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light ieakage is reduced over the entire wide band, and black display is made sharp and
substantially achramatic by using combination of a phase difference film (A) in which the
phase difference becomes smaller as the wavelength is shorter and a phase dilference film
(C) in which the phase difference becomes larger as the wavelength is shorter. Accord-
ingly a liquid crystal display device having excellent image quality and high quality can
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substantially achromatic by using conbination of a phase difference film
(A) in which the phase difference becones snaller as the 48RN8Bt h is
shorter and a phase difference film (C) in which the phase difference
beconmes | arger as the wavel ength is shorgter. Accord- ingly a liquid crystal
di spl ay devi ce having excellent image quality and high quality can be '
provi ded. 4 April 2006 1 SPECIFI CATION Liquid crystal display device
and Use of Retardation Film Ther eSBECIFIEATIONMI Field The present

invention relates to a liquid crystal display device of vertical

orientation node to orient the major axis of the liquid crystal nolecule
nearly perpendquﬁiarcrffﬁau Aesayabvica Gid DRe lof Rat sk dationt BiinCehbrdfpr @ State
free 10 fromthe application of voltage. Background Technol ogy Liquid
crystal display device is generally conposed mainly of a |iquid crystal
cell having a liquid crystal |ayer sandw ched between a pair of 15
substrates, a retardation filmand a pair of polarizing filns arranged

per pendi cullachhiwabdddidot her and pl aced at both sides of the liquid crysta

cell. Liqui rystal .displ deyi ces haye begen used i ide fields.from
Sl i - si doo TREPRtsmic i Bnffngelaias on Saut cvea Mol AdHias of vemical
| ar ge- si zegrieRtdtidiBRb&e TYCHieSt HREI hajoraAdist 6F EHé AiQAdSelystsl erdieddeof 20

TN (Twi sted Nematic) node to use a liquid calyst.al nmol ecul e havi ng Fositive
di el ect ri chewlz qerpppdigatar theharapnek fasarbhieniquidrenyrgdicgliciny atshatedirep| ay

devi cgs. I%Pﬂ;[ Ellgg ?ﬁgﬁ? Jﬁ&%@'v&l‘i% 4 al display device, . the orientation

direction crystal )l ecul e adj acent' to one substrate is
twisted by about 90 relative to the orientation direction of the liquid
crystal 2 | ecul %,Iadd'hac?nt to the other substrate in a state free from
the appli caffonouna dechnology '

Liquid crystal display device is generally composed mainly of a
liquid crystal 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 .




of voltage. Various devel opnents were performed on the TN-node |iquid
crystal display devices for realizing good bl ack display #h®#2806 contrast.
It is necessary in the TN node to display the black col or under the 30
application of voltage, i.e. orient thegmgjor axis of the liquid crystal
nol ecule in the direction nearly perpendicular to the panel face. However,
since the liquid crystal nolecule adjacent to a liquid crystal panel
substrate cketpbnideddent flonsedenitht,i @mpletd béackNcolodeaaven bantisplayhéd

application of . voltage, t,he polarized state,of .light varies by.th
bi r ef ri ngeR¥E" olPYtW@“ﬁPﬁuhEP IP eip o Apgeendiy g lr%foé’cﬁf’e?lyake The

Consequent Lya1i &R0 6t Bigh @tltr£9|REficannot be di splayed even by view ng the
panel from perpendicular direction to nake the realization of hi

h
contrast difficulm the coetreont imr g, lignidy aryetal ddispyas aievmesﬁlfa\/’elgéwce of
ertical NoI =11 ' ; . [ ' X h
e or i sSiPRERIE ALk, TBAGIEACTAN e f AU E80e SO G, BRESor 4 P
- to the panBhufdesystal mvletidé és brieatdd naatlhecapphdicaldrotw tife paidldgee et ween

a pair of substrates, constituting.the.liquid crystal panel.. | h

Vertical afiAbY THEUEOTE Hbe PmRficaian o6 valtage) Reesnon BE At FstHEer qui d
crystal pagglstgubsly’ 8he 18188 dstAKBandl, NGar kNe PRYBIRADIACHA @bdENtRS | ON
relative to the panel face and, accordingly, the polarization state of the
light is skawideryystal myde@#etﬁfbacqntamhhggxmdmﬁm nanghtsubstredgrleo | i quid
cryst | ay. L4 I : ' jjor to
TN ol uatilier, T HISEM Hirpinaftul 0P BLiek SRR i 38 Y BRBSY LRRPRREL 1% s
vi ened pergpeordiaglyr theo poherizdibors idbster af ahe\Vaghbus dcectudy gueesd dyetlreen

proposed for inprovin he..v] angl e .,of .convent;i pnal VA node display. For

exanpl e, tﬁ’fé%’ﬂ?é%ﬁl?ﬁlé’gtﬁ nhgiﬁ“’?%’ﬁoélgg’ﬁ,ﬁ!“lll%g%rﬁgal( %@'P@Un@@s’ﬁ(ﬂeﬂtﬁ@a&hs

"Japanese \figtpadmpletBailact didplly bapériienio tabaldeasuallydidcb@al paksiphed .

nematic liquid crystal display 20 deyice conposed of a |iquid crystal cell,

a pair of {orerlize dygh P%trﬁﬁ%é’ééen vée]in’c? s % tH%PFPg\ngarchﬂéﬂ cel |

In a &tat | I ng the absorbing axes of the filns perpendicular to each
l%tangnﬂish%te.

ot her, aretardation filmfor the conpensation of view angle conposed
of one or two reVaridusiehhidues phuedieen 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, .




between the liquid crystal cell and at | east one of the polarizing filns.
25 Concretely disclosed technique is the use of one retardbfP@200% | mor two
| am nated retardation films placed between the liquid crystal cell and one
of the polarizing filnms (refer to the Claim1l1 and the Exanples 1 to 4
(sections 0030 to 0034). The specificathon of JP-A 2000-131693 discl oses a
VA-nmode |iquid 30 crystal display device produced by inserting a specific

bi axial retaydation film betwsen strate and a, pol ari zi filmina
ey to th sinapa SR SEePEE Rty Ra e Al PRRg P SpP0A 0B Fider'o e
nearly par &l ek tlo sgeRifepelizedbeiontfinidpl-ab8 aftphdtansidys sf of ligaideryetar.i zi ng
filmplaced at, the side of the retardatjon filmrelative to the liquid

crystal | ayed (sactionrQ47), Fieure§p) arexdgrsribed indhemperdicadion: wo speci fi c :
retardation fil r i e ltlg : ' L '
retardation fil gio(ﬁ'feg’{:egﬁ tié? %%%bg?dggﬁéfcégﬁ{qﬁsggﬁ &g{t}gFﬂ%ﬁ%%ie@tl on .
0070, i gutke®Ojpamificadoncy wbeel stincashfulsfoedhe i iogtrogamelrt wé ke, vielveanflenode
liquid crystal displ.ay devices described in, 5 these specifications,were
successt Ul SROFeCERCHAyr G matt "o TEREEy  ERTRBFEL  cridh HODEF] SOPES dhPy at a
- speci fic wamalsehighidn dMtled NhtVel SSspebifR whakeReFE Skode@baddie by hhtlef a

specific wavel ength is decreased by slantly. view ngj{a]tqhe | iquid_ crystal
“display deViezng;thg igisgcuystrldisnlayy devse dismlaying blagk oplorerssyliing ikhe

vi ew angl e WYI% b f e Lg I - OW 13g to
t he Ieakagghof :égﬁ%g ggcr:)cgl(résb%n% %ﬁlég(g nglgg% e%oél}?é@elaa%:&éﬁgétoﬁdrg?g\idge

| i ght 10 s dblachr erlor fomdngt trethpdeikige whhght nagehrs Thetheae cashp exhenfthehe

invention is to provi w Ligquid erystal di.splay device of VA node.
anot her obazeRaRER ik Hie, BghE i itk HOAR bt s S BRWASIHES & 15 cryetal
di spl ay devi ce c@tsimgin bbijdce off ehkdgeenfiohiightt moeidd AenamMridiuidi @iy Had

light range, in the cas f ‘di.spl ayi ng bl ack col or and enabling the display
- of nearly g@ﬁ?ﬁr‘gﬂlﬁe BFXOCA’#(HP or. A further object of the invention is to

provide a new nmepReshdrObbjedt AT 855 iRGehtion kOt phodigaIe Yuemidie 1iuugd e
visible light range to _enable 20 the display of nearly achromatic bl ack

col orlby uetystpladisplaar davicercatising litle lealragroablighwivar dhy svheledrisiilay
device in flgﬁt fade of vl gRLyE Hﬂap?:!lﬁﬁé K9P Golor and enabling the display of
nearly achromatic black color.
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




Still further objects and advantages of the invention will becone apparent
fromthe foll owi ng expl anation. 25 Disclosure of the |nventAdH200@

i nventors of the present invention have found that the problem of the

col oring of black color by the light |éakage is dependent on the

wavel engt h di spersion of the transm ssion |ight and supposed that the
above problemis_caused by the use of a retardation film capable of. 30

i npr ovi ngfinding,ithat dhgl eoriral £dt Bhe svavalengihy, dispersigne GharaCtgEsBLenst n
resul tingidfolthRt heakass e bodBinat udé fdred pharainyedeatidise rBasadtien t he

above conception, the inventors of the present invention have paid
at t ent | onfilmgig efdeciixpe engt h di spersion characteristics of the retardation

in the r ' [ ' ' eeprisdam! i shed
by e 4 Bbr g R Bl R e € e R Sper o1 on

char act erliguidceryistal fdisplan davicancbrepesed: plea dopmidnenystalecadt conistining pty of
specific r.etar | i i f ' :CQ L {: f.d aspect
of “the priGuRl BRUAmE etheeh F paficht HneteBS0 CRE oGP a by

devi ce coapesHda diquid |crgstiall molpstkl irc al direcidmineanky perpengidcuwlacityshal hel d
between a,pair, of supstrates j.n a,state Lo _of.i ent maj or, .axis o l'iquid
oryecal daech the RUBSHRLER: e AbSr phAEBlER IS et B 2R { he
substrat epdlarﬂznigbmnpﬁc@& #APPbiedidedl sBdlee liyuldterasehl aceZndndplphdinizi ng
films placed at both sides of the liguid crystglll Ctﬁlgl an hawggs

- pol ari zi neplaxiengiiaxest AHGCIBE prerRcadiatar foegash otther aRd at lPRIstWPwo
retardatl ffafddiih (infd (@F §ab YEANLRC the Ay fidCTpBl &al laRhdhbhe
polarizing tilns wherein the retardation filmA"satisties the follow ng
fornul a (g9lasmioriilesy wierein) thy( wepyrdativn flm A (yatigfgsthke 2following2) (in

the fornmula nd {,2 R(X. 1) and R( % 2) are each an in-plane
ret ardati%ﬁmﬁ;@v@@ﬂég% of 2 1 and A2, K( %1) and K( X 2) are each a
retardati on ofREhe)/Réhalealion filmin the diYection of thickness at

wavel engt h of Xy2, ;and a, 1 and % 2 e wavel engths satisfying the
rel ationship oﬁ@dgﬂm&)%k X 2< 700 nm, a(%{j the retardation filmC

(in the formula (1) and (2), RO, 1) and R( A 2) are each an in-plane
retardation at wavelength of A 1 and A 2, K( A 1) and K( A 2) are each a
retardation 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




satisfies the followng fornulas (3) and (4) at the sanme tinme. nx>ny> nz
(3) 1 < K(A)/K(X2) (4 (inthe formulas, nx is a maxi miiprd£Pa&tive

index in a plane of the retardation film ny is. a refractive index in a
direction perpendicular to the di rectfon of the maxi mumrefractive index
in the plane of the retardation filmand nz is a refractive index in the

normal line,direction .of the retardation fj.l nd the definitiqgns of K 2
10 21 B havEigatheistng ats fEeilibgashpticylant eachStheh Bl wtdrRt second
g_s DEFt OL twh aepirdaeivhn ‘idilmfg A, ﬁO)_w pl@dgar Beﬂvﬁeelnpﬂ@elv :ldﬁdd arysmaliallc au&tiﬁbd
i spl ay devi ce.conpose a uid crystal gce cont ai ni i qui
crystal hﬁ?@rﬁﬁ%\g@ﬁn% %gﬂelﬁf k&%ﬁ?%?q I o afatiphies &ﬁgeﬁ?ﬂ(’éﬁ j or
aﬁi s]c of afdfrirqﬁhgl(m)wam(umgcsth@ %ﬂa ginile f@ﬁéétoln_ near | Iy per pendilcul ar dt 0
the face of t S t absence of appli voltage, a 1st and a
2nd pol ar.i zi ng‘?ﬁﬁ%ﬁégéﬂﬁ%@a ngt h sides of the (ﬁﬂhui d crystal cell 4
April 2006 4a and ©®R(6HQ/REMi<zing axes directinglperpendi cular to each
other and_.at |least ,.two.fetardatian filns C) placed, b en.the hiquid
Crystar ol rehardanion o, B satsfls khdrplionheh BERL 4l o (AE DA
sati sfi esahfieri(atdbut tige si@ertihas (10) and (11) in a state of a single
sheet, 0.6<R(450)/R(550)<0.97(10) 1.01 < R( 650)/3&;50)< 1.4(11) the

