 9 idLidf tR&tal of
the Hcell isladpoid crPp2APRahmORe28le. s hibotuti 200850 tthhe Ilegfii d cryst al

the sane. beodEerof FERe “bFEcRrHLe 1,1 BhRls, 5B A pl ¢ T dire M1 1!
liquid crystal Llayer of the A-cell is about 0.9 pm, and
An x d of the Liquid crystal Llayer of the B-cell is
about 0.9 m. Figure 7 shows the external spectrum of
the Lliquid crystal display device thereupon. In Figure

7, the curve I shows the "OFF" state, whilst the curve



EXAMPLE 28 In Figure 16, the structure without the |loner Afilm 39 i § 2 APR 2002
defined. It is defined that ~ n x d of the upper A-film37 is about 0.5 to
-0.6 ~r m the angle 51 is about 35 to 55, the angle 52 is about 80 to 100,
the twist angle 53 of the liquid crystal nolecule of the Bcell is about 230
to the left direction, the angle between the rubbing direction 46 of the

| ower el ectrode substrate of the B-cell and thgdirection 50 of the

pol ari si ng axes (absorption axes) of the |lower polarises is about 35 to 55,
and ~ n x d of the liquid crystal of the B-cell is about 0.9 arm In this
case, the Liquid shysesalodtspitaredevilae ﬁ:iem)rmaa,l rmssh m/ritembhecabomhei n

the "OFF" state,, whil st _the e t. bl th O)' state.
EXAMPLE 29 In %%%‘I%g sBeEs g o 2 ShE Jem"ISscr é% iy By Ibfeg by
the A-filmancdédmmesl ahitesibeicodour dme thedy'0FFi"guwitea tl}, shfoikst the
schematical ly t fiid d ¢ 2€ syl are in one
body. In Fi gur%'ﬁ% .}%g,agswﬁeg (')‘\/\ﬁﬁa%f)’rlotuerpc';q'\?‘véc PI I %1 gfa?%e pol arises, a
pol ari ses 57, EXAMRKE |4 58 and a protective filmb59 of the poI arl ses. As

Shown 11 Figure 18, fioe A Tbhl,Ciel 35/ 0GATARHILRA LIichE | prigps, is
utlllsedlnthellqwd cryst al dlsg device, there alnthe sane

0
effect. EXAl | Bipui® |4 Eatprut 40 e 29'-’ é\‘l’éﬁtan‘ﬁbﬁgﬁsaerfq"&:tb’rq‘fkd
provi ded in theyeu:tasu dfo écelé hds bbeutippéD oot biel oWghtpa iave ctckon A

reflective di Ia A d i nRRBro R-02,24 .di s can be

obt ai ned. . | t%\B\n |1 I?e a;@r ecl antg%lg?rgﬁq fhgﬁgbB%Age%?llﬁt |2§ °\F/€| f%er ef erence

to the drawi ndd quric tdmﬂ@lrrpt@t;echhe i Beappute@0? nventhen Lerfdvi des an
elient I agisd oGl ﬂé%@yléeﬂcesgsmog FROoC ATG W SR e wher i n

th liquid cristal i spl deviTe becones In colour in the

state, and bl 4&Ruiid GGIY(ﬁI-ra'-l ntaxer "efr theadaceH gis caBoutofs Sima, and

relationship AfneaCIl ¥ 2 thquid qw;dst:aysmIe.dléf)laue ge¢ett dgcordi ng
to prior art ag s: ﬁ &lrectlo#} of t f gol arlgl ng axes’aéfbsorgtlon aées) of
the pol ari ses2?PHEFPgd (HAYS 8 TS PUEBI YRR F eBPPBETYB0OS: t he
upper el ectrothkestubguid @rofs ttdie disguliay cdesiad ueééqumonubblnnglgneeti on
10t of the togwe I d algfpe d I I

di rection 10286fE¥'§ @E.t, % ei Sslmﬁ}aggé e(absl]f)'érhb t#oa?ga(xe %/?#@ FIRS curee

pol ari ses, a HIréb?PenthB "@IN"t et R ar i B nﬁj“tﬂecsas(%sb? ptmoﬁxaxeérsm? t he

| over polarisgsd 3 t’éVhSt e&%lr@»al%;ﬁfcﬂmldﬂw% UdFAd apyeeyLe of the
liquid crystal ceIT g %5108 bet ween the pol ari sj ng axeg %apsorptl on
S

axes) of the %bf)%fabof’ﬁf’l’§ F@MeaTe UL i frtedn &b Tove of 0 he upper

el ectrode substaeée ohilbe EhQulsduQr)H:Hdiimecﬁml,ac&ndnartaftghe W6t het ween

t he rubbing d;J,f,ct n,101 of the to uer electrode substrate and the

pol ari si ng axes (a %F fion axes) of the loner polarises. Figure 4 shows

t he external EMtREkEBNEe of the spectrum of the Liquid- crystal di spl ay _

device in the case yhegpghpPe bW 3k 300l Q4 d %hatemewoclfh el €405 i's

EBUt 50, the angle 106 |s abolt . and O n aza:'t crysta IS
ut 0.9 y i Haeid eryshak Qﬁré% Bt'ﬁéléa? elp pdoyts &AM ¥o A vi ng

thle vol t age, ltarfct tdlﬂ‘mi/enldlé!ﬁ ﬁ ap;i&t raumuat oghe,,hl i, Mt heheihg léhED is

sel ecting vo PP e 1/.10 ¥in Q, 2 AP 002 25

Bef ore ref errltb%g' 0 |gquf?-3§ i@gf‘S 25 1Fe$§g %8 épl I aa&al arfbfg % the

super tw steangdreatdic 13 dmt:lwecysﬁaf’ dngpb8Y.devhes &bedltsnlsasead\gw

Japanese Lai P &P, a 5 IS

oy ot ed nemad oty ARPCE FPEF' ERETHEA0 580095 2050 RE AKIUN B0CT

twi st angl e @efiimed japithergeghpnnshachl dsomanbed whah Sbead W que r of

pol ari sers prlqwe@eqsorsrfm uppet i gide! oven Liguid eryskal @8ldplayAl so as

menti oned above, an an bet ween 't he oI ari sing axes (absorptl on axes) and

the axis dir8€MiGs cﬁawyz L?lqmuneﬁygbarew thel exberaadnsres trve® @fect rode

substrate thysef El|1|q5ﬁ\/utd'“)nsﬁa(a@99p05yb6EW$EQ B&camesbQhand Racause of
birefri ngence, when .t he (t)'gjpcr%it al EF a device is in the z]tl%tc?( of

not appl yi ng“9§°%&gdn |tt'§ 3"?5 K i ERe a7 =P nbessaeis:

appear ance béaor®d ogrreeim ttthe etiail'$hsyetkow. At so, when the liquid crystal
device is in the state of applying voltage, its appearance is not black but
instead its appearance becones bl ue.



Fi gure 34 shows an exanple for driving the Liquid crystal display eZ’iFﬂIR 2002
according to the present invention. Figure 35 is a schematic view e
-prior art super twisted nematic liquid crystal display device of 'Japanese
[aid Open Patent Specification No. b0-50511. In Figure 35, 171 is an upper
pol arises, 172 is a liquid crystal cell, 173 is a substrate, 174 is a
“transparent electrode, 175 is a orientation f13m 17b is a spacer, 177 is a
liquid crystal, and 178 is a tower polarises. Referring nowto Figure 37,
there is shown_the rel ationship between the liquid crystal cell of the

prior liquid E¥9§F5F ﬁlsplay device and the direction of the polarising

axes (absorption axen: ExahplBeSpoliariisesie flimed Jhadr Xhe 1&909!16 47 r alfbi ng

direct i fth 0, 2. APR 26 ol.ect rod trate of the.l d
Crystal el FAMFPEEL 5 BRFHE A0Pac gy (B HendNeor oI Sise LERAEL ot o

of the Liqui dcuqrslsi blmobebuld92si abaudi NSO° an afhet hrd ghdtd ahlsammaues

(absorption es) of, th ol aghoees.. .193..i.s & di r,ect

pol ari si ng ax (%1?)%'0? pf? Egaxegj"t Pbt Ke 1:Ihtjgvv:eirmﬁol aplgle dd)B’f SI ze of
the twi st angliquidtéeystalinoteysleal ispkboutte 260° o Itllqudd:fmystal cell,

195 is an ang} . ¢ £éh ) stﬁgrgﬁglpyzqhesr glglalulgg,,glor egglnor* WPQofe gde upper

el ectrode substraie arfd f ditectign po ari sing _axes

(absor ption ddavidieryetabpe?ypbl afi the én&eiéb‘ﬁs "’Hﬁ"én&l -8 MR crend

f(r)\r mdsd by the&r,gbblmgofdlmé:tw@uialc@;«stbe Leyer eifecmwecs»;msthirsate and

the direction,1 e polari sing rption _ax of .the |l o

pol ari ses. Fi &9 3 gg'&s’ﬁ t%eglé&?e ﬁ ﬁgéﬁegﬁgnséggﬁgeir GRESF i 4 qU| d

;,ést al di splthe de\vquwiad iorydrea Cadesphaey edehdécangheréfpons aloutf ia0e t he
l'e 195 is,abo SQudJie A 9 S it n h u dof

the liquid cr1y§t %thel s?ua{.b‘}okut Onﬂ{agw'1 @h+: ﬁ?g Sﬁ'?gfe' 9.—;5 @hg Eh?ﬁ’% riuIX

shows the spsbomsmtdie '1N'biStated e Imxtalnwraﬁsmsyonnaﬁuawplsh@m the

spectr uA of QneSka&%rmlanelsth&rm St Ofhe E@ft.swa X@Lysea@'rweathy
conventional X-Y matrix mul'tiplex driving. The duty ratio the mul tipl ex

driving is, PRViKes b(?é§é"-‘51/“me THe ofque i cthe 5" QEF n%EI"Eg't he state of
no voltage applitedtithe @amee\bertdduterb lack vin tégbowPpin CBhe OMON'he state
where little grl entation change in the liquid crystal |ayer takes place.
The "on stat8*3t§*defined as the state Were vol t ages, enough to cause
orientation EMHBpEl @al transm ssion change, are applied. It will be
noticed 1 rom Fl ouren3fipiale o, 3¢ s YUS1A dhad SREAGLe Thusssl and 1

can visually be dIStBn gui sh gure 39 is the plot of and 11 in Figure
38 on Q2 appud $4(02 She; ﬁ@@& @u"rglc,eoéradﬂfatté‘é“ (lcm'ncbsarrﬁtel Conmi ssi on
I nternati ona.hetdeuEal 181 abbatbB 60 alo a hler ucirymrr&hlr(‘e@uoi&m,f i €10 | HRig LAS

decided in 1 e Qs t hat the ,of f el low and the on
state 11 |slﬁ? L i\égﬁé ?laoﬁe §b(§\7'ésttaca&9rl(ﬁ é’stoeaft ftﬂ‘e p"r’iqv)"r irt super

twi sted nema¢iystatbundlecysealisdiadpludy 2609 do dihel dpdfitests ned tfi @pen Pat ent
Sfjmflcatlo Thd%nE0anfRd 121! B8 aBoolr 400 th%%th%rrnalaapacaawefﬁé the

| iduid crystal display device becones green, yel|ow ‘sh” gr een, ow or
reddi sh yel IlethtﬁeYﬁééf-t toxedi gl é?e AnGeAil tilse abiowt v!hé’rwtm and ecti ng
voltage is afdpligdyg éhetﬁel waubacew%tlaltuqa?rerderfk tilleU®-ckha cpd our of the
l'iquid crystal di s‘g g devi ce begones dark ue in the negative display
state and, s Beti hg (B FagasEe éﬁﬁl esderPRe SHIEEH W Dhes

yel |l ow. As pﬂea/l D-Ud?lhi/d stpyedalt Heésplagl dend careemcﬁnedesnhne&tl drcol ours as

t he dlsplayc our of displ.a yi ce 4r |f| al | te and

bl ack are the nost {Q Iebgl?sp ég?sm Sﬂr'g’ ?o & S Q’)"(f@w cte ¢k

addl tionto nmezqtam}urremrehhef'éw'é thued crystal d| spl ay devi ce having a
"black and wWhif L@I?m ay, when it is desired to make a col our disptay,
especially a fu our display, in conbination with a colour filter, it
i's very inportant If’bjbﬁ%‘b?agr peff bFnanéenad tBakhéhRernghe di’splsayi ng node

is "black antoMy tsg° orenettwi ittt By CaASE30h ft BReADGYE i AERLYQRQA Pri or super
tw sted nematic |i qu| d cr stal1£¢] ?ay devi ¢ce, the spectrumof which is

shown in Fi §@t&csgdeits abosty tt@ ot BEspFahtr 4T 8RGIBNue the Bt as
green. In one aspect of this invention, the present invention ains to deal
with this problem Thus, nore specifically, this invention ains in the said
one aspect to provide the inproved liquid crystal display device having the
function of the black and white display both



