Title: LIQUI D CRYSTAL DI SPLAY ELEMENT, AND USE OF PHASE DI FFERENCE FI LM
USED THE SAME FOR Abstract: It is possible to prdvfierd 2808/A node
liquid crystal display elenent in which 1light |eakage is reduced over the
entire w de band, and black display is npmde sharp and substantially
achromati c by using conbination of a phase difference film (A) in which the
phase difference becones snaller as the wavelength is shorter and a phase
difference film" ' SPECIFICATION

Liquid crystal display device and Use of Retardation Film Therefor

Technical Field
The present invention relates to a liquid crystal display device of vertical
orientation mode to orient the major axis of the liquid crystal molecule

nearly perpendicular to the panel face the liquid crystal cell in a state free

10 from the application of voltage.

Background Technology
Liquid crystal display device is generally composed mainly of a

liquid erystal cell having a liquid crystal layer sandwiched between a pair of
15 substrates, a retardation film and a pair of polarizing films arranged
perpendicular to each other and placed at both sides of the liquid crystal

cell. Liquid crystal display devices have been used in wide fields from

small-sized instruments such as watch and electronic calculator to
large-sized instruments such as monitor and television set. Elements of
20 TN (Twisted Nematic) mode to use a liquidi crystal molecule having positive
dielectric anisotropy were the mainstream in such liquid crystal display
devices. In a TN-mode liquid crystal display device, the orientation
(iirection of the liquid crystal molecule adjacent to one substrate is twisted ,
by about 90° relative to the orientation direction of the liquid crystal
25 molecule adjacent to the other substrate in a state free from the application
of voltage.
Various developments were performed on the TN-mode liquid
crystal display devices for realizing good black display and high contrast.
It is necessary in the TN mode to display the black color under the
30  application of voltage, i.e. orient the major axis of the liquid crystal
molecule in the direction nearly perpendicular to the panel face. However,
since the liquid crystal molecule adjacent to a liquid crystal panel substrate
_ keeps horizontal orientation in the TN mode even under the application of

voltage, the polarized state of light varies by the bii*efringence of the liquid .



(© in which the phase difference becones |arger as the wavelength is
shorter. Accord- ingly a liquid crystal display device haﬂﬂ@i’llga%l | ent

i mage quality and high quality can be provided. 4 April 2006 1
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: nearly complete black display superior to TN mode usually becomes possible :

to realize high contrast when the cell is viewed perpendicular to the

15 substrate.
Various techniques have been proposed for improving the view

angle of conventional VA mode display. For example, the specification of
the JP-A 11-95208 (hereunder JP-A means “Japanese Unexamined Patent
Publication) describes a vertical aligned nematic liquid ci‘ystal display
20 device composed of a liquid ecrystal cell, ai pair of polarizing films placed
above and below the liquid crystal cell in a state directing the absorbing
axes of the films perpendicular to each other, and a retardation film for the
crompensation of view angle comi)osed of one or two retardation films placed
between the liquid crystal cell and at least one of the polarizing films.
25 Concretely disclosed technique is the use of one retardation film or two
laminated retardation films placed between the liquid crystal cell and one of
the polarizing films (refer to the Claim 1 and the Examples 1 to 4 (sections
0030 to 0034).
The specification of JP-A 2000-131693 discloses a VA-mode liquid
30 crystal display device produced by inserting a specific biaxial retardation
film between a substrate and a polarizing filin in a manner to direct the
slow axis in the plane of the retardation film to be nearly parallel or
perpendicular to the ai)sorption axis of said polarizing film placed at the

side of the retardation film relative to the liquid cry_s.-tal layer. Concretely, .



30 application of voltage, i.e. orient the major axis of the liquid crystal
mol ecul e in the direction nearly perpendicular to the panetApE@806 However,
since the liquid crystal nolecule adjacent to a liquid crystal panel
substrate keeps horizontal orientation in the TN node even under the
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A further object of the invention is to provide a new method for
suppressing the light leakagé over the whole visible light range to enable
20 the display of nearly achromatic black color by using a retardation film in a
VA mode liquid crystal display device in the case of displaying black color.
Still further objects and advantages of the invention will become

apparent from the following explanation.

25 Disclosure of the Invention.

The inventors of the present invention have found that the problem
of the coloring of black color by the light leakage is dependent on the
wavelength dispersion of the transmission light and supposed that the
above problem is caused by the wuse of a retardation film ecapable of

30 improving the view angle characteristics only. at a specific wavelength
resulting in the leakage of light at different wavelengths. Based on the
-above conception, the inventors of the present invention have paid attention
to the Wa.velength dispersion characteristics of the retardation in the

retardation film, and the present invention have been accomplished by the




30 crystal display device produced by inserting a specific biaxial
retardation filmbetween a substrate and a polarizing fil4fpi2806anner to
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wavel engtfetardation of the retardation film in the direction of thickness at

wavelength of A 1 and A 2, and A | and A 2 are wavelengths saﬁsfying
the relationship of 400 nm< A 1< A 2< 700 nm), and the retardation film C
satisfies the following formulas (3) and (4) at the same time.

Nx=ny> Nz (3)

- 1<KQDEK(AD (@
(in the formulas, ny is a maximum refractive index in a plane of the
retardation film, ny is a refractive index in a direction perpendicular to
the direction of the maximum refractive index in the plane of the
retardation film and n; is a refractive index in the normal line direction
of the retardation film, and the definitions of K, A 1 and A 2 are same as
those described above).

In accordance with a second aspect of the present invention, there is
provided a liquid crystal display device composed of a liquid crystal cell
containing a liquid crystal held between a pair of substrates in a state to
orient a major axis of a liquid crystal molecule in a direction nearly
perpendicular to the face of the substrate in the absence of applied voltage, a
1st and a 2nd polarizing films plaéed at bhoth sides: of the liquid crystal cell




resulting in the Ieakagé of light at different wavel engths. Based on the
above conception, the inventors of the present invention HeAwrilgaps
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the retardation film C satisfies the following formula (8),
50 < K (550) < 400 (8
and satisfies the following formula (9),
R (500} < 30 ‘ 9

(in the formulas, the definitions of R, K, nx, ny and n, are same as those
described above, R(450) is an in plane retardation of the retardation film
at 550 nm and R(550)is retardation in thickness direction at 450 nm
wavelength, and the retardation film A comprises a polycarbonate having
a fluorene skeleton).

In accordance with a third aspect of the present invention, there is
provided a liquid crystal display device composed of a liquid crystal cell
containing a liquid crystal held between a pair of substrates in a state to

- orient a major axis of a liquid crystal molecule in a direction nearly
perpendicular to the face of the substrate in the absence of applied
voltage, a 1st and a 2nd polarizing films placed at both sides of the liquid
cryStal cell and having polarizing axes directing perpendicular to each
other and at least two retardation films (A, C) placed between the liguid

~crystal cell and the polarizing films wherein the retardation film A has




provided a liquid crystal display device conposed of a liquid crystal cell
containing a liquid crystal held between a pair of substrafégrii3f08 state to
orient a major axis of a liquid crystal nolecule in a direction nearly.
perpendicular to the face of the subst#ate in the absence of applied
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orient 4 major axis of the ligmad crystal molecule in"a direction nearly
perpendicular to the face of the substrate in the absence of applied voltage, a
1st and 2nd polarizing films placed at both sides of the liquid crystal cell and
‘having polarizing axes directing perpendicular to each other and at least two
retardation films (A, C) placed between the liquid crystal cell and the
polarizing films wherein the retardation film A satisfies the following
formula (1) and/or (2) ,

R(LD/R(A2< 1 1)

K )/EK(L2< 1 ' (2)
(in the formulas (1) and (2), R( A 1) and R( A 2 are each an in plane
retardation of the retardation film at wavelength of A 1 and A 2, K(& 1) and
K(. 2 are each a retardation ‘in the direction of the thickness of the
retardation film at wavelength satisfying the relationship of 400 nm <11 <A
2 < 700 nm), and the retardation film C satisfies the following formulas 3
and (4) at the same time.

nx = ny > ny 3

1< K(A /KA 2) (4)
(in the formulas, ny is a maximum refractive index in the plane if the
retardation film, ny is a refractive index in the direction perpendicular to the
direction of the maximum refractive index in the plane of the retardation
film and n: i1s a refractive index in the normal line direction of the
retardation film, and the deﬂmtlons of K, A 1 and A 2 are same as those

described above).




In accordance with a third aspect of the present invention, there is
provided a liquid crystal display device conposed of a IlqﬁF@ﬂHK@ﬁtal cel
containing a liquid crystal held between a pair of substrates in a state to
orient a major axis of a liquid crystaf#cnolecule in a direction nearly
perpendi cular to the face of the substrate in the absence of applied

vol tage, a l1lst and a 2nd larizing filns placed at both sides of the
liquid cﬁyéﬁéhQ%@nﬁﬂgﬁﬁfEﬁ@ﬁ%@gbolarl2|ng axes directing perpendicular to
each other and at least two retardation films (A C placed between the
liquid crystal cell _and the pol arizj films wherein the retardation film
A has 4 April Jogread &sSanhexramul esﬁ%wgercqr&tmﬁm oh the datti fFsitlon of

pl ane and/ i shorter wavel ength within the

wavel engt ﬁ?{plﬁ d%#lg?’?(glﬁghﬁ%@%ﬁrhﬁ%%ﬁ% nm and the retardation film C has
essentially larger retardation in thickness direction at shorter

wavel ength and satisfies the following formula (3) nX > ny > nz (3) (in
the fornula, the definitions of nx, ny and nz are sane as those descri bed
above). In accordance with a fourth aspect of the present invention, there
is provided a nmethod for conpensating the view angle of a liquid crystal

- display device in a whole visible light range by providing a liquid
crystal cell ~containing a liquid crystal held between a pair of substrates
ina state to orient a major axis of the liquid crystal nolecule in a
direction nearly perpendicular to the face of the substrate in the absence
of applied voltage, a 1st and 2nd polarizing filns placed at both sides of
the liquid crystal cell and having pol arizing axes directing perpendicul ar
to each other and at least two retardation films (A C placed between the
liquid crystal cell and the polarizing filnms wherein the retardation film
A satisfies the followng fornmula (1) and/or (2) R(ADO a, 2)<1 (1)
K(9d)/K(L2)<1 (2) (in the formulas (1) and (2), R( 2, 1) and R( X 2) are
each an in plane retardation of the retardation filmat wavel ength of X 1
and X 2, K( 2, 1) and K(k 2) are each a retardation in the direction of
the thickness of the retardation filmat wavel ength satisfying the
relationship of 400 nm< X 1 < A




2 <700 nm, and the retardation filmC satisfies the follow ng fornul as
(3) and (4) at the sane tinme. (3) nx > ny > nZ 1< K(A 1)/KAgrrlZ004) (in the
formulas, nx is a maximumrefractive index in the plane if the retardation
film ny is arefractive index in the dgrection perpendicular to the
direction of the maxinumrefractive index in the plane of the retardation
filmand nz is a refractive index in the normal line direction of the
retardation filnFiand 2hi def erahipdnsfofheKcokstitutioid oA th2 digaidarestad t hose
descri bed above). 4 April 2006 4c Brief Explanation of Drawings Figure 1 is
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filmC 2P The Bigvoeds psl ani examgple bfnth: cBudititignt of ¢heeliguidh gevstsl
Carr yi ng o&xt fhe InvenHon . . '

0 1splay device of the present invention.

Explanation of the Signs
1P : The first polarizing film
A The retardation film A
15 - Lt The VA liquid crystal cell
C: The retardation film C
2P: The second polarizing film
B: Backlight

20 Best Mode for Carrying out the Invention
The liquid crystal cell of vertical aligned mode (a VA mode liquid

crystal cell) of the present invention has a structure holding a pair of
sﬁbstrates each having an electrode and placed opposite to each other
interposing a definite distance therebetween provided that at least one of .
25 the substrate with electrode is transparent and holding liquid crystal
molecules between the substrates directing the major axis of the molecule in
a direction nearly perpendicular to the substrate in a state free from the
application of voltage. The orientation in a nearly perpendicular direction
means that the average value of the angles between the substrate and the
30 major axis of the liquid crystal molecules at the displaying pixel is nearly
perpendicular, generally 80 degrees or more, more preferably 85 degrees or
more and further preferably 87 degrees or more. The liquid crystal may be
oriented parallel to the substrate at a part other than the displaying pixel

in a state free from the application of voltage as disclosed in JP-A




The liquid crystal cell of vertical aligned node (a VA node liquid crystal
cell) of the present invention has a structure holding a phferil@06
substrates each having an el ectrode and pl aced opposite to each ot her
interposing a definite distance therebetween provided that at |east one of
25 the substrate with electrode is transparent and holding liquid crystal
nol ecul es between the substrates directing the major axis of the nolecule
in a direeppprspesnl y perpendicular to the substrate in a state free from
the application of voltage. The orientation in a nearly perpendicul ar
direction neansAtphenemenapofdhe fodnrpineetting amjfars Pisplee hakerePagst r at e
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Structure and Process” formng a_ wndow on the pixe ectrode as
descri bed windpm ¢n the pdteielegtrods as describerbirsd Bt fr129180s o AoressssedN n t he
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vertical ajjginationRieditasy by RAdanphichdtdlGRatdriNold B8Lliquid crystal. As
' stated above, there are many orientation states of liquid crystal of a liquid
20 crystal cell of vertical aligned mode under the application of voltage,
however, the present invention is not restricted by the orientation state of
the liquid crystal under the application of voltage.
The retardation along the thickness direction of a liquid crystal cell
at 550 nm wavelength (hereinafter referred to as K(550)) is usually set to be
25 fallen within the range of from —400 nm to —200 nm or thereabout for
example in a transmission-type liquid erystal display device. The
retardation along the thickness direction is defined by the product of the
distance of the substrates holding the liguid crystal and the refractive index
anisotropy of the liquid crystal perpendicular to the substrate.
30 The liqilid crystal display device of the present invention, for
-~ example a transmission-type liquid crystal display device is usually
provided -with a backlight at the side reverse to the viewing side and has the
- first and se;c-ond polarizing films above and below the liquid crystal cell in a

state to cross the transmission axes of the films at an angle nearly




however, the present invention is not restricted by the orientation state
of the liquid crystal under the application of voltage. Thépil&@086dation

al ong the thickness direction of a liquid crystal cell at 550 nm _
wavel ength (hereinafter referred to as 5(550)) is usually set to be 25
fallen wthin the range of from-400 nm'to -200 nm or thereabout for
exanple in a transm ssion-type liquid crystal display device. The
retardatio ' direction is defined by the product of the
di st ance oPePﬂgﬂgu %@?gﬁggﬁﬁgﬁﬁgng the liquid crystal and the refractive

i ndex ani sot ropThef ndsétibnajuixblengestap @gr;bbﬁdiretﬂr&iatipa tfHe sandt thee. 30