I

retardation fiTnré¥saltsfies the following fornul'd’ (3) and {(4-1) and/or
(4-2)} at the K4eBOWKAE0)&3) nX > ny> nz K (650) /(K(B50) < 1(4-1) 1< K(450)/K

(550)(4-2) the,r L | ilmA is placed adjageny, to the 1st polarizing
filmor the ﬁﬁ%@ﬁgﬁgﬁﬁéh Im the retardati oﬁg;blt)l m C i s placed adjacent
to tlhle | | thpuietaed ¥sibal filkelA is plsdceMadiaicenditotthe Tt poldaizing filid o Ahks
paral |l e [ rpendi cul ar to the polarizing axis pf the,lst pol arjzing
Prim  thelhd idpBERRe ok the R BRHEL BIBP G liponfig Beiient ts the

liquid crystal cell, a slow axis of the retardation film A is parallel or
'perpendicular to the polarizing axis of the 1lst polarizing film, the
retardation film A satisfies the following formula (7),

10< R(550)< 300 (7
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




10< R(550)< 300 (7) the retardation filmC satisfies the follow ng fornula
(8), 50 < K (550) < 400(8) -and satisfies the foll ow ng forﬂrﬂpd%@g (9) R
(500) < 30 (in the fornmulas, the definitions of R K, nx, ny and nz are -
sane as those described above, R(450)4 s an in plane retardation of the
retardation film at 550 nmand R(550) is retardation in thickness
direction at 450 nm wavel ength, and the retardation filmA corrprlses a
pol ycar bofssentraly wanallen referdndonial B djrechonaek planmaad{gr thigkness d

aspect of ,fgRe BIRSEOEhbAYE %d%né@ﬁ%ﬂlﬁ thl%fﬂxb@h%ﬂg% hfgs df ?fd&ﬁhﬁio
di spl ay devi ce cgonposed of quid crystal cell_ containing I uid

crystal hamy ket félénng, p&rnld dhesaaéqrrdaﬁw it & dhas tfeﬁseaﬂaélm arﬁ%ﬁ or

axis of arbigHhdion’ ¥StmlckARsLAMRLIR £ Sh&R6E WAy dIEREIL anAIREHHCIHar tO
the face qf the substrate in the absence of applied "voltage, a 1st and a

2nd pol ar f@iwqgf%ﬁmﬂﬂé&d at both sides of the liquid crystal cell and
havi ng pol ari zi,pg ﬁxe/sndl recting perpendicular to(ggach other and at |east
two ret arEIat ion filhs Cﬁ pl aced between_the liquid crystal cell_ and
the pol ar (i thy farmmad m}ﬂéﬁ?éﬁ nitiens @k By gt 31 Ng jArmsADHR 8S 4hogs dpsorgsl 4p
essenti al Ly gdyal l er retardation in the direction of plane and/or thickness

of the filmat_shorter wavel ength within the wavel ength range of from 400
nmto 700 nm &adceorslanse syidhia &nth) aspech ot the Jaase Wepalpgert ere 18

retardati goviled BiBEARISHOH] 'cbﬁl%tehgﬁ!tzﬁg tﬁ@%év@%n‘é?é’@f@ﬁﬁh’iﬂ amtéla&ﬂs fdyes the
following formula (3), nX > ny > .nz formul deflnltlons of

nx; ny anfevige aite & arkolasvisy %eh@]é"sdfﬁpgéd me%mm A ha%if savtal viedh a

fourth as p&ifthiPingt Jé'%cﬂhasﬁ%ta!l Wﬁﬂtbé%ﬂﬁeehhﬁrﬁalf f SUhatiaded iR detdiedid or
conpensating the view angl e of liquid crystal djsplay _device in a whole

vi si bl e | PRRL rhiBRIBYaREo0f ahﬁghtaml qwsdia mpalegplecgp|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).




containing a liquid crystal held between a pair of substrates in a state to
orient a mpjor axis of the liquid crystal nolecule in a di4éplid6@6nearly
per pendi cular to the face of the substrate in the absence of applied .
voltage, a 1st and 2nd polarizing filf& placed at both sides of the liquid
crystal cell and having polarizing axes directing perpendicular to each
other and_at | east two retardation filnms (A C) placed between the liquid
crystal cghﬁféﬁﬂﬂ@ﬁ%m0®ﬁfgkﬁimﬁgﬁflInB wherein the retardation filmA
satisfies the follomnng formula (1) and/or (2) R(ADO a,2)<1l (1)

K(%)/ K(L2) <1 % i,n. the fornulas {1 an ﬁ% 1) .an d R( X are
each an in pla W‘I@t dr @ §amRlR 0t & Sr%ﬁ Hwt*qn the, dgand ngmstal x 1
and X 2, a retardation in the direction of

t he thlckﬁggﬁa%$AYEQQﬁ g%é %&?ﬁ' ﬂ?at wavel ength satisfying the
relationship of 400 nm< X 1 < A 2 < 700 nm), and the retardation filmC
satisfies the following fornulas (3) and (4) at the sane tine. (3) nx > ny
> nZ 1< K(A. 1)/K(x 2)(4) (in the formulas, nx is a maximumrefractive
index in the plane if the retardation film ny is a refractive index in
the direction 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 film and the definitions of
K,-A. 1 and A. 2 are sane as those described above). 4 April 2006 4c Bri ef
Expl anati on of Drawings Figure 1 is an exanple of the constitution of the
liquid crystal display device of the present invention. 4 April 2006 5
Figure 2 is an exanple of the constitution of the liquid crystal display
devi ce of the present invention.




Figure 3 is an exanple of the constitution of the liquid crystal display
device of the present invention. 5 Figure 4 is an exanpl e $ApillZ806
constitution of the liquid crystal display device of the present _
invention. Figure 5 is an exanple of thg constitution of the liquid crystal
di spl ay device of the present invention. Figure 6 is an exanple of the
constitution of the liquid crystal 10 display device of the present

i nvention. Expl aRahiren20fs aheefh@pie WP theTbendtitigtiorpalfattiez liggid idrgstad: The
retardation filmA 15 L: The VA liquid crystal cell C  The retardation
filmc 2pdisplay dedenal poe REeLPMAINTRHN-B. Backl i ght 20 Best Mbde for

Carrying out the ngi pn Fhe i aul decinestahsis®ltioPlof Vel ligakld b siagd node
(a VA node quuigléh\ggygtgl aiéelgfé g#!tft;e presesnt inover?ti ortla hlgs a%lgructure
hol di ng a ¢implayofleviselbf thapesseaschvértiémg an el ectrode and pl aced opposite

to each other ipterposing a definite.distance.therebgtwee £ OVl t hat
at |eddt one of E@Wrﬁeis’uq’bgf‘r 5’5%“13}3[ ﬁfgﬁ}‘gcf?%%ét'ﬁtkorf r"Zn%\ﬁSeaﬁ ﬁ(sz% Ll i ng
l'iquid crygisplay a®¥iesuf fise prisaeintdigisdubstrates directing the nmajor axis

of the nolecule in a direction nearl erpendicul ar to_ the supstrate in a
state free from¥Haweapplsi ant p¥rMmBLe letgﬁg@nﬁﬁélt&q ohtthei ﬁﬁu}‘ﬁ cﬁy‘%égrl y

per pendi cuj; I §&GL Gatodihs, aver age val ue of the angles between
t he subst ;%?gla?n%&ﬁﬁéeegglé;g%nk e

) mpj or axis of the liquid crystal nolecules at the
di spl ayi ng pi xel Figuree@risyanpexgreplti ofilthe, camtignsiony 08 dhdeljaniss caystabr e,
nor e r\gen%{lqlfurther preferably 87 degrees or

fer. 5.d
nnre.i)orl'ﬁeecilggftf%d?ecvﬂ?/eg ﬁ'leeﬁ%%fsﬁlélg?%rl ent ed parallel to the substrate at a -

part other than the displaying pixel in a state free fromthe application
of voltage as disclo eﬁ in JP-A 4 April 2006 6 2001 235750. A phenonenon
of the failfxplanpHogatt ﬁgé]lﬁﬂ?form di spl ay takes pl ace

1P : The first polarizing film
A The retardation film A
15 L: 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




inaliquid crystal cell of VA nbde by the inclination of liquid crystal
mol ecul es in various azinuthal directions under the appli cafPd208¢ volt age
5 to randomy formdiscontinuous orientation parts, so-called discrenation,
sinmply by perpendicularly orienting thegiquid crystal between parallel
substrates. Various studi es have been nmade on the discrenation phenonenon.
There are reports to control the inclination angle of the |iquid crystal
nol ecul e under-oBesappl i cati on of voltage by formng 10 protrusions on the
substrate as described in SIDI8D GEST, (1998) p.1081 "A Wde View ng Angle
Pol yner Stabi | i zAdphemessenepiod the ifadare Lometiing umform dispday takes place
newspapers; 19 "A Wi d ew RS r TFT
LCD with NEvel g Cohtal ot VACHAR B0o HElnalis of RNV,

el ectrode amlerdey ibadrious) Pz dthhd i @etioAsrenders thel ipahcatyen efvioktagkso

proposed in the.Sharp, Techni cal. Journal 80, 2001.8, p.11,. "Devel gpnent
P ORaVE L Chb P RATBIR oo A cBRHRRELS SRt iAMOR: DhtdAjso il disypatiot r ho
liquid crystdbiy"BlepetferdctidblyeBridntiel thé SEiRE ichydtAP bedRBEh C4t0LR] Of

voltage by adding a chiral materjal to the liquid crystal. As stated
above, thepebsirategmny Vaviens astwhiest haee beeni guade cpysthe discenralemd 20

crystal cebho ol XSE1 T Cathal i giete e ngel 4 enanallifatibe oVl tRYS,
however, the present invention iS not restricted by the orientation state
of the |iHLgud arystadl mucldeunlet hedapplthe atpphicatfion obf agdtagehdyr doamdag i on

| t he thick di f.ect i i qui.d er t
wevel Bhot TEIETRRrclET nirrar b deacbel s SMoBGRST (B 1081

fall eln Wt rv\triﬂbeweaﬁag Aﬁtgter Pﬂliynfgi‘%ﬂ&mﬁlﬁﬁid' lz-mgr_lélﬁll'@ﬁc téneg*@aibng@”f aid

exa e In_a transm ssi on- e 11 qgul Crysta Ol Spl. ay, deyl ce. e ..

r et ar dat | OREPYADA] Trate %Wéﬁfﬁ@s, &%8%93%%“%%@ Vigsting Ansle %?@ﬂ@é@e of the
di stance OfiyfdiGirs WISAA ?ep?iﬂ@!b%ﬁﬁ W&l Sﬂ*ﬂl‘cﬁju% Y38 P roRedk theroralihacd | ve

i ndex ani sotropy of t quid crystal perpendicular to the substrate. 30

The |i qui dwindpsit aih the ppkeleldetrpdeasnflesdrebgsy wsdRtA Tnl@HO0on A reyerseXdhpl e a
LR DS A oSSR bl 0, RO o v
second pol ‘@dvzlopanént of ABUVVeCBNUshey GontirmdusqBigvhesisAkipnarinit GGPA)_ state
_t70 cross tnqué”r ﬁln%vrﬂigﬁlt%%_ﬁégfd (?ITys a emfo!le!cﬁe allé Slled qgld%r ?v%éi};gdin e | 2006
application of voltage by adding a chiral material to the liquid 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 second polarizing films above and below the liquid crystal cell in a

