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WD 2004/ 072718 PCT/ US2004/ 002506 COVPENSATORS FOR
LI QUI D CRYSTAL DI SPLAYS Background of the Invention

wop@uiotk7es yst al di spl ays, such as for exanpl e, P€TIS1084002506

nematic (TN), single domain 5 vertically aligned

(VA), optically conpensated birefringent (OCB) |iquid
crystal displays and the |like, have inherently narrow
and non- ukOMP SAEMR%F@RQ-PIQ@P&@K&’SEALQISB@AY& ch
viewi ng angl e characteristics can describe, at |east

in part, the optical performance of a display.
Characteristics sucBaekerounstofshe¢ Invenfiaw , and gray

scal f i ' s
anqons IR SRRl YoAR ek p£P gtole n7RT hARI slle domain
Td!rei«raélylabgla:dd&’éu),roe>t1t:aily:cOmHuISat&QbIretfesgntGWE)diqaidi csystat displays
é{[e(fs) T.qurb Ielgﬂo %SV © 1Ixhe? éhﬂ&%%%é}tp gt?(}s rg({nﬁ%%fg){n? Qlewyng avr\léfé cﬁ?]racgens%cs Such
powirgiangle chnaater(snbsadahydﬁscmbaf tat leastt hypartothe bptidal mﬁmﬁmce ofa

t . dif.f t h t.ical.
s rtorsish S coiaef S0 fen €BRy TGt profie gom vy
Biﬂ?ﬁtabt&ll& ifl esdobpetisatedeisplayhfer diffesshindewing baglése rihsiciics desire to

o, rmo r r e of horizontal. qr ver

FRafy e ties Rah T8 oPin wip eSS s i desired

hmﬁfﬁaﬁ{dfen%?d@ afle prRAGr ﬂiﬁngeb Bosiiils hedonlly Ofertichllg ok bét |aﬂd for
stal _di For npl.e, .i.n sgne app)ications

Biba o ‘é‘%‘é’g@?"rﬁ%‘f‘t?lﬁ veiftal posiiqne oRer Grayblsandess patications

Béte rAay 1) Adeki¥@loyn Ak icOMewiAR AR rd ter¥@ds ik @ lmiRRS I odvEO Yange of
may be sufficient. In other applications, view ng

hotzzental erafertisdl ROsHIGBS- of hori zontal or vertical angles

(or bpftdPhindy vRGitesleled Bafare ﬁ%&?fagﬂ dig Id%(]]%en& bg tlfé%ﬁblfc% on of
opt i cal conpensatl on for non uni f view ng angl e

1 dianidosystad displey.cBer cyapndn evne mh@é@mﬁ broed rRgee of horizontal
PSRBT OO0, RO BORL AL 4
sufécietr kn sthertapplifatipisevieiviggifiwncs yestosl ranesys ﬂialyzonﬁh er vertical

r C I
OB RSN, ALLAShE, B BBl onlbption o on
thiéroolioring mdl¢ chafactetigicd capdepyndart the ddsaeymage (bleCWlng
Vi et\IM ng angle. Color shift refers to the change in the
B3 6 coor di nat es (e.g., the color coordinates based

on t hendiikwih@3dgls bmabﬂﬂﬁéﬁlc Bithetdoatrdst @b bétvaen thbBright state and

s S GO R R Tf oo e afebid by ¥ariey

oNfa Rt | C|ty col or coordi nat es (e.g., Ax or Ay) at an
angl e no toth ane .cont ai ni_ng the screen and at
30 anf ottt VFFé“fl%i‘ng\% ‘gwaﬁt@“%gﬁf @ grlosdift efthe fligglpnyith changes
angbwing aﬂ_é]@ deibi itk 1eBs @fth@aﬁﬁglﬁ%ecofoqa b&WrdingBe (elg., itRe color
determ ned by the applicatio but can be defined as

Wn%tﬁ%baéﬁﬁsm the £15 étaaﬁarsib@f sy lighy fram dlecedisplaycageiewing angle
%ﬁtbﬂ%@ & i cah e nfXRARY 5 aI8XS B A fernPOinhe Chrdfaticht) color

ex an‘p e, It can
coordinates (e.g., Ax or Ay) at an angle normal to the plane containing the screen and at

any non-normal viewing angle or set of viewing angles. The definition of acceptable color
shift is determined by the application, but can be defined as when the absolute value of Ax

or Ay exceeds some defined value, for example, exceeds 0.05 or 0.10. For example, it can
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1 WD 2004/072718 PCT/ US2004/ 002506 be determ ned
whet her the color shift is acceptable for a desired

W@ ed040727¥8 ew ng angl es. Because the col or shiPCT/IH3004/002506

depend upon the voltage to any pixel or set of pixels,
color shift is ideally nmeasured at one or nore pixe
driving voltages. Yet another view ng angle

bhdateremnsd vdiether thi selocdift isecasbleble ferd: desires sobefamawing angles.

e R R

st isuddaly mrendvedriatione omuera pixeldipingt wodtagasgul ar dependent

t

¢ 0SFUARR 5y Bl A S SRR M o

®1M%MV®I OIf prag rsealemhamges anckevm dr ccherened ofteraf scale inversion.
ér?on §untiflornfl b&avmr V\?]curs wl%eﬁ ac &y ?Jeyél}cfgnt\étgaléxglﬁjgg B 8fatﬁe Fquld

one,
bnysialsiﬁyel’l derissibdnbeotaricatly édillom’themtltaga' ypiliedtd e lalér. GEagscale

B B ol DA A0 s

valsdiefone, Ierehe @ﬁptlevlers GettaRSndistingORRDNSE 0N inkértnTypid4ly,
of discotic nol ecul One dramba%k of current

gir% & Q%Vﬂ%gﬁﬁﬁﬂgﬁ¥lr%SWECFﬁ%mﬁﬂ occurrence of

conpacahpendtdrs havedRelcpopdsed tdi ddbi®ss tﬁE£ JsudsO MR Rbifeept includes a
i ncl ude specific conblnations of birefringent |ayers.

Goeasater fhmppadg of disctisgiokisiise s dEbeek %ﬁquae@tlﬂl%gﬁq 0
Borapeh shork Eﬂﬁé)t\yﬁiéaﬂfccﬂﬁ%bé (ﬁ@o F%‘Ml\%gy 1BA8cBlor shifts. Other concepts

characteristics.  Sunmary he I nvention Generally,
i dprRegifin compipatiars @ﬁblreén%aeéfslaxeés Ghhereciap neasrfppesagagpsnsator

Etafcugésstp Fﬁme 11%51%bed Gebited Wichitd d3lethadbRRlRYS, 2as

he di spl ays and ot her devices containing the
opt|cal 20 conpensators. In one enbodi ment, an

optical stack includgs,fafd §She l&Lcrystal | ayer
and a j - retarder id crystal
| aye rGen'Etaélyg the ptesent Eweritm irelatessto @ch’vaﬂrcxbm}mnwms for dlsplays such
axi tched ric fil t.ant i
%o lhquzljl s\faé%lsa ays. g5 e non S d gﬁ%sgla S and her dev?oeF 8%@?““8% gw op’é{cal
pnhanmmatlon state of VISIb|e Ilght The J-retarder
S of

as and..z ortho
whor vt pRRIRe T PREH ek PrbRS S R B G erha o -
teefrdadisposad an eherldfnid R gptA lla,yera I’Télb ﬁl-reﬁ!irdﬁﬁncflﬂiea ) ?ﬁﬁlﬂl@neous
e 100.n r les nd an,  abso] ute val ye of an
Bkt Seraneo o B G a4 R Hro g Rednd fom petteping
Faiat gt oﬁﬂib%iizﬁﬁdﬂ stataaf Bfble Gaht. ThafletdraGhbiéles, and z orthogonal
polarlzer | ayer j-retarder disposed on the

picat 9 zréﬁraqﬁay a-ff.hereﬁh@aﬁt by efithereroneral fdices af eftaction are not

shual b ap%@ﬁesrem@me%emg 190 bRl N6and3Q BRINEREIE of 4 dWk-of-
beln substantial Il y non-absorbing and non-scattering

plape T&ﬁafda@%ltelltﬂ@ oPRgEHelt | on state of visible light.
The | m.shand %fnbbéfﬁﬁleff’o, ary opt@ﬂ@taék %ﬁhmrlz%m&&%ﬁd QI retarder

disposed on the polarizer layer. The j-retarder includes a simultaneous biaxially stretched

polymeric film being substantially non-absorbing and non-scattering for at least one
polarization state of visible light. The j-retarder has x, y, and z orthogonal indices of

refraction where at least two of the orthogonal indices of refraction are not equal, an in-
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refraction where at | east two of the orthogonal
i ndices of refraction are not equal, an in- 2 WD

wWQOM0D72% 18 PCT/ US2004/ 002506 pl ane r et ar dane€T/bs1004002506

100 nmor |l ess and an absol ute val ue of an

out - of - pl ane retardance being 55 nmor greater. In

anot her enbodi nent, a liquid crystal display includes
Blafd retardanpechsing 100 yst elless aydan abseluteivglne ofaycit-af-plage retardance

' retarder disposed disposed between the
Pﬁ%\r{%tgsewg grgﬁgﬂ crystal layer and the Iight nodul ating

d evi cle .andther gmbodipeent e diqiid ctygdbdis@aysincudes arfestl]iquid crystal layer,
é.%’s lu%t)i?%&e%&c% n(a ap-ret 1{ éelgpofsédl pk(%?eeld;t@tgtv? ﬁ}e ttlhéclllui
myktalrlawaamcbuhe hglammdufatmg Savltdee The: Pietardef helydes £‘$lﬂlllﬂ‘ﬁl‘eous

el s B0 BRI R st
foe bt lasst bepodarizativot stateeoﬁmdlble aghti The]-eneddr dhst, gameker orthogonal

Do Spr om R Rhere & Brf o & e PR el imd et Pt BhrasiPa pre ot

6q1fa1,l bh hﬁ;ﬁlaﬁﬂ’é@fﬂaf@rﬁemga 00 infihlr tes€ findSdnAbsdhits PhlaY of an out-of-
cludecf, é) asrlzer l'ayer, a light nodulating
H {5 elerdagerberpg 25 G @edteTdi sposed bet ween t he

pol arﬂn?a%rtﬂwambocﬁﬂgmt zhﬁqduﬂ alg}gm aR AR a ?@M %2 1aydH) 8 light
-retarder includes si mul f aneous bi axi al strefched

H@ﬁ%qﬂgdeﬁweafapﬂ m%@rﬁg disppied befviesn thy pelarizes E?é’é“r dribe Lighd

%Hul cfe@fcé n@hé‘ J%taﬁfer neRads aoﬁ}ﬁulfb%(ﬁlrs b Ral19 @trgt&lﬁ:ﬁ%o%leﬁn
Vi Si . The j-retarder has x,

éﬂn@ h@g&ﬂ@ﬁtm V@@@,—aleﬁprhi@ andGoR-SRetiope foF aficast @@swlanmon state
8f vikibR lgﬁtt hagopal ér'hgé Q,‘éﬁé I;nﬁf z 6rﬁf8g8{3a§ inﬁﬁe_fﬂ&fereﬁ]&ttl %é‘xje at

an I n-plrane r tar ance nm or ess an
toasl dtve pEthe atthagond] ingicey af nefnﬁctpln areenof equak dlameléattﬁsﬁhgia‘é@ being

o Bh ogfegsaelnﬁ an ali)s-gnl(?% ga%geeg‘ ﬁgﬁ?gﬂfg% angd fret&ljaaqlcg 'Bgllﬁg (@:? g greater.

invention 1s no ribe eac
enmbodTiresbbvearumenaey yf therplesameiny ettion it ot intdnderoalesmibe each
i,nventi o

.The, Fi
D SR o Ttk g a R b Pl Tt iy Flies
Deeiled Desotipiibnrmnd Exampded whiclDeslowinpdre partiaflartyexeip By thgs
Thﬁ%d nvent| on nmay be nore conpletely understood in

WY&t i on of the 25 fol l owi ng detail ed description
of vari ous enbodi nents of the invention in connection

with the acconpanying draw ngs, in which: FIG 1 is a
is a schematic il Iﬁi&%&fﬁ-&%ﬂw £ ate system

W th 2R igRinti6@nay bé MoreRofFRMy uddefsiood irl Sonidé@Bon of the
schematjc view of a tenter apparatus for use to form

{fq}]@wgtgtqegagpd ﬂqquzﬁtloggf é@ré’ﬁ‘é?ﬂ? odiments of the invention in connection with

the accompanying drawings, in which:

FIG. 1 is a is a schematic illustration of a coordinate system with an optical film
element;

FIG. 2 is a top schematic view of a tenter apparatus for use to form the optical film
element;

FIG. 3 is a schematic cross-sectional view of an optical compensator stack

according to the present invention;
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FIG 3 is a schematic cross-sectional view of an
optical conpensator stack according to the present

wo paafordzes; 3 WO 2004/ 072718 PCT/ US2004/ 002506PCTFUSR004002506

is a schematic cross-sectional view of an opti cal
conpensator stack according to the present invention;
FIG 5 is a schematic cross-sectional view of a |iqui d
crystBG. 6.1%@$039mmm1s¢@10n@ viewtnd ap optieah eoripepeataristank

Mrcﬁnoé:tb%eﬁeéeﬁ éﬁﬁt}‘@mitl c cross-sectional view of a

I'iquid crystal ay according to the present
i nventliCoA is thbleattmoasm@nnal orew of adimeivadyyséal displappécording to

g,lrésg Vleg{i .gpg alternative forms, specifics
re

ave een shown by way of exanpl e in the
d r awi Flgs 6 anadsahknktidygossdetiondl ved ofia ljeidairystal Hisplei eecocting to