The liquid_cyystal display device of,th nesent..invention, . far le a
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second polarjzing filns ahove _and bel ow the Liquid crystal .c in a, state
to cross tRelarrARsnfily| éﬁg&?eé’e*é‘f’e‘%fhé ilﬁlrﬂéu‘ét crystalnge ﬁ@érﬁ%éf’eﬁiﬁﬁll 2006
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di sposi ti oRigfreatl toeist one of the retardation filmfilns A and C between

the liquid cryst cel | d.t fyr.st S5e.polarizing fi.l n n the
diquid crystal C'Z‘Ha rgﬁ%m%%éonsgin&n lsﬁ)or ge%ﬁ%fynaf%egn?@gén% Eegs{':)ljtl’) ?%%érll\?:rgete
arr ?ngegfnthwflr@cghawpolaﬁiihg fﬂﬁgd?gs«eﬁedtﬁre@y h&ﬁﬁpéﬁﬁ%ﬁlﬁ@f thon zi;jﬂa‘reﬂilsi sf
preferably placed adjacent to,the rst, or, the secon arizing fi.lmfor
ef fectd yel@e‘f}éﬁﬁén t "i"]d”‘teﬁeo%ﬂb%rpé’. nzgg s at rsl‘g‘ﬁ ]Eﬂtafcﬁ?él%(@% the

pol ari zi ng_mféféfmﬂ TREadell A atdan thi M Cliguiar @kpsab! Yelp! anedaditaednt to

the liquid crystal, "cell for effectively conpensating_the
t hi ckness-edimpensasing thethickness-girection|tegandptiony of she diguid crysial icelm

"adj acent " d «[ R. 'resggﬂ ' t] J @ﬂﬁp ts are
directly c%ﬁ? aé(%?lﬁlngh%a’icﬁﬁteggh ot e?ﬂl\é;ﬁgpgg%e%a]?lé?hg?gn%%%ﬂs1 Wi tgﬁﬁgn
adhesi ve agemnpond?rtefaeabikgctlst hentslctiwgaxith exfcht bicher siyapasting foxf example and/ or
Cis I acec]E esseahi ally -Ea£ all el or perpendicular to the polarizing axis
of the 1stW! groNd® §&FRki zing films to suppress the inpartnent of

retardation on PhgeRMIA the blowobkiseol ehé N@thFdaridrhilifs0At andopalr iof
ot her retardation 20 filns having nearly (fqual characteristics, (for
exanpl e, Placed gssandiadly Rﬁl;albq_:l or perpendicular to the polarizing axis of the lst

and/or 2nd polarizing films to suppress the impartment of retardation on

the polarized light entering from the front. A pair of other retardation
20 films having nearly equal characteristics (for example, a 1 /4 plate) may be

placed between the liquid crystal cell and the 1st polarizing film and

between the liquid crystal cell and the 2nd polarizing film in a manner to
direct the slow axis of the retardation films essentially parallel or
perpendicular to each other. ' _

25 It is preferable that the retardation films A and C have in-plane
retardations at 550 nm wavelength (hereinafter referred to as R(550)) of 300
am or under and K(550) values of 400 nm or under, however, the optimum
values are dependent upon the average refractive indices (hereinafter
referred to as “n”) of the retardation films A and C and the combination and

30 arrangement of the retardation films A and C.

| In the present invention, the in-plane retardation R(21) and the
thickness direction retardation K(A) of the retardation film are expressed
by the following formulas (12) and (13), respectively.
R=(n.—ny)Xd . D))



pl aced between the liquid crystal cell and the 1st polarizing filmand
between the liquid crystal cell and the 2nd polarizing fil4Api 2808anner to
direct the slow axis of the retardation filns essentially parallel or

per pendi cul ar to each other. 25 It is pgeferable that the retardation filns
A and C have in-plane retardations at 550 nm wavel ength (hereinafter
referred to as R(550)) of 300 nm or under and K(550) val ues of 400 rim or
under, however, Kehé mpltnsr}iﬂrrnv}amés are depend upon the aver age

refractlve | erei nafte referr "n" r. on
films A antt Eng% nﬂgié)l cBﬁbrf'Yn%’i‘ il 2C g‘oa?i%r g}ﬁ%'gﬁ a"?té’t% alggg i on
films A angf fhe kétalrfigtiph flantorRepohdon td ti retfrawtarwmcﬁbaa" flathor KiX) and
the thickness direction retardat|on K(R) of the retardation fil m re
expressed 2BY Y raxis om ¢ dym arlane aand 1@)6 ArRKip 1@91136?1@%@% itg ethe

R 1Y) XLl Ald d2R088 IKTolAdus o 3FHhb Hllatdablon rﬁlh{le ﬁLOfiénJ' as,

nx, ny and are eac hr ee- di mensi onal refractive 1 ndex of
retardati owaire]emngtblofésmodﬂﬂmg H0O nime refractive indices in the x aX| s and

y axis in the fi Ian dthezaX| per pendi gul ar othe .
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wavel engt haﬁ?ifsof Mréﬁrﬂ@ﬁoﬂrﬁlrﬁﬁnﬂsyemhnﬁ iheghasedwe, ofhbheaﬂdaﬁ&at&dre

i ndi ces show n e optical anisotropy of a retardation film Especially

in the casél® ?t'thepﬂ'%‘i%‘rtdﬁ“{‘i’%on’fl | mof the present invention, 10 nx: the
maxi mym ref ractiye | idexakihherdtAdR @aRx iRYhe W16 pRIHAct i ve index in the

di rectl on per pendi ‘cular to the direction of the maxinum refractive index
in the filmplam: the tefieactiser dodexein ridex divectiea wierpendisnlast te hthehor mal

e Che Fetr net | vedRaish SPMHC BlatmA SAARNG i1 dh BRt? phth O3] {1 Ve

when the refractive maxi mum 1 n nin the case
of uni axi al dl’avmmg;heofeffac}bﬁileyﬂ&iexf ith rbher directidre oﬂrthw ngrmak Hotiafntheo get
hi gher increase of the orientation degree in the case of biaxial draw ng,
i.e. the orientati of™direction of the polynmer main chain fromthe

vi ewpgi nt of chemheg dim@m;sbm&w@ isaltinedl Wefd padtive wieeelgabdfygetieen the
above refractive index in
index is maximum in the drawing direction in the case of uniaxial drawing
of a polymer film or in the drawing direction to get higher increase of the
orientation degree in the case of biaxial drawing, i.e. the orientation
direction of the | polymer main chain from the viewpoint of chemical
20 structure, and is defined to be negative when the above refractive index in
the drawing direction becomes minimum.  The three-dimensional
refractive index is measured in the present invention by a method to |
assume the optical anisotropy of the retardation film as an optical indicatrix -
and determine the three-dimensional refractive index by a known formula
25 of optical indicatrix. The three-dimensional refractive index depends upon
the wavelength of the light.so'urce for the measurement and, accordingly, it
is preferable to be defined at the wavelength of the light source.
The retardation films are classified in the present invention by the optical
characteristics and called as follows.
30 Retardation film A ny>ny=n,
Retardation film C! nx=ny>n,.
At least two retardation films, namely the retardation film A and
_ the retardation film C are used in combination in the present invention.

The retardation film A has a retardation essentially decreasing With shorter




the draw ng direction becones m ninmum The three-dinensional refractive
index is measured in the present invention by a nmethod to 4Apd20€6t he
optical anisotropy of the retardation filmas an optical indicatrix and
determ ne the three-dinensional refractive index by a known fornmula 25 of
optical indicatrix. The three-di nensional refractive index depends upon
the wavel ength of the light source for the neasurenent and, accordingly, it

i s preferablagelenghe defiltedigit tibe m&eﬁméﬁt stnd henl ithét c@muname thée
retardation filns are classified n t present entlon tVﬁ& |cal
char act er | 5¢teedatgpm ek they tgandatigyst I%OCRé%Sé?’EFé% N HTLATEA hng

Ret ar dat i oy biub a3 o3 S 7dléngd (hRghs kntadedaiion {11 s,  narel y “the

retardation re ardatl n filmC are used in corrbl nation in
the present i nvefheabove Theblenarcdat bomolednA thasombinatiedafi sieh two

essentj al | askn hort 20 o] l'i ght
for suré?ﬁé’ﬁﬁ j‘ﬁ’ﬂlas gﬁ rtefi‘f‘jer g‘ﬁ?}‘s ?Aiﬁ% th? eliegg%tll on %gfe“' Q‘fg(i]g" Srfetutgr ation
}‘ i Ln Cf esSPhE i @lbhnd atider %ﬁlﬁeébwahhlyt &‘tﬁnptsmtéﬁmlgélgi@faréﬂie dnmeﬁioe;ngf bhé he

i ght for neasurenent. e above can he e t he conhi nati on
of such twexissokpag ipolariginggelaie wf aﬁh&a¥qtaﬁ3aﬁ1¢rh§ﬁ dfj tcﬁél "P’ée
Ssupposed zxsetBP&At?tW? i T RS QEHARL! (Elﬂ'efctllaﬁ‘ BB, p% Cmﬁataespélheof

-appar ent lation o axis o he pol ari zi ng ate and the retardation
filmcC conprdasaatm fﬂhﬂ@ rIétzarMemble ot 4pply haw lequel afigle off i xetavdatiamat i ng

bet we ar i z fil [
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anisotropy, etc., is practically used as a protecting layer of a polarizing film :
in addition to the VA liquid cell between a pair of polarizing films, however,

20 the thickness direction retardation of fhe VA liquid crystal cell 1s
-.sufficiently large compared the protecting layer. Accordingly, it is
preferable that the retardation film has a wavelength. dispersion of
x:etardation gimilar to that of the VA cell, i.e. a retardation increasing with
decreasing wavelength, for compensating the thickness direction

95  retardation between a pair of polarizing films over a wide wavelength
range.

Accordingly, the retardation film A has a wavelengt.h dispersion
characteristics of the retardation satisfying the following formulas (1
and/or (2) preferably in single layer.

30 R(A D)/ R(A <1 - (1)

KA K(12<1 2
In other 'words, retardations (R,K) of the film in the plane and/or thickness
direction of the retardation film become smaller at shorter wavelength. It »

is necessary for the improvement of the view angle characteristics to use the .




sufficiently large conpared the protecting |ayer. Accordingly, it is
preferable that the retardation filmhas a wavel engt h di spkApiil@d06f
retardation simlar to that of the VA cell, i.e. a retardation increasing
wi th decreasing wavel ength, for conpenggating the thickness direction 25
retardation between a pair of polarizing filns over a w de wavel ength
range. Accordingly, the retardation filmA has a wavel ength di spersion
chg/r act (er2 |) séﬂa@faaﬁbgltﬂmn r&bﬁﬁ@i@bé?@ssﬁﬂiﬂ%}yblﬁ@ ﬁil)m;@lé Mjazrgnﬁ._reg af s(m)gld £dm( 1;/
and/ or pr.efer y, in single jer . RU, . i R(. < 1 K(X i
K(12) < 1W(l§)014tna16f1ﬁ§ﬁt1ﬂ§r (fs,P]ﬂJé"Sﬁ%aP Jisdardatign ofli(lflﬁeoﬂ?qrm' o H&ep| ane
and/or thi glneasiofi ARG IA e QhtishAnk &her SO duitdhRGOIR] IR 4 &S ofth
shorter wavelength. It is necessary for the inprovenent of the view angle
char act er i sinigls film is edviaatdgesmsi fro@00Be Miewepeind atfi east fandprodurtpdted

essentjally o single layer, i.e. a,inpgle film ,w.tho | am [ a
pl ural 'l% ty éﬁs &éf}) ra%(%?%?{lefqyﬁ%ermtﬁx&1%%%&1%% flirn?at‘!zb‘i\r P (%)%nffa?? mgig 1#1%?
sgt i.sfyi ngaﬁab?zﬁtw\aelidj@ﬂwﬁ@@rfbﬁ sl?@ldtljr rcenwgﬁimg élﬁae abovigtlenfacteristics.
advant ageous fromthe view pgint .of cost and_productivity. 5 As.to be
menti oned | at er, R hihe @bovaaiorsHles nt A ARd @Oﬁta&ienaﬁbgﬁ%lyl w r‘?ﬁ"tﬂﬁt?lﬁf a

l'i quid Cr)@%ﬁ‘éfy{% 5d f(gm&i}ﬁg%f%ﬁpi (i£)9 the above characteristics. |In the
1l and 1 2

above formul as; are arbitrary wavel engths satisfying the
fol I owi ng for mul 409 24y <4bo<rhe<70@mm 12 < 706l4dm (14) 10 The retardation

filmA preferabl at i, sf | t fallowngsfo 1 ’ I =2) -

R( 450@/ R(550) < ?{‘?%tgféaﬁ‘ﬂ} %goi’ggeﬁ%fyzgja%%%c%ﬂ%pg@soa i n’f?’geé‘ﬁaﬁ)w de

wavel engt h(1i-3) amdert(d-PHe possible by the use 15 of a retardation filmA
havi ng a wavel en i i characteristics tisfying the foll ow ng,

- formulas (5) andﬁg&(ﬂﬁ@k%gw)/m 550) (5) 1 _gK?gSO)/)IQ( 5%0)(6) The )

definitions of RgRamb)k E(ss09ane as those nmenti@nrgd above. 20 The

~retardation filmA preferably further has a wavel ength .
The compensation over a wide wavelength is made to be possible by the use

15 of a retardation film A having a wavelength dispersion characteristics

- satisfying the following formulas (5) and/or (6).

