04/04/2002 1 A LIQUI D CRYSTAL DI SPLAY DEVICE This invention relates to a
liqlid crystal display device.: Japanese Laid Open Patent Speci0if £&di/Q00N.

-=60-50511 di scloses a super twisted nematic liquid crystat—disptay—device—

whi'ch has a twist angle of the liquid crystal nolecule of nore than 9

00
and a pair of polarisers provided on upper and | ower quuiﬁuwmmw "NMWL
cells. An angle between the pol arising axes (absorption ax ' Xi s

direction of the liquid crystal nolecule adjacent to the el ect tiede*
60, . Therefore, because of

bstrate fall i thi f
DT et fncenae when the [t PR s th By sl R e T a T he et ate of

bi refri ngence, when the |1 qui

not applying voltage, its. appearance is not white and instead its
appearance is green to reddish vyellow Furthernore, when the liquid
crystal device is _n the state of applying voltage, its appearance is not
bl ack but instead i'thd Sapifeandion ire UAtes. tivorae Lispea firgaltlal, dtilke Lgyown

| i quid crystdevdicepl ay device becones green, yellow sh green, yellow or

reddi sh yel | ow ithhe posi tive displ%y state and, when a selecting -
voltage is applied, PRE®SSiEqliad & OpenaiPadiess dpegdfiicetibectoes bl ue or dark

bl ue. The cobBub06f1t kdd slcil@ied aClsyipled! tdiisReaY ndGY%iGe angqgs dark blue in
ecting _ voltage 1s applied, the

a negative dj .ate _and, when the sel .

col our turnsgt29§§¥l?&?p$ﬁ§s§85555eukﬂéﬁtgaﬁea EBistrangte adt thesirable as

di spl ay col obf 841dwaryetatdnbllacklar e ft herspshaaupbBpl gndi 5Phay~ckours for
uid crystal
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di splay device having a nonoc ck and
aspect of the®th¥entfBnangleibetneannthe ppbarising axes (absorption

axes) and the axis direction of the liquid crystal
molecule adjacent to the electrode substrate falls
within a range of 30° to 60°. Therefore, because of
birefringence, when the Lliquid crystal display device is
in the state of not app(ying voltage, its appearance is
.not white and instead its appearance is green to reddish
yellow. Furthermore, when the liquid crystal device is
in the state of applying voltage, its appearance is not
black but instead its appearance is blue. More
specifically, the known Lliquid crystal display device
becomes green, yellowish green, yellow or reddish yellow
in the positive display state and, when a selecting
voltage is applied, the Liquid 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
appliéd, 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 liquid crystal display device.

There is a need for a liquid crystal display
device having a monochrome black and white display and,

'n one aspect of the invention, it is an aim of the
—

T

*G00002*



04/ 04/ 2002 2 present invention to provide such a device having a
nmondchrone bl ack and white display in the positive and negati \0at A0 4§12:00 2
pstates. Accordingly, this invention provides a liquid crystal display
device conprising a liquid crystal cell fgrrred of a twist nematic |iquid
crystal positioned between two el ectrode Substrates, and a pair of

pol ari sers which are | ocated one on either side of the 1liquid crystal

cel |, charagetiaedindehiqbnatol sy @Bes LRYS! apl i PRI gAILY ani sotropic
substance is provided between the palr.o? polarirsers in addition to the
twist nene?9eCthEAPE Blyskapnd Thei bptdtaw gy ahh sbhe opd i substamte may be a
liquid crysiedawhiehdiisp@hiest gde et wveen two opposite substrates. The
optically ani sotrggi c substance may_be in a polyneric filmstate. If
desired, the optitaFPydanssserbhit Vi iher Pheyides takkadd n a different
direction fargnetae dWsplaydiéerid agomr{$iEng W Sti GIRLd G deauicgd qrystal . |f
nore than oo, Iea(yer§ of the o%tei ctaJ ly . anj;ot ropi ¢ substance are used, the
directions OF MT9Gn?T 2xB¥ bbt Wkt 1 eHEtd 5o 1 tR/e RO SIrtd 9pvesk er abl y

di fferent. bEterdémut o ce Vet atodk splbesyt detved <2 avey D@ adine ofwher ei n each
direction of; a5 dl | S rfac dj acent to.the tw st nematic
liquid cry%t?él is é'ls%tr}ss? an iaar?)elnylaoﬁ%lr{ﬁéﬁcﬂ ceuﬁoa'{r e[1§t S i°d d§u8§t é?ﬂei ally

paral l el tdid dpinxatay el lsotah@pias teubisteahcin thrtordel ebotf ackel itate a

full and CQ'KgleQ't &f Wec;&ttﬁﬂaq'lr}g a‘ﬂfi s QQ'oiqucer}tJb%'}’an.rc%f qrseB?ngdleli now be
made to th%e%%%%mpatnhyel r]pga idrr %\% r};%sla?'rllgetrc; tir:ve afd%liltcxgvc;nnn%o th i
_ e twist
nematic liquid crystal.

The optically anisotropic substance may be a
liquid crystal which is oriented between two opposite
substrates. The optically anisotropic substance may be
in a polymeric film state. '

If desired, the 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 Lliquid cryétal display device may be one
wherein each direction of each Llight 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. 1In the accompanying drawings:

Figure 1 is a sectional view showing schematically

the structure of a liquid crystal display device




Exanpl es. In the acconpanying drawings: Figure 1 is a sectional view
showi ng schematically the structure of a liquid crystal displ &44e4i/&002
04/ 04/ 2002 3 according to the present invention; Figure 2 shows the

rel ati onship of each axis of a - Liquid crystal display device according to
the present invention; Figure 3 shows the3relationship of each axis of a
Liquid crystal display device according to prior art; Figure 4 shows the

rel ationshipg t.he .external wavel ength and the transm ssion according
to a prior l#}%&:ﬁﬁ%&;& eath'edip§|§ls§§‘tdé\?ivc?8;q’Pf‘g'ure 5 shows the twist angle
and the region off igurex 2d showkethecekllaofiohbRipi 8 dackyskab gdisp!l ay

devi ce accogqiggg4t @ |l g:l,(ELoyre.6 shows the rel ationship between the
ext er nal mayeFen phrgﬁﬁqﬁhgj%PéEgnﬁégfgﬁ Sfc?ﬁé'??qﬁ?dth%r@éfaF“Hisplay
devi ce accol8VABtf@NExanpl e 2; Figure 7 shows the relationship between the

external wavel enggihqapd Bhe NERL SS) ljguid . crystal display
devi ce accoy di nﬂﬁt ogExarrpI ehg?éF?g%Jr'Zé ggtsﬁo'\)/émf%e&ﬁeﬁaaﬂ otShi p°f)ei ween t he

external waVeRBAGt ArEAdatndiephmsndey i g ¢t eerd Ufg tte pdiauiarcy yst al

di splay device aceogdirBgst oh&uamphe de U5 WH& S %(}Q"w‘?eet qh'reel at ijonshi Ito | of
0 e liquid crystal o

between the, fwist  angle and the region of Qn'x A
the A-cell o# thaat; H%Yﬁlﬁ??/glf a?"‘{jlé‘rﬁ ay" U % 1 oA Adredindg nap texanpl e 5;
Figure 10 3110i/w;rthi3q_tu§'3d! at r psisdl mitlilﬁlvq%erulihﬁzee;sﬁgrgai:o‘r’\’g;/ﬁ' e[lgt Exgndl tehg_
o 53 Ghoeg (BEsSA b VL AU ane todg o el @
n x d of the A-cell of the Lliquid crystal display
device according to Example 1;
Figure 6 shows the relationship between the
external wavelength and the transmission of the Liquid
crystal display device according to Example 2;
Figure 7 shows the relationship between the
external wavelength and the transmission of the Lliquid
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 An x d of the liquid crystal of
the A-cell of the Lliquid 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 re[ationship between the twist
angle and the region of An x d of the Liquid 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



angle and the region of d n x d of the liquid crystal of the A-cell of the
liquid crystal display device ‘according to Exanple 9; Figure b2 shavedhe
~felationship between the twist angle and the region of Qn x d of the
liquid crystal of 04/04/2002 4 the A-cell of the liquid crystal display
device according to Exanple 10; Figure 134shows the rel ationship between
the twist angle and the region of O n x d of the liquid crystal of the
A-cell of the liquid crystal display device according to Exanple 11;

Fi gure 14 shbfsArie tlelodt itdeshiipuliot wegsthbedi vpsiy @0l €e and the region of
66 n x d of atberbijayi ro'é)(%?lteoao-the A-cell of the liquid crystal display
devi ce according to Exan'ﬁ)l e 12; Frfure 15 is a sectional view show ng
schematical |y thefFd8KHGet hfesbpwshthei gel ait toyst & b et weld ra Yt e VE ¢ £ @ccor di ng

to Exanple ddglEi gnaethb phgYsnaoptAUCt Ure employing a filmstate pol ymer
| ayer as th i ni sgtrgp?c sﬂrgs%la(ﬁc%; “]‘—%/g"u‘r 7 G b S

. _ghopk_lcaly?t Op! € . . .
rel ationship' of" ebth' akl stBf &1 asbdi er xayast i spilsyyl aevdei ce enpl oyi ng t he
A-film Fiaeeer dinghoyse sghgo@tical |y a structure where the A-filmand

the polariser are in one body., Figure 19 shows schematically the structure
of another 1i quieFd1 gcurryest1a{) %Y%‘fﬁ aﬁ"edé'\ﬁlc’é 12ESHidi hg tveehhehepragent

i nvent i on rargmegjazoul Sttouer adior off Lsteatbe’s ot iha! Lig0RHAELELIgYI g8 of the
between the T aul g ok Ao a 9 aiak daapbasseruies and the
optical |y &§i°96dridgi ¢ os Fygtmariee 123 the |iquid crystal

Figure 15 is a sectional view showing

schematically the structure of the liquid crystal
display device according to Example 14;

Figure 16 shows a structure employing a film state
polymer layer as the optically anisotropic substance;

Figure 17 shows the relationship of ‘each axis of a
liquid crystal display device employing the A=-film;

Figure 18 shows schematically a structure where
the A-film and the polariser are in one body;

Figure 19 shows schematically the structure of
another liquid crystal display device accord{ng to the
present invention

Figure 20 shows the "off state" optical
characteristics of the liquid crystal display device;

Figure 21 illustrates the relationship between the
liquid crystal cell, the polarised substrate, and the
optically anisotropic substance in the Lliquid crystal
display device shown in Figure 19;

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

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";



. . - . ch
i device shown in Figure 19; Figure 22 shows a spectrumin whic .
?Irzglsﬁ‘lyssi on is plotted agai nst wavel ength; Figure 23 shows tm;s?edtz{%m
of Figure 22 plotted on a chromaticity diagram Figure 24 is sim ?r".
wFi gure 20 and explains further conditions relating to the "off state"; f
04/04/2002 5 Figure 25 is simlar to Figure 21 and shows the coggltlgn o]
the structure shown in Figure 24; Figure 26 is simlar to Fi gurg an23
shows the spectrumof the off state; Figure 27 is- simlar to hl guJ[e 23 e
and shows- a plot on the col our coordinate; Figure 28 shows. the stru

i qui { i i i t 9, the present
of another |iquid Fegyséabsdispd ayi daVIiEGe p&;gq'ﬁ]eg {*igqaun:)dd smcorJ;sstta M ayer into

[ ion; F 9(a),i]Justrates dividin ] .
nginf :5132} sFé%lqgﬁtr ﬁoéQ‘%B)l’i}T | Ut tsﬁ‘é’_”lnﬁ dil & iguyst 2471 ayers vvh![ c?egr e
not tw sted; Figurésgdoe 32% stwvs itdid alrr aRSiFtiiga e0R2 2t RGg gqloq,rs: ST f aFi e
Figure 33 shgwsc ¢ hea sd)pctt,qu‘qu 3 2GQMTEr Ci ally available polari fset,h g

34 illustrates the driving of aliquid crystal di splay device o e o

i nvention; Figure B3Wio tite s9mriletrute 6figule PBi ahdashowki qug@oqrys a

[ Jananas [ ifi [ No. 60-50511,;
[ devi i n Patent Specification
g: ;5|r2y36 isd}Fit(lgae i gur esebzohﬁaﬁgggg'and shows schematically the off state

characteristics off W& eas@vehomenthenstirpetoreapt supehetwi shadldnematic
liquid crystealystal display device according to the present

invention;

Figure 29(a) illustrates dividing the liquid
crystal layer into many layers;

Figure 29(b) illustrates the liquid crystal Llayers
which are not twisted;

Figures 30-32 show the transition of the
polarising state;

Figure 33 shows the spectrum of a commercially
available polariser;

Figure 34 jllustrates the driving of a liquid
crystal display device of the invention;

Figure 35 shows the structure of the prior art
liquid crystal display device of Japangse Laid Open
Patent Specification No..60-50511;

Figure 36 is Llike Figures 20 and 24 and shows
schematically the off state characteristics of the above
mentioned prior art super twisted nematic liquid crystal
display device;

Figure 37 shows the relationship befueen the prior
art super twisted nematic liquid crystal display device
of Figure 36 and the direction of the polarising axes
(absorption axes) of the polariser; '

Figure 38 shows the external appearance spectrum
of the Liquid crystal display device when certain
angular positions appertain in Figure 37; and

Figure 39 is the plot of I and II in Figufe 20 on
colour coordinates.

Referring to the drawings, Figure 1 is a sectional



i vice; Figure 37 shows the relationshi p between the prior art
S:Jf)glra%/wqgt ed nema'?i c liquid crystal display device of Figure (3@/@&;9/2@@2
direction of the polarising axes (absorption axes) of the polariser e

*Fi gure 38 shows the external appearance. spectrum of the [iquid crg? a ;
di spl ay device when certain angular positions appertain in Figure ;an
Figure 39 is the plot of | and Il in Figure 20 on colour coordinates.
Referring to the drawings, Figure 1 is a sectional 04/04/2002 6 view

i et f | igQ@uli Lystal, qdisspliay device
o oy e B Gy s S Tt 1A 19 't%el Swggitggter %tgi é gd%@t‘%ce in the

i i Qui tal as the optica _Sotr o _

frgt%l ngrssc!trl l@%'ai g‘{){?ls}ytaacf'e\ffec"e' 6t el“‘ﬁé%r‘éggﬁt lipyddt consthh Risguhe 1,

there is showtiza Wppern jxad tardpsier sbamdnael UEHeCEY LA cfgkkag. The

l'iquid crysyakp,eglh Jias 3 4 itg'ui d crgstal, as_an opti caIFI.y ani sotropic

subst ance sandwi ched between ‘thioPSEBERFaiYent hany | qbnrdféayseal ,cel | 2

bei ng her etRafeed sr sfhomnednt opasrapobacesér ‘M).Zﬁ!d spe%{,;eaiuayg;ggfaﬁ- ge”
spbst FRtee u e and.a |iqu

Ghich Lo uoog' taees hg""téqtfgé‘ﬁ“y"%?é?frg%i{ca%#'b%% aﬁcg;?z;?h@mzfg {r oo

shown in Figturdn1°Ps15atilgupraiepysenicc P na??er chogohay by

i (e ["Y 6.4 rel
e vmtagestibeek,gﬁggi égglygélaéu‘b%:érg lelceéc Lr E%eb%1u'bgst rate 7, a |ower

cTectrode SR /50 EEEFaRa'arFrALIY 2% yan -t tae tvoun 1 Figure 1. the
liquid crysirdc Uf 5ps byydevhees-éqacl wag 2 JnPWpeQOlﬂmssﬁtrat]eOB,RﬁJ elr rt niganW
to Figure 2,5 der&,i st 5993\“4} haend raellaitqluqrc]isryre sotfa le%cr:(h('ii)i:lhs iosf utse% Hau
crystal d'%ﬁ'%ﬁe optically anisotropic substance in the A-cell.
Also shown in Figure 1 is a liquid crystal cell 6 for
providing a display by applying a voltage. The liquid
crystal cell 6 is hereinafter referred to as a B-cell.
The B-cell comprises an upper electrode substrate 7, a
lower electrode substrate 8 and a liquid crystal 9. As
shown in Figure 1, the liquid crystal display device
includes a lower polariser 10.
Referring now to Figure 2, there is shown the
relationship of each axis of the liquid crystal display
device according to the present invention. In Figure 2,
there is shown a rubbing direction 11 of the lower
electrode substrate 8 of the B-cell, a rubbing direction
12 of the upper electrode substrate 7 of the B-cell, a
rubbing direction 13 of the lower substrate 4 of the A-
cell, a rubbing direction 14 of the upper substrate 3 of
the A-cell, a direction 15 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
T and the rubbing direction 14 of the upper substrate 3
of the A-cell, a twist angle 18 of the liquid crystal §



device according to the present invention. In Figure 2, there is shown a
rubbing direction 11 of the |ower el ectrode substrate 8 of the (B tell/,2®)2

Jrubbing direction 12 of the upper electrode substrate 7 of the B-cell, a
¥ ubbi ng direction 13 of the |lower substrate 4 of the A- cell, a rubbing
a direction 15 of the

direction 14 of the upper substrate 3 of the A-cel
pol ari sing axes (absorption axes) of the | ower 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 potarising 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 5
04/ 04/ 2002 M imthtn nttiheAAeeclel ) anaran@ngle919>d&e.te\memhteheububhigng direction

13 of the lo f, the A-cell and erubln direction 12 of
the upper el \é%{r% Qf{atsﬁbogft &a eenc? etrhéulg-sgélalte 2! efi She Féléoa@fdthe
liquid crysttde Q‘Whl?tfmsn ditre B-ioel 12 arfd the apglee 21ebe'rween7t he rubbing
direction 11 Qfpdthe deOWr §leeBLURLE ,SYbsL5ate f,phe B:cell .and the
direction 15 of the polarising cageé ?a%%orgtt aoﬁlgxeé) Bftﬁﬁ Ligidd

pol ari ser 10.57Med alni% ¥ iditviscttihgnBotelhe bhdupd enyteallnbéteaka twet hin

each cell |Srhﬁbrbaln@afdt1&rec&h<éwn1w bh the (wleth e@kE?PBHPnsL?B(E?PQ'tng t owar ds
Al so, whe sel ectin th

t he bottomfrq, 3. gf t he cell
non-sel ectin§*® V&t §géel apdl tha B)‘/"ifi%"dqu°6rW? ngo L3 el anaefl ned
that the stataeewhmelbshasptsiubstaaltsoabfopbbcabuet-raasm{gé,nmmomer is the
"OFF" state, and tt}(gesttg“st }g@tpas lt gﬁ tIC transmtting Eovver i's
the "ON' state., In the I'iqurd &FysPl° fay %'éb rﬂr’hsgjtall() Fhkecplesent

i nventi on, tHétf‘v\Ps?aahglcelbfIﬁhbenqmﬁtcrysmadm with the twist

direction extending towards the bottom from the top of
the cell. Also, when the selecting or the non-selecting
voltage is applied by 1/100 duty driving, it is defined
that the state which has substantial optical
transmitting power is the "CFF" state, and the state
which has Llittle opticat transmitting power is the "ON"
state.