0 2 APR 2002 2s in the positive node or negative node, and also to @naRARR 2002
the provision of a colour display having a good col our performance. Figure
‘19 is given as a typical exanple of a display of the present invention that
has the required black and white display and the required' col our display.
In Figure 19, there are shown linear polarisers 11,18, a liquid crystal
‘cell 12 and an optically anisotropic substancd#9. Al so shown in Figure 1
is a substrate 13, a transparent substrate 14, an orientation film 15, a
spacer 16 and a liqcrid crysgal 17. The sp acgl 16 is for providing a
desired space %t%e@*’%‘ﬂbs 0%¢ cthe ThET 38| apader 20 oifgitihe diauid material s,
Waydof gle Ng cHyHH Bt Praout hﬁmq’ﬂﬂbdtﬁéyft'fe&k |d&%l'@rc,tti%y ancflrw? ng, gtc
used in Figure are the sane a e pri p Wi st e mati c |qU|
crytal displ af"d’j\ﬁ & 041 S phfttks 0(Is_ai dp’dﬁgheﬁat %f‘ épgcf’f i cfZ‘t" di 94 d

60- 50511 and iyt &Wildyesk nehethe A+gellt ¢syababutdOsplam, danidcal.n R gare
33 is the spe§ W:* of a comercially avalla? ?ggo griiis whi h i,s called

LLC2-82-18 an &h l‘iisquw"uﬁra?'csﬁ.ﬁ"e %{/egaﬂ | &8 oﬁiscg .t, Japan.
r., This is af@.@amal e Iof thisolcaseesthéne churbeBthhmepr as&ritcanai
paral | el Stat‘ér%@ Wi d gﬂ‘% Plfel 1% o rhoagénﬁ‘éCQ'h?%ﬁ‘t?gsJQﬁl g yrySta'

mat eri al used | |nvent|on may- b st al
whi ch has pothle\re'lal élhsctemt@mls@tnrmfrumf ekh?rpl-bmaidsacns&alﬁat erial is

the material mgﬁhaysf:@q% pe cometO0h A0 Wi €L Gr ”Pf‘i‘uiﬁ&t"'b??"by Chi sso

Co. Anot her exanple of such a material is the mxture shown bel ow
U2aNR2002 z~5€atﬂf| whilgt_ghe §ame baapgeblack jn coleur 1g thep (-
0 ~~ . ~"ON9 8tQtes C3 . N HOC~-~0O- ¢csN~~"'" DO CH, ~-t OOC ~

I8 ~Si~TERRRPPE 9
In Figure 2, it is defined that the twist angle 20
of the liquid crystal of the B-cell is about 120° to the

left direction, An x d is about 0.9 pm, the angle 19 is
about 90°, the angle 17 is between 30° and 60°, and the
angle 21 is between 30° and 60°. When the twist angle
18 and the An x d of the Liquid crystal of the A-cell
are defined as the region which is marked with the
oblique lines as shown in Figure 11, a liquid crystal
display device can be obtained wherein the external
spectrum of the liquid crystal display device becomes

, white in colour in the "OFF" state, whilst the same

I;) . becomes black in colour in the "ON" state.
EXAMPLE 10
In Figure 2, it is defined that the twist angle 20

of the liquid crystal of the B-cell is about 200° to the
Left direction, Qn x d is about 0.6 ym, the angle 19 is
about 90°, the angle 17 is between 30° and 60°, and the
angle 21 is between 302 and 60°. When the twist angle
18 and An x d of the tiquid crystal of the A~cell are
defined as the region which is marked with the oblique
Lines as shown in Figure 12, a liquid crystal display

device can be obtained wherein the external spectrum of



0 2 APR 2002 30 . In order to keep the twi sted structure stable, i 0 1APR 2002
desirable to dope chiral conpounds in the liquid crystal m xture. Preferred
- exanpl es of such coapounds are CB-15 (manufactured by British Drug Houses)
for right handed helix, and S-811 (nmanufactured by Herck) for |eft handed
helix. Referring again to Figure 19, the optically anisotropic substance 19
“is the key conmponent. Liquid crystal compoundd5 uniaxially expanded pol ymer
film polyner liquid crystal film and liquid crystal conpounds in the
polymer matrix are usable as the optically ani sotropic substance. These
exanpl es usualtlhye shiogu idi eryatabptiisal agndseticepp.e cBuirst artcietse ttmt shorn

Dl axt al opt! o3bBHEO1 OPKeCABE PR KREe) NuRRRELCHRES s MM Sdd 1 o
crystal, chol &8t&ti’c iqurd crysta snectlc I"i°q cry st can be used
for the opti cahly:oetmtsmt'rmptbesumt‘amtetePr ef er ably, the sarre nematic
liquid crystapyqupp@nfyis enployed for liquid crystal cell 12 in Figure
19. This is because the m smatching of birefringence dispersion between the
liquid crystal |ayedmrigmeeod:ittlis defitoedophatsibst dvdst anale 20 be

overcome. Exagpl efeOf iU £i @y ¥t SXNAN degle POL Y EEL tlsl Hbam rzobwtrbylthe
al cohol, polyester, polyethylege, polyetheran die gd’ " 5£SU| fon. exanpl e
e 14

of polymer |ib&f8 @r‘fsﬁ"aﬂ 94 AR % HE boI3BRYt Fyﬁ@ﬁllledé ar®
pol ymet hacryl att»eutO?IGé’r prHe/ narglé it di criystwaéent 308 padypoPBli dadcamebe

used. Pol yrrer %1 ;nﬁeah;ssetnhagoosh%od 3 g0l eﬁé\grl ghgh@ﬁ?f@rgn]gle

pr ef er abl e. as given as foll ~N~ ~
a~~~Qo cmrmy An @ dbof the LiWidAR 000 81 Ehanpteeldf all‘leqw d
coystal COMPOYIPlpabl biae hd Wi SR IVH PE aapees d, by t@ﬁe“%l@ﬁ’b
copgponent s. anples o I|qU| crystal conpoun S are a en

cycl ohexane, imehagysheys difeXdms repilFme iy IL it n"ewgtahddt:ﬁp ay

conponents. ExAMEEScah BQ'%M&hlmﬁHfMﬁdﬂﬂﬁﬁlﬁﬂéSéﬁf%rnal spectrum of
pol yret hyl et referred exanpl e

cryl at e, yacetigvin Jpol yam de.
of a I|qU| d & l"Vs Eoll Ebﬁp Pf&% ?’I thé‘pﬁ%Iyy%t?"‘rF&t 8EQRE B thWot/\% CsHr ~ ~
O p~=Nf /?% -cd\,oudr 0i nOtheOCOIFIF “~lsita®e® wh.ilsti heCAN AR Becodes (bladk- O O
~ OHG*H~.Q4 - NE = 1j1t tWel #oR@ appigci ated that, in order to be free of
a colouring state RE plesent |nvent| on enpl oys a di splay having at |east
one | ayer of %det-ﬁc&?l y ani sotropi c substance. There will now be given a

det ai | ed expl anat i OIhOf-"néb?ef 'ZDCE"tOH'SOBetfhﬂeHaXWatOfth%Otﬂﬁadtl Yarﬁsﬂléoéd opi ¢
subst ance. g %36 l1s scC enat a

xpl ai st
optical char® estt'bgubf' EﬁéSr‘;P o? BB% t\ﬁfs edsllg’tﬂ'% 8’?3’!5‘{ 4° ’b Sl ay
devi ce di scl aedd idi rﬂa@aneﬁe Jdahdx@eﬂs Pabeot BpOCiimi,catheoranyd e BF 5GS11

STNNLCD). In F| Urey 1 h i | Iealol t he
ﬁtatural |)I ghfab sg that’ gO?]![‘glL 7, FE QS%FL Q?E g?'Q’tet‘tsei"l \f?ls}'bqﬂle ?eegl on.
The pol ari si Ap9dier & i bw '@#teaﬂ\ W%}h@ﬂﬁsf'ggmdoﬂhel\f tde gadsitn@natreough a

l'inear pol arijgegndB2Atfexi @chfiephe ! { PRE1d8drystal of the A-cell are
”) defined as the region which is marked with the oblique
lines as shown in Figure 14, a Liquid crystal display
device can be obtained wherein the external spectrum of
the liquid crystal display device becomes white in
colour in the "OFF" state, whilst the same becomes black
in colour in the "ON" state.
EXAMPLE 13
In Examples i to 12, the same effect can be

obtained by a.method in which the lower substrate 4 of
the A—-cell and the upper electrode substrate 7 of the B-

cell as shown in Figure 1 are replaced by one substrate.



0 2 APR 200Z 32 becomes a set of linearly polarised lights 1831, 1d4B2, ABR32002
and so on. 1831, 1832 and 1833 nean the pol arisedlight chose cave | engths

. are 450 nm 550 nm and 650 narespectively. It is obvious that the set of
Lightscontain other cave length light than 1831, 1832 and1833. Here these
three cave | engths are Shown as bei ngrepresentative of blue, green and red.
A set of lights1831, 1832 and 1833 passes thrdégh a liquid crystal cell 184.

The liquid crystal inthe liquid crystal cell isthe optically uniaxial
ani sotropic |a and Aanthe'liquid crystal cell, it forms a tw sted
orientation. 011 nge their polarising state when the |ights1831,

1832 and 1833 pass t]hf Figiutdrel Bipoviee meni sosrdknqanduppy st abtlaayiererthey

change their | arisin ei s, pregi sel igtable,b

cal cul ati ons i §fed AYS" ela’hbe‘f'bﬁ f‘?—‘b é ﬁﬁ?g s}'ﬁ #hé° %gse ofcet"r{’egﬁ\l- LCD,

t he spectrum ahdwai diovies predvar iserihs e Baguhe pbl atsei shogsabes upgoome

t hose shown a 8 I y Myl

af t er passi ng ?H%§§rﬁtseh?%:r%%sé‘tq?§opq‘§ﬁ&e(} ‘Yg%Ké ?e H’/p% ??éeld 8 gohf
becones el | i ptheauppepoAarcieddd td gmqmtswbkbra_%lw 1@52thmdumess AThe

pol ari sed | | gpL¢3850n L@perand LAGTDANUUELEEatHISE §F £ndl BLERENGE o

of pol arising s I'n accordance with the cave len These pol ari sed
lights 18S1, !1_8921dnd01:$§3afl| Al 19fp e BT blgha a q’Vhéa?l?)@)FaP#Ser 186. It
wi || easilybesypderaieodat b&t t haf tEeic das,s Iang dpp OrI0dub Ser POé a3 BS0F18Me each
| i ght becones those shoE/n g§71,. 1872 an 43 rfslg'gct veI%/. Thi TS
because only t¥eEofARER rlut'oP Q) Q"tﬁys% et ATRELL,
p,@barl si ngdi raed i anlowet heupsitaritee 3508, tden (aosr tArarigh. |XEmahhpe
obderved t hat Sehetld A

| ength) is strtot%e{r@tﬁaﬁat Ege flqlc)':uﬁheiﬁjgt%a%q{ﬁgnégd%vgoés f‘”i:ﬁgéﬁe
spectral  oZ¥PRZde ”qBBdeﬁbYé§§|"oH°dfect%°§ ods (hhe jupnpeafe ATeell E3gure

38. Figure 3Qdd {He Db@ér OA-EBE LSRBEar@S thiisRad 1® QMO Ws yhaor di nate.
Thus, the prior STN-LCD can not help avoidi n%loa col oured %pear ance bfcause

of the opt i c& RAR SRR opyT I f-éf‘f"l ﬂg&ﬁ!é)tadf & cutguicd EMrsBa=ebl et
Flhgure 20 is i@ sohmméf P d ctdlrehengetfe eipleaitdonhe 'Tofel caigalee'whdptt cv&
characteristics of, t.he res n on r Fi 0 ure
36, the diffdrPdEd |%’t ?‘f?s{ Xﬁ té%t ;fn\%'%??o ugg 5)% s(%a%f |medl“g tF1‘—"ggure
20, has the acfduthqnneﬁpmn’pmeht 23 otided ito the GpmS@aIahylamO#otﬂtml c

substance. Fqf iy Wm@n&@wéueépbenehel QBwel-h@-¢endi pisons of each
conmponent, except the optically anisotropic substance 28 and the polariser