1<R(650},/R(550) 6Y)
1< K(650),”K(550) (6)
The definitions of R and K are same as those mentioned above.
20 The retardation film A preferably further has a wavelength
dispersion characteristics satisfying the following formulas (10) and (11)
0.6< R(450),” R(550)< 0.97 (10)
1.01<R(650)./R(650)< 1.4 v

and the compensation of the apparent deviation of axis of the polarizing
25 plate can be improved by setting the retardation ratio to be closer to.the
ratio of the wavelengths for measurement.
The retardation film A preferably satisfies the following formula (7).
10<R(550)< 300 D
The retardation film C to be used in the present invention satisfies
30 the following formulas (3) and (4) (preferably the formulas (4-1) and/or
~ (4-2)) at the same time.
Nx=ny >N, (8)
1<K(11/K(A2) -. (1)
K(650),/K(550)< 1 | Y




di spersion characteristics satisfying the followng fornulas (10) and (11)
0. 6<R(450) / R(550) <0. 97(10) 1. 01<R(650)/R(550)<1.4(11) and 4heric®¥pensati on
of the apparent deviation of axis of the polarizing 25 plate can be

i nproved by setting the retardation ratjp to be closer to the ratio of the
wavel engt hs for neasurenment. The retardation filmA preferably satisfies
the following fornula (7). 10 < R(550) < 300 (7) The retardation filmCto

be used in the pnesgMs50)pEEs0PN satisfies 30(#42¢ followi ng formulas (3)
and (4) (preferably the fornulas (4-1) and/or ., (4- 21)) at the SﬁITE,ti nme.
2>1<_'1> ny;( ndezjely, ehgretartption film)¢ 43 ueuatly) 2 kissigyly<degwm 2@1114 ABE 22006

< K(4 4 4-2) Nag); i 1. ' lthe @
bi axi al l'y ?F&gé\(}ﬁg??%}nqe%{a{lﬁ }nng a rl}ék?%%??{ggéﬁ gg ltpnf{g fl|Hr111 %ﬂﬁgll%% %&%ﬁggsﬂie
direction sffradievd iihdicesnl Itediasalwaer rhrdationalt ivahickiiesesdir¢dtidragt| ar ger
retardation K,in thi}ceg\gg s direction at 5 shorter wavel ength. The
r et ar dat i oPPEEEHIEYE ably satisfies the following fornula (8) to

effectively conpengabeatdi@ionctibh (2biroRraklyt dlitedfrsthediolie®ing foreiulah®) | i qui d
crystal cell. 50<K(550)<400 (8) 10 Furthernore, the ret ar_datioH ilmC
pr ef er abl ytoseffecivedy compensaty tha rejaréatien an thickngsp AbpeHon of & ﬁﬁwalén‘}‘i ng of
t he effgctcrgf tailhc%llfi | m A conpensating the deviation of the axis of the
pol ari zi ng Pate "R( 5503 < 30 (9) Especially in the present invention, the
use of the retar8@KKGES0)KAA 15 satisfying t above fornula (7) and the

retardation film,C gatisfying the,  abqgve fpfnul i ui t a foyr the
conpetati on of nit;‘HEt et of eoffeltﬂré&)a%é% SP%IP t(ﬁeg g%f%%l i r?té‘@‘lé g? e('?%?]d t he
conpensat i RMo@fink ermeld ar(gRib Greient hBe Hihtelingsel the edfettonf ahe tfiles IA qui d

crystal cell. Wen each of the 1st_and . the 2nd polarizjng films in the
liquid 20compensating thy agviabend the a?‘l”l%og'i}&%ﬂ?r’izm%ﬂhtgn are conposed of

a polarizing  R(550)<30 | (9)
Especially in the present invention, the use of the retardation film A
15 satisfying the above formula (7) and the retardation film C satisfying the
above formula (8) is suitable for the compensation of the deviation of the
axis of the polarizing plate and the compensation of the retardation in the
thickness direction of the liquid crystal cell. _
When each of the lst and the 2nd polarizing films in the liquid
- 20 crystal display device of the present invention are composed of a polarizing
device having protecting layers on both sides as mentioned later, the above
retardation films A and C are preferably used to give the sum of the
thickness-direction retardations of one side of the protection layers, the
retardation films A and C and the liquid crystal cell of from -200 to +200 nm.
95 . When other retardation films are used in addition to the retardation films A
and C, the retardation films A and C are preferably used to get the sum of
thickness-direction retardations including these additional retardation
films of from -200 to +200 nm.
The retardation film A to be used in the present invention is e.g. the
30 one described in the specification of WO 00/26705 (corresponding to the
| specification of EP 1045261). _ '
Concretely, an oriented polymer film satisfying the following
conditions (a) or (b) can be used as the retardation film A.

(a) An oriented polymer film’ satisfying the requirements of (1)




devi ce having protecting |ayers on both sides as nentioned |ater, the above
retardation filns A and C are preferably used to give the 4pril @008 he

t hi ckness-direction retardati ons of one side of the protection |ayers, the
retardation filnms A and C and the |liquigpcrystal cell of from-200 to +200
nm 25 VWen other retardation filns are used in addition to the retardation
filme A and C, the retardation filnms A and C are preferably used to get

t he sum of combbsddhedsa didignier crontairmng ad imaﬁomnclmﬁitrrg' armﬂgmdcﬁm\iringal
retardation fllmsfpf f.,rom-200 to +200 ret dat| n fl|g‘|§, (%

used in thBOPtSeR? rﬁ#\%‘é%théﬁxl%n‘éOB”OPYh 91“9’61 beE %I 35, thftrs

speci fi cat hﬁhoﬂier%ﬁ?é%ﬁ@%c{rﬁ%éreﬁﬂ%ﬂ' oltryﬁaéﬂeamﬁg% ght iR e Ok cifve EP
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oriented p LI n [ S ) 6 12
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positive rgiohaaidrvenitndexllenithan thpyRUB6)/BI(550) eitic of ehe pdltmendetivedf i r st
nmonomer unijt) d a nononer unit of a I havi n egatjve. refr ctlve

i ndex ani s8Pfb ﬁg‘ © (PRECE nB%‘tI’é’Pl‘?reflé‘Ftré& &%”anﬁég ?83’5 H‘Bﬁ@ﬁ%‘r’e dREEY, (2)
5 having thgiskAp9) ARA550) ratlo of the polyner derived fromthe fII’St '
nononer unit sma er than t he 450)/R(550) rati o of the polyner derjved
fromthe second thnaneprigntad gl filayi safisfping ithe regwiraréwis ioh o®<

ani soj{ opy b e raf re nts of
(D) }1(:([) co(F'TQp &Lé;(i %)faap&? ({lgﬁ%% g%rﬁtg‘}lallyl ng ?0%%2&%?1%%?&?% 3)%;; ol yrer
havi ng posh#vive pcm&haetne*fmetwdemdamamsotrpyy((&neranaﬁiet eefareéértveab t]me as the

f t t d t f h

et ract | velitiqbmameEGRi DAY nabendie upt BrBtnd a e BEr ARE BeRT Mononer

unit), (2)rdfeatki@ ifdexRitiadiro; TheleihaftbP r@feri‘étﬁt@@h&tmi@rsed&ﬁdi\t@&lcﬁﬁ@fn t he
15 first nonopes . unit |arger , t 3?ﬁﬁ5he)aR(45 R(550 ratio of _t pal ymer

dorived frembhHO hassng thenBa0 (PPOLAAtio Rt Haa PR iy derived $TLEHS ve

| ndex; ANt S ORYnofATRIES 18fed:Nhdd 1R 3@5 ?R(%@)t%oc%@dﬂﬂel 9@1(‘71;9& (a) or

(b) are those sat ng t ow ng conditions
oriented piaryvesk fifon a&acgnélmgnmt?;er regtiiandnéht lgavmg(qggatwe refractlve

‘index anisotropy.
Examples of the films satisfying the conditions of {a) or (b) are those

satisfying the following conditions {(c) or (d).

20 (¢) An oriented pblymer film satisfying the requirements of (1)
composed of a polymer blen‘d‘ composed of a polymer having positive
refractive index anisotropy and a polymer having negative refractive index
a;nisotropy and/or a copolymer composed of a monomer unit of a polymer
having positive refractive index anisotropy and a monomer unit of a

25 polymer having negative refractive index anisotropy, (2) having the

| R(450)/R(550) ratio of the polymer having positive refractive index
anisotropy smaller than the R(450)/R(550) ratio of the polymer having
negative refractive index anisotropy and (3) having positive refractive index
anisotropy, and

50 . (d) an oriented polymer film satisfying the requirements of (1)
composed of a polymer blend composed of a polymer having positive
refractive index anisotropy and a polymer having negative refractive index
anisotropy and/or a copolymer composed of a monomer unit of a polymer

having positive refractive index anisot_i'opy and a monomer unit of a




conposed of a polymer blend conposed of a polyner having positive
refractive index anisotropy and a pol ynmer having negative.4Apili2886i ve i ndex
ani sotropy and/or a copol yner conposed of a nononer unit of a polyner
having positive refractive index anisotyppy and a nononer unit of a 25

pol ynmer having negative refractive index anisotropy, (2) having the

R(450)/ R(550) ratio of the polyner having positive refractive index

ani sot r opypslvahé:erhaviag tegaRvd50prREE50) inddd carbotrbpy paRy nkavingyithe
negative r dex ani sotropy, and (3) having positive refractive

oLk &:€has
i ndex ani ﬁgﬂé" @(56595531‘@@0( @f ke oPPlymeey bovipgerosilivg stfragtivengt
requi renenéﬁisgi;ro(p}r)e Tja{-‘g%rfp@ﬁgﬁ e RESOYMESH §980C QFPAREHoBfmér PO NABT

havi ng positive ractive I ndex anisotropy and a pol yner “havi ng negative
refractivenegatéxe mﬁrmiweomdand#r@wtaomomici//rfé) Ioripgspegativea rebrastive uni t
of a polyner, hawvin ositive refractive index anisotropy and a nononer

uni t o§ a ﬁl%r"i“?lsﬁ'%ﬁgy13 pol ymer having negative refractive index

ani sotropy, (2) Tasiglyinbe haR{4bp)4sRecs) né@itive eéfrhdtevenldereinibairopy
positive refractive jndex _.anisotropy |arger than the R(450)/R(550) ratio
of the pol PRERShavPAY MR VIR JefintedePrlyaest 40y ok#8R§ BARITYYS) ORavi ng
negative r&%éﬁ%é Yé&ra it GRRexHiSQL6PPY- The pol ymer having positive or
negative reftactive 1 ndex anisotrop means a pol ynmer giving an oriented
pol ynmer fil m haVhegoposétei m@t@wialsneg&he miemdapo%'\wn gihaxamwesnlam@@/. The
Concrf\()te tg‘;vi als of the oriented polynmer filmare explained 10 bel ow.
These polﬁ% haterials are often heated in nolding and, accordingly,

plref erable to Hahaeeelxﬂgiﬂe&nhaffbélﬁraes iosﬁe@rieefal tad(iﬂrml?]ld@lgb lanﬁ,fm:cuﬁngtgdb t he
gl ass transition,tenperature the material is prefera 120C ar  above,
Tor e pr ot APEBPADIG Ve BALe iR TS ACPUGRE | GrileeHERARAUHEE | 5 15
| ower t haf%l&@@@raﬁiﬁbheﬁéﬁgﬁéiﬁ%@sof fige nRAR¥R 118 refex@blyeNeU on dBdyepCCUr
according to the use conditions of the d | ay el enent. The wat er

absor pt i oraere prefepahly 0 raeerbare. i st_feI@?t PaBngs MANSIHIONEATBRETASHIE s, A
o T ST, e SRRLP I ORSISES T v
in the practovkhgisdhasisa coatlitiatst oforhefdibplaydlemeater
The water absorption of the polymer material is preferably 1% by
weight or less. A polymer material having a water absorption exceeding
1% by weight may have problems of the change in optical properties or the
20 dimensional change in the practical use as a retardation film. The water
absorption of the polymer material is preferably 0.5% by weight or less.
There is no particular restrictions on the polymer material
c;)nstituting such oriented polymer film, and the preferable materials are
those having excellent heat-resistance and good optical properties and
| 25 formable by solution film-forming method, for example, thermoplastic
polymers such as polyarylates, polyesters, polycarbbnates, polyolefins,
polyethers, polysulfones and polyether sulfones.
As mentioned above, the thermoﬁlastic polymer to be used in the
above film is more preferably polymer blends (a mixture of two or more
30 kinds of polymers) composed of a polymer having a positive refractive index
 anisotropy and a polymer having a negative refractive index anisotropy or a’
copolymér composed of a monomer unit of a polymer having a positi\}e
refractive index anisotropy and a monomer unit of a polymer having a

negative refractive index anisotropy. - The thermop'las'tic polymer may be a .




absorption of the polymer material is preferably 0.5% by weight or ‘| ess.

- There is no particular restrictions on the polynmer materi A Ap8a606t uti ng
such oriented polynmer film and the preferable naterials are those having
excel | ent heat-resistance and good optijgal properties and 25 formable by
solution filmformng nethod, for exarrp]1 e, thernoplastic polyners such as
pol yaryl ates, pol yesters, polycarbonates, polyolefins, polyethers, ‘
.po: ysul for&gnlﬁ%@tigﬂ! Mﬁftﬁ@r 018 ?161@nfﬁ§nl.ds°~§f Wﬁ@ﬂ&ﬂeﬁdmwie, cdphf:ymlaﬁsr g}bpi gst |( c
pol ymer to be used in the above filmjis nore preferably polymner nds (a
mi xt ure ofcompingtioppeonesor margskisds s Ratemsy Hledsoed 9 oF %wrf?#i%%l&f’navi ng
a positi Veof*c%ngﬁﬁéﬁée I ndex ani sotropy and a pol yner having a negative
refractive’indexX ani Sotropy or a copolyner conposed of a nononer unit of a
pol ymer havi ng Bhegeiyiee bleed riacpieferdhigex canipsviblegylend dor anbleadeef uni t
of a polyner, having a. negative refracti.ve. index @ni sofropy..JThe ..

t her nopl atIEMEES y I%y%ﬁgﬂé’ 4e%€:?rli | TSR VEL X e|snat{°| O%%g%n t \%Btlgarll nor e
kKinds of poh¥s@ireRlbpndeontretoREBMIPIES oD Ehélcodbirtival dDpolymerridend arey e

ki nds of pol yner bl ends and one or rmre]bdéiln s, of cop(iI%/ rs. Thﬁﬁgolymsr
blend i s peefexeamly, & eonpiratiTe of peldmethy] appfbarryls %ﬁwepg &4 ng

near |y ealialyif et hagldye Aﬂw&a@eénfspg@g?am ODA] Q8hst BLANRARAI GICpolyamiicr et e