In the liquid crystal display according to the
present invention, the twist angle of the liquid crystal
9 of the 8~cell has no limit in size. The practical
embodiments of the Liquid crystal display device
according to the present invention is as follows.

As the liquid crystal which is employed in the A-
cell and the B-cell, there can be used phenyl
cyclohexane, biphenyl cyclohexane species mixing nematic
liquid crystal and R~<:)- €00 -<:>-0R' species mixing
liquid crystal whose dielectric anisotropy AE < o. The
same liquid 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 liquid crystal molecules in the A-cell and the B-
cell, CB-15 (a product of BDH Company) or S-811 (a

product of Merk Company) may be used as an optical



9 of the S-cell has no limt in size. The practical enbodinents of the
di spl ay device -according to the present inventio&y04/2902

liquid crystal
ofollows. As the liquid crystal which is enployed in the A- cell and the
B-cell, there can be used phenyl cycl ohexane, biphenyl cycl ohexane species
m xing nematic liquid crystal and R 4@ -(, -OR species mxing
| iquid crystal whose dielectric anisotropy L.< 0. The sane |iquid crystal
can be used for either the A-cell or the B-cell. Further, the same effect

can be obtaiaetlivevep.fromthe using of a different liquid crystal in the
A-cell and the B—c?ll. In order to obtain the. twist of the liquid crystal
mol ecul es in the AtRefleahtayid &Yty dicm s (de pi ouatcoofd iBERH t@onpany)

or S-811 (a thpr qovesent Mevdn GMARMe TR DO LS 85 @dlagqtée%'w%{]@‘“ 2002
8 activator., ilcr]]thae sl'(iesguihd crgﬁ‘zt al display device according to The
present invention,”Wher the 34HedNey ofoltde Sad 0 iefhiro Watiisie rsasses t hr ough

one of the passed pPotardglearte, Lipadses riyBrraugh ding ldnpHed relygie@l cell,
there resul to5 ( i®{ {44 GAl larj sed, Light whose abl at eness does not
coincide with .t{r?et_! 1*d’:}oail'et ti’Jooynl‘-’(I%:3 s?eﬁeﬁﬂgrqé g)’?i°§edtﬁ’z’ d ensEs #ag&l /gt h. Then,
the el lipti &&NINE iste atiitded hei ghireics iopas$ed hehrlongh atxie dpki €al ke

ani sot r opi ¢ yayktled s . THE I’i § 6 s through the.optically

ani sotropi ¢ substance has eg I g?égﬁgﬁ?g@ﬁgzg’i Rotlﬁéqfﬁﬂggwgﬁm‘ dbout
400nm t o abBaf SFEoiMropght Kée, opRicpl hrit apdsoteopiel kiupstaatey pohari sed

| i ght whoseldlghectihaRhi PakBes! @RBou & §h£%6k'§‘?§3l?”£ﬁ?£mr$—i gt whi ch
passes throggpstcg% eothher pgl ariser has a small difference o Tt ransmi ssion
due to the wavel 8R§En"28nd CAESFi ghtabenehesiOntbe rangeofeem . alteen at the

time when t#@08e| ¢ot ehguvoFPAge.i SFurther, the Light becomes
elliptically polarised Llight whose direction in the long
axis is almost uniform. Light which passes through the
other polariser has a small difference of transmission
due to the wavelength, and the Llight becomes white in
colour. Even at the time when the selecting voltage is
applied, when the Linearly polarised Light which passes
through one of the pair of polarisers, passes through
the liquid crystal cell, elliptically polarised Light is
produced whose oblateness does not coincide with the
direction of the long axis due to the wvavelength. Then,
when the Llight passes through the optically anisotropic
substance, there can be obtained the elliptically
polarised substance whose oblateness is large, and whose
direction in the long axis is almost uniform. At this
time, since the direction of the long axis of the
eLLiptically polarised Light is twisted at the angle of
about 90° with respect to the direction of the long
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 crystal

display device to give a monochrome display.



applied, when the linearly polarised |light which passes through one of the
pair of polarisers, passes through the liquid crystal cell, elld4f0dz12002
.polarised light is produced whose obl ateness does not coincide with the
direction of the long axis due to the wavel ength. Then, when the |ight
passes through the optically anisotropic sgbstance, there can be obtai ned
the elliptically polarised substance whose obl ateness is | arge, and whose

direction in the |OH axis is alnost uniform At this tine, since the
direction of the 14 8 dtiddeof threobbhtepessal khepdiaetsedn |6 ghthis twi st ed

at the angl elofg akosd 8@0twet ho(£5PEE e direction of the long axis
of the ellipgjgall ¥.gollgri se ?ght- at&tﬁlgg{'?n‘ém ‘\[hﬁeﬁlstef'u"é’ Y519 afeo®s not
applied, the U7 r2Rt76RA OY PRESOBOPRIG sTwlstamee o ithe mol drd ser i s

determ ned adesdwibeditabl e val ue, thereby enabling the liquid crystal

di spl ay device to gj monochrome di spl ay. 04/04/2002 9 The state (the
obl at eness, the dil?{a'gﬁ @ﬁ’ ‘fn“"t'he“ﬂ ow%w) Ritl aties gsb| ldigihgesd Wtiigit whi ch

is emitted Midmatheimpicotdot am petrpamidi Gt ance ahl b eRQW 06
described. FKiynttHesi MEN & inear!l | ar.i sed l.ights which_ vibrate in a
direction perpendi cul ar to"vtgi c ﬂ%ta(r%g)r/ pg)ﬁ’ear?fﬁ’t Hé§?‘§ed’,h‘éf'l vp bir@alelsy

pol ari sed | Ptht%iedﬂ W95 ftads bepebttiad neld.i pJedecan tiptabhaitped. The

el l'ipticall polpelidrissad ditghtancar B +ghthaign t followmng fornulas. X
= Asin w o PG S M (1) Y=Csinw %deBgogx\ﬁ/_t D?i)lo"_(\h? is a circular
frequency) Secondly,” the elliptically polarised Iight which passes through

the uni axi al opticallyXari a06iapPWE€ + B cos wt 1)
Y = C sin wt + D cos wt 2
(wt is a circular frequency)

Secondly, the elliptically polarised light which
passes through the uniaxijal optically anisotropic
substance (the birefringence is represented as
An = ngq TN and the layer thickness is represented as
d) can be obtained by the -foLlou.ing formulas,

Xm = A sin (wt + ZT'Q-'Ai) + B cos (wt + ZT'Q‘%) 3)
Ymo=Cosin (it o+ 2W ) 4 b cos (ue ¢ 2y (g
(Ais a wavelength of the Light)

In the case of the twist orientated liquid crystal
layer, the state of the polarised Light at the time of
passing through each layer is calculated successively by
laminating a uniaxial optically anisotropic substance
(it is defined that the birefringence is \ n = nqq -nq.
and the layer thickness is d) represented as the above
formulas (3) and (4) at the rotating angle (the 'amount
thereof becomes the twist angle of the Liquid crystal
layer). Thus, the state at the time of passing through
the Lliquid crystal l.aye_r is found.

The state of vibration at the number of m+1th can
be found by the following formulas.

X mt+1 = Xm cos B8+ Ym sin@ (5)



substance (the birefringence is represented as A n = nll -nl and the |ayer
thictkness is represented as d) can be obtained by the follow 04 /04 /042
“Xm=As i n(w +2Ir ) + Bcos (wt + 21r ) (3) Ym=Csin (W + 2-W) +
"D cos (wt +2°'7 ) (4) (?is a wavelength of the light) In the case of the
twist orientated liquid crystal layer, thaostate of the polarised Iight at
the tine of passing through each Layer is calculated successively by

| ami nating a uniaxial optically anisotropic substance . (it is defined that
the birefringence is -¥ m+ F HXnll ib Ord vinhe ols&yer ht hi ckness is dl) (th
represented as th b f Qramylias )s at t he rat g angle e
amF))unt t her eof bgggng'\s"'%ttﬁe%tfvn\}{shae zf&i?tﬂgqqg Zr% c'qﬂlrds&% t‘ﬂ layer).
Thus, the statiehapasisest itine opfghpade ngttllqmbl!ughanuIaetlrloqlit:dsobys‘aalcel ayer is

found. The EbAbeighingl Rha LaR.uAly LhG RYIDEL, of (gy "Ehe S8Ry e0Eah0 0 DY the

foll owi ng fornul as. T ¥msif Y mtl =
_Xmsin 6+ VAEREsPY L8y mTﬁé°§taﬁeSGPSFhéUéFhgpthgafbylpbharK§édahdght

whi ch passess4dheeugh the Qﬁthﬁakh¥ a8k§9t£9pk§>599§t@@9€ CPHDE§§'“9 the
liquid crystal layer or the lik ﬁacan oun e_net hod

substituting ER&"Fol AYFALTPRY & Sfﬁfetﬁfxﬁ?%nﬁYWic?thfor mul as (5) and
(6). In thepopaebsad ngemnsnpalbelstaaeaoftﬁ@eneiéwswaé#Ythé)0| ari sed

i i I h t he,, wavel ength of each |ight. Then
th state of TREHFEEE ot B bR FEURET, PLat T RetatT oo fnh e plbehium The

el liptical whbge bs thetwghhandh@h@ i mngh éxése c tiuect i THe may al so be
determ ned.e S {K€i L€ SREGL O ch@SLdid | I ffETRIGE 4444 he transm ssion

anount between
irection may also be determined. Since the spectrum

has little difference in the transmission amount between
each wavelength, the emitted light becomes close to the
required white colour,

As a result of the above, Figures 5, 9, and 11 to
14 show the best suitable conditions. These Figures
show the desirable range of the twist angle and An x d
of the optically anisotropic substance using the liquid
crystal at the time of determining the twist angle and
An x d of the Liquid crystal cell performing the
display. '
EXAMPLE 1

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, lln x d is about 0.9 pum, the angle 19 is
about 90°, the angle 17 is from 30° to 60°, and the
angle 21 is from 30° to 60°. When the twist angle 18
and 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 5, a liquid crystal display -
device can be obtained wherein it becomes white in
colour in the "OFF'" state but becomes black in colour in
the "ON" state.



each wavel ength, the emtted |ight becones close to the required white
colour. As a result of the above, Figures 5 9, and 11 to 14 9w ale @3t

.Suitable conditions. These Figures show the desirable range of the tw st
"angle and An x d of the opti cally anisotropic substance using the liquid
crystal at the tinme of determning the tw styqangle and An x d of the
liquid crystal cell performng the display. EXAMPLE 1 In Figure 2, it is
defined that the twist angle 20 of the liquid crystal of the B-cell is

about 2000 t FXAMPLE & t direction Anx dis about 0.9p m the angle 19 is
he angle 21 is from300 to

about 90, the angl gl fil, £Qq460Q an
600. When the tw st naExa%pl gtAﬁsx(a éhﬁl qﬁ 8 2pgLeal7opfthe
A-cell are (‘jéﬂf’ﬁédzaé St Iﬁéoluégl"@ﬁzwhhchtuésnmakgtﬂevwshof hehebligqued |ines
as shown in kirgdh@(Smodelql §sCh I sp eyic n_be, obtai ned

wher ei n |t bﬁégrres mlot(gcl n. col oﬁrﬁh@ MR k{él):f:hglsfa't"gt b@f’%&‘éb?r‘és bl ack in
col our € eRe §t dfeisoabout2802, theExwiPtEaRgle xaopl ehd, it is

def i ned thatLﬁbewangwsiztofnotEw%eaz &506902@ 400, %tbee st angle 18 of
e r1ght dlrectlon t he

the liquid . uIe [ ut 1400 to

angle 19 is gﬁ)gg%@ Bn't tW‘gf 2& 2 "Ob?)?tt‘h% 'Iq'qmddcqusﬂaﬁ rml ecule is
about 200 tohhmdeétystiatetayan of hehcaw-l@eﬁll 1§ A A6 ’} of the
liquid crystal,Laygr,ef e |s abo and Anxdo t he
liquid crystal Iay%rogfté{: léq Staalb Q%I‘m Bfeld 6sshows the
external spettdiiin &9 pthe Ihpmlde c&yasltc&ls ohfsqoleaytedQ,WLC&pTeher%%p% I'n

Fi gure the liquid crystal d1splay device thereupon. In Figure
6, the curve I shows the "OFF" state, and the curve II
shows the "ON" state. According to prior art as shown
in Figure 4, the external spectrum of the liquid crystal
display device becomes yellow in colour in the "OFF"
state (curve I), whilst the same becomes blue in coLour
in the "ON" state (curve II). However, as shown in
Figure 6, in the liquid crystal display device according
to the present invention, 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.

EXAHMPLE 3

In Example 1, it is defined that the angle 17 of
Figure 2 is about 409, the twist angle 18 of the liquid
crystal molecule is about 200° to the right direction,
the angle 19 is about 90°, the twist angle 20 of the
Liquid crystal molecule is about 2006 to the left .
direction, the angle 21 is about 50°, A n x d of the
Liquid crystal Llayer of the A-cell is about 0.9 ya, and
An x d of the liquid crystal layer of the B-cell is
about 0.9 un. Figure 7 shows the external spectrum of
the liquid crystal display device thereupon. In Figure

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



6, the curve | shows the "OFF" state, and the curve Il shows the "ON'
state. According to prior art as shown in Figure 4, the exterrx/83d200a
of the liquid crystal display device becones yellow in colour in the "OFF"
“state (curve 1), whilst the sane becones blue in colour in the "ON' state
(curve Il1). However, as shown in Figure 6,1pn the liquid crystal display
devi ce according to the present invention, the external spectrum of the
liquid crystal display device beconmes white in colour in the "OFF" state,
whi |l st the shhesheesnB8NBl atkten Ct)houhisiﬂateh}a Q\instaaueplEXZ\JVP{-iEe3 I n

e, el SR LR et TR Lo R 1

tw st angl e 18 of rquid crystal ecu
direction, Qheomgylehivein a%b@ueomthleet‘vﬁfsﬁ" mteezaatoflstdﬁethd_l quid

crystal mol egape uécab@ytb@wktpntlfkf«‘w@it rLeGIg ghe angle 21 i's about
50, 4 nx dof the Jiquid crystal Iayer ol Isl 157 %about 0.9 jim

and An x d %Amﬂeellfqui d crystal layer of the B-cell is about 0.9Aum

Figure 7 shows theuexﬁ;earmlesnec{trwa(ﬁ f it 1ingW 4 he YasidAle diSRl@AY device
t her eupon. IFn Fi ur i the c ye sh eom}s the "OFF" st 33‘981 \(/j\'hff%sf? t he
curve 04/04/'2 WS ¢ t:,Jleatt‘é””'ltn agile ddseof ade i imudmpl e 2,

the exter naFIPY:ﬁt@d-t ramﬁ@‘u tehei o jatuiut 60 alo dlh&plra:ghde\dlﬁ%cth%ﬁoms white

in colour iRpehgn: "y Sts I t a becones n ol our in
the "ON' stathtg %n)g"g:eF1¢ .'%t%ngw 9I%teo 1rleﬁe Hd mgcﬁefa NH&§ ¢ af’(it €angl e 17 of

Figure 2 is'dodid 400 stale "‘t%es?tu lgndlse aP@UGf 208 kpqtihe letfyst al nolecul e

i's about 26QG rlea thila,r it a@ignRCRi10Rs abheranabe Wi g gbgyt Q. the tw st

angl e 20 of ,the
L3 qu1d crystal layer of the A-cell is about 0. 8 »m, and

An x d of the liquid crystal lLayer of the B-cell is
about 0.9y m. Figure 8 shows the external spectrum of
the liquid crystal display device thereupon. In Figure
8, the curve I shows the "OFF" state, whilst the curve
II shows the "ON" state. In this case, as in Examples 2
and 3, 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.
EXAHPLE 5

In Figure 2, it is defined that the twist angle of
the Liquid crystal of the B-cell 20 is about 250° to the
left direction, An x d is about 0.9 ym, 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 An x d of the liquid cfystal of the A-cell are
defined as the region which is marked Wwith the oblique

- lines as shown in Figure 9, a Liquid crystal display

device can be obtained wherein the externalISpectrum 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.



liquid crystal nolecule is about 200 to the left direction, the angle 21
i s about 40, An. x d of the Iiquid crystal |ayer of the A-cePid/G44BOR2
.0.8y m and An x d of the liquid crystal |ayer of the B-cell is about
0.9ji m Figure 8 shows the external spectrum of the liquid crystal

di spl ay device thereupon. In Figure 8, th&curve | shows the "OFF" state,
whil st the curve Il shows the "ON' state. In this case, as in Exanples 2

and 3, the ?%J\ﬁﬁﬂ@l spectrumof the liquid crystal display device becones
white in colour Th he "OFF" state, whilst the sane becones black in

colour in the "ONi Btatele BXAMALE © def fnglirehat, uue |a$,gdef ifrec £ hat the
tw st angl e éh@ r al, e B-cell out .250 o the
left di rectlgénur “ %%‘gb%ﬁ 0. thf Mj‘“the”a S Fd8H D00, the
angle 17 i s“bb‘t%brﬂ%'(?%h‘c? 66, ahrabtt h1660 artgl e i@l ms;hlletdvimemta'(w.,and 600.