26, are takefeddnsd tafke %’bﬁret‘é‘ss'éh%ﬁg'-ﬁ Pﬁeteasé%f’lpf‘l 6F LSTN- 'S shown in
Fi gure ?6 &ﬁNnCIiO&B ‘aﬂeﬂtlrwnfaggél\@vgglzah%wgex% oThuar lhﬁtﬁ(ﬂ ari sing
state of each wa i an xactly,.the sane as
1851, 1852 aﬁ&’.’fé é ﬁ‘r?%lfl glﬂgh@ps ‘f%%?)ec‘% 55"§ gé ﬂgéﬁl %&ithﬁl |y polarised
light 251, 258 ana 263 fpadeed iduibdighry itabptaxzat| gf anheot peprc Asisiedilance
250t arLs OPLpBALY UHiHA A h SR G GB [HPCLEORE AOERICE! hiage

di#¥ference o 'ari sed states that are caused assin rough the
liquid cell Qhe tH iGtdanels m@b& c’fe‘&rOfth'éeof)ﬂ%hI Am«hbheﬁ%f t he
liquid crystappeobl 24ri 3ndefdoimsi tiondlos é’hﬁ@péanse&i 2 ot eReOkahnlae
i ghts 231, Zgifand 233hare defj ned as ﬁ s, then o tatljned t he
formula: P £tpag7thpte 10 Exanates thet9o r‘f%’édb%t%?'é%”b? the lights
251, 2S2 andeXSBPLEf 15he optical function of the optically anisotropic
substance 28 is giyen er VeL se
transformation of xﬁfl tﬁtﬁhgmrt%ﬁetru\énnaec%%{f&ob?ge dE’H:"?p %rﬁ{ﬂ athe 0 2 APR
Z00 34 P" - Wder pUb@S)‘a\MeerZé’ R f' trmanepnhle potakl send sthee egpperthe |ights
291, 292 an z l.ae zg7 - r aj, pe he
formul & P de@%§ir599 @ut)gcgut% @S)ocfer%reaﬁ] cetlh@ frmeﬂeappé 69 gnE
substrate. Further, the lower electrode substrate 32 of

the B-cell and the upper substrate 33 of the lower A-

cell are replaced by one substrate. The resulting



M1* h =1 ClG So there is obtained:P' - P - Cll)Fornula Cl11) neap< WRRt 2002
the polarised statES ofthe lights 231, 232 and 233 CP) are exactly the sane
.as "). Since the lights 231, 232 and 291, 292 and 293 CP233 are the states
just after passing through the |inearpolarises 22, so these lights are

i nearly pol arised andtheir polarising directions are the sane. Thus

- t5elights 291, 292 and' 293 are also linearly pdifari sed andtheir pol arising
directions are the same. |If thedirection of the polarises 26 corresponds

t he pol arisingdirections of the lights 291, 792 and 293 these Ilfghtscan

pass through t & AR TS&E3DP ?ﬁghtt%h%ﬁgé"cSoPﬁé thghsamer e f 2ot A%y 273
are exactly thehsans mExdidp PO21andand9e oéBthhheédcase, the spectrum of the

| i ghtsC271, 27 ot her wave length lights) isidentical to the
spect rum of théx é@'ﬁaq& used andshown in Figure 33 I. CFor the present

pur poses, theabsor balme Eamiprlea‘d ettencts pyit his| dgtindear yhial thel | 24and

the optically anisotr bst,ance 28 c bei gnored).,A colo I

pol ari ses can gﬁg’PF '(? (f;{effa'hed REYY: ‘%:J‘se,mgﬂécl ?%]ﬁfﬁ°8|’ys?§| dlogp| ay
devi ce ofthe ptbeehbqunw!erl:tnymtaiambetlfer de-afl tol ouT j nkXheagdeshieon may
still be ral Seﬁ'eﬂ e PAGLRSM JtNRGR spCU#AtO’LPfo*IFfOPM C?‘H#hﬁ”l:?%‘c??' 6t
substance, thatcah nmake the inver transformati on agal _
t het r ansf or mattioe Bycehé [isqligd Glypst A ldayid r@arwal s 2emploped? 3s

exi sts. The angeget Pelbt%oﬂgﬁstp' t'u'i-e'n”‘l‘t heald i {4 V&@F?f%@& BYPLAgant
has found that such aCOI’lgltl on i dal 1y ad sotro |c~~su bstance
eX| sts. Furt her§®R¢itigen aséoﬁdﬁ'oﬁ é)ﬂ ét' Asy i S Wt of hhb ook

g! tion of h&helg | d qolfd;néys‘n‘abraelclrglss.alln uaryde-r dfo tleveplali-lrdb!th&a@f)omee g
co ition, t re onshi [ rystal, ce olarise
cubstrate. and ot bplf cnPsalBa, bAS cefel s¥r¥ Fnaides ISP, 411
di spl ay deV| c@fmm dllmgtbethetpresénpollnvenplforthm Siasid iaTytak e 21.
Fi gure2l corr%si%t@e‘;hgel iquid crystal display deviceaccording to the
present invention as shown in Figurel9. In Figure 21, 31 is a rubbing

direction of EXAMRMF Blectrode substrate of t~~e liquid crystal cell, 32is
a rubbing direction nfi gheapipper 1etectspde sifat Hakte9h tiahe whiogw d crystal

cell, 33|sad|rect|onofotcaax oftes rface pposed to
Che 11 qui dor ydn 8 Ueas Tk can PESLESPIANE *Lsi 8873 S1VE Taberblont SR e
direction of 1hauom m‘adstaa(h soDf thteAscel bice V\hushtheopposedattoohhef

pol ari sed SUbﬂmratLQcﬁf 59811:$V@9ul§9t§9p ﬁeSH L@@CSet?SC'oifgsed
direction of Fari's ngaxes sorption axes oner

substrate, 36 ¥st§ed|5rt@6t’|‘brf-'l(ﬁ°§fo1‘a‘rhs|W@xé%e(a%mﬂ?voﬁhakebyof t he

upper polari 5€9u§li|9|§t 23l @&nevdh J&om.ang% eprd Weete FREL dbﬁSGE'rQHc@f of
pol ari si ng axe e up er pol .ar sub trate 36 and e dire Llon of

optical axi sofﬁfhé’ﬂb‘t’ %P S < 1tsr‘i) GhLEanceTRaresares anhagrad

bet ween t he dcrgstamnumfosmptdmatleamec cn‘nt:fmmp)cﬂt_y\anneghtd)pecrsubstance
33vand 34, 39 gl t 40, i 1 ft

QI eof the I?Jaé é‘pgr'& g?aﬁ%le\z;\?g;h‘]ﬁn% taﬂgﬁ%Lwogf c?hégtﬁal ééL FT aﬂgeg |s an
angl e bet vveen"@ht!'—ltabbhng%“ﬁé'&q dri asfid H‘eﬂ)l-'tﬁﬂkj w@k@r deviceivhheht he
direction of $9éarhsitNHa¥es thfe Ui e o R ATd VaH SYDEH & 3 Le SOnce of
respectively. w. 36 d 2 APR 2002 The conditions of the liquid crystal cell
are made to bet?hacsahgcss iicd hd nam dhesPYiides shown in t hespect rum of
Figure 38, nagwAMpLEhe8t W st angl e of theliquid cryst al layer inthe liquid
crystal cell 40 is detob ut_ 2 d A madeto bout 0. 9
arm So, the whi teg?ﬂgsﬁﬁag gs gg’d‘l ' it n§rl p‘lsalwe‘b“a% $0ﬁ9 ows.
In the case Wieeeinhidde oS mbepupcpalrl )anainlmnermmwbsﬁmemocef tthe ﬁs-pectyum
becomesthe S @5 SR tRqblidut (?y?%’aln@rﬂ%lﬁé dilet¥UT% '.mf)é{te ouring
state. However, 1 the case where or exa t he quid cr Rell is
used as theop‘t# oR0$ Ytane sdsr eppéoyaﬁs@anéée Wiaudich Ut"Wé'{% sﬂtf aifegt Ot he

l'i quid cryst%u@yerrﬁ»&rbs{ 29@:6@@5&' ¥het Q%h%lu'rx iinS tRRPQSI def-na th respect
to the liquid crystalcell tor displaying, and the absol ute val ue of the

twistangl e | SRREAT20EE (A Fhauutaqewsfavsaaw f*émdamﬁe%m e, 9 ~
m as shown in Figure 22, the spectrumin theoff state becones
approximately flat. The other. appertaining conditions are that 37 is 45,
30 is 45,and 39 is 90. the spectrumof Figure 22, which isplotted on a
chromaticity diagramis shown in Figure 23.1t is clear that an

approxi mately white col our can beobtained in conparispn with the prior

nmet hod as shown inFigure 38. The above shows that the condition of

t heoptically ani sotropi c substance that can rmake thei nverse transformtion
agai nst that of the liquidcrystal cell exists. So Figure 20 is not

i magi nary, butlt |s reallty So t he questlon may then arise as toV%at klnd

M " - T . o, L Y



(2) the twst angle of the liquid crystal Layer in the liquid crystal0 ZeN’R 2002
is the sanme as the tvist angle of the optically anisotropic substance, and
the twist directions of both of themare opposed to each other. (3) the
angle 39 that is the angle between the rubbing direction of the upper

el ectrode substrate 32 and the optical axis of the optically anisotropic
“substance on the surface that faces the liquid8crystal cell 33 is 90
degrees. 1Jhen the above three conditions are satisfied, the off state of
the Liquid crystal display device of the present invention is free of

col ouri ng, nobyatthe h@mpehetvaeueheﬁgen*dtand plhesgbilet tangivee moohe be

The above explgnatd rbbﬁ $n§9r ;hg gﬁgghogrbggta L Bge ff state. In the
present invention, e col ourT ng obf tate na Mal so be
solved. |t |sedemﬂQﬁﬁﬁxPhbckx@ralmttheheéaSQnshefUbd@Coboduhqyenn t he on
state. hbvertggbg$$agggagfc%“g gLystel display device of the present
invention is free of colouring even in the on state. As expl ai ned above, it
i s necessary, Fdﬁﬁkﬁrﬁ?free of colouring in the off state, to satisfy the

above expl ai ned t hr ag @y lns] wvarexwpfmmrceﬁsrﬁpwk 135 7Y
necessary for ecol ouring to satisfy the three condjtiopns. ure 24 is a

drawi ng whi ch1?P¢ §iffed 198 ExdI%itP S1AH DAl S ¢ ”F?’bu?%ezﬂ gﬁrlrlesl‘ﬂonds to
Fi gure 20~ excepaei-hato tpiree vieoltard esfi leg: tsitart esf of i gHe dn gﬂis 6@&fa6$2 oFnd 693,

those are the a Iy 4 o tlca niSQoLyQpiC

subst ance 68, t@%egﬁgtsql |a§earg?§%lcr}19'ar P‘seﬁm’ ‘{] ‘i(e 4 ? 25"1[?292 and
293 in Fi gurePQOYVTha;f:i,e bluityirtad a‘ndnel\quh:tﬂ ylselquusamd Iys pot Btised asd the
Gonboquent 1 y, T redh ESavg; Lader riand Beke s e A eYad Bikne | (i
wave |ength Emﬁhuea&yonmf BRAfpIOE, PFESENE ecasd M%Wé%uqn@m or

di scl osed in &@f@heaaﬂesshe saacb@umt% ultg qusﬁzd&t atremtsue%hovmcwtﬂgure
2b and t he pI on the gol Er coar |nah |n Fi In the
condi ti ons of" %%T% Vi ? 8 VFPk&h e|I3H g8y a ‘%Qﬁ'?ﬁll Fi gure
24, the pol amasm@etadesoather Bpasesinguchr aagluot lnedomm tadlel W igghtsot r opi c
subst ance ar g (dPLIGA] b PREADLERGa r OUEKhee 2315 BRMR R fTQUr e 27, 11
has al nost no c our ere exists a decotouring con iti-on

optical |y anEXMtMFIgE c2 Qubstance even in the conditions that will not

satisfy the above tmr@er@mwlgn@as aFsawﬁetaﬁeshewso;hﬁgcen%tunorseaﬂé he
structure showrlln Fi gure 25 shows the relationship

bet ween the BStY&A% %a&h‘?soi'?%b?b“%tub%?aﬁﬁee"fﬁﬁ £P qBF dATT 4P aSelYheand

t he pol ari sespitr ceXdanplan Kb t top F gsuites € ceD IBntthdrée‘tBI OIBh@fret ke
olarising a ahsor t u r_polayl

8| recti ongof ék‘ﬁeg’ogﬁ c“%d%:lpgg(%ﬁ % 3 :;1 cig'lpl yp'p?ﬁ's tf p| cziﬁbgt nce, 72 is

t he rubbi hngcéllleét&'orﬂ ofowere Amppitm e'-’r?extamdjea subeer apel af i ske kDGui d

crystal cellgigdries 16he P digeald Oété@ma)@egu@éfp&wdmsubst rate

ofyhe liquid créstal cell, 74 is the direction he polarising axis

(adsorption BREsP6F Wire 3 didtvishicistal 42 ot the Bt el bet 3vdnat he
di rection 70lLefethe LR@/tatodi rsgmami&w e upaad Pl SesF pgdlréher

direction 72 h p I e optically nlsoir C substance, 76
is an angle %R{’\Aée%h?he gI%I’té'%tl on p71° of*% adb‘ﬁ ™ aaxll ?“I't?l‘éyﬁ f?cal ly
ani sotropi c sudslancdearidet leamprighydingg tdler e’c‘tmd.rm.?Z Iot Rigunpper, eI ectrode
substrate ofyfdee! §9ULH oGHY St Fub®8inla: d i st of the
p 2 APR 2(1U2 3% |qU|3 gr%s é‘ E§a3<7;er of csthoml |l'q3§wZo gry%s%&%\dell and 78
i's an angle ‘bb?&ééﬁdﬁhéurbﬁﬁlﬁlaﬁ @ifr &bl & erd lof a rarbb ingned i vt ekiemde

g §

substrate of4é hefl ki dowlyStedle cQ&Ioldea%Q.btsh&aQIer Gt it & Qf ( he, pol ari sing
axi s of theoc{ pvvengOI ari sez GFor several practical reasons, the condi ti ons
b

that will ndl'GattiP) #ReCinshe CREEALoAiiS Ofs theemPoedr 51T Lone of
t hese reasontitesc t hah Kbe6@m1é0b@|thy advaixligblog rtmteartlos:errs AP, @ JrOf € O

| ess, col our. An exa is.shown ure 33. 33 bot h the
spectrunms of¢ 1" %ﬁg SF g? °ﬁofg5ePPgé Pﬂgtaxfﬁ|g 58% 18 318 e
coloured. Itthe mmﬁerbbetorgetra3betbed1decmhourBogoStame blehOQSMﬂQ
properconditions of the optically anisotropic substance, otherthan the
above three conditions. This is possibte forboth the on state and the off
state. Another reason isthe viewable angle. In sone liquid. crystal
cellconditions, other conditions of the opticallyanisotropic substance is
nore preferable for a viewabl eangl e than the above three conditions. The
above is an explanation of the various kindsi