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




per pendi cul ar to each other. The positional relationship of the retardation
filmand the polarizing filmis characterized by the di spbAptili2886of at

| east one of the retardation filmfilm A and C between the liquid crystal
cell and the first 5 polarizing filmanc}/or between the liquid crystal cell
and the second polarizing filmExanples of concrete arrangenent are shown
In the Figures 1 to 6. The retardation filmA is preferably placed

adj acent tﬁeh%‘f‘“ﬁh‘-r‘ﬁ&‘ tBeachhghsecond polarizing filmfor effectively
conpensati ng e apparent 10 devi ation of the axes of the polarizing

films. The retar @kl qrositibmalC redatjonship atofy the acethrddiaverilnt oangde thequi d

crystal, cel] for effectivel [of0) sati ng.the. thickness-directi

retardat i oﬁojc?fn?ﬁg 1{':3]u'lfdglﬁ)éﬂeélwr@gp?’étheTﬁéSptoglrtFﬁn a?gj agtcgeﬁt%lc %% Sggﬁei n the
pr e?‘ent hl ni’ﬁﬂ&&&@ﬁoﬁ&ﬁﬁ? fﬂﬂ@tAmﬁ*f‘&C I?Leg;m@nemesh Hqgﬁl eliyiseslt ¢l Gﬁdltthe;ﬂimb\ll\li th
each ot her pasting for exanple wi th an adhesi ve agent. Prefer Y,

t he .slbw aRP rwnghé?meﬁadgm ibeEween ntéleAH]élh’&SloFryét@ cell| Zpdgthe segend 1y

paral | el Of)?%?i;rzgﬁ? i G| a'E}EaQn]%IEQ RO! BhEALE ga@félin%eﬁfentt herel Sthowal 'fi{l]lg fhend

pol ari zing” T 0 suppress e Inpartnent of retardation on
pol ari zed Figjhesdntoe§.i ng fromthe front. A pair of other retardation 20

films having nea equal .chapacter. sties or .ex . Y s ) may
.be- placed bet V\e@hgtrﬁgaﬂaﬁtﬂrhhi?ystlglprgeﬁrﬁgérnal%%gn%&s]? C%o fgér F}é(? ﬁlglséi:bfm and
3_et ween th hts:hdI imbddcwl]gatrmgngelfﬂmagﬁrtéﬁecf&ncblpob@mpzhmiﬁgIthej napparantier to
irect the slow axis of the retardation fi essenti al | arallel, or
per peHi cud%‘flf"é@neﬁg ﬁh‘i‘)taﬁ‘@ﬁ.‘)fg@‘? tpoi%ﬂﬁpgf éﬂ'gﬁ'l ei'ﬁﬁa“fetﬂfétfoé‘t Hebe o fil ns
A and C hayg g ag?aceaetﬁ'gééﬂtort% ahe YA \&@Ky@ahﬁneém (her gtnafvedy
referred to as R(550))_ of 3(}0 nm or- under  and K(550) val ues of 400 rim or
under, hovksmepensating phé vhipknessdirectipe ngeprsiadion of poe Ligved pyretadcell.
refracti vepd ndi_Ges « reinafs r re S 0 P o) r r | on
films A aﬁgh«%’%ﬁ% tégjea(?g%ﬁ;%aﬂ Sgrq %3%3&%%13?1%%%%%1? 801;I]tetIa ﬁg ‘Fq{e#aggéadt i on
filnms A ansbnfponentsheptiesatlyt comaetingomithtdeehi other dyepasiing det exampleX) and
the thickness di agct.i on -re%ardation K(R) of the retardation filmare
expr e¥sed WHy* PhaPETBRERE f or nul as (12) and (13), respectively.
R=(nx-ny) xd (12)Preferably, the slow axis of the retardation films A and/or C is

placed essentially parallel 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))




4 April 2006 8 K= {(nx+ny)/2-nz} Xd (13) in the formulas, nx, ny and nz are
each a three-dinensional refractive index of the retardat48prilfZ008n
corresponding to the refractive indices in the x axis and y axis in the-
filmplane and the z axis perpendiculargto the film 5 respectively, and d
Is the thickness (nnm) of the retardation film X is wavelength of from 400
to 700 nm NameIK%/:,e the ternms nx, ny and nz are indices showi ng the optical
ani sotropy of a ﬂémdbnﬁﬁh-ﬂﬂiﬁdespeciaIIy i flPhe case of the retardation

filmof the esent jnvention, ;10 nx: the xi mum refragtive index.in the
Fi1m pl anetn RS Teiulady Pacts R FHAER 597 hoR R SRS RO s eFo 1 he
direction gf thdheetmihfiumftlef castekpendingeto the idfeadtivanimliatein bize xtdds

refractive index in the direction of the normal line of the film, 15 The
optical |y apdsptadpyin shedilmadans %ctl i?i%svﬂf@?ﬁeflgé"-ﬂ_ﬁ%‘f tacthey &l ndex
IS ey wqésﬁsem_@e&r g A ERE LB Adbst BfinF 38 1B rdtlbdatish MEAW Ngjsof a
polymer filmor in‘the drawmng direction to get higher increase of the
ori ent at i owastelpmgéh iof fitolre 46@ e 700 Mminaxi al drawing, i.e. the orientation

direction of the,pol yner in chain_from the viewoint, of. chem cal. 2
structure, and i’s\‘%&be?ih&‘ae%ﬂﬂé Reghlt F\F@ %hﬁetwg?%eﬁo%ow&gr i@% i élclagdex in
the draw ngnidbt@pli dia bepedatonl MiMuNBspbdaalliiaahdi emasifotial retaedatdnt | ve

i ndex is ngpasured in the present invention by a nethod to assune the
optical ariiBof§pg PEpsertdny@A9®at i on filmas an optical indicatrix and

detery ne the thyee-@iARRSHANA! rIrRfdtRe indexiAYRY i Fagaown formula 25 of
optical indicatrix. The three-dinensional refractive index depends upon

t he wavel engt h ofiy't blee | feftactiseurindex oin tthe dérestioamperpemdiculsacde diiyl y, it
is preferable to be,defined. at -mﬁ A, 0 |.h ahd e. The
retardation fil ns a‘%lge(gfoa{ls‘gﬁ |ee%l o ekig)f?%éstgkﬁet {q(iﬁggﬁtqh%n%lggﬁ%'opt I cal
characteri stics mpdheatdfettve frmddxons .thda0diRedtiordaf ithn AédmalAlinaxeinthenz
Retardation filmGC._nx> ny>nz. At |least two retardation filns, nanmely the

retardation film A S
15 The optically anisotropy is defined to be positive when the refractive

index is maximum in the drawing direction in the case of uniaxial drawing
of a polymef 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 retardation filmC are used in conbination in the present invention.
The retardation filmA has a retardation essentially decreb8pil@odfth
shorter 4 April 2006 9 wavel ength of the light for neasurenent and, on the
contrary, the retardation of the retargation filmC essentially increases
with the shortening of the wavelength the Iight for neasurenent. The above
probl ens can be solved by the conbination of such two 5 specific kinds of
retardati ofakvelomgtRndf tile rigdsorfor Smeupaeseentasadid)| bawshe dhetraeg,athati on
filmA mainly conpensates the a paren‘% deyjation of the axis of,th

pol ari zi ngr¢fieadationdof Hawer gefaxfiation Him nCc essentdadns mcrenses et ag‘fi on in
the thi ckngnsghidfl B8 WAALALINhRENPRR elirenfint, pol ari zing filns. It
is preferable to apply an equal angle of retardation 10 (deg) to the

pol ari zed |ight Theemhendanobidms wenwaw ebbrdt by the coorhinatianiafgsuchhtvo

apparent devi ation of t.he axis.of .the po L zin . at ' _
avel dhot nendetie Mnfe of iiastindl S PR IhanRintis St 2 e e
shorter waygkeapgildashenfiliieAr ghafifaédrapensatex phesppdroyt doviabivn bftid her
hand, the retardation_ filmpreferably_ has the wave enq%h di sper si orhof 15
" retardati o®¥i§i ¢ the Dolpnipng pratepgnd/Ahecrgtprdafion ddm o cOBRsATaE% he

retardati op.hpg 4 ¢y Cﬂ?fé?g:ﬁiﬂiﬂe%gt HOR cBBRCLEhE AR NaGReR RAIBaief of
polarizing fifns over a wide wavel ength range. A TAC fil m having opti cal
ani sot r opypoletizing ifdmsr adt iis aptefenablel tasapplpran sqvehgugdy of wstardadeiari zi ng

film_in ifion to {he - Lad QUi |y e i ) | Z1 filns,
howev]é)r, g@%giléo ?}ﬁ? BRFEEE Qil }étc{r}%ﬁgrﬁg?%ggfa |eo‘%ag?1%? ﬁgh (\f}k‘ ?%ﬁ%%ﬁcdr}%st al
cell iSf_ sulfg}‘ iapbﬁfdﬂtyﬁbairag‘ﬁ)m@lﬁp@reedx;élwef ﬁﬂmt palahomjxllg ay]aﬁe dmoadm@ y],c it
is prefera that the retardation fi as vel engt i spersign o

r et ardatio"i“i"”‘%"r‘ell'?r'lf1 rIRL&-hat ¢ th‘EO‘Wi&’ ég‘}’ F?tqra@%ﬁ%ﬂé?%eﬁasﬁ% % Hetasi ng
with decr@astdiOwieneheitdivhen§ Bl 1@OARBASA isnSprbsscdByckpes Vditheothan 25

retardati on between a pair of polarizi n}gﬁ films over a wide yvavel_engtg \
range. Acdeandl.nthey retardationafidey popferabln hapalhea wayetanatht Alsgiesierselon |

char 35 13l SRS . o A0 el vl S o (1
~ retardation in the thickness direction generating between a pair of n
polarizing films over a wide wavelength range. A TAC film having optical '
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 .




K(X i)/ K(12) <1(2) In other words, retardations (R K) of the filmin

t he plane and/or thickness direction of the retardation f4Apmill#866nme
smal l er at shorter wavelength. It is necessary for the inprovenment of the
view angl e characteristics to use the 4;4pril 2006 10 retardation filmA
conposed essentially of a single layer, 1.e. a single film wthout

lam nating a plurality of retardation filnms other than the retardation

fil mdA for 1»@t&triia$i)zs'nnﬁln?1 he catiposed @@séx}tteﬂwbs aaﬁmguémeaym-e ief aasingieile L ilm
i s advant agequs fromthe view poin o ost apd,.proguctivity. As to be
ment i oned Wéﬁ@?u,t tRgipatiagd i@h‘rﬁilwn an*é?;ta" op nﬂ§n§ nﬁFIF?r at_%ﬁ‘ﬁ'ntt f a
I quid Cry§§ﬁ&d£§5rllsﬂgngmi'f¥r SoRkARhL i the émeafwfmﬁrérﬁ@ﬁ@caﬁalt%l&@ of hn the

above formul as, n 2 are arbrtrary wavel engths satisfying the
fol | owi ng SiomhelfHng id)add@dtagrous. from< thd Fiew7p@nhmf(ds) a1l Pheduadididati on

film ref,erably sati,sfli the fol | ow f. -1 -4) .

RI( 450)A5 %( 586) f t}J(?( in-lefl}tl?élte?géﬁ‘?% §§6) 9%"‘?%1‘?% m‘\ﬁn"gs*’éo%é’n)sc% P‘g{rﬁo%vs(é‘giaé) wi de

\AvaV_el engt hahﬁ)luﬁ!ﬂ(if[f ﬁt lggm mgﬁl&bﬁsbgfht{lﬁeg)ﬂa@lnﬁ@tm _ah?xlf@é}mﬂﬁtdrmlitfsi.l m A

aving a wavel en I spersign characteristigs satisfying the tollow ng,

for rru?as (5) andi®rthes)a OY%R%GEB}QPN 55@) %Bé %klétrGSGﬁlﬁf@g’O)“{aé’)eieﬂﬁ?‘S )

definiti Onéat?éfﬁ’ﬁlﬁ% {gflﬁ;vﬁggqumm;a thgse nentioned above. 20 The .
irm

retardation prefera further has a wayel ength dispersion
characteristics 400 ngt i hg<the<f@0mmi ng for nulk® (10) and (11)

0. 6<R(,450) / R(55010. 97(10).. 1. Q1<R(6 0).53.74(1 : ation
of the& appar ent ?lé\g/iréa'g ig%(%?t(l) - glipsgosg%{ﬁle%(bggl E)faarii;llszfﬂ&) %gﬂﬂezﬁgqvgl?% ﬁ%ﬁﬁggg
i nproved bf1-Seshdlog (112. retardation ratio to be closer to the ratio of the

wavel engt hs for r he retardation f}lm A preferably satisfies
the fol I owi ng foﬁﬁ%’fog/?g&’%)i S R(550) < 300 (4P
K(450),/K(550)<1 (1-2)