When the twpd | 1618 AN " 9pd ildeaul rystal Qi the A-cell
are defined as the region which is ng;.}(etgﬁ s'!tth%t %GL%O%PI élije(2 % nes as shown
in Figure 97 % 19 fuUive tdly stodie cdilepligy abpati @80Cakobd hebtaifhed wherein the

external spEatddiol, tHe drigle Q1CF1)éStaQJoL£il gplogy Aaviicg Beceprs white in
st at.e, V\/mIst t he econes black in colour in the

colour int
"ON' state. lr}(5'21'/ gzlcf(ﬁfallé g AveiEtd e & gbopt Pe8abpinadfdt hat the
angle 17 o> nFixgur @ f2 tihe dbqut d40r yishe Lt \MaS(teralgI eh&SBeEethemkl qUI d

crystal nol,ggulee g, out tgqt ght diLection, IS
about 900, t hettwl? R F%ggQSf q?hgﬁd‘s % ?S{ aPpnﬁ?%%bT e 8$about 2500
to the Ieftthedl'-r‘@@t‘ﬂoﬁf'ylsﬁélaﬁglsélzx F’SVabeutMOguocm-x bh of ighee

10, the curve I shows the "OFF" state, and the curve II
shows the '"ON" state. In this case, as in Example 2,
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 7

In Figure 2, it is defined that the aﬁgLe 17 is
about 40°, the twist angle 18 of the liquid crystal
molecule is about 360° to the right direction, the angle
19 is about 90°, the twist angle 20 of the Lliquid
crystal molecule is about 250° to the left direction,
and the angle 21 is about 40°. Further, A n x d of the
lLiquid crystal layer of the A-cell is about 1.0,m, and
Anxd of the liquid crystal layer of the B-cell is
about 0.9 um. In fhis case, the external spectrum of
the Lliquid crystal dfsptay device becomes white in
colour in the "OFF'" state, whilst the same becomes black
in colour in the "ON" state.
EXAMPLE 8

In Figure 2, it is defined that the angle 17 is
about 50°, the twist angle 18 of the liquid crystal

molecule is about 170° to the right direction, the angle



liquid crystal |ayer of the A-cell is about 0.8.).3m. and A n x d of the
liquid crystal layer of the B-cell is about 0.9,,m Figure 100ah0s /o2
.external spectrumof the liquid crystal display device thereupon. In
Figure 10, the curve | shows the "OFF" state, and the curve Il shows the
"ON' state. In this case, as in Exanple 2, 14the external spectrum of the
liquid crystal display device becones white in colour in the "OFF" state,
whi | st the same becomes black in colour in the "ON' state. EXAMPLE 7 In
Figure 2, i19i sisdebbued?t)ﬂatthhet'ahgt eadgles20abbuthelO0iquhe twi st angle 18

of thellqu C i S. apput 0 i djrection, the
angle 19 |!§pég ? SIL:)O H?Hg fJ\’/\A@%t§%ngﬁg gﬁ’ diﬁes{]%'{ %1 %r{yi? al m)l ecul e
i s about 258ngbet®t fefebeliteed] on, FUahUefheAa'NQ*edZQLf i theabloiqu #d)0.

Further,4 n I CLY, ay C iA 1.0 m
and A n x %Ké?t?g Emeﬁlbﬂw% g éégi e¥r of%(t“ﬁ{e éB[bg}eArl ?JsAd aborﬁppgég Al m

s
In this casef the bk%‘é‘r%a?“éi)é:‘t r'tﬁ%‘t‘)'f of hehe R et krisstabout spl ay device

becones Whl@.e'lﬁﬁ .COLQUER i dde "q:thrt.St@ire bé/\’f'ﬁﬂtséu{ehﬁ asarﬁtbﬂﬁones bl ack
in colour in the ' st ate, EXAI\/PLE In Fig it is defined that the

angle 17 i Crabbit %bs"'tﬁé 48¥ G difyf B9 s o'f”ﬁherq%pdlﬂs(f SRR nol ecul e
i s about 1Abhéeeidetiiéd ghitedaactipmstide aholiee 04/ A/L@IFstlA 19 is about

90, the tw sf_an Ie 20 of the I|qU|d cr stal |s a.bo 17 0 the left
direction, ds a‘t ALA gﬁehzel &Y ab“é‘u‘tt%foy Fut ltqn l{the d%%ththe l'i quid

crystal | aysetrabef, twtei UsttedHe isamealbmone sy, tplnqclarvd\ A:orioxlrd inofthehe |iquid
crystal |ayejyofsthg B-cell is about

EXAMPLE 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 ym, the angle 19 is
about 909, the angle 17 is between 30° and 60°, and the
angle 21 is between 30° and 60°. When the twist angle
18 and the A 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 11, a liquid srystal
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 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, An x d is about 0.6 pm, the angle 19 is
about 90°, the angle 17 is between 30° and 60°, and the
anglte 21 is between 30° and 60°. When the twist angle
18 and O 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 12, a liquid crystal display

device can be obtained wherein the external spectrum of



0.7 um In this case, there can be obtained a liquid crystal display

devi ce having a high response speed, wherein the external spe&4/(0ddf2ah2
liquid crystal display device becomes white in colour in the "OFF" state,
whi | st the same beconmes black in colour in the "ON' state. EXAMPLE 9 In
Figure 2, it is defined that the twist angleg20 of the liquid crystal of
the B-cell is about 120 to the |left direction, d nx dis about 0.9 jj m
the angle 19 is about 900, the angle 17 is between 300 and 60, and the

angl e 21 i s et vieequ B0c st £0. d Wieta t hee J id St b @h@s JIiBi @ndidhe L n x d of
the liquid Gryst 0 he A-cell re defined as the region which is marked
with the o%l#%u‘gl Illrgle{sh%sﬁbs%gvms 'aﬁtel?i i Sltl,ta"ds 1$3tE Pecrapretsalb Lagikspl ay
devi ce can e shtladuyred mherei'lON'he texttear nal  spectrum of the liquid crystal
di spl ay deviggauMpRGongs White in colour in the "OFF" state, whilst the same
becones black in colour in the "ON' state. EXAMPLE 10 In Figure 2, it is
defined that the thAi dtign €,.20t dfs tded ilnieguitd atr ydtealt wdfs tt ha glBecelol i s

about 200 tofth@e l(fduidi " It o4 Rps B-.33bqut Q. bhe angle 19 is.
about 90, the angjl,e 1uji S lﬁgytsweenoBQO an 80(3% glr%d a?’ﬁgﬂ ?H& e%Qlt% bet ween
30 and 60. WAEH OH&eckiian akdine x1dgign@baus A-§ it kel qald dPyssal of

the A-cel|l abeutdeDPpedhas anlaeer @9i 98 BRitGBehs308r kad ¥oPDH Lhe eRki que
devi ce can be

B e S N T
di spl ay devi&eabdcéwps xwdi bé ithe tohoud tnyshel"” OFFthst ateelwhhlst the sane
becomes bl agkrih8dCkOhe! RebP6n R cR  ®Charked with the oblique
lines as shown in Figure 13, 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 12
In Figure 2, it is defined that the twist angle 20
of the Lliquid crystal of the B-~cell is about 350° to the
left direction, An x d is about 0.9 um, 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 An x d of the Lliquid crystal 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 ExampLgs 1 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 sﬁbstrate 7 of the B-

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



EXAMPLE 11 In Figure 2, it is defined that the twst angle 20 of the
liquid crystal of the B-cell is about 200 to the left directi Q4/0/2002s
.about 1.5 ji m the angle 19 is about 90, the angle 17 is between 300 and
60, and the angle 21-is between 301 and 60. Wien the twist angle 18 and A
n x dof the liquid crystal of the A-cell aée defined as the region which
is marked with the oblique lines as shown in Figure 13, a liquid crystal

di splay device can be obtai ned wherein the external spectrumof the
liquid crysthiq MhitEolT8y devi ce becones white in colour in the "OFF" state,

whi | st the same bagomraguleaals, Iﬂhdﬂﬂ<¥§’éh%u%h%n"ﬁ?%eﬁtBF MPLE 12 1 n
Fi gure 2, i&IS deflnedthat thetvmst angl e 20 |qU| crystal of
the B-cell P&raBButP8860ATS etlite 23vept Baiceddt Rom. a hawgrdArseatods 0.9 pm

the angl e lﬁnUSa abaytr QGQarthraH§|e k?gh$eb¢§“@@9039h@99 ga uﬁBgrthe
angle 21 is e nthetvmst angle 18 an of

the Iiquid cryg}telgf”(?f Q?h Atgél I“‘)QFé Ag&eitheda ’s’ﬂhédr‘é@tha\!m?éhOfs mar ked
with the obkhgueppkinascastishawmtowarFsguserdde 2916 fUikle chiystal adi spl ay

devi ce can n er el he external spectrumof the |iquid crystal
di spl ay dev?ge?beggrrgg % %ge?ﬁtr §8| ouEStﬁaf % "thg Recebhridt the same
becomes bl akkauid cefpsataln3fhef" Ehe Btattkl, Eé(Al\RLd}l&dmtrEX@érpl es 1to 12,

h f b h ubstrate 4
the sane effggttFape ber 9bt@h9€ﬁl le@ ey, 99péPe¥Y$}Bs°{}atﬂe 38? G fHEStTate

of the A—ceII and the upper el ectfrode substr at
in Figure 1 Loyer Aepthbed? blientdsebsstat e34 0uf OGN e rlAAEIMPLE 14

and a lower substrate 35 of the lower A-cell. In the
structure of the liquid crystal display device of Figure
15, the liquid crystal molecules of the upper A-cell 23
and the lower A-cell 25 are twisted to the rijht
direction. The Lliquid crystal molecule of the B-czell 24
is twisted to the left direction. The éngle which is
formed by the twist angle of the liquid crystal molecule
of the upper A-cell 23 added to the twist angle of the
liquid crystal molecule of the lower A-cell 25 is
defined as the twist angle of the total A-cell. The
An x d which is formed by the An x d of the liquid
crystal layer of the upper A—cell 23 added to the
ADn x d of the liquid crystal layer of the lower A-cell
25 is defined as the An x d of the total A-cell. Where
the twist angle and An x d of the total A-cell are
applied for the conditions of Examples 1 to 12, the same
effect as that in Examples 1 to 12 can be obtained.
EXAMPLE 15

In the structure according to Example 14, the
lower substrate 29 of the upper A-cell and the upper
electrode substrate 30 of the B-cell are replaced by one
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



In Figure 15, there is shown an upper polariser 22, an upper A-cell 23, a
B-cell 24, a lower A-cell 25 and a | ower polariser 26. Fi gureO]QE/&&éQOOZ
_shows an upper substrate 27 of the upper A-cell, a liquid crystal 28 of
"the upper A-cell, a |lower substrate 29 of the upper A- cell, an upper

el ectrode substrate 30 of the B-cell, a liq@id crystal 31 of the B-cell, a
| oner el ectrode substrate 32 of the B-cell, an upper substrate 33 of the

| ower A-cell, a liquid crystal 34 of the Iower A-cell, and a |ower
substrate 35 SGf UCHd N0kt Recedsy Ite pheduser @@t’urtdaeofsatmheelflfqutdasr yst al

di spl ay devi ¢@aef Iﬁl gurae.pLJeS 14t R@nl baUbHegijsyal nol ecul es of the upper
A-cell 23 agg &?8 r A-cell 25 are twsted to the right direction. The
liquid cryst A |L§C eof the B-tell 24 is twisted to the left direction.

The Ingle which isinf arxlmqilla)s t1heot\1\/5§t iangkeqekihbe Ehgkz“ gherystal
nol ecul e of  the \UBRer A—g ad?edtothetwst ang f the liquid
crystal nol eEGMBEEF f’ﬁg 2 V\étheAp(?éf‘ 9k nemaLifnigonge WfLtotingl e of

the total A-tek| lighaed Amy)stdLWbeChheSA‘FOétTEdlbYT hek Ap xnal fhethe liquid

crystal |aye p el l d the |iguid
crystal Iaye?eg;’ E‘H?U}ng\g? _8 1§§5 5 ﬁge?l né@ Qn?'ﬁbg A3 R bt he total
A-cel | . WherkhetBacelt sisafigl ékand Ot )(qtd1 dfcthetdbtbs dagpledyedire applied

for the condiféons-ofa EXaRPhES det@edd Tt f S. 4 hat
Exanples 1 to 1 c:';m ?35 0 ta|§ de eXA hﬁéaﬁ? tf gcae"ﬁsu@turg’actchoerdl ng to

Exanpl e 14, G391 ¥ bowr sﬁﬁsfr-%e 29 o¥3 ¢ hb upies mesel Y, ald dwshupper

el ect rode ambsx raitef 36h of L1 §ei B-coldtar a dyald aped hy & URSd athe-
Further, th V\ﬁ] el ect rode subst r at & 32 of the B-cell and the upper

substrate 3 e T oY B | ThE o SRR AU % f NAS updte e 65 PiRe

resul ting 04#0mqg§xmp the external colour of the liquid crystal
display device.
EXABPLE 17

In Examples 1 to 16, a liquid crystal whose
dielectric anisotropy AE is positive is employed as the
liquid crystal of the A-cell. Thus the orientation of
the liquid crystal molecules of the A-cell gets confused
by the static electricity from the outside, thereby
causing an uneven colour in the external appearance of
the liquid crystal display device. Therefore, a liquid
crystal whose dielectric anisotropy AA€.is negative is
employed as the liquid crystal of the A-cell. There
results an improved Liquid crystal display device which
does not have the uneven colour even in the presence of
static electricity from the outside.
EXAMPLE 18
In Examples 1 to 16, the electrode is éttached to

the inside of the upper and lower substrates of the A-
cell, and a liquid crystal whose dielectric anisotropy
is positive is employed as the Liquid crystal of the A-
cell. Thereby, although the colour in the external

appearance of the Lliquid crystal display device changes



17 structure can be easy to produce and the sane effect as that in Exanple
14 can be obtai ned. EXAMPLE 16 tn Exanples 1 to 15, it is defi fst/ 0lat2a M2
.tenperature at the point of nematic-isotropic (NI) of the liquid crystal
of the A-cell is TA (k), and the tenperature at the point of NI of the
liquid crystal of the B-cell is TB W A lijguid crystal is enployed whose
rel ati onship between TA and TB i s satisfieJ by the condition 0.86 $ .
1.15. As the result, although O x d of the liquid crystal |ayer of the
B-cel | and blye t ba cednpdrs whangadngy ,t Re tiaMpeikativne ¢hapge, lhgre is no
change in t external calour of the liquid crystal display device.
EXAVPLE 17 Fﬁeé%gaﬁﬁiséiﬁﬁgelgf épP?ﬁdPg 3r Y8LAPIGhB&EVeqPel ectri c
ani sot ropy Akeics rpakeist iwhd cihs agpladyadhad tbethki gppdrcaygt abuef the A-cell.