2 APR 2002

| of opt cal y anisotropic substance that may be enpl oyedin the strucq ure
shown in Figu*e 19. In the structureof Figure 19, the optically anisotropic
. substance islocated above the liquid crystal cetl 12. However, itis to bs
‘appreciated that the upper and |l owerrel ationship has no relation to the
subject matter ofthe present invention. This is also applicable to

- thepositioning relationship between the liquid crystal cell 12 and the
optically ani sotropic substance in Figures 20and 24. Figure 28 shoos anot her
exanple of the structureof a liquid crystal display device according to

t hepresent invention. Figure 28 is tike Figure 49 but vith 0 2 AP R 2002
40 the simlar parts being differently nunbered. Figure 28 is different
fromFigure 19 in that the optically anisotropic substance exists above and
bel ow the i qui dxersyXtatlsaagidiorEveresn sfichha kéverctpo barfberopOicaln y

ani sotropi ¢ substance d.s le to Jenoye ol paIr i Sot shown in
Fi gure 20. Nat uPSPq’f §1 l16“”(5‘ ato']ém H%Qﬁ})@% ﬁte go our?étgi'}é}tgipgl )7?‘535
shown in Fi gure(abso'ﬂmehalnomes%plcahathmmnmélatmlalm séwe awhdtheon of
having a high tG3psrikg8inon 70k f h do i e a T Y {HE AR A¥7PRnSt e
An expl anati on now be given with respect to the condition havin

| ow transni ssi opngfet B2 betwseat & henghidgiec tinn o mdf Ithefdpkieale. axpasoft he

pol-arising |ighgpg9ppeP2a-49Em2RA S Q" b iy dqase%ttmptm dfCthe
pol arising plate 26 so long as the direction o pol arj sed axis of the

pol ari sed pl at eURBehsedRERAOAR BURFIE 36 jof ;?ercﬁértdl é‘ul'%t‘r1 sto ankt HoPar Pded

substrate 22. Taeeelpgaidt beysaett rmldbmleJlteh®ftrtwéS|m~TcTellfl9. langhn g0é NS4 des
h the spectrum of the oIa l.at e .i.n g st at cross ,ni col
0

sh in Figure begwpen th (ﬁBH’t’H@ 'egéﬁtwﬂu &ds t%tehéq"d'ht 'aeo"s'b??)@?son
of the liquid csylssttatel bfaBdcehd opdi ¢calel @iaricsdonopiBe ofutdtearvpet Baall so

on can be ignorgdis Jhey Qngb“pn L.sfitlne rggstangqusgoi;@ttwlegla Wheeh s

obt ai ned by using the_polarised g ate a§ shown in ure Ther ef or e,
according to tHEiReEsteR 48veht bR, °Pﬁé°§|5eét"r"§l offr 68& t‘i°é5'§"h&wfr?9l“th%n

desirabl e best tfﬂ@taleﬁsct:a@n beo obtatnedpbyauseﬁggt bregpkia6ablry tainsot ropi c
subst ance even in t or nal %\l/off state. Thgg tgﬁ Eem)val f t.he
eti I

col ouring can t?e’“?’eal? et " QYRFyPRAGETSAM HaPREdT dr 1cf:al’cﬁjl ating
t he change of pi¥#ined nchst atlee cdnghe S1ghs phesikng0Phr ohghahbéeo5id da | y

ani sot ropi ¢ subst ¢ 0 1&445@4% (L)kgt't»d st 8hofif! b08BYe30¢ R LVM now

be given. The inct |ca y ani sotropr ¢ substance
2 APR 2002 41 gbmeactiong m\célth@tmanybpbvwnseue|rghbmghéw refcenem-ce

trace of the ellgd pj cald ytoqpé.aré@@Qttawseﬁtepﬂw%tott@eapestt' 3@ and

direction of the Z axis is represented with the colum yector, in which x
and y conponenttd & rd FHY TRy hethe PRhPrising| 2%es Cabsgrptiony | ¢
W~ -~ SPf< ~ 'da&Je]}» ﬁ;yf e low dr Vkiot"ar'Pser%d)nwthﬁm]?bot/ﬁiefOdS\UTbII-aAEI:Efn o ~
-|sanarrp|tu t ne | i [ §§edpene is a
?e angl e of %t9h15~ aeboutoﬁgf ?ltehse (?d@ £ ‘gfloh?e bi r?l’l gé SQII’]CE
absol ut e phask tdfe ttH\e okintersst iagh ﬁas m‘telﬁa'tft)'m t.htfet&nf he dpw dal
frequency and igg Abenlsst r'Qmohase of the fornmula (12) are renoved. Further,
t he pol arised condition represented with the nornmalised Jcnes vector as
the fol l owi ng for fulXa dCPS) then WAL 1y $5dY b Ir AT ettt Ronpbhehs is

caused to be ngbariti BeY pyaX | IXRHid dase, tKd XL {qiid (dB)s Bal eXi§play)
device becomes white in colour in the "OFF" state,
whilst the same becomes black in colour in the "ON"
state.

The A-film may be a stretched film such for
example as diacetyl cellulose, polyethylene
terephthalate, cellulose diacetate, polyvinyl alcohol,
polyamide, polyether sulfon, acryl, polysulfon,
polyimide and polyolefin.

EXAMPLE 21



ax fi a~2 (b~SP~-fix) The polarised |ight E of the formula (13) bec@ndsARR 2002

polarised light E, as the result of changing the polarising state by

- passi ng through the optically 0 2 APR ZOQZ 42 ani sotropic substance. The

optically anisotropic substance is represented by a 2 X 2 Jones matrix

whi ch perforns the above transformation. For exanple, in the case Were the
gptical ly anisotropic substance is a uniaxial 2€®near retarder such |ike the
pol ymer layer, the Jones matrix is represented as follows: ~' B ex.~(l ~ ~t

Si KBe~(-t~-~ 2tSin9 coSB Sin, ' ~ - Cl4) 2~Si nBcosBsi K~ )

t"os' 9exp(-~z~t SJn, —G@xﬁoﬂP’Pn 17he 4bdve dedi D thay the sanglangleiset ween

the fast aXIﬁbeLtt 5601 R@Rr ahglLar der igand ydir ><9w9<) Sthénéwi$t dangle 53
retardation. retardq atlon is deflnquas L~ d/~ using n x d of

n X
the |inear ret%?déf‘ear'ldqf‘ﬂé GEY&tatgPR °b'fl°tH’ef t‘if!g“htB el pit a?'?%ﬁ‘ﬁg state
passi ng througmoﬁetaoltwenelfayeﬁ regtfionnd the fanyld BU nigs tmm%%’at rl X

Rte, of the fo mul a_t romt efhosidesof th |n.C|de.nt ht v ct
as follows: E tne ‘" az 33 RSt A °8£ gbvvnerg‘t"hé‘ Mhah s rbp c°

substance is folerdppyr! ARFNoR] mgdednﬁopd\y\mxr d ayferthe tlivar efrolA-ofd b,
formula is fouﬂg gyouynﬁt&onlngﬁﬁgﬁ OAER qa%rb4 Q%etQ§ dqgﬁ%la tﬁ%@ one
e

af ter anot her Accor dancd Wt order “that the lig ough
fromthe | eft lsa)der o¢fttike i Breéelbhtisiyghoutvebu8ps ma= 44nt9n5~€@5re—,1 the

------ ~o- Adamre Fledbiese (N OPh i ERLLE1ETRE0LGANEG SHRsARGE S the

|IC]UId crystal C It- becomes difficul astheretar ue to the tw st
ori entation ofE’Mﬂ?'I-'Fq%?d crystal molecule. However, if the liquid crystal
I er is divided i ntpeforsifiered! §igowry 12yctheastsboeirenvitout 3%e), it

be represqntueedr bly hhlem S'iusbs e faed. 19 'lzsAdEangglt%tA'an x d of
the upper A-film is about 0.65 pm, the angle 51 is
about 50°, the angle 52 is about 9092, the twist angle 53
of the liquid crystal molecule of the B-cell is about
250° to the left direction, the angle between the
rubbing direction 46 of the lower electrode substrate of
B-cell and the direction 50 of the polarising axes
(absorption axes) of the lower polarisers is about 50°,
and A n x d of the Liquid crystal of the B~cell is
about 0.9 ym. In this case, the Lliquid crystal display
device becomes white in colour in the "OFF" state,
whilst the same becomes btack in colour in the "“ON"

D) state.
EXAMPLE 23
In Figure 17, the structure without the lower A-

film is defined. The upper A-film is composed with
eleven films whose optical axes are twisted to the right
direction through 152 from top to bottom. The total
amount of An x d of the eleven films is about 0.7 yw.
Further, an angle between the polarising axes
(absorption axes) of the upper polariser and the
dicrection of the optical axis of the upper most filam of
the upper A-film is represented as about 50°2, an angle



of the liquid crystal layers which is not twisted as shown in Fi gurQZZ@(PlR).ZUUZ
Since the liquid crystal |layer which is not twisted, is the uniaxial Linear
-retarder as Well as the polyner |layer, the polarising state of the |ight
passing through the liquid crystal cell can be found by the sane method as
the case of |amnating some polyner layers as mentioned above. Wth using
“the above nmethod, it is to be given that the ahfjl e 40 of Figure 21 is 200,

the angle 38 is -200, the angle 30 is 45, the angle 37 is 45, the angle 39

is 90, and both of ~ n x d of the liquid crystal cell for displaying and

the |iquid cryBeskeesl [thef dilge e Af| \k hethiork Yok @ sUpst intleatevwero p

0-, "eSpeCt'Ve{‘Yl-Uqurth"eh%?%e?oﬁd'ftﬂ@n%nd e DA AHY DU PESELT O of
cal cul ated by dividing the uid crﬁsta | ay er into 20 p| eces. The

transitions ofti’ﬂe“BBFﬁr Fé.eﬁgrgFSt gulsd "§ﬁd’v\n? i ke ikt Boito 32. Figures

30, 31 and 32 ﬁ@@%ébﬁtbﬁaﬁsl bbe0t 90°,han@olad i lasisngz sie&t‘ﬁee/moeﬁewave
Length is 450 n

S50 nm and 650 respectiv |gure
30(a), the pol'é‘ﬁ’g?ﬂﬁ gl’éfétéf’"tﬂg Itf'ﬁezPl“'f" 6(1.5%/;' d{ |d‘ﬂ{?t1rﬂtem?i chis
incident |ightthe Bheeltqand cnysbaltaeebhnnglaxdlssmaa;wormt taransiés) tof 122,

123 and 124 ey, ifth |Laye t la el_| d he
elliptically p@f% {%ﬁﬁftf’axf"é? %2‘ rﬁpE gstlﬁ?'gegoéb a t°he re(btsoﬁW tﬁ]%é
elliptically porbst sanglegh? Q25tbecbmg1dhervncpdem@l|e|cglﬂte tof ttthee B-—

optically ani sQdyopi ¢ §v$>§£am@o @adtﬁbew%aameqx%mt%nef thhiee
elliptically pplarised |ight Stransits to and 128 every fifth

| ayer; and a: fPdstX tq'leDf)pH‘%aH?“hﬁ’n 56¥F6ﬂf~c°§u5§f’aﬁcéel§ if et R-9he

Ii-jearly pol au-s:e.d |Ir9h€hi3§ d2%, | theachqabaveryeehioged iceUbs.anldie
tr

nsition of o) arl Si ate by,, 0 al |y, _ani sottopi ¢ substance
as shown in t M ‘I’—'i%u‘r'es ? ol ek déPF F%@gﬁﬁt éll§§ %stMaé‘etransml on
of that 0 Z balelémac0 b Wdle byint hsolmqmﬂwctlyst'aontehtate: di spl ayi ng as
shown in the E . Therefore, the incident light to the liquid
crystal cell injects the optically anisotropic substance at entirely the
same pol arising statld Fhigre tHo efffecituc bbreaintthoeyatbieelgver Atte wave

| engt h of thef'l'lQhB?aSi&'@@Hdécﬁ.hOVﬂ fyPna &t e &St Bt alin32, di b i thROSSi bl e
in the liquid crystal 1'187E3§y devi ce hayi the st %}fure according to the
t ol

present i nventP8S "t Wit Gy &0 t'T rffe° P Beatheangheirely
di ssol ut ed, aB#l tilsatabtolue r3e§d’l.utroe(55)9ru ttehve nang lse iR ai Sletbodlt 88°t vobe
appr eci ated t oth i f tiQ S ith
reference to ?ﬁb éxgh%rgg'qﬁgg%%e%n Stlheo# n%ﬂq X &L?C? é:éy e" gﬁg\"/gcu °t hat
nmodi fi cat i onsoﬁayhbeﬂe'fcfeéd-t ds. ablows, e-%arﬂ% latie @kfrfEahmmanQNgl ven
above for FigyhgtelBeltQ e %)é @%‘Mn@@ﬁ%@rdﬁt@f thdiyes 1 to 18.
0 2 APR 2002 Clalms 45 1. A | gstal di spl ay devi ce that_ has_a
nematic |iqui HtEFEEPSE sapst '@6&) °Jr it&%t @d":&t“a ac’\ﬂ sthearfti e dlotorR e | er
tgan égg 622;’01& theepopalrarsiiagr a@@ﬁ) (laldalo reytiilon ldx e lof pHeriaeélr | i ggt

