LI QU D-CRYSTAL DI SPLAY DEVI CE BACKGROUND OF THE | NVENTI ON plslsd !
the I nvention The present invention relates to a |iquid cryst

di spl ay device inproved in view ng angle characteristics,

and part %Barl&' *.

i n*iew ng angle characteristics of dispJay contrast and gray scale
I nver si on. Description of Related Art The nost w dely used
liquid crystal display device (hereinafter referred to as LCD) at present
is anormally white (hereinafter referred to as NW node tw sted nenmatic

LCD (hereinafter referred to as TNNLCD). In this NW node

TN-LCD, a nenmtic

liquid crystal is held between a pair of glass substrates having
transparent el ectrodes. The nematic Iliquid crystal has a helical axis in
the normal direction of theLI@UIDOCRYSTAL DISPLAN ®EVIAE] al so has an
alignment structure characterized in that the twisted angle of the axis
I's about 90[err] . This conbination of the nematic liquid crystal and the
pair of glass substrates forns _a liquid crystal cell. The liquid crystal

cel |

t he absorption ainei

is held b

I
Q}’%in FEg i;%&}NTI&N arizing filnms di sposed so that

eggo{he Invention

The present invention relates to a liquid crystal
display device improved in viewing angle characteristics,
and particularly in viewing angle characteristics of display

contrast and gray scale inversion.

Description of Related Art
The most widely used liquid crystal disblay device
(hereinafter referred to as LCD) at present is a normally
white (hereinafter referred to as NW) mode twisted nematic
LCD (hereinafter referred to as TN-LCD). In this NW mode
TN-LCD, a nematic liquid crystal is held between a pair of
glass substrates having transparent electrodes. The nematic
liquid crystal has a helical axis in the normal direction
of the pair of glass substrates, and also has an alignment
structure characterized in that the twisted angle of the axis
is about 90° . This combination of the nematic liquid crystal
and the pair of glass substrates forms a liquid crystal cell.
The liquid crystal cell is held between a pair of linear
polarizing films disposed so that the absorption axes thereof

are orthogonal to each other.



arezorthogonal to each other. When no voltage is applied
to the NWnode TN-LCD, linearly polarized incident light is rotated by
90[err] by the optical rotatory power of the liquid crystal cell and
delivered, thereby generating a white cqgndition. Wen voltage is applied,
liquid crystal nolecules rise with respeCt to the glass substrates, and
the optical rotatory power is lost. The linearly polarized incident |ight
is delivered while Kkeeping its condition, thereby generating a bl ack
condition. The white condition, the black condition and an internedi ate
condition there between are used to performgray scale display.

However, the nematic liquid crystal for the LCD has a bar-shaped nol ecul ar
structure, and exhi Whes poyoltage iscéppiieddad bheNmbde MisEChalimganlii gh
refractive index _in the direction_of_ the nolecul ar axis, .Because of the
phase differenbelatdzed iReideptatight %ﬁdﬁﬁtﬁh?QOPYoB9 cPYt?RF ?P?mﬁﬂl
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changes in i B r t r i 8 'LCD.
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fromthe nornal I proper Vi ewi ng a
CharaCter'St'CSapplled, liquid crystal molecules rise with respect to the

glass substrates, and the optical rotatory power is lost.
The linearly polarized incident light is delivered while
keeping its condition, thereby generating a black condition.
The white condition, the black condition and an intermed_iate
condition there between are used to perform gray scale
display. |

However, the nematic'liquid crystal for the LCD has a
bar-shaped molecular structure, and exhibits positive
refractive index énisqtropy having a high refractive index
in the direction of the molecular axis. Because of the phase
difference due to the refractive index'anisotropy of the
liquid crystal, the polarized condition of light obliquely
passing through the LCD changes in a direction different from
the normal direction of the LCD. As aresult, when thedisplay
on the LCD is viewed from an angle difﬁerent from the normal
direction of the LCD, improper viewing angle characteristics
are generated; that is, the contrast of thedisplay is lowered,
and the gray scale display is inverted.

Since this viewing angle characteristics are caused by

the refractive index anisotropy of the liquid crystal



arezgenerated; that is, the contrast of the display is |lowered, and the
gray scale display is inverted. Since this viewi ng angle
characteristics are caused by the refracti've i ndex ani sotropy of the

l'i quid crystal nmol ecul es, iLnvestigation for its inprovenents
have been conducted by using a phase re?arder filmexhibiting refractive
I ndex ani sotropy opposite to that of the liquid crystal so as to
conpensate for a phase difference due to the refractive irndex ani sotropy
of liquid crystal nolecules. In the inprovenents in the view ng
angle characteristics, a significant effect can be obtained by inproving
the view ng angle characteristics in the black display condition, nanely
in the vol t age mppeceles pninvestigabhon| forhitsoimpygevepehtsahave been

condition, the liquid crgstal.nnlecules are aligned in a direction nearly
per pendi cul ar t@oRRBCHedsBY uBiRgatcRhaRy FepaFdPRgEikmsexBiRitingn as a
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conpensating fognkhefAddive ihBdRa Y RSP BENBSqPESRrystal molecules.

In the improvements in the viewing angle

characteristics, a significant effect can be obtained by
improving the vieﬁing angle characteristics in the black
display condition, namely in the voltage applicatipn.
condition. In the voltage application condition, the liquid
crystai molecules are aligned in a direction nearly
perpendicular té the glass substrates. By regarding this
condition as a positive index anisotropic substance having
anoptical axis in the normal direction of the glass substrate,
a method of using a phase retarder film having an optical
axis in the normal direction of the f£ilm and having negative
refractive index anisotropy as a phase retarder film for
.compgnsating for the ﬁositive index anisotropy has been
disclosed in Japanese Laid-open Patent Publication
Nos.2-015239, 3-103823 and the like. However, in an actual
LCD, since the liquid crystal molecules remain tilted near
“the glass substrate even in the voltage application condition
because of the restraint force of the alignment film of the
substrate, it is difficult to sufficiently compensate for

the light polarization condition caused by the liguid crystal



di stl osed in Japanese Lai d-open Patent Publication Nos.2-015239, 3-103823
and the |like. However, in an actual LCD, since the |iquid crystal

nol ecules remain tilted near the glass substrate even in the voltage
application condition because of the restraint force of the alignnment film
of the substrate, it is difficult to suﬂficiently conpensate for the

| i ght pol arization condition caused by the liquid crystal

4 cell by using the phase retarder filmhaving an optical axis in the
normal direction of the filmand having negative refractive index
ani sot ropy. In order to al so conpensate for the tilted Iiquid crystal