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




The retardation filmC to be used in the present invention satisfies 30
the following formulas (3) and (4) (preferably the fornul a$Apdl-2006and/ or
(4-2)) at the sane tinme. nx_? ny> nz(3) 1 < K(.1 1)/K(;L 2)(4) ‘
K(650)/ K(550) < 1(4-1) 4 April 2006 11 {; < K(450)/K(550) (4-2) Nanely, the
retardation filmCis usually a biaxially drawn filmhaving a refractive
I ndex nz in the thickness direction of the filmsmallest anong the

refractive indi ces K{45)asK{5m0yer retardati on K442h thi ckness direction at
5 shorter wavel ength. The retardation filmC ﬁ{,ef,er ably satjsfjes, the
1

fol | owi ng Nemmlyath@yetardagioneBimyieny wsabena diiaxiphy dew die aving 2
Lhi ckness gig.eati ol Al b0 LA DicnSL 31:BLi6R bf thoUTS( SRANT40068Y thO
I'TmC pre st f ol

Furt her nore; e retardation erably sati es the oW ng
formul a ( 9efractivevrdiceshelthhndekhirggr abtardetienf Ecin dhithnessidinection at

conpensat i the devjatipon of the axis of the polarizing plate. R(550) <
30 (9)° Espglg‘?ré?lfy’aivﬁiet“rgéﬁpresent i nvention, the use of the retardation film

A. 15 sati sfyi ngThBGcaRRMRIOf I @ prdlerably $ditsfied! thiedlio@ing fdrmndla (8)
satisfying the above fornula (8) is suitable for the conpen ion of the
devi ati on & effeetivelxicomyensate the wmiprdaldoninthickngss EGEB%@EZ];? ﬁ’&ﬂl‘gf t he
retardati o&}) Paflt&?l t hi ckness direction of the liquid crystal cell. Wen
each of the T&t Gnd the 2nd polarizing filnms in the liquid 20 crystal

di spl ay devi ce o50«HEGHOLSEAD i nvention are cofffosed of a polarizing

devi ce having pratecting |ayers on bpth siges i d | a e above
ret ar tht | on fil mﬂﬁ’é’ﬁ ’a?/ eprré“lt@fcgaﬂ%}l uggra f(z g?%r%@g ssﬁﬁ%tsg%st#(gg

t hi ckness-gilpaghl Mrnelda(@atb aneveht ehe ldnderiok sheheedeecof che Ifiyers,; the
retardation films A and C and th%,&gi quid crystal cell of from-200 to +200
nm 25 WhetpraRtisating thaiaeTianopi ol fee axes %}f?ﬂa%mw ®to the retardation
films A and C ghggetsgdation filnms A and C @pe preferably used to get

t he sum of
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)




t hi ckness-direction retardations including these additional retardation
films of from-200 to +200 nm The retardation filmA to beARE@E0S n t he
present -invention is e.g. the 30 one described in the specification of WO
00/ 26705 (corresponding to the specifigation of EP 1045261). Concretely,
an oriented polynmer filmsatisfying the following conditions (a) or (b)
can ‘be used as the retardation filmA. (a) An oriented polyner film
satisfyi ngcibﬂngosahwifraermymeﬁfco(lﬁhnﬁng&m imoﬁ@ﬂﬁr hhi¢ asfpaspalyoferahpangmer
contai ning a npnonmer unit of a

mer Vi 03| ve fr fractjve,. i ndex
ani sot r opy PPHEVE] Felrpelive dpdex e 1ts tr&EYt r?% Fr%fﬁ %ﬁl’ﬁlst )thﬁnfélrséi

MONONEr UninforRind RRHtY TR &b d100@k10fe pEIHAGI h¥Eng! ﬁb%%v@meﬁ%m@y
(hereinafter referred to as the second nmononmer unit), (2) 5 havin {23
It

R(450) / R( 580)exr amsotm[pyt frerpiniafiear redesredete 45 she theotid mymOTRRIMBAHY,
sl o < hanythe FCRMYRARI T BIAD B chDSoPELIIPTA IR Sk AT A0

~secon m)norrer I Ng posSI trver act Ive anl SO ropy,
and (b) annmmloemrednnoémaﬂél thhmthatR(&EQ)/R@%mﬂerart&quf mb@pnlﬁneﬁ d(eﬂl)ved 10

conposed o | ynmer containing a.no n| t for m n havi ng
positive réPF‘actt?‘Pv%eqo ei?m&‘r?in%‘?}'t MG 2 Pﬁg‘f@ S INE DOERY é rt”‘% ‘é% 1{1,:]3}: first
nonomner unhﬁj)so%gyaaﬁgnorrer unit form ng a polyner having negative

refractive index, ani sotropy (here| nafter referred to as the second noner
uni t), (2) havin@tae pz(mstr) mobpoyr rfHm osadisfying beyraguirrnewied of @i t he

15 fiyst unit [ 4?%2( 5 mer
deri V@Z f p%m éadsggon ngﬁlgﬁe?&&r#liﬁg é ﬁ(e\% g‘)é“‘{ngg%‘?}@e 4 & g)f rlSFa}g'ltall)lve
I ndex ani sh&vmgypod’ﬂmepieésac@fvethﬁleklamofs-apys(hyrmgafﬂee nefmﬂiedhtor& tle (a) or

b t hos tisf fol | di t

b ent od. pOTFRPSOMP S0 AT B ARPRATEET Sath PERRE & Retpef haviie BEeHEd

pol ymer bl esfehceRprsed mlsatrlapyx(ﬂefelﬁaftleﬂgemséd kY @s thefdeachd \t@omcﬁﬂ@ix
refractive in sotropy

andior o comehy A asag hed GO R RehuRtiansh Lot paLSFRR ABPER T RGIBYI L ve
refraghi veriddehndetotin®PYaftd BhdPNARBR(UEDWREH0R ratio of the polymer
derived from the second monomer unit and (3) having negative refractive
‘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




25 pol yner having negative refractive index anisotropy, (2) having the
R(450)/ R(550) ratio of the pol ymer having positive refract4Apili280@x

ani sotropy smaller than the R(450)/R(550) ratio of the polynmer having.
negative refractive index anisotropy angg(3) having positive refractive

I ndex anisotropy, and 30 (d) an oriented polyner filmsatisfying the

requi rements of (1) conposed of a polyner blend conposed of a polyner
ha¥i‘ng posbpiygeer riedviagt in.é@ai:nﬂirdS;ﬁeﬁal«,ﬁ%rﬁlm/exan;;hiaoiriob1~f,gﬁ(23c hhxving rbgative
refractive_index  anisotropy and/ or copol yner conposed of a.nmononer unit -
of a pol yn5ﬁ45®é$§5r%bp6§?19i vé the r gelvmer | hongamosiiye pieladivg er

unit of a ' 3 y ' atlyve refnact, L0 :

ani sot ropyfém%%fdﬁgiqn %hgﬂ%(%)%\{)ggy%@r at irgvlgf 0’? h%&pg}loﬁél ﬂ?\ﬁlﬁg
positive reégatve iefiavtive imdisamisgyoparapt Ghdmving RéLBVIY ReBBOYiveati o
of the polié_@r ha.vipr% negative refractive index anisotropy: and (3) having
negat i%e r AHTNROBY | ndex ani sot ropy. The pol ynmer having positive or
negative refractThe gola@xr daivend HofiyivelRansgaivorofReti g Mideg @Aiisoiropnt ed
pol ymer film having positive or negative refractiyve index ani sotropy. The
concr et e MafépPals POy Rie GFientddd %‘éﬁr&ﬁﬁgr PPlﬂnh‘?rarfélnéx}bﬂ“é‘Pﬁeﬂos;E@V ePdw.

These pol 'yﬂgatﬁgévgéﬂ.e%};a?ﬁﬂegqrﬁgoﬁgﬁ_ed in ol ding and, accordingly,

preferable t© ent heat reslstance according to the use and the

gl ass transiti oFhe etopereteumaterfialshef whe enientedspplyafesr fibhyare explinedove,

nor e ef elge?bly 140C or above. Wen the glass transition tenperature is 15
| ower~t han QBC, probl enms such as the relaxation of orientation may occur

accordi ng to thEhesepalgntbirtihatsidlt sirbefidinsidayd éh enslding 4hé, ambedingly,

absorption of the polymer nmaterial is preferably 1% by i ght or, l.ess. A
ol yrnor eI 01 B VRt ity PR e SR HBE eoohiy LA gk Uiy have
probl ens Qflatder£haiien tehmpithteR oPERP A dtesnl Gk PrdcerdBlydilpBTsio@ndovehange
in the practical use as a.retardation_film The water _absorption of the

pol yner meners Rrefesably k4 Gpex aowy, By hapithatglass frassitionrbeimperadupg is
part il%“' arlo%ﬂbﬂb.ﬁt iz‘?ﬁé, B?oﬁlgﬁlspé?kﬁnﬂ tl@i‘@l'éixa’kion of orientation may occur
.‘ according to the use conditions of the display element.
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 .




constituting such oriented polyner film and the preferable materials are
- those havi ng excell ent heat-resistance and good optical profwi0es and 25
formable by solution filmform ng nethod, for exanple, thernoplastic

pol ymers such as pol yaryl ates, polyestgys, polycarbonates, polyolefins,

pol yet hers, polysul fones and pol yet her sul fones. As nentioned above, the

t hernopl astic polynmer to be used in the above filmis nore preferably

pol yrmer bl @aglsinb@ion &f 4we &f ritye BindPobe podPmbi Ndendd opotopwbympr<omosed of
a polyner having a positive refractive index anisptropy and a pol r
havi ng a reegahingsionedfrene Plf/@lqrﬁdélkldﬁrﬂfwli@ﬁf/%é?n‘% al&@ﬁ&#ﬁﬁmo %#%’g‘g%d of a
nonomner “ndf{coﬁfnlﬂﬂ?éi%l ynmer having a positive refractive index anisotropy

uni

and a nononer of a polymer having a negative refractive index
ani sot ropy. TheThéquolppeasilexd psl yraferatdy Deomphtiide ihlerdos asbleadbphat i on

of twg or re kinds of pol r bl ends_aqr_ copolynmers or. a I natipn of
one oP rmrlgaﬂnﬁH% VHY yr‘?ﬁ)f{”%’l e%%’saqan]‘c?%é%il‘%r %eskitr?dsat%? cggg]ltc%ﬁers.
The pol ynmagaRbndnes. PCBHEFAE X amplesBathd bemblenibroof polybesrcblohd dre,

pol ymers having nearly equal refractive jndices to attai r} %)gt e
t r anspar erfey .exastrlee e cehination ¢f a W@llée@%ﬂ?hﬁhtnil agrylgtR/yae® BPEHCGr e,

f | . aat i.0n; t t
or exanp lga[mﬁ%cgg%tgg% 'PUARL BoRBLMTENI SEIORAL ¥ha! RindofapBRldter

'_having negativ | Sot r opy east one kind of polyner

sel ected feetevted! yiroinny [polievinylidenre ddluorpts)y ( @olylethidensi desidahd angl
pol y(vi nylidene fluoride-co-triflaoroethyle S . I.g: pOSi tive
opti 8l arﬂ@%@i‘%ﬁen&? Abi a‘ioi'tghﬂl%?mg%%ﬂ}%%%ﬁayPg}?{%&@(’%&}'{gﬁogﬁ 1p‘%l ymer
ha?li ng 3%?&1&9 a@xfi@dt@@iy,%icﬁﬁﬂili@?ﬁomdfm @Tolg}(lphsﬁylerle 1@1@@_ fijé appblymerr
sel ecte rom pol ystyrene, pol y(styrene-co-Iauroyl. | e
pol y(styr é*?é’l%%PQ%}V@h‘&?Wagﬂnﬁ j ﬂﬂabg‘?f’ﬂ: §P§@H§-°§Q%%W?ﬂﬁ?t§idm de)
15 as a pgjyger having ﬂlﬂﬂé’c&rk&?e,om i cal aniciplstPRRYe-d-laanmyinallbionide), a
pol y(styrene-co-nal ei ¢ "anhydr | dg{e‘ havi.ng negative optical ani sot_rogé with a
pol ycar borpelstirenaopyelabievslnpleimade)and pobdpiyrene sombieRIIR ale 1o
pol y(acrylonitrihe-co- -gi % V] oSl tJ tic S Py aM th a
pol y(lgcr ylagniat ﬁo:lbgmglgoﬁ%l&sl? rglﬁg tlﬁg\/{)ﬂgc%e%gﬁoégop bt%lcgt%mg{r# sotropy aand a
20 conbi nafolstiatna-coahylde hohadedhhhbnmepusgatiwecomptal calisetmopowitlpy with a
polycarbonate -having positive optical anisotropy, a combination of 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 ‘?33}"5?’9 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

T O oSG8 S0, bl ST dmd 00
hydrocarbon groups having a carbon number of from 1 to 6. Examples of
10 the hydrocarbon groups are alky! 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.