: t
.exampl es I nat1"on of po bl end are, for exanple,

a
conbi nat | eelated plrby( mpohylvindideaer v ifateideds @opdbihdene haviide) negst i ve

optical anisotro with at.J east.one kind of I f

pol y (Vi ny|H°3>é¢réniﬁ¥‘le‘ﬁ 8??‘d5o‘i°yt(ré*?‘ﬁ‘§ﬁ°8ﬁléyq8§?)dg? %ﬁg[yﬁé%gﬁ%ﬁ@d W%ﬂg{}gne
f1uori de- gpticl fanduteass)ya epmbinstian pdl y pely(phvhylgnpasdidéves aopoiynadr
01 1 Ve SITREPORKTEIU) AEIERY FAHLA Gt @R AIBE SEPHEr Sareifod -
from pol ygiypene, pol y(ﬁotl%@t?,p@ﬁégp-l aur oyl rp1#ls69:d@kco-lauroylmaleimide),

pol y(styrene-co-cycl ohexyl mal ei ni de) and pol y(styrene-co-pheny] nal eim de)
15 as a pelojyletyreavicoye yirealspmidell a pgét(ﬁfdﬁwe'sw@é%ﬂm@i%w@q) a
pol y(.styrene-co- | C dr.i - hay] n | i j r with a
pol yé rbofst & A% ngf p}(l)%lﬁg %vé e%%%?’%aﬁ@%%gﬁ%o%i)ﬁcﬁ)ygp%og | Rgﬁ%ﬁ{ ocgpg

pol y( acr ylpoly(Etsireae eo-thaledc aehgiriday hagimosegdtie api¢adanisetirgey Moy awi th a
poly(acrylonitrjle -cqQ -styrene). havi eqgative optical .ani ro and a
20 conbi nRO; th?n%epg’fay&gbmﬂ%‘é’ehgl?%%ﬁpp%&??twgy’o& | ORbL ﬁ?@%t rog)p/)f} with a

poly(acrylonitrile-co-butadiene) having positive optical anisotropy with a

poly(acrylonitrile-co-styrene) having negative optical anisotropy and a
20 combination of a polycarbonate having positive optical anisotropy with a

polycarbonate having negative optical anisotropy, and the present invention

is not restricted by the above combinations. Especially preferable polymer
blend is a blend of a polycarbonate having positive optical anisotropy with a

polycarbonate having negative optical anisotropy from the viewpoint of

25 transparency.
Examples of the copolymer are ‘poly(butadiene-co-polystyrene),
poly(ethylene-co-polystyrene), ' poly(acrylonitrile-co-butadiene),
poly(acrylonitrile-co-butadiene-co-styrene),  polycarbonate  copolymers,

polyester copolymers, polyester carbonate copolymers and polyarylate
30 copolymers. Especially preferable copolymers are polycarbonate
| copolymers, polyester copolymers, polyester carbonate copolymers,
polyarylate copolymers or the like having fluorene skeleton because a
segment having fluorene skelefon can impart negative optical anisotropy.

Among the above examples, polyéarbonate' copolymers or polymer



pol ycar bonat e havi ng negati ve optical anisotropy, and the present invention
is not restricted by the above conbi nati ons. Especial |y prefgil&0@ pol yner
blend is a blend of a polycarbonate having positive optical anisotropy wth
a polycarbonate having negative opticaly ani sotropy fromthe viewpoint of
25 transparency. Exanples of the copolyner are

pol y( but adi ene- co-pol ystyrene), poly(ethyl ene-co-pol ystyrene),

pol y(acryl prindsi be- gelybadtadia€se) are especially preferable owing to excellent

pol y(acrylonitrile-co-butadi ene-co- st%r ene), pol ycaréﬂ%zat copol g&r{er.s,

pol yest er tusBePYFRICY; RRAtyesiHAne  BBRaPE R mer e ‘?VBP é%30
copol YIer Spr SRRy ahh Y aRfBEAE APbRAARRIAFPEARANBOLY SAAROIAL ha'iBPOLYITEr'S,
pol yest er %opo yners, polyeste arbonate copolyners, polyarylate’

copol yner sfloordreeskélimwnhaiargetdmples ridiesay earbonbte geslains theieeneringyvi ng
fl uorene skel eton can,i npart .negatiye optigal ani sotropy. Anong the above
exanples, BB%RF&QFB%%?Q@&”@%‘%H?PP&PE fSIFmB}O)q %r 4 April 2006 15 bl ends of

pol ycarbonates are especially preferable owing to excellent transparency,
heat -resi stance and groductgyity. ghe pol gcarbonate is preferably an
aromati ¢ pol ycarbonate congal ning a\strugture having a fluorene skel eton.
For exanple, thg¢ pol ygatbdnate cont he recufjryng 5 unit expressed by
the foll owing ffornul mula (A R to Rs are each ,

i ndependent |y 0 easg grcbupcjl ected from hydrogen

atom. hal ogen atons aNO drocar bo ps havi ng/a carbon nunber of from
1 to 6. Exanples of e hydrocaybon groups ar€ al kyl groups such as

met hyl group, ethyl 4 groug, and cycl ohexyl group and aryl
groups such as phenyl” group. Hydrogen atom and nethyl group are especially
preferabl e anong the above atons and groups. X is a fluorgag group
expressed by the following fornmula. 15 The ampunt of the recurring unit
expressed by thdmtievierimdadAl R{ &) Resrpeeteintdpendentlyss leabvpnerbind

preferably 30,nol % or nore hasge the total recurgi units,. T bove

aromati ¢ PO PR aBEOTR 5@8?@%@13?@/“161 St Fha r'T e p%ﬁ%?rrse?ﬁbqaend

conposed Hyd8ciiboB0srtRip¥o iBHUET 4 RErbUY hutdereofpiresstdoby. ERamipdesibbve

formula (A) and. 70 to 10 nol %re lLérlri ng unit._ (b) eXﬁJressed b%/ t he

10 the hydrocarbon groups are aiky! groups such as methyl group, ethyl group,

1isopropyl group and cyclohexyl group and aryl groups such as phenyl group.
Hydrogen atom and methyl group are especially preferable among the above
atoms and groups.

X is a fluorene group expressed by the following formula.

—_—

-0

15 The amount of the recurring unit expressed by the above formula
(A) is preferably 1 to 99 mol%, more preferably 30 mol% or more based on
the total recurring units.

' The above aromatic polycarbonate is preferably a copolymer and/or
a polymer blend composed of 30 to 90 mol% recurring unit (a) expressed by
20  the above formula (A) and 70 to 10 mol% recurring unit (b) expressed by the

. following formula (B) based on the total recurring units.




following fornmula (B) based on the total recurring units. 4 April 2006 16
(B) In the above fornmula (B), RO to R16 are each i ndependeApil208é at om or
group sel ected from hydrogen atom hal ogen atons and hydrocarbon groups
having a carbon nunber of from1l to 22.,&xanples of the 5 hydrocarbon
group having a carbon nunber of from1l to 22 are al kyl groups having a

carbon nunber of from1l to 9 such as nethyl group, ethyl group, isopropyl

group and cycl oheRyl grolip or afyl groBmws such as phenyl group, biphenyl

group and terphenyN _grotp. Hydrogen & om and hyl group are especially
5 4

groups R17 tQ Rig, and R22 arye—edch indepenglently selected from
hydrogen atom hal,0gen atons and’ hydracarbon groups having a carbon nunber
of from1 to 22. Bxanpl eBuzof th@shydr o®arbon groups are sane as those
cited above. The groups R20 and R23 are each 5 i ndependenB)y sel ected from

hydr ocar bon groups having a carbon nunber_of from 1l o 2Q and the exanpl es
of the hydrocar bg‘h the abpze dprmylmBla e 19oBe axg eagh Eﬁiﬁi’épgﬁﬂa@’&%ﬁt%e each

| ndependeng] (y%-gﬂ%ﬁ%é’l%%tgﬁﬁﬁ@ﬁ AW digén HBHD OHaR)#HH e4tohs fIMHS dbkSeatBon SUCh

‘as phenyl ¢r group. The content of the recurfing unit of
the fornul groquds havmefzrehbyn number of from 1 to 22. Examples of the

5 hydrocarbon group having a carbon number of from 1 to 22 are alkyl groups

preferabl e afong t W€ abygve at ons/and gr oups. EO The group Y in the above

formul a (B) <RI essed)by-t-hef ol | owy-ng.g-fo as. ir2 i | Ha CHS C3

h6J CH, H C An an'"‘3 CHI 3, 15 4 April 2006 17 In the formulas, the
y

‘having a carbon number of from 1 to 9 such as methyl group, ethyl group,
isopropyl group and cyclohexyl group or aryl groups such as phenyl group,
biphenyl group and terphienyl group. Hydrogen atom and methyl group are

especially preferable among the above atoms and groups.

10 The group Y in the above formula (B) is expressed by the following.
formulas.
Ry Arp
| | e
Y, W e {1 e
| |
Any N Ary » "
By i e . on Q
| — 2/ Il
T . ST i A A J—
i w T
LTI HyG - . S
* ﬁ G Hgg"‘“gwﬁ“‘“‘“
¢ o} .

Az and P
15 '




10 from35 to 85 nmol % nore preferably from45 to 80 nol % based on the
total recurring units. The content of the recurring unit $€Aprll26086 or nul a
(A) is dependent upon the required wavel ength di spersion characteristics
of retardation especially when the groyps R1 to Rs in the formula (A) are
hydrogen atons 15 or a part of the groups are nethyl group and the groups
Rg to Rbinthe fornula (B) are hydrogen atons and Y is isopropyl ene

group. Thely e¥&Korthullst thE grbep€ R}y €6tR oS R4DafBI Re: freedRhaiddepeAdemilys nore
preferably 55 nol % The upper limt is 80 nol% preferably 75 nol% nore
pr ef er abl yseectegpfram Ehpdraesan wigmefoalogra pimmpe and (hedrogarhon greupsom 55
to 70 nol 9 () . The f 1t ro i I be a
conbi nat i (ﬁla‘/(?)l?l Bt g\oca%pgﬁgﬂggéﬁﬁoghé %ggf r :E%a nliggs&fg[?{e?ﬁga%(gcranu %1 (A
and for nulgroBs @redsiine polthosr citkérabavey Htheagomoipsi Red bod s axwoeach nore

| 0 can be,determ,ned.on the

each qf the ,abo recuryi nits. ,The | ar rat )

bul k Pol ycaAEBRRTentlS selegha from PigratReben Emtibpumg m FAmopRRPPEE OLC | ve
of a copolyeRr 196 2B afPkNeekaRpeobthethPdk)cadoTBEANRLS Srel R50HABABOENVR)

i nstrument, etc. The copolynmers and pol yner bl ends can be produced by

convent i orfatedrabpvels . ABLite Ablsealy & eppRrdemdy pb @uEt BEenpfhaving 4
lycarb j ' ith 30
pol year DongtB5n 3 bdiofRbA P IsleD Al o8 gh@%ﬂg@g@%w%w

_phosgene, mel't pol ycondensation proces two or nore
nut ual | y conpat i Bhe cpotentasththeatresutingreinit of thagormuta (A) ds prefarhbt e in

the case qf pr Ci a;pol yner bl e owneyer, he |, ght scatterin

bet wégn tﬁﬁorgo%g%gﬁggdc@nmélée BE%%F%@%%‘%&%?@ Oi/hgatg?(iﬁgpt % 0581 even
in a bl endephrspgp@igNt s which are not conpletely conpatible with 4 April
2006 18 each other by setting the refractive igdi ces ff @he égrﬁrponents to
coincide with el corteat ofrbhe rempring uny ot bhe fgrmpla () is dependent

pol yoarbonglop, itfePEERGFED! WavdibAFHIP dlspbreford dldhetolfiems! e rbblidan®
viscosity s smaller"than 0.3, the 5 polﬁner becones brittle to lose the
mechani calespec¢igHytwhem thelgyeers RaviorRs am thedetmulac(A) axsobydspgencatetisng 3. 0

155 25001 S Sl 16 NSO ot gl on Bl s 30},

conpl et i ofioxahubo(B)rare Agtdrogem wtagystand (% iexegaspyleny grioiigh Shleuldvar

Vi SCQSI tylimit of the content is 45 mol%, preferably 50 mol%, more preferably 55
mol%. The upper limit is 80 mol%, preferably 75 mol%, more preferably 70
mol%. Especially preferable range of the content is from 55 to 70 mol%.

20 The above copolymer of the aromatic polycarbonate may be a
combination of two or more each of the recurring units of the formula (A) 7
and formula (B) and the polymer blend may be a combination of two or more
eéch of the above recurring units.

The molar ratio can be determined on the bulk polycarbonate

25 constituting the oriented polymer film irrespective of a copolymer or a
polymer blend by a nuclear magnetic resonance (NMR) instrument, etc.

The copolymers and polymer blends can be produced by
conventional methods. Suitable processes for the production of
polycarbonates are the polycondensation of a dihydroxy compound with

30 phosgene, the melt polycondensation process, etc. Blending of two or more
mutually compatible polycarbonates by melt mixing, etc., is preferable in
the case of producing a polymer blend, however, the light scattering

“between the components can be s'uppressed to improve the transparency

even in a blend of components which are not completely compatible with




10 Preferably, the retardation filmC of the present invention also has
excell ent heat resistance simlar to the retardation fil m4Apn@00de gl ass
transition tenperature of the polyner material constituting the filmCis
120 C or over, preferably 140 C or over,,Wen the glass transition
tenperature is |lower than 120C, problens such as the rel axation of 15
orientation may occur according to the use conditions of the display

el ement. TRgcNaftBEr ¥YSthiigOthd §eﬁh§ﬁv@rlﬁaﬁ(e@tﬂfyth%&ﬂpmlﬁbttooemheid@w
There is no particular restrictions on the polymer material, and t

exanpl es oWwitheagmothdral are t her nopl asti c pol yners such as pol yaryl at es,

O P fest Ut o B AR PRecaBRl X B! BRamBAL YR DELBon Y Yo Y[ @RR51y"

-pol yet her sul f ones erial's exce resi stanc
t ranspar enéyom qoddo motdli@l Whehouhmmelmﬁxdvis@bmﬁhe smalkel tham0. 3, i the

form ng process bl e, amp ahove exanpl e | es .of the

br cf er b1 e POBTAPEHOADALE bt BFRULE PO GO Ehhand: BPFORGFFFCE The

retardati ognfinipigic Hs%oﬂw%%e&edlage@w Ris Iﬁo@lreﬁiseaplew gehéﬁé\ﬁmr&'rﬂwand

preferably has a haze val ue of 3% or less and a total gﬁf transmttance
i

of 85% or Hbeyvetc.THa the @phstmmrfﬂm “fonmoing peogsse sed thﬁv ity iy the
| ncor por at gﬁnﬁ% 10t L0, ({ ie%cﬁ{ ﬁg%g}[]ﬁ&zéﬂ%loﬂﬁng%%é %ﬁlgés%}féélg aci d,

_2- hydr oxybenzophenone an r|p eny ent to var
col or tonehiginsantionxisasity. etc. The retardation filmof the present

|nvent|on IS pro conven nal trusi on,net hod, sol ution
casti Hy net hod, gf"c{% a,&ﬂé Eh%?tiairhﬁg filap Q)Pﬁ PR RresgLt; lﬂﬁe%{”ﬁdﬁ Wor e
pr ef er abl oMt oot RWRRLALe QEmilA toUthd QbR MtOh KihMAtihd&knesslast he
appearance of the film etc. Concretely, in the case of usin

pol ycar bonteasiion femperaivge afeher palymemmatpypl capgfehing the gﬁﬂ%c@ véd in
an organi c1SeAYeg! HEN pastoIEbRY haReCClikobyde Syaied!itBXOLRRE ARthsRonndr ann

filmis produce y sol ation casting nethod uce Imis
uni axi al | ytesepdziagmrelib ylogreawbhiny 520 €onweobleormlsunkt andheo relaxationg of
desired..retar on. | es

ot hotf 1 o PAPHR PR APTaRiebE pPRRGIE B 1R 0 GHAROES O chOCalpRY "0
element.