nol ecul es, a nethod of using a phase retarder filmhaving an optical axis
in a direction telldsy usdigt tke phrasd retiardelr 6alnfhivind idnopeichavasis
negative refractive index anisotropy has been disclosed in Japanese
Lai d- open Pat enin Fhél hcumabndhbectien29f4he €idm4ané hadingeneghtive
However, al though these methods can inprove the conpensati on condition
for the Iiquid ¥p§EaaFive| indexngniRoEREPYol t age application condition,
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an optical axis in a direction tilted from the normal
direction of the film and having negative refractive index
anisotropy has been disclosed in Japanese Laid-open Patent
Publication Nos. 63-239421, 6-214116 and the like. However,
although these methods can improve the compensation condition
for the liquid crystal cell being in the voltage applicétion
condition, compensation becomes insufficient in the |
intermediate gray scale display condition wherein the tilted
liquid'crystal portions increase and take more complicated
alignment configurations because of lower application
voltage. Therefore, it isdifficult to improve the gray scale
inversion phenomenon, although the viewing
angle ch;racteristic of display contrast can be improved.
As a result, only incomplete viewing angle characteristics

can be obtained. ,
Japanese Laid-open Patent Publications Nos. 5-080323

and 7-306406 and WO096/10773 describe that the viewing angle
éharacteristics can also be improved by using a phase retarder
plate having an optical axis tilted from the normal direction

of the £ilm although having the same positive refractive index



voltage. Therefore,itisdifficulttoinprovethegrayscale inversion
phenonmenon, although the viewing angle characteristic of display contrast
can be inproved. As a result, only i-nconplete view ng angl e
characteristics can be obtained. Jgpanese Lai d- open Pat ent
Publ i cati ons Nos. 5-080323 and 7-306406-and W96/ 10773 descri be that the
viewi ng angle characteristics can also be inproved by using a phase
retarder plate having an optical axis tilted fromthe normal direction of
the filmalthough having the sane positive refractive index

5. anisotropy as the liquid crystal has. Al though showi ng that the use
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described in these pu N-LCDs © cannot tal ned havi ng

significantly | ABFrRANEOAY+EM 16n N H e FIANAGECeiEFeced vel £80t BufbshRayray
contrast and gray scale inversion. Thus, for the optical

%ﬁkﬁfggsat i on pl stalgsefvessiohnpfovheglygandngransghd cbalacthessti cs of the
- publications make no concrete references to manners in which
the phase retarder plate is used to achieve the curbingeffect.
With the modes described in these publications, Tﬁ-LCDs
cannot be obtained having significantly improved.vieying
angle characteristics of both display contrast and gray scale
inversion.

Thus, for the optical compensation plate used for
improving viewing angle characteristics of the TN-LCD, no
plate has been found that is capable of significantly
impro#ing'viewing angle characteristics of not only display
contrast but also gray scale inversion.

In view of thesé circumstances, the inventors
assiduously made examinations to find that TN-LCDs having
significantly improved viewing angle characteristics of both
display contrast and gray scale inversion aie obtained by
combining a layer (optical compensation layer B) comprising
at least one optical compensation layer having optically
positive refractive index anisotropy and having a

characteristic wherein the principal optic axis thereof is

tilted 20 to 70° from the normal direction of the film and



pl ate has been found that is capable of significantly inproving view ng
angl e characteristics of not only display contrast but also gray scale

i nver si on. In view of these circunstances, the inventors assiduously
made exami nations to find that TN-LCDs having significantly inproved

view ng angle characteristics of both drsplay contrast and gray scal e

I nversion are obtained by conbining a | ayer (optical conpensation |ayer B)
conprising at |east one optical conpensation |ayer having optically
positive refractive index anisotropy and having a characteristic wherein
the principal optic axis thereof is tilted 20 to 70[err] fromthe nornal
direction of the fil

_ n1%nd {cal . 1 . 6, %_Iﬁyer
(opti cal . conperR &X3YFF | QPHICAL compensatjon 1p¥sL: R) famppifing at least
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fillm or further a layer (optilcal ‘conpensation |ayer conprising at

| east one uni axélwdr&Pté£odt LOMRRRAN Ohe lrdfadt@We UndeR i 8hb PR8idd e
refractive index anisotropy and by |am nating these optical conpensation

| ayers having diféetbom ofheli@dtiam 58 iletvantRaf it in-pldne off therspect

to the polarizing filnms and the liquid crystal cell, nanely
or further a layer (optical compensation layer C) comprising
at least one uniaxial optical compensation léyer having
optically positive refractive index anisotropy and by
laminating these optical compensation layers having
different charécteristics in a specific order with respect
to the polarizing films and the liquid crystal cell, namely
in the érder of; on both sides of the liquid crystal cell
from the side of the liquid crystal cell, the optical
compensation layer B and the optical éompenéation iayer A,
or the optical compensation layer C, the optical compensation

layer B and the optical compensation layer A, so that the

present invention has been completed.

SUMMARY OF THE INVENTION

An object of the present invention is to provide a TN-LCD
having significantly improved viéwing angle characteristics
of display contrast and gray scale inversion.

.The present invention relates to the followings.
(1) A normally white mode liquid crystal display device

comprising an about 90° twisted nematic liquid crystal cell



in the order of, on both sides of the liquid crystal cell fromthe side of
the liquid crystal cell, the optical conpensation |layer B and the optical
conpensation layer A, or the optical- conpensati.on | ayer C, the optical
compensation |ayer B and the optical conpensation |ayer A -so that the
present invention has been conpl et ed. SUMVARY OF THE | NVENTI ON An
obj ect of the present invention is to provide a TN-LCD having
significantly inproved view ng angle characteristics of display contrast
and gray scal e inversion. "~ The present invention relates to the
followings. (1) Anormally white node liquid crystal display device
conpr|5|ng an about 90[err] twsted nematic liquid crystal cel

7 and two Bnghtwedl ightz ppdatikziegdf $ms et spodest bnsboels sifdédshef €rél ,
wherein a Ia er (optical conpensation |ayer A) conprising at | east
one optical cong€ddation |ayer having alnost no refractive index

ani sotropy in- plane of the filmand having a characteristic wherein a
refractive i nde¥PBEeiRe t hi ckness direction of the filmis |ower than that

in-plane of the fllm-a layer (optical compensation layer A) comprising at

least one optical compensation layer having almost no
refractive index anisotropy in-plane of the film and having
a characteristic wherein a refractive index in the thickness
direction of the film is lower than that in-plane of the £ilm,

- a layer (optical compensation laver B) comprisigg at
least one optical compensation layer having optically
poéitive refractive index anisotropy and having a
characteristic ﬁherein the optical axis thereof is tilted
20 to 70° from the normal direction of the f£ilm,

*a polarizing f;lm, and

*a liquid crystal cell
are laminated in the following order: the polarizing film,
the optical compensation layer A, the optical compensation
layer B, the liquid crystal cell, the optical compensation
layer B, the optical compensation layer A and the polarizing