Thus the origptatd of L,i_quid crystal nolecules of the A-cell gets
confused b t%e g?%figfeﬁggtﬁiggég'fron1the out si de, thereby causing an

uneven coIoéK‘ﬁﬁLﬁhé9éxternal appearance of the liquid crystal display

devi ce.  Ther ef or e 1na glkia@Hi ryst [ cLtrl LSptropyi ftE is
negative is englé;egxgsg#gé ﬁiéaigbérgg?g gof$Fh%£i§%gP%.P%h%$é results
an i nproved!Prqlifg &rgetdl 1sdpepiiagl beva dke opd chithiotke nBtcdbleinhe uneven

col our evenord@etheoppesenne ebfisteiéds SFECighEi sy tstde.
t he electrod% S at{ggﬂi%pﬁ%pytﬁt i nsi de of

EXAMPLE 18 4&%95?%?5 : t§.16é the Azgell the B

the upper and®|ower "Sa58t PA{2E°BF thethe Aetell AP aths Riicrkbystal whose

diel ectric Robwoinppybut srpbstilweshbcenpd oantib e d hies Liwi i & Ysd al of the

A- cell. Trbq'( e‘pgheédiSQOHWeFPear%)laO&H’es!{]or;[ h'ies eaxc:theirenvaeld by the
application of heat or pressure. A heat-cured epoxy or
uletan adhesive can be also utjlised. Further, acrylic
ultraviolet adhesive can be utilised. Thus the A-cell
is adhered to the B-cell such as to reduce the Light
reflection on the boundary surface of both cells.
EXAMPLE 20 |

Figure 16 shows a structure employing a fila state

polymer Llayer (hereinafter referred to as A-film) as the
optically anisotropic substance. 1In Figure 16, there is
shown an upper polariser 36, an upper A-film 37, a B-
cell 38, a lower A-film 39, and a lower polariser 40.
Figure 16 also shows an upper electrode substrate 41 of
the B-cell, a liquid crystal 42 of the B-cell, and a
lower electrode substrate 43 of the B-cell. Figure 17
shows the relationship of each axis of a liquid crystal
display device employing the A-film. In Figure 17,
there is shown a rubbing direction 45 of the upper
electrode substrate of the B~cell, a rubbing direction
46 of the lower electrode substrate of the B-cell, a
direction 47 of the optical axis of the upper A-film, a
direction 48 of the optical axis of the lower A-film, a
direction 49 of the polarising axes (absorption axes) of

the upper polariser 36, a direction 50 of the polarising



appearance of the liquid crystal display device changes 04/04/ 2002 18 by
the" tenperature change, it is possible to overcone the col our Ochahgé 210,02

_applying a voltage between electrodes which are attached to the upper and
| ower substrates of the A-cell. EXAMPLE 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 |[ight on the surface of the substrate
adj acent to the A-cell and the B-cell. Polyvinyl butyral filmwhich is
enbossed is utilised as an adhesive |ayer, ggd adhesion is achi eved by the
application of heat or pressure. A heat-cured’epoxy or uletan adhesive can
be also utilised. Further, acrylic ultraviolet adhesive can be utilised.

Thus the A-celikes X aqgerqq hoatReyBzgekt s ce he | i ght
reflection ona;ﬁg aundarpy gur?ace OO?bgbe vSPF D3E&£ﬁg{ F?aure 16
shows a strucfllfe® 3ﬂ|8§FH§ea FPFnFéfafé‘Opoﬁ?nef t@geWOKmeretmgbeEs

referred to a$aBsbhirbm)ioasakhe) @Pttﬁ@wi{p@ﬂ'é@upﬂ&r aUrPf ﬁ-\;\%e In Figure
m

16, there is shomQ an gﬂ g Folarlser an UP per A-f a B- cel
38. a lower AMF{Fit38" &RaO %ﬁe?pbbi%+|%éfs4® tWﬁgﬂHR?ﬂfﬁ?ﬁsbmshmms an

upper el ect rodeg$ab§2rhée»:éé.n ofthetder& €fdn 42 df QY d d‘;f%%ﬂ' $e O

fofhe
B-cell, and a | ec e substrate 43 of the B-cell. Figure fﬁ shows
the rel ati onsfn ﬁﬁ;egcﬁ f’;ﬁr(%)s ¥ d a 19 Ui g didie e tdiogp gy °d‘evtift,€e enpl oyi ng
the A-film I'#PFf!gqu keqfrodg hieﬂeﬂusa&hcn/m Ba-dajh.bl g tadiiseChingn 43 f, £ he
upper electrgge 6 , i_n irection 46 of the
Lot a8 A { N AR d o GiiPBg 17 o0l LOR ¢ 41 ol

| ower el ectrode substrate |rect|
axis of the Lﬁﬁﬁﬁeqpquan%pb1ng d1rect1on 46 of the lower electrode

substrate of B-cell and the direction 48 of the optical
axis of the lower A-film, an angle 55 between the
direction 48 of the optical axis of the lower A-film and
the direction 50 of the polarising axes (absorption
axes) of the lower polariser 40. In Figure 16, it is
defined that the angle 51 is about 40°, the angle 52 is
about 90°, the twist angle 53 is about 200° to the Lleft
direction, and the angle between the rubbing direction
46 of the lower electrode substrate of the B-cell 38 and
the direction 50 of the polarising axes (absorption
axes) of the lower polariser 40 without the lower A-film
39 is about 40°. The product of the birefringence Anf
and the thickness of the upper A-film ddf, Anf x df, is
about 0.55p m. | |

n x d of the Lliquid crystal layer of the B-ce(l is
about 0.9ym. 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.

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



direction 48 of the optical axis of the lower A-film a direction 49 of

t he” pol ari si ng axes (absorption axes) of the upper polariser 8a/@4/2002
_direction 50 of the polarising 04/04/2002 19 axes (absorption axes) of the
| ower polariser 40, an angle 51 between the direction 49 of the polarising
axes (absorption axes) of the upper polarizer and the direction 47 of the
optical axis of the upper A-film an angle 52 between the direction 47 of
the optical axes of the upper A-filmand the rubbing direction 45 of the
upper el ectrode substFitgwerof! B cial li,s alefuirsdd artgite thd afngltehes 1 isgui d

crystal nol egyl & 0kgé h e gl the & ubb| iyection
46 of the | ower %I %a%t rgtﬁ aerltfinstﬁ%t gr}o %gtel’;‘lmi‘i Wfﬁ‘[ he "disted |gg% %’g of the
optical axi%f ofh¢ hel qwigere racsitidlmmodse carlgl @ 53 heetBmeer Ut He adbloruetcti on 48 of

the opti cal 21)0‘5 & the deowerg ifeflcieli IE‘nanqmet he i r%Qot 13Qn 439 Sf
pol ari si ng axes (absorption axes) és ower pol ariser i I'n“Fi gure 16,
it is definetf t3le pe difgladost ISQ abo M0 d tid chngise 4oni & dabdut 90,

the twist angle lﬁi?pdts MG W %@Q@dt Qot ke nl &f 4 odi @Gt ileRerand silpg angl e
bet ween t he rubhi rectl on 4 {*he Iovver el ectrode substraté of the

B-cell 38 and % e d| rc?c‘t'l dn“'gd B XodaPifsith§ Alayidapsyspeton axes)
of the IO\Nerlap'aaIrardfsetme4(B-\Meuh0tit theukoGep ;Amli | Ih 8RikScabeyt +#00. The
product of bif &l ingen ndthe i ckness of the ypper A-film
| df, Qnf x 52(’3“" D e tges 83 %gé ot BXgnpt Sprhéaf‘l I’&?y%? | ayer of the
B-cell is &XOHWPLE @2 m In this case, the liqui d cr yst al d| splay device

becomes white in @el@urihg tberifhFe 72l ene t@)’gkbé& uhBCy PAR, PegppEs b ack

in colour in the "ON' state. The A-f retc fT1e"Such for
lower A=film is defined. It 1s def1ned that n x d of

the upper A-film is about 0.65 ym, the angle 51 is
about 50°, the angle 52 is about 909, 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 S0 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 1is
about 0.9 ym. 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.
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 15° from top to bottom. The total
amount of An x d of the eleven films is about 0.7 puw.
Further, an angle between the polarising axes
(absorption axes) of the upper polariser and the
direction of the optical axis of the upper most fila of
the upper A-film is represented as about 50°, an angle



exanpl e as diacetyl cellulose, polyethylene terephthalate, cellul ose

di atet'at e, polyvinyl al cohol, polyanm de, polyether sulfon, acﬂy4/04[2002
pol ysul fon, polyinde and polyol efin. EXAMPLE 21 04/04/2002 20 In Figure
"17, it is defined that the angle 51 is about 50, the angle 52 i s about 90,
the twist angle 53 of the liquid crystal mehecule of the B-cell is about
200 to the left direction, the angle 54 is about 90, the angle 55 is about
50. eftn x d whichis Qn x d of the upper A-filmadded to d n x d of the
| ower A-fil nmpbeityeginowthe0.dd recmionhpFsthénoxt dlcatf hheslbqutdectysbal | ayer

E;aagfeBéoeLgﬁkEe%ggggfnggbg E&Akgtthégdﬁf¢errf2§1 LECt 3 that "
structure w theuuprprige eﬂ@mﬁr°¢@fthﬁtsadefoﬁedheIE-csldefsned that 0 n x d

of the uppereprbikRtis a@oysootfi&o@mawea@nalaélbééu Puf, 0, the angle
52 is about 90, the twist angle 5 liquid crystal nolecule of the

B-cell is abbHPP ‘2906‘f6cfhénl%ftthﬁr@%ﬁ?QwFlQﬁbf%%ﬁl%N%%tmeéh efie rubbing
direction 46tht Bheelowehde{estﬁ@d£r§4¢H§réﬂé%(ﬁab£%56¥ioﬁ”5&é¥¥f&kreCt'O“

50 of the po ing_axe absor ption axe f the | ower polarisers is
about 500, gﬁ i 9? g?rgﬁ%rl] S P %ﬂékﬁst?RP$§cﬁ9I'ls heybout
0.9)jm In thHSSt:asaglehESI o fut lke clr iyt iad od-lysspiay malevd e e oyms pahite in

colour int { . ty o s black ,i,n colour in the
"ON' stat eh@eE%&\]l\:/g?_E%Z%G?nz%?muéroz : qteﬁrgcms%’fr %c&rﬁoen Wi atnhaléut She | ower A-

filmis defi4ed. x Ttheo fipplee Wqﬂ%qusctoﬁp@sfedhmtarrcell is about 0.9

Sm. In this case, the liquid crystal device becames
white in colour in the "OFF" state, whilst the same
becomes black in colour in the "ON" state.
EXANMPLE 24

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 0.65um to 0.85um, the angle
51 is 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 200° to the left direction, an
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 559, and An x d of the Liquid
crystal of the B-cell is about 0.9p m. 1In this case,
the liquid crystal display device becomes white in
colour in the "OFF" state,.uh1lst the same becomes black
in colour in the "ON" state.
EXAHRPLE 25

In Figure 16, the structure without the lower A-
fila 39 is defined. It is defined that An x d of the
upper A-film 37 is about 0.25u m to 0.45mm, the angle
51 is about 3592 to 559, the angle 52 is about 80° to
100°, the twist angle of the liquid crystal molecule of



el even filns whose optical axes are twisted to the right direction through
15 Yfromtop to bottom The total anount of An x d of the el e/ @AVRZOO

.about 0.7 j,,. Further, an angle between the polarising axes (absorption
axes) of the upper polariser and the direction of the optical axis of the
upper nost filmof the upper A-filmis repsgsented as about 500, an angle
04/ 04/ 2002 21 between the direction of the optical axis of the lower film

of the upper A-filmand the rubbing direction of the upper el ectrode

substrate OftﬁcheB-BCQBU1$Salﬁtﬁpd’e§(ﬂ]ﬂel(bat5h@-b@élft9@pn anth AN APl g5 bet ween
the rubbin dlrectlogbof the | ower el ectrode substrate of” the Bg cell and

the pol ari sihyt %%e? ¢ so‘ﬂ'b‘?]'b% YEIt N 44t ovis lpﬂj'l%'r|"sl(=!@’rc‘i"s°de
represent ed sas sthoait e 400. t e~ dan lStaran At 581 f ¢ di 1900w M wrey/st al

nol ecul e of t eB— ce 0.0toth left diregtion, the An x d
of the Iiquiff &} b"go“’fx‘ﬁwgp%soé'l AtYen a?B‘cﬁf’t% d % 2bAY% r?tlﬁsssg)ase t he

liquid crystaald vn C)e dberonde vah:uhed icr ysaladuro fi nt Heh®-"c@RR" st atbu thi | st
the same begc coIo i,n the 24 In Figure
16, the str uct aﬁ Snecalsovfert hg |q|uo>l3§”'sS t3ds I?(g\é?lalyt dey i i ned
that L n"x @erO"teh‘e HhﬁmyermAqullomrS?lm ¢ habS\@tF FO'. 8% tm,t @hG.L8%yjthy the
angle 51 '§aﬂﬁ¥“ﬂeé§%é§)ﬁ¥%ckth% %@QB@rSQn'ﬁh%bggh"sgtEQ 100, the tw st

angl e 53 of _the I|qU|d crystal nolecule of the cell' '€ "about 2000 to the
| eft direct FEARPLE 2ésngle bet ween the rubbing direction 46 of the | ower
el ectrode substratie ofiglure Bogelkheasdrubeuder @Gthe0t5Qhe0oRE Ral ari sing

T'of the 11 ButE" T TH g¥rnthne "EECi ol FeTinRosh3s P K di At fRe case, |
upper A- f1lm 37 is about 0.4, m to O. 6pm, the angle 51
is 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 lLower 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 An x d of the Lliquid crystal
of the B-cell is about 0.9pm. 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.

EXAHPLE 27

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 0.5 to 0.7, m, the angle 51.is
about 35° to 55%, the angle 52 is about 802 to 100°, the
twist angle 53 of the Lliquid crystal molecule of the B-
cell is about 180° to the left dfrection, 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 352 to 559,

and A n x d of the liquid crystal of the B-cell is about



the liquid crystal display device becones white in colour in the "OFF"
state, whilst the sane becomes black in colour in the "ON' st &%/ 0&X20Q 2
.25 In Figure 16, the structure without the lower A- film39 is defined. It
is defined that "A n x d of the wupper A-film37 is about 0.25} mto 0.45Ji
m the. angle 51 is about 35 to 55, the angBe 52 is about 80 to 100, the
tw st angle of the liquid crystal nolecule of 04/04/2002 22 the B-cell is
about 2000 to the left direction, an angle between the rubbing direction
46 of the | oheB.el ottbde caabsttht el DhutiHecBysthl dmdptée devécei on 50 of

t he pol ari si Q) axes),i beut O w5 nd An x d of
the liquid cggg?gﬁo%@ﬁ% B&'(]:gFT ?("s? %3. %)?ﬁjﬁ 8H9i§gm6f)'r:1 t fast%fise, t he
liquid crystahibistpthy savecleecorevnebmonttelppnkconouelowr tte tIOFF" state,
whi l st the sgge begpges black in colour in the "ON' state. EXAMPLE 26 In
Figure 16, the structure wthout the lower A- film39 is defined. It is
defined thatE¥MM&LE &8 the upper A-film37 is about 0.4.0 mto 0.6j um

the angle 51 is ab@uti@sle t16,56hd het gt @r $2u i 6h dPOUER SO duf 100, the
et oo e g8 glad e | Lapl g shysel ol ptle, ofython Segll {5 bout 150
| over el ect rumee r sArb6t tmt ¥ of s tavo B- deld end 1hgs diy exttd A AR &1 the
50, and A e b T he ] 1 v ) aPia o T A g SRS ey 1
this case, tteli 9% canalle ¥y sfalthgi dpjlaayi dieasyeset Ple gurkes uMei tod itthecd-our in
the "OFF" steatie,i svidout (s osame thecaeas o e dibnSolt@er ahg (et he " OV
state. between the rubbing direction 46 of the lower electrode
substrate of the B-cell and the direction S0 of the
polarising axes (absorption axes) of the lower polariser
is about 35° to 55°, and A n x d of the liquid crystal
of the B~cell is about 0.9 sm. In this case, the liquid
crystal display device becomes almost white in colour in
the "OFF" state, whilst the same becomes almost black in
the "ON" state.
EXAHPLE 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
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 shown in Figure 18, the A~
film which is incorporated with the polariser, is
utilised in the liquid crystal display device, thereby
to obtain the same effect.
EXAMPLE 30

In Examples 1 to 29, even although a refltector is
provided in the outside of either the upper or the lower

polariser, a reflective display device giving monochrome



EXAMPLE 27 In Figure 16, the structure without the lower A film39 is
defVned. It is defined that O n x d of the upper A-film37 is (ahtdd/RE20

.0.7)., m the angle 51. is about 35 to 550, the angle 52 is about 80 to
100, the tw st angle 53 of the liquid crystal nolecule of the B- cell is
about 180 to the left direction, the angle pgtween the rubbing direction 46
of the Iower electrode substrate of the B-cell and the direction 50 of the
pol ari si ng axes (absorption axes) is about 350 to 550, and A n x d of the
liquid crystaispfayheaB-bel bbtsiabout 04/04/2002 23 1.0. In this case, the

liquid crystal display.device becones al post ite in colour in the "COFF"
state, whil st thepléa%‘/n‘eEi e2BnRP f ke Ig;g?("i#]?:oﬂweiqfst%e‘pt'm' st at e.