ﬁy{ggﬁlﬁ% (d1 however, that the intention is not to

I'nvention to the particul ar enbodi nents
d es cr Whdd the(invdnhm s embnableyto vordivas mmtiﬁﬁmammis andaltematieofogihs,

| d t Ll
T T T .
B&t:ﬁbdde'd d&es cItisiduldbe &ﬁer?tbﬁd rh@bvw& rthat tlmhteﬁﬁﬂn i nbttd Uit the

e RS B b S Rkt C0b 2R S Pl AP on £ o

CHWS hla}nodiﬁ%ﬂioﬁlY,SequlaSIGi\i\@ahd ﬂ&rﬁdﬂ@eﬂaﬁlﬁk a)thin tBO§hieH 2@ kcope of
evi ces containing the optical conpensators. Wile the

dREAEOY hvention is not so linmited, an appreciation
of various aspects of the invention wll be gained

through a discussion of the exanpl es provided bel ow
20 For the follow ng dgﬂt—a&ﬂlﬁﬁf_@?&t hese definitions
shal | Tlliéepc?;ﬁﬂéﬂc%ucél iR 9B thd prefink frﬁélﬁfbtn 1§j€éc1ﬂe{?édttb BB applicable to

given in claims or el sewhere in this
§pfice] gampgnsagnss fondisplayy, sich as Hend @@stalailmlaeye,fas iwel@pthe displays

Qﬁ’& (‘)tﬁ&ldeﬁtz@s%ﬁfamnfgutﬁ? al ct)ﬂlgflﬁét%ﬁp lV?h eath@fnr%ge ?1’[ f?ltlenélo? 1s not

Im with a princip ptlc R L erre
a@hmﬁed, ap RpOTeMAtdn RAvarioax aspedts ofdheimyention aiill e gained through a

Hﬁ&ﬁgg?bﬁq&hg{mﬁpqe ﬁ?&lg@%ﬁﬁ)gved surface of the optical

optical axis corresponds to
t he aF(orSheaifOHn‘gmgAdeﬁlthtt«trmsbhwse Hefimg@mstshalie apalieds Indosws at

t.ion different .fro tage

H er etﬂnq?q% /° %We orﬂﬁﬁ ‘fcln ke fewﬁg?er%@}l? S(‘i)ﬁgﬂgf e
dl r eCAl"mpBateﬁ (dblmés dlﬁreﬁﬁr@elﬁro!pﬂml B]leﬁeﬂpilich as, favexsmplda plate or

a ax| s stem.,
A SR e oticf s Tfen eRACE o ek oty 60y
amﬂtamzamrpeqiemculmb feSelefted Qirfadecdfl tRdloptidh1MEndn ETRe, priviciple
and axes, géoectl vel The optical anisotropy is
QRtiga %)gregmn to the-axis ng W 1cht e birefringent optical elément has an
index of refraction different from the substantially uniform index of refraction along
directions normal to the principle optical axis. As one example of a c-plate, using the axis
system illustrated in Figure 1, ns = n, # n,, where 1, ny, and n, are the indices of refraction

along the x, y, and z axes, respectively. The optical anisotropy is defined as Any =n, - n,.

For purposes of simplicity, An, will be reported as its absolute value.
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30 For purposes of sinplicity, Anzx will be reported
as its absolute value. 4 WO 2004/072718

wERIMOBZe04/ 002506 An "o-pl ate” denotes a bi re€¢T/URYPE#H002506

optical element, such as, for exanple, a plate or
film having its principle optical axis tilted mﬁth
respect to the surface of the optical elenent.
'a- plAi @-rlashdanetes g bispiriagent apfioat clemant. such as| @ﬁemnples a@kpte or
I
B, nafity BETE R et BIne i b e i g pptica
gprpwal el enent. Positively blrefrlngent a-pl ates can
be f b d I c
11 e b BaF, ApleR ek Phe it AR Coorhh Bl K SHERIE U o
filne hohg itprringipde oivelraisorithipike yofaﬂm wdthe, optical element.
f
gﬁl@é ﬂlﬁe%n%%g%%g?sfe éraha gé%nﬁggd‘?sgﬂ\;éfo[t) g%ain?ﬂé%/ r%lmr?%a Ivy 9tretched
£k Qﬂpelsfmcarsu@easf for eyl pn]gvmym ad\oohalL bg&ylzdrbcgnmb oi | ms
ative o tlcal tro nenat
Ryl B By wideo IS PR SRS biceeismamerce
ﬁhatehalaxNagatwﬂy hﬁeﬁaﬁgend e+phates sarsbdiborneddr qumge:ﬂtaxﬁﬂy liged films of
el epent,. su te.or
Reebiecprted PPy eSOl e tr D dn B Bhe f Brapnld Hiosot e

ogfufds. €., nx # n,, ~ n, ) Bi axi al retarders can be

fabri for blaX|aIIy orienting
pl astk 3blﬁ’f1fﬂﬁgtardf§’x%n§ﬁﬁ ieeTiggeR opfivad Flepighiapish 8 faregample,
Gl SifiR thaliflg WiferenPRdRBS oﬂ\@ﬁacﬁo@ﬂ@ng“ﬁf’bhrée %ﬁébr (PQ ratLegl #n,).

erein by reference. Exanples of suitab

Biezialirsrdery Gog ba fabricalpt dorreraipple i biasiadly oeﬁ@mgdaqstle@ms
fERaH& of BRARAMetAREs A HiistusiRnk o, Sc@ateﬁt@@ a5 J@@ 8forporated

In-plane retardation and out of plane retard atlon are
papia i refprenags Eyamplegielseitdtelilmspndude dilms availpble fromySmiteao
ChemiPhiRBe(dEEATARN) AR NIRPDBAGNGS (GRLR 'Jaﬂapf Bl tardation
retarder enent aves nore e a’c
Guioit of plgne retatdiationi axé paremeird @ped taéesdelﬁq znblwnhleperdwr Asthe in-
0 st. .3 far 55

Pl PR BRE R BRI ” he Rlexll el ERE e Peb & iR 0 o-prae

Gemalkj/eat bldxml-rptaa:teeas ddired herelm Hqs @h ympelane matakdatibe of at least 3 nm

B8PSt 80 e R b P oo B EF e st i)

ol i gdfreﬁ&nﬁrpdlwwbwnmdmﬂ&stobmﬁﬁﬁﬁﬁde paBmWEY, bopSymers (e.g.,

| yner.s, oli. oners ners that can be for.ned
R e T e SR D AL PR R
theﬁ@f, hOWell hd(llyekrs) @1ip6rAds @8 t&jolyimcgPthatQan bBﬁhﬁe@hmhlsmble
%@ﬂ%ﬁ dom caopol yners are included, unless_ indicate

LGPl COBFHSIOR OF KA1 Rt ingHding eﬁleﬁeerfﬁfag%r%oth block

R r3kdoaddpOmefsl S biatied) BhiadsiiHddate@diheBhisé. Pt i cal
polarlzatlon or any ot her nonr andom pol ari zati on

st at elliederihipeletigationiredes foirkang pelegration, qinelar prlarirabgn, elliptical
b1 Mt 8 arlyVther iﬁ@ﬁl@ﬁ‘doﬁi Pl SANHAMiM thE WlectBib VBESr of the

mal nt al ns a const ant
beam of light does not change direction randomly, but either maintains a constant

orientation or varies in a systematic manner. In plane polarization, the electric vector
remains in a single plane, while in circular or elliptical polarization, the electric vector of

the beam of light rotates in a systematic manner.
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30 orientation or varies in a systematic manner. In
pl ane pol ari zation, the electric vector remains in a

w@revgh®z7pd ane, while in circular or elliptical PCT/US2004/002506

pol ari zation, the electric vector of the beam of
light rotates in a systematic manner. 5 WO 2004/072718
PCT/ US2004/ 002506 The term "bi axially stretched"
r ef erEnetteyma tiaxialiyshigfeheda sefesetorp iy thetdebeentretoled in two
&i&i{ﬂfeﬁ( cﬁf&:ﬁ&jds,r e?ﬁltsjc &lfé%horpanﬁ'arsg’ ong ?{rf‘éﬁt)hHﬂ tlf?—:?)qian@ oP i ‘i’ﬁ&ﬂ

direction, In pl ane of II'm "The term

" Si miThederan ‘ffsm}ltamcatxlb/évmxsallssirr@cltsaﬁ’éwfem tofagfilm in gvhéchfat lemt a

1%61%'& @Bm% Gpsth thhp%é I%Qu&{ 1?#&5?&& snrgullt%ﬁe&%?h'
|re tions 1s orne taneously The

t er rrsTh!edcrnsh‘pment 2 ddlaw,”' anéﬁsjre‘t@t’ peetustl' ingrohangselyy throughout this
Iis VAN A-"s Hg!&out 1S, G u e
?xﬁéelg{u QJ‘;&& %?: tée(rn 19 dram and Lt)?e?{hgg" grﬁ tlaeat%%nﬁ% t he
f@kuﬂmg,”‘ ‘@lraveng,i’ agd “stfewhlag\’ﬂ ng, and "stretching". The

term r or retard,an

PSR SRR SSRGS B Al en o

ortogandl iralives bfmeﬁradtioe titrlek ths Mteslsiesfof tHeapd@tl klealente| enment .
10 Theg term." retardati e Q.the

pr odute G g P il e et St gty berween tvo

biffhagbid én-plagh i@ eisesaif réfRkti@cih@rthd thitksest BEthé bpteNe &S

the optical _ele te out - of ane ..

r et arﬁ}ftti:ré}h Hout- 8%?%6 rﬁ@rqeaﬂ eﬂ ?%’E:‘fl}% fhecPF Oﬁ‘ﬁ‘é’r%a*?ef‘*l@?rﬁféé’“he
Rldet bBrefridiidR ¥loRf the ehiflaeis dBctRNQR Birddibn)l dTiikopBEA element minus
direction (z direction) of the optical elenment mnus

BifeniPing e of TeEastiog timeg the é}éiﬁlf“@?? of itheeaptiea] glepgnte |KHisgngtively,
s tereBRE 0GRl px%h&!ﬂsﬁﬁle dﬁfe]?eﬁ&é"é’}{thé’ Bl of rdPackibi aﬁoﬁ%@

refers to the g‘ro uct of the difference of the index
tickpess dieqtion fz dirasHen) oA ﬁletoml@kﬂe@gntmm@dm ®grage of two

%ﬁo%fﬁdl?ﬂ%laﬁ’é in %ags g ﬂa%ﬁ(l)n %&Wﬁ@ﬁn f b 8%)’(?0\!1?51&9&1’5 Oftis

gona In-p ane I ndi ces ract tinmes
tidsrstdoddhat dwsignf— ndsélvc) ptiegativeel of rlilmnut-Of -planesretardation is
; . - ity Ve -
R e L s R
ﬂ@@ﬂt—oiﬁﬂanefrdlardpmlpwﬂléﬁ rgforted hepbinc fttiyyndgestved dliak yneoskilled in the

solute val ue o ane .r tardat on
TR e o B Pl Qi wott i B R B iR
Sliprd)ﬂrﬁdaly positive or ﬂerghuw [For &(aﬁwleg\,g édgeherallp endatktodftthat an oriented
vi ce whose atjon is
o BT e st Dra eyl oS fbatius poplate, e the in-
prAehaictyofHereRtich 80 GulishatialBitqedl afdihe thdek bf REQIBRAN ﬁhlen g
Ly(ethyl ene terephthalate) will_produce a negatjv

ﬁ‘?ﬁlﬂaﬁs direction s lefsdh Wﬁe Brelene nildmﬂcégt aétdewélp?dalteﬁ%ﬁhwéue of
iRt sihd! rbitrdRBMPYiIBRGefdi8d A WSositRE niuBbdract | on in the

25 thickness direction is less than the in-pla
i ndi cBie teigytsubdardialy penyibgothisggraters torfae l%w@trafsmwsw@ of the

SpticatdlsRlRNRid; g%tc ﬁﬁg ab ?&@eﬂ@"trbﬁsn@%nfe %@eréa%{jorﬁ%oﬁnzatmn state of

p03|t|ve nunb erm "subst ant 1 al %
Histhledlizhb W\mewghe P@W@f wanspissign 19 nopiailized ta the insersigseiche ppident,

Bﬂ:ﬁ)nally polarized light.
The term “substantially non-scattering” refers to the level of collimated or nearly

collimated incident light that is transmitted through the optical element, being at least 80
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optical elenent, being at |east 80 percent
transm ssive to at | east one polarization state of

wo @18 i ght, where the percent transm ssi onPCBHUS2004/002506

normalized to the intensity of the incident, 30
optionally pol ari zed light. The term "substantially
non-scattering” refers to the level of collimted or
neragnt yransemsmerfm as dpabtronp delaizatipw$tate phwisibledight witkinacomechngle
glr %TI cal elenent, being at least 80 6 WO
84/ 072718 PCT/ US2004/ 002506 percent transm ssive
f or athdterstj-retarlefobfrs te atfilmo or sieeitteat @f substaitially nbn-giisbrbing
P R Bot0 B op ot Eafon S0 o PR Ve AR D of
ﬂl@bkb@m}logbﬂla} mlﬂtmtts abstrdiongre vashahomd what ﬂ&rm-lpgmé tdtarwftlon is

I I
|5 BB EAL R B P e b e s

n@f racti on are unequal and where the in-pl ane

retardation t han n Iue

L ! SRl el R bRy BB

Mitiethéd or nﬂﬂlﬁﬁﬁhﬂy itﬂiouﬁ,& Thtee Dbt @&Eebbm@def%ﬁ t@@ range of
m " about whet her or