£ilm.
(2) A liquid crystal display device wherein a layer (optical

compensation layer C) comprising at least one uniaxial
optical compensation layer having optically positive
refractive index anisotropy is further laminated between the

optical compensation layer B and the liquid crystal cell of



a layer (optical conpensation |ayer B) conprising at |east one optical
conpensation | ayer having optically positive refractive index ani sotropy
and having a characteristic wherein-the optical axis thereof is tilted 20
to70 fromthe normal direction of the film a polarizing film and
aliquid crystal cell are lamnated in the follow ng order: the polarizing
film the optical conpensation 1ayer A the optical conpensation |ayer B,
the liquid crystal cell, the optical conpensation |ayer B, the optical
conpensation |ayer A and the polarizing film (2) Aliquid crystal display
device wherein a |layer (optical conpensation |layer C) conprising at |east

i axi al ticgal C tion, | havi tically. iti
refractive i ndekhe e BrYEEal HiFRIAY SRViseaaeREraben ithehespbors (1)
conpensation | ayer_.B the 1iqui I | .of . . t
| i gﬁi dscr Iyst al %‘?s%rf%sﬂ’ eJ‘vcl"@'en %g’s%@%rg;égﬁg P%ng g%’ég(%lm‘f e ?Jh% qullleco% ng
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optical conpensati ayer opti cal” conpenSation [aye $a

liquid crystal ggticasadchpeti¥dtGan tPBELEALREA 1 AYeld erysdiad epiicaaid
conpensation |layer B, said optical conpensation |ayer A"and said
pol arizing fil noptical compensation layer C, said optical compensation layer

B, said optical compensation layer A and said polarizing £ilm.

DETAILED DESCRIPTiON OF THE INVENTION

In the present invention, the layer (optical .
compensation layer A) comprising at least one optical
compensation layer having almost no refractive index
anisotropy in-plane of the £ilm and having a characteristic
wherein the refractive index in the thickness direction of
the film is lower than t,ha£ in-plane of the film is not limited
to a specific one as long as it satisfies the requirements
for necessary optical characteristics. For example, it is
possible.to use a transparent polymer cast film having a
refractive index structure wherein the retardation in-plane
of the film is low due to the alignment of polymers at the
time film formation by the solvent cast method and having
a refractive index (ng) in the thickness direction of the
film is lower than the average refractive index (np) in-
plane of the film; a biaxial streched film of transparent
polymers; a phase retarder using inorganic lavered compound,

disclosed in Japanese Laid-open Patent Publication No.



DETAI LED DESCRI PTI ON OF THE | NVENTI ON In the present invention, the
| ayer (optical conpensation |ayer A) conprising at |east one optical
conpensation |layer having al nost no refractive index anisotropy in-plane

of the filmand having a characteristic dwherein the refractive index in
the thickness direction of the filmis I"fower than that in-plane of the

filmis not limted to a specific one as long as it satisfies the
requirenents for necessary optical characteristics. For exanple, it is
possi ble to use a transparent polynmer cast filmhaving a refractive index
structure wherein the retardation in-plane of the filmis |low due to the
alignnent of polynmers at the tinme filmformation by the sol vent cast

met hod and havi hgl96818f ractmpens atex formed by abterhatkiygdsandinscinoth bh
the filmis lower than the average refractive index (ru? in- plane of the
film a biaxi al f5ime@pde ¢of prbstancesdaning difspyentrefraatise indexess

usi ng i norganic Lgxfred conpound, disclgsed I n_Japanese_ Lai d- gpen Pat ent

Publ i cation No. disclosed in"Japangggyaig-pBRBeRELEHE PUPALA2E}ORI Nerfatel v

| am nating thin,,§i e sipst ances having different refractive
I ndexes, discl%gggg?ﬁ gggaﬁgée‘tgéd-open Pat ent Publication No. 5-

The optical characteristics of the optical compensation
layer A are determined by the retardation value (R,) in-
plane and the retardation value (RA’ = (ng -ntS x d, d: fhe

_ thickness of the film) in the thickness direction. These
-values are appropriately selected depending on the ppgical
characteristics and the finally required viewing angle

.characteristics of the liquid crystal cell to be used.
Generally, these values are used in the following ranges:
Ry = 0 to 100 nm and R’ = 50 to 250 nm, preferably R, = 0
to 50 nm and Ry’ = 50 to 200 nm.

In the present invention,: the layer (optical
compensation layer B) comprising at least one optical
compensation iayer having optically positive refractive
index anisotropy and having a characteristic wherein the
optical axis is tilted 20 to 70° from the normal direction
of the film is not limited to a specific one as long as it
satisfies the requirements for necessary optical
characteristics. For example, it is possible touse a tilted
élignment sheet aligned by subjecting thermoplastic resin
to the application of an electric or magnetic field or

different circumferential speed rolling, disclosed in



249457; and the |ike. The optical characteristics of the optical
conpensation |ayer A are determned by the retardation value (RA) i n-

pl ane and the retardation value (RA" -= (n[err] -n[err]) x d, d: the

t hisckness of the filnm) in the thickness djrection. These values are
appropriately sel ected dependi ng on the tical characteristics and the
finally required viewng angle -<characteristics of the liquid crystal cel
to be used. Cenerally, these values are used in the follow ng ranges: RA
= 0to 100 nmand RA' = 50 to 250 nm preferably RA =0 to 50 nmand
Rlerr]" =50 to 200 nm In the present invention, the |layer (optical
conpensation |layer B) conprising at |east one optical conpensation |ayer
havi ng opti cal | gapasetevbaié+openi Petentdeublicabionpyoand4hag05sy2aand
characteristic wherein the optical axis is tilted 20 to 70[err] fromthe
normal directi of-2832218¢ &tilred addonmenttlayenof aspiauid crysdalpoymens
It satisfies the requirenents far necessar¥gopt|cal characteristics.  For

exanple, it is pbigngdandsacuradiy pRRIIGRAEIRRN aBRIRCET G REMAgREtic
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10 disclosed in Japanese Laid-open Patent Publication Nos.
7-152035 and'7-191216;'or an optical anisotropic layer made
by oblique vacuum deposition of an inorganic dielectric
substance or the like on a transparent substance, disclosed
in Patent Publication No. W096/10773; and the like.

The optical characteristics of the optical compensation
layer B are determined by the tilting angle (6) of the
principal opticlaxis from the normal direction of the liguid
crystal cell substrate and a retardation value (Rg) measured
from the normal direction of the optical compensation layer.
These values are appropriately selected depending on the
optical characteristics and the finally required viewing
angle characteristics of the liquid crystal cell to be used.
Generally, these values are used
in the following ranges: 6 = 20 to 70° and Rg = 10 to 200
nm, preferably 6 = 25 to 45° and Rg = 20 to 50 nm.