1 k n I I qui yst aye 5 acterl z I n

hj t he poI aéewgt g%n g% s%o %3 I?lréfegrsw isaa(r%;l errrylé dnel hﬁ} E1qu1§

per pendi cul arcnpstphr alf| ghet B"'shé lmJISe@bIOeltI OnGaw maxi Srofthienetase} i quid
crystal at thensuligaedRrysthCalisBeay! WeRalal it dsOhih 4QTeMm i1 SO that
the nematic |i1quid crystal er transfornms a polarization state of the :
linearly pol &9%®¥r|iBhthe t8 fihes&nfean vhitistaltihg &iimeotrpsion ezt amice
(68), which npkesotberi R¥ethe PHbANSkesRRLI on against the transformation
made by the nenatlc |I§UId crystal layer, is disposed on the opposite side
of the nematif%tX4 |‘E]'u d¢ ayer conpared to the pol arizes, wherein wavel ength
di spersion of birefrangeégoeeol 6}, heheeserue thirguivd thioyitt alhel aypere raxduces

wavel ength dependens changes,.in peLagizabiqReln chgt ™ & i L e
upper A-film 37 is about 0.25p m to 0.45m m, the angle
51 is about 352 to 552, the angle 52 is about 80° to
100°, the twist angle of the Lliquid crystal molecule of



Z5 changes for cd~'erent wavel engths, which are conpensated by the(j 2 APR 2002
optically anisotnpic substance. 2. Aliquid crystal display device that has
-a nematic liquid crystal Layer oriented afi a twist angle not snaller than
120, and a liner polarizes that emits linearly 20 polarized |ight,
characterized in that an optically anisotropic subst~ce whose optical axis
is neithcr perpendicular nor parallel to the djy~ion of polarization axis

of the liner polarizes, is disposed between the nematic |iquid crystal

| ayer and the |liner polarizes so that the ani satropic substance transforns

a pol arizati ony el 8o ol 1 e LhBEE bYoPokal iched Ud dflas A MVIEH 1 i

optically anisotnpic substance nakes the inverse transformation agalﬂst t he
transf or mat i orb etatieedyt beer nbhdnpcdiirggitd oor ¢t Af Itdheerl ongreret ¢c twwedeengt h

di spersi on Oféﬂcf¥€é€ﬂ99Fet9£ bh€e0€”§hHCthbquh4e%&x%%aﬁd‘3@”t#@°duces

wavel engt h depende anges, in polarization in terns dif ferent changes
f or d|f|"erenmqmanasﬁ@prexemhFehsaretcenpensa9edSbybpwé<ii|ck9|® %

ani sotropi ¢ syhyf AMGE-x d bf #FR zs)g&&ficsyseatl o4l dher wstealu1disp! Ay, devi ce

as claimed in_claim?2, characterized in that he angl e between the opti cal
axis of the offr%cmimey N shidpfeseapthantiayid crEsiatadisatiagh dey teor

the |inear p0batbm%%lwhiﬂbtfuaé@n@@roin35héo"5ﬁr"tbeaaaglehhakwe&méfm

optical axis of th |caII nisotro i C substgncg ﬁ orientation of
the nematic IFG&Fd Btacke T f¢ %%rth%r fH&-
EXARPLE 26
In Figure 16, the structure without the lower A-
:”) film 39 is defined. It is defined that An x d of the

upper A-film 37 is about 0.4,m to 0.6 pm, the angle 51
is about 35° to 55°, the angle 52 §s about 80° to 100°,
the twist angle 53 of the liquid crystal molecule of the
B~cell is about 180° to the left direction, the angle
between the rubbing direction 46 of the Lower electrode
substrate of the B-cell and the direction 50 of the
polarising axes (absorption axes) of the lLower polariser
js about 35° to 55°, and An x d of the liquid crystal
of the B~cell is about 0.9pym. In this case, the liquid
crystal display device becomes white in colour in the
“"OFF" state, whilst the same becomes black in colour in
the "ON" state.

'n) EXAMPLE 27
In Figure 16, the structure without the Llower A-

film 39 is defined. It is defined that An x d of the
upper A-film 37 is about 0.5 to 0.7p m, the angle 51.1is
about 35° to 559, the angle 52 is about 80° to 100°, the
twist angle 53 of the liquid crystal molecule of the B-
cell is about 180° to the left direction, the angle
between the rubbing direction 46 of the lower electrode
substrate of the B-cell and the direction S0 of the
polarising axes (absorption axes) is about 35° to 559,
and A n x d of the liquid crystal of the B-cell is about



optically anisotropic substance is in the range of 80 to 100, and the APRA2002
val ue of the optically anisotropic substance is in the range 0.25wmto
-0.85Nxn. 4. Aliquid crystal display device as clained in claimS3,
characterized in that: the D nd value of the optically anisotropic
substance is in the range . 0.25 Nxn to 0.45 Nxn, or the O nd value of the
‘optically anisotropic substance is in the range230.4p,mto 0.6.m or the O
nd val ue of the optically anisotropic substance is in the range 0.5 wn to
0.6 Wn, or the D nd value of the optically anisotropic substance is in the
range 0.5 ~,rn1t0.0. Tm tdvist kasl ndhealUiequwidt beyopasl calisplapi detvriei C
substance is in_the range 0.65Nm.to .0. 85 5., | QU Lystal display
devi ce as clai§%8°PﬁschFﬁff,"@HéfaefbﬁQ£§PTn1€%gk? tﬁ%Fanﬁﬁakﬁétween t he
optical axis ofhfhetophiecalaime beicontesomilanasibst backe Bmdc ¢ beupoliar ithat i on
QL@ELzes I s about 40, the angle between the optical

axis of the li&gas P
axis of the optically anisotropic substance and the orientation of the

nematic |iqui EXAMBLEI 28t the surface thereof facing the optically
ani sot ropi ¢ substancesi pih0rkNg6l 2088 Qft AL e Uk NA! LS, 0F Abe
optically anisotropic subStance i s about O SS~, m 0 2, APR 2002
film 39 is defined. It is defined that An x d of the
upper A-film 37 is about 0.5 to 0.6 j» m, the angle 51 is
about 352 to 55°, the angle 52 is about 80° to 100°, the
twist angle 53 of the liquid crystal molecule of the B-
f) cell is about 230° to the left direction, the angle
' between the'rubbing direction 46 of the lower electrode
substrate of the B-cell and the direction 50 of the
polarising axes (absorption axes) of the lower polariser
is about 35° to 55°, and & n x d of the liquid crystal
of the B-cell is about 0.9 mm. In this case, the Lliquid
crystal display device becomes almost white in colour in
the "OFF" state, whilst the same becomes almost black in
the "ON" state.

EXAMPLE 29
In Examples 20 to 28, a structure is defined which

is formed by the A-film and the polariser being in one
body. Figure 18 shows schematically a structure where

j) the A-film and the polariser are in one body. In Figure
18, there is shown a protective film 56 of the
polariser, a polariser 57, an A-film 58 and a protective
film 59 of the polariser. As sﬁéwn in Figure 18, the A-
film which is incorporated with the polariser, is
utilised in the Lliquid crystal display device, thereby
to obtain the same effect.

EXAMPLE 30
In Examples 1 to 29, even although a reflector is

provided in the outside of either the upper or the lower

polariser, a reflective display device giving monochrome



47 6. A liquid crystal display device as clained in claim2, char§c? e&ﬁ&@ﬂuz
in that: the angle between the optical axis of the optically anisotropic

- substance and the polarization axis of the linear polarizes is about 50,
the angl e between the optical axis of the optically anisotropic substance
and the orientation of the nematic liquid crystal at the surface thereof
“facing the optically anisotropic substance is 24 the range of about 90, and
fthe D nd value of the optically ani sotropi ¢ substance is about 0.65m 7. A
liquid crystal display device as clainmed in claim2, characterized in that:

a second optichidylapi eehrbpi obsaliskdnce is provided di sposed on the

opposi te side of the c, liquid crystal er, ared othe firs
optical |y anisotropit sﬁbg aRSe pPﬁS‘éﬁSF% 5§t%e§ﬁ 4 ?ﬁTEET°QX|s
of the opticalditlnt ebérepce Subshendeaaﬁdgshanpoltanrel zEartameawmshof tlﬂe
|1 near polari 2es, de, A0OMY ¢ 201 o N 809k E<DGhVER Rl RSP sERl LS Ao

first optlcallpr anlsotrop C Su and he or|e {'at i o t|c
liquid crystaldistp taxe dswiaeegi'heneoﬁonashngmehdwptlnaaral Iv;heetrcnsottmmu c

substance is 3%%@%&&%@ dlspeayiealiEBCHEEBAESORNI TR ik YR I ©

subst ance added to the 'O nd ue o0 e second optically anisotropic
substance is &bsut"'AFmseatey 3ndileasksialcateprajndédeceOls @tdtrd in

claim 2, CharacterlZﬁdgu:netilaéhoweua@g}@tbew@emahefoetalcﬁahxépsl pfof the
optlcally anlsotroplc Subst ance t he Ilnear

a pol ati zati on gxi s of
ol ar | 265 15 RBBULTSBId A DoREEN TRG: b5 F ESPraing Bp PRA WSpdrdal |y
ani sotropi c sghdt ahee cﬁﬁ&dh&:mroﬁnﬂe& i oL ®F 1 § 1veg neﬂ”&kl Cabsgrpdionystal at
the surface LIZLES" ol YN Jd15 AP | Y G0AE OF) Ce PR FOCEnbnaROUt 90
rubbing direction 100 of the upper electrode substrate
of the Lliquid crystal cell, a rubbing direction 101 of
the lower electrode substrate of the Lliquid crystal
cell, a direction 102 of the polarising axes (absorption
axes) of the upper polariser, a direction 103 of the
polarising axes (absorption axes) of the Llower
potariser, a tuist angle 104 of the Lliquid crysta(
molecule of the Liquid crystal cell, an angle 105
between the polarising axes (absorption axes) of the
upper polariser and the rubbing direction 100 of the
upper electrode substrate of the liquid crystal cell,
. and an angle 106 between the rubbing direction 101 of
~;) the Llower electrode substrate and the polarising axes
(absorption axes) of the lower polariser.
Figure 4 shows thea external appearance of the
spectrhm of the Liquid crystal display device in the
case where the twist angle 104 is about 200°, the angle
105 is about 50°, the angle 106 is about 50°, and
An x d of the liquid crystal is about 0.9 ypm in Figure
3. In Figure 4, the curve I is a state of applying the
voltage, and the curve II is a spectrum at the time when
the selecting voltage is applied by the 1/100 duty

driving.



the optically anisotropic substance is conposed of a plurality of IfQyeppR 2002
whose optical axis are twisted in the anount of 15 between the first |ayer
-and the last layer, and the 0 nd value of the optically anisotropic
Substance is about 0.7Nxn. 0 2 APR 2002 48 9. A liquid crystal display
devi ce according to any preceding clains claimcharacterized in that a
“reflector is provided so as to produce a reflective display device. t0. A
liquid crystal display device as clained in claiml1l or 2, characterized in
that: a second polarizer is provided, disposed on the opposite side of the
nematic liquid crystal |layer conpared to the Ijner polarizer, the optically
ani sotropi ¢ substance conprises at |east two |ayers being di sposed between
the pol arizers and bei ng separated fron1each other by the nematic liquid
crystal |ayer, and tpe_ nenati i d oY I s sposgd in

di splay cell (6). 11 °5\°I'Fqﬁ|°§°cfr N9 t%Y FS ua"y”’de i e aisg’cl a‘fﬁ%ﬂepﬁecl ai m
10, characteriaedllaghhatbbhuaﬂclam‘mhq;suqer(hwxsﬁednnﬁﬁaEﬁchlhﬁuﬁbe

pol ari zers ( 1 10;6ng§s an e”Qeét veen 3% e E‘S:p 1\94 tJrprt{]_h Jr‘_pl eg he | onger

axis direction“%¥ éFpax s direct i%on respectlvel e dISp ay cel
(6) and the opdpeml PytentsSpeepifd catbionamos @Qr50ﬁ21-AlTkmnckmov8ta

display devi e GERr e Mgelg ﬁ'ea'aq%cl%%ﬁd(lg&wt%qt & ISCLPJ ydviile (ig 0 nxd

- of the twi st ne I qui stal layer ay ce fsin
the range of ®% qwmsnmnabeserm |tq'a|sa @Wéteapfdlti'ﬁl éyqa'é\d & wetdt di ng

to any one of ucdlaémuloomeaeecbaaacvepl and lanpbh&t olfN® oQRtri iGaRI i ¢/

ani sotropi ¢ SL&EEé?Eﬁ%( g {ﬁe u ng gaﬁsiower l1qu1d crystal cells.