BBt F61 57 o it i Lo FRBIcpdo SiotHon: GubeRaitsdvalue G

hefif the bneuh@d@er &fsult)l On MRt Me BRE "Fboutkinky inklde
the art woul d consi der equij vaI ent to the recited val ue

prmeers thatAz ryneaddo Sermsared sigpitistnt f8eesul t) . I n many
I nst aWweRs: pdrdifs, ?}@ B by JRAME, % W%elkﬁ‘tcl\ﬁ&jtﬁe HRMFD %I ?@Ehat

are rounded to the nearest significant figure. %B(
préerde e coprspeation of g syhstagenas the wsighief Gt sub@twwetdrv@dqd dhe
HeBnbon obfiBh and flifplidi®y 1106, concentration of a
subst ance a wel ght " of that substance divided by
the s Imztagm omuntewgalcrm@ dnidpoinia frludas ali pinteeds dopsumed
ty ndpoi nts
At Soc Pl 3 h 3 nhlaep L 2 T B B e (oo
1 to ASS usmd ﬁmﬂiwpdqﬁ@hﬁn arﬁltheapiﬁﬁndeﬂ claBn@the sthgulantbriay “a”, “an”,

fnhde lﬁzel rllrécé rpli]l.%r%lH‘ ere.n un e.ss e con gﬂalearfyhcﬁgt %gg‘rﬁ%avgsea%gsé for
phanipdd, refatecent Sorﬂpﬂs&ﬁ)ﬁ cbllitelnﬁlg Fih %ﬁﬁpdﬁh&’ambhadd;la(}hﬁhﬂéof two
ot herw se. fqr. .20 ex fere -
B PR PR RS Aot S oo BTHOR A5 TREFURFE S iyt e o
@f gehotdlly0smpl®yed i€ BERALIESudiAS “dadRE” inlest tHeTontent clearly dictates
@em fication and the appended clains, the ter m "or'
e fefferal |y enployed in its sense i ncl udi ng "and/ or"

unl esgighBe iBRhRNAn Slieakleh B &b 3 @ScritRhdHBE WHtRA] elbtheHi. €
1 illustrates an axis systemfor use in describing

t he
Gistareliy fosdisplan devicsspthess gad 1oy corpespong; te Hieayiddeapd ée@gth of the
Pﬁgw ari e ¥ 2 8% RSy GO ARAE B thiBkddeBeaiit Ao ARdai kAR i

convention will be used throughout, unless otherwise stated. In the axis system of Figure

1, the x axis and y axis are defined to be parallel to a major surface 102 of the optical
element 100 and may correspond to width and length directions of a square or rectangular
surface. The z axis is perpendicular to that major surface and is typically along the

thickness direction of the optical element.
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di splay and the z axis is typically along the
t hi ckness direction of the display. This convention

wowdos/omsigised t hroughout, unl ess ot herw se st ap@dUS1004/002506

the axis systemof Figure 1, the x axis and y axis
are defined to be parallel to a major surface 102 of
the optical elenent 100 and may correspond to width

and |fewgich efimaserialsong methods erabausedde meke the wgticad filng glements
M&rﬁb@&‘ Rereih! %o?ex@ﬁ%& Jch|§ 0 ﬁfﬁgfn n@ﬁld 91 &rgac';f sHRiBheous

surface and is t I Ca ness
iirielbst strgtehest palyneertyfilinds ng@ulestmmlly lmn\ﬁmozb)@gﬁmimommttermg

g gﬂ lﬁgﬁgé{gpa?oeﬁgﬁ stafd \ﬁf{s'lbq‘% h?fanp'ﬂ%\ﬁﬁ%)?, 8,? aﬁlgoﬁ%tg&gﬁl thdices

make t he opti
dfasfractibewhéreinat lsast Bee otheaoqhogona ndicepof rcﬁdtctlbn hranvhgqual, an

5ol 2450 860 STV BN S0 A kS SR

P’ D erng su antla sor
mmrdaaoeahdugﬁmgnon‘greatm | east one poI arization state of
z ort.h

Vi si and hayi , a

nai dag gt pe BRKMRR o eprRinf, B PAHRT Player of
simtlhmgmailamatlghsﬁasheﬂfpor}afeha ¢ilrh béln@ﬁ@stﬁﬂiall@@bﬂ-labsoﬂﬁng and

i n-pl.ane r.etardance eln nm.Q

e e B o g PrSre Girp it e Bmasoi SEBS wileses ngnde
SMRog6nal rna&b@dsf reﬁrzﬂ:tlan favuértaiheﬂt 1ea§t lwis bf thé br\ﬂibgaﬁd) i ¢¥8 Bf refraction
t he opt|cal l.ude a | ayer of | t aneouys

BP A eqral ya“s“& erfé%r ¢ psiag 100 7 P#V#ﬁélpﬂgn RIS fpy out-
&qnm@bagmgm@%eﬁ@qsnﬁQH@@@m§catter|ng for at | east one
polarlzatlon state of visible lig and havi ng x, vy,

and ZBrRobeRsisaatsTislisapakle of beﬂl@bl%i%&ﬂ}/cﬁﬁemma@ﬂ ROgsessing the
J)}ﬁ@%tpr&ﬁ%he@ ﬁegchﬁedq{eiféﬁpﬁg Réterhy d;';algtb@ ex prftlafl?sftﬁlQGf‘ thedd poﬁ»‘iﬂ:‘ers

not e an 1 n- % ane retar nce beéi ng nm or ‘| éss
mplydey r&ﬁ@@plan@lw ﬁaepqiyacml‘at@fupolmferq@pfdﬁ@rb@ms,d ance

g?érg%)il}ﬁlgergmdqﬁe EBRlor n(%ﬁé/%ﬂﬁk%wn 16 cORbEES A fofifl ?r%bl e

_ biraxially stret possessi ng the
ppyhes oppradfidnt | es descri bed herein are contenpl at ed.

A p a rIIo‘lls)%lledn] 13&1'][1&? foqfexélgﬁg ecgaﬁ%]l M{Fﬁ‘l Spsolynlu{[]& Auléﬁ gsr , Sféroeg(ample,
p@ysyymebwhomme afl uwrlmpmqummmqmmamylenmob@mm
BeeBRenb e, Bref i PR ade BB A GinmPE A i
pdlgf)emrlq@e h%;ﬁ-ﬁ?ﬂ@hl@&mﬁ;{)r Tfe(()pj‘ljlﬁié?ec maA&iad désﬁﬁbe}eﬂl”]lgfﬁin can
BTy o e & Sy lisnpy RerERsae FRel At Pab st fiseai

@&bﬂﬁéldlh}éﬂeﬁﬁﬁay Asos cmee{bidasﬂf&aﬁﬂg d ﬁmsmaﬁalﬁmet:matenal
pol ypentyl ene i s pol y(4-nethy Pentene The
€

pol ynigriferthegil Bﬁsirraéwee %lms%tda Pféveé Roandpelidsefos spamle of

ﬁrﬁy(@ihﬁ}ﬂn@te%}iﬁlﬁﬁieb bR IREhFIBRY maphti @), | THRG o [VRIBiE infkerial
he polyneric material described herein may al so be

garpraltsd dlergin qap parangbly of Brmingycrvtallingeor prapiegrysiglline material. The

polymeric material described herein may also be capable of forming a non-crystalline
material.

Polyacrylate includes, for example, acrylates, methacrylates and the like.
Examples of specific polyacrylates include poly(methyl methacrylate), and poly(butyl
methacrylate).
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25 In a further illustrative enbodi nent, a pol yester
can include, for exanple, poly(ethylene

wao eqoepi7isal at e) or pol y(et hyl ene napht hal at e) . PAT1ES2004/002506

pol ymeric material described herein can be capabl e of
formng a crystalline or sem-crystalline material .

The olynmeric material described herein may al so be

C apabf lgoigpolymeripaejiealkyarrludes; Svbis nptiamitadde.aoly4yinylBigne
HebyRgr vl ate includes, for exanple, acrylates,

met hacryl ates- and the |ike. Exanples of specific

poI y af{:‘heylnaaﬂa@s r¢tardhned of fho lpyl(ymetlhwtwﬁﬂéilmamwbmlt%)nm @rieks or 0

B S T OBt Bt of ol ARHE oBEL A6k oy be 20 o ess

pn@ hmd@%o mipu {The s-plate tefardat@d ! the, pofymieyit wptioal ﬁhhemay be 20 nm to
# & ¥n—?11—1|‘?e re{ag%% (ggh yarrrlegllac %@? el Elrﬁmaﬁ Boky d?) ??}(}ﬁlm

s or
The [ Im -apiuethe ﬂhstratn\cbeemhedmfenl; ihe mplaymtardanowdiﬁthapolfzméﬂn

PRYcaP ufitar Bt & wa 53 By A BT Mol iR St Ay

b@lyﬁ&immtlcﬁlhﬁm Maytbeadtennt et lagsp@roaen af Sadie Pied iviiPink €etardance
be 50 ) to O nm 1In a further

fil
|Fthﬁ§? ’:rl?/g]ptgﬁ%%&‘ﬁ@hl?e e R 9B -ane retardance of

t he pohydveslue vamﬁbfthaloufﬁdﬂﬁlﬁn@éfaﬂ@ﬁlcg of fh@p@l’ynieﬁ@ Sptical filth
;%655 i nn. The Ini“?ﬂ ane retardance of

PR o stertenuprte LHO Y Hie abeplvipyaipe Pfég%ou’ftﬂf Ppngn

&@arﬁﬁmernfthab@lymen@bﬁm ﬁlﬁltrﬁ‘a[}%%%nﬂ- ﬁéatér%?ﬁ’ﬁlln)fm?@%cnm
tical filmmay be 50 nmto e absol ute val ue

e phselus ielugrof ﬂ}ea%%o?@mratam@ce@ﬁ therr@lwry 9eti¢at film may be 100

aRtdr %ﬁe'atef bil 190 % 1080 3R, AHE %soﬂ[ee@iu%rof HdRul-Br lg?gl%oreﬂ nce of
The absol ute value of the out-of-plane retardance o

M@Okymeylm@laﬁl@l B menbe 150 1w wagreaé@r o7 55hmmde 1¢f0em.er or
olim]tgé}(%ll&%tlv % OQIQ%H H{eeab ﬂté"salgé ofttﬂc%eout-olf-p%ap? m

out ane ret ar dance meric optica
ma,td@Ci Gf)thi Eolmmﬁm olgmeldilmrmayrbe]somnnm grcatezmﬁﬂoﬂﬁﬁ)o fiihe The

I ane.retard of h
2% ﬁ%ﬁllltfceu\?a?%e og‘ f ﬁ)ﬂ ere%rdan &J_J[lga(po NI ogs%agflg? ngy%izgo nm
nngrbﬁerlfm)@) ]1(1)00 ninn The hbsotdnae\raluel df tistouabi-plenee ravadinee of the
e absol ute.val u t he out - of - pl retar ce of
PR RT S TR b2 oo S0 T R0 vl of
tie oﬁﬂaﬁplhﬂh refhianceadTsied polyenerialoptcadfilnt By BEI4000Em Bt &B&er, up to
g&' ardance of the polyneric optical filmnmay be 200 nm

d™greater, up to 1000 nm The absol ute val ue of

t he orumepaﬂylﬂéra;r@uéaemﬁ daieee @thidkiness (P OdEBH) oF 3QEloGRlers or
fllmn% 225 nmor._greater, up to 1000 M. The

grsaisT- uthe pelymssic gptical film epchays 2 ﬁme&sﬁ@s (ediEection of 3 aficrometers to
DOY MiBRdrh&erd BE 3 GAdrohbeiteTR0 RBrohREre) MR oG nRee Spticat Bint fan

have a thickness (z direction) of 7 micrometers to 75 micrometers. The polymeric optical
film can have a thickness (z direction) of 10 micrometers to 50 micrometers.

In a further illustrative embodiment, the polymeric optical film can have a
thickness (z direction) of 15 micrometers to 40 micrometers. The polymeric optical film
can have a thickness (z direction) of 15 micrometers to 25 micrometers. The polymeric

optical film can have a thickness (z direction) of 15 micrometers to 20 micrometers. The
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1000 nm The polymeric optical filmcan have a
thickness (z direction) of 3 mcronmeters or 25

w@e@an®718 The pol yneric optical film can have BCT/US2004/002506

thi ckness (z direction) of 3 mcroneters to 200

m croneters or 3 mcroneters to 100 mcroneters. The
polymeric optical filmcan have a thickness (z
rplyregiciopfyal Him parphaye a fekaess (¢ dirapgoniof BQ Fri¢ramsterstp 40

ohiEedrs. CT t th ctkhés% vA
]g?# ect |r%)nz&%h%génr%o%r %ﬂrrg%}g?%m?g@%ol m cr gngit%e;cﬁlé@ 0Ifrll a

higranprsar 1o 19 micremaetey e Thmpumerisraptical im ool Bave pitkicloysssi (al
diteofR %Plﬁﬁéf&n@texsgStrﬂfcfolf&?e?sq (z_direction) of 15

m cronmeters to 40 mcroneters. The pol yneric optical
fi | millestntivreerabodimdniscmelysmetic opticelefdmi inglydesf filphaving a

1;11} %&E‘ﬁ%ﬁﬁ% xﬁl&o?nt%ﬁl 49 'ﬁ‘ﬁ&r?@étgrsﬁhein%?alﬁ;! Pég{ﬂd%g e 9P84 fiftlor tess,

can have a c ness fec
mdan@hmvéﬁr walgaof20 opi-cilanetretasiancEloé 1 SOniN0r 2EdY. ORTES

od%isezn I %199 ogyrilé)r%n%éggap Iﬁ@a %Q\Elrlég? aa!hlcildlés@fro%nlﬁ&% wfonfbters to

Ness
215 mrcﬁnmrm, an nﬁplacqmetaydmca af 86 min arddss falnﬂ am elzsoluitaveduesnf an out-

SRS S TRAP B R P AL SO e poymeri

spticsli@gaviag a ttdd:l{nesstﬁ@mls micrdmem:r@ tcxmahﬁfontemerﬁ an in-place

orret rs 5 111u e i ments pol yneri
O R Pim 1oL 15 abol s VAR G 4 Bt Ane R mgep 5200
prétite | AABhE! sinbofintkdt i kb &MEfoBSeric dPtidalfildh BS&ng a thickness
retardance of 85 rimor |less, _and an absol ute val ue

Bomdp mieremgletsie 49 BiGrRmgP ATdR PHCe REdRRT of | 09ranerdess, and an
AOLRSAIue SFRPEIHTRRIant REGHES 082 5D Ay sk dater Oﬂhbtﬁél enfolifent

havi ng a thickness from 15 mcroneters to
rledesferobimeric gptiGah filpn having athigkepsh&emdp ngsrwnqwrﬁp 4Pess,

ﬁ&'ib%rﬁ'&eré‘ b3 Gl Pabe KRk dROEE s@rfmpwles; aﬁfan RhRREe fﬁﬁf&ﬂg BEof-

nm or 8reater Anot her enbodi ment I ncludes a
pi@lllqm@rdance o 309 vl or gichter. nAnatieg erbediineiiediudes p pplymSric optical

H@?@a&ﬂﬁtﬁﬁé e E&n%&h&%&‘egfﬁ? gﬁ‘gﬁ%g}ﬁﬁé@g% ig{??atcéfe‘?ﬁﬂ&%e of

ess
Uit nnp b= Ipdspand anebsdwamdee @ﬁanbﬁ@oﬂcphneaetalglamtoé 250 Amot peater.