The two kinds of optical compensation layers having
differcnt characteristics are laminated between one of the
polarizing films and the l%quid crystal cell and also
laminated between the liqguid crystal cell and the other

polarizing film; in other words, these layers, plates and



Japanese Lai d-open Patent Publication Nos. 4-120512 and 6-222213; a tilted
alignnent -layer of a liquid crystal polynmer aligned and secured by
application of an electric or magnetic field or by alignment control using
an-alignnment film disclosed in Japanese Lai d-open Patent Publication Nos.
7-152035 and 7-191216; or an optical anﬂéotropic | ayer made by oblique
vacuum deposition of an inorgani-:c dielectric substance or the like on a
transparent substance, disclosed in Patent Publication No. W96/ 10773; and
the like. The optical characteristics of the optical conpensation

| ayer B are determned by the tilting angle ([err]) of the principal optic
axis fromthe normal direction of the liquid crystal cell substrate and a

retardation valser 1 RRe TRAGWa®d ihogheh€olDowihgdbraeti orelnd gdlaxapdiimeal
conpensation |ayer. These values are appropriately sel ected depending on
the optical chedihnfethestoptsicald cdmpdénsation rayer o, vilesiopticayl e
characteristics of the liquid crystal cell to be used, GCenerally, these
val ues are usecdcompenswrtion |laMer) Bratgeslipuig] ceysbal cobl ertlie ARFMRLE 10
to 200 nm preferably [err]. = 25 to+i5[erLL aqd RB = 20 to 50 nm 4
The two kinds oFOBRRREEFIRAANRGE 0 NEaPRFLCRAVFATPERRPFEPRNTAYSE A an
characteristics @re Iﬂnlpated ?g%*een one of the polarizing filnms and the
liquid crystaI-E F 1PN 2F L% Thrfthat ed between the liquid crystal cell and

the other polarigf gdgklBbaldbdiid1CbalR SIS tnklbisei d &Y BbpeRbatednaers

A and B may be a single layer or may be, if necessary, composed

of a plurality of layers.
In the present invention, the viewing angle

.characteristics may be further improved by laminating, in
addition to the optical compensation layers A and B, a layer
(optical compenéation layer C) comprising at least one
uniaxial optical compensation layer having optically
positive refractive iqdex anisotropy between the optical

compensation layer B and the liquid crystal cell.

In the present invention, the layer (optical
compensation layer C) comprising at least one uniaxial
optical compensation layer having optically pqsitive
refractive index anisotropy is not limited to a specific one
as long as it satisfies the requirements for necessary optical
characteristics. For example, it is possible to use a
uniaxial stretched film made of thermoplastic resin and
generally used as a phase retarder, and a homogeneous

alignment layer of a liquid crystal sﬁbstance, and the like.



celi are lam nated in the followng order : the polarizing film the
optical conpensation |layer A the optical conpensation |layer B, the liquid
crystal cell, the optical conpensati-on |ayer B, the optical conpensation

| ayer A and the polarizing film As described above, each of the optical
conpensation layers A and B may be a S|Hble | ayer or may be, if necessary,
conposed of a plurality of |ayers. In the present invention, the
view ng angle characteristics may be further inproved by lamnating, in
addition to the optical conpensation |ayers A and B, a |ayer (optical
conpensation layer C) conprising at |east one wuniaxial optical
conpensation | ayer having optically positive refractive index ani sotropy

bétween the optical Thergyiicall 6harayeerBsends drethe Gptd canysémpesightion
In the present invention, the layer (optical -conpensation |ayer C)

conprising at Iéayeroﬁeauﬁldﬁtarmlnpdlbmltbenpehsadabmohayeluhavkag in-
optically positive refractive index anisotropy is not limted to a

speci fic one aplaaﬁ@fashetcogmngat@@mmﬁqwmﬁmtuem‘s mmpawtely
optical characteristicgs. For ossible to use a wuniaxia

stret ched f|In1ﬁﬁa§°Bthﬂ€PﬁBﬁ+%SF$E #%%lﬂpﬁhgalg%h%?%???r%§Eﬁcﬁsa%¢ph%%e
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crystal cell to be used. Generally, this value is used in
the following range: Ry = 10 to 100 nm, preferably R, =
to 70 nm. ' '

The three kinds of optical compensation layers having
different characteristics are laminated between one of the
polarizing films and the liquid crystal cell and also
laminated between the liguid crystal cell and the other
polarizing film; in other words, these layers, plates and
cell are laminated in the following order: the polarizing
film, the optical compensation layer A, the optical
compensation layer B, the optical compensation layer C, the
liquid crystal cell, the optical compensation layer C, the
optical compensation layer B, the optical compensat.ion layer
A and the polarizing film. As described above, each of the
optical compensation layers A, B and C may be a single layerxr
or may be, if necessary, composed of a plurality of layers.

In the lamination structure of the optical compensation
layers of the present invention, the effect of improving the
viewing angle characteristics signifigantly depends on the

relationship between the i:ubbing direction of the substrates



12. The optical characteristics of the optical conpensation |ayer
C are determned by the retardation value (R err]) in- plane of the
conpensation layer. This value is appropriately selected depending on the
optical characteristics and the finally required view ng angle
characteristics of the liquid crystal déll to be used. Generally, this
value is used in the following.range: Rerr] = 10 to 100 nm preferably
Rlerr] =30 to 70 nm The three kinds of optical conpensation |ayers
having different characteristics are | am nated between one of the
polarizing films and the liquid crystal cell and also |am nated between
the liquid crystal cell and the other polarizing film in other words,
these layers, Riptge andhcallciafeht aidatad ivhd hadhtl liiged ity daide Fe
pol ari zi ng f|In1 the optical conpensation |ayer A 'the optical
conpensation | a 1 Bquidergditaiate Chapansid peliincapal dptiichaxis idduwiedtdorst al

cell, the optical conpensation layer C, the optical conpensation |ayer B,
the optical conpithbatapdridadycompensatiiondayeir i zﬁhag‘optim1 sompensatica
above, each of the optical conpensation layers A B and C nay be a single

layer or may Beaye:d M&sinmdisreafhR &Hich shde 85 ttﬁleoflﬂqayé' grystal |
venti on.. t he SRERRET AAEE I rARESE TR Shothe BT s(ich
stgnificantly d arégké)légk cs and the finally required viewing angle
characteristics of the liquid crystal cell to be used. The
most significant effect of improving viewing angle .
characterlstlcs is obtalned when the upper. 51de dlrectlon
‘of the principal optic axis of the optical compensatlon layer
B as viewed from the light outgoing side of the liquid crystal
cell is set to about +180° with respect to the rubbing
direction of the liquid crystal cell substrate disposed close
to the light incident side and the light outgoing side of
the liquid crystal cell, provided that the counterclockwise
direction viewed from the light outgoing side of the liquid
crystal cell is defined as positive.