:j) Also as mentioned above, an angle between the polarising
axes (absorption axes) and the axis direction of the
liquid crystal molecule adjacent to the electrode
substrate thus falls within a range of between 30° and
60° and because of birefringence, when the Lliquid
crystal display device is in the state of not applying
voltage, its appearance is not white and instead its
appearance becomes green to reddish yellow. Also, when
the Liquid crystal device is in the state of applying
voltage, its appearance is not black but instead its
appearance becomes blue.

Figure 34 shows an example for driving the liquid
*) crystal display device according to the present

invention.
Figure 35 is a schematic view of the prior art

super twisted nematic tiquid crystal display device of
‘Japanese Laid Open Patent Specification No. 60-50511.
In Figure 35, 171 is an upper polariser, 172 is a liquid
crystal cell, 173 is a substrate, 174 is a transparent
electrode, 175 is a orientation film, 176 is a spécer,
177 is a tiquid crystal, and 178 is a lower polariser.
Referring now to Figure 37, there is shown the
relationship between the liquid crystal cell of the
prior Lliquid crystal display device and the direction of
the polarising axes (absorption axe:) of the polariser.

In Figure 37, 190 is a rubbing direction of the upper



oriented between two opposite substrates. 14. A liquid crystal disﬂ]gyAPR 2002
devi ce according to claim 13 characterized in that the twi st angle of the
-optically anisotropic liquid crystal (5) for conmpensating for color of the
display is in the range between approxi mately -S50 and approxi mately +300.
0 2 APR 2002 49 15. A liquid crystal display device according to claim 13
“or 14 characterized in that 0 nxd of the optically anisotropic liquid
crystal (5) for conpensating for color of the display is in the range of
0.7 and 1 prn. 16. A liquid crystal display device according to any one of
clainms 13 or 14 characteri.zed in that the orientation of the liquid crystal
nol ecul es at the surface where the nematic liquid crystal of the display
cell (6) and the optically anisotropic liquid crystal (5) for conpensating

for color of the displgy Easgtﬁafeb BENehel §igAR AW At Mot 14 041 d
crystal display device accCo n any one o
characterlzed|nvhham9tﬂereptnealby ahﬁsépwsmlGLSGHSDQNCQU@5FHQQG of

compensating f ¥n&ol Phu f& EPgseheptayif oiged;er aoe Rakaligd B |1 quld

crystal or cholesteri urd crystal crystal display device
according to a@Pkﬂﬂ?%ﬁ"%léFh& i%bﬁﬁrﬂB‘eﬂaPéeﬁérPiethnUPﬁaf the optically

ani sotropi ¢ subyd@cesér) 193 ﬁ@@%ﬁ@étﬁﬁloﬁoﬁfceh@rp@f.a'i'hg'lﬂbSB'x@é s

formed of tmﬁstg&%%¥orlented n c liquid cr 1 5 liqQquid crysta

i spl ay devi co OSATHHEPR A4S i the of AFRE HBLe61 8P end?4ct Br Pz d 7on

that the opticalfl i coi$sOpang beibst atlice ( bputonpryseslamplecalet yfofthe

layers which cyul atd velys P OOUEEL L Ny $OIPelRaLh BYe VBN PEROL NS RREQIRY!

i) the rubbing direction 190 of the upper electrode
substrate and the direction 192 of the polarising axes
(absorption axes) of the upper polariser and 196 is an
angle which is formed by the rubbing direction 191 of the
Llower electrode substrate and the direction 193 of the
polarising axes (absorption axes) of the lower
polariser.

Figure 38 shows the external appearance spectrum

of the Liquid crystal display device in the case where
the angle 194 is about 200°, the angle 195 is about 509,
the angle 196 is about 50°, and the further n x d of
the Liquid crystal is about 0.9 m in Figure 37. 1In

o Figure 38, the curve I shows the spectrum of the off

‘“) state pixel transmission and II shows the spectrum of on
state pixel transmission. Each pixel is driven by
conventional X-Y matrix multiplex driving. The duty
ratio of the multiplex driving is, in this case, 1/100.
The "off state” is defined as the state of no voltage
application or, even under the voltage application, the
state where Little orientation change in the liquid
crystal Llayer takes place. The "on state" is defined as
the state where voltages, enough to cause orientation
and optical transmission change, are applied. It will
be noticed from Figure 38 that I is "bright" and II is
"dark'". Thus, I and II can visually be distinguished.

Figure 39 is the plot of I and Il in Figure 38 on



change in polarization. 20. Aliquid crystal display device accordﬂh@ ABR 2002
any one of clainms 17 and 18 characterized in that the nematic liquid

- crystal of the display cell (6) and the nematic liquid crystal (5) of the
‘optically anisotropic liquid substance for conpensating for color of the

di spl ay have the opposite twist direction to each other. 0 2 APR ZzOQZ 50
21, Aliquid crystal display device according to any one of clains 17, 18,
or 20 characterized in that the nematic liquid crystal of the display cel
(6) and' the nematic liquid crystal (5) of the optically anisotropic |iquid
substance for conmpensating for color of the disglay have substantially
equal tw st angle and end to each other. 22. Aliquid crystal display

devi ce according to any one of clainms 10 and 12 characterized in that the

optically ani SoffopkgisyRSkaardindk oS (cea 198HYMALIEL [dddR M Pign 23 A
liquid crystal display device accorglng to claim22 characterized in that
two or nore opt¥rteryatmpsateodec Eadyat aNEes byr #hisdd a i ahroRR ¥ et i ons

of the optic axgsebpEyesPioh Wa3selWBebayar $93n9 .di frfigrand 3924 hdwii anbe
crystal display device according to either gf | ai s 22 and 2

3,
characterized ithe et Tt #E2p8| fnds YELhPFsa8d| £8Ei Acsy@te ol Vit lYSt m
25. A liquid crystal gl§spkayida¥dcabaceprdcogridngl aiomth @hrdreactart zed in

| aui 8 orystal T* (Y aha": AERabisny’ B3 dr FEEFEEL) ST3RYSY MRYIF st a

di spl ay devi ce Jagcorelseg s bdcOpem RPatehtr Speei Fiedtinnt Nat. 8588 Yheric

filmand one ofdeBRL! S ene" ExtOFAFE SpéalBALE! ¥ 1CANRORGB 27 A

»k§UId crystal display device according to any one of claing 22, ZS or 26

chdracterized iatnstal thispbah govirerbeconesn 9seangt Yetdnedshi gheerg. A

liquid crystal ydiaRhaYordevéd@i svcpétion 19 ehaipodBtebar asepibzsd and that

the liquid crystal of the dis Igy dfvice éG) pas a tw st ?Q?Ieigm +200 and

a end val ue of theo tone ahen nthe i helept 1R YL 82980t FopPE L FHai &P&rysta

(5) for color ceotpensdidsmésishbué wstdark|elue. t hEheangtoat afprtde mat el y

+300 to liquid crystal display device becomes dark blue in the

negative display state and, when the selecting voltage
is applied, the colour becomes yellow. As previously
stated, these colours are not desirable colours as the
display colour of the display device. HMore
specifically, white and black are the most suitable
display colours for the display device.

In addition to the requirement for a liquid
crystal display device having a "black and white"”

““) display, when it is desired to make a colour display,
especially a full colour display, in combination with a
colour filter, it is very important for display '
performance as to whether the displaying mode is "black
and white” or not. In the case of the above mentioned
prior super twisted nematic liquid crystal display
device, the spectrum of which is shown in Figure 38, it
is difficult to display red and blue as bright as green.
In one aspect of this invention, the present invention
aims to deal with this problem. Thus, more
specifically, this invention aims in the said one aspect
to provide the improved liquid crystat display device
having the function of the black and white display both



0 2 APR 2'002 51 approximately -300 and has a enxd value in the randeZofPR 2002
approximately 0.4 ~mto approximately 1.4 pm 29. Aliquid crystal display
- devi ce according to claim 13 characterized in that the liquid crystal of
the display device (6) has a twi st angle of +250 and a end value of 0.9 Eun
and that the optically anisotropic liquid crystal (5) for color

" ¢onpensation has a twst angle in the range of approxinmately +100 to
approximately -550 and has a enxd value in the range of approximtely 0.4
pm and approximately 1.5 Eun. 30. A liquid crystal display device according
to claim 13 characterized in that the liquid raystal of the display device
(6) has a twist angle of +120 and a end value of 0.9 fun and that the
optically anisotropic liquid crystal (5) for, color, conpe salti on_has a tw st
angle in the rihgendiPapptoxenBPdry 0£108928 '¥SpP8diaratild 2% Y9d has a
enxd val ue in ddfb t @NEige Opr 3PPEPShNBEEhY cOLbupMddg Lapprhaxiingg ed ygdod pm
31. Aliquid cc(rj;/stal di sgl a¥ devi ce according to claim 13 characterized in
that the |iqui%P @Y stREr b9 PARCAr spl ay device (6) has a twist angle of +200
and a And val ue of COFfgureah® fhapivee apt BcaVbycahi extampdiec dfi ui d crystal

(5) for color .~ conmpensagilo ' | @l lefad ired
approxi matel y dﬁl"'()‘blat% %‘Sp%é(i ﬁﬁ?g??@ gﬁ%ggﬁggﬁaghg?eﬁeg \}gI ugﬁ?1trhee range
of approxi nat éllyadk arlinwh bteppi sxlanteng the veaniged golioghi @ ISRl

di splay devicq aGearilidné o £hehe 48e Chroant €1héad pe Lahdiselriie 11i,m8d a
crystal of the display device (6) has a ,tw st anglg of +200 and .,a end val ue
of 1.5 pm and Uittatid e optakast Yl ahe st opP cOPELRPL L¥r 9B SP 8P s col or

coﬁ)en_sati on Kb st deSt1 ANl £LES § hewr anger phuappoxsat eupstiadet A3,
approxi mately -450 and has a enxd vaIuF in_the tange, of appy Oxl, tely 0.9
Eun and approfi rEASPr & HHPStrite Ipn %‘bo‘}"é‘i"gé_t‘ﬂﬁ i guf“d g?ysat al
di spl ay devi cepaceer dingind <! &l quid chestet et7zedThe sharerhdél iiguifer
crystal of the dlspf; dae; &6 .(.Teay §p5e @ B ol e@NOLEs OF 2t d30aN b Ond val ue

of 0.9 Eun anf"Na’® e opt|cal anisotropic liqurd crystal for col or
conpensati on had ax itseirst, drigiwi d rehet 2larmt of 1 abpe o hafél §1¥109 to
appr oxi mat el y o+ 380 tatd est & AHXA V@l e d Fly é &L r eanger of wappo exiraivahy 0. 2
urn and approximately 1.9 pm .
etc. used in Figure 19 are the same as the prior super
twisted nematic liquid crytal display device of Japanese
Laid Open Patent Specification No. 60-50511 and prior
twisted nematic liquid crystal display devices.
Figure 33 is the spectrum of a commercially
available polariser which is called LLC2-82-18 and which
is nanuféctured by Sanritsu Electronics Co., Japan.
::) This is an example of a polariser. In Figure 33, I
represents a parallel state and II represents a cross
nicol state.
The liquid crystal material used in the present
invention may-be a nematic Liquid crystal which has
positive dielectric anisotropy. One example of such a
material is the material which is known as $5-4008 and
which is manufactured by Chisso Co. Another example of

such a material is the mixture shown below:
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optically anisotropic substance. These examples usually
show uniaxial optical anisotropy. Substances that show
biaxial optical anisotropy can be used in some cases.

Nematic liquid crystal, cholesteric Liquid crystal
and smectic liquid crystal can be used for the optically
anisotropic "substance. Preferably, the same nematic
liquid crystal compound is employed for liquid crystal
cell 12 in Figure 19. This is because the mismatching
of birefringence dispersion between the liquid crystal

- layer and the optically anisotropic substance layer can
u) be overcome.