a pol ymer bl end conposed of 30 to 90 nol % recurring unit (a) expressed by
20 the above fornmula (A) and 70 to 10 nol % recurring unit 4April@eds essed by
the’ following forrmula (B) based on the total recurring units. 4 April 2006
16 (B) In the above formula (B), RO to;R16 are each independently an atom
or group sel ected from hydrogen atom ha ogen atons and hydrocarbon groups
havi ng a carbon nunber of fron11 to 22 Exanpl es of the 5 hydrocarbon '
group having a caPpon nufth of ﬁron1 R#o 22 are al kyl groups having a
carbon nunber, of f et hyl gpoup, ethyl group, isopropyl
group and cyclohex ' s phenyl group, biphenyl
group and te yl group are especially
preferable a . 10 {The group Y in the above
formul a (B) y . formglas. ir2 i | Ha CHS C3
h6J CH, H C An ang ) 5 4 April 2006 17 In the fornulas, the
groups R17 to Ri ghtR21 aﬁd R22 Bre eachei ndependently selected from

hydr ogen atom hal ogen atons and hydrocarbon groups havi(@® a carbon nunber

of from1l to 22._ Exanples of the h drocarbon %ﬁb a n% -as those
cited above. Thehgrtbﬁlﬂboméo%’d ochitshazs ¢ Hé@r!’@ﬁ PP ATLRI® from
hydrocar bog, %’rgﬂﬂssﬁ@é@eﬁgﬁ%ﬁq{mﬂgmmﬁa Ohalogen atoms and hydrocarbon

‘groups having a carbon number of from 1 to 22. Examples of the

5 hydrocarbon group having a carbon number of from 1 to 22 are alkyl groups
‘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.
Ay Arp

Mj . Afa » v
CHs o
?!8 ___ | ) £Hs ﬁ
. S i ?\ A ——
i o ) I
By HyG - . T8,

R =l g

Az and R
15 '




from1l to 20 and the exanples of the hydrocarbon groups are sanme as those
cited above. An to An are each independently an aryl grouptAgili2g6a carbon
nunber of from6 to 10, such as phenyl group and naphthyl group. The :
content of the recurring unit of the fojqjula (A) is preferably 10 from 35
to 85 nol % nore preferably from45 to 80 nol % based on the total
recurring units. The content of the recurring unit of the formula (A is

dependent TpRé félhﬁuIa%qlﬂhé%@o &, eng i dRspahdi R maéa@ﬁtmrdle?bha@nﬂjz
retardation_ especiall en the groups RL to Rs in. the forrru a (A are

hydr ogen atedesied Smeaﬁb‘é Yagesf attia, gh’b]@&naﬁ@%tw @Y‘Bﬁiﬁ’ﬁa tHEUPE oups
Rg to R b o

group. 'Thell‘lepf)v\gr {a%h] lg?lgﬁﬁlé%g?ﬁ?% L ﬂ? pre erabﬁgag&%%ﬁ}; nor e
pr ef er abl %ﬁﬁpsmﬁé’/@aﬁbeamphﬁe biterdtabosreBO 'Iﬂml giyomnrseﬂar abdl yRa5armkagh mor e
preferably d IO/ Es%eﬁi %I rgfer |l e ran e of. the ¢ tent [ f%om55
Lo 70 ol 9dsBeny by By drcarhen gr oW Pavins 4 & 9Fbe
conbi nat i o 1 ttmooéncma@ egﬁﬁ&nw ot {Ie h§@rchileh Briups A éahﬁe fa@rtﬁﬁuls@ (A
and formula (B) and the pol bl end ma be_a conbinatjon of two or nore

each of t Héteshabeve.echry |t9| tsnar% eaghel pandﬁnaftl)fcart&ﬁy})srw dHaIRER on t he
bul k pol t t t
ul k' po y%%&Bgﬂ%%ub&%maﬁegf gg_béhhgsﬁ bepl, gfé) n@gir%ﬁ% @ﬁélsyg gggsng@R I)ve

~of a copolyner or a
i nstrunment, etc. Th'meontmﬂl ofivihres ramxi‘rmg‘ yimet oblthadermaha KA) ps qurebadb

conv t|o tabl e for profugti o

ConvetL Oneln 5k 148! 5Bk e pREBEER Rob s S RORABK ShEh Bl the bl 2o
phosgene, rbberfig 'furﬁﬂ'l ycondensati on process, etc. BI ending of two or nore
nmut ual Iy conpati poI ycarpqnates by nelt X] n , referable in
the case of proorﬂlq fenEng cﬂfb‘?hé"r TYUESHHLS HB’&%&%FLG f"gi% %%FP%P?I

bet ween tEﬁ; ?Prfﬁé’n?é'tilﬁré‘@nw%léﬂgﬂ{ e(ﬁ§ﬁ9rs&&1Imrga&rfsmﬁstsia%wmm even
in a blen conponents which are not™ conpl et el f/ é_g)npatl e wth 4 April
ac

2006 18 eashecuHzrwhen she twrogps Re todiy e the doymy e hydrogenpnet s to
col ”@gr bo ol 4 BgRGH tﬁ%hémlquﬁe' RAEEAASHOW $HQYHEYerdhph 18 B RIBLLCthe

poly nate~“Is prefe
- formula (B) are hydrogen atoms and Y is isopropylene group. The lower

limit 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)
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




from0.3 to 2.0 dl/g. Wen the intrinsic viscosity is smaller than 0.3, the
5 polynmer becones brittle to | ose the nechani cal strength.4 Apgi@09érer havi ng
an intrinsic viscosity exceeding 3.0 has problens of the generation of die
line, etc., in the solution filmformng,process and the difficulty in the
purification after the conpletion of polynerization owing to its
excessively high solution viscosity. 10 Preferably, the retardation filmC

of the preggph JdtR¥RNy SttRloSthd1aefrabiieelih8bs Fathe &3hSéA8 ' Bdihaldet 0 the
retardation filmA and the glass transition tenperature of the polyner

materi al corithieachobgerihe filmCis 120 C or over, preferably 140 C or

over. \Wen the g S. | ¢} .te a s I : | ens
-such as the rel airg]t%i bﬁﬁ&%ﬁ?ﬁ%ﬁs&&m&%%ﬂ&%@aggLﬂuo(ri’yfag‘géﬂ | n%szgge fteﬁgéﬂgse
condi ti ons fioim tthe tdi &P die. Veemanthe Hieinwdd eiscafispiptsimmilerstlals 0. ridker abl y

1% by wei ght or below. .There is nqg,particul.ar restrictions on the .polymner
Tt of |81, BAW Rt aRiaTIIRE IS o [ase thaBeehANIGAlS g o pPRRe P RSIRGTIEES such

as pol yaryhat g3rindfe RRYEE YsteedRbYS o RROJEBlenRObY She T Asrathon YAt dIEr S,
pol ysul fones and pol yether sulfones. Materials having excellent heat

resi st anceliand ete.arispthemelutigpdim-dpmice ppesessr anthdbe adidfitwitiaist dhpy
solution fll.mefQr.mn : - pr : : S.
Eeanpl s op LA PLA PEFS5uBldior oE pE AR A MR RHE (BB EXEKATRISS
pol yol ef i nhighTbsdutieharsaisitgn fil m of the present invention is preferably

transparent and preferably has a.haze yval 3% or Less and a,total |ight
L anel Eanca” o Phdlorntyybad S0t anton dimn 1 pDbs prosent SR e dlig hds |1
i nvention geyxife: NGRrRRIALAE 3@ilkild e YhifrAvtBhefilmbs o4hethsUghasas

phenyl salicylic acid, 2-hydroxybenzophenone and tri phenyl ﬁgosphate, a
bl ui ng agetfensiiamitgmpreatuze| drtheonalymar matpwal ganpstituding thedilmiGdgat i on

1Sl LIPSl SRIBRLS MORCUER i, CHNLLETgh e udtasisl o
method i s tesupenatereriablosverr than ht2Q Conpopblenss stk as the relaxation of )
15 orientation may occur according to the use conditions of the display

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




uniformty of filmthickness, the appearance of the film etc. Concretely,
in the case of using a polycarbonate as the pol ymer mnaterd Apil 200&

pol ycarbonate is dissolved in an organi c solvent such as nethyl ene chloride
5 or dioxolane and an undrawn filmis pgygoduced by sol ution casting met hod.
The produced undrawn filmis uniaxially or biaxially drawn by a
conventional nmethod to obtain a retardation filmhaving a desired

retardati ogelut¥dRastingl nidtBodr aWimgremirbfdable ffRym tha aligkgaintobf fhem A
are 10 continuous draw ng} met hods such as a | ngltgudl nal wuni axi al roll
drawi ng ninEeERily of Blp & qlqnﬁss,aﬂher@p&@vam%&hﬁ 1¥meef§peé‘dm§r@ftpbf dRce
between r S | ong n e r a th t he
| ateral e g%sc% 8? PEH% ﬁ d}brq}é&gbgﬁ %pgﬁin%rgb%éﬁhe% ‘{’Lm E’g
advant age pblycai'imxrhté fie déswodvent it bha ca'gaad: aflvéitestidi ds ngethalere dflotide

tenter |nth w15 |rect| n of .the fi r al i axi al, tenter
iy oot o mephiorolihs Bndh SnBRvdl tin e ranufod P i Bht caffingudtnd "t o
| ongi t udi nfl"heU@alradh@éd r@hdrs4f@WiilG i8euh@shkiailyproef em@qahﬁyarmagrnt hgy akove

met hods fromthe viewpoint of the _uniform tq\;{tof the film characterl stics,

etc. Exanprenvegtiomgéd srebhrdg teechbtrinf ¢ xefardatinquctiimn heving 20desirad dat i on
filmC are,g ﬁ? Sgutive biaxial drawing method to draw the film

separ at el y in lTongitudinal and lateral directions by the above-nentioned
uni axi al dr awi ngEremipdel ofi the nrateng costHvidasd &irmdraavétagdatien Hdd tho are

| at er Iye and a tenter n ddlffer elntheflo dlrectlon of
the (il RERE S e BRhE% 20RE R o PEBERE S icubGil F dplite,
procedur e sRYRidlo tdra®s a ﬁﬁﬁetzﬂimgmrﬁég@fofqﬁ@t $§v¢aualfférram¢engemeéémds for

produci ng a. retardati il mwere shown, abqve, hovve e dr rret hod
of the retdlsdati %glm?ma@fum?él  BIUAE dEAVaRE] Biethad ﬁeth‘i’]gs‘é}?ff berdl y the

exanpl es. cféetswmﬁ%ith%'ﬁiésoxdél?ﬂ! B8d 'd‘%aﬂr’iﬁé %hétﬂlﬁ {dﬁﬁFté&aﬁ‘tﬁg@Qf nt of

30 pr OdUCt 1 VI ty t he I mis not necessaril Yy pro uced he conti nuous
drawing nidtehdifference Io)é thesepasid df sbe dhyplding partsm ofythe tt@ltﬂﬁnllé?u'éhfr vesent ed

01 1| SORIE5E0 18, U5 1 15l LR At BRERY AL AN g,
pl asti ci zed Seater in Aptdral Zﬁﬁ)éctlon and the longitudinal umamal roll drawing
| method is preferable among the above methods from the viewpoint 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 .