Furthermore, in the lamihation structure of the optical
compensation layers of the present invention, the effect of
improving the viewing angle characteristics significantly
depends on the relationship between the rubbing direction
of the substrate on the light incident side and the light
‘outgoing side of the liguid crystal cell and the direction
of the slow axis of the layer (optical compensation layer

C) comprising at least one optical compensation layer having



relationship between the rubbing direction of the substrates

13 on the light incident side and the |ight outgoing side of ‘the
liquid crystal cell and the principal optic axis direction of the optical
conpensation layer B, the optical conpensation |ayer B being di sposed on
each side of the liquid crystal appropﬂﬂately sel ect ed dependi ng on the
optical characteristics and the finally required view ng angle
characteristics of the liquid crystal cell to be used. The nopst
significant effect of inproving viewi ng angle characteristics is obtained
when the upper side direction of the principal optic axis of the optical
conpensation layer B as viewed fromthe |ight outgoing side of the liquid

crystal cell i@p@ﬁau;{ Puuit v Mefirdctived imdpednisptdupy Wid taving
direction of the liquid crystal cell substrate disposed close to the |ight
i nci dent si de amditiexidalgll ignmenitnghsrdeteiristic.| i heddirgstbdn oaf Ithe
provi ded that the counterclockwi se direction viewed fromthe |ight

out goi ng si de oflewnaxiisqis dpruopstiateld peileched drrerding o the optical
Furthernore, in the | am patjon st ucturg,of1 he optjca conpensat i pn

| ayers of the pFRAGARLETARMGYH AN HeherftRRl r?%’ﬁ% ng-% Q/i%’%i’:ﬁ% angl e

char act er i st i o521 anl {1, 0A0t 4o SIPREAIE:90:hNErpELET QOPTR BE! YEER. ! Fhe

g directi
more significant effect of improving viewing angle
characteristiés can be obtained when the direction of the
slow axis is set aﬁproximately perpendicular to the rubbing
direction of the liguid crystal cell substrate disposed close
to the light incident side and the light outgbing side of
the liquid crystal cell.

The directions of the absorption axes of the polarizing
films on both sides of the cell are selectively determined
to be approximately vertical (E mode) or approximately
parallel (O mode) with respect to the rubbing direction of
the liquid crystal cell substrate close to the 1light incident
side and the light outgoing side depending on the finally
required optical characteristics of the LCD.

In the present invention, the retardation values
(Ra,Ry ,Rg and Rg) of the optical compensation layers and the
tilting directions of the optical axes are obtained by
measurements on the basis of ordinary methods known to those

people skilled in the art.



of 4+he substrate on the light incident side and the |light outgoing side of
the liquid crystal cell and the direction of the slow axis of the 1 ayer
(optical conpensation layer C) conprising-at |east one opti cal
conpensati on | ayer having 14

optically positive refractive index anisﬁiropy and having a uniaxial-
alignnent characteristic. The dirtection of the slow axis is appropriately
sel ect ed depending on the optical characteristics and the finally required
viewi ng angle characteristics of the liquid crystal cell to be used. The
nore significant effect of inproving view ng angle characteristics can be
obt ai ned when the direction of the slow axis is set approxi mately
pérpendi cul ar to theAcodbbiigg €6 relei presént hinvéention crysiBtpsehbving
substrate disposed close to the light incident side and the |ight outgoing
side of the |igignifigantly cunproved viqwingli angle ovbavdctérisbios pofon
axes of the polarizing filns on both sides_of the cell are selectiyelg
determ ned to BESBPRY SOREERFY ans GrEY SCRlRodRYeEFigppeani hatryqvided.
parallel (O node) with respect to the rubbing direction of the liquid
crystal cell substrate close to the light incident side and the |ight
oEtgoing side depgpeifng on the finally required optical characteristics of
the LCD. '

The present invention will be explained in detail by

way of the'following,examples.

Example 1 . .
Based on a method described in Japanese Laid-open Patent

Publication No. 5-196819, an optical compensation layer Al
was formed having almost no refractive index anisotropy
in-plane of the film and having a characteristic wherein the
refractive index in the thickness direction of the film was
lower thah that in-plane of the £film. The retardation values
of the optical compensatiqn layer Al were R, = 7 nm and RA’
= 56 nm.

Based on a method described in W096/10773, an optical
compensation layer Bl was formed having optically positive
refractive index anisotropy and having a characteristic
wherein the principal optic axis thereof was tilted from the
normal direction of the film. The tilting angle of the
optical compensation layer Bl was & = 30° and the

retardation value thereof was Ry = 35 nm.

A TN-LCD was produced by laminating the above-described



In.the present invention, the retardation values (Rerr],Rerr]" ,Rerr]
and Rerr]) of the optical conpensation layers and the tilting difections
of the optical axes are obtained by - neasurenents on the basis. of ordinary

nmet hods known to those people skilled ip the art.

According to the present invention, ™ & having significantly inproved
view ng angle characteristics of display contrast and gray scale inversion’
can be provided. EXAMPLES " The present invention will be explained
in detail by way of the foll ow ng exanples. Exanmple 1 Based on a
nmet hod described in Japanese Lai d- open Patent Publication No. 5-196819, an

optical conpensation |aye was fornmed havin no refracti,ve.i,ndex

a'nic sotropy i ntwoakénge ?ﬁéﬂ"?‘l‘iﬁ]aﬁﬂ‘mﬁgﬁsﬁ&lgncﬂa 85?35%"{?%“\&%’& teLiJ'f’;P‘ltlﬁe

(Bt Ve | 0k L IS D SAS5s, 6L PR P o pkcen b S

conpensation | ayer M. V&I e o 1':1.&11§adcﬁ<ﬁstar £ d/sion (CRYSTALTRON,
4E-L1l) made by Sharp Corporation in the following order: the
polarizing film, the optical compensation layer Al, the
optical compensation layer Bl, the liquid crystal cell, the
opticalcompensationlayerBl,theopticalcompeﬁsatidnlayer
Al and the polarizing film.

At this time, the upper side direction of the pr:_‘.nqipal
optic axis of the optical.compensation layer Bl as viewed
from the light outgoing side of the liquid crystal cell was
set to +180° with respect to the rubbing &irectioﬂ of the
liquid crystal cell substrate disposed close to the light
incident side and the light outgoing side of the liquid
crystal cell.

In this TN-LCD, white display, black display and gray
scale display of eight gray levels were performed with VG365N
video pattern generator made by AMT Corporation, and contrast
ratio at the time of the white/black display and gray scale
in;rersion at the time of the gray scale display.of eight gray
levels were measured within a range of 60° intheupper, lower,
left and right directions with LCD-7000 made by Otsuka .
Electronics Co., Ltd.

The angles where gray scale inversion occurs in the upper,

lower, left and right directions are shown in Table 1. In



Based on a nethod described in W96/10773, an optical conpensation |ayer
Bl was formed having optically positive refractive index anisotropy and
having a characteristic wherein the principal optic axis thereof was
tidted fromthe normal direction of th? film The tilting angle of the
optical conpensation |ayer Bl was [err]*= 30[err] and the retardation

val ue thereof was Rerr] = 35 nm A TN-LCD was produced by | am nating
t he above-descri bed 16 two ki nds of
optical conpensation |ayers between the liquid crystal cell and the

pol ari zing filns di sposed on both sides thereof in a TFT-TN quuid crystal
television (CRYSTALTRON, ~4E-Ll) nade by Shar oratlon Iomﬁng
order: the polt&dszLRE- f?#?ﬂvﬁﬂﬂénﬁbﬁpﬁéﬁ cR3H ﬂE%f BRiFSHRT bR gﬁ

optical conpensation |aye

colrrpensat | OP : sPatrast HQ 85??0%1?3%%%%%% %It},%lf%ﬁc,egl Ix%lqagmzom | ¢3h of
ol ari zin
po! . g il ea}gpgesf }'%ueé%btli X aﬁ'x'aer':fﬁﬂ%r dffgﬁtgb{lg(:t I'ﬂ‘ﬂ.’lé)f tthtéeLCP

principal opti conpensat ayer Vi ewed

the light outgqighg . si deQf etdagihietiti dnG! ﬂ%‘ve‘h‘%':.'on‘&@s TNE-QICHSO +180[ err]