B BB me P RS ES o B B e beBiebrbonds
mlibrcﬁilh‘ﬂ?i tc{/ 40t rafoetaeta s, ah nﬂ:ﬂ@cdtmlagﬁreldesg ? g? ﬂﬂ;’lg)é éems ,’hbd an absolute
o ahour T om0 AN oF BN (ELeR T R pstides

pelyhé&ad optitdl MlM AW viAGa ﬂnékﬁibﬁ a6 B midi@dtdio BinGitdiR ey, 5n inGplace
40 mcronmeters, an .in- qﬁ&e retardance of 85 nmo

refadancepf O opjess) anden phjolpe wHueH ap qrtfrnlansretgrlance '0f 300 m
b83rédt et AG6thEH endfdinimk ﬁkmﬁéseaqso@fmenera)ﬁﬁ&@ g Hbm»ﬂg MBikness

i ncl udes a gol ynmeric optical, film having t hi ckness
P kY AcrRgiers iR LR Fycroyelgty 4 ibmige rebrdance pf ff(hnrp PRlegs, and an

515%51%{6%111‘5%f5ﬁ ot —T]apa‘ile FéeiPifce bERDm Sfferabsol ute
val ue an out-o | ane retardance of 250 nm or
gr eatE?e polymeric optical film can have a length and width of at least 0.65 meter. The

polymeric optical film can have a length and width of at least 1.3 meters. The polymeric
optical film can have a length and width of at least 1.5 meters. The polymeric optical film

can have a length and a width of at least 3 meters. The in-plane and out-of-plane

10
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Anot her enbodi ment includes a polynmeric optical film
having a thickness from1l5 mcroneters to 40

wor@rongters, an in-place retardance of 100 NMhPCT/UBBS$002506

and an absolute value of an out-of-plane retardance

of 400 nmor greater. Another enbodinent includes a
meric optical filmhaving a thickness from1l
@ﬁ%ﬁépbﬁa@tlsllwmfomfreﬁéhe langth Andovisheo Al podyragritanpbieal

ﬁfm Z@hé'}mré%@ “}e?a?&mc@ﬁ gu@&nﬁﬁ%ﬂlnﬁ'ﬂ)ﬁn Y@bddendlbn and width of the

out - of - pl ane_ retardance rim or grea

pelpmpréq opsigtldtmitweters tawetardsaes (othan-plane mi wpdf- pJane) fchdnging less
Iﬁﬁﬂh%&n th Q%%‘D&ﬁ or 1 h &&%Q&/%&n Iot é&%‘lgthzagd Wliith of the
m croneters, an I n-place retardance o

ket ofriaxiably streieted palymer Bim. dPmeoyupnightivelremasure of lanﬂanrtsexs
ﬁéﬁn%ggs nm or greater. The polyneric optical filmcan
ave a’length and width of at |east 0.65 nmeter. The

30 polyneric optical filmacanAtave a | ength and wdth
of at least 1.3 neters. T meric optical film
can have a length and wdth of at least 1.5 neters.
Where puérpmeidihoidih v &F,™ fsi themaximomhiap@nardtadgioh and d} 4s the
wi.dth of at |east 3 msters The in-pl ane and
BiRImg . ipipiie refadafion2 604 perrber pf adiitinelsEidvirepozsemionally be

a&fea&dme E@lyfn%r fHhsk %tdpal:dl YitNf Cprtm ?ﬁ%{n%%?actdﬁﬁ/e%] gfggﬁei&, for

d wdth of the polyneric oFtl _
EXaétpéﬂ' élfahlbéerwr@e&smgarﬂm aytallization modifiasr edgficrhetifferigg h

(o PRI Wa\ g a N o} R A ymeric optical film' refers to
?%t grdﬂ S)a cLe haﬁdlt}%qp ane and out - of - pl ane) changi ng
| ess St@bthrﬁrﬂflmnllttﬂe; ifor exampl@, antiozivhs, amtiWMrmngaitsg ragti-tsﬂaﬁc

t -1
%%eﬂ{shél@rb%o%errgé?%% %ﬂﬁ%ﬁ?ﬂlzerg ?roi;essm%lds in gﬁ? If(%r etxI gle,
MHsamtsee}dfusmnlafd@;mdiqngl agentsj ehd ﬂendroamlc Ibi[’mmg aidgin in W
wher e.ove

Rt T L A I A M e
gl mymabmatl&mmomﬂef@ efd iftedacidi thaaerai tmﬂamalwes&eﬁﬁéd

i onal | 10, ad edtoth pol y r f orm ng
BQWS%% onif FlrﬂﬁmAq%SF zafion mogif 8§ o besaent pawy ?“H%‘Im& gifestive to
fsance “BUATPIuCh ash tcalékémﬂ@ M9 ppte S EBSI0HnAbrdD0 ppm to 400,000 ppm
]é)rqtal lization nodifiers, tackifiers, stiffening

em 4233000 ppEy £ 1268 PP iR 090 PPRe . St abi | i zers

| ncl upies rahdfor SARTINE of @BHdd \Ffé%dgﬁﬂﬁg%s BRbd medi 9151§ted depending
agents, anti-static agents absor bers, and ht
gpoahe Wéfr@mrwﬁb@whﬁ@loai Her qxamplgdia some Pmbede\mmte itis 15

a
SRR A LU S0 st L LS Mo
Heserhlplel o stfiasly conizwiphesrangs] of aq:oreynabig vz (forgnampledbegivang

purposes) to a narrower range of angles than is normally associated with an

uncompensated display.

The polymeric optical film of the invention may replace cellulose triacetate (TAC)
layers now present in many optical bodies. TAC may be obtained commercially from Fuji
Photo (Japan). TAC films are available in a range of thickness from about 40 micrometers
to over 120 micrometers. TAC is made with a solvent casting process and exhibits a

nearly isotropic in-plane retardance. TAC typically exhibits an out-of-plane retardance

11
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agents. Crystallization nodifiers aid in reducing
"haze" in the biaxially stretched polyneric optical

WO doa072Zu8/st al | i zati on nodifiers can be preseneCT/NSHENY002506

anmount effective to reduce "haze", such as, for

exanple, 10 ppmto 500,000 ppmor 100 ppmto 400, 000

ppm 20 or 100 ppmto 350000 ppm or 250 ppmto 300, 000
mimluﬁE Ivelua)zmgle 30nmsoll2@nmonmorf The sxactkiveliof witaxdanae grlllhdaapend

ERe B AR B SEapRR e PRRS ol Sa TR SRl ety
|a6d1tmlaem vajathe indicdaa¥ efractioar ge sol i d angl e of
accept.abl.e er, e od nment it.1|S. .
st T IR E R st S DRty et Sichipvenonmey
proedengvids mngeacx@imf eeuelsfdﬁat alﬁ idiffepazy fraim 1p!|u|r: ,ROSes) fok example
narrQwer .ran 0] an es t S no mal 1y associ at e
vtk dpersic R BTG B e s BB 1V IR 8T BT ERF BT ttioa dpr any
fgivieitiadknédI @ the\pBIYinieliB opfitdl fildPbfakeintatibl has& TAC; aﬁlgf.oata&
TAC% | ayers now present _in mam%)/ISl opti.cal bOdI . . TAC
Si‘&&‘ﬁ & DY HPLPSAncE RTrer Brfaciring gostsgiryironmgpplly }‘%‘é{n)
Tdeuthtlifs; abiftyaAY dhdigRhRorhize ﬁleroﬁmggof)eﬁl&} R @@o%taﬁﬁﬁ ac-

about 40 mcronmeters 30 to over 1 m cronet ers.

iPlatefadhat of & asalgeipndent Theastyimege priiebllsn ofribe axention m@yéve
rﬂlﬁﬁ‘l{elr Yhah SR DRI Svilhy s%ﬁé}%r e‘eemﬁlqw%@gau%\%ﬁax&fe ?t!lalm\!e the

exhi bi ts an out-of-plane retardance 2004/ 072718
peTrlUbxoes 0bths pevel (nigmaedistackwd filmes) désenbadIdBlowincambeltimer.
nm ory;

upon tﬁp ?%mljﬁ] thick agfhfécaj\fﬁgpg&%égé m%gﬁnglrﬂéﬂg%iﬁ%gge ‘?@%’ﬁd'
ahdsettmmqmsumime strswhing aadldmm ﬁlesmtad‘lrstamyctidmemd strkitchiigg the

g) ﬂy[n%ff ﬁl%:ltnl aos{cjcon-g%?r]pgt o%l f% r?nh l?allﬁ theI e d{flrect%/,g%rrr@%%? Ela)lcialéy

neric o I nven
atrw:héé polamgﬁc Gfm.pAoleest bipesioh héthe atretchingf ih elicesetoridrdivertion

PErret et st i R e R T o afpidsS fomms o

pelyaietiadptizal filar wilnthe pgipegios idd akbeesdeséribed @b@el ymeri c

t fil ft t erses TAC,. . rove
oD st b er o R aRbmons B A aPie R pave filed to

Qoﬁﬁih&a id@ipblABAR Bitatal Hind WIS hﬁbperﬁ@d%fi%&hﬁﬁtbd’@scnbed above.
ability to easily custom ze the optical properties

Folyrest prifcahiilgbipyially stretchedpin gsequential migpneg i-ca siptghipgfhe film
11?5 ﬁfsgﬁﬁchuytﬁre@t%ry(‘mﬁ)' fall&)pé& B%%ﬁett:hlhg’ch‘afﬁlﬁxhﬁ a SOURNMA R Rerse

t hi nner than TAC simlar or even
si#acruoe £TIAk g joften Emémtpelyrr@rla p@t&qbfélm wﬁle“pm aif generally non-

&lﬁikgﬁé 1Pkoreltfes BRY Sfribhfal SQhat e 5§ Ql%d b BB stretch
éleSCTI a%e(fpgw Scan&b}e t%‘ll nner. ngeS nf ques fs P
irecifon dmparis mg;rw@ryﬂrfb\emﬁ anhe mmlfprdmﬂhaaml am_@ntes of the biaxially
G5OSBS54 AL, LI Py
I:Entprhlle@' rrHowéWet rattempta teaeionzk ttis lpmcess davediaflédeto prddutdygotymeric
gcaﬁ ki fms with th€ %}Jpgr?leg é)nrd@ttplgutgs oqlthe presentymventlon

Simultaneously biaxially stretched polymeric optical film still has some of the
problems associated with sequentially biaxially stretched polymeric optical film in
addition to issues unique to simultaneously biaxially stretched polymeric optical film.