EXAVPLE 28 I i gue €e 66nce heo stiraict e vi s hind  tHhe dxadrted dHden3Q i s
r A-film37 is about 0.5 to

defined. It js i n of 1he  uppe
0.6j., m trf'e_ a%% g’ﬁiv%*;@*%@o{{}t&@%st oa%ﬁxctﬁglea{htglléqé‘iq Sraddt 80 to
100, the tWisP gl ée BBeofg twiend impuiad toromst ad i syl agguleheafe inha hB- cel | s
about 2300 tqddieg | &ffs €t efid Ay angl ! the rubbi ng direction
46 of the Iomé&ﬁ%leq;ﬁ%de suggigéggagggtﬁ%cégggwﬁ%gﬁﬁ 3He%8iP€ ti'n 50 of
the polari ity &S (SMRptansh bhesk) idF cot@urovier thsl d0NEes taits .about 350

to 55, and An x d pfgdde Lisheivd @h¥Strall atAlonishE pBodelela chS ag@hQul, ¢0. 9Jpm In
| ay devi ce beconges al nost white in

col our i ERE R b Yol dl b laRe o T S acsnes  BomsSL P Eksr A ¢ he
"ON' state. aBEXANRIEE &3 elcrt ibxany| ede2Potl@ard8ing akedCkHbEor st §8hi ned which
axes) of the polariser. In Figure 3, there is shown a
rubbing direction 100 of the upper electrode substrate
of the liquid crystal cell, a rubbing direction 101 of
the lower electrode substrate of the liquid crystal
cell, a direction 102 6f the polarising axes (absorption
axes) of the upper polariser, a direction 103 of the
polarising axes (absorption axes) of the lower
polariser, a twist angle 104 of the liquid 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 lower electrode substrate and the polarising axes
(absorption axes) of the lower polariser.
Figure 4 shows tha external appearance of the

spectrhm of the Lliquid <crystal display device in the
case where the twist angle 104 is about 200°, the angle
105 is about 509, the angle 106 is about 509, and
An x d of the liquid crystal is about 0.9 pm 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.



is formed by the A-filmand the polariser being in one body. Figure 18
shows schematically a structure where the A-filmand the pol aili&se0 44200 2
one body. In Figure 18, there is shown a protective film56 of the

pol ari ser, a polariser 57, an A-film58 and a protective film59 of the
pol ariser. As shown in Figure 18, the A- filmwhich is incorporated with
ther polariser, is wutilised in the liquid crystal display device, thereby
to obtain the same effect. EXAMPLE 30 In Exanples 1 to 29, even although a
reflector is provided in the outside of ei%ger t he upper or the | ower

pol ariser, a reflective display device givi nonochr ome 04/ 04/ 2002 24

di splay can be obtained.. It will be appreciated fronlthe above description

with reference to ép{a Fgay\@pgfsr éj (l;le ]Ei@pp; tthoat3 x \fl ger esrﬁ)'ﬁcg‘it:hlrg\r/rgnti on

provi des an excellen rquid crys play device
di spl ay, wher®ih adwin Ibfqundd%rytstiaﬂle d$ wpd myt wdiessti gk reaaanies lWhuIﬁi in col our

in the "OFF,. g@g@ dﬁﬁ‘ga&&” Lnec% Of{sélds[en? Stalap(sjatnaets% q,pre 3 shows

t he relatlonshlp axi s o I qui I splay- devi ce
accordi ng t PRAN d’rateal"r'tt e thiec aff fertNon ¢~ 348 ool dhiisi ke oavres

(ab-sor pti ors yFeesyw ﬁté&&wé}ﬂi@fd Sl.eirz}m"d1 & A Hisphene d'e%ﬁ:llo‘m)s

r ubbi ng di rectl on 100 g‘J upper ectro subst rate’ of the Iiqgdid
crystal cel 125 A5 UIRF cﬁbr 211 ch Yot brang r‘r'eq odre diigdidode ystedtrate of
the liquid @Wﬁq&lle odl Imoree ditraactiafh abQR aofpatilre ofolpaniasiing raxes

égFZ?rgf ingnaxrg))sglq absorntp??](fg%% ,D%',?}{l %re, q1%|ur1 gltci'aonsé??) Of \tﬁihgt angl e
104 of the Wilgei @SCWS'ttalonerﬁolaé)@ulee @fn talnellel thdeenyshal poéblmsaﬁgangl e
105 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 liquid
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 liquid 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 liquid 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 liquid crystal display device and the direction of
the polarising axes (absorption axe:) of the polariﬁér.
In Figure 37, 190 is a rubbing direction of the uppér



bet ween the pol ari si ng axes (absorption axes) of the wupper polariser and
t he” rubbi ng direction 100 of the upper el ectrode substrate of 04€04i/@0 @2

crystal cell, and an angle 106 between the rubbing direction 101 of the

| ower el ectrode substrate and the polarising axes (absorption axes) of the
| ower polariser. Figure 4 shows the external appearance of the spectrum of
the liquid-.crystal display device in the case where the tw st angle 104

i s about 200, the angle 105 is about 500, the angle 106 is about 500, and

On x d of the liquid crystal is about 0.9yn15n Figure 3. In Figure 4, the

curve | is a state of applying the voltage, And the curve Il is a spectrum

at the tinme when the selecting voltage is applied by the 1/ 100 duty

driving. 04/04 5 ef er g, to Fl gures ef erence
will again be {ggngdg ﬁ%w;g?ét%\fs{ﬁeg heRwt§ c© O"r'yst1a?{1 di’sA ay
devi ce as di scbbbaigi di dapaneseotamlde Gpesar Patemltrﬁyecudblscr&talttln oYo.

60- 50511. Thigy&n u S n |c id rystal |spI ay device
has, as rrentt'lso%egyg B‘?/epp%s{ﬁ scte glrfgl e of a‘r‘”’ d crﬁstgl nol ecul e of
nmore than 900 Aar &S pad rasds plolbeadrpdricon p’rr)om >de;df m’net hepepper and | ower

liquid crystgdocstiser, M$D &S mtaecumraweuheafboa&gl 81 *ag 4% the
pol ari si ng a{%e)es (absorption axes and the axis direct f liquid
crystal nolec AR GEUht a1 90 difgctlutte ralgnisgre ﬂﬁés‘ﬁalal siwethin a

range of bet wefert 300 waingk £HOQ earnd beeaus.?tafd Mrry%rtfallnﬁgr‘@@luwh% the liquid
crystal display, C in t te of not gpp voltage, its

appear ance |seknqol"'(tjie creygtsal cem j t's aébﬁé’a?ﬁzfn(’," ' c&ﬁe§°[j'|“é€nbt’o

reddi sh yel | dwhe Altélﬁﬂ\me:hl retctte 0In| qelod odr ytdtealupgpevi edecsrodet he state of

appl yi ng 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
lower 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 50°,
the angle 196 is about 50°, and the further n x dof
the Liquid crystal is about 0.9 m in Figure. 37. 1In
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 Llittle orientation change in the liquid
crystal layer 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
fdark". Thus, I and II can visually be distinguished.

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



voltage, its appearance is not black but instead its appearance becones

bl ue. Figure 34 shows an exanple for driving the liquid crystd4/404g126/02
devi ce according to the present invention. Figure 35 is a schematic view
of the prior art super twisted nematic liquid 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 spacer,
177 is a liquid crystal, and 178 is a | ower g | ari ser. Referring now to
Figure 37, there is shown the relationship between the liquid crystal cel
of the prior liquid crystal di splay device and the direction of the

pol ari sing axef (GBIQLRT 99 B4RathsOLot BOLOPI NI SET - cobp Flapre 37, 190 is

a rubbing direction o fe upper 26 e ec rode substrate of the
li quid crystaﬂnéerhatlgmais de Eabbhhgude riactvhoiciofat hiei¢howera el ect r ode

substrate of sb@€1kHGHkqoﬁr¥§§ahe9¢b$d 192 9H R, dif £ef b Orsepfs ﬂJW% that
pol ari si ng axes (a sorFtlon axes) of the upper polariser, 193 I1s a
direction cf the pbfasfathglakesyekbocts it Sesytate the isoviiueol ari ser,

194 is a size of the h%stoa@gleb@\fe;@c&dmr@ cw%raé mloeCthrec of the
liquid crystal ce

S_an_an h |s f r ubbi ng
di rection 190° %?efhé“h?)g%? ré‘f'%?:ﬁgdg‘q% G a St%leaydl é’dtcieor?f192 of
the pol ari si napareesse (ladsor P ¢ 0P akes) &ﬁedﬂﬁédﬂﬂﬂﬂh[Nﬁimﬂ&ﬁﬁﬂiﬂﬁd 196 is an

angl e which ig, og@pgbpyo;hgﬁéupp ; {yri?tggyl 1 Ayzgﬁge .l ower el ectrode

substrate and the direction Iar|S|ng axes (absorﬂtlon axes)
of the | ower c¢xﬁ%@ts¢q$play device becomes green, yellowish green,

yellow or reddish yellow in the positive display, and at
the time uhen.the selecting voltage is applied, the
colour becomes blue or dark blue. The colour of the
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. More
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 crystal -display device
having the function of the black and white display both



Figure 38 shows the external appearance spectrum of the liquid crystal

di spl ay device in the case where the angle 194 is about 200, ﬂﬂe/éﬁél@Q@S
is about 500, the angle 196 is about 50, and the further n x d of the
liquid crystal is about 0.9 min Figure 37. In Figure 38, the curve |
shows the spectrumof the off state pixel transmssion and Il shows the
spectrumof on state pixel transm ssion. Each pixel is driven by
conventional X-Y matrix rultiplex driving. The duty ratio of the nultiplex
driving is, in this case, 1/100. The "off & ate" is defined as the state
of no voltage application or, even under the voltage application, the
state where Jittle orientation,change in the liquid rystal |ayer takes

pl ace. The "Yh SRS TE WefPad s Nadfd St&at? eraé“icﬁlttsa?gés", enough to
cause orienteidtone e PV Lod o r@n AT siot chiapdesy arae iagpla edodt Wl |

be noticed from Fi qur e 3r8matnhcat | is "bright" and Il is "dark". Thus, | and
1 can vi su_a(ﬁ&/o‘bre cﬁs“’ ngui shed. Fi gure 39 is the plot of I and Il in

Fi gure 38 on 04/ 042002 D theaiodowrs codndiindtles xa@pte19312 i . e.

Commi ssi on 4 {U QAL O SN UG R WHAGN 13 st TGN rQIRtIrG o
specificati onﬂtv\pgsa@geci de.deeiﬁrjlre?l%l#. Fi g?ur1e 39 sahows s_t hat rt@ off state |
i s yell ow ard adte and sthattee 1415l ay god Adengrfaudied S9deer ddcetavng to the

prior art quper;dulsted najdtd G ded GwodnCryistedlr GotRlray edeviiag18f, aJapanese
Lai d Open Pg}_ent, Speci ficati orlt No 60- 50511, . tzei col qur of the external
appear ance oft RHE 1GqH Pt st a1¢ dPgpray °@dviced e8i88t§PRASR, vyel | owi sh
green, vyellsawsatanceddish waldoowhotwunt Ha Pdgiutrieve disspl aybsardtat 13t,he tinme

when t he selaecttri ng \éorlet %gesuibs_tggglei qg, tah_eorc;.(gln urtigecgngs ue_or dark
bl ue. The cd ol SPAHE " 15°GT d °Cfyst'al 2di S51'4Y *devicfe 'HelonBg Bark blue in
t he spacer 16 and a liquid c¢rystal 17. The spacer 16 is for

providing a desired space between substrates. The

polarisers, liquid crystal materials, way of giving

orientation to the liquid crystal layer, way of driving,

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

availablg polariser which is called LLC2-82-18 and which

is nanufactured 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 liqyid 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 S$S$S-4008 and

which is manufactured by Chisso Co. Another example of

such a material is the mixture shown below:



negative display state and, when the selecting voltage is applied, the
col our becones yellow. As previously stated, these colours ar@4004/2002
.desirable colours as the display colour of the display device. Mre
specifically, white and black are the nosi%-suitable display colours for
the display device. In addition to the requirenent for a liquid crystal

di spl ay device having a "black and white" display, when it is desired to
make a col our display, especially a full colour display, in conbination
with a colour filter, it is very inportant for display performance as to
whet her the displaying node is "black and white" or not. In the case of

t he above nentioned prior super twsted nematic liquid crystal display
device, the spectrumof which is shown in Figure 38, it is difficult to
di splay red and blue as bright as green. |In one aspect of this invention,
the present invention ainms to deal with this problem Thus, nore
specifically, this inventionins in the said one aspect to provide the

i nproved liquid crystal %§E§§che havi ng the function of the black
and white displ ﬁé e positive node egative
3 |S|0§Hé?ha col our dlspla§3%ag%ﬁg a good

node, and al so t

col our perfornance Flgure i's given as a typical exanple of a display
of the present i t| het the r |red bl ack and white dlsplay and
the required coloq'.J QQXC @x there are sho 8%

pol arisers 11,18, a qdi d cr ceII 2 and an opticall sotropic

subst ance 19. Al so shag elis a substrate 13, a transparent

e 18, SO Oy 0 Grpaneer 16 and o St ST 17
OO /4%
GH{OXO)>-en 6%

GHy 53' Cshln 6%
6y XD Oy 6, 5%
CstHXOXOr i 5%



provi ding a desired space between substrates. The polarisers, liquid
crystal materials, way of giving orientation to the liquid cryos4 AD 41/2/®0 2

.way of driving, etc. used in Figure 19 are the sane as the prior super
twisted nematic liquid crsytal display device of Japanese Laid Open Patent
Speci fication No. 60-50511 and prior tw sted nematic |liquid crystal

di splay devices. Figure 33 is the spectrumof a comercially available

pol ari ser which is called LLC2-82-18 and which is nmanufactured by Sanritsu
El ectronics Co., Japan. This is an exanple 80 a polariser. In Figure 33, |
represents a parallel state and Il represents a cross nicol state. The
liquid crystal nmaterial used in the present invention nmay be a nenmatic
liquid crystal whi chnhasdepgogiot ikeepditbeetwris¢ednissotucapye Gnebdxanplte of

such a mater{jal gbs;itheenker igdl S Q8 ,and. mhlch IS
manuf act ured by Chi sso Co. Anotﬁgr@gigai cgm?wﬂg§§h$§ é&ter 94795 t he

m xt ure shownt Hef bat BAFGHIEGOZPFEQQFCQW ecampt8sH?f Giuch Eoep®Tndd YO
der to keep

CxHs Q00 . §HeHBOI® anhueseeg}earﬁly aﬁxt%of}#ggoﬁougi? shN¢Q
the tw sted structure itabl is desirable to dope chiral ounds in

the liquid crigharhag ‘Eﬁr%elrorefé?ﬁ’eﬁ'%kén{a%%%ﬁcsucndcbrmbandg are
CB- 15 (manuf afedsur eelf byhBidédi she Di g Houses) for right handed helix, and

S-811 (nanUfaCtLweﬁkgWEp@{Sg)again to Figure 19, the optically
anisotropic substance 19 is the key component. Liquid
crystal compounds, uniaxially expanded polymer film,
polymer liquid crystal film, and liquid crystal
compounds in the polymer matrix are usable as the
optically anisotropic substance. These examples usually
show uniaxial optical anisotropy. Substances that show

biaxial optical anisotropy can be used in some cases.
Nematic Lliquid 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 Lliquid crystal
layer and the optically anisotropic substance layer can
be overconme.