Wi th respect to S he T blng irection of the Iliquid crystal cell substrate
dLspfsed glose to the light incident side and the |ight outgoing side of
the i qui

Example 2

Based on the method described in Japane#e Laid-open
Patent Publication No. 5-196819, the optical compensation
layer Al was formed having almost no refractive index
anisotropy in-plane of the fiim and having a characteristic
wherein the refractive index in the thickness direction of
the film was lower than that in-plane'of the film. The
retar.dation values of the optical compensation layer Al were
Ry = 7 nm and R, = 56 nm.

Based on the method described in W096/10773, an optical
compensation layer B2 was formed having optically positive
refractive index anisotropy and having a characteristic
wherein the principal optic axis thereof was tilted from the
normal direction of the film. The tilting angle of the
optical compensation layer B2 was & = 35° and the
retardation value thereof was Rz = 24 nm.

A TN-LCD was produced by laminating the above~described
two kinds of optical compensation layers between the liquid
crystal cell and the polarizing films disposed on both sides

thereof in a TFT-TN-LCD equipped notebook personal computer



crystal cell. In this TN-LCD, white display, black display and gray
scal e display of eight gray levels were perforned with VG365N video
pattern generator nade by AMI Corpor.ation,- and contrast ratio at the tine
of+ the white/black display and gray scale inversion at the tinme of the
gray scal e display of eight gray | evel 8 were measured within a range of

60[err] in the upper, lower, left and right directions with LCD 7000 nade
by Gtsuka Electronics Co., Ltd. The angl es where gray scal e

i nversion occurs in the upper, Jlower, left and right directions are shown
in Table 1. In 17 this LCD, the

view ng angle characteristics of both display  contrast and gray scale
i'nversi on wer e (B¢88R1LA10 hmade by NEC{eoxppeationda, the £ol lowing grder:

directions. Thus, the LCD, is_far re excellent than conventional, TN- LCDs.
Exanpl e 2 thE.BGIREZing Tidihod POBFIGRY SOPBERERELER LAYEToAdn ther ont

AUt e e S THE A R N T SR
naving a charaghesahl omyliillfbd PayEE A LAY Bpk88Y ddhddiddidilPEEx
Al and the polarizing filim. '

| At this time, the upper side direction of the principal

optic axis of the optical compensation layer 52 as viewed

from the light outéoing side of the liquid crystal cell was

set to +180° with respect to the rubbing direction of the

liquid crystal cell substrate disposed close to the light

incident side and the 1i§ht outgoing side of the ligquid
crystal cell. |

In this TN-LCD, white display, black display and gray
scale display of eight gray levels were performed by computer
software, and contrést ratio at the time of the white/black
display and gray scale inversion at the time of the gray scale
display of eight grav scales were measured within a range
of 60° in the upper, lower, left and right directions with
LCD-7000 made by Otsuka Electronics Co., Ltd.

The angles where gray scale inversion occurs in the upper,
lower, left and right directions are shown in Table 1. 1In
this LCD, the viewing angle characteristics of both display
contrast and gray scale inversion were excellent in all of

the upper, lower, left and right directions. Thus, the LCD

is far more excellent than conventional TN-LCDs.



the filmwas |ower than that in-plane of the film The retardation val ues
of the optical conpensation layer Al were Rerr] =7 nmand RA = 56 nm
Based on the nethod described in W96/10773, an optical conpensation |ayer
B2-was fornmed having optically positive_ refractive index anisotropy and
having a characteristic wherein the prﬂﬁcipal optic axis thereof was
tilted fromthe nornmal direction of the film The tilting angle of the
optical conpensation |ayer B2 was [err] = 35[err] and the retardation

val ue thereof was R err] = 24 nm A TN-LCD was produced by | am nating
t he above-described two kinds of optical conpensation |ayers between the
liquid crystal cell and the polarizing filnms di sposed on both sides
thereof in a TFT-TN-LCD equi pped not'ebook personal conputer

18 (PC9821 Lal ) de by NEC Corporation in the follow ng order: the
pol arizing fil tﬁ aMPe gai cal conpensation layer A, the opt I cal
conpensation | ayer I q‘ tic nsat | on

| ayer B2, the optic%% conpensalél g“r(le %3# ades,ﬁ%lbe tJﬁ'e Jga(%aé"reaszﬁ CF

At this tinme, tﬂé%e&&@?hb&h@% Qiohe o .0 9lo 6liQ pft' 1ca(1ptc'oﬁl &Qf nf

~optical conpensation layer as vi ewed fromthe ht out gm eo

the Iiquid crystalerc@lll waas formed having almost no refract:.ve 1ndex
anisotropy in-plane of the £ilm and having a characteristic
wherein the refractive index in the thickness direction of

the film was lower than that in-plane of the £ilm. The

retardation values of the optical compensation layer Al were

'Ry = 7 nm and R, = 56 nm.

Based on the method described in W096/10773, the optical
compensation layer B2 was formed having Sptically positive
refractive index anlsotropy and having a characteristic
wherein the principal optic axis thereof was tilted from the
normal direction of the film. The tilting angle of the
optical compensation layer B2 was O = 35° and the
retardation value thereof was Rg = 24 nm.

A uniaxial optical compensation layer Cl having
optically positive refracti ve index anisotropy was formed
by uniaxially stretching a polycarbonate film formed by the

- solvent cast method. The retardation value of the optical
compensation layer Cl was R, = 46 nm.

A TN-LCD was produced by laminating the above-described

three kinds of optical compensation layers between the liquid

crystal cell and the polarizing films disposed on both sides



set to +180[err] with respect to the rubbing direction of the |liquid
crystal cell substrate disposed close to the light 1incident side and the

| i ght outgoing side of the liquid crystal-cell. In this TN LCD,
white display, black display and gray scale display of eight gray |evels
were perforned by conputer software, ar@ contrast ratio at the time of the
whi te/ black display and gray scale inversion at the tinme of the gray scale
di splay of eight gray scales were neasured within a range of 60[err] in

t he upper, lower, left and right directions with LCD 7000 made by O suka
El ectronics Co., Ltd. The angl es where gray scale inversion occurs in
the upper, lower, left and right directions are shown in Table 1. In this

LCD, the view f@exeqicinkhedBETNALGR egpipped natahonk perseRAL CORPYLETay
scal e inversion_were excellent ip all of the ypper, Lower, _ left and right
i rect i ons. ThUECHSRE LERP) made;Py NG, CorparREAP D ik REHRHRY ARG PTRREECDS
igid-open Eé:pgh% %BSFféﬁéggﬁFd 8?g§§§g@ L2%ﬂh§8§§%hgggié%n%%ﬁ%%ﬁ?@hthﬁayer
Al was formed %%\gir&laéémﬁénggtlgxﬁ ﬁ.%%&"é‘z ,' Qﬂg)ﬁptical compensation layer
Cl, the liquid crystal cell, the optical compensation layer
Cl, the optical compensation layer B2, che optical
compensation layer Al and the polarizing film.