The water absorption is also preferably 1% by weight or below.

There is no particular restrictions on the polymer material, and the
examples of the material are thermoplastic polymers such as polyarylates,

20 polyesters, polycarbonates, polyolefins, polyethers, polysulfones and
polyether sulfones.

Materials having excellent heat resistance and transparency, good
éptical performance and formable by solution film forming process are
preferable among the above examples. Examples of the preferable

25 Vmaterials are aromatic polycarbonates and polyolefins.

The retardation film of the present invention is preferably
transparent and preferably has a haze value of 3% or less and a total light
transmittance of 856% or above.

The retardation film of the present invention may be incorporated

30 with an  ultraviolet absorber such as phenylsalicylic acid,
- 2-hydroxybenzophenone and triphenyl phosphate, a bluing égent to vary the
color tone, an antioxidant, etc. ‘

The retardation film of the present invention is produced by

~ conventional melt-extrusion method, solution casting methdd, ete. The




10 continuous draw ng nmet hods such as a .l ongitudinal uniaxial roll draw ng
method to draw a filmtaki ng advantage of the speed differ&Apd 2006 ween
roll's, a longitudi-nal uniaxial tenter drawing nmethod to hold the |ateral
edges of a filmwth pins or clips and awi ng the filmtaking advantage of
the difference of the speed of the holding parts of the tenter in the flow
15 direction of the filmand a |lateral uniaxial tenter drawing nethod to

expand - a kERitRh icastingehdlthdilr ctrhéR, pasfirhibe |fﬂﬁﬂlthéjl\ﬂ@xkrpbhmtalsf &her ol |
drawing nethod i s preferabl e anong the above rreth ds fromthe vi evvp0| nt of

the uni f orywiloymdty effdlmp ithinkaess ddecannearance ot ﬂ?ﬂces Comcretelartani ng
met hod for e duet f,a atjonghd | C ve
bi axi al dra%/l\ngncgéréét ﬁgdhg gorawpto car?&?it%se%sgr a}ﬁéel gbl n Ignﬂlla?agéﬁall&b

| at eral di pebztcaﬂnmaﬂxy is tdessoivmﬁ/m laznrdrganmobo]mmxswdh ds mthglermtdiﬂdnda

si mul t aneous blalal dr.aw met had t.o Iatera nd a f.enter .having
Speed &1 1% dEBIRE AR 18 HURTL PR HRIEREY Y] TOAOmAPEF DS RGE G ani ng
nmet hod to. TepeglrodicdbeN@ravd® @lAWMiBY uplifEallyr &rS digkiallyt idFen Spvesal
exanpl es of continuous draw ng nmethods for producing a_ retardation film

ver e showncawpsiongbnaathodt fe @btaing metaestatym ( ikn hevingiati dasiredm of

the presenj i pygniion is not restricted by the exanples. Al though
cont i nuous (}r awmng is preferable fromthe viewpoint of 30 productivity, the
filmis not neceExamlplleys pf ¢Hechrwing tthetlpontd fuous: deta\ndmgon fdnhddarén the

d | th mb h t h d
rot hotls, °t AP A pe edhpds A0e S PrBRERGRvE i sl akRetier ",
i mprove thﬁz_edh@d/vabldﬁawa Exzﬁﬁﬂilﬁﬁgoaddahﬁa@é astihei é;%ea dtif&rénémﬂ)btwa&% 20
phthalic aci ers. such_as dinet hyl hal at e, dj ef hyl pﬁtﬂ& te a
di butyl phtaks & donghe w@érwaég;ld %gt@%r agring methed athe Sﬁ%etr@
al i phatic Qdé&scsfca ftda O %L ST, 0191:1}{157535{%!1 d@awlﬂg&hyﬁnﬁﬂ&lﬁgman%gé yati ves.

The organi c sol vent used i'n the above-nentioned filmfornng process may 5

be presentthendiffarenpd of dhet sreedr afvithe) holdingspartshel thetentesfint Hee dlogani c
S R R T
and |i qui da aeusdrals laﬁtra‘]{ahyectwm sad dhenpidgididpel sﬂmatmai rbliedratringjat i on

of ther Etr%[aﬂ%tcf Psnp;éfjerabalgdaémng the above methods from the wewpomt of the

uniformity of the film characteristics, etc.
Examples of the: drawing method for the production of a
20 . retardation film C are a consecutive biaxial drawing method to draw the
film separately in longitudinal and lateral directions by the _

above-mentioned uniaxial drawing method, a simultaneous biaxial drawing

Iiaethod to laterally expand a tenter having speed difference in the flow

direction of the film, a multi-stage drawing method to repeat the above

25 drawing procedure several times.

Several examples of continuous drawing methods for producing a
retardation film were shown above, however, the drawing method of the
retardation film of the present invention is not restricted by the examples.

| Although continuous drawing is preferable from the viewpoint of
30 productivity, the film is not necessarily produced by the continuous drawing
method. .

In the case of drawing the film by a technique represented by the

above drawing methods, the film may be incorporated with a conventional

plasticizers to improve the drawability. Examples of the plasticizers are .




10 addition anpunt of the additive is preferably 10% by wei ght or |ess,
nore preferably 3% by weight or |ess based on the solid codppri€d@06of the
pol ymer, that is the weight of the polyner material constituting the
retardation film The thickness of theggetardation filmof the present
invention is preferably from1l pmto 300 pm The expression of retardation
filmused 15 in the present invention includes all "filns" and "sheets".

The ret ar dphtleatid ideid Gotays back 44 |dmpthgleedhblaté) Miethyd plithalste and
crystalline_polynmer on a supstrate (a.drawn or undravvn fllg in o |ented

state as weibutyl mhthalatesr phoshwrry afidvestgra by ms trbudy} phosphate,
substrate %%Eaatem%% etafa regﬁeggd%%%%mf Hb{%n%@r@ﬁ@egwacqm@h@au%s t he

film 20 t ness ment | one the chem cal structure of
pol ymer c’Bhstqrgammg)lvmt usedamm dle mbloyﬂ'enelﬁﬁldnmed §ilinnfoomingtprbeass may

decre t he tar n et ardation fi at sh [ wave ngth.
A thodon Wb Pegstrth 158 BBk i SRR bhdRaty  Shei Bhedulhl B PRHSCT 1y
t he chem cadlvaht 3dft liﬁtt%eﬁﬂm tis ipFefoeablsSBrty 209 paywaigherddsed dothdeokidct
that the dispersion js also dependent on the.filmform ng conditions,

addi tives, C(Hﬁh%lmf ofddsnalywss, bl ended state, nolecul ar weight, etc.
Convent i onal pol @bk ZiHdge a'dhf'ﬁv ﬁ%tf&ﬁe&%‘% H%@&Mzdrﬁ}gtaﬁé ki by th

present i nvention. anpl es of e po arl zing mis I m produced

by di sper suhegwaudiengtbudlaaecrsmmqf t&lectseéar@tbmn of thearqtuerojmmn @&ml dedl the so as

a binder po such.a I | n X

I eas'?ﬂ) t he? 4'%/151!0#) amé’%%lt O?bt;%‘%t %aédl Ak it gr%¥%tagf, (184)" P ﬁe&’?]‘l %%gngsé JP%?Q

Rr odluced tm-ef@kafb\l\y 1386 B)cri I’m}@hﬁbﬁlem_stbaﬁed (olnl me_asiod;ﬁd cfdmapl 'dnelmtrlﬁ' thelpy)hpﬁgjy,l ene.
pol ari zi ng oduc usi ng a pol.yvinyl al coho nder -

pol ymer | eiat *19 Wil o1 thegendymer, SieRG e itnd 26F refSdaliediie i m

etc., as a prot ephé BRickhb8 of 11 raQF PHtickl AmfdflthE PRYsdift wsEAtibA the form

| ani nat ed W th such ﬁ rotecting film or by using the retardation film of

t he preseris nraferabbofrons lauedigwptume e expressiep obeetangatipn dlm uershit

usi s, he ialey s&ggg{ae%#oﬁf 15@uc%smf“ﬁ1%d9mi§f§sh%fet§”he pol arizing filmis

usual rom by usi ng the above bi nder
pol yrrer Int he ’E]a;se'etﬁrdatn‘oml film h@vieay bze di ihn gpwduicediildy Exyrsg al ligaider i al

ori ent e S LANES OeLle AL MR At IE LIMEKIERIA SR O
state as well as a film produced by drawing a polymer material. The
substrate is preferably the retardation film A from the viewpoint of the film

.20 thickness. |
As mentioned above, the chemical structure of the polymer
constituting the oriented polymer film is important for decreasing the
retardation of a retardation film A .at shorter wavelength. Although the
wavelength dispersion of retardation is mostly determined by the chemical
25 structure, it is necessary to pay attention to the fact that the dispersion is
also dependent on the film-forming conditions, additives, drawing
conditions, blended state, molecular weight, etc. |
Conventional polarizing films can be used as the polarizing film of
the present invention. Examples of the polarizing film is a film produced
30 by dispersing iodine or a dichroic dye, efc., in a polymer (called also as a
- binder polymer) such as polyvinyl alcohol and orienting and fixing at least
- the iodine, etc., by the drawing, etc., of the film and a film produced by
~drawing a main chain type or a side chain type polyacetylene. A polarizing

film produced by using a polyvinyl alcohol as the binder polymer is usually




10 conbination of a retardation film a VA-node liquid crystal cell
containing a liquid crystal panel substrate and a pol ari z4 Agrilf2ooen The
retardation film and the polarizing filmare preferably used in a state.
adj acent to each other, nanely, closely;contacting with each other. The

cl ose contact of the nenbers can be achieved by using conventi onal

adhesi ves. 15 A backlight may be placed at the opposite side (back side) of
the |iquilhminggedl witkl b oflldloee ldcgtatd Gilimsteat., disspl pyotdeting efilad. t fae

present invention. In this cas ri,ous_optical, fi uch a
sheet or aPolarigine film mayi hegtised i Has @ &lﬁ%eéméémfl F%%m%ﬁﬁ?yst al
di spl ay deyj Bf us?ﬂi'g' th@%eﬁﬁ‘&'é'tioﬂhﬁ}m%@ tili@%r%@r?teﬁfvehﬁ\ﬁnéd 9%u‘5§ﬂt@& foR @

liquid crystal disp liquid crystal projector, etc., and is extremely
useful espgwi ardtycfasg éﬂm mewmm&the ab@m Elsptd@mméﬂmf vertical ali gned

mode necessi tat i ag gruide v ev 200l & PSR! ALE, SIPRRLES0Sh A8

e
consti‘tution of | qU| Crys I'SpFPay eVl te ot thé presen‘tI [ nvent i on
provi ded v tfilna pbadkdsidghy rﬁ;limg shewbove Hikder Polym@ur dnltho chiegof @ film whi ch
do not restrict the constitution o t he esent. .inveniiqn. Pref
ei t her oneh%‘fmsh%%@r@m fryshe |D§a‘i5’lrg"ééﬁ'1%%e§c Botsd b B o7 | on
filmas s%\g@m@ th@%hfc!k%!é@i;s gfb(;‘g; @o01lte dchese exanples, the retardation
~filmA nmay be used as a sing 0 sheet or as a laninate of a pIurallty of

the retardation The niqud sryﬁtahrdlyplan Kevidel af Gheanprérent eplvgsdivnnils A a

ot ur 2t ¢y sp BpbieR dfelodiardiol A Y Acflods MERSFRGRN LATLIRAIRGY |

| ar gest r diqwidlt ¢x\yeta1r;atme1 duiatrdte, ande ghlaseingfidmof THeeretapdatiah fﬂnes are

DLl oot s orertth A Bolazizns S ora pratiabie AER LR 6 etabr adiachtr b Er0eT i < pl ay

devi ce havififleld, ' @bsdlgt baritaptiake with deeMothdr@nSThet tlode I &ltast iognthy ate as
t he backl i ght and the pol arizing filmof the backlight side. The preferable

enmbodi mentmembertcn b8 ashiqveddnt neine conyestippabydhesiyRs.ow. The preferabl e
enbogisment of t Yofd@ ce

corrp(C)ised of a l pgl%ﬁﬁ ?{étﬂéﬁycel P&E:o}id?tathé %@Rﬁfﬁ& (gé Eﬂé?a%st%g*eab%t ween a
pai r of sdbstidatsstah ca lstoét thediliquidi ngy’&thb draybny ai;elvszeofof thee driesgritd

crystal mol,ecul&n oAl ki SLAS VL S Phptifal REnS RRL' &1 & HAGR LhediSr o
light-scattering film may be placed between the liquid crystal display device
and the backlight.