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:

{o@«; @-OC(CHP)&CWCH; H @ﬁ@oc(cm), CE’—X



for left handed helix. Referring again to Figure 19, the optically
ani’'sotropi c substance 19 is the key conponent. Liquid crystal Ocohpdueds)?2
.uniaxially expanded polynmer film polyner liquid crystal film and liquid
crystal conpounds in the polyner matrix are usable as the optically

ani sotropi ¢ substance. These exanples usually show uni axial opti cal

ani sotropy. Substances that show biaxial optical anisotropy can be used in
sonme cases. Nematic liquid crystal, cholesteric liquid crystal and snectic
liquid crystal can be used for the opticall w4 ani sotropic substance.
Preferably, the sanme nematic Iliquid crystal conpound is enployed for
liquid crystal cell 12 in Figure 19. This is because the m smatching of
birefringence di spekshpn eketowean qulida kkqukdtc&»&babndkayartamd t he
optically anlsgtro iCB?ubstance Ia¥er can Exanpl es of

o]
oh il 1y RALKDER Bofyis: e moabe=efobyviig falLGHaNS baPpeceats-
polyethylenesxa@ﬁlyetheraﬁndédamdypmbysubhpnunén exanplelehdpawyner liquid

crystal fil t he | en e and po t ryl at e.
O her poly rﬁfquuapgixg? 5 fhgﬁgiogﬁk%P ? ggggn 5’ugigﬁ ﬂéﬁyner l'iquid
crystals thatomgboents caobesthdriat phagenantsprefepables Ohepsigherexanpl e

(5 a5 o ven s Lokl gue. c.0:0,F0PL G 4e nDUD 2001 2 Examples of 11 auid

crystal conpounds int pol ymer rix are conposed the foll ow ng
conponent s. PExanpt escvinylgand epyxeaideonpbumdefareed pxendlef ofphenyl

cycl ohexane,{ @h@#yétgvctemsxan@ iR PRENYS Ly ROFPRNEPS s and,chiral

conponents. Exanpl es ‘of pol yner,

rottows: csﬁl@w'ocwf /7%
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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 Light.
Generally 181 is the natural light, so that it contains
all wave lengths in the visible region. The polarising
direction of each light is random. After passing

through a linear polariser 182, the incident Llight 181



[ [ ol ynet hyl met hacryl ate, pol yaceticvinyl and
matrix materials are poly y y oo | oA N0 45 YO

olyam de. A preferred exanple of"a liquid crystal .
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"CINf 00 /47 C-N-OO~61 OGNWP-0000 H~'rH,, 30~ CAN' O O 4 It
wi || be appreciated that, in order to be fred2 of a colouring state, the
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are shown as being _
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 hereinbetow, 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 lights
1851, 1852 and 1853 show that there is a difference of
polarising state in accordance with the wave length,
These polarised lLights 1851, 1852 and 1853 finally
passes through a Llinear polariser 186. It Wwill 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 Llight, 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 Light (550 nm wave length) is stronger than that

of blue (450 nm) and red (650 nm). The spectral



representative of blue, green and red. A set of lights 1831, 1832 and 1833
passes through a liquid crystal cell 184. The liquid crystal i®4{RA4/12¢02d

.crystal cell is the optically uniaxial anisotropic nedia and in the
liquid crystal cell, it forms a twisted orjentation. How they change their
pol arising state when the lights 1831, 1 and 1833 pass through the
above nentioned 1liquid crystal |ayer, they change their polarising state

i's precisel Yo 5 £di st abh! ¢ byh y\gayr é);u G2l %“&)‘tl ons. nerl,t1|qom1ned erei nbel ow. For
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exanple, in the case of th CD, e spectrun1of Is shown in
Figure 38, R ohldfits nbhestmlt@s ddeéd‘rﬁe stalmes @ eshdwn oas th@5k0 (g2 and
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only the conponent of
direction ofi fﬁéfﬁ@warﬂ§eﬁh§86 tbanppassnthrowght1bm asaex ®ep Dbsegyed that,

in this casgy Fhguirat @asi Ot hed | .engt is
st ronger thay thgfr@o?@ th Ehe Sﬁgp dé%gg%ne%¥@%$H31k %?al
04/ 04/ 2002 tB% 8Rp éééﬁénaﬁfS?HF%p?%s%WQSF%"Qﬁe "forithe&igure 38. Figure

39 is the ptetvehitheesafreexpbahdt ioh j hen Cobod i t £ di Paf £, Thus, the
g}r)'t Io(r:a|STN-L m&@ﬂe,q?t lecgptayt% déptgwalloyl Oaur1r1esdotarpoppe1acrqsnucbestbaenccius2e8 of the
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 Llight 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 anisbfropic substance 28
functions to cancel the difference of polarised states
that are caused by passing through the liquid cell 24.
In order to make it clear, the optical function of the
lLiquid 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. %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 "y~ 1o
means the inverse transformation of "M", then there may

be obtained the formula:



ani sotropy (birefringence) of the liquid crystal layer. Figure 20 is a
schematic drawing to explain the "off state" optical character(j@)zbq?/ijoz
_the present invention. Conparing Figure 20 with Figure 36, the difference
is that, the present invention as exenplified by Figure 20, has the

addi ti onal conmponent 28 which is the optiéally anisotropic substance. For
the conveni ence of explanation, the conditions of each conponent, except
the optically anisotropic substance 28 and the polariser 26, are taken to
be the same as that inPthe=s cesk ©ofpprior STN-LCD shown i nghi gure 36, and

whose spectr i ho in Figure 38.. Thus, the polarising state of each
wave | ength "“|£2@g‘lh€ft'S %51\,%15 aén'ge PR T IS 3daty St RE LAfe Ld§%"f8‘512,9111852 and

1853 in Fi g% @6 rahectfinm yfo fmadh eel(7) pandal By ,pahaririesad yl ibght 251,

252 and 253 passese d o, tHa Qptical ly anisotropic substance 28. This
optically anisotropic substanc_e‘ 28 functions to cancel the difference of

pol ari sed states that Par'e Tdused ¥y *p8ssi ng through the KPQuid cell 24.
In order toineke idiLedrearhatt:he optical function of the Iliquid crystal cell

24 is defined as "M'. F.q polarised states of the lights 231, 232 and 233
are defined as "p". There i & fhén obtained the formula: P16)= M* P (7)

where P neénsthleeepdlsanibzadneidat es of the lights 251, 252 and 253. If the
optical function of theg.qpLi g,al | y anisotropic substance 28 is given as

"M 1", where "M1" neans the inverse transformation of "M32then there may
be obtained the féoemalda 410402602 tB4t Pthe pdtdrisd {Bitwbese Pit neans

the polariseglest agResobszyhezkbabis 284, ¢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 Lights) 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 liquid crystal cell 24
and the optically anisotropic substance 28 can be
ignored). A colourless polariser can easily be chosen
and used. Thus, the Lliquid 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



292 and 293. Fromfornmulae (7) and (8), there may be obtained the formla:
Pitt=M1* M* P (9) It is clear that: M1 * H=1 (1G So tlger04¥2002
.Obtained: PP' =P (11) Formula (11) neans that the polarised states of

the lights 231, 232 and 233 (P) are exactly the same as 291, 292 and 293
(Pit). Since the lights 231, 232 and 23 are the states just after passing
t hrough the linear polariser so the e lights are linearly polarised
and their polarising di rections are the sane. Thus the lights 291, 292

and 293 areeasagslinearhy polgetoed epds dDef polay il ng directions are

t he sane. th he directron of the polari b corresponcfs t he pol ari sing
directions 8f fi A@atkiight andotthe 2bmp ‘ah@af2l93hct$1e&mdd giita searh pass t hrough

the polari sesnaﬁt%hhewttﬁba@g&cﬁolgthM44%1;;12 slub 2 up AN AT & e

exactly the_same as 291, I case, t he spectrum of the
lights (270urbhernone, asee bt herongdiiel qrertyt t6 45 ghitra)e sipe c tiigentdfcal to t he

spectrum of uhhe PQEaEbﬁ@{tU&edoﬁ%e Sﬂmyma rt,Fys%rte c%?ul 4s(For the present
pur poses, the ance and | ect by the stal cell 24

and the opticall yf‘én?g‘?)‘f‘fob‘? ce"éhlt?s’t“an 2%’°d’e?n %@d‘%dﬁﬁr'ed%e A col our | ess
pol ari ser camleai;ohyhb;e edosen  taied Wisadid El‘l'Ly%tatl,heeHILQUItdeﬁr ystal display
device of t V, on ¢ efr e of .col ouring. Tequestlon may
still be raéfe%‘efg e'{%tepattlh aé‘gdﬂ &'t & et A4t 88t‘|58§9f’§? &ni sot ropi ¢
subst ance, .s4that aneani metides tlhemmivesrfyé ttarlardsfscmtlaut denmiaganasbrdieg

tranSfornBId&”EH%’ﬁ#ﬁ%édénﬁ$téﬂkﬁ%%ahsc%%Bwnrqglk¥ggﬂéoé4?00;igure
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 liquid 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)
of the upper polarised substrate , 37 is an angle
between the direction of polarising axes of the upper
polarised substrate 36 and thé 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 tayer 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.



35 exists. The answer to this question is in the affirmative and the
Applicant has found that such a condition of the optically 04/04/2002
. ani sotropic..substance exists. Furthernore, 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 devisge according to the present
invention is shown in Figure 21. Figure 21 corresponds to the liquid
crystal display device according to the present invention as shown in
Figure 19. In Figutle 2dongilt iena afubbieng idiuractiron taft the ( l,quer, gl.ectrode
substrate of ttebd iQiu tal. cell, 32 i rybbi ng direction of the
upper el ectrode subtgtklr g;tag{‘ygafs t’hneetlhleqtﬁ’ird °6r§§?éFC8ePF, sBgvpsia dheection of
optical axi S PR YHE Qfr fFdce nehiddh inemepposetet owtbe. ahbgui ¢ gRystal cel |

of the opti cdliluianicroistani Q aS¥RSLANGR. 34.,15 a.difegtiop of the optica
axis of the surfa ich is osed to tfe pof%%fé% §6B§t?gtésof t he
: mdldled¢e W G ﬁ@B i Bet i b &
optically anisotropic 8d8st &R0, 38diAnaxdirbetnate ofopobasbsing axes
(absorption 8x8spmof tShe lawewhnekashgeGnsubStTALE ¢ o3; § F, 2, diregtion of
pol ari si ng aéﬁﬁlé§h§9rgg'991 xe8)  f ihe Uppe;%§§~arliggeSU%ST?at% rised
an angle between the directi OfSof PBIEPE s ofth uppero pol ari sed
g : ol . : ; i
substrate 36°agd6?héydgzee§§ogpme S)p)lbtﬁfdce%ﬂtﬂme @cpethc}ﬁdtﬂptﬂ&@dnlysf  cal
ani sotropi ¢ sheSEaRECaS4shedn | Pn aP; o AN e Ly ry 134 e e o o1 optl ca
axis of the opticall anisotro%ic‘%ﬁﬁgf§%b€a§§tdnd‘§4FQ§FW%;%nto angl e
%g ¢ Y. . PP

bet ween 33 ahWf 32097 iag as 53 be- of Hawry dnyi Sin amgl & asef uthgd i qyed crystal
layer in theeddmpi e, crysted qerd lory and 3Q s ;an angl e between the rubbing
direction of the ljiquid crystal cell 31 aﬁd’fhgsﬁgréétﬁ i of polarising

opt ldq y

Ptically anisotropic substance, wherein the twist angle

of the Lliquid crystal layer 38 is -200° (namely, the

helix is opposite with respect to the Lliquid crystal

cell for displaying, and the absolute Qalue of the twist

angle is equal to the_liquid crystal cell) and An x d is

about 0.9 um, as shown in Figuré 22, the spectrum in the

off state becomes approximately flat. The other

appertaining conditions are that 37 is 45°, 30 is 450,

. ’

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

?rystal cell exists. So Figure 20 is not imaginary, but

1t 1s reality. So the question may then arise as to

what kind of conditions the optically anisotropic

substance must satisfy. The answers are as follows:

(j) the product of birefringence (An) and layer
thickness (d) Dnaxd for both the liquid crystal cell

and the optically anisotropic substance is the same,



axes of the |ower polarised substrate 35, respectively. 04/04/2002 36 The
conditions of the liquid crystal cell are made to be the saneOd/ 04 /12002
_prior STN-LCD as shown in the spectrumof Figure 38, nanely, the tw st

angle of the |liquid crystal layer in the liquid crystal cell 40 is nade
to be about 2000, and An x d is nade to be about 0.9 j,m So, the
whi t eni ng under these conditions nay be explained as follows. In the case
where there is no optically anisotropic su §tance, the spectrum becones
the sane as shown in Figure 38, nanely, it enters into the colouring

state. Howeve@hrz:in the case where, for exanple, the liquid crystal cell is
used as the ti*call ani sotropi ¢ substance, wherein the tw st angle of
the liquid crggf‘af’)l hfefebl 7s(A200D ¢muied Wiy tdrei sdueddpd d SsopPEside with

respect to the liqued eryst@iseellqfor, A vi ng, , and t he absol ute val ue
of the twi stinagﬁl e is e‘ﬂual o the fioq_uilaptjcratyﬁ"gild dMytand aes d is
about 0.9j, m"aS"EhbWAUTh Fipttel 22 L Hes sectsane ias tthe tafifstst ate becomes

appr oxi mat elgnglatof Thiee od;marcﬂplgerat,aisrytr}g,pciqn@utbisqg%caer e atnkcliatt h37 is 450,
30 is 450, ta,ppst’Sde,secQtOpo.n Thef sqpe%trum of Figure 22, Wi ch'is "€ plotted on
a chromaticity diagrami's shown GoF"Ficdurtde®3are pppgseidedr ehath an

appr oxi mat eldt g4 e col our can be obtained in conparison with the prior

met hod as shown in¢3)Figw ,3§. e.above shows that the condition of the
optical 'y anisotropic substnéﬁcfe-g?héﬁacaﬁsrrégé fRatej RgErgent thmsfor mati on

agai nst t[unr%ﬂbkqﬂaqﬁﬁﬁﬁﬁdonCPYSﬁab oebkerekilstsro®e Fugukpae@ B3 not

na of tondi Li.gns Lhe. aot| el Ty ant E5tPBp! £9 L IotR LNEE ROLE st i sfy. The

ki nd of condsiutbis(%ns t he o;t)tl cally ani sotropic¢
answers ar e >S9 Sf3Ncswen he surface that faces the liquid crystal

cell 33 is 90 degrees.

When the above three conditions are satisfied, the
off state of the liquid crystal display device of the
present invention is free of colouring, no matter how
the value of An*d and the twist angle would be.,

The above explanation is all for the "decolouring"
of the off state. In the present invention, the
colouring problem in the on state may also be solved.

It is complicated to explain the reasons of
“decolouring” in the on state. Nevertheless, the liquid
crystal display device of the present invention is free
of colouring even in the on state.

As explained above, it is necessary, for being
free of colouring in the off state, to satisfy the above
explained three conditions. However, in many tases, it
1s not necessary for decolouring to satisfy the three
conditions. Figure 24 is a dfawing which is given to
explain such conditions. Figure 24 corresponds to
Figure 20-except 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 Llinearly polarised, unlike the Lights 2%1, 292
and 293 in Figure 20. These lights are slightly

eLliptipaLly polarised and the directions of polarising



i i i ckness (d) &n*d for
t of birefringence (An) and layer thic _
gé%htPﬁep[?gﬂfd crystal cell and the optically anisotropic sulfstAadde 2002

iz = (4n*d) optically _
4/ 04/ 2002 37 viz: (An*d) LC cell (4n*d)
\;E?sggpgbig substance (2) the tw st an?Le ?f_gPe ;hgrgdogrzﬁ;agp%?zg[l;n
. : e twi
the liquid crystal cell is the same as ! \ angle of the optic
i ic substance, and the tw st directions o
ggbigégofgceach other. (3) the angle 39 thgttiztéhgzanghg Pﬁémgg?izgf i s
i i i ' | ectrode subg ~axi
rubbing direction of the upper e f the | i ani g
i i the surface that faces
of the optically anisotropic substance on [Tace that faces th
33 is 90 degrees. \Wen the above thre .
gg{?;?:edceihéesoPFestﬁé%GFnﬁhe Cogueduenysyal tblé Spheynseyicefof pLhe

. *g
present inventigansi $7ireazef apal @wki 8F,,NQ FRBEFF%%9¥/L%F$t¥gLUShg 03]
d the tws Le woul d _be. The above explanati S : -
?gecolouringbeﬁgngH§70ffFgfafé?mPhethé“pF Seﬂ@;eranMHgnhoﬁﬂe%1§9§oF;ing

problemin tﬁésghosbdténnﬁyaab§e ?ﬁésgﬁygg%ﬁ%fr%ﬁJgfgﬁ%%ggég ?ﬁgtgiguid
v olourtng" i ) : _
2?55{gﬁsngpfgysggsﬁcipoF1?%Eep$%s%ﬁq P B entqtorPn & Wer e Laofr col ouring even

in the on st@?@rdpeabxpf aiseakmboverigdrd emecaTS AN, lczcﬂ?eﬁeﬁ?seeéfee of

Conatti og! rE’Iwe péfz@,'ﬁla%gsnt tgia’ieg?sg hSeT %/L gqngtsﬁ%’%ﬁeégggaw 683 decol ouring to
i i I ! - . . .

ggtn?!s;lyotnﬁé t’rﬁ‘ﬂ\éer%’tynoﬁftq d}r/Psl.afH‘Sgiurge s2aties afdeawpadswhipChnics Gven to

expl ai n suchheongitdi NSy RIGWEA < iCOLBIRANGS L9 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. 1In 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



Figure 20 except that the polarising states of the 1ights 691, 692 and
693, those are the states after passing through the optically gy gat/rxapi2
. Substance 68, are not linearly polarised, unlike the lights 291, 292 and