Simultaneously biaxially stretched polymeric optical film does not produce polymeric
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stretched polynmeric film At |least a portion of the
stretching in the second direction occurs

waeombtranmeously with the stretching in the firBCT/US2004/002506

direction. This technique fornms a polyneric optical
filmw th the properties and attributes described

above. Attenpts to biaxially stretch polynmeric filmin
aptstélcﬁ}éhwﬂthawaﬁ’h@ﬂcﬁmeft@ﬁ pedptiributes om@fl@agwyueméqymg a
SELNFRGE SRS AR b Renesd b o
pridergdugkd §hl<é<t1¢8§tv@¢?é’dlt}’ is realigedjonsne peguentiahbiexial stretghing process.
7t L60L BRota hdBr  h FRSIH S AT A6 AR IR
aliribates iobthe pRSint lrrvalyclanf ten pr oduce pol ymeri c opti cal

film h |y .en uni.form o al

or o pe lls g % 1@%&8‘?{ e% gﬂﬁg Yltew of a ?ekl)lter ﬁppagaguesﬁere %niyhngtout the
pioeesk bfitab inyemtinc th@fentebr masz be offthe typadisdosd gr €&t Batent No.

n_the o nd.attri
olal B oD Db e &1 Z R Eopid iu T4 on
vich d;e driven dlpts ee thdidlep tlifisine rﬁileoWh@dxﬁveﬁ alipseRQi dve ilmsméd
easi | nev.er ts to.o zet
S FRtnateenf S Pl TR B e Aok PR Qi Gt ennaticaly s
f)ﬂ)dnrl‘ﬁxw lH&tvtfd&ﬁ pﬁfs(m"ﬁhtfdarﬁﬂlpalﬂ o4 EiVblbﬂlletﬁe@faretdiﬁ or more idler
Si nul t aneous| y ially stretched

¢ :

; e?ﬁg £ 85]%}%{1}?% Jerq mpybespro ot %‘2 heivgtn qafiupainef clips 22 on a
Bive@MOna §& O Elgsad, 1 tmels efqauasgeu b dpYabbikt A itk r)ill 12 in the
stretched pol merlcot| filmin addition t

Fhé%cﬂé%mé}?ﬁfﬁﬁ éy ths agpYyys Pftthmr@a of e gily Similary, éltorﬂ@(f éfﬁ@a clips 22,

@@ﬁW@!’sﬁh Q cﬁ)ﬁ’éd 166} atlolud (12 secéﬁd‘ﬂeﬂl tl@ﬂf’@é‘ﬁ B ﬂ?&icg ell Yy the arrows
stretched ﬁ;@lrl c optical filmdoes not uce

pihgends Pf:thi mailho oy 237247hdd ﬂ’@fvhwsggr@ 4n®m25@611md1§un thal
Efrécm) I{ola/n b?z%%eca{ll%w :ﬁ%e' c(éﬂﬂer RO ! Eﬁh@%@f ak %15 lrégﬂtl SI4 the

|t|o oyl ng a sinultaneo I axl
slunSétthZﬂ Inljaq@rthm@ms% i Thecbpsethremtetir sdoig 11hmaut51dre nithe rva]ls to the

' : i abilit .
FAAPAL U AP RSH PTA AL BEDE ol Bropgaay o
illstrgsion,dbs dipd e&tmmuge«)jﬂh eniganae pi the woisle pbihy Inls ihgve been omitted

PR 3 TR il ST 2BieQRRE b W Pl i g e

pobaag bruse) @mayfbe@rdoemdaﬁnmapar atus for carrying out

f
e (Dot 2 St S Pl
Eﬁaﬁlﬁerat ﬂmﬁadl fi$m A6hctipedl WERS Thelpblyider SbfBe 631 by ﬁeé’dlﬁ?@ﬁblymer
a second side rail 14 on which the driven clips

L5 1 s fed hoprerf a single screpetvdn soieh cascadss 012(211%3@““31011 system
havinSdn R irBdkr b Gh@TBhpL A . Bty ﬁ&dﬂ@sra}ﬁ%le %md’g@héoﬁs

the 1dler clips 24 are illustrated schemati cal

Byin Thopbinersas e eviuded] HUBH o e o A gt copled meta
stﬁﬁglwﬁ&'l | Thet\b&r i€ t1f2h @1a9{§ﬁy Q&etéﬁg& F c'ofﬂufg to tife éﬁ&%ssztféscrﬁ%d

|ustrated, there et ween
b%relﬁ pa¢ pxt@ﬁectwﬂp@azhe @wndledg\elwe@ﬁ:d rad fed t@ne clpt 229£4 on the

Gk ARy fggqng%gaﬁteﬁ?yﬁo%e IpPbpRiidd RBG5h 0 MRt RY A anks®. Frink Shtionat

ral
heating and the gripping by the clips 22, 24 may occur in any order or simultaneously.
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direction indicated by the arrows at the ends of the
rail. Simlarly, another set of clips 22, 15 24

wo e@vmers18 n a cl osed | oop about the second rai PCTWS1004/002506

the direction indicated by the arrows at the ends of
the rail. The clips 22, 24 hold the film edges and
propel film26 in the direction shown by the arrow at
t he cEitiails % 14 hess thrpygh thyee sastionsnprshegt sechen Faistregchi@ction 18;
I I
HLpdep St ot A R AR Bt shiol167ine 3P chFio
avithinaneepiopriathempentues range igrallow e hignifiasit awebnitod stpetced
?16&%9&{% “T'ﬁ 1{1{1?@% CTlOl((f 9 CtlglllsaerI {%' a&% %(?91&1 ¢ broken down
ustratlgn the ¢ S re urning to rance on
ﬁhéxelomtoguocm dor emmea i @ne leanbeditnestrof t tenterdtheﬁ)rahaat section 16
ll:I{Cglld zo%es)Zlgl%gbg rﬁt e s etgﬁ sle;c%% 318831I r}lﬁéerg%o 2’45 %gtaﬁéga and
H‘he ppstesﬂxe@h ecttibui2® hmy 1nc][ide zqsmzk YTeAs, athSb elt tsamﬂersmbd)that the
t r re b suita r. stretch
PR sr0p o PR enthetin by 88 Fodt rafspe oy s than
istyaret. dﬂmﬂdh elbﬁfltﬁﬁfShe shl)etcﬁ@j&xﬂibﬂ ¥8,pRd YD ¥Tran/erse BdettidnNt O
the fee 0 ingle_screw, tw n screw,
EarSRand of SFIEh grdhe M (MpSTigR DpeionhemRAneRy oLFish itk
Eaffdrﬁbd T th@sain%'ﬂi@xﬁ iffefeazonel. Ut Sehniple, BAID SMCED trSEIRAE may
onobgeneous nelt. The pol ymer can be extruded thr ough

2°%k E‘é‘Py 4% tER phthzee0f thtZP‘??@ Z8oft-apd 4t Byrthep 98¢ pogponent of
WRARA] may!StBuvERlork ﬁletolﬂ%g R hﬁz bédih YerdfetRd GREUINE B{;é?fag dShther.

to the process describ erein. The extruded web may

S8l et Righer comapgnicy saﬁ@h maoqenr infeore fhap gnediscretg stgpy For
r

PR E%“t%“é’ﬂ?yﬁ&%%é%“s?ﬂ 28 phouply M el SOTLER 75

and thanggticipbingdn By MBend/pi 3 n2 als gcqvnin the pigheat sectionyor

Y
BRSE AR By s BER TR bparhe W U B A hsted, sueihipg may
begit inorese ZHr &ﬂn@d‘ungmay camineGntozbnel ¢ br wgand. dEtrefcBing neayd
e%§te§ntarnet JLreat ﬁe % e% ?g) . I'n the preheat
Section PREFi% i 108 af & 3" wi thin an
appr opisd mcmnt empemmhg: irethe MIYMay be diffeewnt harsihg ﬁllnf)mﬁ @Nitretching

anmpu stretc br eaki n The ree
FURE £ Porlaf SREHPOHEHT 1t 40 MRS OIS b BF SRaqT A hareste
$hah thetai@ini dTlsQetZAL f théDD. TK@MBLEY of fHre@RRZ SR AR be up to
%é"oozg tenter, the preheat section 16, jncludes zones

5% Sha0 s greaten thag dheamonntof sirstehing i theMiD, deprisgglhs this

Zénbaléhced@Rgbteing [ to bROIdD ﬂﬁ:to‘pﬁ&dl @il it Q6B skRAR IR uriBYm in-
i ncl ude zones Z7, 78, and Z9. i s understood 't hat

plage reffrdment . stretch, and post treatnent sections nay
each Tﬁbcﬂilﬁpiﬁa}f 5N5bpeled S eh £ Host- &J&ﬁﬁ‘ent 'sel,chb‘ﬁi(f a4 8Mls section,

Further, within the stretch section
(im0 arayde mairiaingdat p degired @mm whfle s@ Elgmﬁhartt strat¢hing

Wu#swbﬁlﬁ c}'ﬂagtngng %tﬂquf%rrgcﬂgggg ﬁ%\& getor ?ﬁneﬁt ﬁﬁl rﬂggt%e%%rformed to

perfornmed 1n the sane or I'n ZOohes.
arernyd the piopertindof TR nal Sing suehems Wimengionalctbility. nAhm,ya somad,

ta%ﬁgunq of }epag(gt‘ffonolg ehf‘e% of B ﬁw% an%%\/[D%QaC}I/ ozcgur 1nF Hle pos -tfeat(r)rpe%t

sectlon 20 Relaxation here refers to a convergence of the rails in the TD and/or a
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stretch may occur before the other, or may begin
before the other and overlap the other. Stil

wo eoothza718 ei t her conponent of stretch may occuPCT/DSI004/€02506

than one discrete step. For 15 exanple, MD stretch may
occur in Z4 and Z6 without any MD stretch occurring in
Z5. Some stretching in the MD and/or TD nay al so
genvgreengs of s dpivemhelips os eechiraihinghe Mgh ot sigrplydheteduction of stress
BF%%HB%&%%&BVBM\@T exanpl e, in the enbodi ment
illTustrated, stretching may begin in zone Z3.

St r et Blakiabstistehing off filopruie s¢nsttive toomayZ7ocsss doegitions, including but

chi : i . ones
Ph RS the bt AR oflesb I8P OG0 LidnckiRD
warymbtersdihf fimedermperdtone hudtmfy az&lﬂgpmeh@tingthle diflro Ipringto siretching the
TR BB g 1O b R B3k O
$ereditsaifithegedching hereihDoneldfekidiim thetartadaysitljuet anlgion gil bfthédae

D b | 10%, 25% 0% t he .
RBIRE g SRPBTm? ReiFE of A rooP S pieet s g oparledtes.
" unbalkenweliig atthebiaalngstizeh@boritioal fila\niadbepindefopd diCdifer the

fil ith substantiglly.uniformin 25 plape . . .
pielptrBLRE L Prsh RS- Do ptba e i ceine which
PeTSrk td doRBANRBEaRRUY KRrendR. willfh o DS fHR0Vdt) from thd@igk ipbiflons 28
beﬂ‘{rrg?llggt ained at a deﬁl red tenmperature whjle no

é?@ﬁni%xff‘éhé & SRRPergon oY eiihe i uapsnehy, enf coelRe pe

hBBdikeR afiy tBS stfetdh@R z086 hasVeerPfINEPI0 imPRFe TRYorR®y of in-plane
perfornmed to inprove the properties of the final
frtprdgnce QEpplyseris gptip ifinarhen applied inyn effpsize angowraCpolag may
OPLRde@by FRle@ntbMbclith. e ther or both the TD and MD

may occur’in the post-treatment section 20.

Rel axhtadditionappliqatiprepinnteficetive ompuentpé nens coblingimprayies the cross-
i . , . 7 J

R0 [EREAE R0y @il ceiutol AL Ml e iite i,
WD employimi mpieycoplieg imahdizatdly afte thestretebing zamw, thh eross-Himctional

Cavi al ,
g’Pﬁ) \T : @%ehdf{fgﬁ- M%:/ reg{rga)ﬂlog, as Se>t( rrgslts{e:({] 1Ig

Doy fi1ms i
ensi roces’s con ORS e udi ng but

not limted to the conposiAramf the polyner or

resin, filmcasting and q ing 5 parameters, the
time-tenperature history while preheating the film

py teduced. o Tt abdity toi astjyely bantrobthe etoshdiragtioredr(idd)atatintionus dmtplane

r ' US e n he rates of stretching, .
WA RE FaRfo) oot R ifabBR i SRS b
skiidal films to heizahi¢ witkly (i@d)).6S tetanyr 103 matet oroff.5 inbes er 3 meters) and

t d gbtain fjl havi he desjr.ed ti
SR S R e sped i Sronsty of felecgpreny e {Rinblel betow
bihaiitak hyricsy ofiredestngOpirintadrs fd dohevetie PEGinBriOEFtREIEAIRN of the

after.the, 10 onset of stretching in the stretch
QEETN YD The cool i ng can be "zone" cool i ng whi ch

r ef er opficl édRlehsiors tddHeaBimed kg b REri@N6T diFerdhtdpkic bleiohts.
of the web, fromthe edge portions 28 . .