20 phthalic acid esters such as dinethyl phthalate, diethyl phthalate and
di butyl phthal ate, phosphoric acid esters such as tributyl4 phidisiobat e,

al i phatic dibasic acid esters, glycerol derivatives and glycol derivatives.
The organic solvent used in the above-ngntioned filmformng process may 5
be present in the filmat the drawi ng process. The anount of the organic
solvent left in the filmis preferably 1 to 20% by wei ght based on the,
soldi fj- co gphﬂ@mc ??fcid hestel yaeh has,T REmlahylke pﬁdgala'w,esi_i@ul@mfﬁstgml}mt 'anglze_r S
an iquid_crystals _can var t he wavel engt i spersion,o retardation
of 't he r ot GIRIF] GPRFHARYeanBROHRROTIO Sl PHIGHE et A R

preferably G- | r 9% by, 11988 1194tV ESS
Dascd on 4 Ba A el B P e
pol yner maTheiaiganinsdlivent userd iméhe etbavdanémnondd flm-fommingipckersssmay t he

t ti fil f.t . ' t i bly f 1 t o 300
b o exie asePR it e BLFGRL Hat, IR BdeeRs TRe Pt 8E1Re BRkfie o
i ncl udes agdlveht 14¥6'inahd filsheetpseferdbly I abadabiyoReightrbdsedron blee aokidl m

produced by fixing a liquid crystalline polyner on a substrate (a drawn or
undr awn f i fAAPPREHr PldkeRPly LBt e as well as a film produced by drawing a

pol yrer mater| al Th%*&%?v? WAL Al Loilch Y FIRERPIYs bAG HALRAGFi28 chh hBYA TTOom
the viewoint of the film 20 thickness. As nentioned above, the chem cal
struct ur e tfe wheeleogydispersiost oft e negardadicor pevhicere tpodgmen Gl qund she

I mportant for...decreasin he ,{.etar.datijon b rdat i falmA

shorter \,\,a%fg‘:{%ﬁ?& ﬁx.no}fﬂ:h utg ?%({elglg\%é\g/éfrgnegrtﬂﬁi%ﬁgébgiVg%lg(h}? I})rr e]tegr’d%]to?%n S
nmost |y detgrefersddy 3% bievaifenoe bss 2msed onctherslid domsomatedhe polympay

attention to the, fact that .the dispersion.is also dependent. an the :
filmfor m%’ceﬁ fhe Fredglat obihe Relyrier mateRial gongihyies the retardatien fﬂfrat e,

nol ecul ar wei ghtTLEe¢Rick&REY SMHORAhr DAL Filh N the p#Bs&RMnREntHSRd as the
polarizing filmof the present invention. Exanplés of the polarizing film

is a fil miprosfrrebly Bouby wm dpS08inmg. | ddierrapspsson o€ netsirdatign flarusedin a
ooy ot 35yl Ty TRl Sy alcohol and
the filmand a fThenrptaadatied film Qraaynee a fikh pwidaiced thypéxorg a Bodsl chai n
type .p0| y%%%i}glﬁlqg 'po'f‘ylgglr %rni gisilﬁ)strate (a drawn or undrawn film) in oriented
| 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
r;atardation 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 depéndent 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




filmproduced by using a polyvinyl alcohol as the binder polyner is usually
4 April 2006 21 laminated with a cellulose acetate film e4aprl 2086a
protecting film The polarizing filmnmay be used in the form|am nated

w th such protecting film or by using $he retardation filmof the present

I nvention as a substitute for the protecting filmw thout. using the above
protecting film 5 The thickness of the polarizing filmis usually from 30
to 300 pm Iammae«ﬂiWmhpaochlhdds@wdasaﬂegﬁﬂme cabov hi poigectiog Viided.. Thet he

case of a film .havyjng a dichrojc |liquid st al rial oriented.and
fixed to tRelAFIZiRg B0 WA FhEse Fro Uhiterien St e dioih Oeb PO B The

l'iquid crystgl 1@1&@'1:&&( r@ﬁi&‘d‘é@mﬂffﬂrﬂ%f Rh@%ﬁ@éeﬂtrh‘fﬁ:@hh%ﬁ ASa dubdfteenii-nati on
of a retardation film a VA-node |iquid crystal cell containing a |Iiquid

crystal patiel peibstinafidmanwitheup oising Hhagbsve motmﬁeng &few: dation film and
h f f I h
the pajarizing firl il & RLeberablun il idl. 2 olala Adloae aplologaGiiopt her.

namel y, cl osely cont act g Wi se con
nmenbers caa filen peddescddbipusisg nhe cahwerlimd@ﬁbolgdhasi \/I@ﬁthel!SasQe bﬂakﬂi]jng ht may

?ﬁep: ?gﬁ?ﬁév%féf OSI tgﬁ“ﬁ‘g\ﬁ”ﬁ Engtlr?gle%r%g%thlgﬁ ?I%fi/g}rji‘iteao lh case

vari ous ORtda¢flg, fthb TRickMeRs &SaBol 6.9MisBeImor a light- scatterl ng film may
- be placed between the Iiquid crystal display device and the backl|ght 20

The present i nvehh$ oiiqwigh chesteh displaguidgvigey of dibedpsgieay, invenitign ds &ryst al
proj eﬁ)t or ’co%l&n’a ﬁ)ﬂdof'a re%%&:?ﬁgﬂ ¥1&iﬁs %f‘wﬁ nolé ‘flqtﬁgé I}ér aﬁcéll %ﬁt%x% §5a1 al

di splay device o vertl hode "necessi w de view angl e.
Pr ef er abl dl@ndn@iyesaquaﬁdiesmnﬂtetaﬁd anpahrizheg filgui (T}mr yzstlaadiatims filay

device of t I nyention rOVI ed th a.b ck ho in the
95" Fi gur e A4 BR-parizing AT 1F W TRRADIY BSF i YR SORCOTE FH Fot OfeEhe
present  ifwp8k, Oﬂosﬂzefzcﬁ{t@@tﬁig wlﬂh&,rae@ln%ﬂ@ér t hghpokRké Zd:d’iﬁaéﬂ lofBthes
pl aced adj acent to e retardation filmas shown in the Figures 1 to 4: In

t hese exar@?%@erﬁﬁ%ﬂbéta&htfé{eﬁdw neing senyaptippal adlesivesy single 30 sheet or
as aqkam nate of e I r the
18 aoa%k rhé(y(ﬁ h‘ﬂﬁ:eﬂ Q@FH@CF 951ft s‘i‘&e c%]@ic#e@ dfythe
1

filmC may bereplac nate o ura tyo
Hguid crystal cell of the liquid erystal display device of the present
invention. In this case, various optical films such as a prism sheet or a
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




the case of lamnating a plurality of filns, the directions of the
retardation filns having the |argest refractive index, thaApil006he
directions of the optical axes are preferably aligned. Furthernore, the.

el ement may be a 4 April 2006 22 reflecégon type or sem -transmtting
reflection type liquid crystal display device having a reflection plate or
a sem-transmtting reflection plate as the backlight and the pol ari zi ng
filmof theefdedtidn ¢give Sirdsemiie pmeiftng btedleetiondtyreniiqaid tchpstpl ebieplay

i nvention i,s descri.bed 5.bel.ow. .The preferabl e enbadi ne af the, present
vent i on AEVisS AyinG B CPOSTHIN ML o) auevnE BnHLaeE resbrR Qe GRyer o
cel | hol di gge BaMAidHtWHd thé DYBrdinBHINESN IR MAlklighl sidistrates in a state
directing the major axis of  the [Iquid crﬁstal mol ecul e nearl )

per pendi cul ar t oThhepxaferahlet embedinent ohdéha preserhipvesition|is pscrikedst and
a 2nd gol agélzoiwng filnms placed at both sides of the liquid crystal cell and
havi ng” pol ari'zi'ng axes nearly perpendicular to each other and at |east two
retardation fil nFhé/Apfferildeecembeotdirent bfictchel poesethtcinpenaloncéd la diyphid he

P R 5L iR Bl A L el o
0. 6<R( 450) £3pa0BetR el 4 Pait - dHlsciBicbrided Rh IO Nate ldifécking thOGnafRkal:dgbE on

filmC satisfies the following formula (3) and fornulas (4-1) and/or (4-2)
20 nx? ny>theligyidmstyl mebmuje aearly-reyrpandikplaoio fhesshstuate)face f the
retargdatio I ' age ) ACe at]%q 3 LAl hl L he
2nd pg(?ari%)gr?ém i n";]Oﬁt &’ %e?%?%z%%o%ﬁq Ha%n Pés%llngégggcg j%g%(grﬁ! %938% ﬁg
liquid criist AjuskktystbheeBl and devingpoldrezingt axataneanly fpdrpendicsilapt &eed

per ol o1 oL, 55 PR VR Bub G RLANI TR BB BT
R(550) < 3R&§uid7drystal 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(850)/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.




the retardation filmC satisfies the followng fornula (8) 50<K(550)<400
(8) 30 and the forrmula (9) R(550) < 30 (9) and the retardafAprdi2006| m A
contai ns a polycarbonate having a fluorene skeleton. The definitions of R
K, nX; ny-and nz in the above fornulas age sane as those described above.
4 April 2006 23 Accordingly, it has been cleared by the present invention
that a liquid crystal display device of VA nobde havi ng decreased | eakage
of light over tAecoibhelyyiisi bie beeghtleamigbyatitk giresey mwhéian thmt al nost

5 complntd et Rida Hndf Bl PSR Bl o R bAkeg o8 e The

present i nyest tignwholy vikehledli gt Aoskd Ohd ¢V TRE NS dleiaR GiridginYéR \chasheicof a
|l iquid crystal djsplay device over the whole visible |ight range by

provi di ng Blackqstieplayy senl heelnroured nby aupinguitdec nptaiativar ddan 4 pair of
subst rat esgdzﬁbﬁmﬁicﬁf it £}§g°£éﬂ&9d£ﬂ8n{fﬁin°@ a?¥he g?ése%xﬂ'%nlvéﬂﬂ{) crystal

nol ecul e 10 nearly perpendicular to e substrat ace I'n the absence of
vol tage, a 1st dhd pere@emt poleation popviddsns npdthoddontkcompiehsstiodg shefvidie

liquid crystal | l. and havj ol ari zi ng axes nearly perpendiculay to
cach ot het saag Gt 1S el Pelite Bevin e HES AR Wi RE BEBE GRRNEY e
liquid crygicatidiegl h Rgeid Beystal ceBNHoldnek ﬁoliq&iczlc@?sifaﬂm&weé\ﬂeﬁ Plalr bihe
polarizing filmA satisfies _the 15 follow ng'fgérm a (1) and/or (2) RO
1)/ R(;. 2)substrates g3 shgtr(directing the majop adis plethe lgpithcrshak mojgcule
sati sfg es Ldig W Qigu 0" % i SATBE Ll Ist
nx>_n{/d>nz(3) 1&%(8 h? i)/g‘é(; fza)'I ﬁfsﬁﬁg?ﬁ?%ﬁgp the %{?F%s@‘ﬁ§ o T3 Fri1y
and R(12) andachwhpalarizing films placed at both sides of the liquid crystal cell and
having polarizing axes nearly perpendicular to each other and at least two
retardation films (A,C) placed between the liquid crystal cell and the lst
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, A 1 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.




in-plane retardation or the retardation filmat wavelength of 1 1 and 1 2,
K( A 1) and K( 21 2) are each a thickness- direction retatAgdli2006 of t he 25
retardation filmat wavelength of 1 1 and 1 2 and 1 1 and 1 2 are

wavel engt hs satisfying the formula 400 gym< 1 I< 1 2 < 700 nm The term nX
is the maximumrefractive index in the filmplane, ny is the refractive
index in the direction perpendicular to the direction of the maxi num
refractive indexTha phesehitl impértien ahdther ipld\dﬁéesreﬁremnbixmtiamde)f ithe 30 t he
direction of the nor Ilneqfteflm s .of - 5 1 and
12 are sank?t éﬁ%"iﬁ%é‘ﬁe‘%éﬁf’ﬁéﬂnﬁﬁgﬁé‘) 1%@%&5@ %,r f?lfnél.lﬁat @g concrete
met hod for appl yR(g l)l/RelngQ\le retardation fil mA and the retardation film
Ctoaliquid c(r)ﬁstal 5 devi ce of VA m)ij%vvill be apparent fromthe
above expl anati okéA MEAM= K 12006 24 The present?)invention further provides

(1) et or B e e e A Rl P ) @%@%&% RN W the
retardation fil mEaabisfyi ng the following fo@ulas (3) and (4) nX>_ ny>
nz (3) 1<K(. 11)/§%K(i2|2ﬁj}]g la)or the use as a rgtardation film (view ng

angl e conpensati liquid crystal spl ay devi ce of VA node.

-~ 10. The deffo?lﬂﬂe0ﬁ§e efs BreKardﬁhmmﬁlﬁP@w@%uh@ ddi8e T QuipmRatRhefiER)R] 8

‘those descri bed above. The use of the filns, i.e. the concrete use for
appl yi ng tlguidhnystal disndes deivine CfﬂV%ﬂm%d the retardation filmCto a

1aulgg crystal digPladsndad 68 Bk Ve, RIS A 1 DenanBahalls MLOMkBgAbOVE

explanat|ons nvent’i onh scri ove, present
i nventi on thase piemmlnmi abdot. mode I [ qU| d crystal di spl ay devi ce causi ng

decreased | eaka of ole visible r.an enabllng
the display of ‘gh{)hehg’iﬂs lfOt & HORE e U é%lk gg}y&pgg@ c¥bini ng a
retardati qatdddation H@ﬁﬁl Rgaﬁd’ﬂﬂlieefetardatlon film C to a liquid ecrystal display
device of VA mode will be apparent f_rom 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 materials 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




retardation at shorter wavel ength with a retardation film C having |arger
retardation at shorter wavel ength. Accordingly, the view ah8pd 2086 be

wi dened over the whole visible Iight range. 25 Exanples The present
invention is explained in nore detail bysthe follow ng exanples, whi ch do
not restrict the scope of the present invention. (Evaluation Met hods) 30
The properties, etc., of the naterials described in the specification were

get er(rjn' ned th}t]iri&esfdlhbm%mgweicﬁildﬁiéi‘mmd&ﬂﬁodhe Shectescpid rElﬁ]EJ@lmfter

et ardati o n tlon ation K in Thjickness
Direction QWEl t(BF ‘%tG’EJ%éq?}(S 2Th)- )ancei[‘ he‘(ﬁ 187V &t epRRreethA iRl K in
4 April 209@05%5121{611&%&&&311&!1{ Q41N QHerﬁh? sﬁﬂta%é rEtrh%thﬁn%fbe PGS I QARRPI C

El | i psonet er (i)roduct of JASCO ue was neasured in
a state towaw ds@rtnhee rbcn nb@asurmghthweﬂardmmmﬂm@mt yeeioars anglhs hangl e.