293 in Figure 20. These lights are slightly elliptically polarised and the
directions of polarising 04/04/2002 38 axes are different. Consequently,
the intensity of the Ilights 671, 672 and 673 show a smal|l wave | ength

dependency. For exanple, in the case of the conditions disclosed in
Exanpl e 20, the spectrumof the off state jlgs shown in Figure 26 and the
pl ot on the colour coordinate is shown inFigure 27. In the conditions of
Exanple 20, just like the lights 691, 692 and 693 in Figure 24, the

pol ari si ng stidweid ad tyed t Ha92yRG LR QUGh ( 5th tical ly anisotropi
substance argg €] ]ipt |lceal1hlr$/ gol ari sed. I—ll(;\t/(\]/eu\(:};g(r)IQ rg(s%qsar%oﬁﬁlilﬁ ﬁ”ﬂu?g 27, it-
has al most no ‘ColoWt.¢ Tl eerndhe E¥PLi§9a digesitdani #F ocombleti on of
optical |y ariogctn gplier towidst andet revenoifn t hehe ;gRdi EF?Q?aEhQELW L1, gnot
satisfy thetqhoys th&en 9Qngift%_ﬁgs. Ei ure 25 shows the condition~in the
structure shown in Figure 24. ThtsP® f’g&?é“ESaéP\BV\BftﬁEe kevearionship
bet ween t heP8pRird#l&ny ani sotropic substance, the liquid crystal cell and
the polariser in frragehergp. ' e 70 is the direction of the
pol ari si ng aXili (absor pti onpa‘;(.ilggﬂo%y{ hgggf)%ré?’ E%T af et ioms jkhate
direction of 'the"8pt FRANS&Xi shofabave bipteeat dyd imieod ropi ¢ subst ance, 72

is the rubbbhﬂgerdbtectiouﬁleocffthppgagg,egt{ﬁdg]astubﬁ;erate of the liquid
crystal Ce|é0m¥§FL$ane rubb#ggldirectipn of the |l ower ~ el ectrode substrate
of the liquid crystal £efYa? i% Pl e ecth e ofmaree guollarsissi ng axi s
(absorptionc@keey. An example is shown in Figure 33. 1In Figure

33, both the spectrums of I and II are not perfectly
flat. 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. 1In 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

pPresent invention. Figure 28 is Llike figure 19 but with



of the I ower polariser, 75 is an angle between the direction 70 of the

pol'arising axis of the upper polariser and the direction 72 of04he4d20@2l

_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 el ectrode substrate of the

liquid crystal cell, 77 is the size of the tw st of the 04/04/2002 39

Liquid crystal layer of the liquid crystal cell, and 78 is an angle

bet ween the rubbing direction 73 of the |qgwer electrode substrate of the

liquid crystal cell and the direction 74 of the polarising axis of the

| ower pol ariser. For several practical reasons, the conditions that wll

not sat|sfytuhe:ahmwma&rvsmasCQQdmblan5f@wentp&em©h@bked One i@l rkhese
reasons is t.hat t cq rC|%I Zblabl pol ari sers hagg nore or |ess,
col our. An exaﬁBI ' Sholi?™ 33N aﬁljﬂFe°p§3°a ¥h the spectruns
of | and IIaansqnnoqxwﬁﬂﬂmhyncklak1sTh|sbnnansnnobelon kesstldquodred. It
i's possible, t ett egql n ch i roper

cryQudR! AG @ ACGR| QUERNG SERLELBY.CNORS! BY, PEGREL

conditions of “the opti caII anlsotro I ¢ substance,
three condlﬁhdﬁ§tfﬂm‘§ ﬁybﬁéﬁgﬁbleSf@bleb@?hr?neventBeaceland1nbe of f

state. AnotBgk iF@as0R sl Sholhe w eyghle 89l enakDrg00F ttapidagsystal cell
conditions, other conditions of the optically anisotropic substance is

nor e preferéBIé £8r rE™PVEndBEecohAYr&nghant i fetxbdves bavReivof@igerens. The

above is anzexplanatloﬂeOEbbhe YRp Lonst kbRdpeLoteoptbCohe Ycanl$01§QPI C
subst ance th t in.the str own in Flgure 19. In the

structure Bléﬁpg f9ﬂp9ﬁy§5ﬁ?Fﬁhff§°%n? ofFSp?i stbdt enceinely

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 light 291, 292, 293 and so
on can not pass through the polarising plate 26 so long
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 c¢ross nicol as shown in
Figure 33 by II. (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 tike the liquid
crystal cell and so on, will now be given. The incident

Light to the optically anisotropic substance is



| ocat ed above the liquid crystal cell 12. However, it is to be a 8 ec | d
that the upper and lower relationship has no relation to the éh%r 2
.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

anot her exanple of the structure of a liquid crystal display device
according to the present invention. Figure 28 is like Figure 19 but with
04/ 04/ 2002 40 the simlar parts being diffgrently nunbered. Figure 28 is
different fromFigure 19 in that the optically anisotropic substance

exi sts above and below the liquid crystal cell. Even in such a structure,
t he optical | ywenanabty ophe sUbspahcel iys pablleertsaed elnbytet § hergel ouri ng

entirely as showy it £ g & 20r Nl WAl ida (5, 900, able Lo gemve (he

colouring entirely as shown in F| ove ekl h relates to
t he conditi oﬁ"t(?f"%mﬂ i ot e gl'ps‘rmmn®s1m m‘n tohfe td'fec States hamely the

nor mal | y- on $Te%tr<@smeed<nj16tr}at“pé1 W ddmanQW 18 A V81 |, h J es (f:ct to t he

condition having the low transm ssion of the g f' sta e, nant
nor mal | y- of f € OSPRNEN TP e tdfef PAhrdissithg IeilpmentoRs 2020203 and so on
can not pass through the polarising plate 26 so Iong as the direction of

the pol arised axis of the pola@ised p Ila(gu@ﬁ{f in Figure 20 is
perpendi cul ar to the pfla~iped substrate 22 eréef pre, tHd Ppectrum of

the transmtting Iight coin |@.§s @mptt@gjgpectﬁ%y f the polarised plate
in the state of cross nicol hown in Figure by 1. (For the present

pur poses, the light absorption of the liquid crystal cell and the
optically anisotropic substance and so on can be ignored). The

In the above formula 12,cﬁ is an amplitude of
the component, w is a circular frequency, and Pis a
phase angle of the § component, respectively. However,
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:

Qx

s
- ex -5 )
g=] 7Yax'vay P_< 2)

Q% exp(i$)

Vax +ay’
(6= Py-¥x)

The polarised Light E of the formula (13) becomes

(13)

a polarised light E', as the result of changing the
polarising state by passing through the optically



condition is the nost dark condition which is obtained by using the

pol arised pllate as shown in Figure 33. Therefore, according t@4he4prapent
.invention, the spectral properties having the desirable best flatness can
be obtained by using the optically anisotropic substance even in the
normal | y-off state. Thus, the renoval of tbg colouring can be realised in
every case. A practical nethod for calculating the change of polarising
state of the light passing through the optically anisotropic substance

such like theahiigditdopGeysidls tG@lcle .ang R0 6BR .5 iyl w_be given. The
i ncident Iight to the opticglchgnisotrog?c1§u6§?a%§ésfgrgﬁfd4/2002 41
general |y the 8PFFpPFEal Py gBr4re8&ad| PYhe. 2TKe2 Wehesemeertixacs ieh t he

elliptically pekabiﬁedthbgbboveXEeBdEHGrRQtﬁbﬁ.paﬁBFiXQaQErQCtﬁRn f, the Z
axis is repres nted with the colum vector, in which x a é ¢ 'ComPbnent s
are defined as ?ﬁe”%?%%eﬁ?eagpbéF6%}¥ 2% eXproriyt sePxtince(i2)a Q- exp L

(W + P ) In 4miaabovel {oeanl ae 12645 é&cﬁnlam?'{EydﬁopfmePh?a%ﬁgomonent,
i the | conhpohent,

wis a circul frequenc and,' is a hase angl e of

respectively:éﬂ%wéﬁigg m%irlﬁi 2tf%&£i%$%%%?£ﬁ% Epkbewie phase of the
vibration has no re[ateof erRéf g, Sitiee R ) 2raiue ms.y6 g5t absol ut e
phase of the foEyuI@ (12) are renoved. Further, the polarised copdition is
represented wt &thel normalised Jepes vector as the follomﬁgg for qyLn

3

(13), in which the ikt &i®eosd Sagh comPenpr(tif9ramised i
normalised: a" e Z1Ip (thel atlove @otliMaZ 1%3) g is an angle between

ng fast axis of the linear retarder and the x axis, and
is a retardation. The retardation is defined as
An = 2 n «x d/XA usingAn x d of the linear retarder
and the wavelength A of the Light.
The polarising state passing through the polymer
layer is found by functioning the Jones matrix!268, of
the formula (14) from the left side of the incident

Light vector E as follows:

E'= Ras 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
matrix of the formula (14) one after another in
accordance with the order that the light passes through
from the left side of the incident Light vector

) S
E = Rangn Rana.gni -~ "Rozo2Rars1 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 lLiquid crystal Llayer
is divided into considerably many layers as shoun.in

Figure 29(€a), it can be represented by the subsequeénces



ay - e- x? a-V cx The polarised |ight E of the fornula (13) beconmes a
pgl‘ari sed 1ight E'), as the result of changing the polarising Stdef @452 002
. passing through the optically 04/04/2002 42 anisotropic substance. The
optically anisotropic substance is represented by a 2 X 2 Jones matrix
which perfornms the above transfornation.450r exanple, in the case where
the optically anisotropic substance is a ni axial |inear retarder such

li ke the polynmer layer, the Jones matrix is represented as follows: 11 6
) +siiteexp¥! Yheitin9gtd56synRal elye(slMhidi Sid trocoSOisited as I et ween
COsOexp(i zi S I a ais an an ee

t he fag'g axsf@\g? fggqgl}lrj]%agr@?g?grdgér)macndo{'{?él é\ cra(ncf 4§

retardati orfNiHe tetaetaty bht¢d, dief i the L{9('516H<4ln!lE lzmerarx rtb’f,aZ‘dm pgdn x d of

the |inear Jcattaraiserth@n,siotm M/aNaeJeﬁﬂ,gtthanfpotﬂ}% 1ls'19\*2;t s oG RY qfsing state
passi ng through the polyne | ayer i's found by functioning the fones matrix-
Rpe, of tHe $Yr A ’('l%)“?‘i?#ﬁ't He e dritaudidge rafs e ciedd d@m bel i ght vect or

E as foll 0W$>urE DRAHE damd e thase ashame the eoptfl Qalklin adihngokbaRri C

subst ance i s for am nating sone polynmer |ayers, the follow ng
formula is rodid b;./laf’yen"tlosnl"hed‘ r?é'efoﬁg?’enatrl x of the fornula (14) one

after another inWith using the above method, it is to be given
that the angle.40 of Figure 21 is 2009, the angle 38 is
-200°, the angle 30 is 459, 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 liquid crystal cell
of the optically anisotropic substance are 0.9pm,
respectively. Under these conditions, the polarising
state is calculated by dividing the liquid crystal Llayer
into 20 pieces. The transitions of the polarising state
are shown in Figures 30 to 32. Ffigures 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(a), the polarising state of the
linearly polarised light 121, which is incident Light 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 linearly
polarised Llight 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



accordance with the order that the |ight passes through -fromthe left side
of the incident light vector Inb' = ROmwn RL - ..... ~A 2. Q2 74/ 84 MhgnHe
_the optically anisotropic substance is the liquid crystal cell, it becones
difficult as the retarder due to the twist orientation of the I|qU|d
crystal nolecule. However, if the liquid crygtal layer 1is divided into
considerably many |l ayers as shown in Figure 29(a), it can be represented
by the subsequences 04/04/2002 43 of the liquid crystal Layers which is

not tw sted as hown, i n, Fi ure 2 nce, the liquid cr taI Jayer
which is nota? '§'Eee\él\p'?‘§’ "Unt %X|%% t TR 4 " the
pol ynmer | ayerthe hiei measleahg sTlaeeebdrehethd ngh:h dh&ﬂ:Slmlg;htthl’tQiJgjhet he

i nat i g sansto i S P e LU oL et i AR oAl o B DR P HIe. above
met hod, it i §t{lbsttﬁ§'fga vadn erth’attelmetm@aamel@ocifa rl-‘usgmlrge s2bties 2@0idcet he

angle 38 is 1Z000s¢ddte 1@%&?’%‘% r‘lé%arté]l?es%nglfe ?l’\7 LS v it 9l € 39

is 90, and both of, 6n x of crystal for displaying and
the liquid criy'& aiiadd |as oq‘letarfet)bp"(’l‘t‘w IV%’hl@@t”rrGr?l é’s@lﬂgt asee idrdso. 9p m

respectivelypddyhariet Resa H?eorldi diiNSe r i e PGSy A e vSlcat BalS nGalthldl at ed
by di vi di ng %ge Iclt%wed cr st | ayer  into 20 pi.eces. .-The transi t| ons of

the pol ari si zfr qu I'—tltbeurpers”:?(?ttd“:!f“tli’f’ﬁuf'@étsé €31 and 32
show t he transutqucrnswgofatt hehepd farel it ot esttetwhdseemveelb'engt h is 450 nm

550 d 6 L. , Fi 0 . sth
pol aplmsﬁzg s?gtsgmé#tgﬁge%%:dxgar ty tg\(rfl arfel ?i ntflﬁ Hg\iﬁgcégi)cglf‘ﬁgl‘dent

light to the |iquild aﬁysf,toalbec@lﬂpf‘fe(wadlegpltayknghetpahsﬂt‘seO@SlQZ, 123 and
124 every fithl liayeht i8Rd ddts dra%ledt RBoG&! LikF reference to the

examples have been given by way of example only and that
modifications may be effected. Thus, for example, the
explanations given above for Figures 19 to 39 may apply

where appropriate to Figures 1 to 18.



injected at the elliptically polarised light of 125. In Figure 30(b), the
resulting elliptically polarised |ight 125 becones the inci de@4/404h20q2

. the optically anisotropic substance, and the polarising state of the
elliptically polarised light 125 transits to 126, 127 and 128 every fifth

| ayer; and at last the optically anisotropic substance is injected at the
linearly polarised Iight of 129. In each above nentioned course, the
transition of the polarising state by the-optically anisotropi c substance
as shown in the Figures (b) correspondsto the entirely opposite
transition OfClﬁ 04/ 04/ 2002 44 by the Tiquid crystal cell for displaying
as showmn in the Figures (a). Therefore, the incident light to the Iliquid
crystal cell 1injedt $iqhidecrgptal daplay dewiceathatolrisca nemintit Hquid aystaintayeel(§4) he
sanme polarising state. Since the effect is Og{tﬁi ned regardl ess of the wave

length of t QEentedat a fwist pagle|net smaller than f7¢, gud adingn pelarzes62) that emits
Lo oF, L TR e T o s SLan
P ocor di ng o g, Balafizd YRhg (o3, 882 YRl B nBAAbS Troupd L Foer,

state i s &nt chahaterizhidsiachdatt ed, and that the required whitening is obtained.
It is to be appreciated that the epmhodi.nents of the invention_ described

above with refer eﬂ&lpf"@“fﬁém axisnpl the Hacas prlaireiiy aisither perperdicules more
only and t habar.aﬁ@lqbfu%&@%le?ﬁl% 18RYer B&isSIr e fd iqdid Wystdi lg{' m%\%ﬂfef%eewh{eﬁethe.

expl anati ons®gi ven above for Figures 19 to 39 ‘may “apply re appropriate
to Fi gures 1llitearlyGold@ride@4igh0C@mesiin ol thatrthe ndmatic liquidicxystat jayeatrankfophan

device that has.a nematic.liquid,crystal, layer (64 oriented at a tw st
angl e not snB? F”é‘?at'toﬂg??ti?%t,hegw&arév?&ﬁﬂ?edd izér %62) that emts

10 wherein an optically anisotropic substance (68), which makes the inverse
transformation against the transformation made by the nematic liquid crystal layer, is
disposed on the opposite side of the nematic liquid layer compared tb 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 wavel'engths,. which are compensated by the optically

anisotropic substance.