20 The present invention can be in a liquid crystal display, a liquid

erystal projector, etc., and is extremely useful especially as a liquid crystal
display device of vertical aligned mode necessitating a wide view angle.
, Preferable examples of the constitution of the liquid crystal display
device of the present invention provided with a backlight are shown in the
25 Figure 1 to Figure 6, which do not restrict the constitution of the present
invention.
Preferably, eit_her one of the polarizing films is placed adjacent to-
the retardation film as shown in the Figures 1 to 4.
In these examples, the retardation film A may be used as a single
30  sheet or as a laminate of a plurality of the retardation films A. Similarly,
the film C may be replaced with a laminate of a plurality of the films C. In
the case of laminating a plurality of films, the directions of the retardation
. films having the largest refractive index, that is, the directions of thé '

optical axes are preferably aligned. Furthermore, the element may be a




10 absence of voltage, a 1st and a 2nd polarizing filns placed at both
sides of the liquid crystal cell and having pol ari zi ng axeaprieaoty
perpendicular to each other and at least two retardation films (A C . .

pl aced between the |I|iquid crystal cellg@and the polarizing filns, wherein
the retardation filmA satisfies the following fornmula (10) and/or (11) in
the formof a single sheet 15 0. 6<R(450)/R(550)<0.97(10)

1. 01<R( 650éfRGED) tyde 4f1ddmi-tinaneittingatdfteatibnl typ@ Hatidforpstal hsplayl owi ng
formula (3), and fornmulas (4-1 nd/ or (4-2), 20 nX?.ny> ) K(,650) / K(550)
L1 D)  TheRon diving o e HIRE Phaur Al FomPRHIR felehh AR G A F oot
to the 1stipo}ha&iizdiitardd L8 8bldriAng 26 SOl bAlkMghtisids, the retardation
filmCis placed adjacent to the |I1quid crystal cell, the slow axis_of the
retardation fil niCheiprefeeaddd ¢mbedimgntoe! the muegeniiieveniion gstdascpbedri zi ng
axi s 3% th othsd polarizing film the retardation filmA satisfies the
following Tornmila (7) 10 < R(550) < 300 (7), the retardation filmC -
'satisfies the foThewndefabloutmbt8)merH0oR(tHha0p @Mt (B)venBDnangd a Ripdfidr nul a

9) R(550) < 3Q (9),and the retardation film A coptajns ol rbonat e
élazli' né a %F’{Yé‘ﬁg[n‘i‘sz’lsff’}?ea%‘(l&ﬁ.cws& 1ot Bay CEYS%P({,] C@ q’r?@%%ya yﬁ‘g Lepid 't he
above for muhag;196&weed R R dTARDBRIES iRhad seReVBire4ifiPrhe mER6 Ads of

Accordingly,” it has been cleared by the present invention that a |jquid
crystal di 8 Hguidesystalonolegule nearlzmengendicnlarsiodthecmibisgrateriars gmthe over
t he l e wisi lJ ran by A . G 3 | t hgs kC
bl ack0h opt 2y mis ¥ Riey 808G Q0¥ athald BB B E AT LI bR R LE
conbi nat i otheMitihid beystel aplasnd havihgnpolafizingeaxysenemtlyi parppandizmlarThe

lGui d or e ofkepray bapiel V8 enelatiet aioro bd pRGad PimgRioyse o °
liquid crystal cell and the polarizing films, wherein the retardation film A
satisfies the following formula (10) and/or (11) in the form of a single sheet

15 0.6<R(450),/R(550)<0.97 (10)
1.01<R(650),/R(550)< 1.4 (11),
the retardation film C satisfies the following formula (3) and formulas (4-1)

and/or (4-2)

nx=nNy >Ny (3)
20 K(650),”K(550)< 1 - (4-1)
1< K(450),” K(550) (4-2),

the retardation film A is placed adjacent to the 1st polarizing film or the |

ond polarizing film, the retardation film C is placed adjacent to the liquid

crystal cell, the slow axis of the retardation film A is placed parallel or
25 perpendicular to the polarizing axis of the 1st polarizing film, the

- retardation film A satisfies the following formula (D

10< R(550) < 300 _ (",
the retardation film C satisfies the following formula (8)
50 < K(550) < 400 (8)
30  and the formula (9) '
' R(550)< 30 9)

~ and the retardation film A contains a polycarbonate having a fluorene
skeleton. The definitions of R, K, ny, ny and n; in the above formulas are

~ same as those described above.




providing a liquid crystal cell holding a liquid crystal between a pair of
substrates in a state directing the major axis of the |iqui Aprilr2086 al

nmol ecul e 10 nearly perpendicular to the substrate face in the absence of .
voltage, a 1st and a 2nd polarizing fipgs placed at both sides of the
liquid crystal cell and having polarizing axes nearly perpendicular to
each other and at least two retardation filns (A C placed between the
liquid crystal élcbomiixigbzhétlhas baead Glaaqunblbartlzd rpge$é11tn'mve\1wmnethatt he

R oy naud sy R HRRIRE dleVise'8r A o hvie Jeefater et chilent
satisfies b’l?& 1 W@l\bﬂd\msﬁ]@lrenlhl RS rd e @ﬂdj givihgd cleB® arsiBndsthromatic

nx> ny>nz(3£ gi(é 1)/ K(;.2)(4) In the above fornulas (1) and (2), - R(11)
and R(12) hlackestisplay cap. hearroduced dhy i vaingr thise retandadion SHot | Aming

vavel o9t hoid bicihish fhe wdthodeeid AAICIE 1P p2LodliiGa08 0B, LN ckness-

dlrectlonretar tion retar t|on m at waveéel ength of 1 1 and 1

2 and 1 1 and 1 Zhaperesewvelvengionspsatdess y nnghbdof compleasdifg the viedw | < 1 2
i1 m

< 700 nm The t NX.is the refractiye a ny
<00 aEle SANENA BolehS) Y Ber G RE S marte b REnL bbb e
the maxi nplfﬁxﬁ@ﬂ‘ﬂgﬁﬁthqﬁ& Be\tal raenhnolﬁmg[maphwm a:msisﬂaz Hetwkb® 4 hineli ve
index in 30 .the rection of. the normal line of the film The definitions
of K, A iSuhfdrates ig g staigeligectingshe aeajer pptsgohis Equiderystekmeleawd® hod,

i . e. dd;e %@ﬂftp%g:a&smezgﬂo @Hé"s)ib&‘&ra%é‘?ac%bﬁxvﬁhe a%%@ﬁ&ea%)f Qat%%é na/isf“d the

retardation fi crystal display device o de wi
appar ent famwhnatdrel pplevizieg Iaa:mplamné atzi‘lopbEldesmemqiﬁubcmsweﬁﬂ amlent i on

further provi.des |on t he pet rdtlo |l m A | t he
ol | ot ng Forng et SRy RS SPaf ndtBenl iR pfth bind? Spd B aBet iR 1)
< 1(2) retardation films (A, C) placed between the liquid crystal cell and the 1st

' and 2nd polarizing films, wherein the polarizing film A satisfies the

15 following formula (1) and/or (2)

R(2 J/R(1 <1 (1
K(2 D/K(2 2)<1 (@)
and the retardation film C satisfies the following formulas (3) and (4) at the
same time.
20 Ny = ny > 1 (3
1<K(2 1)/K(2 2) @

In the above formulas (1) and (2), R(11) and R(12) are each an
in-plane retardation or thé retardation film at wavelength of 11 and g,
K(21 1 and K(A 3) are each a thickness-direction retardation of the
25 retardation film at wavelength of A1 and 22 and A1 and A2 are
wavelengths satisfying the formula 400 nm < 2:<< 22 <700 nm.
The term ny is the maximum refractive index in the film plane, ny is
~ the refractive index in the direction perpendicular to the direction of the
maximum refractive index in the film plane and n; is the refractive index in
30 the direction of the normal line of the film. The definitions of K, 11 and
A 2 are same as those described above.
The present method, i.e. the concrete method for applying the above
retardation film A and the retardation film C to a liquid crystal display

device of VA mode will be apparent from the above explanations.




5 wth the retardation film C satisfying the following fornulas (3) and (4)
nX>_ ny> nz (3) 1<K(.11)/K(;, 2) (4) for the use as a ret ot Agili2006fi | m

(view ng angle conpensation filnm of a I|iquid crystal display device of VA
nmode. . 10 The definitions of R K, nx,gsny and.nz in the fornulas are sane
as those described above. The use of the filns, i.e. the concrete use for

applying the above retardation filmA and the retardation filmC to a

l i qui-d crystal dThpl ayesedviineemfio’VAlurdHer vwpidvides apperrebinatiomm dfhéhabove
expl anations. 15 Effect,of the |Inyention, As.described above, the, present
Cvent on TEATERR GumA Yatisoas Hhe dl vt Gearia b radRadtieble s hg
decreased | eakaggr(®f)/R{ghl<qver the whole vis{(®le light range and enabling
the display of a clear and nearly 20 achronatif bl ack col or by conmbining a
retardation fil K8hHB(Ag)Sral | er retardati on(@t shorter wavelength with a
retardatiopn.fil.m g k- . Leh i Vi t h.

Accor di nglvf/’fti][ﬁ'uhee 1{%@1@’&%«%} kelﬁ%g(g sggsﬁémﬁégﬁ%gﬁ (ﬁ)](\)/‘gffﬂg‘tsﬁgﬁl\t}ﬁ%? g@va?{s(f e |light
range. 25 Exanplesz@hzmresent invention is exffained in nore detail by the

followm ng exanp|e [ not restrict the, scope of the present
i nvention. (Eval Lﬁtk(canmﬁié]&g@s) 30 The propertf s, etc., of the materials

- descri bed b fHieusPeGi §i @bt RitiondIH ¢ele®Aink A1 YeokiifersatioaWing) @yal uation

‘nmethods. (1) Determination of Retardation Rin 1n-Plane Direction and
Ret ar dat | diquid dristpdidikries slepigecaft VAMadee retardati on R in in-plane ‘
di rection and t ' [ ri 0 ' S S i tjon were
det e?ltr?‘i ned by t %‘%@%@? ?@é‘%"ggf clﬁ ’ EIiQ1 ?i’ﬁégyrrlg%lgrzlqz %gﬁ&m(]%{rﬁ(}%uiﬁ:ﬁe (%%ﬁg ASCO
Corp.). Thhok dataréhesbsheweasured in a state to cross the incident |ight

with the filmsyface at, [, angl e... The K val ue .was_det.ernined, b
measuring the re }é‘?&&ﬁ?fn&fﬁg@]@’ gte' VAP | Gmsreiighss fey agp@é%i@rt‘ﬁ %%Oé%angl e
bet ween t h@td Gt Gk ahhnadnthe Retabiddtivs WIhad® tand ligled eyl ndish e
t hree-di nensi onal__refractiyve indices nX apd nz hy the
device of VA mode will be apparent from the above explanations.
15
- Effect of the Invention
As described above, the present invention can provide a VA mode_
liquid crystal display device causing decreased leakage of light over the
whole visible light range and enabling the display of a clear and nearly
20 achromatic black color by combining a retardation film A having smaller
retardation at shorter wavelength with a retardation film C having larger

retardation at shorter wavelength:. Accordingly, the view angle can be

widened over the whole visible light range.

25 Examples |
| The present invention is explained in more detail by the following

examples, which do not restrict the scope of the present invention.

(Evaluation Methods)

30 The properties, etc., of the mater.ials described in the specification
were determined by the following evaluation methods.
(1) Determination of Retardation R in In-Plane Direction and Retardation

K in Thickness Direction

The retardation R in in-plane direction and the retardation K in




curve fitting with a known fornula of refractive index ellipsoid. The
average refractive index n necessary as another paraneter 4 AptllR80ébove
procedure is nmeasured by an Abbe refractonmeter (Abbe Refractoneter 2-T 10
product of ATAGO Co., Ltd.). (2) Deternppation of Water Absorption The

wat er absorption was determned in conformty wth the "Determ nation of
Wat er Absorption and Boiling Water Absorption of Plastics" described in
JI'S K 7209 taidewrts f direétien userefdaefmimadids nheaSpedtrvsdopidiKkipasmetér 13050

pmin drie tate. The size t he test _piece was 50 mm square. The sanple
vas irrrrersgﬁﬁﬁ%gv@%"éf f?@@% op )noleléeﬁn lug feas, mepaRrashinf SRk Hei Sﬁt
vwas measur @R [iR3adiit MER: SR8 %ﬁé%ﬂn?%u[fac@%tvﬁ% Tangfeg) el & PhRat i on

of the G ass Transition Tenperature (TQ) ynmer The gl ass:
transition Wmﬂefreatmned rsmieeastingdtisy retasdziden vaﬂmaatvedwmscanglps dduct of

TA | nstruments. r ement e ut not, o f|| i;n the
form ok SRk, TF JHEE HGNREh YRS ipeffeht et widOtng i | LLBLA orld
Det er m nat k:‘l@femimﬁﬁ@ tﬁeIﬂlﬂr@bﬂd@iﬁ@ﬁsﬁmﬁm&efﬂucelkzeemsh@fs ﬁ,ben,f ahth mpbynt&msur ed

by an el ectroni c m cronet er . manuf act ur.ed Anritsu (5)
Det er ni nat FBRVG e wb‘bwn@watf RUHaL P r8fraphiEe iadproplipggid. The

copol ymeri %@ %_% Eéi‘ré IWéaﬁ%n&'@:@ser%@e@ér 4y Qhefhé}"vﬁaréﬂete}’\m 3hehaRRe"

(product o . Especially in the case of copol ynmer of bi sphenol
A and bi scpe@cwldufrde umma@ur@riabb’eam@éxbzmérmgmammﬁw Reéfrasiometer 2a8d t he
ratio S h roton intensity ratio of each nethyl group.
(6) P%) ﬁla%(g |t6)trf1 %Aﬁ%@@éa%ggate Copol ynmer 4 April 2006 26 The nononer
structures(Z)orDéhaenﬁnatiUﬁtolfWatefrAllsm)rpmbyicar bonate used in the Exanpl es

are shown bel ow. TgéBw;te; aﬁ%o&ﬁtlg;l_ wa dei;ermm[eé] in conformity with the
“Determination of Water Absorption and Boiling Water Absorption of
Plastics” described in JIS K 7209 except for the use of a film having a film
15 thickness of 13050 pm in dried state. The size of the test piece was 50
mm.square. The sample was immersed in water at 26°C for 24 hours and
the variation of the weight was measured. The result was expressed by %
by weight. |
(8) Determination of the Glass Transition Temperature (Tg) of the
20 Polymer | - '
The glass transition temperature was measured by “DSC2920
Modulated DSC” (product of TA Instruments). The measurement was
carried out not on a film but in the form of flakes or chips after the
production of the polymer.
95  (4) Determination of the Film Thickness
The thickness of the film was measured by an electronic micrometer
manufactured by Anritsu Corp.
(5) © Determination of the Copolymerization Ratio of the Polymer
_ The copolymerization ratio was measured by a proton NMR
30 “JNM-alpha600” (product of JEOL Ltd.). Bspecially in the case of a
' rcopolymer of bisphenol A and biscresol fluorene, deuterobenzene was used
as the solvent and the ratio was calculated from the proton intensity ratio of
each methyl group. 7
(6) Polymerization of Polycarbonate Copolymer