Among these optical elements are o-plates, c-plates, a-plates, biaxial retarders, twisted o-
plates, twisted a-plates, and other retarders. Information regarding o-plates, c-plates, and
a-plates can be found, for example, in Yeh et al., Optics of Liquid Crystal Displays, John

Wiley & Sons, New York (1999), U.S. Patents Nos. 5,504,603, 5,557,434, 5,612,801,

15



10

15

20

25

30

of the filmthrough the center portion 30 of the film
Surprisingly, zone cooling imediately after the

W@ 200enTdTisig zone has been found to inprove uni POI/IE1094/002506

of in-plane retardance of polyneric optical filns
mhen applied in an effective anount. Cooling may 15
rovided by forced air convection. In addition,

%16 A %at-PThl Tt 5480, 61% et 3936, Rowd PCItPasesh Applisationsdublication

NOPFRY 0520493 20l S 0183 ﬁC:;ll mlcl{ J@nc&%&a%'h%npl; reference.
i n-pl ane retardation. As lustrated in th m;’

bel owthe opijcad glsments pig cw‘r@re@c@ Fombjnitionee @smbyd bflow rto form
$ﬂ?f3al%toﬁfé§ Gmp@lgaI%Q enshtPEst &k Sé]i)ﬁjdaf fskels QP tlcal(c-gg)pensator stacks

variation of in- pl ane ret ar dat as expres
esnéde ifermsil Py dispesinpe polirizer 12T gi a cths@np Hduid edstallinaterial on the

&R@fﬂoﬁ)){nérfa EdlYﬁﬁes‘éﬂﬂ‘Jdra%vt he cross-directional (TD)

variation o ane retardation is useful when
consifigné Aghavsenpphici taapenspatek 3Of thmtamlﬁ@sawetmger 310

@géoé{&e(g{r acqﬁsgpqaxéf%&st;l '14))%? %Zt()?ml?\ee Ire%argg% 18“ e rutsa s(a Ia&er o 5
gonkindeusi hi@dealy\saetblmg@slmnn éith being smnmamyallgfnoﬁ-abdoeblmﬂld

TSP L VT il S

§,iahdry Ofthdgbﬁal nﬁﬂi@s eNtefrhd¢tion Rthief2 nt 1@l ttve af the @mﬂﬁﬂtnﬂﬁ&s of
orne

a variet f er ent tic
SRR el T gl 3 e Bt e e AP e S 5 el value
@tiamoat-eﬁplal&-rsﬂaﬁiaﬁ& betip 3B indl orl(rjgeéaedri] ders, t vvldst ed o-
ates, Iw st ates, .and ot her retarder
Ilonf o?ﬁ’ﬁtft I hiap @5}@@? L}@er& 2} fngiudes h%mb?r&%t@gnat%ma Bl first liquid
A1a4 @8 3TBMayPke AnQHplbte, QLIS BMMRE Bke.i N Yeh et al .
gf. cs}%of Li a}ﬁlf%dnwstan El)?s | ays, eohn Wley & Sons

New VagyEe { slyyg)that @egptlpﬁép@rﬁp@smsstacg 38@mapoglude a second liquid

L

%ﬁﬁ‘deeg t@%’@rstﬂgmd eyl By 339tamd the Apgrind é:auld@mtaplamn 324t The
/ ch.are..
| ncor}pﬁgat rei nq?)yg ?1 &Qa:tgéna teglf Pm% lﬂeo tln s

emgpeueii isgelr 3 hay fodhdyiimdide camslaaserdwc’ﬁmxbsbob@ll anthé st
BB SR P R SOTRSOP S ene
ﬁ@nrneﬂlam 380 spbthe j}gataadqwllmrTlﬁqroldrﬂmdfyee B3(Bm@ilbvé asdbesrbing

L
eSS o B sk a8 Byt el e 8 o fisposed on e

ﬂﬁbﬂbm’glpomﬂmﬁig IIP@/SJI 330 o$tl&@1[§so3l§lﬂg p&l&ﬁzmgrﬂ@i/dﬂgg@ cah be disposed
r et on a first gw d crystal

‘Fe v%ﬁna%ﬂzf@ﬁeeﬁﬁé Pﬁ%ﬁ%ﬁ&%ﬁ‘*@ ¥ ‘ihﬁ &rs H@g aryrsfavéyeréﬁo

Figure 4 shows an optical compensator stack 400 that includes a j-retarder 410
disposed on a polarizer layer 430. The j-retarder 410 includes a layer of simultaneous
biaxially stretched polymeric film being substantially non-absorbing and non-scattering
for at least one polarization state of visible light. The j-retarder 410 has x, y, and z
orthogonal indices of refraction where at least two of the orthogonal indices of refraction
are not equal, an in-plane retardance being 100 nm or less and an absolute value of an out-

of-plane retardance being 50 nm or greater.
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si mul taneous biaxially stretched polyneric film being
substantially non-absorbing and 10 non-scattering for

W@rookezst8 one pol ari zation state of visible |iptt/US2he002506

j-retarder 310 has x, vy, and z orthogonal indices of

refraction where at |least two of the orthogona

i ndi ces of . refraction are not an i n-pl ane

r et ar HePEcHePmgensaior Frkdioo lrr@yiurgwﬂmawdab swpmi polarigeyiayer
I

B o B Ay Lo 55 B R Dy FuaRl e

érsy@p@\betwmrethﬁ aﬁconmarlemgsiwer fi¢fland theljsretardes # H). Tlaypelarlzer

140 S50 | E
3”shows g?l Hta1 80%1&% ﬁc a c%rfagj gﬁéﬁ? g?‘)lg{]zee ifglgeoﬁrﬁ‘l&%ﬁ riZing
layet 43@as an absorbing plolaqlmrdthemthy sdcahd ﬂ)dmng'aaﬁr dis mﬂﬁa on
%nghgggzg%gﬁ Lveal0 or the j-retarder 310 may be

Ween the first liquid crystal |ayer 320
and t Additemd hdeﬂs Icqubedadde%toabeﬂvaqrﬁhe 3@fral chapensataodiatks

T N 0 I Y T EM NN

bqﬂdtémea-plateslanﬂier caplptak ardlthel‘ikel ayer 330 di sposed on t he
first uid c ta ayer 320 or, the, first id
1ot Qe dliinf oBhRST o @Yt &S ol hrnminelod i fistimior face and

pedodnd meajor Faay ef a BED paﬂél it @atmmef SindkOB ftha #Mich EBAventional
g Lsrlz r.layer. 330 gai e an absorbing polarizer or a
EoEdtolaigers gredpmigied. Abg %w@epmﬁalswna%tqck%qlesvravé pbaye0

eARidee vilil&RASRGS Rfar8 & efor BRRPIDL BExRLIAldet bﬂgpllaé}’ﬁfeﬁ%%gnce
e

or the absaorbin polar|2|ng Iayer 330 can be di spos

s hsdpbicatsd fovmakesn opiisg] sempresation ztaﬁlgwnh% dragwgcaliydnar¢peing
frlertRibkdebBiteh SoIMARl WhRte rtea@l?ig £ thi G ﬁ h%ggh"\ﬁ i@fbssible to
optical conpensator stack 40 %ﬂ |nc
jfa-brlé%twrd@ﬁwalmmpgmsgm%@k @ﬁth@obqumm@r is ItlaI}@r th4B@ conFhmtional
si mul t aneous
?gﬁ%gw}e/cbgﬁﬁel}gc it %12%9 ér“?%ﬁ’g‘uﬁl?%‘n bei ng substantially
non- aﬁmmpﬁ@owdomc@ camnpassitony dea‘cnbecbabov@@stbe mml ina
g% ?}L&fzo%hbaq la1s§fa2§ ando \r”aspihgz!tt%él%fg lu IEﬁTtE 5 angr 1% e.g. %ackht)
mffectmet andrtramkﬂﬁc'&veadlsﬂlaas Fortemmplfa H@ﬁe shllsagen@bchematic cross-
of .refraction re not al,..an j.n-pl gne
sBPaPE Tt ot b HES0C A Pt ek ush i i redGrar 520
dfsp@ad owin oicaloamensat aidkB0C ehad RicideRD;j-IRMAYERE 50 @Fo8éd on a
%{ 5004/ 072752 P,g]ér?/ US2004/ 002506 The opti cal
Bﬁﬁ}égﬂ el layey irrgtprde 0T des @ laygrotsmadiagerys biaxially
piadtehed 36KmeAY Bfm Bl SibsRRRAH nORabsbdidd %ahoﬁl%aﬁéﬂlﬂg 88at least
| ayer 430 or the first polarizing |la 430 can

arspiazatietaie ehvisie lighte dhe) Eféqréf‘,rﬁiﬁ) @s 3, 3y zmtboml indices
bhRfthctof takrRal 144 wo $PGe Qﬁﬁ%ﬁheﬁ S dicek 8Y l%ﬁaé%g afgaﬁbt b aﬁ 31 in-

absorbing polarizer or a reflecting polarizer.
Plapesretapdangs heingPo mn priossendigoatiselutgrya 96mb¢tﬁ@f-plane retardance

Bahggo #&lor %fets@fl m%aqﬁamg@ah 54220 Sl RS liqAd Sy SR AG a1,

ect I ng pol ari zer
The ﬁrst liquid crystal layer 520 may be an o-plate, an a-plate and the like.

The optical compensator stack 501 may include a second liquid crystal layer 525
disposed on the j-retarder 510 or the j-retarder 510 can be disposed between the second
liquid crystal layer 525 and the first liquid crystal layer 520. The second liquid crystal
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Addi tional |ayers can be added to or between the

optical conpensation stacks |ayers described above.
w@ldaisviomal optional |ayer include, for exanplBCT/US2004/002506

alignnent |ayers, o-plates, a-plates and/or c-plates

and the like. 10 One or nore optical conpensation

stacks can be lamnated to a first nmajor face and a

by oRUmHRPDRD PREE. ot 2platae thedikel Thnorficrksorwenssionstpely S01
£n8y fubBdr AN dEh, SRREN %réi’ B89 disHs&d $iPthé fiRe1 1@111& tal | e? 520 or

| am nated. The optic npensat i on stacks SCri
B Hrsbliquad @Wﬁtaléaﬁr\ﬁﬂ%@an heairrﬁgeseébew@maﬂld pplarifey ﬂayemﬁ@rﬁmé the j-

étamemoalfme%%q{rﬁaﬁ; sszrmféeem a'BéJrﬁiBé g&&% Eleaﬁlg

fabricated e ‘an opti'cal conpensati on

pelatizetutA wilaetinginokdrizer layee febesin by dispdped e the tpnlahumag fayerf 530 or
I

ﬁ@ ?%1?1241 fta§el‘°r 5% ‘(é)%rg rﬁkbcfug)%?éd%%ﬁégé‘ Iﬂlgg%ﬂetcgl? %&%’r‘r’ﬁéﬁ 19%r 540 and
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components to achieve the desired functions.
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5 polarizer. Areflecting polarizer |ayer 540 can be
di sposed on the polarizing |ayer 530 or the

woioanizisg | ayer 530 can be di sposed bet ween PEEUS2004/002506

reflecting polarizing layer 540 and the first liquid
crystal layer 520. Figure 6 illustrates a schematic
cross-sectional view of one illustrative display
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ol & least in some embodiments, is stained with iodine to create the dichroism

required to effectively polarize light. The oriented and stained PVA is protected from the
environment by encapsulating it between two barrier films. These barrier films are often

cellulose triacetate (TAC), and the material used to adhere the TAC films to the two major
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optical conpensation stacks 501, 601. Additional
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faces of the oriented and stained PVA is a solution
i ncl udi ng water and PVA, optionally containing

woredoharols Because TAC fil m does not wet aqueoRST/US2004/002506

solutions, typically the TACfilmis treated with a
caustic solution to hydrolyze the surfaces prior to
the [lam nation process. 5 In another exanpl e,
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An in-plane retardance was measured using a National Instruments RPA2000. The
in-plane retardance (A;,) was 20 nm. The in-plane and out-of-plane indices of refraction
were measured using a Metricon Model 2010 Prisim Coupler. The out-of-plane retardance
(Aou) is the product of the thickness times the difference between the average refractive
index in the thickness direction (z direction) and the average refractive index in the plane

of the film. Example A had an |Aqy| of 265 nm.
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This exanple illustrates a nethod for meking
simul taneously biaxially oriented polypropylene film
wowdnozyual bi axi al orientation. 5 A honopol ynRCT/US2004/002506
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Exanple 1 Exanple 1 illustrates a process for making
an unbal anced sinul taneously biaxially oriented

w@oeiogprops/l ene filmw th unequal biaxial orienPEr/U82004/002506

that shows inproved thermal 5 stability and a | ower
0;,,. Afilmwas nmade in a manner simlar to that
described in Exanple A, with the exception that the
dakle 2web was 1000 nmicronmeters thick. The fi naI film
IIiLKII’ESRPu\L 15 ]Llibiqu etersy Tlrrt-,'1 npgh h eSS
vari o ‘erttons of the|tenter along wit eI\/Dar
TPEPEN © ati os BPRFIEE bdCRn [TABMETY paFEie 10 blle A
Bxanpl e/ Peeheat Stdwt ch| Zone |AMReallD NDMDr aWDTD @raw @m)
ionﬁA(L zone (C) ool o.z0Nnes (L)1 raB.BOH@@“ 020 EXA 265
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505952 140 169 7.%4%8  EXN50 45135 160 7.5 & x4
50Ex52] 135 169 7.0%58 Exs0159 15p0435 160 7.5 80 Ex680
1/78ex860] 130 135 7035 7 | Gdoer propestl es Of - BExargpl @ T30

o L') \AD laW, W)

T 1 |i[=49]! J UHT IJ-U -
b 04 00sEnG S % ant b OGPL | Ty B ook Ex mpl e [wW'*
DepBfarf zati on| CRYB Shr | A elsi st ance JAI hl- | Ppor, | -
(nnfm (% MD [TD MO TD (nm (Inm | BExA 180[ 15 h00:1[3 1
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§
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Examples 2 and 3

Examples 2 and 3 were made in a manner similar to Example 1 with the exception
of those process conditions cited in Table 1. The final film thickness for both Examples
was 16 micrometers.

Examples 2 and 3 demonstrate that tenter temperatures impacts

A = Ay
w
and depolarization. Examples 2 and 3 also exhibit a higher out-of-plane retardance and

significantly lower in-plane retardance.

Example 4

Example 4 illustrates the effect of adding a clarifying agent. This example was
made in a manner similar to Example 3, with the exception that resin containing a
clarifying agent or nucleating agent, Atofina 3289MZ was added at a concentration of
25%. The resulting concentration of clarifying or nucleating agent for Example 4 was
1000 ppm.

The addition of a clarifying agent reduced depolarization to 0.03% from 0.05% in
Example 3.
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Ex6 - - - 421.8- - - jJAnNn and IA,,, tl were
averaged over at |east 150 cmof web along TD. 5

wex@apress 2 and 3 Exanples 2 and 3 were nade i PCHUS2004/002506

manner simlar to Exanple 1 with the exception of
those process conditions cited in Table 1. The final
filmthickness for both Exanples was 16 m croneters.
Exampleds 2 and 3 denonstrate that tenter terrperatures
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containing a clarifying agent or nucl eating agent,
At of i na 3289MZ was added at a concentration of 25%
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simlar to Exanple 3, wth excepti on

piditirangl 5% énibe pa&tﬁv@clwmedsémd@@ avdblgﬂteﬁl@éﬂ% m@uqtln@ irf the MD
5 exhi bited a reduced

%g%%%%%ﬁa%%ﬁﬁgm@% rom 0.05% i n Exanple 3.