At this time, the upper side direction of the principal
optic axis of the optical compensation layer B2 as vi_ewed
from the light outgoing side of the liguid crystal cell was
set to +180° with respect to the rubbing direction of the
ligquid crystal cell substrate disposed close to the light
incident side and the light outgoing side of the liquid
crystal cell, and the direction of the slow axis of the optical
compensation layer C was set perpendicular to the rubbing
direction of the liquid crystal cell sub.strate disposed close
to the light incident side and the light outgoing side of
the liquid crystal cell.

In this TN-LCD, white display; black display and gray
scale display of eight gray levels were perfbrmed by computer
software, and contrast ratio at the time of the white/black
display and gray scale inversion at the time of the gray scale
display of eight grayv scales were measured within a range
of 60° in the upper; lower, left and right directions with

LCD-7000 made by Otsuka Electronics Co., Ltd.



anisotropy in-plane of the filmand having a characteristic wherein the
refractive index in the thickness direction of the filmwas | ower "t han
that in-plane of the film The retardation values of the optical
conpensation | ayer Al were =7 nn1agg Rlerr]'" =56 nm Based on
t he met hod described in V®96/10773 t he“optical conpensation |ayer B2 was
formed having optically positive refractive index anisotropy and having a
characteristic wherein the principal optic axis thereof was tilted from
the normal direction of the film The tilting angle of the optical

conpensation |ayer B2 was [err] = 35[err] and the retardation val ue
thereof was Rerr] = 24-&23 uni axi al qptical, conpensation |ayer C
having optically pdLe:d ?%WPSE%QH?Yﬁﬁ% e& VESEAORP § bp %éer,

o« SRR RS RNECE AL B e P B Dl Sl
Rerr] = 46. NMypig LCD, Jl’x\é ég%vﬂq% Igglg‘ﬁgcggaPXC‘L s {.é@%'ﬁr% é: d:.spt.ﬁg

above-descri.be three’kind conpensati ayers Ween

liquid cryst alco?ﬁ:'ﬂas'%”ﬂnhh$rag 8ELTENInYéL dFor i ADAS @k 10D 53 483 of
20 thereof in the TFT CD equi pped not ebook personal conputer

(PC9821 Lal O randeuppedlrCléwepprrdf®©and rigatl 8i+e¥t 16nd! d@hus ! Re 1.CD
polarizing film the optical conpensation layer A, the

is far more excellent than conventlonal TN-LCDs.

Comparative Example 1

A TN~LCD having three kinds of optical compensa?ion
layers laminated therein was produced in a manner similar
to that of Example 3 except that the optical compensation
layers were laminated in the following order: the polarizing
film, the optical compensation layer Cl, the optical
compensation layer B2, the optical compensation layer Al,
the liquid crystal cell, the optical compensation layer Al,
the optical compensation layer B2, the optical compensation
layer Cl and the polarizing film.

In this TN-LCD, white display, black display and gray
scale display of eight gray levels were performed by computer
software.

In this TN-LCD, although the viewing angles of display
contrast in the left, right and lower directions were
excellent, but the angle in the upper direction was inferior,
and the viewing angle characteristic of gray scale inversion

was not very excellent in any of the upper, lower, left and



opiical conpensation |ayer B2, the optical conpensation |ayer Cl, the

| iquid crystal cell, the optical conpensation |layer Cl, the optical
conpensation |layer B2, the optical -.conpensation |ayer A and the
polarizing film At this tine, the upper side direction of the

principal optic axis of the optical coﬁ%ensation | ayer B2 as viewed from
the light outgoing side of the tiquid crystal cell was set to +180[err]

with respect to the rubbing direction of the Iliquid crystal cell substrate
di sposed close to the light incident side and the |ight outgoing side of
the liquid crystal cell, and the direction of the slow axis of the optical

conpensation |ayer C was set perpendicular to the rubbing direction of the
Iiqui d crystal Tég@ht S&BE€CEAPBSHi sposed close to the Iight incident side
and the |ight out.going side of the liquid crystal cell. In this
TN-LCD, white display, black display and gray scale display of eight gray
| evel s were pe by _c r softmare and contrast ratio at the tine
of the mhite/bkg%kg%ng% a@ggn igray scale inversion at the tine of the

OhLe 7)o e Dol THSHE! VRSP oBR WReseTIE UL LAb" o ESHAICT
by O suka E|eCBEOEhESoﬁﬂlcaEtQompensatlon layers were not used buflonly
the polarizing fllms were mounted.

In this TN-LCD, white display, black d:.splay and gray
scale display of eight gray levels were performed by computer
software, and contrast ratio at the time of the white/black
display and gray scale inversion at the time of the gray scale
display of eight gray scales were measured within a range
of 60° in the upper, lower, left and right directions with
Lcn-fooo made by Otsuka Electronics Co., Ltd.

The angles where gray scale inversion occurs in the upper,
lower, left and right directions are shown in Table 1. In
this TN-LCD, the viewiﬁg angle of display contrast and the
viewing angle characteristic of gray scale inversion were

not very excellent in any of the upper, lower, left and right

directions.



The angl es where gray scal e inversion occurs inthe upper, lower, left and
right directions are shown in Table 1. In this LCD, the view ng angle
characteristics of both display contrast -and gray scal e i nversion were

excellent in all of the upper, |ower, ft and right directions. Thus, the
LCD is far nore excellent than convent bnal TN- LCDs. Conparative
Exanple 1 A TN-LCD having- three kinds of optical conpensation |ayers

| am nat ed therein was produced in a manner simlar to that of Exanple 3
except that the optical conpensation |ayers were lamnated in the

f.ol | ow ng order' the polarizing film the optical conpensation |ayer Ci,

t he opti cal ensatlon | ayer B2, the optical conpensation |ayer A, the
I'i qui d crystal E Lt he optical conpensation |ayer A, the optical

conpensation | ayer BZ, the dpflcal omensat’on [ a er Cl.and the

pol arizing film In th%#l\?— éﬁb SWEEPY GC8RPayTVEF ﬁ?‘ﬁnd?%iﬁﬁ?/ and
gray scale display of eight | s, we perf d by c

sof t war e. In this TN—L éﬁ% qgﬁL?%égviamﬁ%ﬁgghglos gngglsplay

contrast in the feft oweridirectiong e exgell but the
angle in the upp H‘Prlgcgl on i nfer |or(?S and t\rll\g%/i ew f a%klle

characteristic ¢ ra aIe i siop not | very.excelll ent.d n any of
t he upper, |OMBIE % ¥ 35 ki 50 o