Angl ost by SephRE BEF g i eeply RRe nilent i A Hho iR METaR a1 01
surface andetélebi@ing theghirbe dileasiotialaRst-priat meideachl, g, hadi ﬁ@byrﬂae ny

and nz by the curve fitting with knQqwn fornpul g of, refr tlve |n
el |i psoi d. CUree IR gdth & ¢ VO Lo PFI ﬁé@réggaﬁylr@@xagﬁm?@% pa ter

in the abo‘é@era%’e%&@é‘ét?vé §n&@?%b@@e%rﬁ%ﬂﬁ@tﬁ&ff)ﬁfatrﬂ@ﬁtrefn tRABbShove
Refract ometer 2-T product of ATAGO Co g Det erm nati on of
Vat er Absopp@cedmrah@wgrecélbycarpm@ﬁ mémo@@meten ei Refrectometiery2-Ri‘t h t he

" Det e:wn naalrgdhc(% \A&f&égfgg ig%on and Boi |l ing Water Absorption of

Pl ast escri béed 9 except for the use of a filmhaving a
film 15 t h{ZknbsterafindB0h®f Waicr Abscedtiohat e. The size of the test piece

tas 0. squar, The semhl e ves, | e se L el of SLESC(or g nours ano
‘Q’S' gglt ; m(e f‘)D&%Trﬁﬁﬁhﬂaﬁl en Wfatémwgo@ﬁﬁoﬁr andl Bodind EWREEA AbSorplibh Qf the
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




The glass transition tenperature was neasured by "DSC2920 Mdul ated DSC'
(product of TA Instrunents). The measurenent was carried ©Aprill@O060n a film
but in the formof flakes or chips after the production of the polymer. . 25
(4) Determination of the Film Thi cknessgglhe thickness of the filmwas
measured by an electronic mcroneter manufactured by Anritsu Corp. (5)
Determ nation of the Copol ynerization Ratio of the Polymer The

copol yneri zat i onThat monvaernetaaoheds bfpratipr produdidr o3 0tHel Nvhyaehplia e
(product of JEO Ltd.). Especially in the case of a copolyner of bisphenol
A and bi sc‘tl%"égn ?IF%gP‘éPPé’Eegé{ﬁg}F‘l%’ér??Q% was used as the solvent and the
rati o was calculated fromthe proton intensity ratio of each nethyl group.
(6) Polynerization of Polycagponate Copolynmer 4 April 2006 26 The nononer

structures for the prg Xioh of The pol ycarbopate wused in the Exanples
are shown bel ow. A FQO) P8 i)-oH CH3 OH[Y] 5 An aqueous
sol ution of sodi um hydroXi declend—T0n- exchanged water were charged in a

reactor furnished with a stirrer, a thernoneter and a reflux condenser,
the nononers X and Y having the above structures were dissolved in the
solution at a nolar ratffo of 38%67 and a small anobunt of hydrosulfite was
added to the systeno oori de was added 10 thereto and phosgene
was blown into the ref C spendi ng about 60 m nutes. The content
of the reactor was enwlsfiiethdy adding p-terti¥butyl phenol, triethyl anine
was added to the enul sj he product was stirred at 30C for about 3

g

hours to conplete the

5 An aqueous solution of sodium hydroxide and ion'exchanged water
were charged in a reactor furnished with a stirrer, a thermometer and a
reflux condenser, the monomers X and Y having the above structures were
dissolved in the solution at a molar ratio of 33:67 and 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



After the conpletion of the reaction, the organic phase was coll ected and
15 net hyl ene chlori de was evaporated to obtain a pol ycar bahApdt 20090l yrer .
The conpositional ratio of the obtained copol yner was nearly equal to the
charging ratio of the nononers. Exanple%ﬁ.ZO The pol ycar bonat e copol yner
produced by the above nmethod was dissolved in nethylene chloride to obtain
a dope solution having a solid concentration of 18% by weight. A cast film

was prepar9631E1W%fﬂh%tﬂ@ﬂﬁde§(ahmdtmpyon a substrate by solution casti ng
met hod. The fil

m was _peel ed off from strate_ an ried
rai sing the t enpafek Qﬁenﬁﬁ 'Z-B-"@d bx ‘%ﬁg ;«tgdﬂfﬁ% déﬁﬁog‘@%f FlllrﬁI\i%]gy ene
uni axi al l'y, ; I
(onsl gt @8%  pfotfifced RpdlBMdidl Hdhe aldlid foRkhldtich bt 1BMLy

| r med has smal
ret ar dat i oweiaghts hdk taast vizhne| wagtﬁrepmrednéﬂsnrﬁrasldbparﬂwlwta@n ZbyA;ar methodes 27

(i ssolYed PR i diso asrhd s PR B dnl BUpRehy B atalr ok aeier

di ssol avi ng & SO|Id

concent r at §piw ofati@9odty 1.3®igtbnghudast hhdmarsaprépatast t@nolitaén dape
solution by a method 5 sim|ar to.the nmethod descri bov nd bi axi al l'y

drawn at 1@@ré@tlowrfalmr9t (ABTONY. 3 The Ifﬂﬁbl‘t’%r‘"dlcﬁgcgr%‘ﬁ F%\t v&l lakigeBct i ons
to obtain. gl 543t 8 tek'v&ﬁv@léfg@ﬂ%@h%am%ﬂehm was confirmed to have

| arger re ardatlon at shorter. wavel engt measurenent. A VA liquid
crystal cell havAn§At Hn@ua:cthaoiasitaémeél heyighdhe ¢harahteristist SiMW)w wgtiable 1

e I Ty DL BT S 5, AP

and T
retardati ogvdildbre \Abalhueaﬁpac!ﬂnﬂsrmmgt ﬂlrﬁdHﬁbeE)Ga@andudtlderarﬂhmm‘orm) t he

foll ow n TaI 2.. There s.litile |l eakage n
k B raovantotardaien lemitn gﬁsﬁeﬁaﬁ% ’???—5%1 B%%ansf_gt%lﬁl?@ ht was

obt ai ned

colorl ess-shm §nl tRé SDbvirR4Tableun) 4 ‘ﬁ{é]céoka(snm;ﬁe 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) (am) 0
K(450) (nm) -325
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 (Transmiss)ion axis (Transmiss)ion axis
Oo ) . Oo . Oo




R(550) (nmO0 R(650) (nmO0 K(450) (nm-325 K(550) (nnm)-310 K(650) (nn)-305
Tabl e 2 Exanpl e 1Exanple 2Conparative Exanple 1 1st Pol ari4Apg 2806 nist
Pol arizing Fil mlst Polarizing Film(Transm ssion axi s(Transnm ssion

axi s(Transm ssion axis 90 )90 )90 ) PC ggpol ymer 1PC copol yner 2 ARTON2

(Slow axis 90 )(Slow axis 90 )(Slow axis 90 ) Liquid crystal cellLiquid
crystal ¢ | Zi Fil n2nd -

Pol ari zi ng_Fi | niBeekBghtiri zi ng Fi | Macklightni ssion axBadkhigitsni sgi on

axi s(Transm ssion axis 0)0)0 ) 4 April 2006 28 Backlight Backlight I

Backl i ght Exanple 2 A bi sphenol A polycarbonate (Cl1400; product of Teijin
Cheni cal s Hsmdnpleas di ssol ved in net hyl ene chloride to obtain a dope

sol ution havi ng 5 soli on ent at i on % b A cast fil mwas
prepared fromt hz‘ GEpReRst ¢t iR, Snﬂ?t ﬁ@if“i(? c}/élrum? thk%mé(%fnémﬁ.s The
filmwas bitayivedd Yisdolen 1ﬁtméﬁf3@eﬁé cHloaile i dhtaiwf dopk dodution Gizivistd aal and
| ateral di rectlons to obtain a retardation film¢C (PCl). The f| I mvv?ls
confirfred eolid raveentzptien ofel @b dut Meaghl: horskfilmavasanspared from t

oxcapt T or lopd CechuBBREby SRRk hipli T e M‘?ﬁ%ﬁgr caTRn AR £l
little | eakiagéally drawn at 165°C at draw ratios of 1.1 in longitudinal and lateral
directions to obtain a retardation film C (PC1). The film was confirmed to

have larger retardation at shorter wavelength for measurement.
10 A panel constitution similar to that of the Example 1 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 - |




i ght by viewi ng the obtained panel in slant direction at any angle to
devel op a nearly conplete black color and the | eaked |ight4 Apd 2006 or | ess.
15 Conparative Exanple 1 ARTON (product of JSR) was dissolved in nethyl ene
chloride-to obtain a dope solution havbﬂg a solid concentration of 18% by
weight. A cast filmwas prepared fromthe dope solution and uniaxially
drawn at 175C at a drawratio of 1.4 to obtain a filmA (ARTON2).
Separately, the 20 cast filmwas biaxially drawn at 175C at draw rati os of
1.3 1in Ion%jaﬁjijéii nal and lateral directions to obtain a filmC (ARTON3). A

panel con;ti Pon_shown in the Table 2 was produced by using these fil ns.
The | eakage of |ight wagPConfi I pecially|b Lew n panel from
slant direction at an aphgipelof %Qﬁﬁ thell eaké%Ri((Ji)gfhtA%é@}g 25 col ored
bl ack col ¢r. The optical meharagteristiks of tHé retard%t_i on flilms used in
the Examphgsonand the Conpgrat | VEskENplessise [Shewhs | h {9675 ol | owm ng Tabl e
3. 30 4 APRQsoﬁf?&lﬂ) 29 |ao|19'35 PC c(gpoi ARTON P\,.t‘“TL.\iAr( ON—Tgopoly ner 1123
n(550) 1. 62464 1ot 587p 1S 751t5175 "(45\0 32300410 RE$50)
(nm) 15000 R CRIERN ¢ aby 18800k 40 K450} U nml 6238527071912 K( 550)
( nm) 75220 RERES ek sEal ~ d8%) ah21dba5710208 140 0
nx(550) 1. GE&HD) Susp1. 588316%51811.32082 | 270 71 212

K(550) (nm) 75 220 250 70 210

K(650) (nm) 80 219 245 70 209

nx{550) 1.6250 | 1.5182 | 1.5883 | 1.5184 | 1.5182

ny(550) 1.6285 | 1.5182 | 1.5883 | 1.5170 | 1.5182

nz(550) 1.6235 | 1.5160 | 1.5858 | 1.5170 | 1.5161

Film thickness .

after drawing 90 | 150 80 30 150

Glass transition

| temperature () | 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.




ny(550) 1. 62351.51821. 58831.51701. 5182 nz(550) 1. 62351. 51601. 58581. 51701. 5161
Fil mthickness after draw ngafter draw ng901508080150 G as4 Aprila2@86t i on
tenmperature (0C)tenperature (t)225170160170170 Water absorption