Exanple 6 Exanple 6 illustrates a nmeans to inprove

fLSSReesi stance. This exanple was made in a manner

srm ar to Exanple 1, with the exception that the

cool i Evgirrmlu:* Tarfndeadriba gmptb@ect @hmmaif l@pﬁca\hﬁlms wingghtfhop

LD BRtal A5OSR Heb SRR HORE. SRS Rorgna gy

hﬂ[t}éoff pldsmawaases ubeltbithesd siufack @atiMentd ynchirde oxygen nitrogen, noble

gases, chlorine, ammonia, methane, propane, and butane. The use of coatings, chemical

etching, and hydrolysis treatments may also be used to enhance the adhesive properties of
the optical films.

Example 7 is a 16 micrometer polypropylene film was made in a manner similar to
Example 3 and treated using a variety of gaseous surface chemistries:
() Air corona at 0.15 J/om?* with a relative humidity (RH) of around 25%;
(b)  Flame treatment using a laminar, premixed natural gas:air flame supported on a
ribbon burner at an equivalence ratio of 0.95 (air:fuel ratio of 10.1:1), a flame power of
5300 Btu/hr-inch (611 W/cm), and a burner-to-film gap of 10 mm;
(c) N, corona at 1.0 J/cm® where all of the nitrogen corona treatments throughout the
examples have an oxygen concentration in the corona of less than 10 ppm;

(d)  Control (no treatment).
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additional 5% in the post-stretch zone. Exanple 6
exhibited a 50%reduction in the MD creep resistance

w0 edoaiazes t o Exanpl e A. 15 Exanpl e 7 Exanpl es FeW6S2004/002506

descri be inproved adhesion of optical filnms using
surface treatnment of optical filnms. Surface treatnent
may i nclude, for exanple, corona, flane, and/or
Ey¥apples8 Gases used for these surface treatnments

i ncl wdgnOX ¥UeRriBdst S A88RIn %ﬁ%?e ﬁ?a%gﬁeat%glllt%ﬁérﬂﬁtﬁfes. Ina
amoni a, net hane, propang, and butane. The use 0

nergaet sirgiar te Reanipdal, a6 reicwohicteg filrawds igatdov ifisdigferent chemistries.
ERDITR) R) BB Rl e ORGSR Bectormned
using rthﬂﬂhsmﬁﬁ)mnﬁmadwteeheelopddM\E@srcmaﬂﬁumieswfmvmimkee;

I, HSI g a . varie 0
Bl e s SRR Ecudn P LORRLEC N BB RER Y
@/ cn8%i12Ph a ridd/Mi atdes Mentfi di ty (RH) of around 25% 25
(é)b) @Z(Q)ﬂ?i%t regtment, 1Lbsjécqu a |l am nar, prem xed nat ural

a a

s:alr me. supported on a ribbon burner at an
(@qui 99ERce r afiNHodt 206 Béani ai r: fuel ratio of 10.1:1),
a flanme power of 5300 Btu/hr-inch (611 Wcm, and a.
burner-to-filmgap of 10 mm (c) N2 corona at 1.0
Ekiaaiple ®here all of the nitrogen corona treatnents

th hout t he . I h ] en.congcentratjon

n t BESERIP 8 desCeboysidioortiraR 1im SRtLCRCPontnEs CHRRRP il

o] PRRAETH Were 26htd A0 02148 (RelitiSRO84/804rRE, Basel,

Exampl e. 8 Exanpl e 8 describes a filmusing alternaté

SRk 1 bt therveltPaitit foum Exprplgs trde s ang 96 1T to
r . .

SRR AR B0 S R g e

topelarizeg &Y Aght asippapArippbigplassiabledion Blsivan tined¥evesnk, .
. USi h - hr.ar ope
l%@c{vJaQJ) r&?ﬁlm@ldeg'da& drs nf7)cas WA rlﬂmn%lg%SS g%%%s. P

y Enércon Industries of Ml waukee. C) uses
a st AhelSiethlign pwited filyp weterthent seenad with trdzoes puliof fodrmivkting with an

' . 9 t [c b
TSR IBERE TR, eRoksf e L pespegormed
cohsiteht with ASEM PR X. OV Eorappir edigside o the lSesalign coating to the
p?}féz%zo%gfl%ﬁetz ﬁl?nartng}g e)Iiét,l tfl% gpé pemlb(\;g; tﬁg gl‘i- glnpn%lsit ma er?ar{p ll“ﬁe sfulblsercrpslently

coated liquid crystal polymer layer would exhibit random alignment.

The samples were then coated with a 18 weight percent solids mixture in MEK
comprising Paliocolor LC242 (henceforth referred to simply as LCP and available from
BASF AG, Ludwigshafen, Germany) with 1.26 weight percent Darocur 1173 (available
from Ciba, Basel, Switzerland). The coating was then dried at 80 degrees Celsius and
cured with a UV lamp at 100 percent power in an anaerobic atmosphere.

The coated samples were viewed under crossed polarizers and evaluated
specifically for regions where the Adhesion Tape Test removed alignment material. In the
order of decreasing quality, the relative performance of the surface treatments was: 9c, 90,
and 9a. The control film (Example film 9d) exhibited the worst performance of any of the

substrates.
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7b, 7c, and 7d were coated with Staralign 2110
(avail able from Vantico AG Basel, Swtzerland) using

WORIMN0ZI18 he sol vent to form Exanpl es 9a, 9b, BCT/US2004/002506

9d. The 15 thickness of the dried Staralign |ayer was
50 nm The Staralign material was then exposed to

pol arized UV light using an OptoAlign (avail able from
El si cBrvironpent stak@iis mis alssbeasadrby)laminatngdhs HEP eoatisse  of

ét LS 1@& fihd gg}ﬂ? &xfal‘:thgl\?g g?ﬁgglgsschfx Wéoso&g?ﬁﬁﬁ ?emg-gg?ures set

gn coat scored w
Bt $Qﬂegte©s Celsiumeand Gﬁgdegxecsﬁdmus/m 8&l, vespactipdy. Fdiluchocwmsed

SUEP SOy STy T ARSI LA8B TG, B i,

duhelgiierorddr of hef@manclvwagriccBnVa,rngd 0. t he pol ypr opyl ene
filmmay exist, the tape renoves the alignnent

mat eri al. The subsequently coated |iquid crystal
[Exhmpler10l ayer woul d exhi bit random alignment. The

sanpl coat ed w .

SoT GERanttSE B Ao B bty ioht A oRB L P Comtines.

Erenple fitmg $u, BBfaad Bed'eﬁe(moagdf?ith/ Safalich?1 BNed Hﬁtblfﬁﬁﬂléd and
snhar en, W t

fr.om udW| r ma
Hsacmez*i\/ OB e G T Spalasfe % B 9 e Bxempls 100,
Bais @hd l(ﬁl\kdslz&ﬁ{félﬂd"l“he pEBEfofe Bt twieh Mﬁﬁrbﬁﬁéﬁe(ﬂlﬁﬁﬂd atr3%
es Ce\l/@r cured with a
%é?%@ﬁ% 1830 %Weraﬁaﬁlraéwné 59@5@%&%@&%&?@ testsaltie g manner

&@mteﬁswmﬁgfrmgg\m under crossed pol arizers and
eval uated specifically for regions where the Adhesion

Tape Test renoved alignnent material. In the 30 order
®afipleigasi ng quality, the relative perfornmance of the
surface treatnents was: 9c, 9b, and 9a. The control

fi | m Emempl edesrites Sajinasssiof pirfasel tredied padyrsopypeae ffibm aedorented

e e e —

anbiodive diatmpd PHA filat t rﬁcgmtlhmmlp(é@ 1 i:eoaillgd mcahg{ prd p@sb@:ﬂl@ely
fllln I and e ass I n. two.,ove
o s RS e Berhdiaha Bofigh Pla s Bal St inaReghepva
dmga he;eisof llmldﬁiAis 1296 % RIrbd usegpmtmmsﬁ boymprisivigl 460%4/QT.0%F 3.6
[ e sur 0 tenperature
e RIS O P BN ol 25 R R o i Epchh d Gsmicals Ino,
(Aﬂldﬂbwﬁ) fPA; ar¥ SAQ(rj mae d&égﬂaﬁon Srien2 ,an@ ﬁal(r_jléti IBivl Ackis 1n%|¥1§éfpc|o Belp
escri bes. corona-f{reate ol ypropyl ene
F&OFESX t%% E%ﬁﬁe o Kpiptgyiditiongd Japigations .aﬁmrfg 1€dgy  and 8c
wer e Tiaddaekivi usbd Btianmhie BRam aéhaan@l 7@%6%% {ng BEEhtaNshd
10, subsequent |y coated wi th in a manner simlar to

gﬁlgﬁ%PgAgom@nfeg@rpp@@awn@mgw 5%/209 7/ 3% Me@H/water/ AIRVOL
PEARGGLL Y@J Wollg\k}ﬁxg@ﬁﬁha’c{oﬁr AfsaPPlVGRR RYHRELRBDABS ces Celsius

filmand
for 1 hour at 1 atrnosphere of pressure in an air atmosphere.

The laminate films were then environmentally aged at 65 degrees Celsius/90%RH,
and the peel forces were tested in a manner consistent with ASTM D3330. The peel
forces were: <0.4 oz/inch (2.9 g/cm) for Example film 11d, 15 oz/inch (170 g/cm) for
Example film 11a, 20 oz/inch (225 g/cm) for Example film 11b, and 22 oz/inch (250
g/cm) for Example film 11c.
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Exanples | Ca, 10b and | Oc were each around 50
oz/inch (560 g/cn) as tested in a nmanner consistent

wowaoh/0A3T8 D3330. 15 Exanple 11 Exanpl e 11 deskCT/b8204/002506

| am nat es of surface treated pol ypropyl ene film and
oriented PVA Surface treated filns Exanples 7a, 7b,
7c, and 7d were lamnated to an oriented and iodine
stained PVA filmto form Exanples 11 a, 11b, 11c, and
pectively. In all cases, the oriented and
g%%?ﬁ%g§PVA act ual | onprised two filns, the PVA 20
and aEdayileol 3 desetibea na»y@ of sutface weptadgiotyprepyteot end aiented

el S4. % /

B AR ShE e dta A R o, MR G e G e yignia

kmtiodine ghinedPBMmiilmPAa nlafaey smilﬂaetodie@nmbalth dacl fwes fonsled
V. dto e Iar|fythe

%anoaéiiag gr@ﬁounﬁ%%%glﬁpona}:‘x"fﬁn kg |1{c:)ns are

perfor med. The adhesive used to | am nate Exanples 7a,

]ZLp{ and 7d to the oriented and 25 stai ned PVA

ééd a solution containing 66.5% 27.9% 5. 6%
M O—I/ Eﬂh’@ﬂd A dR¥dibes VA cEreantid pdBproplyieht: oméntgl PV A laminated to

t L] | ut 60
e e OB paish PO S mp e OGBS I TPl 1 138 vos

8, Eordfid RGRag 0.J/chiiR Tlﬁrﬂssﬂﬂér@ sirfdc8 e M@ BInd, B&fened 13a, was then
nV| ronrrent al | §3aged at 65 ﬁerees Cel si us/ 90%H,  and

vidFaasieedtisy aﬂ sye aifiahle EomSiokendremical &

mqglﬁeeﬁﬁg Mo Di% @gﬁﬁ & Bae Exe?xﬁplé Bl €5, WhIcR ‘WS @heﬂ aeﬁérém*a
d, oz/inch

e}e%‘jf‘q@%? OfER’é@iS?@PlPﬂIﬁﬂficl a, 20 oz/inch (225 g/cn)
for I
ExarrpEN%ll R H?:f Ilelefofc'e ot Slopen B4l acﬁ%?gélz %I%Iﬁgéc@%%gg %!(éh?f g é3c
mammsereﬂzo@&m/@cm@sae@m bes | ami nates of surface
treated pol ypropyl ene and oriented PVA Surface
treated filnms Exanples 8a, 8b, 8c, and 8d were
Eaminpktldd to an oriented 5 and iodine stained PVA
film simlar Pee .
for %E)fanﬁxenm’]ﬁ? 51'1 S FOIP mﬁevaﬁ?e?m%cqa}ed@eﬁlgmwﬁ € major
ExcaopEanfpild fﬂlmlgc @mprlEng PP evad Surfaca pdted tb&oﬁeﬁmrmﬂleﬁlms 14a,

rface treated | ene: oriented PVA | am nat ed
?%b’ a’l(g? t Vafﬁ’r'g B% g“?%/t@e%J 6% f ace conpri si ng
ROl ypRogyrbeng 0fsiiam*eof Exanple film 11l ¢ was N2 corona
reatl\eld%él 0 i/ nP),. The resultant surface treated
1Im ? >was then |aminated to Soken 2263,

8. traNz?.&ﬁénaQ@Qloanmmdhe& ve (avail able from Soken

Chem cal &
d. Control (same as Example film 11c).

Example 15

Example 15 describes corona treated “LCP coated polypropylene” laminated to
PVA. Example films 14 were laminated to oriented and iodine stained PVA in a manner
similar to that described in Example 11 to form Example films 15a, 15b, 15¢, and 15d.

Peel forces were measured. The results were < 0.9 oz/inch (9.8 g/cm) of width for
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Engi neering Co., Ltd, Japan), to form Exanple film
13b, which was then adhered to a piece of glass to

wo ooopoBeaspl e film 13c. 15 The peel force of tPer/681084002506

2263 adhesive / glass interface of Exanple film 13c
was nmeasured to be 22 oz/inch (250 g/cm. Exanple 14
Exanpl e 14 descri bes corona treatnent of LCP coated
edmple Gy 1 Shend TPhe/inglj (320 2/2@) éfawiéthobr Eseanpd Binfsi 15a0 19b, and
qgnprl sing LCP was surface treated to form Exanpl e

ms 14a, 14b, and 14c. The various surface
treatments were: a. N2 corona at 0.5 J/cnR2; b. N2

ron% %t 1.0 J/cn2; c¢. N2 corona at 2.0 J/cn2; 25 d.