2. A liquid 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 anisotropic 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 polérized 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.



linearly polarized |ight (631,632,633) towards the nematic liquid crystal

| ayer, 5 characterized in that: the polarization axis of the Iggoegn/2002
< polarizer is neither perpendicular nor parallel to the nolecule |onger
axis of nematic liquid crystal at the surface where the |linearly polarized
light comes in so that the nematic liquid crystal |ayer transforns a

pol arization state of the linearly pol 4@! zed lights, 10 wherein an

optical l'y ary sot rOpgsideHAs ANGHhy(ESHce a%hmdgﬁkgﬁnbh&dr&\fﬁfz%ﬁ in that:.
transformati on agai nst t'he transformation nade by the nematic quwd
crystal |ayer, i ghe diglpdbsbrktearthe ptioppaii dfeths opticallfy dni@tiopivadubstahéequi d

| ayer compared to the polarizer, wherein wavel ength dispersi on of

birefri ngené‘@g(t)t?e qt]?élzﬁ AR B¥IE Ofﬂt?d}nﬁar&%’@ﬁ‘l is 11} @6 gangsraf dac k5 avel engt h
dependent changespe Lib1PBkRVdesdhd y rﬁqsq] g e 15 nges for

di fferent wavel engetfl]i[s&% \/\hﬁ?:dﬁ aréegggéffdgg%gat e 9%9&%3?11& op{bittrggﬁjcl %}l%ggﬁ%sot ropic
subst ance. 2nd Ahd ompitationr ofStheneshiatip liqyiddeystat @t theagurfaes tirradTading the qui d
crystal layer orjented at a tw st angle not smaller than 120, and a |iner

pol ari zer t RBtCAliyasoirPpis spbsfance s indherangeef §0° 40100 prd acteri zed in that
e . ! It e e
Dor pand cul ar - na BoBd e BEHE BOHORG SO slaBod 35 18 thelTrnecor ¢ he

| i ner pol ar 028um to.8H 8posed between the nematic liquid crystal |ayer and
the Iiner polarizer so that the anisotropic substance transfornms a
pol ari zation state of the linearly polarized light, .25 wherein the

optically api sotropi ¢, sub nec kes the inverse transformatio agai nst

t he transf o?'mati éﬁl?%%gwﬁéi ?ﬁgﬁﬁgaﬁgf? o ?q"iua’ﬁ?éf’ %l?%g’aq%a{a&?&z? Wntg?'éi n

wavel engt h di spetii 8nn@fvahier 6f the18pMRGAy OfnidohBpiREfMbiaficd iS4 C!h&w%ea' | ayer
produces wavel engt h dependent changes, "in polarization in terns

different @Rangee GHumiiorf er ent wavel engt hs, which are conpensated by the
optically 30 anigotropic substance. 04/04/2002 46 3. A liquid crystal

di spl ay device aﬁ’ed}a valye jof the optically anispiiopictsubstansg 15 in theaange @.-wmangl e

bet ween t he, Bhﬁa& axis of the optically anisotropic substance and the
pol ari zation axis’of the linear polarizer is in the range of 35 to 55, the

angl e between t hgheQPhd Gallie X it GftichiMParifitiop! substae S0t @RI nce and
the orientation of the nematic (I%ifnaui%g crys? aIS aSt t he sur?é%‘eg%;{ﬁzérgof faci ng

the opticatd@6amj ot ropi ¢ substance is in the range of 80 to 100, and
the A nd value of the optically anisotropic substance is in the range 0.5um
to 0.7um, or
| the A nd value of the optically -anisotropic substance is in the range

0.65um to 0.85um.

S. A liquid crystal diéplay 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.



the A nd value of the optically anisotropic substance is in the range
0.25mto 0.85m 4. Aliquid crystal display device as clained Drﬂ/c@gi/ﬂl(H)Z
. Characterized in that: the A nd value of the optically anisotropic
substance is in the range 0.25mto 0.45m or the A nd value of the
optically anisotropic substance is in ;l?e range 0.4m to 0.6m or the A nd
val ue of the optically anisotropic substance is in the range 0.5m to 0.6m
or the A nd 6val ue tfjuidheystqitdispidyl deviznias olfainogal ia chaiinsd, aharacterized in tHae r ange
0.511m to 0.7m por the A nd value of the tically anisotropic substance
is in the range (B¢ 8BHFRSHHeeRs Ostlces&amsqﬁ? @eapygel asopiey SUPERNER as

clai med i n_ chail gl ARbASKRICE R Tiel) fdMlzer idaBBuetal e between the opti cal
pticall

axi s of the opti y ani sotropli c substance and the polarization axis of
the |inear pol aritieangls teboseh the optitud aalzgdfethbaeipiesly idisot@pic subktafd s of t he
optically anisotropic substance and the orientation of the nematic liquid
crystal at tAd thgpreptatiomel bgmematic hguidiraystytithe purface thesenf faging thebst ance

isinther . pcal ly anisotropic
subst ance |E)ng%ﬁ{ang&ggﬁmﬁ%ghgglﬁégg’fx@%%%%ﬂg(ﬁ?aﬁo hcgr ystal display device
as clainmed in clahehad valRIAREsPtIRAY adisdtfopic subbthfcea ot DEbpen the
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_optical.ly anisotropic, substance  .and.the orientation of the
et c 11 qdra oryindin BT Hish By e Ng S AR i rlg e eRsER ey

ani sot ropi ¢ subst;ageend Soptibally) @nisewrdsic @hbﬁ&%tiﬁgmvﬂeai, Higllﬁ‘qs@dnﬂl vigd ue of
the optically anisotropi c substance is about 0.65m 7. Aliquid crystal

di spl ay deviopposits sideap nematicaiqnid crystahlayet epinpengd it theh first opticalbcond

optically ani Qpi tance is provided, disposed on the opposite side
of the nena??%gﬁ%gls%sgalrﬁ?g’t al layer conpared to the first optically

ani sot ropi ¢ substi@neaglet bewasg! the birstv@pticdl haxit | ¢fStheoppticatly aidotropic t he
optically anisotropic o ) i o
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 liqhid crystal at the surface thereof
facing the optically anisotropic substance is about 90°,
the A nd value of the first optically anisotropic substance added to the A nd

value of the second optically anisotropic substance is about 0.6pum.

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 ahisotropic 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 substénce is about 0.7um.



substance and the pol arization axis of the |inear polarizer is about 50,
the angl e between the optical axis of the first optically ani sq4ppiay 2002
. substance and the orientation of the nematic liquid crystal at the surface
thereof facing the optically anisotropic substance is about 90, the A nd
value of the first optically ani sotropigé substance added to the A nd value
of the second optically anisotropic sul¥tance is about 0.6m 8. A liquid
crystal disphay dgvidifd 3ystl AisPRY deWice! RboRding BNAHAGEEUIRESaints (BRY:  the
angl e between the optical” axis of the optically ani'sotropic substance and
t he pol ari zathamstesiced imthat paefléctards ppwiidadi soeas tosprathwata H8ectivieedisplay e

bet ween t he %v‘i iecal axis of the optically anisotropic substance and the
orientation ©he nematic liquid crystal at the surface thereof facing the
optically anisotropic substance is about 90, the optically anisotropic
substance is _conposed of a plurality of layers whose optical axis are
twisted in tHe andhignidogrystal displayedayicetps cldimed in elgion 1 and, chamctdrizsd in ayer ,
and the A nq %tal ue of the optically anisotropic substance is about 0.7m
04/ 04/ 2002 2 "9. Aliquid crystal display device according to any

precedi ng cl ai ms clsedomd pdlatizetierpradded, ndikpatd n' el ite iskdePbP\theled so as
to produce a reflectjve display device. 10. Aliquid crystal display

devi ce as clnmadg ligpidqrystehlayes Forppared tor the diserpodarizeh  that: a second

pol ari zer is prowj i e sj.d f..th nenatic liquid
crystal |ayer co\élﬁg?ggc?%’stg 'ﬁgﬁﬁ?%re]?‘w%%ﬂg‘?@% l,'»,?%sh}g %?ﬁqihévtgl ﬁ%eféﬁ‘?eé%% ropic
subst ance caliyposskdetatech eths tpolanizers aarelr eihgiseparatdd stpan edclb eftivez ey tie

pol ari zers and gei.ng. ser%g%gt ed fromeach other by the nematic liquid
crystal | ayd¥malfiapide Ve flquid crystal layer is disposed in a

di splay cell (6).thdAemdAid lifii ey&aMaicdlis Gissoredn H8MHIGE aB(e§! @i med in claim
10, characterized in that%gypol a%i zl? ngﬁ-%xi sn dilrit)acficon( f each of the
pol ari zers (1,10) nakes an angle between 30 to 60 with the nol ecul e | onger

axi s directi,gn or, eptical LS, direction,respectively of the.display cell
(6) and the 1gioti C‘Aé?’l%ldgn' %tgf 913%]% deyigy &5 Llpime 3% .Cia‘m 10, Rharki8rifed’

that the polarizing axis direction of each of the polarizers (1,10) makes an angle

between 30° to 60° with the molecule longer axis direction or optical axis

direction respectively of the display cell (6) and the optically anisotropic

substance (5).

12. A liquid crystal display device according to claims 10 or 11 characterized
in that the A nxd of the twist nematic liquid crystal layer (9) of the display cell (6)
is in the range of 0.6 to 1.5um.

13. A quuid crystal display device according to any one of claims 10 to 12
characterized in that the optically anisotropic substance (5) is liquid crystal which

oriented between two opposite substrates.

14. A liquid crystal display device according to claim 13 characterized in that
the twist angle of the optically anisotropic liquid crystal (5) for compensating for
color of the display is in the range between approximately -550° and

approximately +300°.



12. Aliquid crystal display device according to clains 10 or 11
characterized in that the 0 nxd of the twi st nematic liquid ciObf@l/20@2
:(9) of the display cell (6) is in the range of 0.6 to 1.5m 13. A liquid
crystal display device according to any one of clains 10 to 12
characterized in that the optically anigotropic substance (5) is liquid
crystal which oriented between two oppOsite substrates. 14. A liquid
crystal display device according to claim 13 characterized in that the

tw st angle qf the.optically anisqtropic |jquid crystal (5) for .

conpensat i nQI%f or R &‘BB&C%?talt‘ifépqﬁY ?ﬁlggachr ‘Hgfon‘éla%iéé’r Bgt gterized

appr oxi mat el; 1 : / : iquid
crystal di sﬁ?{etlt;/é%s{?%]gf g%g%}?g?lg}g&%%&t@pgﬁ}&hllg(%g&rs%l}ﬁg arcgc 8‘3‘?“%‘8@ fb]: n that A
nxd of the apldrofitHeyisptiysiotin teirandel of @i Tandriyai.al - (5) for conpensating for
color of the display is in the range of 0.7 and 1m 16. A liquid crystal

di spl ay device according to any one of clains 13 or 14 characterized in

t hat the ori,ent atj f 1 QU rystal ..nol ecul es a he rface where
the nematic lﬁi qui%(ﬁg}l@s‘fﬁ%@o#ls@ ﬁ%%af‘g%ﬁ%cy‘dd% 0 ¢BY °5?18¥t°hém%§? i°521|C4I y

ani sot r opi ¢ chargetetlzedr imsthad thé Siehtatiors oNheNRald AYsthiomokehles aOkhe tsiffacl sp! ay
face each other js substantially 90. 17. Aliquid crystal display device

accordi ng t 8'hsfsy thsdeamtie) Liguid erystaly of ghe displayctcelli (6adandn then eptical

optical ly agLgeksnp! : i for. .color of the
di splay for rre% oéﬁgrl@gﬁt%? %%%Z%@Og{ 11% ?lsqaﬁl?gﬁg'%og{)ﬂa&gtgf Od(rl:ﬁ%afg'es? ®f ?c@ l'iquid
crystal . 18othar s spbstanteallyH0al di spl ay devi ce according to any one of clains

13 to 16 characterized in that the optically anisotropic substance (5) for
conpensating. for <color of the display is fornmed of twistedly oriented

nematic |iqykd cr, : ' c ' i ording to
any one of gr'ai m;Aylil%&"Ej oc%al (ﬁ?flgrl}gg%gﬁ {%%gltd?ﬁﬁg Fdng& ? %%ggé{alﬁﬁ%ﬁﬁﬁo a}% sotropic
subst ance ( Bharecienizedsieshat thé upiadallyyanisofropiagetstanehi(Shfoe ohtparsaray Yorpr oduce

t he corrpensatli ng V\ﬁ%/?l eg}g{tg} dependent  change in polarizatigon. 20. A liquid
crystal di spP8Yy P4dbs SsPly loraed T gieriatpdopramadic Liquid pgystal epneholgsteric
characteri zgguidirsfat the nematic liquid crystal of the display cell (6)
and the nematic liquid crystal (5) of the optically anisotropic |iquid
subst ance for

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



conpensating for color of the display have the opposite twist direction to
each other. 04/04/2002 50 21. A liquid crystal display devi cdd4£04r/dHg2
.to any one of clainms 17, 18, or 20 characterized in that the nematic
liquid crystal of the display cell (6) and the nematic liquid crystal (5)
of the optically anisotropic liquid sulagtance for conpensating for color
of the display have substantially equal twi st angle and And to each other.
22. A liqui lecr ysAdiqudi epybtalydidgley deviec earodding) té enyaone ofhelamis ©7,ai8®r 10 and
12 charactefized in.that the optically.anisotropic,sybst (5).isin a
pol yreric fﬁdn‘fzha'éalcéef@?di%.t_haﬁﬁfq cd aqyst&’ Qgﬁ’&ﬁ‘ E‘gp &s@é‘iddhﬁg to
claim 22 ch el i } 0, Loal.l i i

subst ances g{egﬁzlgeg%ﬁgn%ﬁ?thgq%)i Pg\é@?o(?l%ﬁggft%ohgg{ci %:{qlgges {ea?l%éegfr?r at | east
two | ayers aoepdnsatiegdortcol@hf the display bhversybdtaitiatly spiaywideangleamtand di ng to
ei ther of cl ai 22 and 23 characterized in that the polyner filmis a
liquid cryst!@FaPutsfer film 25. A liquid crystal display device according
to claim 22 characterized in that plurality of conpensating polyneric

films are di sposed between the liquid crystal cell (6) and the second
pol ari zer (@R. 26A liquidi gustal displayt ddvick apbaijinglievanyeoreafardinsgl 0t andc1 i m 22

characterized in t.hat. the,pol ric. filmand one aof the polarjzers are
forned as a cﬁwpgtgpydégxﬁb%t@ﬁppﬁ’c@y _anﬁoirmaﬁ iS nbsm‘i% {ﬁl 15 48 QQPBSW gy
accordi ng tg@tany one of clainms 22, 25 or 26 characterized in that the each

polymeric filmis a stretched film 28. Aliquid crystal display device
according to claim 13 characterized in that the liquid crystal of the

di spl ay devi,ge (6),: i tanleof+00an%a n value, of 0.9 m and
that the optzlg'cal I(%h '?lilﬁsc Strt%%i?s@lﬁyi%mc a&‘r’%}é%ﬁ"f m?@rcg'éﬁf%(‘ze%wéhsati on

has a twi st tea@rends dpfieallyangot@bicafibsRKéd¥ire uyedt 309 thed dRédtdRs 20Qe 51
approxi matel y -300 and has a Anxd value in the range of approximately 0.4 m

to approxi mQPBF gxep betwsen ableastAwpilayigrspre diffarent. di spl ay devi ce according to
claim13 characterized in that the liquid crystal of the display device
(6) has a tw st angle of +250 and a And

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.  Aliquid 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 um and that the optically anisotropic liquid crystal (5) for color

_compensation has a twist angle in the range of approximately +300° to



value of 0.9 mand that the optically anisotropic liquid crystal (5) for
color conpensation has a twist angle in the range of approxi rra(;,gyg4+/lj)@ogo
.approxi mately -550 and has a Anxd value in the range of approximtely O m
and approximately 1.5 m 30. Aliquid crystal display device according to
claim 13 characterized in that the |i gsui d crystal of the display device

(6) has a tw st angle of +120 and a An value of 0.9 mand that the

optically anj pz)%,ﬂg,gte@y 'mb" 4 5y S hitkd (ke u?%gr%gé of %%%%ﬁt%peﬁﬂ J}ﬁoo and

twi st angle i appr oxi nat el'y roxi na

has a Anxd vtalapprdxrmaﬂagz rapgﬂ of appr oxi matel y 0.5 m and approximtely 1.5
m 31. Aliquid crystal display device according to claim 13 characterized .
inthat the liquid crystal of the displ ay device (6) has a tw st angle of

+200 and a val £ n t.hat t ti,ca anl otr quuid
crystal (5) for cglly%lé) %}%Ig%ls%% ev’?‘nea%wgrcﬁ g)tC]%\leHC}?aﬁa 8

appr oxi mat eltye tigQf &@stala@tpmemﬂsmtyaiemceitéph@ﬂ t\b@saxggléaﬁdzsmldﬁa d And he range
of approximately 0.2 m to approximately 1.3 liquid crystal

di spl ay devivwdueaot OrHiuny and tht ethfmomtica!:l}yammtwplczhdund rerystat (5) tiwe cologui d
crystal of the di g&)] ay . device, §6%1 ras a tw st angle of +200 and a And

val ue of 1. OMmRHEAtORafaY H‘etWﬁ g I)’“a‘iI?FsE?PB%p‘P aPP’@ﬁF’EP‘@Vyﬂ% (%) for

col or Conplpﬂéﬁ?&gxgxgte ASsshe bl &sf‘M v&lﬂe Exp g r foapggogxpmﬁxfgrqi iy, +100 to

appr oxi mat e d Ras*& nxd value 1n ly 0.9 m

and appr oxi ratiepyrokiflatély 10811Rd/ 2002 52 33. A I iquid cryst aI di spl ay device
according to claim 13 characterized in that the liquid crystal of the
di spl ay device (6) has a tw st angle of +350and a And value of 0.9 m and

t hat the optincal | pi: I| tal (5). f col or. conpensati on
has a twi st 3Ia(t)ngl e’xlhﬁﬂl e grtglnddg %‘&S(bcﬁraé:)c(l ﬁ%ﬂ%g‘f}@rac(%‘ﬁ?‘gﬂ ely -550
ing has a Onielliyaidugydtal dfhBe HRPBG d@fncarwf Rasi ami.hed ahgll &f M20anRdd aPRAPXI mat el y
m
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 +100° to

approximately -400° and has a Anxd value in the range of approximately 0.5 pm

and approximately 1.5 pm.

31. 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 0.6 um and that the optically anisotropic liquid crystal (5) for color
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 pm

and approximately 1.9 um.
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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 pm 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 um

and approximately 1.9 um.