greater greater
Comparative 30° | 5° 27° 30°

example 2




22 —+right directions. = Conparative Exanple 2 A TN-LCD was
produced where in the TN-LCD of Exanple 3, the optical conpensation |ayers

wer e notM'mgmﬂuﬂ"mEe pol ari zi-ng fil-nms were- nount ed. In this
TN LCD ck display and,gray scale display of eight gray
| evel s wer'e perfor feds by* conputer soft#fire, and contrast ratio at the tine -
of the white/black display and-gray scale inversion at the tinme of the
gray scale display of eight gray scales were neasured within a range of
60 in the upper, lower, left and right directions with LCD 7000 nade by
O suka El ectronics Co., Ltd. The angl es where gray scal e inversion
occurs in the upper, lower, left and right directions are shown in Table
I. In this TNWHED Ilshe:mmmg:Sangl e of display contrast and the view ng
angl e characteristic of gray scale inversion were not very excellent in
any of the upper | duwed, nownalindhitghmodgi ;Lagqui@rpgrystal display device

23
comprising an about 90° twisted nematic lqu.ld crystal cell

and two light polarizing films disposed on both sides of said

_ cell, wherein
~ +.a layer (optical compensation layer A) comprising at

least one optical compensation layer having élmost no

refractive index anisotropy in-plane of‘the film and having

a characteristic wherein the refractive index in the

thickness direction of the film is lower than that in-plane

of said film;

- a layer (6ptical compensation layer B) comprising at
least one optical compensation layer having optically
positive refractive index anisotropy and having a
characteristic wherein the principal optic axis thereof is
tilted 20 to 70° from the normal direction of the film;

ca pqlarizing £ilm, and

*a liquid crystal cell
are laminated in the following order: said polarizing film,
said optical compensation layer A, said optical compensation
layer B, said liquid crystal cell, said optical compensation
layer B, said optical compensation layer A and said polarizin'g

film.
2. A liquid crystal display device wherein a layer

(optical compensation layer C) comprising at least one



Table 1 Angle where gray scal e inversion occurs

Ri ght Exanple 1 39[err] 45
59-[err] ”", mwu m,””ﬂ'anpleZ . 35[err] 20[ err] 50[ err]
50[err] Jggerr] 60[err] or 60[ err]

- greater greater
Cbnparatlve 30[ err] 5[err] 27[ err] - 30 exanple 2
24 VWHAT IS CLAI MED | S: 1. Anormally white node liquid crystal
di spl ay device conprising an about 90[err] twi sted nematic liquid crystal
cell and two |ight polarizing filns di sposed on both sides of said cell,

wher ei n ensgtlon sing at | east
XY

one. opti cal colBSRELEL GPPFAGET SAUPROFar HB8: LAEEE bRy ife, BREIRA
ani sotropy i n-glane; o Log-LLLIVangh Ayl A0 oBe 2081 6L CRLSLRGL MNBLELDe Lfe

refractive |nd X 1n ness direction o mriIs omer an that

In-plane of Sﬂiaéwééh Mhe o?tlcé‘l' G¥RbehLRELGR! 1a9apeﬁsaaaoehéamau§a

conprising at east one optical conpensation |ayer having optically
crystal cell of the liquid crystal display device according
to claim 1l in the following order: said polarizing £ilm, said
optical compensation layer A, said optical compensation layer
B, said optical compensation layer C, said 1iquid crystal
cell, said optical compensation layer C, said optical

compensation layer B, said optical compensation layer A and

said polarizing £ilm.

3. The liquid crystal display device according to claim
1 or claim 2 , wherein, as viewed from the light outgoing
side of said liquid crystal cell, the upper side direction
of the principal optic axis of said optical compensation layer
B insaid twoor three kinds of optical compensation layers,
is set to about +180° with respect to the rubbing direction
of liquid crystal cell substrate disposed close to the light
incideﬁt side and the light outgoing side of said liquid
crystal cell.

4. The liquid crystal display device according to claim
2, wherein the direction of the slow axis of said optical
compensation layer C.in said three kinds of optical
compensation layers, is set approximafely perpendicular to

the rubbing direction of liquid crystal cell substrate



posi tive Tefraetive index anisotropy and having a characteristic wherein

the pripgi optic axis thereof is tilted 20 to 70[err] fromthe nornal

di rectlgﬂﬂ/”’”ﬁ”mm *a polarizing film and *a liquid
éGrystal € h M#Ied inthe follow ng order: said polarizing film -
said optical conﬁen%atﬁon | ayer A, sai'd optical conpensation |ayer B, said

liquid crystal cell, said optical conpensation |ayer B, said optical
conpensation layer A and said polarizing film 2. Aliquid crysta
di spl ay device wherein a |ayer (optical conpensation |ayer C) conprising
at | east one uni axi al optical conpensation |ayer having

optically positive refractive index anisotropy is further |am nated

‘bet ween t he opispasedoabessatdobheaybght inaident| sidedandryhealight| of
the liquid crystal display device according to claiml in the follow ng
“order: said pertgeipggsidenpisapid bpEpid| CEBRPRAsSELdn | ayer A said
optical conpensation |ayer B, said optical conpensation |layer C, said
liquid crystal cell, said optical conpensation |ayer C, said optical
conpensation |layer B, said optical conpensation |layer A and said

pol arizing film

~



3. The liquid crystal display device according to claim 1 or claim?2 ,

wherein, "as viewed fromthe Iight;odtgoﬁngﬂﬁ§yde of said liquid crysta

§e||, t he upper side direction -of the principal optic axis of sai'd optical
conpensation layer B in said two or three kinds of optical conpensation
| ayers, is set to about +180[err] mﬁt57respect to the rubbing direction

of liquid crystal cell substrate disposed close to the Iight incident side .

and the light outgoing side of ‘'said |liquid crystal cell. 4. The
liquid crystal display device according to claim 2, wherein the direction
of the slow axis of said optical conpensation |layer Cin said three kinds
of optical -conpensation |ayers, is set approximtely perpendicular to the
rubbi ng direction ofliéynd crystal cell substrate : di sposed

e

close to the PRAMRAGEQre RS RFSCHRPURFe 1ight  outgoing side of said
Jiquid crystal cell. LIQUID CRYSTAL DISPLAY DEVICE '

A NW mode TN-LCDs having significantly improved viewing
angle characteristics of both display contrast and gray scale
inversion, wherein

a optical compensation layer (A) having a characteristic
wherein the refractive index in the thickness direction of
the film is lower than that in-plane of said film;

a optical compensation layer (B) having optically
positive refractive index anisotropy and having a
characteristic wherein the principal optic axis thereof is
tilted 20 to 70° from the normal direction of the film;

auniaxial optical compensation layer(C)having optically
positive refractive index anisotropy;

a polarizing £film(PL);

a liquid crystal cell(LCC);
are laminated in the following order:

(1) PL, A, B, LCC, B, A, PL

or (2) PL, A, B, C, ILCC, C, B, A, PL.