I""(same as Exanple film11l c). Exanple 15

Exan'pEﬁni;ﬂe tegastriitize Scazafaareatel LERcosted ﬂ;@fbrﬁpi}&ér@dc PVA laminate

e. fi
e SR M amp B TR 056 AP and T 1o e e it R egse g
ISBKIAEN 63 B&eswféﬂdll ahlagl-fébr%iﬁi]i-rglb %&Iiaé l'dbsbﬁﬁ%d 1?5]5%&1@%]@1'3 ?:ﬁe bl force
e 11 NB a C an ee Qr ces
wg'%ﬂ? ﬂ%%@rgﬁs dferfang avasgR gil pasesygreatokihgn Gie polyproplepgl A interface.
9/ cm 1t@f envsthinBd fhar oth&%pml ﬁfﬁ%é&ﬂ ad Ib%EF (available from 3M, St.
PCT/ US2004/ 002506 Exanp i [m 15d and 19 oz/i nch

FooMyy €% B Nipers ﬁanagi‘bl‘EQ%lrﬁ‘é\{l@ Penkeos Japay can bgsimilady surface

Yrefted ARNNARLEBA HorRnfed BRI EncHPVEESCr | bes "corona treat ed
LCP coat ed pol ypropyl ene": PVA | am nate adhered to

gl ass. Exanple filns 15a, 15b, and 15c was then
IBngtgd to glass using Soken 2263 adhesive, in a
rmnngr lgl mlar to that described in Exanple 13. The
peel Exampde 1Dillusithiessi methayl fasmaling mﬁr@ebnwdsxmulmn@dubly

I Al erface
%?% Sy 8%%/11?@21}1}2) eg&!@?ﬁh}% Qﬁ{xﬁ eerqx%i b?ap( ?p%t \én tha'? hor\{vs improved
DBERal (stebdiaty atl adofverody. 3Me pStposelcﬁf cBamsllng T lklﬁﬁa)llustrmb the method

SRR £ 1St i « Pl s i p B A b S mrghons
ptied tnetletthidg. Exanpl e 17 Exanpl e 17 illustrates a
et L PR oo aned Sl sheguel kel v vas
Qfited @i Kirbay (ﬁdﬁ.ﬂ&lﬂe from Betidkeer Maschinenbau, GmbH, Siegsdorf,
Germany). The dimensions of the starting cast web were 125 millimeters by 125
millimeters and whose thickness was 99 micrometers. The PET cast web was
simultaneously oriented in a first direction and a second direction at 92 degrees Celcius at
a speed of 15% per second. The final draw ratio of the first direction was 4.4:1. The final
draw ratio of the second direction was 4.5:1. The thickness of the final film was 4
micrometers.

A piece of the simultaneously oriented PET film was cut from the center of the

film to measure the optical properties. Ay, was 1.6 nm, and |Aqy| Was 456 nm.

Examples 18

Examples 18 was oriented in 2 manner similar to Example 17, except the final

draw ratio of the first direction was 4.7:1 and the final draw ratio of the second direction
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thermal stability and a |lower A;,,. The purpose of
choosing PET is to illustrate the nethod of making a

W@ 2008p227der froma sem -crystalline material, PMIDES2004/002506

physi cal state is anorphous prior to stretching. A

pi ece of substantially anorphous pol yethyl ene

terephthal ate (PET) cast web was 20 oriented using a

iKas ¢.711V The ttacknads| of tHerfnal Bmisedsdanichastds. neépraus.7 GaaHind |Aqy|

Si egsdorf, Germany). The dinmensions of the starting

oS ' were 125 mllineters by 125 nillineters and

BRafSe I B EIRIEESsNEIEviIBDIBHEHRIR IR Eaw ThRifial ab@fk iMBdttance of
i mul t aneous|y qflent din a first direction and

an g@@%ﬂaedd%% i3 eV the gssig gpicakprepqriigs o 2 gyetarders peed

of 15%méseﬁﬁﬁmon ditRid Ao Bd conkiaded Binited Rfthd ﬁbetlédlefr%f(amples

di rection was : The final 25 draw ratio of the

desctbrd APYee bt réﬁhewguhi beundersigod t¢ gavekHbaspeds ofith%mffmﬁlap as

TelifiyRetBst iff theMHESHRIBI RS Vafioh B&BGkiohd) & qlﬁwah Pﬁy@@s@&sasvweu
oriented PET filmwas cut fromthe center of

pHNURRERISSEuYHES togthiginthe presgréinypreion myy be applicable gvilh by readily
e s of B Al i wHahe PRAGE i TR R ol fion
of hainstagh specifieation. of the first dlrectlon was 4.7:1 and
the final draw ratio of the second direction 28 WO
2004/ 072718 PCT/ US2004/ 002506 was 4.7:1. The

thi ckness of the final filmwas 3 mcroneters. A . was
8.7 rim and IA ,,,tl was 342 nm Exanple 18 shows
the sensitivity of optim zing the draw conditions and
the i nmportance of an unbal anced draw to achi eve the
desired optical properties of a j-retarder. 5 The
present invention should not be considered limted to
the particul ar exanples described above, but rather
shoul d be understood to cover all aspects of the
invention as fairly set out in the attached cl ai ns.
Various nodifications, equivalent processes, as well
as nunerous structures to which the present invention
may be applicable will be readily apparent to those
of skill in the art to which the present invention is
directed upon review 10 of the instant specification.
29 WD 2004/072718 PCT/ US2004/ 002506 W CLAIM 1. An
opti cal stack conprising:
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a) afirst liquid crystal layer; and b) a j-retarder
di sposed on the liquid crystal |ayer; wherein the

W@ 200e0Z27der conprises a 5 sinultaneous bi axi aPCTUS2004/002506

stretched polyneric filmbeing substantially

non- absorbi ng and non-scattering for at |east one

pol ari zation state of visible |ight; and having x, v,
ACEABYL hogonal i ndices of refraction wherein at

east . f onal indices of refraction are
lrllot e %é\ﬁﬂc& St&cﬂ%m%ﬁ&lggr et ardance being 100 rim or

| es® aaﬁnst licaund mdllwee apdl ue of an out-of -pl ane

r et 2rad21{:é€agdreg Igfﬁgc%{eé gn {flmh lﬁlg %ryfs a r]l% elrT \%lgeggin tll[eg-erep Pdter comprlses a
s e c orgiimhlitaopeioucs bwcyesllyatretclhedpelymme fibn belhg] ﬁu‘t]st-amﬁl]arrrﬂﬂ-rabmsbmg

dISpOS d bet ui.d c st l.a

the SBegRac AT i B el e mlefion SEP Tl @lfavine
st acky,anto bxﬂhd’ggnsﬂ dndideaiofitefractiot ithbin « Geapyrtivd iofl he@rthogonal
pol ar.i wherein the fi

id |
oy eriniges gt 3 Fetier BE pRaral e plepe e bl TG o less and

pol ardnz®Eolute &¥1Q€ of £h oulldEplapd dedtlansd g FGEO 6OkBderl O
claim 3, wherein the polarizer layer is an absorbing

20 pol arizer layer. 5. The optical stack according to

gl ai NTHE, optibk] EABK adeBiiRigitS t1ath & fMhiffdr e&hpf{s%me&sﬂdamd crystal
| ayer. wherei.n the absorbin polarlzer | ayer

W%raﬂgew Hedrierder in dispospd bety peg hetinst W%‘FTYSWA%F ang{he

Eé&@ndlﬂuh@&&étm%ﬁ-@ arizer layer. 25 6. An optical stack
conprising: a) a polarizer layer; and b) a j-retarder

di sposed on the polarizer Iayer wherein the

h-ret
}é't retc ee El%agg{éprﬁe%ci%c fﬁlto §IBEI ngﬂ@lﬁegst aﬁaﬁg E]aédléhzer layor

whereindkeofitsi liqyid @Pstaliayenilispost betmicergthe pretatierlapd dte polaeizer
E&%@rization state of visible light; and having x, v,

"z orthogonal indices of refraction wherein at
| east two of the orthogonal 30 WO 2004/072718

PCT/ 2004/ Q0250 i ndi . f ti . t .
e SR S e A N A
aﬂm&hsmbmie val ue of an out-of-plane retardance being

55 rimor greater. 7. The optical stack according to
claim6, wherein the polarizer |ayer is an absorbing

5. pol Bid pitalls@¥IEfccording to claim 4, further comprising a reflective polarizer
layer wherein the absorbing polarizer layer is disposed between the first liquid crystal

layer and the reflective polarizer layer.

6. An optical stack comprising:
a) apolarizer layer; and
b) aj-retarder disposed on the polarizer layer; wherein the j-retarder comprises a
simultaneous biaxially stretched polymeric film being substantially non-absorbing
and non-scattering for at least one polarization state of visible light; and having x,

y, and z orthogonal indices of refraction wherein at least two of the orthogonal
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8. The optical stack according to claim®6, wherein the
pol ari zer layer is a reflecting polarizer |ayer. 10

w@200F®7opt i cal stack according to claim?7, fupPChEs2004/002506

conprising a reflecting polarizer |ayer wherein the
absorbing pol arizer layer is disposed between

j-retarder and the reflecting polarizer layer. 10. A

| i quiigdiegsyof reftactiomsgt agt egmhmﬂi is-iphgc retaI@ﬁD&? being 1005ttm or less and

lI3UI@”$&M®%295%§%§{%ﬁ§%% |s oseg(l etmee f%

first I|qU|d crystal |ayer and the Ilght nodul ati ng

evi ' b-T ard
2 i mul tan gggasl, S‘lb g(aiﬁlgglidfnf S bl %he hF y (rgma?llzeé gyt i5.2p &psqppine
polbstealayeral |y non-absorblng and non-scatterlng for 20
at | east one polarization state of visible light; and
having x, y, and z orthogonal indices of refraction
8her eTte opticd] easit adcwrdingfto tlakn 6rvikegothalpolarigir¢asr Bfa reflecting
@frac%lon are not equal, an in-plane retardance
9 rimor less and an absol ute val ue of an

out - of pl ane retardance being 55 nmor greater. 25 11.
he 1j.quid stal display, according to. claiml0,

urth BWE? el FgoTmede B Vi ftfifieq compprisingz reflegjiag polarizer

thySPAResn e hWReRng PSlatizer BY& i H@Ep RAOPbenl HRt-roRAL Al
device. 12. The liquid crystal dlsplay accordlng to

Eqﬂé?tmgi’ela“ﬁirlﬁﬁ"ér conprising a polarizer |ayer
wherein the first liquid crystal |layer is disposed
between the j-retarder and the 30 polarizer layer. 31
VO 200 dingd2rsB] deptaUsPauising02506 13. The |iquid

cr¥§tgﬁmgmﬁ%y Stquﬂgdlng to claim12, wherein the

pol ari zer I's “ai absorbi ng pol ari zer | ayer. 14.
The) | 4 laght thodwlgngadevige:spliay accor di ng to claimi13,

fu s ? glefr'] refagc{egp gi’bédsg(g dlg%osgé Ji) ‘?\Pr e%l\eﬁ?e ﬁirgt ngrulda cry%zi?l %}fglg églr the light
bet vvetﬁodtﬂahmgﬁewset vhiepin ttle j-etayddr ad)mjn&ysea siatuttatico@s biaxially
refle ry

conp rsl %d po mfépcpfg]f“al?ﬁ nfél"ﬁqflaé‘s%lfy ‘3rg]51g Iapﬁﬁ?n'scattemg for
modul zﬁlldaﬁtg)né pulafifition @tdtecbr vBible 1ight; ahd ﬁatvnﬁg £ B8R orthogonal

bet t I d the |ight dul at
d :V:Neclgnlcesva% é&%cﬁgri %{ggrfmla eés't gxg)rofé]gﬁ%ﬁ};og@gl gl%lclés gf rleﬁgcuon are

si nul fc2BAAY Sn i-pPihédela¥dantd ®eENO0 nBOIN&E 8hd sh {Usb1ie value of an

out-of-plane retardance being 55 nm or greater.

11.  The liquid crystal display according to claim 10, further comprising a second liquid

crystal layer disposed between the j-retarder and light modulating device.
12.  The liquid crystal display according to claim 10, further comprising a polarizer

layer wherein the first liquid crystal layer is disposed between the j-retarder and the

polarizer layer.
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bei ng substantially non-absorbing and non-scattering
for at |east one polarization state of visible light;
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15.  Aliquid crystal display comprising
a) apolarizer layer;
b) a light modulating device; and
¢) aj-retarder disposed between the polarizer layer and the light modulating device;
wherein the j-retarder comprises a simultaneous biaxially stretched polyolefin film
being substantially non-absorbing and non-scattering for at least one polarization
state of visible light; and having x, y, and z orthogonal indices of refraction
wherein at least two of the orthogonal indices of refraction are not equal, an in-
plane retardance being 100 nm or less and an absolute value of an out-of-plane

retardance being 55 nm or greater.

16.  The liquid crystal display according to claim 15, wherein the polarizer layer is an

absorbing polarizer layer.

17. The liquid crystal display according to claim 15, wherein the polarizer layer is a

reflecting polarizer layer.
18.  The liquid crystal display according to claim 16, further comprising a reflecting

polarizer layer wherein the absorbing polarizer layer is disposed between the reflecting

polarizer layer and the j-retarder.
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