CH3 OH[Y] 5 An aqueous solution of sodi um hydroxi de and ion-exchanged
water were charged in a reactor furnished with a stirrer,4Apti20060net er
and a reflux condenser, the nmonomers X and Y having the above structures
were dissolved in the solution at a nojgr ratio of 33:67 and a small
anount of hydrosulfite was added to the system Methylene chloride was
added 10 thereto and phosgene was blown into the reactor at 20C spending
about 60 m nut eShe Thenomriresitrucfurehefoi-etiet prodvagicemof sitfe edlyeurladditag
p-tert-butyl phenal, tr{n%gh | am ne s,added to the enul sion and the
product wadses 1 theExp g?’ﬁf‘rs Wﬁ_’e@vﬁours to conplete the reaction.
After the conpletion of the reaction, the organi c phase was col |l ected and
15 net hyl ene chl ori de was evapor at ed to obtain a pol ycarbonate copol yrer.
The conpositional rati { the 0btaj ned copol yqyer was nearly equal to the
charging ratio of “P?Oé’ 1 20 T#ﬁ pol ycar bonat e copol yner
produced by the above hmet'hodcwa (i ssolved in nethylene chloride to obtain
a dope solution having a solid concentration of 18% by weight. A cast film
was prepared fromthe dope solution on a substrate by solution casting
met hod. The filmwas pe¥ed offs fromthe substrate and dried by slowy
rai sing the tenperadureito Tg;R0C0oH25 The produced dried fil mwas .

uni axially drawn at 2 : aw ratio of 1.6 to obtain a filmA
(copol yner PCl). It ha firmed that thd¥film has smaller
retardation at shorter gt h for neasurenent and has 4 April 2006 27
positive refractive i ¥ ropy. ARTON nmanufactured by JSR Ltd. was

di ssol ved in mnet hyl ene
concentration of, 18% by wejght. A cast f.il S prepared fromithe, dope
solut Pon by a neAnauebes Bphdhion of siim sToREe Fnd A SBChESE B al | y
drawn at k/ae dhargddai hatdaeforOfurhishdd with@l btitherala flisknh@heteal asld raect i ons
to obtain a_retardation filmC (ARTON1). The filmwas confirned to have

| arger raeBpafandanaer shermeromesy & aRgth hpgingrdhes abev ATUCANA We¥fui d
crystal cefil. ia¥d 78 thlesHR6AHtEL  MblarSratiP VP 387 HAd a small amount of

hydrosulfite was added to the system. Methylene chloride was added
10 thereto and phosgene was blown into the reactor at 20°C spending about 60 _

minutes. The content of the reactor was emulsified by adding
p-tert-butylphenol, triethylamine was added to the emulsion and the
product was stirred at 30°C for about 3 hours to complete the reaction.
After the completion of the reaction, the organic phase was collected and
15 methylene chloride was evaporated to obtain a polycarbonate copolymer.
The compositional ratio of the obtained copolymer was nearly equal to the -

charging ratio of the monomers.

Example 1
20 The polycarbonate copolymer produced by the above method was

dissolved in methylene chloride to obtain a dope solution having a solid

. concentration of 18% by weight. A cast film was prepared from the dope

solution on a substrate by solution casting method. The film was peeled off

from the substrate and dried by slowly raising the temperature to Tg-20°C.

25 The produced dried film was uniaxially drawn at 230°C at a draw ratio of
| 1.6'to obtain a film A (copolymer PC1). It has been confirmed that the film

has smaller retardation at shorter wavelength for measurement and has




10 follow ng Table 1 was prepared and |lam nated with a conmercially

avai l abl e i odi ne-type polarizing film (HLC2-5618, product dhApBaooétz Corp.)
and the above retardation filmw th an adhesive to formthe constjtution
shown in the follow ng Table 2. There little | eakage of light by
viewi ng the obtained panel in slant direction at any angle and the | eaked
15 light was colorless. Table 1 n(550)1.504 d (um4 R(450) (nm 0 R(550)
(nm 0 R(65@psitive)@ictine)indemandtrdty550) (nm -310 K(650) (nm)-305 Table 2

Exanpl e 1Exanpl e 2Conparative Exanple 1 1s PoI ari zj ng, Fi | mlst zi ng
Fi | mlst Pol ari zi A& nﬁnﬁﬂﬁ%?ﬁ@él Bn 4RRs Lt arfeds %ﬁ%h"%#@(#ﬁﬁ%m on

2xi s 90 ) Rk coPGEARR! ¥ Moo WBRGAPMUTRE LATHONG LB A bF 180 HES! oW

axis 90 )(Sl'ow axi's I quid crystal cell
crystal celeighRT O\A’lR@sAﬁ‘ﬂmbamd)eramdl fray #hd depe bhtaen 2ishg mﬂthﬂdd

Pol ari

0)0)0

§' 2 gt SooR B ol 1Sk R ARG b

aac}i(%‘ﬁ%h i anpl e

1,55 pocas

bi sphenol  A&:p#! ym@wfauea(ﬁlél@ﬁglmaﬁﬁmhnﬂf 1dRirhl Mifdteivneaks obtain a

retardation film C (ARTON1).

-yretardation at shorter wavelength for measurement.

A VA liquid crystal cell having the characteristics shown in the

The film was confirmed to have larger

10 following Table 1 was prepared and laminated with a commercially
available iodine-type polarizing film (HLC2-5618, product of Sanritz Corp.)
and the above retardation film with an adhesive to form the constitution
shown in the following Table 2. There was little leakage of light by
viewing the obtained panel in slant direction at any angle and the leaked

15 light was colorless. )

Table 1
n(550) 1.504
d (um ) 4
R{450) (nm) 0
R(550) (nm) 0
R(650) (nm) 0
K(450) (nm) -825
K(550) (nm) -310
| K(650) (nm) -305
Table 2
Example 1 Example 2 Comparative
‘ Example 1
1st Polarizing Film 1st Polarizing Film | 1st Polarizing Film
(Transmission axis (Transmission axis | (Transmission axis
90° ) 90° ) 90° )
PC copolymer 1 PC copolymer 2 ARTONZ2
(Slow axis 90° ) (Slow axis 90° ) (Slow axis 90° ) .
Liquid crystal cell Liquid crystal cell Liquid crystal cell
ARTON1 PC1 ARTON3
2nd Polarizing Film | 2nd Polarizing Film | 2nd Polarizing Film
(Transmission axis (Transmission axis | (Transmission axis
0° ) ' 0° ) 0° )




Ltd.) was dissolved in nethylene chloride to obtain a dope solution having
a 5 solid concentration of 18% by weight. A cast film was4Apdizanéd from
the dope solution by a nethod sinlar to the Exanple 1. The film was
biaxially drawn at 165C at draw ratios g 1.1 in longitudinal and Iateral
directions to obtain a retardation filmC (PCl). The filmwas confirmed to
have larger._retardation at shorter wavelength for neasurenent 10 A panel

constitutilon si Mackkight t hat |of t Becklighpl e 1|exceddadibighthe UJse of PClL in
pl ace of ARTONL was prepared. There was little | eakage of I|ight by view ng
t he obtained panel in slant direction at any angle to develop a nearly
conpl et e biExamelelZr and the | eaked |ight was col orl ess 15 Conparative

Exanpl e 1 ARTON t dij de, t
Chearna dope sorbbroiened i PoDaaiBinttes ROLITE bibdeh ot ol Chghliffs' 2
cast film 1a8. )pﬁ@@afs@dlv%aqmmbﬁlﬁ@ﬁ@ cBliridel oktath larti@el s’adlﬁﬁzloﬂﬂ@ﬁﬂn@h 175C

at a drawratio of 1.4 to obtain a filmA (ARTON?2). Separat el the 20 cast
filmwas bﬁ%lk@éiopgieléﬁraﬂﬁﬂél 1 dymwedghin rAcpsk f’é’fﬁ vag nwpﬁlﬁ%ﬁ%. thgl and

lateral dihecti Qsiba AP Al Motnbd | SufidARTNR) EARaReh CONAL hihi gasshown

in the Tab was produced (ﬁ using thes e [ eakage of ht was
confirned bfeapreallﬂldrbeyamléﬁ it Aeaw pahioks dfrbrhm &mglmdle@l aod latezad angl e

of 45 and the J.eak C
Ohar actor 1 SteedSEy B qbtelaia Moo Ranoh L < BGD) AT B wad PaRBhEE Ty
Colrjr})ar ati vBaE@(@mglel € rataardationati shorbe: xfz@'lrdlemgﬂigfo}'ahbssuramem. 4 April 2006 29
Tabl e 3 PC copo ART PCLARTONART copol 23
n( 55030 62401. 513592 m%smvfsawwggmtaégﬂ egeﬁ#qﬁmmlfol except for the

use of PC1 in place of ARTON1 was prepared. There was little leakage of

light by viewing the obtained panel in slant direction at any angle to

develop a nearly complete black color and the leaked light was colorless.

15  Comparative Example 1
ARTON (product of JSR) was dissolved in methylene chloride to
obtain a dope solution having a solid concentration of 18% by weight. A
cast film was prepared from the dope solution and uniaxially drawn at
175°C at a draw ratio of 1.4 to obtain a film A (ARTON2). Separately, the
20 cast film was biaxially drawn at 175°C at draw ratios of 1.3 in longitudinal
and lateral directions to obtain a film C (ARTONS). ' -
A panel constitution shown in the Table 2 was pfoduced by using
these films. The leakage of light was confirmed especially by viewing the
panel from slant direction at an angle of 45° and the leaked light had a

25 colored black color.

The optical characteristics of the retardation films used in the
Examples and the Comparative Example are shown in the following Table
N .
30 - |




R(550) (nm 150001400 R(650) (nm) 159001400 K(450) (nn) 6222227071212 K(550)
(nm 7522025070210 K(650) (nm 8021924570209
nx(550) 1. 62501. 51821. 58831. 51841. 5182 ny(550) 1. 62351. 51821. 58831. 51701. 5182
nz(550) 1. 62351. 51601. 58581. 51701. 5161 Fhym thickness after draw ngafter
drawi ng901508080150 G ass transition tenperature (0C) tenperature

(t)225170160170170 Water absorption (wt.
Applicability 5 The present

4 April 2006

invention provides a liquid crystal

99 0. 20. 20. 20. 20. 2 I ndustri al

di spl ay.

devi ce of }fA ngde havi ng decreased | eakage of |ight over a w de range and
di spl ayi ng 30ledr and al most achromatic bl ack col or using at |east two
retardation filnms by cpBROi nin ar dation mal | er
retardati on.with short atopmﬂgx/eﬂ;fz(arﬁw PO1a ret‘%‘%ﬁg@ aﬁﬁm C havi ng
| arger refardation w th|&@rghofter wavel ength. rccordj B gly, guch liquid
crystal di 5@15@)/ devi ce Cangz4pr OVi ge7a hijofsmual kg 751 04l €0y yst al displ ay
devi ce hayipm R@so?{(rﬁ:ﬁj | ent| piigRUr ¢ ograt y 04 T Mfum%l\l MS 1. A
liquid cr %Ol f a)U| 2y pevige—gon q;ac Hreui-e—erystat—e¢l |  cont ai ni ng
a liquid eryst Kol d bet-wedn B—p f s@bstra-t_é’?sb_m > 5 to orient a
maj or axi | R{E50]( IP)mu d r}éf’al ml®culle i 8 a dir b4 | O‘[] néar | \
per pendi c UE&5Y) fumhe face @3t he 22%str at280i n |t hdlabslen@d2of appl i ed
vol tage, PK{®I0) Gno) a 2nd prd arj zi2ey fi|l mespl aged 78t bot Ilv19i des of the
liquid crygleso) Gah) and hagg ng| poliari 1 ng48xes dizpect] ngoper pendi cul ar to
each ot hel, aBgpat 1 east| {3 sHel o A n}f P (f\5i.g4p GEgoDpt ween the 10
liquid cr ' t i t ardation film
a8 e Glorer e ey T L R O el Ton T
nz(560) Y6235 | 15160 | 1.5858 | 15170 | 1.5181
Film thickness .
after drawing 90 150 80 80 150
Glass transition
| temperature (C) | 225 170 160 170 170
Water absorption |
(wt.%) 0.2 0.2 0.2 0.2 0.2
Industrial Applicability |
5 ~ The present invention provides a liquid crystal display device of VA
mode having decreased leakage of light over a wide range and displaying
clear and almost achromatic black color by using at least two retardation
films by combining a retardation film A having smaller retardation with
shorter wavelength with a retardation film C having larger retardation with
10 shorter wavelength. Accordingly, such liquid crystal display device can

provide a high-quality liquid crystal diéplay device having excellent picture

quality.




K(A 1)/K(A 2) < 1(2) (in the formulas (1) and (2), R(2. 1) and R( 2. 2)
are'each an in-plane 15 retardation at wavel ength of 1t i4apd208062, K(;.
1) and K(;. 2) are each a retardation of the retardation filmin the . .
direction of thickness at wavelength ogyA. 1 and 2.2, and 2. 1 and A 2 are
wavel engths satisfying the relationship of 400 nnx A 1< A 2<700 nm), and
the retardation film C satisfies the followng formulas (3) and (4) at the
same tinme. 20 nx~ny>nz 1<K(A. i)/ K(ARAIMSY the forrmulas, nx is a maxi num
refractive index in a plane of the retardation film ny is a refractive
index in a direction perpendicular to the direction of the maximum

refractiveq ngexj: it l.ang; h r i il d j
refractive ll’ n%gxhdllﬁrilidt %gy%g?ng S%F?}Ele&%ﬁ?%cﬁ 0 %t(()if q{fh% rle ug{r?dg i %lsfcfé}lm and
t he definitiowsnfinkg A lguwiddergstdd kald Ipdweenas pahostsuledenicsdd alkeve) . 2.