(wt.%0.20.20.20.20.2 Industrial Applicgpility 5 The present inventi on |
provides .a liquid crystal display device of VA node having decreased

| eakage of |ight over a wide range and -di splaying clear and al nost

achronmatic black color by using at | a@sGAIM® retardation filnms by
conbining a retardation filmA having smaller retardation with shorter
wavel ength wth a retardation film C having larger retardation with 10

shorter wayel s b s A kN 1aSughu:Ld qul st al _di -ay | an
provi de a Elg%pg% 1idt ;c‘fﬁt%'{[“ gis?rl?gtg 1(113% s%qrgl))/&%?viogeahéa%ﬁg g&%&f%ﬁ@
pi cture qual coytaidingpailiqiad08yStalGisdi NigtiveeA d pgixi df sulydralesdinsplstatedevi ce

conposed of a liquid crystal cel cont.ai ni a liqguid crystgl held .between
a pai rgof subd? Pg{eélg g H}/aéojéflﬁfseoéatlbq%fli gﬁ?&g %*egﬂﬂ%}a & %]fre%“frf qEREY
crystal nol ecgkgpdrdieuldirr RCthefapeast! the RAPORAM GHI Ble bBséMR bAGHPBEAL he
substrate in the absence of applied . voltage, a 1st and_a 2nd _polari zi ng

films placed Xpltpgt:na slsteandra tnd ppliaqiﬁlaggfﬂw alaced| pt Doghdengf the

Lari 2 na. . ; el _ _ w
ot ar dat | on { Tt PRRIGIDARAAREIRY pMladifingBRR Bh-0fin e Blolindi B8 (1D,
. pol ari zing fieagh mﬁmreﬂ'tm? whdeasit twadattadationnfilnds £A1G)spliaesd theewben lthei ng )
f 1 / 2) R 1)/ A 2). < 1¢ K 1)/ KA. < 1(2 in the
formis (1) “TEY opatallel ghadng hqithalng lhs SUada e e flrigichiied
retardation af sasigileenit folddwikiz forandaAl) Zndfst(2) 1) and K(;. 2) are each a
retardation of tﬂ&rlﬁﬁ?icziféilon filmin the di rac}tlon of thickness at

K2 ME(12)<1 - (2)
(in the formulas (1) and (2), R(1 1) and R(12) 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(1 1)/ K(22) : ey
(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
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 .




wavel ength of A'1 and 2.2, and 2. 1 and A. 2 are wavel engt hs sati sfying
the relationship of 400 nnk A 1< A 2<700 nm, and the retaf dptili2a066fi |l m C
satisfies the following fornulas (3) and (4) at the sane tinme. 20 nx~ny>nz
1<K(A. i)/K(A 2) (in the fornulas, nx igy;a maxinumrefractive index in a
pl ane of the retardation film ny is a refractive index in a direction
perpendicular to the direction of the maximumrefractive index in the

pl ane of the 2%ig e dedsdlapiaiig fithand nz is a refractive index in the normnal
i ne direction f the re ation film and {he defjnitions of K, A 1 and
A 2 are sdne %s?l‘lf‘ﬁgs‘é'ya cgi%’é@’ ARKiEY . acpording; b Gladmy &t ayhereip) thy

devi ce accor diageldhdehaii ik mlﬁl dhd NGis 556 aglation filmA is placed

adj acent to the Ist or the 2nd polarizing 30 film 3. Aliquid crystal

di spl ay de6i ceAaliquidiiarysted dlspiay Idemies gicnotding tetGladat ilowHdrkin Ghies

I d d t, t he 4 d t . A i di spl
flevi o6 actor drHaTABtER A A Sarieeifs Sfiowingfoamotle B Endlat Thhac fon 111 m A
is parallel. or pemj@&%omjﬂ(agso):o the polarizati @) 4 April 2006 31 axis of

t he polarizing fil |d crystal displ device according to Claim
1 wherein the @W&@ﬁ is 450 nmand Xéis 550 nm 6. Aliquid

A Satistieo tha PEIEREEIRIHD LRLREN SRS T DIKE reprifhBL ke 1
<K(650) / K( 55]91)et@ﬁdat(l¢m filie aftdwarmlasgt}R( 65(6)50anm R(1655)506a15:e, rm%:n;rplmne

n n
Fespellvel y, 284 &(GRE BRI ahe FaBisrtREnen t PR Sraliguo atpn i vhe "
retardation fdirgetion t b diclesddsomtofwivelekpdss it 66avealengids 550 656, nm and

550 nm respectlvelgﬁy 7. Aliquid crystal display device according to
O aim1 wher heAPEHEVEVht ardation film C satisfies the fol | ow ng fornul a

(4-1) - 7. A liquid crystal display device according to Claim 1 wherein the

retardation film C satisfies the following formula (4-1)
15 R{(650)/R(550)< 1 NS
(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



15 K(650)/K(550) < 1 (in the fornmula, the definitions of R and K are sane
as those described above). 8. Aliquid crystal display deyApsd 28080ording to
Claim1 wherein the retardation filmA satisfies the following forrmula (7)
20 10 < R(550) < 300 (7) and the retard?éion filmC satisfies the follow ng
formula (8) 50<K(550)<400 (8) (in the formyla, the definitions of R and K
are sane as those described above). 25 9. Aliquid crystal display device
accordi ng t1@. G\ aliguil whgstal ndizgltdy Qlevidee acéddani€aiol @aifth| IF whewndn Gl €

made of a polyner materigl having a water absorption of 1% by wei ght or
less. 10. A | Fatﬁl‘éaﬁlpystfgm disprompaessi e Belysrehongte ohavimema fikerenien the

retardation figkmefyd s conposed of a single layer. 30 11. A liquid crystal
di spl ay device according to Claiml wherein the retardation filmA is

conposed ofi3am olifeitt exdtystelly displdy | davianpasedting ta (ﬁhmgzrrﬂr winireimftle f
ol ymer havin osif.ive.refyacgtive in ani set ropy nd a nononmer unit o
B pol yier hav?%%ra%é%?{}? e*?Bfté%ﬁs\,téleﬁﬁﬂg‘fln%?ﬂrgb‘ﬁﬁo(ﬁ?_ 4 April 2006 32 12.
A liquid crystal R@5splag0devi ce according to C(gi m 11 wherein the

retardation filmA conprises a 50_I ycar honate having a fluorene kel et on.

13. A liquid Hpydederandp) e drfinitionaidbizisaige vs aidesaibibrlovedt he 5
the formi &% PRAMGIRERPEI dSnlayledie Mo T ot o DunRAERE, Vs )
liquid cryst abotdi eftley ldeundethacZud goleyizingdilaisrate pompioded of patarizihgn
poun 81 L1 1sbupitl ARG 0L RS LIE S, COTEE S, Oyt 4 o1
of one of thergpasdsténdof bay of she phetectharidabi)Rht ik tBrdAt@RAdilms 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




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 di4pprlgidevice
conposed of a liquid crystal cell 153®ntaining a liquid crystal held
between a pair of substrates in a state to orient a mgjor axis of a liquid
crystal nolecule in a direction nearly perpendicular to the face of the
subst r at eretartineioabfknce satisfipplthedollvolihgadermaldg¥),and a 2nd pol ari zi ng

films placed aiob%;t(g éi%ﬁf of the 1liquid crystal,cell and having

pol ari zi ng axes"“d e q)er pendi cul ar to 20 eacH/other and at |east two
retardati gife redarelatdJilnl @ cedidREvVBRNfdllRvink faphrhiargpt al cell and the
polarizing filnms wherein the retardation film A satisties the follow ng

fornul as (10) afdkK(2af)4PQ state of a single sh&&t 25 30
0. 6<R(450 : 5@/ R(550) < 1.4(11) th tardati
ittt i M50 e o

film ow ng tornmul'a™(3) and {(4-1) and/or (4-2)} at the
sane time, nX>RiGOONAM) K(650)/K(550) < 1(4-1) 19)K(450)/K(550) (4-2) the

2nd por ar P0itts BEAMEshLAT EEAPMBRE D iy 15 & prltchid it Btse
liquid cryssalibegldbovee, SREVBGXiss aaf irl Hdanet wtdadagonf of thé desambitidd el or
hor | 20081785t S50t RBf RIYHASKatrEdr Hen oUhBRRGHP Hi FHam Pk 19
10<R(1%50) nRDYrdveleridtd, ' A @righal +Brdatifh GiBAIA Tonesrikhs o 9b%3ﬂ3dr68n&% mul a
(8), 50<K(550)<400 5 and satisfies the following fornmula (9), R(500)<30
having a fluorene skeleton).
- 16. 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
15 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
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




(8) (9) (in the forrmulas, the definitions of R K, n,;, ny and nz are sane
as those described above, R(450) is an in plane retardatidhprif200be
retardation filmat 550 nmand R(550)34s retardation in thickness o
direction at 450 10 nm wavel ength, and the retardation film A conprises a
pol ycarbonate having a fluorene skeleton). 16. A liquid crystal display
devi ce cogpehasthet smd bEledsiCiws trataeRition ERIsAA)| OPYpRidedibétivedry shal hel d
bet ween a_pair of suybstrates . in a state _to orjent a nmajor axi.s of. a |iquid

tat
crystal -nHawed caystal £eif prd; thshralsriapg flms waesie fhs retardadonfilen of the

substr at eAighﬁ%§g§@mfo‘,@ﬁ1§ -@le‘iociﬁ@ﬂ?rg} 1st and a 2nd pol ari zi ng

films placed a ot h d of the qui d crystal cell and havi ng
pol ari zi ng axeg(gilﬁé%ﬁ“ﬁgé&erpendi cular to é ch other and at |east two

retardation fi K §/AK(Lh)<4l aced between the (9)iquid crystal cell and the
pol ari zi ng films wherein the retardation film 20 A has essentjally smaller
retardati 6a fhe faenglaedl) emd(2)pI Bhé dnandr R( dnilckife§achf apna PIARE at

shorter f 140 el fersom_400 ,nm 700 nm

and the \rA%%/%Irr g%ﬁ%@nx\# W%nr}é%gig\%@o\é%efﬁ{%?gal@g@@gpﬁgﬁ 0rf e)l brag"acfﬁo% 1ﬁilt1 i ckness
di recti onagal KPQri)eérdl\@ﬂéﬂleﬂ@‘bfmﬂﬂiorﬁahi tHd direchionf of thwithdgckoesalbd (3) 25
n,> ny>nz (3) (in the formula, the definitions of nX, ny and nz are sane as

‘those detts refeadabenelilm et wavelsngty sedisiviagpdrsmlpbgnshed v dPARgL e of a
oS, Lol di ool AT vt ibdis 3
o 1 G E B aoiro0 i gt e Rt i & pditied SROTo AR O 10

of subst riirgsula’ (3) sinal 1)t ®ld Savheatifd.or axis of the liquid crystal
nolecule in a direction nearly perpendicular to the face of the substrate

in the absencengiyappli ed voltage, a 1st ar@)2nd polarizing filns placed

at both sides of e igujd crystal cell ang,having pol ari zi ng axes
directing per'pgﬁléfcﬁp/aljrdgai 4 April 2006 34 gg):h other and at |east two

retardati@i thd ffinilasCOndisas aflaREhee Tefiftive ek B YREghlagel bf el t he
polarizing filns wherein the retardation film . . )
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 1 and A 2 are same as
those described above).
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A satisfies the followng fornula (1) and/or (2) 5 R(IXi)/R(X 2)< 1(1)
K(Xi)/K(X2)<1(2) (in the formulas (1) and (2), R( 2, 1) antlAR(il2802) are
each an in plane retardation of the retardation filmat wavel ength of k 1
and k 2, K( X 1) and K( X 2) are each ) retardation in the direction of
the thickness of the retardation filmaP wavel ength satisfying the
relationship of 400 nm10 < X 1 <21 2 <700 nn), and the retardation film
Csatisfies the following fornulas A@eTRAGE4) at the sane tinme. nz>_ny>nz
(3) 1<K(X, 1)/K(), 2) (4) (in the formulas, nXis a maximumrefractive
index in the plane of the 15 retardation film ny is a refractive index in

the direction pe I - 1 i-nection af th xiqxum ref r agtive
i ndex in the pl arrlIgl%gé& et(:é Eléﬂr%‘éet&la%odgsf%}nldg f Frﬁ%%@ HZ* a% S]?Iéliy r eé’t“f%/%#?ﬁdex in
t heznor mal dnidd%l;ﬂ@ih@&idc@éasedﬂehlﬁ@gé e:fj ﬁgﬂatoig@:g afﬂgﬁmrfagg gtﬂaegie}gig' aigiréaaﬂs of-
K, 2, 1 an 1 are sane as , thpose descyi bed above). ABSTRACT, The
pr e_sen? [ n@Bﬁt’i‘lﬁ}Psﬁrac@irﬂ’@é%& l?]ia&gi‘ﬁsE%'s{’&!uséﬁ% <1 Waﬂiﬁﬁﬂ‘&e f’_é%n g‘AhaW@ée
having decigased heakagsion! v}rftﬁhfshgyferr v belEngtdNgS %ﬁ}tﬁl%tiﬁﬂ 3yighegr and

al nost- achromati ¢ bl ack di spl ay beUSI ng a retardation m A havi ng

smal | er retretegdetion fUdmhCshowving laager eregaidation ontthnahowar wvahelangth.

tardati I.) 46 having | t.ardat i Lt h t I h.
Thccor di nol netdraihle d H G RRAEY IRUA B8/ck O aliehdl SO hab B R EOAI | o
pi ct ure qupicthse qualitsbearpbe pucdacddyby blke preser invdnteei.i on.