Examples of uniaxially expanded polymer film are
polyvinyl alcohol, polyester, polyethylene,
polyetheramide and polysulfon. An example of polymer
Liquid crystal film is the polymer blend of polypeptide
and polymethacrylate. Other polymer Lliquid crystals than
polypeptide can be used. Polymer liquid crystals that
show a cholesteric phase are preferable. One such

example is as given as follows:
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Examples of Liquid crystal compounds are a blend of
phenyl cyclohexane, cyclohexyl cyclohexane, biphenyl
components and chiral components. Examples of polymer
matrix materials are polymethylmethacrylate,
polyaceticvinyl and polyamide. A preferred example of a
Ltiquid crystal compound in the polymer matrix is as

» foltovs: o YD) 0Cets /7%
61Dy 06Hy 17%
G H, N [} 4
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It will be appreciated that, in order to be free
. of a colouring state, the present invention employs a
-;) display having at least one layer of an optically
anisotropic substance. There will now be given a
detailed explanation of the function of the layer of
optically anisotropic substance.
Figure 36 is a schematic drawing to explain the
"off state'" optical characteristics of the prior super
twisted liquid crystal display device disclosed in
Japanese Laid Open Patent Specification No. 60-50511
(STN-LCD). In Figure 36, 181 is the incident Llight.
Generally 181 is the natural Llight, so that it contains
all wave Llengths in the visible region. The polarising
direction of each light is random. After passing

through a linear polariser 182, the incident Llight 181
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1833 and so on. 1831, 1832 and 1833 mean the polarised
light whose wave lengths are 450 nm, 550 nm and 650 nm
respectively. It is obvious that the set of Llights
contain other wave length Llight than 1831, 1832 and

1833. Here these three wave lengths are shown as being

representative of blue, green and red. A set of Llights

1831, 1832 and 1833 passes through a liquid crystal cell
184. The Liquid crystal in the liquid crystal cell is

the optically uniaxial anisotropic media and ,in the

_“) liquid crystal cell, it forms a twisted orientation.

How they change their polarising state when the lights
1831, 1832 and 1833 pass through the above mentioned
liquid crystal layer, they change their polarising state
is precisely predictable by way of calculations
mentioned hereinbelow. For example, in the case of the
STN~LCD, the spectrum of which is shown in Figure 38,
the polarising states become those shown as 1851, 1852
and 1853 respectively. Generally speaking, after
passing through the anisotropic media, the linearly
polarised Light becomes elliptically polarised light
just Like 1851, 1852 and 1853. The polarised Llights
1851, 1852 and 1853 show that there is a difference of
;) polarising state in accordance with the wave length.
These polarised Lights 1851, 1852 and 1853 finally
passes through a linear polariser 186. It will easily
be understood that, after passing through the polariser

186, each Light becomes those shown as 1871, 1872 and

1873 respectively. This is because only the component

of each Light, which corresponds to the polarising
direction of the polariser 186, can pass through. It

can be observed that, in this case, the intensity of

green Llight (550 nm wave length) is stronger than that

of blue (450 nm) and red (650 nm). The spectral
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coordinate. Thus, the prior STN-LCD can not help
avoiding a coloured appearance because of the optical
anisotropy (birefringence) of the liquid crystal Llayer.
Figure 20 is a schematic drawing to explain the
"off state" optical characteristics of the present
invention. Comparing Figure 20 with Figure 36, the
difference is that, the present invention as exexzplified
by Figure 20, has the additional component 28 which is
p the optically anisotropic substance. For the
‘i) convenience of explanafion, the conditions of each
component, except the optically anisotropic substance 28
and the polariser 26, are taken to be the same as that
in the case of prior STN-LCD shown in Figure 36, and
whose spectrum is shown in Figure 38. Thus, the
polarising state of each wave length light 251, 252 and
253 is exactly the same as 1851, 1852 and 1853 in Figure
36 respectively. Each elliptically polarised Light 251,

252 and 253 passes through the optically anisotropic

substance 28. This optically anisotropic substance 28
functions to cancel the difference of polarised states
that are caused by passing through the Lliquid cell 24.
L:) In order to make it clear, the optical function of the
liquid crystal cell 24 is defined as "M". The polarised
states of the lights 231, 232 and 233 are defined as
“p"- There is then obtained the formula:
P' = M.x P 7
where P' means the polarised states of the Lights 251,
252 and 253.
If the optical function of the optically
anisotropic substance 28 is given as "M-1", where "M~ 1v

means the inverse transformation of '"M", then there nma
b4

be obtained the formula:
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pre = H™1 % p! (8)
where P'' means the polarised states of the lights 291,
292 and 293. From formulae (7) and (8), there may be

obtained the formula:
prt =M1 «Mxp (9)

It is clear that:
M1 a M =1 €16)

So there is obtained:
p't =p ’ (11

Formula (11) means that the polarised states of
the Llights 231, 232 and 233 (P) are exactly the same as
291, 292 and 293 (P''). Since the lights 231, 232 and
233 are the states just after passing through the linear
polariser 22, so these lights are linearly polarised and
their polarising directions are the same. Thus the
Lights 291, 292 and 293 are also linearly polarised and
their polarising directions are the same. If the
direction of the polariser 26 corresponds the polaricing
directions of the lights 291, 292 and 293 these Lights
can pass through the polariser 26 without change. So
the Lights 271, 272 and 273 are exactly the same as 291,
292 and 293. In this case, the spectrum of the Lights
(271, 272, 273 and other wave length Llights) is
identical to the spectrum of the polariser used and
shown in Figure 33 I. (For the present purposes, the
absorbance and reflectance by the Lliquid crystal cell 24
and the optically anisotropic substance 28 can be
ignored). A colourless polariser can easily be cHhosen
and used. Thus, the liquid crystal display device of
the present invention can be free of colouring.

The question may still be raised of whether the
coadition of the optically anisotropic substance, that
can make the inverse transformation against the
transformation by the liquid crystal cell, really
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exists. The answer to this question is in the
affirmative and the Applicant has found that such a
condition of the optically anisotropic-substance exists.
Furthermore, such a condition exists, irrespective of
what the condition of the liquid crystal cell is.

In order to explain the above condition, the
relationship between the liquid crystal cell, the
polarised substrate, and the optically anisotropic
substance in the liquid crystal display device according
to the present invention is shown in Figure 21. Figure

'i) 21 corresponds to the liquid crystal display device
according to the present invention as shown in Figure
19. In Figure 21, 31 is a rubbing direction of the
lower electrode substrate of the lLiquid crystal cell, 32
is a rubbing direction of the upper electrode substrate
of the liquid crystal cell, 33 is a direction of optical
axis of the surface which is opposed to the liquid
crystal cell of the optically anisotropic substance, 34
is a direction of the optical axis of the surface which
is opposed to the polarised substrate of the optically
anisotropic substance, 35 is a direction of polarising
axes (absorption axes) of the lower polarised substrate,
36 is a direction of polarising axes (absorption axes)

K:) of the upper polarised substrate , 37 is an angle
between the direction of polarising axes of the upper
polarised substrate 36 and the direction of optical axis
of the optically anisotropic substance 34, 38 is an
aﬁgle between the direction of optical axis of the
optically anisotropic substance 33 and 34, 39 is an
angle between 33 and 32, 40 is a size of the twist angle
of the liquid crystal layer in the liquid crystal cell,
and 30 is an angle between the rubbing direction of the
liquid crystal cell 31 and the direction of polarising

axes of the lower polarised substrate 35, respectively.
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The conditions of the Liquid crystal cell are made
to be the same as in the prior STN-LCD as shown in the
spectrum of Figure 38, namely, the twist angle of the
liquid crystal layer in the liquid crystal cell 40 is
made to be about 200°, andAn x d is made to be about
0.2 ym. So, the whitening uncder these conditions may be
explained as follows. In the case where there is no
optically anisotropic substance, the spectrum becomes
the same as shown in Figure 38, namely, it enters into

the colouring state. However, in the case where, for

example, the liquid crystal cell is used as the
optically anisotropic substance, wherein the twist angle
of the liquid crystal layer 38 is -200° (namely, the
helix is opposite with respect to the liquid crystal
cell for displaying, and the apsolute value of the twist
angle is equal to the liquid crystal cell) and An x d is
about 0.9 »om, as shown in Figure 22, the spectrum in the
off state becomes approximately flat. The other
appertaining conditions are that 37 is 45°, 30 is 45°,
and 39 is 90°. The spectrum of Figure 22, which is
plotted on a chromaticity diagram is shown in Figure 23.
It is clear that an approximately white colour can be
obtained in comparison with the prior method as shown in
Figure 38.

The above shows that the condition of the
optically anisotropic substance that can make the
inverse transformation against that of the liquid
crystal cell exists. So Figure 20 is not imaginary, but
it is reality. So the question may then arise as to
what kind of conditions the optically anisotropic
substance must satisfy. Thé answers are as follows:

(1) the product of birefringence (An) and layer
thickness (d) Dn*d for both the Liquid crystal cell

ard the optically anisotropic substance is the same,
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conditions. Figure 24 is a drawing which is given to
explain such conditions. Figdre 24 corresponds to
Figure 20-excgpt that the polarising states of the
Lights 691, 692 and 693, those are the states after
passing through the optically anisotropic substance 68,
are not linearly polarised, unlike the Lights 2%1, 292
and 293 in Figure 20. These lights are slightly

elliptically polarised and the directions of polarising



+'S 100 ()- +mmTmNn>n2nxX@s ' 1S ' 109%& ()- +S ' 100 ()- P ZAPR 2002
“T109& ()- +S ' 109& ()- + ' ?2n@snt nunnnnpX<CS "' 1S ' 109& ()- +_'S
“U100& ()- +S ' 10%& ()- +'S ' 10%& ()- +S ' 10%& () -

38

axes are different. Consequently, the intensity of the
Lights 671, 672 and 673 show a small wave length
dependency. For éxample, in the case of the conditions
disclosed in Example 20, the spectrum of the off state
is shown in Figure 26 and the plot on the colour
coordinate is shown in Figure 27. In the conditions of
Example 20, just like the Lights 691, 692 and 693 in
Figure 24, the polarising states after passing through
ff) the optically anisotropic substance are elliptically
; polarised. However, as shown in Figure 27, it has
almost no colour. Thus, there exists a decolouring
condition of optically anisotropic substance, even in
the conditions that will not satisfy the above three
conditions. '

Figure 25 shows the condition in the structure
shown in Figure 24. Thus, Figure 25 shows the
relationship between the optically anisotropic
substance, the liquid crystal cell and the polariser in
Example 20. In Figure 25, 70 is the direction of the
polarising axis (absorption axis) of the upper
polariser, 71 is the direction of the optical axis of
;) the optically anisotropic substance, 72 is the rubbihng

direction of the upper electrode substrate of the liquid
crystal cell, 73 is the rubbing direction of the lower
electrode substrate of the liquid crystal cell, 74 is
the direction of the polarising axis (absorption axis)
of the lower polariser, 75 is an angle between the
direction 70 of the polarising axis of the upper
polariser and the direction 72 of the optical axis of
the optically anisotropic substance, 76 is an angle
between the direction 71 of the optical axis of the
optically anisotropic substance and the rubbing
direction 72 of the upper electrode substrate of the
liquid crystal cell, 77 is the size of the twist of the
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liquid crystal layer of the liquid crystal cell, and 78
is an angle between the rubbing direction 73 of the

‘' Llower electrode substrate of the liquid crystal cell and
the direction 74 of the polarising axis of the lower
polariser.

For several practical reasons, the conditions that
will not satisfy the above three conditions are
preferable. One of these reasons is that the

ff) commercially available polarisers have, more or less,
colour. An example is shown in Figure 33. In Figure
33, both the spectrums of I and II are not perfectly
ftate This means more or less coloured. It is possible
to get a better decolouring state by choosing proper
conditions of the optically anisotropic substancé, other
than the above three conditions. This is possible for
both the on state and the off state. Another reason is
the viewable angle. In some liquid.crystal cell
conditions, other conditions of the optically
anisotropic substance is more preferable for a viewable
angle than the above three conditions.

The above is an explanation of the various kinds

;) of optically anisotropic substance that may be employed
in the structure shown in Figure 19. In the structure
of Figure 19, the optically anisotropic substance is
located above the liquid crystal cell 12. However, it
is to be appreciated that the upper and lower
relationship has no relation to the subject matter of
the present invention. This is also applicable to the
positioning relationship between the liquid crystal cell
12 and the optically anisotropic substance in Figures 20
and 24.

Figure 28 shows another example of the structure
of a Liquid crystal display device according to the

present invention. Figure 28 is like fFigure 19 but with
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the similar parts being differently numbered. Figure 28
is different from Figure 19 in that the optically
anisotropic substance exists above and below the liquid
crystal cell. Even in such a structure, the optically
anisotropic substance is able to remove the colouring
entirely as shown in Figure 20. Naturally it is also
able to remove the colouring entirely as shown in Figure
24. The above explanation relates to the condition
iﬁ) of having a high transmission of the off state, namely
the normally-on state. An explanation will now be given
with respect to the condition having the low
transmission of the off state, namely the normally-off
state. Thus, the polarising Llight 291, 292, 293 and so
on can not pass through the polarising plate 26 so lon§
as the direction of the polarised axis of the polarised
plate 26 as shown in Figure 20 is perpendicular to the
polarised substrate 22. Therefore, the spectrum of the
transmitting light coincides with the spectrum of the
polarised plate in the state of cross nicol as shown in
Figure 33 by Il. (For the present purposes, the Llight
absorption of the liquid crystal cell and the optically
;) anisotropic substance and so on can be ignored). The
condition is the most dark condition which is obtained
by using the polarised plate as shown in Figure 33.
Therefore, according to the present invention, the
spectral properties having the desirable best flatness
can be obtained by using the optically anisotropic
substance even in the normally-off state. Thus, the
removal of the colouring can be realised in every case.
A practical method for calculating the change of
polarising state of the Light passing through the
optically anisotropic substance such Llike the liquid
crystal cell and so on, will now be given. The incident

Light to the optically anisotropic substance is
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generally the elliptically polarised Light. The
reference trace of the elliptically polarised light
extending to the positive direction of the Z axis is
represented with the column vector, in which x and y
components are defined as the element as below.:

“Qx 6IPiCWt+<}’I)’ 12>
Ay expi(wt +%y)

———
—

In the above formula 12,cq is an amplitude of

component, w is a circular frequency, and Y is a
1 component, respectively. However,

the 1§
phase angle of the
at this time, since the absolute phase of the vibration
has no relation thereto, the optical frequency and the
absolute phase of the formula (12) are removed.