Aliquid crystal display.device accordi.ng to.Clajmd1 wherein the
retardhti on { B SRS BlagEaxipRadngtyri rfleghls oS fucpithesiig 20
film 3. Aligebgbrifivislnal todtE! faye dgVilee sabsiehet A8 tHe GhadmeeloPiphpBicd t he
retardation filmCis Pl aced adjacent to the liquid crystal cell. 4. A

liquid crystaPolipepl aylsteand e pelagiyieg fdms wch%@%/ dioth sideowl dhps  of
the retardati i j I : Qr . icul i Lon 4.
ppri | 2006 31 Suid et S108hA N ingn PSR, Sholifnd PorPlilnadich]

- devi ce accor deach pthedl @idnat leastr bive reterdatianefibng (A, ®1plhced beb®ecamthad X 2

is 55 6. 1.A | i qui t al, .di spliay. devi. di ng to, d.aim L.wherei
the B rat ar o, BoisPal cEh B PSR SR i MESE e et il i 6y 1
<R(650) / R( 5504 dabisfied tEKEGDOY K H2Hulb®)) dhdvok i€) f or mul as, R(650) and

'R(550) are the ip;pl retardance of the retardation filmat wavel engt hs
of 650 nm and 55@(’£r’|ﬁﬁfé§ﬁ§3ti vely, 10 and K(@%O) and K(550) are the

retardance of thg(geyaE(daj«an . filmin the dire@hion of thickness at
wavel engt hs O{inGtSh% ?oTnﬁPlgsS(Sl? s?xﬂ (2)r,e1§{Pi?.(i§ ia\ileéll \1/?,)(-1 9) are each an in-plane
15 retardation at wavelength of 11 and 12, K(1i) and K(2 2) are each a
retardation of the retardation film in the direction of thickness at
wavelength of 11 and 12, and1:andA: are wavelengths satisfying
the relationship of 400 nm < 4 1< 1 2<700 nm), and the retardation film
'C satisfies the following formulas (3) and (4) at the same time.
20 NxZny> 1N, - @®)
1<K(11)/K(12) : ey
(in the formulas, nx is a maximum refractive index in a plane of the
retardation film, ny is a refractive index in a direction perpendicular to
the direction of the maximum refractive index in the plane of the
25 retardation film and n, is a refractive index in the normal line direction
of the retardation film, and the definitions of K, 11 and A 2 are same as
those described above).
2. A liquid crystal display device according to Claim 1 wherein the
retardation film A is placed adjacent to the 1st or the 2nd polarizing
30 film. | | .
8. A liquid crystal display device according to Claim 1 wherein the
retardation film C is placed adjacent to the liquid crystal cell.
4. l_A'liquid crystal display device according to Claim 1 wherein a slow axis

of the retardation film A is parallel or'perpendiéular to the polarization .




7. Aliquid crystal display device according to Claim1 wherein the
retardation filmC satisfies the followng fornula (4-1) 15AKIEH0E/ K(550) <
1 (in the formula, the definitions of R and K are sane as those descri bed
above). 8. A liquid crystal display devige according to Claim1l wherein the
retardation filmA satisfies the followng formula (7) 20 10 < R(550) < 300
(7) and the retardation filmC satisfies the following fornula (8)

50<K( 550) <400 ak®) of( {he pdlerizbigfila, the definitions of R and K are sane as
t hose descri be Aliquid cryslﬁg di spl.ay device according to

b
G aim1 whérei a O oqryfa‘h'fz 3%9@11% Vigh FGCPHAINE EhdCleimr d wehprest e

pol yner materwvet@@tﬁglall\yaégwnﬁbagg{pgw% % by weight or less. 10. A
liquid crystal display device according aim1 wherein the  retardation

filmA is 6onpsskduod carysﬁaigdmpl'tayeievusﬂ atbn:ordéng| tpu(élaunyit athedbip| the

devi ce, accor dj wher.e t ret apdati,o conposed of
an oriented p’c’)r}%ﬁé?tlﬂl%r]ﬂncérﬁ%ksé]ﬁsgp t}.eu Irmt}’r]rf"Rf’ g)oﬁtg{aimer havi ng
posi tive refract il veR{e50&R (BRSOt r Opy and a nofgner unit of a pol yner

havi ng negative refractli index anisotropy. April 2006 32 12. Aliquid
crystal -display éh?\#@@ %ﬁé? ng to Caim1ll rein the retardati on film

A conprises aGRONCRERANGL eRt@so)%@g(Bye’)rs RE the k! %ﬁ@re%ﬁdaﬁcé

.crystal display device according to aim1 erel retar atlon film
C satisfies tredatddtiowifdm Mrmvdepgph@oswpmm aayl 5501 nm,eréapentuval,y,t he

definjtion of r|b d ;above al

di spljac{/ devi C%n%g@gﬁﬁn&%{ %@ "8‘88"? ﬂth t@ﬁdagg %{%é 1st
and the 2nd pailrestion anfﬂHmBnarse alomﬁefldnglfhsp(ﬂfaf%m Gn hﬁddesameﬁmhaw ng
protective | ayers on both sides, the sumof the retardations of one of the

protecting | ApSPeCtiyqly) ‘retardation films A and
- 7. A liquid crystal display device according to Claim 1 wherein the

retardation film C satisfies the following formula (4-1)
15 K(650)/R(550)< 1 SN CSY
(in the formula, the definitions of R and K are same as those described
above).
8. A liquid crystal display device according to Claim 1 wherein the
retardation film A satisfies the following formula (7)

20 10<R(550) < 300 (7)
and the retardation film C satisfies the following formula (8)
50 < K(550)< 400 (8)

(in the formula, the definitions of R and K are same as those described
above). |
25 9. A liquid crystal display device according to Claim 1 wherein both of 'tl’le
retardation films A and C are made of a polymer material having a
water absorption of 1% by weight or less. _ '
10. A lquid crystal display device according to Claim 1 wherein the
retardation film A is composed of a single layer.
30 11. A liquid crystal display device according to Claim 1 wherein the
o retardation film.A is composed of an oriented polymer film composed of
. a monomer unit of a polymer having positive refractive index anisotropy
and a monomer unit of a polymer havmg negatlve refractive index

amsotropy




C and the liquid crystal cell in the thickness direction at wavel ength of
550-nmis from-200 nmto +200 nm 15. A liquid crystal di4papd\podevice
conposed of a liquid crystal cell 15 containing a liquid crystal held
between a pair of substrates in a stateggto orient a major axis of a liquid
crystal nolecule in a direction nearly perpendicular to the face of the
substrate in the absence of applied voltage, a 1st and a 2nd pol ari zing

films placdd. aA hetid sirgenlodisphey deivitel dcedrdsi@ltoC @lhimng] NaNéRGn the
pol ari zi ng axes directing perpendicular to 20 each other and at | east two

retardation fireigdanon) fHmycAd waIRBEs tthepolyrahonate ybpuing e | flaptenae
polarizing filpgeyhierein the retardation film A satisfies the follow ng
formulas (10) and (11) in a state of a single sheet 25 30

0. 6<R(450) AR( 550higaido 2rgdhal 1dplay RiB5E) /aReaaIhg<td. @laid) It wehereimridat i on

filmC.satisfies the fallow ng.formll 3)..an - and/or (4-2)} at the
sane tTne, nXE%@aﬁS’(I%IW *‘7%%6)%0{4021'&12& gﬁr&g‘i‘a&lw)/ K(550) (4-2) the
retardation fil nRAES® <pB@aced adjacent to the 1g9) polarizing filmor the

2nd polarizing fil retardation filmC is placed adjacent to the

th
liquid crysta lnctbie{?s)rlaug%oﬁbea%%lﬁémtq{é% resapg i that tepenied gboredal | el or
.per pendi cuhar at ; rg; & I t 1,2 i 4
o 12006 3o EpEIP=p SR it sy SR, Qooking & ORIROT rELORIEL chl, $HEn
10<R( 550) <300bgth) of tle det andaithicotnd pblarizisgtfilzis ese compbeéd ofipnkprizingul a

(8 (B <N(550UA00 Badtld b 1606 Ul WS SELLMRe (B KR <3O
retardations of one of the protecting layers, the retardation films A and
C and the liquid crystal cell in the thickness direction at wavelength of
550 nm is from -200 nm to +200 nm. '
15. A liquid crystal display device composed of a liquid crystal cell
15 containing a liquid crystal held between a pair of substrates in a state
f.o orient a major axis of a liquid crystal molecule in a direction nearly
perpendicular to the face of the substrate in the absence of applied
voltage, a lst aild a 2nd polarizing films placed at both sides of the
liguid crystal cell and having polarizing axes directing perpendicular to
20 each other and at least two retardation films (A,C) placed between the
liquid crystal cell and the polarizing films wherein the retardation film

A satisfies the following formulas (10) and (11) in a state of a single

sheet, :
0.6 < R450}/R(550)< 0.97 ' (10)
25 1.01<R(650)/R(550)< 1.4 (11)

the retardation film C satisfies the following formula (3) and {(4-1)
and/or (4-2)} at the same time, ' '

Nx=1Ny>> Ny | (3)
K(650)/K(550)< 1 (4-1)

30 1< K(450)/K(550) - (42
' the retardation film A is placed adjacent to the 1st polarizing film or the
2nd polarizing film, the retardation film C is placed adjacent to the
liquid crystal cell, a slow axis of the retardation film A is parallel or

perpendicular to the polarizing axis of the 1st polarizing film, the




(in the fornulas, the definitions of R K, n,;, ny and nz are sane as those
descri bed above, R(450) is an in plane retardation of the 4Aprli2086i on film
at 550 nmand R(550) is retardation irm3hickness direction at 450 10 nm
wavel ength, and the retardation filmA conprises a polycarbonate having a
fluorene skeleton). 16. A liquid crystal display device conposed of a

| i gui d crystaatiaciell film Quisatisfiag thelfbuuindngrfbﬁhaﬁclam'ejl,d be:jvveen a loai rI of I
substrates in ) tg orient a mgjor axis o iquid crystal nolecul e
in a di rection?ﬂémﬁ%so)f@%r pendi cul ar to the fac@)of the substrate in the
absence othé&petdradtiorPlilAde sadisties @ediadlodgelanilai@y films placed at
both sides of the |liquid crystal cell and having pol arizing axes directing
per pendi cul ar PB<Kéa a)iﬁ%r and at least two ret@dation filns (A O

pl aced; be | Ol | loyand the polarizing filns wherein

t he rfaktaréigtei%c?nﬁ | Sr%}%%%&%‘g{sﬂg?soggﬁtgﬁa%)y smal l er retardation in the
direction of pREMO)EI or thickness of the film@&) shorter wavel ength

within th ve ran of...from nmto 700 n and _t he r dation
fim G nalndBEdeERtins, B0 ReoRineb8 Bidp i i Ay ARd kel Fims 8 S04

?h?r E er V\da.'@c]txélﬂ@ﬂ mmﬁ Rex30yf iseant hre glahkowitagddaonubfatiid)re?ardatiomy >nz

3 int or a, the lnitions of nX .ny.and nz are sane as ose
_describedﬁﬁ'ﬂcﬁ‘;eg.gbf‘)’fn ﬁn_ﬁgﬁﬁaﬁdlfﬁrr BHpRReRIPngIC 8%?«5@%@%%& i qui d
crystig dhapkawel e eand theRhedatishblitn A HoinpA8eS PpoRfdrbehat: a
l'iquid CL%St‘al cell1- 30 containing a Iiquid crystal held bétween a pair of
subst r at eBayingaa fiuarenecsksle@t). a major axis of the liquid crystal nolecul e

in a diregkion ] ' [ t e.iin the
bbsance of Shprh it crPSERICHER) Bevlc® bhIRER B o NEuRERSKLEICAD (1C
si des of ¢dmtaihingiadigquidscafstakhieldiietivaenny peat af iszibagrabessindarsate ng
perpendi cul ar. to 4 Aégril 20%?,3% each ot her and at . earsé]i t retardation
£l (A COTEPE BT R 41 dapid frastrymelsods) in 4 ireHIoD Slari%i ng

I mg @tpenidieulat &6 | @td of theAstbbiEiteé €1 the o 08 dft a
fIS\Ah% ridieulgt &6 ddlel @vd of theAsabktst the diedd dsted a (1)

and/ or ( 5 RXIiI)/R(X 2)< 1(1) K(Xi)/K(X2)<1(2) .
voltage, a Ist and a 2nd polarizing films placed at both sides of the

‘liquid crystal cell and having polarizing axes directing perpendicular to
- each other and at least two retardation films (A, C) placed between the
liquid crystal cell and the polarizing films Wherein the retardation film
- 20 A has essentially smaller retardation in the direction of plane and/or
thickness of the film at shorter wavelength within the wavelength range
of from 400 nm to 700 nm, and the retardation film C has essentially
larger retardation in thickness direction at shorter wavelength and
satisfies the following formula (3)

25 12Ny > © |

(in the formula, the definitions of nx, ny and n; are same as those
described above). _

17. A method for compensating the view angle of a liquid crystal display
device in a whole visible light range by providing a liquid crystal cell
30 containing a liquid crystal held between a pair of substrates in a state to
~ orient a major axis of the liquid crystal molecule in a direction nearly
perpendicular to the face of the substrate in the absence of applied
voltage, a 1st and 2nd polarizing films placed at both sides of the

liquid 'crystal cell and having polarizing axes directing perpendicular to




(fn the fornmulas (1) and (2), R( 2, 1) and R( X 2) are each an in plane
retardation of the retardation filmat wavelength of k 1 ahlpWl 2006 K( X 1)
and K( X 2) are each a retardation in d4e direction of the thickness of

the retardation filmat wavel ength satisfying the relationship of 400 nm 10
< X1<212<700 nm, and the retardation filmC satisfies the follow ng

fornul as €3¢hatther Andbt 1OSSISBHS retdRlativry i@, (Q) plakeld( BetwodiKthe 2) - (4)
(in the fgrml as, is a maximumrefractjve index in the plane of. the 15

X
ret ar dat | BAYE |0rws¥r%} qedl anddhe,pelarazingqilms Wherein thectgBRAaEPBER cul ar

to the di pegdiigfeOind RISRHITIRASI AGldYg/dn@gx in the plane of the
retardation fi%2i ?}T?Rri 5<s a refractive !ndeﬁ&in the normal |line direction
I i ons

of the retarda m? arlud the definit f K 2, 1 and 21 2 are same
as tigpse descKiheg/HpRYp)1l 20 ABSTRACT Th(@)pr esent invention provides a
liquid crést al display device VA node havi ng decreased | eakage of |ight

over a wibg thmderandayi(y) ﬁ'@da_c()é)la Bt rarldaainBé dchrorachcanl i plaRepl ay by
wavelengt FeRaabeR abhE el lh AT s Sbr i bR o na il A ELE
retardati @gAdvK( h Hherd eachay ekendddtion A6ctHed digcYionaohithb-thicknéys b qui d
crystal display device having excellent picture quality. can be produced
by the préseretardatien bin at wavelength satisfying the relationship of 400 nm
10 < XA1<Xt2<700nm), and the retardation film C satisfies the following'
formulas (3} and (4) at the same time.
Nx2Ny>1z (3)
- 1<K(A 1)/K(X2) (4)
(in the formulas, nx is a fnaximum refractive index in the plane of the
15 retardation film, ny is a refractive index in the direction perpendicular
to the direction of the maximum refractive index in the plane of the
retardation film and n, is a refractive index in the normal line direction
of the retardation film, and the definitions of K, A ; and A 2 are same as

those described above).
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