Further, the polarised condition is represented with the
normalised Jcnes vector as the following formula (13),
in which the vibration of each component is caused to be

normalised:

g ax + &
exp(-l%
D) s oy -i3)

E = . 5 (13)
ay exp(ig)

Yoz +ay’
(6=Py-¥x )

The polarised Light E of the formula (13) becomes

a polarised Llight E', as the result of changing the

polarising state by passing through the optically
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anisotropic substance. The optically anisotropic

substance is represented by a 2 X 2 Jones matrix which
performs the above transformation. For example, in the
case where the optically anisotropic substance is a
uniaxial linear retarder such like the polymer Llayer,

the Jones matrix is represented as follows:
N I 4 . [ .
cas'g exp %)+ smeezp(-lf) 2}5in0 cosé sins

Rap™ (14
ZzslnecoSQSm'z' casaezp(—t )+sln0exp(¢—2-)

In the above formula (14) @is an angle between
f’) the fast axis of the linear retarder and the x axis, and
A is a retardation. The retardation is defined as
An =2 n x d/A usingAn x d of the linear retarder

and the wavelength X\ of the Llight.

The polarising state passing through the polymer
Layer is found by functioning the Jones matrixllﬂe, of
the formula (14) from the left side of the incident

Light vector E as follows:

Ra.s E-

In the case where the optically anisotropic
substance is formed by laminating some polymer layers,
- the following formula is found by functioning the Jones
n) matrix of the formula (14) one after another in
accordance with the order that the Llight passes through
from the Left side of the incident Llight vector

)
E = RAﬂ.On ‘Ran-1,8n1 == Raz,62 R a8t E

Where the optically anisotropic substance is the

liquid crystal cell, it becomes difficult as the

retarder due to the twist orientation of the liquid

crystal molecule. However, if the liquid crystal Llayer

is divided into considerably many layers as shown in

Figure 29(a), it can be represented by the subsequences
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of the optically anisotropic substance are 0.9 g m,
respectively. Under these conditions, the polarising
state is calculated by dividing the liquid crystal layer
into 20 pieces. The transitions of the polarising state
are shown in Figures 30 to 32. Figures 30, 31 and 32
show the transitions of the polarising state whose wave
length is 450 nm, 550 nm and 650 nm, respectively. For
example, in Figure 30(Ca), the polarising state of the
Linearly polarised Light 121, which is incident Llight to
the Liquid crystal cell for displaying, transits to 122,
) 123 and 124 every fifth layer; and at last the cell is
~;) injected at the elliptically polarised Light of 125. 1In
Figure 30(b), the resulting elliptically polarised Light
125 becomes the incident Light to the optically
anisotropic substance, and the polarising state of the
elliptically polarised Light 125 transits to 126, 127
and 128 every fifth layer; and at last the optically
anisotropic substance is injected at the Llinearly
polarised light of 129. 1In each above mentioned course,
the transition of the polarising state by the optically
anisotropic substance as shown in the Figures (b)

corresponds to the entirely opposite transition of that
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by the liquid crystal cell for displaying as shown in
the Figures (a). Therefore, the incident Light to the
Liquid crystal cell injects the optically anisotropic
substance at entirely the same polarising state. Since
the effect is obtained regardless of the wave length of
the Light as clearly shown from Figures 31 and 32, it is
possible in the Liquid crystal display device having the
structure according to the present invention that the
colouring at the time of off state is entirely
dissoluted, and that the required whitening is obtained.
1f) It is to be appreciated that the embodiments of
the invention described above with reference to the
examples have been given by way of example only and that
modifications may be effected. Thus, for example, the
expltanations given above for Figures 19 to 39 may apply

where appropriate to Figures 1 to 18.
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Claims

1. A liquid crystal display device that has a nematic liquid crystal layer (64)
oriented at a twist angle not smaller than 120°, and a liner polarizer (62) that emits
linearly polarized light (631,632,633) towards the nematic liquid crystal layer,
5  characterized in that:
the polarization axis of the linear polarizer is neither perpendicular nor
parallel to the molecule longer axis of nematic liquid crystal at the surface where the
linearly bolarized light comes in so that the nematic liquid crystal layer transforms a
M polarization state of the linearly polarized lights,
wherein an optically anisotropic substancel(68), which makes the inverse
transformation against the transformation made by the nematic liquid crystal layer, is
disposed on the oppesite side of the nematic liquid layer compared to the polarizer,
wherein wavelength dispersion of birefringence of the nematic liquid crystal
layer produces wavelength dependent changes, in polarization in terms of different
15 changes for different wavelengths,. which are compensated by the optically

10

anisotropic substance.

2. A liguid crystal display device that has a nematic liquid crystal layer oriented
at a twist angle not smaller than 120°, and a liner polarizer that emits linearly
”) 20 polarized light, characterized in that :
an optically anisotrepic substance whose optical axis is neither perpendicular
nor parallel to the direction of polarization axis of the liner polarizer, is disposed
between the nematic liquid crystal layer and the liner polarizer so that the
anisotropic substance transforms a polarization state of the linearly polarized light,

25 wherein the optically anisotropic substance makes the inverse transformation

against the transformation made by the nematic liquid crystal layer,
wherein wavelength dispersion of birefringence of the nematic liquid crystal

layer produces wavelength dependent changes, in polarization in terms of different

changes for different wavelengths, which are compensated by the optically

30 anisotropic substance.
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3. A liquid crystal display device as claimed in claim 2, characterized in that:

the angle between the optical axis of the optically anisotropic substance
and the polarization axis of the linear polarizer is in the range of 35° to 55°,

the angle between the optical axis of the optically anisotropic substance
and the orientation of the nematic liquid crystal at the surface thereof facing the
optically anis-otropic substance is in the range of 80° to 100°, and

the A nd value of the optically anisotropic substance is in the range

0.25um to 0.85pm.

4, A liquid crystal display device as claimed in claim 3, characterized in that: -
") the A nd value of the optically anisotropic substance is in the range

0.25um to 0.45pm, or .

the A nd value of the optically anisotropic substance is in the range 0.4um
to 0.6pum, or

the A nd value of the optically anisotropic substance is in the range 0.5um
to 0.6pm, or

the A nd value of the optically anisotropic substance is in the range 0.5pm
to 0.7pm, or

the A nd value of the optically anisotropic substance is in the range

0.65um to 0.85pm.

5. A liquid crystal display device as claimed in claim 2, characterized in that:
the angle between the optical axis of the optically anisotropic substance
and the polarization axis of the linear polarizer is about 40°,
the angle between the optical axis of the optically anisotropic substance
and the orientation of the nematic liquid crystal at the surface thereof facing the
optically anisotropic substance is in the range of 90°, and

the A nd value of the optically anisotropic substance is about 0.55um.



'109%H& ()-- ' 100AHE& ()--' ' 10%H& ()-- '10%H& ()--' ' 10AH& ()-- xEK@APR 2002
'10%H& ()-- ' 10%H& ()--' '10%AH& ()-- ' 10%AH& ()--' GHIIKLW |1

“L'10%* & () - 10U+10U+10U+ ' 10%H& ()--' ' 10%H& ()-- '10%H& ()--VY/|[:wl1l
f10% xi & ()-f/ Cf:r10%>*s& ()-f/ “f:110%*& ()-f/ Qf:' 10%& ()-f/

Zf: ' 109 & ()-f/ 10%*& ()-vUdl s& 100/(>*& () 810%* & () - 10k) 10k) 10k)

Ty it 10%K) & ()-f/ it 10%5+& () -/ o>*+& () - f/xy|[ - 410>*
5f3(10%*& ()-f/ Wf3(10% & ()-f/ o f3(1 o & ()-f/ " f3(10%Y Q& ()-f/

f3(10%Q & ()-f6. 9% 3!(& hq%d&trygtal‘ dly;ﬂ{iyided_Mlaﬁxed intclaim gharyctyrized in that:

1o§£ 1333/&3{{7\&9% i angle Besiiptn 08 opiigal gsip f the OPEIC%‘b&r&%&’Wl&é\}W)
St 109 & () 44 the ﬁ&la&&@oﬁ dxls oF the lihéar polaPRbPt Al sheYQ & ()-10 ( 10 ( 10
the angle between the optical axis of the optically anisotropic substance

and the orientation of the nematic liquid crystal at the surface thereof facing the

optically anisotropic substance is in the range of about 90°, and

the A nd value of the optically anisotropic substance is about 0.65pum.

7. A liquid crystal display device as claimed in claim 2, characterized in that:
. a second optically anisotropic substance is provided, disposed on the
‘) opposite side of the nematic liquid crystal layer compared to the first optically
anisotropic substance,
the angle between the first optical axis of the optically anisotropic
substance and the polarization axis of the linear polarizer is about 50°,
the angle between the optical axis of the first optically anisotropic
substance and the orientation of the nematic liquid crystal at the surface thereof
facing the optically anisotropic substance is about 90°,
the Arnd value of the first optically anisotropic substance added to the A nd
value of the second optically anisotropic substance is about 0.6um.

D 8. A liquid crystal display device as claimed in claim 2, characterized in that:
‘ the angle between the optical axis of the optically anisotropic substance
and the polarization axis of the linear polarizer is about 55°,

the angle between the optical axis of the optically anisotropic substance
and the orientation of the nematic liquid crystal at the surface thereof facing the
optically anisotropic substance is about 90°,

the optically anisotropic substance is composed of a plurality of layers
whose optical axis are twisted in the amount of 15° between the first layer and the
last layer, and

the A nd value of the optically anisotropic substance is about 0.7um.
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color of the display formed or orientated nematic liquid crystal or cholesteric

liquid crystal.

18. A liquid crystal display device according to any one of claims 13 to 16
characterized in that the optically anisotropic substance (5) for compensating for

color of the display is formed of twistedly oriented nematic liquid crystal.

] 19. A liquid crystal display device according to any one of claims 10 to 18
: -) characterized in that the optically anisotropic substance (5) comprises a plurality
of layers which cumulatively produce the compensating wavelength dependent

change in polarization.

20. A liquid crystal display device according to any one of claims 17 and 18
characterized in that the nematic liquid crystal of the display cell (6) and the
nematic liquid crystal (5) of the optically anisotropic liquid substance for
compensating for color of the display have the opposite twist direction to each

other.
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) 23. A liquid crystal display device according to claim 22 characterized in that

two or more optically anisotropic substances are used, and the directions of the

optic axes between at least two layers are different.

24. A liquid crystal display device according to either of claims 22 and 23
characterized in that the polymer film is a liquid crystal polymer film.

25. A liquid crystal display device according to claim 22 characterized in that
plurality of compensating polymeric films are disposed between the liquid crystal
cell (6) and the second polarizer (6).

'\:) 26. A liquid crystal display device according to claim 22 characterized in that

the polymeric film and one of the polarizers are formed as a unitary component.

27. A liquid crystal display device according to any one of claims 22, 25 or 26
characterized in that the each polymeric film is a stretched film.

28. A liquid crystal display device according to claim 13 characterized in that
the liquid crystal of the display device (6) has a twist angle of +200° and a And
value of 0.9 pm and that the optically anisotropic liquid crystal (5) for color

compensation has a twist angle in the range of approximately +300° to
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value of 0.6 pm and that the optically anisotropic liquid crystal (5) for color
J compensation has a twist angle in the range of approximately +100° to
approximately -350° and has a Anxd value in the range of approximately 0.2 um

to approximately 1.3 pm.

32. A liquid crystal display device according to claim 13 characterized in that
the.liquid crystal of the display device (6) has a twist angle of +200° and a And
value of 1.5 pm and that the optically anisotropic liquid crystal (5) for color
compensation has a twist angle in the range of approximately +100° to
approximately -450° and has a Anxd value in the range of approximately 0.9 um
and approximately 1.9 pm.
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33. A liquid crystal display device according to claim 13 characterized in that

the liquid crystal of the display device (6) has a twist angle of +350°and a And
value of 0.9 pym and that the optically anisotropic liquid crystal (5) for color
compensation has a twist angle in the range of approximately +100° to
approximately -550° and has a Anxd value in the range of approximately 0.2 pm

and approximately 1.9 pm.

J



